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Abstract—A series of novel pyridazine analogues were prepared and the structure—activity relationship of their behavior as inhibi-
tors of PTP1B was evaluated. Most of the analogues had potencies in the low micromolar range. The in vitro kinetics of this
compound series demonstrated that they were reversible non-competitive binders. This indicates that there may exist another site in
the enzyme through which enzyme activity can be inhibited, which is not a recognized interaction domain. Some of the analogues
exhibited high selectivity for other PTPases, for example, compound 12mp showed 20-fold selectivity for PTP1B (ICs5y= 5.6 uM)
versus both TCPTP and LAR (> 100 pM, respectively). In contrast to many tyrosine phosphatase mimetic inhibitors, this com-
pound class lacks negative charge and thus showed high permeability across cell membranes. Selective analogues in the series were
analyzed in an in vitro cellular assay, which showed increased insulin-stimulated insulin receptor phosphorylation.

© 2002 Elsevier Science Ltd. All rights reserved.

Introduction

Insulin resistance in the liver and peripheral tissues,
together with pancreatic cell defects, is the common
causes of Type 2 diabetes.! The biological actions of
insulin are initiated when insulin binds to the a-unit of
its receptor, resulting in stimulation of intrinsic receptor
tyrosine kinase activity of the B-subunit of the receptor
and its autophosphorylation, and the subsequent phos-
phorylation of intracellular substrates.>* In the insulin
resistant state in Type 2 diabetes patients, the insulin-
signaling cascade is attenuated, due to a defect at a site
distal to the binding of insulin to its receptor, which has
previously been proposed to be at the level of the insulin
receptor itself.>¢

Protein tyrosine phosphatases (PTPases) constitute a
diverse family of enzymes and are responsible for the
selective dephosphorylation of tyrosine residues.”-® Sev-
eral PTPases, including PTP1B, LAR, PTPa and PTPe,

*Corresponding author. Tel.: +46-8-697-3869; fax: +46-8-697-3914;
e-mail: charlotta.liljebris@biovitrum.com

are capable of dephosphorylating the insulin receptor,
and thereby attenuating the tyrosine kinase activity.®~12
In addition, a role for certain PTPs, including PTP1B, a
cytosolic nonreceptor PTPase, in the insulin resistance
associated with diabetes and obesity has been suggested
by some clinical studies in which correlations between
the levels of PTP1B expression in muscle and adipose
tissue and insulin resistant states were found.'3!* This is
supported by several cellular and biochemical studies
where PTP1B has been shown to play a major role in
the dephosphorylation of the insulin receptor.!> Recent
studies with PTP1B knockout mice have demonstrated
that loss of PTPIB activity resulted in an enhancement
of the insulin sensitivity and decreased susceptibility to
diet-induced obesity.!® Thus, PTPIB might be an
attractive therapeutic target in Type 2 diabetes and
obesity.

Interest in the development of specific PTP1B inhibitors
has increased over recent years.®!7-!® Due to the elec-
trostatic properties of the phosphatase active site, it
has been difficult to develop reversible competitive
PTPIB inhibitors lacking negative charge. Most of
the early PTPIB inhibitors are compounds with a
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non-hydrolyzable phosphotyrosine mimetic often incor-
porated into a peptide-like scaffold.® Although much
progress has been made, most of the inhibitors devel-
oped so far have properties which make them unsuitable
as drugs due to lack of cell permeability.>!” To date
only a few small molecule PTP1B inhibitors have been
demonstrated to show in vivo activity.!®

In our high throughput screening program, we have
identified compound 11 (3-amino-6,6-dimethyl-2-phenyl-
2,8-dihydro-6H-pyrano[3,4-c]pyridazine-4-carbonitrile,
commercially available) as a novel reversible PTP1B
inhibitor with an ICsy value of 5.7 uM. Interestingly,
this compound displayed non-competitive kinetics, and
is therefore seemingly not binding within the phospha-
tase active site pocket. This opens up the exciting pos-
sibility to find a new binding site for the PTP1B enzyme.
The non-polar properties, and small molecular weight
of this compound class, made it an interesting starting
point to develop specific orally available PTP1B inhibi-
tors. In this paper, we describe the synthesis and in vitro
pharmacology properties of this compound class as
PTP1B inhibitors. Furthermore, selected analogues in
the series showed increased insulin receptor phosphor-
ylation in a cellular assay, which resulted in enhanced
insulin receptor activity.

Results and Discussion

Chemistry

Preparation of the target analogues is shown in Scheme
1. The pyranone analogues 4a and 4¢ were commercially
available, whereas the geminal dimethyl pyranone 4b
could be prepared in two steps following literature

methods. A Mannich reaction between mesityl oxide 2
and formaldehyde gave the divinyl ketone 3.!° The
divinyl ketone 3 was oxidatively ringclosed using
HgSO0,?° which gave the requisite pyranone 4b. Con-
densation with ethyl formate furnished the enolate ana-
logues 5a—c¢ using either NaH or K%BuO as bases.
When K'BuO was used, the resulting enolate could be
stored as a solid, otherwise the enolate was used directly
in the next step. The phenylhydrazones 6-9 where pre-
pared by reacting the enolate with the diazonium salt of
the corresponding aniline.?'>?> Cyclization using mal-
onitrile in DMSO furnished the target pyridazine ana-
logues 10.23 As previously described,?> we found that
the pyridazine analogues were in equilibrium between
the tautomeric forms A and B in solution (Scheme 1).
NMR experiments showed that the dimethyl analogues
11a—n mostly existed in the amine tautomer A, whereas
for 10 and 12, the equilibrium was shifted towards the
imine form B. We also discovered that the analogues
most prone to be in the imine form, often where chemi-
cally unstable under pharmacological conditions (pH
7.4, 37°C, 24h).>* An exception to this finding was the
sulphur pyridazine analogue 12 which was found to be
stable under pharmacological conditions. Encouraged
by the indication that the geminal dimethyl group stabi-
lises the core structure, a series of analogues of 11, with
substituent variations in the phenyl ring 11a—11n (o, m,
p), were prepared according to Scheme 1. All of these
analogues showed good pharmacological stability.?*

The nitrile functionality of 10 could be converted to
the corresponding primary amide by heating 10 in
concentrated H,SO,4 to provide compound 14 (Scheme
2). Furthermore, acylation of the amine group of 10
with acetic anhydride gave the diacetylated analogue 15
(Scheme 2).
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Scheme 1. Reagents: (a) paraformaldehyde, Et,NH, MsOH, H,O (b) Ac,O, DMAP (c) HgSO,, H,SO,4, H>O (d) K'BuO/THF or NaH/EtOH,
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A route analogous to Scheme 1 was employed to vary
the ring size of 13, as shown in Scheme 3. Starting from
the appropriate cyclo ketone analogues the correspond-
ing hydrazones 16 and 18 were prepared. Treatment
with malonitrile in DMSO and morpholine as base,
afforded the pyridazine analogues 17 and 19.

In vitro PTP activity

The inhibitory activity of the pyridazine analogues on
PTP1B was measured using pNPP as the substrate
(Table 1). Compound 10, lacking the geminal dimethyl
groups, showed surprisingly high potency as PTP1B
inhibitor (ICso=0.35uM). However, it was discovered
that the chemical stability at physiological conditions*
of analogues lacking the geminal dimethyl groups was
universally bad, and therefore this compound class was
not pursued any further. Instead, a series of analogues
to 11 with variations in the phenyl ring were prepared
11a—11n (Table 1). The structure—activity relationship
for these analogues was found to be quite flat with ICs,
values ranging from 1 to 17 uM. However, some para
substituted analogues 11ap, 11dp, 11ep and 11mp, were
found to be inactive as inhibitors of PTP1B, which
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Scheme 2. Reagents: (a) concd H,SO,4, 80-90°C; (b) Ac,O, Hunigs
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could be due to steric hindrance in this position of the
binding site. This is supported by the lower activity of the
para phenoxy analogue 11gp. The most active analogues
in this series were the ortho ethyl and ortho butyl analo-
gues 11co and 11lo (IC5o=1.6 and 1.5 UM, respectively).

Replacing the oxygen with sulphur or carbon (12 and
13, respectively) was not found to be beneficial for the
PTP1B inhibitory activity, with equal or lower activity
compared to the parent compound 11.

Modification of the ring structure size (cyclopentane
analogue 17 and cycloheptane analogue 19) resulted in
total loss of inhibitory activity (ICsy >100puM). The
amide analogue 14 and di-acetyl analogue 15 were also
found to be inactive as PTPIB inhibitors (ICsq
>100 uM). This shows that the core ring structure in
the parent compound 11 is essential for the activity.

Compounds were also tested for inhibition of other
recombinant, purified PTP enzymes (LAR, SHP-2 and
TCPTP) as an initial assessment of their specificity.
Results are summarized in Table 1. In general, most
compounds are non-selective towards these phospha-
tases with equal inhibitory activities as for PTPI1B.
However there are some interesting exceptions. The
para triflouromethyl analogue 11ap was inactive as an
inhibitor of PTP1B and SHP-2, but showed equal activ-
ity for LAR and TCPTP with ICsy values in the low
micromolar range. Furthermore, the meta phenoxy ana-
logue 11gm was found to be equally active for PTP1B,
SHP-2 and TCPTP but was inactive towards LAR.
Maybe the most exciting finding with regard to selectivity
are analogues which showed 6-10-fold selectivity for
PTP1B against TCPTP (11ao, 11bm, 11co, 11 ho, 11 hp
and 11no). Also, one compound, 12mp, showed a 20-fold
selectivity for PTP1B against both LAR and TCPTP. Due
to the high degree of homology within the catalytic active
site cleft of PTP1B and TCPTP, it has proven to be very
difficult to gain selectivity with small competitive inhibi-
tory compounds. To gain TCPTP selectivity within the
active site cleft, the compounds need to be relatively large
with small possibilities to be cell permeable. Analogues in
the current series exert their effects outside the catalytic

Scheme 3. Reagents: (a) NaH, HCO,Et, EtOH; (b) PhN5 Cl~, —5°C; (c) malononitrile, morpholine, DMSO.
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Table 1. In vitro activity of pyridazine analogues 10-13

Compd R! R? R? X ICso (uM)

PTPIB LAR SHP-2 TCPTP
10 H H H (0] 0.35+0.12 0.6£0.012 ND 2.1£0.12
11 CH; CH; H (0] 5.7£0.6 9.0+0.6 8.240.6 1.5
12 H H H S 1.14+0.22 3.14+0.22 ND 4.6+0.2¢
12ip H H 4-OMe S 1.3£0.05 6.0£0.2 8.0+0.8 1.5£0.1
12ko H H 2-F S 4.4+0.2 ND ND ND
12kp H H 4-F S 2.0+0.1 ND ND ND
12mo H H 2-iPropyl S 2.0+0.2 2.9+0.6 2.4 0.9+0.1
12mp H H 4-iPropyl S 5.6+£0.7 >100 5.2 >100
13 H H H C 10.440.3* 26.0+3.0* 4.8+0.1% 65.0+112
11ao CH; CH; 2-CF; (0] 3.940.5 7.1+2.1 4.7+£0.6 259+1.8
11am CH; CH; 3-CF; 0} 2.84+0.02 59+14 10.5+1.9 6.1£0.5
11ap CH; CH; 4-CF; (0] > 100 3.7 >100 5.8+0.5
11bo CH; CH; 2-CH,OH (0] 11.1£1.0 7.94+0.05 6.5+0.5 46.0+6.0
11bm CH; CH; 3-CH,OH o 2.440.3 10.24+0.5 3.84+0.5 28.24+0.2
11bp CH; CH; 4-CH,OH o 1.7+0.05 5.7+1.1 14.440.6 4.5+0.1
11co CH; CH; 2-CH,CHj; (0] 1.6+0.1 4.0+0.4 2.8+0.3 16.4+1.4
11cm CH; CH; 3-CH,CH; o 8.2+1.2 1544+1.2 6.84+0.2 7.6+0.3
11cp CH; CH; 4-CH,CHj3; o 2.8+1.1 21.940.1 6.1+0.1 7.5+0.5
11do CH; CH; 2-NO, 0} 17.5+1.3 11.940.1 19.54+0.2 13.84+0.8
11dp CH; CH; 4-NO, o > 100 > 100 > 100 > 100
1lem CH; CH; 3-COOCHj; (0] 2.1£0.01 7.2+0.7 5.0£1.5 4.8+0.7
11ep CH; CH; 4-COOCH3; o > 100 > 100 > 100 > 100
11fm CH; CH; 3-NHCOCH; o 2.34+0.02 9.3+0.2 6.0+1.2 6.5+0.8
11fp CH; CH; 4-NHCOCH; (0] 6.1+0.4 169+1.8 4.6+0.5 12.0£0.6
11go CH; CH; 2-Oph 0} 15.84+0.5 8.0+1.1 10.840.1 5.940.1
11gm CH; CH; 3-Oph (6] 39403 >100 9.4+2.7 59+1.1
11gp CH; CH; 4-Oph (0] 22.7+1.6 21.7+£04 >100 >100
11 ho CH; CH; 2-OCH,CH3; o 3.4+0.6 6.2+0.4 5.7+£0.4 26.2+1.5
11 hp CH; CH; 4-OCH,CH; (6] 32404 5.0+0.2 5.5+0.5 28.24+0.2
11io CH; CH; 2-OCH; (0] 6.2+3.8 12.1£0.2 9.5+1.2 8.6+2.6
11im CH; CH; 3-OCH3; 0} 3.6+0.6 8.3+1.0 8.8+0.8 7.3+0.2
11ip CH; CH; 4-OCH; (0] 22+0.3 9.8+1.8 8.7+0.1 9.8+5.9
11jp CH; CH; 4-CH,CH,OH 0} 2.940.6 94+1.4 8.24+0.23 9.31+0.1
11ko CH; CH; 2-F o 2.440.5 57+14 8.4+0.3 7.94+0.7
11km CH; CH; 3-F (0] 4.5+0.5 11.8+£0.3 12.5+£0.6 20.3+1.5
11kp CH; CH; 4-F 0} 49+0.9 9.6+0.4 5.54+0.5 10.0+1.8
11lo CH; CH; 2-Butyl o 1.5+0.05 8.3+04 47+1.2 4.0+0.3
111p CH; CH; 4-Butyl (0] 7.0+0.7 14.0+1.5 11.7£3.3 9.7+0.3
11mm CH; CH; 3-iPropyl 0} 8.2+04 12.14+0.2 12.0+1.8 17.4+2.8
11mp CH; CH; 4-iPropyl (0] >100 >100 >100 >100
11no CH; CH; 2-Morpholinyl (0] 2.9+0.5 3.4+0.1 4.6+0.5 21.0+0.6

