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Abstract—Protein tyrosine phosphatase 1B (PTP1B) is an enzyme that plays a critical role in down-regulating insulin signaling
through dephosphorylation of the insulin receptor. Studies have shown that PTP1B knock-out mice showed increased insulin sen-
sitivity in muscle and liver as well as resistance to obesity. A series of functionalized acetophenones were synthesized and evaluated
for their PTP1B inhibitory activity. Some of the screened compounds displayed good inhibitory activity.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Protein kinases and phosphatases are a large family of
enzymes that control several fundamental cellular func-
tions via phosphorylation and de-phosphorylation reac-
tions. In recent years, studies on protein tyrosine
phosphatases (PTPs) as drug targets for controlling
intracellular signaling have been rapidly increasing.'
Among PTPs, PTP-1B has received much attention due
to its pivotal role in type 2 diabetes and obesity as a neg-
ative regulator of the insulin and leptin-signaling path-
way.? Clinical studies have demonstrated that PTP-1B
is primarily responsible for dephosphorylation of the
insulin receptor and thus down regulates insulin signal-
ing.? Therefore, the search for potent small molecule pro-
tein tyrosine phosphatase 1B inhibitors is a major thrust
area in the management of type 2 diabetes mellitus.*

Several synthetic and naturally occurring PTP inhibitors
reported in the literature have shown efficacy in in vitro
and in vivo models. The majority of them possess tyro-
sine mimetic structures functionalized with negatively
charged moieties such as phosphonates,’ malonates,’
carboxylates,” or cinnamates.® Umezawa et al.® discov-
ered a naturally occurring PTPase inhibitor, dephosta-
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tin, isolated from the culture filtrate of Streptomyces
sp. MJ742-NF5. Later on, they prepared alkyl 3,4-dep-
hostatin (I) as a stable, selective inhibitor of PTP1B
(Fig. 1). Recently, Pei and co-workers!? have reported
several o-haloacetophenone (II) derivatives as potent
neutral protein tyrosine phosphatase inhibitors, which
covalently alkylate the conserved catalytic cysteine resi-
due in the PTP active site. Several formyl chromone (IIT)
derivatives were reported as human PTP1B possessing
inhibitory activity in the micromolar range.!! Recently,
Hu and co-workers'? have shown that the ethanolic ex-
tract of the roots of Broussonetia papyrifera (L.) Vent,
which are composed of several flavonoids including a
flavonol IV, showed potent inhibitory activity against
PTP1B enzyme. Based on the reported PTPIB
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Figure 1. Structures of PTP1B inhibitors.
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Scheme 1. Reagents and conditions: (i) RBr, K,COs;, acetone; (i) ArCOCI, pyridine, rt; (iii) z-BuOK, pyridine, rt; (iv) BrCH,CH(OC,Hs),, DMF,

140 °C; (v) Amberlyst 15, toluene, 120 °C.

inhibitors, we have synthesized various small molecule
acetophenones functionalized with alkoxy and aroyloxy
moieties as potential PTP1B inhibitors.

The precursor used for the synthesis of various hydroxy
chalcones and functionalized acetophenones was 2,4-
dihydroxyacetophenone 1, which on reaction with alkyl
halide in the presence of a base afforded 2 in 60-70%
yield as depicted in Scheme 1. The reaction of 2 with ar-
oyl chloride in pyridine gave products 3a—c¢ in good
yields. The benzoylated acetophenone 3 was stirred with
potassium tertiary butoxide in pyridine to yield hydroxy
chalcone derivatives 4 in 70-80% yield. The 2,4-dihydr-
oxyacetophenone was further exploited to prepare ben-
zofuran-based hydroxy ketone compounds, which are
useful precursors for several naturally occurring fur-
anoflavonoids that possess diverse biological activities.
Compound 1 was alkylated with bromoacetaldehyde
diethyl acetal in the presence of potassium carbonate
to yield corresponding alkylated product 5, which was
cyclized with Amberlyst 15 by refluxing in toluene as de-
scribed earlier by us.'?® Both the products 6 and 7 were
benzoylated separately to the corresponding derivative
8 and 9, respectively. Compound 8c was further trans-
formed to corresponding chalcones in the presence of
potassium tertiary butoxide as shown in Scheme 1. All
the synthesized compounds were characterized by spec-
troscopic data and elemental analysis.!#

2. Result and discussion

Vanadate is a non-selective inhibitor of PTPs, and
studies have shown that treatment with vanadate can
normalize blood glucose level in diabetics.?®!'> Taking
sodium vanadate as a control, we have evaluated
PTPIB inhibitory activity of functionalized acetophe-
nones at 100 uM concentration and their results are
summarized in Table 1. Some of the screened com-

