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Abstract—Formylchromone inhibits a human protein tyrosine phosphatase PTP1B with a IC50 value of 73 mM. The chemical
reactivity of formylchromone was adjusted by substitution at various positions of the formylchromone skeleton. In an initial
assessment of the structure–activity relationship, the most potent inhibitor showed an IC50 of 4.3 mM against PTP1B and strong or
medium selectivity against other human PTPases, LAR and TC-PTP. This compound, however, was not selective against microbial
PTPases, YPTP1 and YOP. The potency and selectivity of the formylchromone derivatives expecting further improvements pro-
vides a novel pharmacophore for the design of drugs for the treatmenrt of type 2 diabetes and obesity.
# 2003 Elsevier Ltd. All rights reserved.
Protein tyrosine phosphatases (PTPases), together with
protein tyrosine kinases, regulate the phosphorylation
level of tyrosine residue of cellular proteins.1 Many of
those proteins are known to be involved in a diverse sig-
nal transduction pathways and the dynamic control of the
tyrosine phosphorylation is found to be critical in many
cellular processes.1b,2 As anticipated from the importance
of tyrosine phosphorylation, PTPases are implicated in a
diverse human diseases including diabetes, obesity, auto-
immune diseases, infectious diseases, inflammation, can-
cer, osteoporosis and neurodegeneration.2b,3 Among
those, type 2 diabetes is believed to be associated with the
defect in insulin receptor signaling which begins with the
receptor autophosphorylation and the receptor tyrosine
kinase activation.4 Insulin signaling is negatively regu-
lated by dephosphorylation of the receptor by PTPases
and, therefore, the defect in insulin sensitivity is possibly
recovered by the inhibition of the relevant PTPases.5 The
most likely candidates include PTP1B, LAR, PTPa and
SHP-2.6 Among those, PTP1B has been most intensively
studied as a target for the development of inhibitors aim-
ing at the treatment of type 2 diabetes and obesity.

A variety of inhibitors for PTP1B and/or other PTPases
has been designed and reported in the literature. Many
of those incorporated phosphate-mimicking functional-
ities such as –CH2PO4

2�, –CF2PO4
2�, –COCO2

�, or
CO2

� to list a few.7 The pharmacophores without
charge were also precedented.8

In the course of the search for PTP1B inhibitors, we
found that 3-formylchromone 1 (4-oxo-4H-1-benzo-
pyran-3-carboxaldehyde) inhibits PTP1B with a potency
of IC50=73 mM. Formylchromone is a neutral molecule
without charge and the examination of the structure
reveals that it is well suited to derivatization. For initial
assessment of the structure–activity relationship, the
chemical reactivity of formylchromone derivatives was
adjusted by substitution at various positions of the for-
mylchromone skeleton (Fig. 1). Some of the compounds
(1, 2, 4–10) were purchased and other derivatives (3, 11–
14) were synthesized starting from appropriate aryl
alcohols using Vilsmeier–Haack reaction as a key step
for the construction of the formylchromone skeleton
(Scheme 1). Compound 14 was prepared by introducing
4-phenylphenyl moiety with Suzuki coupling reaction
followed by Vilsmeier–Haack reaction (Scheme 2).

The inhibitory activities of the formylchromone deriva-
tives were determined with minor modifications of the
procedure described in the literature using p-nitrophe-
nyl phosphate (pNPP) as a substrate at 37 �C.9 IC50