2Concentration giving 50% inhibition relative to the maximum inhibition observed with sodium vanadate. All other values are the inflexion point of

inhibition curves.

binding site, which opens up the possibility to gain TCPTP
selectivity with retained bioavailability. It is not obvious,
however, to see a structure—activity pattern of the selective
compounds. More analogues need to be prepared in this
series to elucidate this further.

Kinetics

The characteristics of the inhibition of PTP1B by this
compound series were analysed using compound 11 as a
representative compound. PTPIB was incubated with
increasing concentrations of compound 11 and full
velocity dose curves were performed (Fig. 1). Non-linear
regression analysis showed that the data best fit non-
competitive models of inhibition (reduced y> 0.0003).
Re-plotting of the data as Lineweaver—Burke transfor-

mations (Fig. 1) confirmed this result, showing that this
compound series behaves as non-competitive inhibitors
of PTP1B. The PTP family comprises over 100 family
members, containing both trans-membrane receptor-
like enzymes and soluble cytosolic enzymes.>> There is
considerable homology within the active sites of the
family members and considerable diversity outside the
active site. Certain cytosolic PTPs contain other protein
domains, such as src homology 2 (SH2) domains, PEST
domains and retinaldehyde binding protein-like
domains, which are involved in intracellular targeting
strategies and are important for protein regulation.?®
PTP1B is noticeable in the absence of other recognized
protein domains outside the active site, apart from a
C-terminal endoplasmic reticulum targeting sequence.
Data with this compound series therefore indicate that



C. Liljebris et al. | Bioorg. Med. Chem. 10 (2002) 3197-3212 3201

12 kL /O/—
N /./;
z %% [ o
S L =
o - — _
q] 0.6 i m =
04 A
- /1’” -
02 —
0 1 | I | 1 i
0 2 4 6
[PNPP] mM
I T T I T I T I
8
6
=
] L
o
2 a4t
2 L
0 =
-0.5 0 0.5 1 1.5
1/ [pNPP]

Figure 1. Compound 11 behaves as a non-competitive inhibitor or
PTP1B. Top panel: velocity curves performed with 20 ng PTP1B in the
presence of increasing concentrations of compound 11 (open circles,
0OuM, filled circles, 1.25uM, open squares, 3.3 uM, filled squares,
SuM, open triangles, 6.7 uM, filled triangles, 10 uM). Data are repre-
sentative of several experiments, each point the average of quad-
ruplicates. Solid lines are fits of the data to the Henri Michaelis
Menten equation. Lower panel: Lineweaver—Burke transformations of
data from top panel.

there may exist another site in the enzyme through
which enzyme activity can be inhibited which is not a
recognized interaction domain.

Cellular activity of selected compounds

Cell permeability experiments were performed accord-
ing to published procedures,?’ which showed that this
class of compounds transit the cell membrane readily
(data not shown). This is in contrast to reports of other
PTP inhibitors where ability to cross the plasma mem-
brane has been limiting. We therefore examined the
effects of this compound class in an insulin receptor
cellular assay. Incubation of L6 myotubes with com-
pounds 11, 11co and 11lio followed by stimulation with
sub-maximal concentrations of insulin showed that
insulin receptor phosphorylation was increased relative
to vehicle-treated cells (Fig. 2). The effects of the com-
pounds were more modest than those of sodium vana-

2.5 T I T
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0.5

_|
—
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0 1 I L I
vehicle cpd 11 11co 11io

vanadate

Figure 2. Compound class enhances insulin-stimulated tyrosine phos-
phorylation of the insulin receptor. L6 myotubes were pre-treated for
30 min in the presence and absence of the indicated compounds. Cells
were subsequently stimulated with 25nM insulin for 5Smin and insulin
receptor phosphorylation was measured as described in the Methods
section. Data are the taken from at least three independent experi-
ments and normalized to insulin-stimulated cell responses in the pre-
sence of vehicle alone. All treatments resulted in statistically significant
increases in insulin receptor phosphorylation compared with vehicle
controls (p <0.03, Students ¢-test).

date, in keeping with the reversible inhibition of PTP
activity they cause. The compounds alone had no effect
on insulin receptor phosphorylation (data not shown).
Thus, treatment of cells with specific compounds resul-
ted in enhanced insulin receptor activity.

Conclusion

A series of novel pyridazine analogues has been pre-
pared, which were shown to be inhibitors of PTP1B
with ICso values in the low micromolar range. In vitro
kinetics of this compound class demonstrate that they
are reversible non-competitive inhibitors, and thus not
binding within the active site cleft of PTP1B. To our
knowledge, this is the first time non-competitive binders
of PTP1B have been reported, and this indicates that
there may exist another site in the enzyme through
which enzyme activity can be inhibited which is not a
recognized interaction domain. The compounds were
analyzed for their inhibitory activity of other PTPases,
which demonstrated surprisingly high selectivity of
some of the analogues. Compound 12mp was 20-fold
more selective for PTPIB against both LAR and
TCPTP. TCPTP is the phosphatase, which has highest
homology with PTP1B within the active site cleft
against which it has thus been difficult to gain selectivity
with competitive binders. Furthermore, due to the rela-
tively small molecular weight and non-polar properties
of this compound class they were shown to transit cell
membranes readily. Selected analogues in the series, 11,
11co and 11io, were analyzed in an in vitro cellular assay
which showed that they increased insulin receptor
phosphorylation and thereby prolonged the activated
state of the insulin receptor. The interesting features of
this compound class makes them an attractive starting
point to be developed into more potent orally available
PTP1B inhibitors and thus therapy for Type 2 diabetes.
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Experimental

NMR spectra were recorded on a Varian 400 MHz
spectrometer, a Bruker Advance DPX 400 or a Bruker
DRX 500 and chemical shifts are given in ppm using
tetramethylsilane as an internal standard at 25°C.
HPLC analyses were performed using; System A:
Waters Xterra MS CI18 column (100 x 4.6mm, 5p)
eluting with a gradient of 5% ACN in 95% water to
95% ACN in 5% water (0.2% TFA buffer) over 3.5 min
then 95% ACN in 5% water (0.2% TFA buffer) for a
further 2.5min at a flow rate of 3mL/min on a Waters
600E system with monitoring at 254nm; System B:
Hewlett-Packard 1100 instrument with a Nucleosil C-18
column (250x4.6mm, 3 puM) thermostated at 25°C,
eluting with water (0.1% TFA)/acetonitrile at a flow
rate of 1 mL/min and gradients with a 5-min isocratic
run followed by a 10-min gradient, with UV detection at
254-nm. Thin layer chromatography was carried out
using pre-coated silica gel F-254 plates (thickness
0.25mm). IR spectra were recorded on a Perkin-Elmer
Spectrum 1000 FTIR spectrometer. Electrospray MS
spectra were obtained on a Micromass platform LCMS
spectrometer. The Biotage Quad 3 system was used for
parallel flash purification. Silica gel column chromato-
graphy was performed using YMC gel, silica 120 A
S-50 pum.

5-Methyl-hexa-1,4-dien-3-one (3). A solution of diethyl
amine (73 g, 1.0 mol) and methane sulfonic acid (100 g,
1.04 mol) in 2-propanol (50mL) was dissolved in ice
water (100 g). To the resultant water solution was mesi-
tyl oxide (98g, 1mol) and paraformaldehyde (60 g,
2mol) added and the mixture was refluxed for 4 h. The
solution was cooled and extracted with ether to remove
unreacted mesityloxide. Ether and a concentrated
sodium hydroxide solution was carefully added to the
ice-cold solution until it was alkaline. The aqueous
solution was extracted with ether, and the combined
ether extracts were washed with water, dried and eva-
porated. To the neat material was DMAP (1g) and
acetic anhydride (100 mL, 1 mol) added dropwise, keep-
ing the temperature below 60 °C. The mixture was stir-
red 2h at room temperature, then the reaction mixture
was diluted with water and hexane. Sodium bicarbonate
was added until all gas evolution had ceased. After
neutralization, the hexane solution was separated and
the water solution was extracted with hexane, all hexane
extracts were washed with water to remove the diethy-
lacetamide. The hexane solution was dried and evapo-
rated. The crude product was distilled in vacuum with a
10 cm long NS29 column filled with glass rings. In order
to avoid polymerisation, hydroquinone was added to
the crude material. The fraction at 57—63°C/18 mmHg
was collected which gave 36.6g (33%) of the crude
divinyl ketone 3: GC 86%. An analytical sample was
prepared by redistillation which gave 3 as an oil. GC
96%; (bp 70°C at 15mmHg, lit: bp 60-61°C at
22mmHg); '"H NMR (400 MHz, CDCls) & 1.95 (s, 3H);
2.2 (s, 3H); 5.9.25 (m, 4H).

2,2-Dimethyl-tetrahydro-pyran-4-one (4b). A solution of
3 (approximately 0.92mol), HgSO4 (9.2¢g, 0.31) and

sulphuric acid (16.6g, 0.16 mol) in water (1.4L) was
stirred vigorously at 100°C for 4h. The reaction mix-
ture was cooled, saturated with NaCl and extracted with
EtOAc. The organic phase was dried and evaporated
and the crude product was distilled in vacuum without
column. The fraction at 75-81°C/20mm Hg was col-
lected which gave 79 g (67%) of 4b; GC 94%. An ana-
lytical sample was redistilled to give pure material 4b as
an oil. GC 99%; 'H NMR: (400 MHz, CDCl3) & 1.27 (s,
6H); 2.36 (s, 2H); 2.39 (t, 2H); 4.01 (t, 2H). Anal. calcd
for C;H,0,: C, 65.60; H, 9.44; found: C, 65.43; H,
9.75.

General methods to prepare the hydrazone intermediates
6-9, 16 and 18:

Method A. Exemplified by the preparation of 3-(phenyl-
hydrazono)-tetrahydro-pyran-4-one (6). To dry ethanol
(60mL) at —20°C was added sodium hydride (slowly)
(3.92g, 0.098mol). Tetrahydro-4H-pyran-4-one (4a)
(9.79 g, 0.098 mol) was then added, followed by ethyl
formate (11.9mL, 0.147mol) and the reaction mixture
stirred at room temperature overnight. The solvent was
then removed under reduced pressure and the residue
dissolved in water (40 mL). The resultant solution was
added to a solution of the diazonium salt of aniline,
prepared by the gradual addition of a solution of
sodium nitrite (6.76 g, 0.098 mol) in water (20mL) to a
solution of aniline (9.11g, 0.098mol) in 2M HCI
(98 mL, 0.196 mol) at —5 to 0°C. The resultant mixture
was stirred at this temperature for 1 h. The product was
then extracted with DCM, washed with water, dried
(MgS0O,) and the solvent removed under reduced pres-
sure to give a brown solid (14.5g, 73%). The product 6
was then recrystallized from ethanol (8.17g, 41%);
HPLC 92%, Ry=3.74min (System A); 'H NMR
(CDCl) 6 7.39.23 (m, Ph), 4.58 (s, CH,), 4.01 (t, CH,),
2.65 (t, CH,). The hydrazone was used directly in the
condensation reaction without further characterization.

