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Abstract—A novel series of orally active pyrimido[5,4-3][1,2,4]triazine-5,7-diamine-based hypoglycemic agents have been identified.
These compounds show non-selective inhibitory properties against a panel of protein tyrosine phosphatases including PTP1B.
Compounds 12 and 13 display oral glucose lowering effects in 0b/ob mice.
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Insulin resistance in the liver and peripheral tissues
coupled with elevated fasting plasma glucose and
impaired glucose tolerance are the hallmarks of Type 2
diabetes.! The inability of endogenous insulin to sup-
press postprandial hepatic glucose output and stimulate
glucose uptake and disposal by the peripheral tissues
results in elevated plasma glucose levels. A sustained
elevation in plasma glucose eventually culminates in an
number of debilitating diabetic complications such as
atherosclerosis, coronary artery disease, nephropathy,
neuropathy and retinopathy.? Thus, tight control of
blood glucose levels is essential in the early stages of the
disease.

Protein tyrosine phosphatases (PTPases) are enzymes
that regulate signal transduction pathways via dephos-
phorylation of biologically important proteins.® In the
case of the insulin receptor (IR), PTPases believed to
play a role in its negative regulation include PTP1B,
leukocyte antigen receptor phosphatase (LAR), and
PTPo.# These enzymes are believed to either directly or
indirectly (via downstream signaling) dephosphorylate
the active form (triphosphorylated in the regulatory
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domain) of the IR, resulting in attenuation of the intri-
sic tyrosine kinase activity of the receptor. The intra-
cellular PTPase PTP1B has been demonstrated to play a
significant role in the dephosphorylation of the IR.?
Furthermore, PTP1B gene knockout mice have shown
improved insulin sensitivity and resistance to weight
gain.® Thus, small molecule PTPIB inhibitors have
considerable therapeutic potential for the treatment of
Type 2 diabetes and obesity.

Non-selective vanadium based PTPase inhibitors have
been found to increase IR tyrosine phosphorylation
levels in vitro and sensitize and mimic the actions of
insulin in vivo, effectively lowering plasma glucose levels
in diabetic animal models.” The clinical utility of vana-
dium based antidiabetic agents is limited by their
cumulative toxicity and poor oral absorption and thus a
small molecule equivalent may have considerable ther-
apeutic advantage. Recently, Just and co-workers®
reported a series of periodinate based oxidants with in
vitro PTP1B inhibitory activity. The substituted pyr-
imido[5,4-3][1,2,4]triazine-5,7-diamine 1 was identified
through high throughput screening against LAR. This
compound was subsequently found to have residual
PTP1B activity as well, and served as a starting point
for the development of novel PTPase inhibitors. Herein,
we describe the initial SAR surrounding a novel series
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of orally active, non-selective ‘vanadate like’ pyri-
mido[5,4-3][1,2,4]triazine-5,7-diamine based-hypoglycemic
agents with PTPase inhibitory activity.

The chloromethylpyrimido[5,4-3][1,2,4]triazine-5,7-di-
amine compound 5 served as a convenient synthetic
intermediate for the preparation of PTPase inhibitors 6—
15 and was prepared as outlined in Scheme 1. S-Methyl-
ation of commercially available arylthiol 2 followed by
nitrosylation afforded the nitroso-thiomethyl derivative
3. Nucleophilic displacement of the thiomethyl moiety
with hydrazine provided cyclization precursor 4 in good
yield. Reaction of 4 with chloroacetaldehyde diethyl
acetal under acidic conditions gave, upon dilution of the
reaction mixture with water, compound 5 as a stable
light brown solid. Upon heating in ethanol, inter-
mediate 5 readily underwent reaction with a variety of
secondary amines affording PTPase inhibitors 6-11 as
outlined in Scheme 2. In particular, the piperazine deri-
vative 9 could be further functionalized via alkylation
with a variety of benzylic halides to provide PTPase
inhibitors 12-15 as described in Scheme 3.°

