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Abstract—Monoacid-based PTP1B inhibitors with improved physiochemical properties have been investigated. A (2-hydroxy-
phenoxy) acetic acid-based phosphotyrosyl mimetic has been linked with an optimized second arylphosphate binding site ligand to
produce compound 20 with low micromolar potency against PTP1B, good selectivity over TCPTP (20-fold) and high cell perme-

ability in the Caco-2 system.
© 2003 Elsevier Ltd. All rights reserved.

Protein tyrosine phosphatase 1B (PTPIB) plays an
important role in insulin receptor signaling.! There is
compelling evidence suggesting that PTP1B is primarily
responsible for the dephosphorylation of the insulin
receptor, and therefore acts to negatively regulate insulin
signaling.? Inhibitors of this enzyme would be predicted
to enhance insulin-stimulated glucose transport and have
potential for the treatment of type II diabetes.?

The enthusiasm for the development of PTP1B inhibi-
tors as therapeutic agents has led to intensive research
in recent years.*> Many efforts were focused on the
design of phosphotyrosyl (pTyr) mimetics. Included
among these pTyr mimetics (Fig. 1) are difluoro-
methylene phosphonate 1,° 2-oxalylamino-benzoic acid
27 and O-carboxymethyl salicylic acid analogues 3.2
Unfortunately, most of these potent pTyr mimetics
contain at least two acids and led to inhibitors with
poor cellular permeability.

PTP1B inhibitors need to be cell permeable to reach the
intracellular target, and also to achieve desirable oral
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bioavailability. It becomes a significant challenge to
develop both potent and cell permeable inhibitors
because of the nature of the enzyme. The electrostatic
properties of the PTP1B catalytic site are optimal for
binding phosphotyrosine, which bears two negative
charges at physiological pH. Charged ligands are there-
fore preferred for potent binding. There are a limited
number of reports on cell permeable PTP1B inhibitors.
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Liljebris et al. investigated bioisosteric replacements for
the carboxyl group of O-carboxymethyl salicyclic acid,
and discovered that an ortho tetrazole analogue 4
(K;=2.0 uM) was equipotent to the corresponding
dicarboxylic acid derivative and this compound
achieved a low level of cell membrane permeability.’
Considering minimization of charge as a means of
enhancing cell membrane diffusion, Burke and co-
workers examined monocarboxy-based pTyr mimetics
and reported poor PTP1B inhibitory potency for these
analogues.'® The need for more potent and selective
PTPI1B inhibitors with improved physiochemical prop-
erties remains a critical issue.

PTPI1B inhibitor 5 has been previously reported from
this laboratory.!! Compound 5 exhibited good inhibi-
tory potency against PTP1B (K;=18 nM) and good
selectivity over other phosphatases, including the most
homologous TCPTP (4-fold). It contains a diaryl
oxamic acid benzoic acid, a catalytic site binding phar-
macophore, and a salicylate-based second arylphos-
phate binding site (site 2)!?> binder. However, both
Caco-2 permeability and rat pharmacokinetic studies
suggest a major obstacle for future development with
this series of compounds. The low cell permeability of 5
as indicated by Papp less than 1x107° c¢cm/s is most
likely due to the presence of the two carboxylic acids,
which both retain negative charges at physiological pH
(7.4).

In our efforts to identify PTPIB inhibitors with
improved permeability, many phosphotyrosine replace-
ments bearing either one or no charge were linked with
a site 2 ligand. The pTyr mimetics generally have little
measurable inhibitory activity on their own, but linking
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Scheme 1. Reagents and conditions: (a) N-Boc-butanol, PhsP, DEAD,
THF, 54%; (b) 4 N HCI in dioxane, 100%; (c) amine 6, TBTU, i-
Pr,NEt, DMF, 79%:; (d) 10% Pd/C, MeOH, H,, rt, 100%; (¢) CICO-
COOE, i-Pr,NEt, CH,Cl,, 0°C—rt, 84%; (f) NaOH, EtOH, H,O,
98%:; (g) ethyl bromoacetate, K,CO3z;, CH3CN, reflux, 94%; (h) iso-
butyllchloroformate, Et;N, amine 6, 95%.

these potential active site ligands with our optimized
salicylate-based, neutral site 2 ligand!! offered opportu-
nities to identify cell permeable, potent and selective
PTPI1B inhibitors.

The representative syntheses of monoacids 8 and 17 are
outlined in Scheme 1. Amine 6 was prepared by mono-
alkylation of methyl 2,6-dihydroxybenzoate with N-
Boc-4-aminobutanol and subsequent deprotection. 4-
nitro-N-Boc-phenylalanine was coupled with amine 6 to
generate amide 7. The nitro group was then reduced to
the corresponding aniline by catalytic hydrogenation.
This aniline was acylated and the resulting ethyl ester
was selectively hydrolyzed in the presence of a methyl
salicylate under basic conditions to provide oxamic acid
analogue 8. Due to steric hindrance and deprotonation
of the phenolic hydroxy group, the methyl ester of 8
remained intact. For the synthesis of monoacid 17, N-
Boc-tyrosine benzyl ester was O-alkylated with ethyl
bromoacetate, and the benzyl group was removed by
hydrogenation to afford acid 16. The acid was coupled
with amine 6 and subsequent saponification yielded
phenoxy acetic acid 17.

2-Hydroxy substituted analogue 20 was prepared as
illustrated in Scheme 2. Bromination of 2-(benzyloxy)
phenol was followed by alkylation of the bromophenol
with ethyl bromoacetate. It was then coupled via Heck
reaction with benzyl 2-acetamidoacrylate to provide
ester 18. Hydrogenation of 18 reduced the double bond
and released the acid and the phenol at the same time.
Acid 19 was coupled with amine 6, and saponification
of the ethyl ester then afforded (2-hydroxy-phenoxy)
acetic acid 20.