2,2-Dimethyl-5-(phenyl-hydrazono)-tetrahydro-pyran-4-
one (7). Prepared according to method A using 2,2-
dimethyl-tetrahydro-pyran-4-one (4b). The hydrazone
was used in the condensation reaction without further
characterization.

Method B. Exemplified by the preparation of 2,2-dime-
thyl-5-[(2-trifluoromethyl-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7ao). A solution of 2,2-dimethyl-tetra-
hydro-pyran-4-one 4b (3.0 g, 23.4mmol) and ethyl for-
mate (3.0mL, 37.2mmol) in dry THF (30mL) was
placed under nitrogen. To the solution was added K'-
BuO (2.63g, 23.4mmol) in small portions during
10 min. A yellow precipitate was formed almost imme-
diately. The mixture was stirred at room temperature
for 3h. The solvent was then evaporated and the crude
product S5b was dried in vacuum. The crude material
was dissolved in EtOH (18 mL) and divided into por-
tions and stored in freezer until used.

A solution of the diazoniumsalt of 2-trifluoromethyl-
aniline was prepared by the gradual addition of a solu-
tion of sodium nitrite (273 mg, 3.95mmol) in water
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(2mL) to a solution of 2-trifluoromethyl aniline
(637mg, 3.95mol) in 1.00 M HCI (7.90 mL, 7.90 mmol)
at —5°C. The cold ethanol solution (3mL) of the
potassium salt of 5-(hydroxymethylene)-2,2-dimethyl-
tetrahydro-4H-pyran-4-one Sb (3.90 mmol) was added
dropwise and the resulting mixture was stirred vigor-
ously at —5° C for 1 h. The reaction mixture was diluted
with DCM and washed with water. The organic phase
was dried with MgSO, and evaporated which gave
0.9755g of 7ao as an orange solid. (83%). 'H NMR
(400 MHz, CDCl;) & 14.05 (s, 0.7H), 7.86 (d, 1H), 7.55
(d, 1H), 7.50 (t, 1H), 7.08 (t, 1H), 4.64 (s, 2H), 2.58 (s,
2H), 1.36 (s, 6H). MS (EI) m/z 300.0 M +H)™".

2,2-Dimethyl-5-[(3-trifluoromethyl - phenyl)-hydrazono]-
tetrahydro-pyran-4-one (7am). Prepared according to
method B using 4b and 3-trifluoromethyl-aniline. Yield:
0.948 g (80%). "H NMR (400 MHz, CDCl3) & 13.68 (s,
1H), 7.54 (br.s, 1H), 7.42 (m, 1H), 7.35 (m, 1H), 7.27
(m, 1H), 4.63 (s, 2H), 2.56 (s, 2H), 1.36 (s, 6H). MS (ES)
mjz 300 M+H) ™.

2,2-Dimethyl-5-[(4-trifluoromethyl - phenyl)-hydrazono]-
tetrahydro-pyran-4-one (7ap). Prepared according to
method B using 4b and 4-trifluoromethyl-aniline. Yield:
0.94¢ (80%). '"H NMR (400 MHz, CDCl3) 8 13.63 (s,
1H), 7.56 (d, 2H), 7.31 (d, 2H), 4.63 (s, 2H), 2.56 (s,
2H), 1.36 (s, 6H). MS (ES) m/z 300 M +H) .

2,2-Dimethyl-5-[(2-hydroxymethyl-phenyl)-hydrazonol]-
tetrahydro-pyran-4-one (7bo). Prepared according to
method B using 4b and (2-amino-phenyl)-methanol.
Yield: 0.45g (66%). '"H NMR (400 MHz, CDCl5) § 7.67
(dd, 1H), 7.33 (dt, 1H), 7.22 (dd, 1H), 7.01 (dt, 1H), 4.77
(s, 2H), 4.64 (s, 2H), 2.55 (s, 2H), 1.35 (s, 6H). MS (EI)
m/z 262 M+H)™ .

2,2-Dimethyl-5-[(3-hydroxymethyl-phenyl)-hydrazono]-
tetrahydro-pyran-4-one (7bm). Prepared according to
method B using 4b and (3-amino-phenyl)-methanol.
Yield: 0.55g (81%). 'H NMR (400 MHz, CDCls) § 7.32
(m, 1H), 7.26 (d, 1H), 7.15 (dd, 1H), 7.03 (d, 1H), 4.69
(s, 2H), 4.61 (s, 2H), 2.53 (s, 2H), 1.35 (s, 6H). HMS
(EI) m/z 262 (M+H)*.

2,2-Dimethyl-5-[(4-hydroxymethyl-phenyl)-hydrazono]-
tetrahydro-pyran-4-one (7bp). Prepared according to
method B using 4b and (4-amino-phenyl)-methanol.
Yield: 0.52g (77%). 'H NMR (400 MHz, CDCls)
13.74 (s, 1H), 7.32 (d, 2H), 7.24 (d, 2H), 4.65 (s, 2H),
4.61 (s, 2H), 2.53 (s, 2H), 1.35 (s, 6H). MS (EI) m/z 262
M+H)".

2,2-Dimethyl-5-[(2-ethyl-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7co). Prepared according to method B
using 4b and 2-ethyl-phenylamine. Yield: 0.89 g (66%).
'"H NMR (400 MHz, CDCls) & 14.05 (s, 1H), 7.67 (dd,
1H), 7.22 (dt, 1H), 7.16 (dd, 1H), 7.01 (dt, 1H), 4.65 (s,
2H), 2.67 (q, 2H), 2.55 (s, 2H), 1.36 (s, 6H), 1.31 (t, 3H).
MS (EI) m/z 260 M +H)™".

2,2-Dimethyl-5-[(3-ethyl-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7cm). Prepared according to method B

using 4b and 3-ethyl-phenylamine. Yield: 0.56 g (84%).
'H NMR (400 MHz, CDCls) & 13.75 (s, 1H), 7.22 (dd,
1H), 7.11 (m, 1H), 7.06 (m, 1H), 6.89 (dd, 1H), 4.62 (s,
2H), 2.64 (q, 2H), 2.53 (s, 2H), 1.35 (s, 6H), 1.24 (tr,
3H). MS (EI) m/z 260 M +H)".

2,2-Dimethyl-5-[(4-ethyl-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7cp). Prepared according to method B
using 4b and 4-ethyl-phenylamine. Yield: 0.53 g (78%).
'"H NMR (400 MHz, CDCls) & 13.8 (s, 1H), 7.16 (m,
4H), 4.61 (s, 2H), 2.61 (q, 2H), 2.52 (s, 2H), 1.34 (s, 6H),
1.22 (tr, 3H). MS (EI) m/z 260 M +H) ™.

2,2-Dimethyl-5-[(2-nitro-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7do). Prepared according to method B
using 4b and 2-nitro-phenylamine. Yield: 0.44 g (82%).
'"H NMR (400 MHz, CDCls) 8 8.07 (dd, 1H), 8.22 (dd,
1H), 7.59 (m, 1H), 7.05 (m, 1H), 4.68 (s, 2H), 2.64 (s,
2H), 1.38 (s, 6H). The hydrazone proton is here outside
the spectral range. MS (EI) m/z 277 M +H) ™.

2,2-Dimethyl-5-[(4-nitro-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7dp). Prepared according to method B
using 4b and 4-nitro-phenylamine. Yield: 0.66 g (92%).
'H NMR (400 MHz, CDCl3) 8 13.62 (s, 1H), 8.21 (d,
2H), 7.30 (d, 2H), 4.64 (s, 2H), 2.59 (s, 2H), 1.37 (s, 6H).
MS (EI) m/z 277 (M+H) ™.

2,2-Dimethyl-5-[(3-carboxymethyl-phenyl)-hydrazono]-
tetrahydro-pyran-4-one (7em). Prepared according to
method B using 4b and 3-amino-benzoic acid methyl
ester. Yield: 0.46 g (82%). '"H NMR (400 MHz, CDCls)
6 13.71 (s, 1H), 7.90 (m, 1H), 7.70 (dd, 1H), 7.44 (m,
1H), 7.38 (dd, 1H), 4.64 (s, 2H), 3.93 (s, 3H), 2.55 (s,
2H), 1.36 (s, 6H). MS (EI) m/z 290 M +H)™".

2,2-Dimethyl-5-[(4-carboxymethyl-phenyl)-hydrazono]-
tetrahydro-pyran-4-one (7ep). Prepared according to
method B using 4b and 4-amino-benzoic acid methyl
ester. Yield: 0.46 g (82%). '"H NMR (400 MHz, CDCls)
d 13.64 (s, 1H), 8.00 (d, 2H), 7.27 (d, 2H), 4.63 (s, 2H),
3.89 (s, 3H), 2.56 (s, 2H), 1.36 (s, 6H). MS (EI) m/z 290
M+H)".

2,2-Dimethyl-5-[(3-acetamido-phenyl)-hydrazono]-tetra-
hydro-pyran-4-one (7fm). Prepared according to method
B using 4b and N-(3-amino-phenyl)-acetamide. Yield:
0.48 g (85%). '"H NMR (400 MHz, CDCl3) & 13.64 (s,
1H), 7.54 (s, 1H), 7.23 (d, 1H), 7.14 (m, 2H), 6.96 (d,
1H), 4.61 (s, 2H), 2.53 (s, 2H), 2.18 (s, 3H), 1.35 (s, 6H).
MS (EI) m/z 289 M +H)™".

2,2-Dimethyl-5-[(4-acetamido-phenyl)-hydrazono]-tetra-
hydro-pyran-4-one (7fp). Prepared according to method
B using 4b and N-(4-amino-phenyl)-acetamide. Yield:
0.52g (70%). '"H NMR (400 MHz, CDCl3) & 13.8 (s,
1H), 7.45 (d, 2H), 7.22 (d, 2H), 7.11 (br.s, 1H), 4.61 (s,
2H), 2.52 (s, 2H), 2.17 (s, 3H), 1.35 (s, 6H). MS (ESI+)
mjz 290 M+H)*.

2,2-Dimethyl-5-[(3-phenoxy-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7gm). Prepared according to method B
using 4b and 3-phenoxy-phenylamine. Yield: 0.58 g
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(92%). '"H NMR (400 MHz, CDCl;) & 13.65 (s, 1H),
7.35 (m, 2H), 7.24 (m, 1H), 7.12 (m, 1H), 7.02 (m, 2H),
6.95 (m, 2H), 6.95 (m, 2H), 6.66 (m, 1H), 4.58 (s, 2H),
2.52 (s, 2H), 1.34 (s, 6H). MS (EI) m/z 324 (M +H)".

2,2-Dimethyl-5-[(4-phenoxy-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7gp). Prepared according to method B
using 4b and 4-phenoxy-phenylamine. Yield: 0.49¢g
(77%). '"H NMR (400 MHz, CDCls) & 13.84 (s, 1H),
7.32 (m, 2H), 7.25 (m, 1H), 7.23 (m, 1H), 7.07 (m, 1H),
7.01 (m, 1H), 6.99 (m, 2H), 6.97 (m, 1H), 4.61 (s, 2H),
2.53 (s, 2H), 1.35 (s, 6H). MS (EI) m/z 324 M +H) ™.

2,2-Dimethyl-5-|(2-ethoxy-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7 ho). Prepared according to method B
using 4b and 2-ethoxy-phenylamine. Yield: 0.49g
(69%). 'H NMR (400 MHz, CDCl3) 8 13.85 (s, 1H),
7.62 (dd, 1H), 6.96 (m, 2H), 6.87 (dd, 1H), 4.64 (s, 2H),
4.13 (q, 2H), 2.54 (s, 2H), 1.53 (t, 3H), 1.35 (s, 6H). MS
(ED) m/z 276 M +H) ™.

2,2-Dimethyl-5-[(4-ethoxy-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7 hp). Prepared according to method B
using 4b and 4-ethoxy-phenylamine. Yield: 0.51g
(72%). 'H NMR (400 MHz, CDCl3) & 13.92 (s, 1H),
7.19 (d, 2H), 6.87 (d, 2H), 4.60 (s, 2H), 4.01 (q, 2H),
2.51 (s, 2H), 1.40 (t, 3H), 1.34 (s, 6H). MS (EI) m/z 276
M+H)".

2,2-Dimethyl-5-|(4-methoxy-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7ip). Prepared according to method B
using 4b and 4-methoxy-phenylamine. Yield: 0.83 g
(80%). 'H NMR (400 MHz, CDCls) & 13.90 (s, 1H),
7.18 (d, 2H), 6.87 (d, 2H), 4.59 (s, 2H), 3.79 (s, 3H), 2.50
(s, 2H), 1.33 (s, 6H). MS (EI) m/z 262 M +H)™".