Initially, PTPase inhibitors 6-15 were evaluated for
their PTP1B inhibitory activity and the results are out-
lined in Table 1. Compounds were assayed against
PTP1B using a fluorescence based assay!'® and the ICs;’s
were measured in the presence of 300 nM and 2 mM
dithiothreitol (DTT). Clearly, hydrophobic benzylic
sidechains (e.g., 12-15) are favored on the piperazine
ring with the 4-biphenylmethyl 13 showing the best
PTPI1B inhibitory potency (Table 1). In comparing the
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Scheme 1. Reagents and conditions: (a) KOH, Mel, H,O, 71%:; (b)
NaNO,, 2N AcOH, 50°C, 86%:; (c) hydrazine hydrate, DMF, 50°C,
86%; (d) chloroacetaldehyde diethyl acetal, concd HCIl, DMF, rt to
80°C then NH,OH, 38%.
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Scheme 2. Reagents and conditions: (a) secondary amine, EtOH,
80-100°C.
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Scheme 3. Reagents and conditions: (a) RI or RBr, K,CO3;, DMF, rt.

initial screening hit 1 and compound 13 the in vitro
potency is significantly improved (ca. 33-fold) under the
low DTT conditions. The precise role of the diamino-
pyrimidine moiety was not investigated in this study.

While the enzyme is active at both DTT concentrations,
the in vitro inhibitory activity of the PTPase inhibitors
appears to be sensitive to the concentration of DTT
used in the assay. The sensitivity of the PTP1B inhibi-
tory potency of inhibitors 6-15 to DTT concentration
would suggest a possible redox reaction between the
inhibitors and DTT. It is also possible that the com-
pounds undergo redox chemistry with the PTP1B active
site cysteine residue thus inactivating the enzyme. Sha-
ver and co-workers have speculated that the mode of
PTPase inhibition by peroxovanadium compounds may
involve irreversible oxidation of the catalytic cysteine

Table 1. PTPIB inhibitory activity of compounds 1 and 6-15
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N)%/[N\\'/\X
HZN)\N/ N

Compd X PTPIBIC (uM)?
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OH
—
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#1Csq determined in the presence of 300 nM dithiothreitol (DTT). ICsq
as measured in the presence of 2 mM DTT in parentheses. All mea-
surements were carried out using a common MES buffer system.
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residue.!!'® Under high DTT conditions, one may expect

to observe less inhibition of PTP1B with inhibitors 6-15
as competing redox chemistry with DTT would become
prominent. Indeed, Ramachandran and co-workers''
have demonstrated that increasing concentrations of
DTT (as well as B-mercaptoethanol and reduced glu-
tathione) effectively decrease the PTPIB inhibitory
activity of pervanadate in vitro and similar inhibition
kinetics were observed for pervanadate with PTP CD45.

It is likely that the triazine ring of inhibitors 615 is
responsible for the redox activity of these PTPase inhi-
bitors as we have observed using 'H NMR and MS,
that in the presence of DTT and absence of oxygen, the
structurally related pyrimidotriazine 16 rapidly and
quantitatively undergoes reduction to the corresponding
dihydro derivative 17 which is reversible in the presence
of atmospheric oxygen (Scheme 4).!? A simple starch/
iodide test indicates that ca. 1% of the reduction pro-
duct of oxygen is either hydrogen peroxide or super-
oxide. It is possible that PTPase inhibitors 6-15 catalyse
the reversible oxidation of the active site cysteine of
PTPases to the sulfenic acid via a similar mechanism
involving the generation of peroxide or superoxide. In
an in vivo setting, DTT would be replaced by high levels
of reduced glutathione. Recently, Goldstein et al. have
demonstrated in vivo that insulin stimulation generates
a burst of intracellular hydrogen peroxide that rever-
sibly inhibits PTP1B, thereby enhancing the early insu-
lin cascade.!> Kinetic and reversibility experiments
performed using GST-PTP1B (1-321) construct indi-
cated that compounds of the pyrimido[5,4-3][1,2,4]tri-
azine-5,7-diamine class are reversible and competitive
inhibitors of PTP1B in the presence of low (300 nM)
DTT concentrations.!* Furthermore, the PTP1B inhib-
itory potency of these compounds is completely abolished
when the assay is conducted in the presence of catalase
to sequester any generated hydrogen peroxide. This
result clearly indicates that hydrogen peroxide plays a
central role in the inhibition of PTP1B under the assay
conditions and a redox cycle similar to that outlined
in Scheme 4 is likely to be operative for compounds 1
and 6-15.'"* Although generated hydrogen peroxide is
apparently responsible for the PTPIB inhibitory
potency of 1 and 6-15, the substituted piperazine side
chains of 12-15 appear to improve potency somewhat,
presumably by altering the standard redox potential of
the triazine moiety.
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Scheme 4. Catalytic cycle for the reduction of triazine derivatives with
DTT.