values against PTP1B are summarized in Table 1. In
compounds 13 and 14, phenyl substituent(s) at C-6 of
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formylchromone increased the potency of the inhibitor.
Compound 14 with an extended biphenyl moiety was
demonstrated to be the most potent inhibitor with an
IC50 value of 4.3 mM. The 3-fold higher inhibitory
activity compared to compound 13 is probably due to
extended interactions of the extra phenyl ring with the
surface near the active site of the enzyme. Aldehyde
functionality in this series of compounds is critical in
their binding to PTP1B because neither chromone-3-
carboxylic acid (15) nor chromone-2-carboxylic acid
(16) possesses significant inhibitory activity against
PTP1B. Coumarin-3-carboxylic acid (17) with structural
similarity was not an effective inhibitor either.
The selectivity of compounds 11, 13 and 14 was eval-
uated against PTPases (Table 2). PTP1B, LAR-D1 and
TC-PTP are human PTPases, and YOP and YPTP1 are
from Yersinia enterocolitica and Saccharomyces cerevi-
siae respectively. The inhibitors showed good selectivity
against human enzymes. They were >100-fold selective
against LAR-D1 and >10-fold selective against TC-
PTP. Little selectivity was observed against microbial
PTPases, YPTP1 and YOP. The amino acid sequence
similarity between the catalytic domain of PTP1B and
those of other PTPases are 41% for LAR-D1, 72% for
TC-PTP, 20% for Yop and 29% for YPTP1.10 The
homology in amino acid sequence between PTPases
Scheme 1. Reagents and conditions: (a) (CH3O)2O, pyridine, CH2Cl2,
rt, 70%; (b) AlCl3, 1,4-dichlorobenzene, 100 �C, 20–30%; (c) POCl3,
DMF, 50 �C, 50%.
Scheme 2. Reagents and conditions: (a) (CH3O)2O, pyridine, CH2Cl2,
rt, 99%; (b) AlCl3, 180 �C, 75%; (c) CH3I, K2CO3, acetone, 45 �C,
98%; (d) Bis(pinacolato)diboron, PdCl2(dppf)2, DMSO, 80 �C, 87%;
(e) 4-phenylphenol trifluoromethanesolfonate, PdCl2(dppf)2, K3PO4,
DMF, 80 �C, 78%; (f) BBr3, CH2Cl2, rt, 68%; (g) POCl3, DMF, 50 �C,
76%.
Figure 1. Structures of formylchromone derivatives used in this study.
Table 1. Inhibition of PTP1B by formylchromone derivativesa
Compd
 IC50 (mM)
 Compd
 IC50 (mM)
1
 73
 10
 55

2
 >1000
 11
 14

3
 22
 12
 25

4
 28
 13
 14

5
 25
 14
 4.3

6
 18
 15
 >1000

7
 20
 16
 >1000

8
 20
 17
 >1000

9
 91
aIC50 values were usually derived from single experiments using a
range of inhibitor concentration. For inhibition assay, inhibitor (5 mL
in DMSO) was added to a mixture containing enzyme (5 mL), 5�
reaction buffer (10 mL, 0.5M Hepes, 25 mM EDTA, pH 7.0) and
water (25 mL) and it was incubated at 37 �C for 10 min. The reaction
was initiated by addition of pNPP (5 mL, 0.1M) and, after 5 min at
37 �C, the reaction was quenched by addition of NaOH solution (950
mL, 0.5M). The progress of the reaction was determined for the for-
mation of p-nitrophenolate by measuring the absorbance at 405 nm.
PTP1B was diluted before use to an appropriate concentration (typi-
cally 40 mg/mL) by enzyme dilution buffer (25 mM Hepes, 5 mM
EDTA, 1 mM DTT, 1 mg/mL BSA, pH 7.3).
Table 2. Inhibition of PTPases by selected compoundsa
Compd
 IC50 (mM)
PTP1B
 LAR
 TC-PTP
 YPTP1
 YOP
11
 14�5
 >1000
 780�340
 56�2
 23�2

13
 14�3
 >1000
 240�81
 24�1
 15�2

14
 4.3�0.1
 >1000
 51�4
 5.4�0.3
 3.7�0.4
aIC50 values were usually derived from single experiments using a range of inhibitor concentration. LAR, TC-PTP and YOP are purchased from
New England Biolabs, Inc. (Beverly, USA) and YPTP1 was prepared as described (Kwon, M.; Oh, M.; Han, J.; Cho, H. J. Biochem. Mol. Biol. 1996,
29, 386). The enzymes were diluted and assayed in the buffers used for PTP1B assay. The quantity of enzymes used for 50 mL reaction was 1.25 units
(manufacturer’s definition) for LAR, TC-PTP and YOP and 30 ng for YPTP1.
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does not correlate with the selectivity data. Three-
dimensional structure at or near the active site is the
more likely determinant of the selectivity. Nevertheless,
LAR is well differentiated from PTP1B in its reaction
with the inhibitors and this observation suggests the
possibility that further excavation of the formyl-
chromone derivatives might lead to a highly potent and
selective PTP1B inhibitor despite the high homology
between PTPases and the effort is in progress.

In summary, we have shown that formylchromone and
its derivatives are capable of inhibiting PTP1B. Initial
derivatizations of the formylchromone identified com-
pound 14 as a potent inhibitor against PTP1B with
strong or medium selectivity against human PTPases,
LAR and TC-PTP. The selectivity together with the
ongoing improvement of the potency suggests that for-
mylchromone could be a novel lead for the design of a
potent and selective PTP1B inhibitor.
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