2,2-Dimethyl-5-[(4-(2-hydroxyethyl)phenyl)-hydrazonol]-
tetrahydro-pyran-4-one (7jp). Prepared according to
method B using 4b and 2-(4-amino-phenyl)-ethanol.
Yield: 0.83g (76%). 'H NMR (400 MHz, CDCls)
13.76 (s, 1H), 7.20 (m, 4H), 4.61 (s, 2H), 3.84 (tr, 2H),
2.84 (tr, 2H), 2.53 (s, 2H), 1.35 (s, 6H). MS (EI) m/z
276(M+H) ™.

2,2-Dimethyl-5-[(2-fluoro-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7ko). Prepared according to method B
using 4b and 2-fluoro-phenylamine. Yield: 0.78 g (79%).
'"H NMR (400 MHz, CDCl;) & 13.68 (s, 1H), 7.65 (m,
1H), 7.10 (m, 2H), 6.96 (m, 1H), 4.63 (s, 2H), 2.56 (s,
2H), 1.36 (s, 6H). MS (EI) m/z 250 M +H) ™.

2,2-Dimethyl-5-[(2-butyl-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7lo). Prepared according to method B
using 4b and 2-butyl-phenylamine. Yield: 0.48 g (85%).
'H NMR (400 MHz, CDCl3) 6 14.02 (s, 1H), 7.67 (dd,
1H), 7.21 (m, 1H), 7.13 (m, 1H), 6.99 (m, 1H), 4.65 (s,
2H), 2.64 (t, 2H), 2.55 (s, 2H), 1.64 (m, 2H), 1.46 (m,
2H), 1.36 (s, 6H), 0.97 (t, 3H). MS (EI) m/z 288
M+H)".

2,2-Dimethyl-5-[(4-butyl-phenyl)-hydrazono]-tetrahydro-
pyran-4-one (7lp). Prepared according to method B
using 4b and 4-butyl-phenylamine. Yield: 0.40 g (72%).

'"H NMR (400 MHz, CDCl;) & 13.8 (s, 1H), 7.17 (d,
2H), 7.12 (d, 2H), 4.61 (s, 2H), 2.57 (t, 2H), 2.52 (s, 2H),
1.57 (m, 4H), 1.34 (s, 6H), 0.92 (t, 3H). MS (EI) m/z 288
M+H)".

2,2-Dimethyl-5-[(4-(isopropyl)phenyl)-hydrazono]-tetra-
hydro-pyran-4-one (7mp). Prepared according to
method B using 4b and 4-isopropyl-phenylamine. Yield:
0.195g (60%). '"H NMR (400 MHz, CDCl;) & 13.80 (s,
1H), 7.26 (s, 2H), 7.18 (s, 2H), 4.61 (s, 2H), 2.87 (m,
1H), 2.52 (s, 2H), 1.34 (s, 6H), 1.23 (d, 6H). MS (ES) m/
z274 M+H)™".

2,2-Dimethyl-5-[(2-(4-morpholinyl)phenyl) -hydrazono]-
tetrahydro-pyran-4-one (7no). Prepared according to
method B using 4b and 2-(4-morpholinyl)phenylamine.
Yield: 0.43g (52%). 'H NMR (400 MHz, CDCls) 8
13.85 (s, 1H), 7.65 (d, 1H), 7.13 (d, 2H), 7.02 (m, 1H),
4.64 (s, 2H), 3.99 (t, 4H), 2.92 (t, 4H), 2.55 (s, 2H), 1.36
(s, 6H). MS (ESI+) m/z 318.24 M+H)™".

3-(Phenyl-hydrazono)-tetrahydro-thiopyran-4-one (8).
Prepared according to method A using tetrahydro-thio-
pyran-4-one.

2-(Phenyl-hydrazono)-cyclohexanone  (9).  Prepared
according to method A using cyclohexanone (4d).
HPLC 98%, Ry: 2.41min (System A). 'H NMR
(CDCly) 6 7.33-7.22 (m, Ph), 2.73-2.68 (m, CH»,), 2.54—
2.49 (m, CH,), 1.88-1.82 (m, CH,CH,). MS (ESI +) m/
z 225.1 (M +Na]"). Anal. caled for C,H4N,O: C,
71.26; H, 6.98; N, 13.85. Found: C, 71.11; H, 6.52; N,
13.76.

2-(Phenyl-hydrazono)-cyclopentanone (16). Prepared
according to method A using cyclopentanone. HPLC
96%, Rr: 1.97min (System A). 'H NMR (CDCl;) &
7.34-7.19 (m, Ph), 2.80-2.75 (m, CH,), 2.51-2.45 (m,
CH,), 2.19-2.06 (m, CH,). MS (ESI+) m/z 225.1
(IM+H]"). Anal. caled for C;;H;,N,O-1/2 H,O: C,
66.98; H, 6.64; N, 14.20; found: C, 66.64; H, 6.78; N,
14.13.

2-(Phenyl-hydrazono)-cycloheptanone (18). Prepared
according to method A using cycloheptanone. Used
directly in condensation reaction without further char-
acterization.

General methods to prepare the pyridazine analogues
10-13

Method C. exemplified by the preparation of 3-amino-2-
phenyl-2,8-dihydro-6H-pyrano[3,4-c|pyridazine-4-carbo-
nitrile (10). To the hydrazone 6 (1.0g, 4.9 mmol) in
DMSO (BmL) was added malononitrile (0.32g,
4.9 mmol) and morpholine (0.43 mL, 4.9 mmol) and the
reaction mixture was stirred at 80°C for 15min. The
mixture was cooled and the product was purified by
column chromatography over silica using a gradient of
hexane/ethyl acetate (5:1 to 1:1), which gave 1.12g
(91%) of the pyridazine 10 as a brown solid. The HCl
salt was then prepared and the compound freeze-dried;
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'H NMR (500 MHz, DMSO-dg) & 7.69-7.25 (m, Ph),
6.14 (s, NH,), 5.05-5.01 (m, CH), 4.27-4.25 (m, CH,),
4.18 (s, CH,). HPLC 95%, Ry: 3.73min (System A).
MS (ESI+) m/z 253.1 (M+H)*. HRMS (EI) for
C14H2N,4O: caled 252.1008; found 252.1011.

Method D. Exemplified by the preparation of 3-amino-
6,6-dimethyl -2-[2 - (trifluoromethyl)phenyl] - 2,8 - dihydro-
6H-pyrano|3,4-c]pyridazine-4-carbonitrile hydrochloride
(11a0). A solution of hydrazone 7ao0 (0.97g,
3.23mmol), malononitrile (261 mg, 3.95mmol) and
morpholine (345 puL, 3.95mmol) in DMSO (2mL) was
heated at 80° C for 30 min. The reaction mixture was
diluted with CHCls, washed with water, dried (MgSOy)
and evaporated. The crude product was purified by
column chromatography on silica gel with a gradient of
hexane/ethyl acetate (4:1 to 1:1). The purified material
was dissolved in EtOAc and HCI in EtOAc was added.
The product was filtered, washed with EtOAc and dried
in vacuum. Gave 0.667 g (54%) of the title compound
11ao. The two tautomers imin/enamine are present in a
60:40 ratio. '"H NMR (400 MHz, DMSO-dg) & (imin)
9.43 (br s, 2H), 8.09 (d, 1H), 8.04 (m, 1H), 7.95 (m, 1H),
7.88 (d, 1H), 4.71 (s, 2H), 3.20 (q, 2H), 1.34 (d, 6H).
(enamine) (54%) 7.85 (d, 1H), 7.80 (m, 1H), 7.70 (m,
1H), 7.57 (d, 1H), 6.34 (s, 2H), 4.98 (s, 1H), 4.18 (q,
2H), 1.27 (s, 6H). MS (ESI+) m/z 349.29 (M+H)"*.
HPLC 99%, Rt: 12.46 min (System B. 30-60% aceto-
nitrile over 10min). HRMS for C;;H;sF3N4O: calcd
348.1198; found  348.1199; Anal caled for
C,7H5sF3N4O-Cl H: C, 53.06; H, 4.19; N, 14.56; found:
C, 52.84; H, 4.38; N, 15.36.

3-Amino-6,6-dimethyl-2-[3-(trifluoromethyl)phenyl]-2,8-
dihydro-6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydro-
chloride (11am). The hydrazone 7am (0.948g,
3.16 mmol) was dissolved in DMSO (2mL). Mal-
ononitrile (263 mg, 3.98 mmol) and morpholine (345 pL,
3.96 mmol) was added. The reaction conditions and
workup procedure followed method D which gave
0.514g (42%) of the title compound 11am. 'H NMR
(400 MHz, DMSO-d) 6 (imine) 9.43 (br.s, 2H), 8.06 (m,
2H), 7.93 (m, 2H), 4.73 (s, 2H), 3.16 (s, 2H), 1.33 (s,
6H). (enamine) 7.74 (m, 2H), 7.68 (m, 2H), 6.38 (s, 2H),
5.00 (s, 1H), 4.23 (s, 2H), 1.26 (s, 6H). The ratio of
imine/enamine is 1:0.3. MS (ESI+) m/z 349.31
(M+H)". HPLC 99%, Ry: 13.75min (System B; 30—
60% acetonitrile over 10min). HRMS (EI) for
C7H5F3N40: calcd 348.1198; found 348.1197.

3-Amino-6,6-dimethyl-2-[4-(trifluoromethyl)phenyl]-2,8-
dihydro-6H-pyrano|3,4-c]pyridazine-4-carbonitrile hydro-
chloride (11ap). The hydrazone 7ap (0.940g,
3.13mmol) was dissolved in DMSO (2mL). Mal-
ononitrile (269 mg, 4.07 mmol) and morpholine (345 uL,
3.96 mmol) was added. The reaction conditions and
workup procedure followed method D which gave
0.657g (52%) of the title compound 1lap. 'H NMR
(400 MHz, DMSO-dg) 6 (imin) 9.41 (br.s, 2H), 8.10 (d,
2H), 7.87 (d, 2H), 4.74 (s, 2H), 3.16 (s, 2H), 1.35 (s, 6H).
(enamine) 7.82 (d, 2H), 7.59 (d, 2H), 6.42 (br. s, 2H),
5.03 (s, 1H), 4.24 (s, 2H), 1.27 (s, 6H). The ratio of the
two tautomers is 1:0.3. MS (ESI+) m/z 349.29

(M+H)". HPLC 99%, Ry: 13.84min (System B; 30—
60% acetonitrile over 10min). HRMS (EI) for
C7H5F3N4O: caled 348.1198; found 348.1192.

3-Amino-6,6-dimethyl-2-[2-(hydroxymethyl)phenyl]-2,8-
dihydro-6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydro-
chloride (11bo). The hydrazone 7bo (0.445 g, 1.70 mmol)
was dissolved in DMSO (10mL). Malononitrile
(273 mg, 4.13mmol) and piperazinomethyl polystyrene
resin (1.70g, 1.08 mmol/g, 1.1equiv) was added. The
reaction mixture was heated at 80°C for 12h and then
diluted with CH»Cl, and the resin was filtered and
washed with CH,Cl,. The organic phase was washed
with water and extracted with 1M HCI (aq) x 3. The
aqueous phase was neutralized and the free amine was
back-extracted with EtOAc, dried (MgSQO,) and evapo-
rated. The pure product was dissolved in Et,O and HCI
in Et,O was added dropwise. The product was filtered,
washed with Et,O and dried in vacuum which gave
0.319¢g (54%) of the title compound 11bo. 'H NMR
(400 MHz, DMSO-dg) & (imine) 9.23 (br.s, 2H), 7.70 (d,
1H), 7.65 (dt, 1H), 7.56 (dt, 1H), 7.50 (dd, 1H), 4.72 (q,
2H), 4.40 (q, 2H), 3.12 (s, 2H), 1.37 (s, 3H), 1.34 (s, 3H).
(enamine) 7.61 (m, 1H), 7.46 (m, 1H), 7.37 (m, 1H), 7.26
(d, 1H), 6.01 (br.s, 2H), 4.95 (s, 1H), 4.20 (s, 2H), 1.27
(s, 3H), 1.26 (s, 3H). The ratio between imine/enamine is
1:0.15. MS (ESI+) m/z 311.27 (M+H)*. HPLC 90%,
Ry: 12.87min (System B; 30-60% acetonitrile over
101’1’111’1) HRMS (EI) for C17H18N4021 calcd 3101430,
found 310.1438.