Early SAR studies showed that monoacid analogues
having a phenylalanine backbone showed no preference
for N-Boc or N-acetyl substitution group (8 vs 8a in
Table 1). These groups were assumed to be equivalent
for our subsequent SAR investigation. Compound 8
was identified as a low micromolar PTP1B inhibitor
(K;=8.8 uM). Oxamic acids have been previously
reported as effective phosphate replacements for SH2
domain ligands.!3 They were also found to be useful for
PTP1B inhibition. Compound 8 was a reasonably
potent and selective PTPIB inhibitor (16-fold over
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Scheme 2. Reagents and conditions: (a) Br,, HOAc, CH,Cl,, rt,
78%; (b) Ethyl bromoacetate, K,CO;, DMF, 90°C, 100%; (c) 2-
acetamidoacrylic acid benzyl ester, Pd(OAc),, (o-Tol);P, Et;N,
MeCN, reflux, 53%; (d) 10% Pd/C, H,, rt, 100%; (¢) amine 6,
TBTU, i-Pr,NEt, DMF, 84%; (f) NaOH, MeOH, H,O, 91%.
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Table 1. SAR on modification of acid as pTyr mimetics

Ry
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o]

]:1 racemic mixture.

The kinetic analysis was conducted using pNPP as the small molecule
substrate in a continuously-monitored colorimetry assay. Values are
means of more than two experiments with the number in the paren-
theses being the standard deviation.

TCPTP, Table 2) bearing only one negative charge at
physiological pH. Unfortunately, this monoacid-based
inhibitor still has low cell permeability, presumably due
to the oxamic acid, which has a calculated pK, of 2.1.
This concern was further confirmed by the fact that N-
phenyl oxamic acid fails to cross the cell membrane in a
Caco-2 permeability assay. The poor permeability of
oxamic acids limits their potential to be developed into
orally active PTP1B inhibitors. It was decided that the

Table 2. Monoacid-based PTP1B inhibitors and their respective cell
permeability

Compd K; (uM) (PTP1B) K; (uM) Cell pemeability
(TCPTP) (Pappx10~° cm/s)
8 8.8 (£1.4) 141 Low (<1)
17 220 (+30) >200 Moderate (1-10)
20 9.0(£1.2) 182 (£59) High (> 10)
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Figure 2.

new pTyr mimetic should be designed with no more
than one carboxylic acid, and the acid should have a
higher pK, than the oxamic acid of compound 8.

The design of new pTyr mimetics turned out to be a
difficult task. A few analogues with no ionizable group
at physiological pH were investigated (Table 1, com-
pounds 9-12). Despite the potential for some of these
entities to participate in hydrogen bond interactions
within the catalytic pocket, none of the compounds
showed any inhibitory activity. It seemed inevitable to
include at least a mono-charged functionality to obtain
an electrostatic interaction that could anchor a ligand
into the catalytic site. Among the acids evaluated, com-
pound 13, closely related to oxamic acid analogue 8,
showed no inhibitory activity when tested at 200 uM
concentration. Phenoxy acetic acid has been evaluated
as a pTyr mimetic by other groups, but showed no
effective inhibition.®'® However, the phenoxy acetic
acid containing analogue 17 provided weak inhibitory
activity against PTP1B (K;=220 uM) when linked with
our salicylate-based site 2 ligand. Compound 17
(pK,~3) also had improved Caco-2 cell permeability
compared to oxamic acid analogue 8 (Table 2).

Further SAR on the phenoxy acetic acid series identified
2-hydroxy substituted compound 20 with low micro-
molar potency against PTPIB (K;=9.0 uM), only a 4-
fold decrease from di-acid analogue 21 (K;=2.2 uM). 2-
Amino substituted analogue 22, however, did not exhi-
bit any inhibitory activity. Compound 20 also exhibited
good selectivity over most of other phopatases and it
was 20-fold selective for PTP1B over TCPTP.

Of particular note was that compound 20 demonstrated
a high level of membrane penetration (> 10x107° cm/s).
The 2-hydroxy group makes formation of a lactone
possible with compound 20. The equilibrium between
the lactone and acid forms (Fig. 2, 20a and 20b) has
potential utility in circumventing the poor cell perme-
ability of the existing PTPIB inhibitors. However, the
existence of this equilibrium under various physiological
conditions has yet to be determined.
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Figure 3. X-ray structure (2.2 A resolution) of PTP1B soaked with 20.
Color scheme: carbons in orange and green for compound 20, oxygen
in red, nitrogen in blue, and sulfur in yellow.

Compound 20 has been crystallized with PTP1B. The
X-ray crystal structure of 20 bound to PTP1B'# (Fig. 3)
revealed that it exists as the hydroxy acid form. It binds
very tightly in the catalytic pocket, with the WPD flap
down. The molecule also extends to the second phos-
photyrosine binding site. The salicylate-based ligand
binds as the same fashion as previously described!! in
site 2. The carboxylic acid moiety in the catalytic site
has a similar binding mode to the other acids reported
with the WPD loop in the closed conformation.® The
improved potency and selectivity against TCPTP (20-
fold) of compound 20 might be due to the effect of the
phenol hydroxyl group, which interacts with Lys120
and Tyr46 via a water molecule (not shown).

In summary, we have discovered monoacid-based,
selective PTP1B inhibitors with low micromolar inhibi-
tory activity. Of particular interest, compound 20
achieved significantly higher Caco-2 cell permeability as
compared to all previous compounds. This compound
also exhibited 20-fold selectivity over TCPTP, the high-
est degree of selectivity reported to date. These results
provided us with opportunities for designing more
selective, drug-like PTP1B inhibitors.
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