The redox hypothesis described herein for PTPase inhi-
bitors 1 and 6-15 would suggest that these compounds
should be rather non-selective in their redox actions, as
all PTPases (cytosolic and transmembrane bound
receptor like enzymes) contain the conserved 11 amino
acid sequence motif (I/V)HcxAGxxR(S/T)G which spe-
cifies the active site of the phosphatase. The conserved
cysteine and arginine residues within this motif are
essential for catalytic activity.'> The PTPase inhibitors
6, 12, and 13 were further evaluated against other
PTPases PTPa, LAR and SHP-2 and the results are
outlined in Table 2. Indeed, the inhibitors show little
selectivity in their inhibitory activity across this panel of
PTPases and are reminiscent of the vanadate based
inhibitors previously reported in the literature.”

The well characterized 0b/ob mouse model was chosen
for in vivo evaluation of selected inhibitors.!® The glu-
cose lowering properties of inhibitors 12 and 13 in male
ob/ob mice are summarized in Table 3. Compounds
were dosed po q.d. for 5 days at 50 mg/kg and blood
glucose was measured 2 h post dose on day 5. Inhibitors
12 and 13 display significant glucose lowering effect in
mice with an ED,s (parent drug) around 30 mg/kg po
for 12.!7-1% The pharmacokinetic properties of 13 are
summarized in Table 4. The compound is rapidly and
extensively distributed in mice. The achieved systemic
exposure (Cpax) of 13 approximates the measured 1Cs

Table 2. Selectivity of inhibitors 6, 12, and 13 against relevant
PTPases

Compd I1Cso (UM)?

PTP1B LAR PTPa SHP-2
6 12 28 28 14
12 8 12 24 9
13 8 16 15 5

21Cso’s were determined in a common glutarate buffer system in the
presence of 300 nM DTT.

Table 3. Glucose lowering properties of 12 and 13 in male 0b/ob mice

Compd % change in blood glucose®
Vehicle -0.5
12 —23b
13 —19b

2Compounds were dosed at 50 mg/kg orally for a 5-day period and
blood glucose was measured 2 h post dose on day 5; values are percent
change relative to pretreatment group with 10 mice per group.
®»<0.05 when compared to vehicle treated mice.

Table 4. Pharmacokinetic (PK) properties of 13

Compd PK Properties®
t2 CL Vss Cmax F
h (mL/kg/min) (L/kg) (HM) (%)
13 1.0 104 3.1 4.0 97

4iv and po pharmacokinetic parameters were determined post 10 mg/
kg bolus and 50 mg/kg doses, respectively, in male C57BL/6J mice.
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against PTP1B in vitro under the low DTT conditions
(Table 1). The compound has a favorable ¢, and
excellent oral bioavailability. The large steady state
volume of distribution (V) of 13 is approximately 6
times the total body water volume of the animal sug-
gesting deep tissue and cell penetration. On the other
hand, the compound suffers from high systemic clear-
ance which exceeds hepatic blood flow of the mouse.

In conclusion, a novel series of pyrimido[5,4-3]-
[1,2,4]triazine-5,7-diamine-based hypoglycemic agents
have been discovered. These compounds display non-
selective or ‘vanadate like’ PTPase inhibitory properties
in vitro and 12 and 13 were found to effectively lower
blood glucose levels in ob/ob mice upon oral adminis-
tration. From a toxicological standpoint, the lack of a
metallic component suggests that compounds of this
class may offer an advantage over the vanadium-based
anti-diabetic agents currently in clinical development.
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