3-Amino-6,6-dimethyl-2-[3-(hydroxymethyl)phenyl]-2,8-
dihydro-6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydro-
chloride (11bm). The hydrazone 7bm (0.546g,
2.08 mmol) was dissolved in DMSO (2mL). Mal-
ononitrile (170 mg, 2.57 mmol) and piperidine (255 pL,
2.58 mmol) was added. The reaction conditions and
workup procedure followed method D which gave
0.538 g (75%) of the title compound 11bm. 'H NMR
(400 MHz, DMSO-dg) 8 (imine) 9.24 (br.s, 2H), 7.56—
7.63 (m, 3H), 7.44 (m, 1H), 4.72 (s, 2H), 4.62 (s, 2H),
3.10 (s, 2H), 1.34 (s, 6H). (enamine) 7.43 (m, 1H), 7.35
(d, 1H), 7.26 (m, 1H), 7.21 (d, 1H), 6.10 (br. s, 2H), 4.96
(s, 1H), 4.53 (s, 2H), 4.22 (s, 2H), 1.27 (s, 6H). The ratio
between imine/enamine is 1:0.1. MS (ESI+) m/z 311.26
(M+H)". HPLC 94%, Rt: 5.35min (System B; 30—
60% acetonitrile over 10min). HRMS (EI) for
C7H §N4O,: caled 310.1430; found 310.1440.

3-Amino-6,6-dimethyl-2-[4-(hydroxymethyl)phenyl]-2,8-
dihydro-6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydro-
chloride (11bp). The hydrazone 7bp (0.518 g, 1.97 mmol)
was dissolved in DMSO (2mL). Malononitrile (184 mg,
2.57mmol) and piperidine (255uL, 2.58 mmol) was
added. The reaction conditions and workup procedure
followed method D which gave 0.324 g (47%) of the title
compound 11bp. 'H NMR (400 MHz, DMSO-dg) &
(imine) 9.24 (br.s, 2H), 7.62 (d, 2H), 7.53 (d, 2H), 4.72
(s, 2H), 4.63 (s, 2H), 3.13 (s, 2H), 1.34 (s, 6H). (enam-
ine) 7.41 (d, 2H), 7.30 (d, 2H), 6.88 (br.s, 2H), 4.95 (s,
1H), 4.54 (s, 2H), 4.21 (s, 2H), 1.26 (s, 6H). The ratio of
imine/enamine is 1:0.14. MS (ESI+) m/z 311 M+H)*.
HPLC 95%, Ry: 5.30 min (System B; 30-60% acetonitrile
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over 10min). HRMS (EI) for Ci7H;3N4O,: calcd
310.1430; found 310.1434.

3-Amino-6,6-dimethyl-2-[2-ethylphenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11co). The hydrazone 7co (0.884g, 3.40 mmol) was
dissolved in DMSO (10mL). Malononitrile (410 mg,
6.20mmol) and piperazinomethyl polystyrene resin
(3.40 g, 1.08 mmol/g, 1equiv) was added. The reaction
mixture was heated at 80°C for 12h and then diluted
with CH,Cl, and the resin was filtered and washed with
CH,Cl,. The organic phase was washed with water and
extracted with 1M HCI (aq) x 3. The aqueous phase
was neutralized and the free amine was back-extracted
with EtOAc, dried (MgSO,) and evaporated. The pure
product was dissolved in Et,O and HCI in Et,O was
added dropwise. The product was filtered, washed with
Et,0 and dried in vacuum which gave 0.550 g (47%) of
the title compound 11co. '"H NMR (400 MHz, DMSO-
dg) & (imine) 7.63 (m, 1H), 7.57 (d, 1H), 7.48 (m, 2H),
4.71 (s, 2H), 3.13 (s, 2H), 2.44 (q, 2H), 1.37 (s, 3H), 1.34
(s, 3H), 1.11 (t, 3H). (enamine) 7.41 (m, 2H), 7.31 (t,
1H), 7.25 (d, 1H), 6.03 (br.s, 2H), 4.94 (s, 1H), 4.20 (s,
2H), 2.44 (q, 2H), 1.27 (s, 6H), 1.11 (t, 3H). The ratio of
imin/enamine is 1:0.1.MS (ESI+) m/z 309.29 (M +H) ™.
HPLC 99%, Ry: 12.69 min (System B; 30-60% aceto-
nitrile over 10 min). HRMS (EI) for C;gH,oN,4O: calcd
308.1637; found 308.1634.

3-Amino-6,6-dimethyl-2-[3-ethylphenyl]-2,8-dihydro-6H-
pyrano[3,4-c|pyridazine-4-carbonitrile hydrochloride
(11cm). The hydrazone 7cm (0.564 g, 2.20 mmol) was
dissolved in DMSO (2mL). Malononitrile (170 mg,
2.57mmol) and piperidine (255uL, 2.58 mmol) was
added. The resulting mixture was stirred at room tem-
perature for 2h. The reaction mixture was diluted with
CHCl;, washed with water, dried (MgSQO,4) and evapo-
rated. The crude product was dissolved in EtOAc/Et,O
and HCI in EtOAc was added dropwise. The product
was filtered, washed with EtOAc and Et,O and dried in
vacuum which gave 0.336 g (44%) of the title compound
11em. '"H NMR (400 MHz, DMSO-ds) & 1.23 (t, 3H),
1.34 (s, 6H), 2.72 (q, 2H), 3.10 (s, 2H), 4.72 (s, 2H), 7.40
(m, 1H), 7.43 (m, 1H), 7.54 (m, 1H), 7.60 (m, 1H), 9.24
(br. s, 2H). (imine); '"H NMR (400 MHz, DMSO-d) &
(imine) 9.24 (br. s, 2H), 7.60 (m, 1H), 7.54 (m, 1H), 7.43
(m, 1H), 7.40 (m, 1H), 4.72 (s, 2H), 3.10 (s, 2H), 2.72 (q,
2H), 1.34 (s, 6H), 1.23 (t, 3H). (enamine) 7.28 (m, 1H),
7.19 (m, 3H), 6.08 (s, 2H), 4.96 (s, 1H), 4.22 (s, 2H), 2.69
(q, 2H), 1.26 (s, 6H), 1.21 (t, 3H). The ratio of imine/
enamine is 1:0.06. MS (ESI+) m/z 309 (M+H)™".
HPLC 99%, Rt: 13.10 min (System B; 30-60% aceto-
nitrile over 10 min). HRMS (EI) for C;gH,,N4O: calcd
308.1637; found 308.1642.

3-Amino-6,6-dimethyl-2-[4-ethylphenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11cp). The hydrazone 7cp (0.526g, 2.02mmol) was
dissolved in DMSO (2mL). Malononitrile (170 mg,
2.57mmol) and piperidine (255uL, 2.58 mmol) was
added. The resulting mixture was heated at 80°C for
30min. The reaction mixture was diluted with CHCl;,
washed with water, dried (MgSQ,) and evaporated. The

crude product was dissolved in EtOAc¢/Et,O and HCl in
EtOAc was added dropwise. The product was filtered,
washed with EtOAc and Et,O and dried in vacuum
which gave 0.488¢g (70%) of the title product 1lcp.
'H NMR (400 MHz, DMSO-ds) & (imine) 9.24 (br.s,
2H), 7.51 (m, 4H), 4.72 (s, 2H), 3.13 (s, 2H), 2.73 (q,
2H), 1.34 (s, 6H), 1.25 (t, 3H). (enamine) 7.28 (m,
4H), 6.07 (br.s, 2H), 4.95 (s, 1H), 4.21 (s, 2H), 1.26 (s,
6H), 1.20 (t, 3H). The ratio of imine/enamine is
1:0.13. MS (ESI+) m/z 309 (M+H)". HPLC 99%,
Rt: 13.46min (System B; 30-60% acetonitrile over
10min). HRMS (EI) for C;gH>(N4O: caled, 308.1637,
found 308.1628.

3-Amino-6,6-dimethyl-2-|2-nitrophenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11do). The hydrazone 7do (0.443g, 1.59 mmol) was
dissolved in DMSO (2mL). Malononitrile (145mg,
2.19mmol) and morpholine (170 L, 1.95mmol) was
added. The reaction mixture was stirred at room tem-
perature for 1h. The reaction mixture was diluted with
EtOAc and washed with water, then extracted with 1 M
HCI (aq) x 3. The aqueous phase was neutralized and
the free amine was back-extracted to EtOAc. The
organic phase was dried (MgSQO,) and evaporated. The
pure amine was redissolved in EtOAc/Et,0O and HCI
(Et,O) was added. The product was filtered, washed
with Et,O and dried in vacuum which gave 0.348 g
(61%) of the title compound 11do. 'H NMR (400 MHz,
DMSO-dy) 6 (imine) 9.89 (br.s, 2H), 8.48 (m, 1H), 8.14
(m, 1H), 8.02 (m, 1H), 7.69 (m, 1H), 4.72 (d, 2H), 3.19
(d, 2H), 1.34 (s, 6H). (enamine) 8.14 (m, 1H), 7.96 (m,
1H), 7.84 (m, 1H), 7.68 (m, 1H), 6.50 (br.s, 2H), 5.04 (s,
1H), 4.17 (s, 2H), 1.27 (s, 6H). The ratio of imine/
enamine is 1:1. MS (ESI+) m/z 32623 (M+H)*.
HPLC 97%, Rr: 9.58 min (System B; 30-60% aceto-
nitrile over 10min). HRMS for C;¢H;sNsO5: calcd
325.1175; found 325.1173.

3-Amino-6,6-dimethyl-2-[4-nitrophenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile (11dp). The
hydrazone 7dp (0.657g, 2.37mmol) was dissolved in
DMSO (2mL). Malononitrile (170 mg, 2.57 mmol) and
piperidine (255 uL, 2.58 mmol) was added. The resulting
mixture was stirred at room temperature for 2h. The
reaction mixture was diluted with CHCl; and the pro-
duct spontaneously crystallized. The product was fil-
tered, washed with MeOH and dried in vacuum which
gave 0.410 g (53%) of the title product 11dp; 'H NMR
(400 MHz, DMSO-dy) 6 8.29 (d, 2H), 7.64 (d, 2H), 6.54
(s, 2H), 5.09 (s, 1H), 4.27 (s, 2H), 1.28 (s, 6H). The
product was isolated as free amine and the only tauto-
mer present was the amine. MS (ESI+) m/z 326
(M+H)". HPLC 99%, Ry: 10.04min (System B; 30—
60% acetonitrile over 10 min). HRMS for C¢H5N505:
caled 325.1175; found 325.1175.

3-Amino-6,6-dimethyl-2-[3-carboxymethylphenyl]-2,8-di-
hydro-6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydro-
chloride (11lem). The hydrazone 7em (0.461g,
1.59 mmol) was dissolved in DMSO (2mL). Mal-
ononitrile (126 mg, 1.91 mmol) and morpholine (170 pL,
1.95 mmol) was added. The reaction mixture was stirred
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at room temperature for 1h. The reaction mixture was
diluted with EtOAc and washed with water, then
extracted with 1M HCI (aq) x 3. The aqueous phase
was neutralized and the free amine was back-extracted
to EtOAc. The organic phase was dried (MgSQOy4) and
evaporated. The pure amine was redissolved in EtOAc/
Et,O and HCI (Et,0) was added. The product was fil-
tered, washed with Et,O and dried in vacuum which
gave 0.281g (47%) of the title compound 1lem. 'H
NMR (400 MHz, DMSO-dg) 6 (imine) 9.39 (s, 2H), 8.20
(m, 2H), 7.86.89 (m, 2H), 4.74 (s, 2H), 3.91 (s, 3H), 3.16
(s, 2H), 1.34 (s, 6H). (enamine) 7.95 (m, 1H), 7.86 (m,
1H), 7.64 (m, 2H), 6.33 (br. s, 2H), 5.00 (s, 1H), 4.24 (s,
2H), 3.87 (s, 3H), 1.27 (s, 6H). The ratio of imine/
enamine is 1:0.2. MS (ESI+) m/z 339.23 (M+H)*.
HPLC 96%, Rt: 8.36 min (System B; 30-60% acetoni-
trile over 101’1111’1) HRMS for C13H18N403Z calcd
338.1379; found 338.1384.

3-Amino-6,6-dimethyl-2-[4-carboxymethylphenyl]-2,8-di-
hydro-6H-pyrano[3,4-c]pyridazine-4-carbonitrile hydro-
chloride (11ep). The hydrazone 7ep (0.617 g, 2.12 mmol)
was dissolved in DMSO (2mL). Malononitrile (170 mg,
2.57Tmmol) and piperidine (255pul, 2.58 mmol) was
added. The reaction conditions and workup procedure
followed method D which gave 0.458 g (58%) of the title
compound 1lep. 'H NMR (400 MHz, DMSO-d;) &
(imine) 9.40 (br.s, 2H), 8.25 (d, 2H), 7.73 (d, 2H), 4.74
(s, 2H), 3.93 (s, 3H), 3.15 (s, 2H), 1.35 (s, 6H). (enam-
ine) 8.01 (d, 2H), 7.52 (d, 2H), 5.03 (s, 1H), 4.25 (s, 2H),
3.88 (s, 3H), 1.27 (s, 6H). The ratio of imine/enamine is
1:0.3. MS (ESI+) m/z 339.25 M +H)*. HPLC 99%,
Rt: 10.24min (System B; 30-60% acetonitrile over
10 min). HRMS for C;3H;3§N4O5: caled 338.1379; found
338.1390.