Table 1. In vitro PTP1B enzyme inhibitory activity for the compounds
2a-e, 3a-c¢, 4a—c, 6, 7, 8a—c, 92—, and 10

Entry R Ar Inhibition®(%)
2a CH,CN — 22.4
2b CH,CH=CH, — NI
2¢ CH2CH2C(,H5 — 38.6
2d CH.CH,OH  — NI
2e H2C4O — 224
3a CHZCN C6H5 12.8
3b CH,CN 4-FCeHy NI
3¢ CH,CH,C¢H;  4-FCgH, NI
4a CHch Cf,HS NI
4b CH,CN 4-FCeH, NI
4c CH2CH2C(,H5 4-FC6H4 NI
6 — — NI
7 — — 19.1
8a — C6H5 43.2
8b — 3,4-Cl,C¢Hj; 54.1
8c — 4-CF5CgHy 324
9a — C5H5 NI
9b — 4-OCH;CgHy 13.5
9c — 3,4-(OMC)2C6H3 NI
9d — 3-OCH;CgHy 8.1
e — 3,4-CH202C6H3 34
10 — — NI
Na3;VO,;  (Control) — 56.2

#Values are means from three independent sets of experiments tested
at 100 uM concentration; NI means no inhibition.

pounds demonstrated moderate to good PTPIB inhib-
itory activity at 100 uM concentration. Compounds 8a
and b displayed 43.2% and 54.1% inhibition against
PTP1B enzyme.

2.1. Protein tyrosine phosphatase inhibitory activity'®

The effect of test compounds on protein tyrosine phos-
phatase was studied by pre-incubating 100 uM of the
test chemicals in the reaction system for 10 min and
the residual protein tyrosine phosphatase activity deter-
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mined according to the method of Goldstein et al.'®
Activity of PTPase (LAR) was evaluated using p-nitro-
phenylphosphate (PNPP) as the substrate. Assay mix-
ture 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 uL of 0.1 N NaOH and absorbance was determined
at 410nm. A molar extinction coefficient of
1.78 x 10* M~ cm ™" was used to calculate the concen-
tration of p-nitrophenolate ions produced in the reac-
tion mixture.

The structure—activity relationship of the screened 4-alk-
oxy-2-hydroxyacetophenones revealed that bulky non-
polar moiety at the terminus of alkyl group possesses
good inhibitory activity (38.6%). None of the benzoyl-
ated acetophenones (3a—c¢) and their corresponding
chalcones (4a—c) showed inhibition except 3a, which
showed little activity. Various benzofuran derivatives
have shown to possess PTP1B inhibitory activity in the
low micromolar range.!” Thus, various hydroxy benzo-
furan methyl ketones and their benzoylated derivatives
have been evaluated as PTP1B inhibitors. It is evident
from the activity profile that 4-aroyloxy-5-acetyl-
benzofuran (8a—c), showed good inhibitory activity
comparable to reference compound sodium vanadate.
One of these compounds, 4-(3,4-dichlorobenzoyloxy)-
5-acetyl-benzofuran (8b), showed 54% inhibition against
PTP1B at 100 uM concentration. The rest of the com-
pounds were either inactive or possessed a low range
activity.

In conclusion, we have identified a series of functional-
ized acetophenones as protein tyrosine phosphatase
inhibitors. This is an initial report and optimization of
these compounds is in progress.
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General procedure for the synthesis of compounds 2, 3
and 4: A mixture of 2,4-dihydroxy-acetophenone (1,
6 mmol, 912 mg) with alkyl halide (6 mmol) and potas-
sium carbonate (2 equiv) was refluxed in acetone for 8-
10 h. The resulting mixture was filtered to remove the
potassium carbonate. The filtrate was concentrated to
dryness to get the pure compound (2) in 60-70% yield. An
acetophenone derivative (2, 6 mmol) and aroyl chloride
(6 mmol) in dry pyridine (5mL) was stirred at room
temperature for an hour before heating at 100 °C for
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10 min under anhydrous condition. The resulting solution
was poured into 1 M HCI containing crushed ice, which
yielded a solid benzoate (3) in 80-85% yield. The potas-
sium tertiary butoxide was slowly added to magnetically
stirred solution of the benzoate (3) for 4-5h in dry
pyridine. The resulting solution mixture was added to 10%
acetic acid solution. The yellow solid thus obtained was
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