3-Amino-6,6-dimethyl-2-[3-acetamidophenyl]-2,8-dihydro-
6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11fm). The hydrazone 7fm (0.481g, 1.66 mmol) was
dissolved in DMSO (2mL). Malononitrile (133 mg,
2.0l mmol) and morpholine (170 pL, 1.95mmol) was
added. The reaction mixture was stirred at room tem-
perature for 1 h and then diluted with EtOAc, washed
with water, and extracted with 1 M HCI (aq) x 3. The
aqueous phase was neutralized and the free amine was
back-extracted to EtOAc. The organic phase was dried
(MgS0O,) and evaporated. The pure amine was redis-
solved in EtOAc/Et,O and HCI (Et,O) was added. The
product was filtered, washed with Et,O and dried in
vacuum, which gave 0.337g (54%) of the title com-
pound 11fm. '"H NMR (400 MHz, DMSO-d;) 6 1.34 (s,
6H), 2.10 (s, 3H), 3.11 (s, 2H), 4.73 (s, 2H), 7.21 (d, 1H),
7.58 (t, 1H), 7.68 (d, 1H), 8.12 (s, 1H), 8.98 (br.s, 2H),
10.69 (s, 1H). (imine); '"H NMR (400 MHz, DMSO-dy) &
(imine) 10.69 (s, 1H), 8.98 (br.s, 2H), 8.12 (s, 1H), 7.68
(d, 1H), 7.58 (t, 1H), 7.21 (d, 1H), 4.73 (s, 2H), 3.11 (s,
2H), 2.10 (s, 3H), 1.34 (s, 6H). (enamine) 10.3 (s, 1H),
8.12 (s, 1H), 7.68 (d, 1H), 7.37 (t, 1H), 7.01 (d, 1H), 6.17
(br.s, 2H), 4.96 (s, 1H), 4.22 (s, 2H), 2.06 (s, 3H), 1.27 (s,
6H). The ratio of imine/enamine is 1:0.15. MS (ESI+)
m/z 338.26 (M+H)*. HPLC 97%, Ry: 6.13min (Sys-
tem B; 30-60% acetonitrile over 10 min). HRMS for
C,3H9NsO,: caled 337.1539; found 337.1543.

3-Amino-6,6-dimethyl-2-[4-acetamidophenyl]-2,8-dihydro-
6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11fp). The hydrazone 7fp (0.520 g, 1.79 mmol) was dis-
solved in DMSO (2mL). Malononitrile (170 mg,
2.57Tmmol) and piperidine (255pL, 2.58 mmol) was
added. The resulting mixture was stirred at room tem-
perature for 2 h. The reaction mixture was diluted with
CHCI;, washed with water, dried (MgSQO,4) and evapo-
rated. The crude product was dissolved in EtOAc/Et,O
and HCI in EtOAc was added dropwise. The product
was filtered, washed with EtOAc and Et,O and dried in
vacuum, which gave 0.510¢g (76%) of the title product
11fp. '"H NMR (400 MHz, DMSO-ds) & (imine) 10.77 (s,
1H), 9.1 (br. s, 2H), 7.93 (d, 2H), 7.49 (d, 2H), 4.72 (s,
2H), 3.11 (s, 2H), 2.91 (s, 3H), 1.33 (s, 6H). (enamine)
10.38 (s, 1H), 7.70 (d, 2H), 7.26 (d, 2H), 4.93 (s, 1H),
4.21 (s, 2H), 2.07 (s, 3H), 1.26 (s, 6H). The ratio of
enamine/imin is 1: 0.1. MS (ESI+) m/z 338.30
(M+H)". HPLC 99%, Rr: 5.88min (System B; 30—
60% acetonitrile over 10 min). HRMS for C;gH9N5O»:
calcd 337.1539; found 337.1535.

3-Amino-6,6-dimethyl-2-[2-phenoxyphenyl]-2,8-dihydro-
6H-pyrano|3,4-c]pyridazine-4-carbonitrile hydrochloride
(11go). The hydrazone 7go (0.197g, 0.61 mmol) was
dissolved in DMSO (0.5mL). Malononitrile (40mg,
0.61 mmol) and morpholine (50puL, 0.61 mmol) was
added . The reaction conditions and workup procedure
followed method C, which gave 0.141g (62%) of the
pyridazine 11go; 'H NMR (400 MHz, DMSO-d;) & 1.38
(s, 6H), 3.18 (s, 2H), 4.76 (s, 2H), 7.11.7 (m, 9H) (imine);
'H NMR (400 MHz, DMSO-dc) & (imine) 7.11-7.7 (m,
9H), 4.76 (s, 2H), 3.18 (s, 2H), 1.38 (s, 6H). (enamine)
7.11-7.7 (m, 9H), 6.33 (br.s, 2H), 4.95 (s, 1H), 4.22 (s,
2H), 1.38 (s, 6H). The ration of imine/enamine is 1:0.3.
HPLC 98%, Rt: 3.41 min (System A). MS (ESI+) m/z
373.17 (1\/I‘|‘H)Jr HRMS for C22H20N4025 caled
372.1586; found 372.1579.

3-Amino-6,6-dimethyl-2-[3-phenoxyphenyl]-2,8-dihydro-
6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11gm). The hydrazone 7gm (0.579g, 1.78 mmol) was
dissolved in DMSO (2mL). Malononitrile (132mg,
2.00mmol) and morpholine (170 pL, 1.95mmol) was
added and the mixture was stirred at room temperature
for 1h. The reaction mixture was diluted with EtOAc
and washed with water, then extracted with 1M HCI
(aq) x 3. The aqueous phase was neutralized and the
free amine was back-extracted to EtOAc. The organic
phase was dried (MgSO,4) and evaporated. The pure
amine was redissolved in EtOAc/Et,O and HCI (Et,0)
was added. The product was filtered, washed with Et,O
and dried in vacuum, which gave 0.367 g (50%) of the
title compound 11gm. 'H NMR (400 MHz, DMSO-dj)
& 1.32 (s, 6H), 3.11 (s, 2H), 4.71 (s, 2H), 7.19 (m, 2H),
7.22 (m, 2H), 7.34 (m, 2H), 7.45 (m, 2H), 7.70 (t, 1H),
9.40 (br.s, 2H). (imine); '"H NMR (400 MHz, DMSO-dj)
d (imine) 9.40 (br.s, 2H), 7.70 (t, 1H), 7.45 (m, 2H), 7.34
(m, 2H), 7.22 (m, 2H), 7.19 (m, 2H), 4.71 (s, 2H), 3.11
(s, 2H), 1.32 (s, 6H). (enamine) 7.18-7.47 (m, 5H), 7.11
(m, 2H), 7.02 (m, 1H), 6.97 (m, 1H), 6.28 (br.s, 2H),
4.96 (s, 1H), 4.21 (s, 2H), 1.25 (s, 6H). The ration of
imine/enamine is 1:0.12. MS (ESI+) m/z 373.23
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(M+H)". HPLC 94%, Rt: 4.99min (System B; 60—
90% acetonitrile over 10 min). HRMS for C,,H,oN4O»:
calcd 372.1586; found 372.1592.

3-Amino-6,6-dimethyl-2-[4-phenoxyphenyl]-2,8-dihydro-
6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11gp). The hydrazone 7gp (0.488 g, 1.50 mmol) was
dissolved in DMSO (2mL). Malononitrile (140 mg,
2.00mmol) and morpholine (170 uL, 1.95mmol) was
added. The reaction mixture was diluted with EtOAc
and washed with water, then extracted with 1M HCI
(aq) x 3. The aqueous phase was neutralized and the
free amine was back-extracted to EtOAc. The organic
phase was dried (MgSQ,4) and evaporated. The pure
amine was redissolved in EtOAc/Et,O and HCI (Et,0)
was added. The product was filtered, washed with Et,O
and dried in vacuum, which gave 0.391¢g (64%) of the
title compound 11gp. '"H NMR (400 MHz, DMSO-dj) &
(imine) 9.29 (br.s, 2H), 7.60 (m, 2H), 7.47 (m, 2H), 7.26
(d, 2H), 7.24 (m, 1H), 7.16 (dd, 2H), 4.73 (s, 2H), 3.13
(s, 2H), 1.34 (s, 6H). (enamine) 7.40 (m, 3H), 7.36 (m,
2H), 7.08 (m, 4H), 6.26 (br.s, 2H), 4.95 (s, 1H), 4.22 (s,
2H), 1.26 (s, 6H). The ratio of imine/enamine is 1:0.1.
MS (ESI+) m/z 373.23 (M+H)". HPLC 95%, Ry:
5.02min (System B; 60-90% acetonitrile over 10 min).
HRMS for Cy»H»)N4O,: caled 372.1586; found
372.1588.

3-Amino-6,6-dimethyl-2-[2-ethoxyphenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride (11
ho). The hydrazone 7ho (0.491g, 1.78 mmol) was dis-
solved in DMSO (10mL) and malononitrile (289 mg,
4.37mmol) and piperazinomethyl polystyrene resin
(1.67 g, 1.08 mmol/g, 1equiv) was added. The reaction
mixture was heated at 80°C for 12 h. The reaction mix-
ture was diluted with CH,Cl, and the resin was filtered
and washed with CH,Cl,. The organic phase was
washed with water and extracted with 1M HCI (aq) x
3. The aqueous phase was neutralized and the free
amine was back-extracted with EtOAc, dried (MgSOy,)
and evaporated. The pure product was dissolved in
Et,O and HCI in Et,O was added dropwise. The pro-
duct was filtered, washed with Et,O and dried in
vacuum, which gave 0.349g (54%) of the title com-
pound 11he. 'H NMR (400 MHz, DMSO-d;) § (imine)
9.14 (br.s, 2H), 7.63 (dt, 1H), 7.50 (dd, 1H), 7.36 (d,
1H), 7.19 (dt, 1H), 4.73 (q, 2H), 3.16 (q, 2H), 1.35 (s,
3H), 1.33 (s, 3H), 1.24 (t, 3H). (enamine) 7.41 (t, 1H),
7.27 (d, 1H), 7.18 (m, 1H), 7.01 (m, 1H), 4.91 (s, 1H),
4.10 (s, 2H), 4.17 (q, 2H), 1.29 (s, 6H), 1.24 (t, 3H). The
ratio of imine/enamine is 1:0.1. MS (ESI+) m/z 325.29
(M+H)". HPLC 98%, Ry: 12.23min (System B; 30—
60% acetonitrile over 10 min). HRMS for C;3H»(N,4O5:
calcd 324.1586; found 324.1586.

3-Amino-6,6-dimethyl-2-[4-ethoxyphenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride (11
hp). The hydrazone 7hp (0.508 g, 1.83 mmol) was dis-
solved in DMSO (10mL) and malononitrile (290 mg,
4.38mmol) and piperazinomethyl polystyrene resin
(2.16 g, 1.08 mmol/g, 1.3 equiv) was added. The reaction
mixture was heated at 80°C for 12 h. The reaction mix-
ture was diluted with CH,Cl, and the resin was filtered

and washed with CH,Cl,. The organic phase was
washed with water and extracted with | M HCI (aq) x
3. The aqueous phase was neutralized and the free
amine was back-extracted with EtOAc, dried (MgSO,)
and evaporated. The pure product was dissolved in
Et,0 and HCI in Et,O was added dropwise. The pro-
duct was filtered, washed with Et,O and dried in
vacuum, which gave 0.393g (59%) of the title com-
pound 11hp. 'H NMR (400 MHz, DMSO-d;) 8 (imine)
9.17 (br.s, 2H), 7.50 (d, 2H), 7.19 (d, 2H), 4.72 (s, 2H),
4.13 (q, 2H), 3.12 (s, 2H), 1.37 (t, 3H), 1.34 (s, 6H).
(enamine) 7.25 (d, 2H), 6.99 (d, 2H), 4.93 (s, 1H), 4.20
(s, 2H), 4.06 (q, 2H), 1.37 (t, 3H), 1.26 (s, 6H). The ratio
of imine/enamine is 1:0.1; MS (ESI+) m/z 325.27
M+H)"; 98%, Rr: 12.87 min (System B; 30-60% ace-
tonitrile over 10min); HRMS for C;3sH,oN4O»: calcd
324.1586; found 324.1577.

3-Amino-6,6-dimethyl-2-[2-methoxyphenyl]-2,8-dihydro-
6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11i0). The hydrazone 7io (0.36 g, 1.37 mmol) was dis-
solved in DMSO (0.5mL). Malononitrile (91 mg,
1.37mmol) and morpholine (120 uL, 1.37 mmol) was
added. The reaction conditions and workup procedure
followed method C, which gave 0.384g (90%) of the
pyridazine 11io as an orange solid. "H NMR (400 MHz,
DMSO-dg) 6 (imine) 9.51 (br.s, 2H), 7.68-7.65 (m, 1H),
7.50-7.48 (m, 1H), 7.38-7.36 (m, 1H), 7.23-7.20 (m,
1H), 4.75 (d, J=15.0Hz, 1H), 4.70 (d, J=15.0 Hz, 1H),
3.84 (s, 3H), 3.18 (d, J=15Hz, 1H), 3.14 (d, /J=15Hz,
1H), 1.35 (s, 3H), 1.33 (s, 3H). (enamine) 7.46.43 (m,
1H), 7.30.28 (m, 1H), 7.18.16 (m, 1H), 7.04.01 (m, 1H),
491 (s, 2H), 4.18 (s, 2H), 3.80 (s, 3H), 1.26 (s, 6H). The
ratio of imine/enamine is 7:3. HPLC 99%, Rt: 3.01 min
(System A). MS (ESI+) m/z 311.18 M +H)*. HRMS
for C,gH,oN4O5: calcd 310.1430; found 310.1421.

3-Amino-6,6-dimethyl-2-[3-methoxyphenyl]-2,8-dihydro-
6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11im). The hydrazone 7im (0.47 g, 1.80 mmol) was dis-
solved in DMSO (0.5mL). Malononitrile (119 mg,
1.80 mmol) and morpholine (160 puL, 1.80mmol) was
added . The reaction conditions and workup procedure
followed method C, which gave 0.481 g (86%) of the
pyridazine 1lim as an orange solid. 'H NMR
(400 MHz, DMSO-d;s) 6 (imine) 8.16 (tr, J=8.16 Hz,
1H), 7.33 (dd, J=8.48, 2.51 Hz, 1H), 7.28-7.26 (m, 1H),
7.22-7.20 (m, 1H), 4.81 (s, 2H), 3.90 (s, 3H), 3.22 (s,
2H), 1.42 (s, 6H). (enamine) 7.46 (tr, J=8.17Hz, 1H),
7.07-7.05 (m, 1H), 7.01-7.99 (m 2H), 6.21 (s, 1H, N-H),
5.04 (s, 1), 4.30 (s, 2), 3.85 (s, 3H), 1.34 (s, 6H). The
ratio of imine/enamine is 8:2. HPLC 99%. MS (ESI+)
m/z 311.18 (1\/["‘1‘1)Jr HRMS for C]7H13N402: calcd
310.1430; found 310.1424.

3-Amino-6,6-dimethyl-2-[4-methoxyphenyl]-2,8-dihydro-
6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11ip). The hydrazone (0.832g, 3.17mmol) was dis-
solved in DMSO (2mL). Malononitrile (265mg,
4.01 mmol) and morpholine (345uL, 3.96 mmol) was
added. The reaction conditions and workup procedure
followed method D, which gave 0.651g (59%) of the
title compound 11ip. '"H NMR (400 MHz, DMSO-d;) &



C. Liljebris et al. | Bioorg. Med. Chem. 10 (2002) 3197-3212 3209

(imin) 9.20 (br.s, 2H), 7.51 (s, 2H), 7.22 (d, 2H), 4.72 (s,
2H), 3.86 (s, 2H), 3.12 (s, 2H), 1.35 (s, 6H). (enamine)
7.27 (d, 2H), 7.01 (d, 2H), 6.04 (br.s, 2H), 4.90 (s, 1H),
4.20 (s, 2H), 3.79 (s, 2H), 1.26 (s, 6H). The ratio of imin/
enamine is 1:0.1. MS (ESI+) m/z 311.31 (M+H)*.
HPLC 98%, Rt: 9.74min (System B; 30-60% acetoni-
trile over 10min). HRMS for C;7;H3N4O,: calcd
310.1430; found 310.1405.

3-Amino-6,6-dimethyl-2-|4-(2-hydroxyethyl)phenyl]-2,8-
dihydro-6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydro-
chloride (11jp). The hydrazone 7jp (0.832 g, 3.01 mmol)
was dissolved in DMSO (2 mL). Malononitrile (266 mg,
4.03mmol) and morpholine (345uL, 3.96 mmol) was
added. The reaction conditions and workup procedure
followed method D, which gave 0.690g (64%) of the
title compound 11jp. '"H NMR (400 MHz, DMSO-dy) 8
(imine) 9.25 (br.s, 2H), 7.51 (m, 4H), 4.71 (s, 2H), 3.68
(t, 2H), 3.12 (s, 2H), 2.84 (t, 2H), 1.34 (s, 6H). (enamine)
7.27 (m, 4H), 6.05 (br.s, 2H), 4.95 (s, 1H), 4.21 (s, 2H),
3.62 (t, 2H), 2.76 (t, 2H), 1.26 (s, 6H). The ratio of imin/
enamine is 1:0.15. MS (ESI+) m/z 32533 (M+H)™*.
HPLC 97%, Ry: 5.88min (System B; 30-60% aceto-
nitrile over 10min). HRMS for C;gH,,N4O,: calcd
324.1586; found 324.1581.

3-Amino-6,6-dimethyl-2-[2-fluorophenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride (11ko).
The hydrazone 7ko (0.778 g, 3.16 mmol) was dissolved
in DMSO (2mL). Malononitrile (268 mg, 4.06 mmol)
and morpholine (345uL, 3.96 mmol) was added. The
reaction conditions and workup procedure followed
method D, which gave 0.625g (60%) of the title com-
pound 11ko. 'H NMR (400 MHz, DMSO-d;) & (imine)
9.59 (br.s, 2H), 7.48-7.77 (m, 4H), 4.73 (d, 2H), 3.14 (s,
2H), 1.34 (d, 6H). (enamine) 7.26-7.75 (m, 4H), 6.57
(br.s, 2H), 4.99 (s, 1H), 4.21 (s, 2H), 1.27 (s, 6H). Ratio
of imin/enamine is 1:0.5. MS (ESI+) m/z 299.30
(M+H)". HPLC 99%, Rr: 8 45min (System B; 30—
60% acetonitrile over 10 min). HRMS for C;4H;5FN,O:
caled 298.1230; found 298.1235.

3-Amino-6,6-dimethyl-2-[3-fluorophenyl]-2,8-dihydro-6H-
pyrano[3,4-c|pyridazine-4-carbonitrile =~ (11km). The
hydrazone 7km (0.57 g, 2.28 mmol) was dissolved in
DMSO (1 mL). Malononitrile (151 mg, 2.28 mmol) and
morpholine (200 uL, 2.28 mmol) was added. The reac-
tion conditions and workup procedure followed method
C. The product was purified by preparative HPLC and
then freeze-dried to give the TFA salt of the pyridazine
11km as a yellow solid (0.273g, 40%). 'H NMR
(400 MHz, DMSO-dg) & (imine) 7.79-7.74 (m, 1H),
7.60-7.45 (m, 2H), 7.29-7.21 (m, 1H), 4.23 (s, 2H), 3.16
(s, 2H), 1.34 (s, 3H), 1.27 (s, 3H). (enamine) 7.79-7.74
(m, 1H), 7.60-7.45 (m, 2H), 7.29-7.21 (m, 1H), 6.31 (br.s,
1H, N-H), 4.99 (s, 1H), 4.77 (s, 2H), 1.34 (s, 3H), 1.27 (s,
3H). Ratio of imin/enamine is 45:55. HPLC 99%, Rrt:
1.65min (System A). MS (ESI+) mjz 299.1 M +H)*
HRMS for C¢H;5sFN,4O: calcd 298.1230; found 298.1235.

3-Amino-6,6-dimethyl-2-[4-fluorophenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile (11kp). The
hydrazone 7kp (0.19g, 0.76 mmol) was dissolved in

DMSO (1 mL). Malononitrile (50 mg, 0.76 mmol) and
morpholine (70 pL, 0.76 mmol) was added. The reaction
conditions and workup procedure followed method C
which gave 0.18 g (79%) of 11kp as a yellow solid. 'H
NMR (400 MHz, DMSO-ds) 6 (imine) 7.68-7.65 (m,
2H), 7.56-7.53 (m, 2H), 4.96 (s, 1H), 4.21 (s, 2H), 1.34
(s, 6H). (enamine) 7.43-7.40 (m, 2H), 7.31-7.28 (m, 2H),
6.20 (br.s, 2H, N-H), 4.73 (s, 2H), 3.15 (s, 2H), 1.26 (s,
6H). Ratio of imin/enamine 80:20. HPLC 96%, Ry:
1.61 min (System A). MS (ESI+) m/z 299.1 M+H)™*.
HRMS for C;¢H;sFN4O: calcd 298.1230; found
298.1236.

3-Amino-6,6-dimethyl-2-|2-butylphenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11lo). The hydrazone 7lo (0.477 g, 1.65 mmol) was dis-
solved in DMSO (2mL). Malononitrile (131 mg,
1.98 mmol) and morpholine (170 uL, 1.95mmol) was
added. The reaction mixture was stirred at room tem-
perature for 1h, and was then diluted with EtOAc,
washed with water, and extracted with 1 M HCI (aq) x
3. The aqueous phase was neutralized and the free
amine was back-extracted to EtOAc. The organic phase
was dried (MgSO4) and evaporated. The pure amine
was redissolved in EtOAc/Et,O and HCI (Et,O) was
added. The product was filtered, washed with Et,O and
dried in vacuum, which gave 0.339 g (55%) of the title
compound 11lo. 'H NMR (400 MHz, DMSO-d) &
(imine) 9.03 (br.s, 2H), 7.61 (m, 1H), 7.56 (m, 2H), 7.49
(m, 2H), 4.71 (s, 2H), 3.13 (s, 2H), 2.39 (m, 2H), 1.47
(m, 2H), 1.36 (s, 3H), 1.34 (s, 3H), 1.26 (m, 2H), 0.83 (t,
3H). (enamine) 7.39 (m, 2H), 7.31 (m, 1H), 7.25 (m, 1H),
6.02 (br.s, 2H), 4.94 (s, 1H), 4.20 (q, 2H), 2.43 (m, 2H),
1.49 (m, 2H), 1.26 (s, 6H), 1.22 (m, 2H), 0.86 (t, 3H). The
ratio of imine/enamine is 1:0.2. MS (ESI+) m/z 337.29
(M+H)". HPLC 94%, Ry: 5.39min (System B; 60—
90% acetonitrile over 10 min). HRMS for C,yH»4N,4O:
caled 338.1379; found 338,1384.

3-Amino-6,6-dimethyl-2-[4-butylphenyl]-2,8-dihydro-6H-
pyrano|3,4-c|pyridazine-4-carbonitrile hydrochloride
(11lp). The hydrazone 7lp (0.403 g, 1.39 mmol) was dis-
solved in DMSO (2mL). Malononitrile (140 mg,
2.00mmol) and morpholine (170 pL, 1.95mmol) was
added. The reaction mixture was stirred at room tem-
perature for 1h, and was then diluted with EtOAc,
washed with water, and extracted with 1 M HCI (aq) x
3. The aqueous phase was neutralized and the free
amine was back-extracted to EtOAc. The organic phase
was dried (MgSO,) and evaporated. The pure amine
was redissolved in EtOAc/Et,O and HCI (Et,O) was
added. The product was filtered, washed with Et,O and
dried in vacuum, which gave 0.301g (58%) of the title
compound 11lp. 'H NMR (400 MHz, DMSO-ds) &
(imine) 9.25 (br.s, 2H), 7.49 (s, 4H), 4.72 (s, 2H), 3.13 (s,
2H), 2.96 (t, 2H), 1.62 (m, 2H), 1.36 (m, 2H), 1.34 (s,
6H), 0.92 (t, 3H). (enamine) 7.26 (m, 4H), 6.07 (br.s,
2H), 4.95 (s, 1H), 4.21 (s, 2H), 2.61 (m, 2H), 1.60 (m,
2H), 1.36 (m, 2H), 1.26 (s, 6H), 0.92 (t, J=3 Hz, 3H).
The ratio between imin/enamine is 1:0.15. MS (ESI+)
m/z 337.30 (M+H)". HPLC 95%, Rr: 5.43min (Sys-
tem B; 60-90% acetonitrile over 10 min). HRMS for
C,oH,4N,4O: caled 336.1950; found 336.1940.
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3-Amino-6,6-dimethyl-2-[3-(isopropyl)phenyl]-2,8-dihydro-
6H-pyrano|3,4-c]pyridazine-4-carbonitrile hydrochloride
(11mm). The hydrazone 7mm (0.39g, 1.40 mmol) was
dissolved in DMSO (ImL). Malononitrile (94 mg,
1.40 mmol) and morpholine (120 uL, 1.40 mmol) was
added. The reaction conditions and workup procedure
followed method C which gave 0.226 g (50%) of 11mm
as a yellow solid. '"H NMR (400 MHz, DMSO-d;)
(imine) 7.61-7.58 (m, 1H), 7.44 (s, 1H), 7.40-7.38 (m,
1H), 7.21-7.20 (m, 1H), 4.73 (s, 2H), 4.22 (s, 2H), 1.24
(tr, J=7.22Hz, 1H), 1.22 (d, /J=7.22Hz, 6H). (enam-
ine) 7.61-7.58 (m, 1H), 7.44 (s, 1H), 7.32-7.30 (m, 1H),
7.17-7.14 (m, 1H), 6.06 (br.s, 1H, N-H), 4.96 (s, 1H),
422 (s, 2H), 125 (tr, J=7.22Hz, 1H), 1.22 (d,
J=722Hz, 6H). The ratio of imin/enamine is 1:1.
HPLC 97%, Rt: 3.39 min (System A). MS (ESI+) m/z
323.21 (1\/1"‘1‘1)Jr HRMS for C19H22N4OZ calcd
322.1794; found 322.1791.

3-Amino-6,6-dimethyl-2-[4-(isopropyl)phenyl]-2,8-dihydro-
6H-pyrano|3,4-c]pyridazine-4-carbonitrile hydrochloride
(11mp). The hydrazone 7mp (0.192 g, 0.71 mmol) was
dissolved in DMSO (2mL). Malononitrile (47 mg,
0.71 mmol) and morpholine (61 pL, 0.70 mmol) was
added. The reaction conditions and workup procedure
followed method D, which gave 0.169g (67%) of the
title compound 11mp. '"H NMR (400 MHz, DMSO-d;)
0 (imine) 9.24 (br.s, 2H), 7.55 (d, 2H), 7.49 (d, 2H), 4.71
(s, 2H), 3.13 (s, 2H), 3.02 (sept, 1H), 1.34 (s, 6H), 1.26
(d, 6H). (enamine) 7.34 (d, 2H), 7.26 (d, 2H), 6.07 (br. s,
2H), 4.95 (s, 1H), 4.21 (s, 2H), 2.94 (sept, 1H), 1.26 (s,
6H), 1.22 (d, 6H). The ratio of imine/enamine is 1:0.15.
MS (ESI+) m/z 323.35 M+H)". HPLC 99%, Ry:
15.33 min (System B; 30-60% acetonitrile over 10 min).
HRMS for C19H»,N4O: caled 322.1794; found 322.1788.

3-Amino-6,6-dimethyl-2-[2-(4-morpholinyl)phenyl]-2,8-di-
hydro-6H-pyrano|3,4-c|pyridazine-4-carbonitrile hydro-
chloride (11no). The hydrazone 7no (0.428 g, 1.35 mmol)
was dissolved in DMSO (10mL). Malononitrile
(187mg, 2.83 mmol) and piperazinomethyl polystyrene
resin (1.30g, 1.08 mmol/g, 1equiv) was added. The
reaction mixture was heated at 80 °C for 8 h, then dilu-
ted with CH,Cl, and the solid phase reagent was filtered
and washed with CH,Cl,. The organic phase was
washed with water, dried (MgSQ,) and evaporated. The
crude product was purified by column chromatography
on silica gel with petroleum ether/EtOAc 4:1. The pur-
ified material was dissolved in EtOAc/Et,O and HCI in
Et,O was added dropwise. The product was filtered,
washed with Et,O and dried in vacuum, which gave
0.302g (51%) of the title compound 11no. 'H NMR
(400 MHz, DMSO-dp) 6 (imine) 8.92 (br.s, 2H), 7.65 (dt,
1H), 7.49 (dd, 1H), 7.44 (dd, 1H), 7.37 (dt, 1H), 4.75 (q,
2H), 3.51 (m, 4H), 3.14 (q, 2H), 2.77 (m, 4H), 1.34 (s, 6H).
The enamine is present in approximately 5%. MS (ESI +)
m/z 366.28 (M +H)*. HPLC 98%, Ry: 10.58 min (System
B; 30-60% acetonitrile over 10min). HRMS for
C,oH»3N;50,: caled 365.1852; found 365.1853.

3-Amino-2-phenyl-2,8-dihydro-6 H-thiopyrano[3,4-c|pyr-
idazine-4-carbonitrile (12). Prepared according to
method C from the corresponding crude hydrazone 8

which was itself prepared according to method A. Yield:
(21%). HPLC 99%, Rt: 3.61 min (System B; 10-95%
acetonitrile over 2min). '"H NMR (270 MHz, CDCl;) §
7.53-7.35 (m, 5H), 5.50 (t, J=5.0Hz, 1H), 4.37 (br. s,
2H), 3.42 (s, 1H), 3.35 (d, J=5.0Hz, 2H). '3C NMR
(67.5MHz, CDCl3) & 149.68, 145.04, 139.36, 130.09,
129.15, 126.66, 121.74, 117.52, 106.60, 99.89, 31.08,
26.49. MS (ES) m/z 269 (MH™"). Anal. caled for
C14H15N4S: C, 62.66; H, 4.51; N, 20.88; S, 11.95; found
C, 62.35; H, 4.63; N, 20.76; S, 11.93.

3-Amino-2-(4-methoxyphenyl)-2,8-dihydro-6 H-thiopyrano
[3,4-c]pyridazine-4-carbonitrile (12ip). Prepared accord-
ing to method C from the corresponding crude hydra-
zone which was itself prepared according to method A.
Yield: (58%). '"H NMR (500 MHz, DMSO-dg) 6 7.28 (d,
J=8.79Hz, 2H), 7.02 (d, J=8.79 Hz, 2H), 5.99 (s, 2H),
5.23 (t, J=5.02Hz, 1H), 3.79 (s, 3H), 3.40 (s, 2H), 3.33
(d, J=5.02Hz, 2H). 3C NMR (67.5MHz, CDCl;)
160.0, 150.09, 144.84, 131.95, 128.32, 121.84, 117.62,
115.24, 106.20, 77.20, 55.65, 31.13, 26.52. MS (ES) m/z
299 (MH *). HPLC 99%, Rt: 8.32 min (System B; 10—
95% acetonitrile over 2min). HRMS (ESI+) for
Cy5H14N4OS: caled, 298.0888; found, 298.0892.

3-Amino-2-(2-fluorophenyl)-2,8-dihydro-6 H-thiopyrano
[3,4-c]pyridazine-4-carbonitrile (12ko). Prepared accord-
ing to method C from the corresponding crude hydra-
zone which was itself prepared according to method A.
Yield: (68%). '"H NMR (500 MHz, DMSO-dq) & 7.54—
7.58 (m, 2H), 7.39 (t, J=8.95Hz, 1H), 7.31 (t,
J=7.69Hz, 1H), 6.31 (s, 2H), 5.30 (t, J=5.02Hz, 1H),
3.41 (s, 2H), 3.34 (d, J=5.02Hz, 2H). '3C NMR
(67.5MHz, CDCl;) & 149.98, 14546, 131.61, 129.83,
125.50, 121.52, 117.66, 117.37, 107.50, 98.96, 77.20,
66.11, 31.00, 26.45. MS (ES) m/z 287 (MH*). HPLC
99%, Rt: 3.55min (System B; 10-95% acetonitrile over
2 mll’l) HRMS (ESI +) for C14H11FN4S: calcd
286.0688; found 286.0686.

3-Amino-2-(4-flourophenyl)-2,8-dihydro-6 H-thiopyrano
[3,4-c|pyridazine-4-carbonitrile (12kp). Prepared accord-
ing to method C from the corresponding crude hydra-
zone which was itself prepared according to method A.
Yield: (57%). 'H NMR (500 MHz, DMSO-dy) & 7.42
(m, 2H), 7.30 (m, 2H), 6.16 (s, 2H), 5.26 (t, J=5.02 Hz,
1H), 3.41 (s, 2H), 3.33 (d, J=5.02Hz, 2H). '*C NMR
(67.5MHz, CDCl3) & 149.68, 145.24, 128.89, 128.76,
121.60, 117.25, 116.92, 107.08, 99.90, 77.21, 31.03,
26.48. MS (ES) m/z 287 (MH*). HPLC 99%, Rr:
1.87min (System B; 20-80% acetonitrile over 3 min).
HRMS (ESI+) for C;4H;;FN,S: caled 286.0688; found
286.0692.

3-Amino-2-(2-isopropylphenyl)-2,8-dihydro-6 H-thiopyrano
[3,4-c]pyridazine-4-carbonitrile (12mo). Prepared
according to method C from the corresponding crude
hydrazone which was itself prepared according to
method A. Yield: (64%). Predominantly in the imine
form. '"H NMR (270 MHz, methanol-ds) § 7.70-7.68 (m,
J=4.49 Hz, 2H), 7.52-7.41 (m, 2H), 3.90 (s, 2H), 3.53 (t,
J=6.20Hz, 2H), 3.12 (t, J=5.67 Hz, 2H), 2.66 (m, 1H),
1.28 (d, J=6.86Hz, 3H), 1.17 (d, J=6.86Hz, 3H).
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HPLC 90%, Rr: 2.45min (System A). MS (ES) m/z
311.39 M +H)*. HRMS (ESI+) for C;7H3N,S: calcd
310.1252; found 310.1297.

3-Amino-2-(4-isopropylphenyl)-2,8-dihydro-6 H-thiopyrano
[3,4-c]pyridazine-4-carbonitrile hydrochloride (12mp).
Prepared according to method C from the correspond-
ing hydrazone and isolated as an HCI salt from ether.
The hydrazone precursor was prepared using method A
and used in its crude form. Compound 12mp was iso-
lated as a mixture of tautomers in a ratio of approxi-
mately 3:1 imine/enamine. "H NMR (500 MHz, DMSO-
dg) & (imine) 7.35 (d, J=8.48Hz, 2H), 7.27 (d,
J=8.16Hz, 2H), 5.75 (s, 2H), 5.25 (m, 1H), 3.33 (m,
2H), 2.94 (m, 2H), 1.22 (d, J=6.91 Hz, 6H). (enamine)
7.35 (d, J=8.48Hz, 2H), 7.27 (d, J=8.16 Hz, 2H), 5.75
(s, 2H), 5.25 (m, 1H), 3.33 (m, 2H), 2.94 (m, 2H), 1.22
(d, J=6.91 Hz, 6H). MS (ES) m/z 311 M +H™). HPLC
99%, Rt: 3.96min (System B; 10%-95% acetonitrile
over 2min). HRMS (ESI+) for C;;7HgN4S: caled
310.1252; found 310.1252.

3-Amino-2-phenyl-2,6,7,8-tetrahydro-cinnoline-4-carboni-
trile (13). Morpholine (64pL, 0.70mmol) and mal-
ononitrile (0.05 g, 0.70 mmol) was added to hydrazone 9
(0.15g, 0.7mmol) dissolved in DMSO (3mL). The
reaction mixture was stirred at 80°C for 15min. The
mixture was cooled and the solution poured into cold
water (20mL). The resultant precipitate was collected
by filtration, recrystallized from ethanol, then freeze-
dried. This gave 13 as a brown solid (0.107g, 58%).
HPLC 91%, Ry: 4.04min (System A). MS (ES) m/z
251.2 [M+H]"). 'TH NMR (CDCl;) & 7.49.24 (m, Ph),
5.28 (t, CH), 4.43 (s, NH;), 2.38-2.42 (m, CH;), 2.22—
2.25 (m, CH,), 1.77.80 (m, CH,).

3-Amino-2-phenyl-2,8-dihydro-6 H-pyrano|3,4-c|pyridazine-
4-carboxylic acid amide (14). To compound 10 (0.1 g,
0.4mmol) was added concd H>SO4 (0.8 mL) and the
reaction mixture was heated at 80-90°C for 1h. The
mixture was cooled, diluted with water then neutralized
with potassium carbonate. The product was extracted
with DCM, washed with water, dried (MgSQy) and the
solvent removed under reduced pressure which furn-
ished 86 mg (80%) of compound 14 as a pale yellow
solid. 'H NMR (500 MHz, DMSO-dg) & 7.72-7.69 (m,
3H), 7.58-7.57 (m, 2H), 4.74 (s, 2H), 4.04 (tr,
J=5.96Hz, 2H), 3.12 (tr, J=5.96 Hz, 1H). HPLC 99%,
Rt: 3.63min (System A). MS (ES) m/z 2709
[M+H]+]7 HRMS (ESI+) for C14H14N402, caled
270.1117; found 270.1121.

N-Acetyl-N-(4-cyano-2-phenyl-2,8-dihydro-6H-pyrano
[3,4-c]pyridazin-3-yl)-acetamide (15). To compound 10
(0.1 g, 0.4 mmol) in DCM (3 mL) was added hunigs base
(0.07mL, 0.4mol) and acetic anhydride (0.94mL,
9.9mmol) and the reaction mixture stirred at room
temperature overnight. Saturated sodium bicarbonate
solution was added and the mixture stirred at room
temperature for 30 min. The product was then extracted
with DCM, washed with water, dried (MgSQOy) and the
solvent removed under reduced pressure. The product
was purified by column chromatography over silica

using a gradient of hexane/ethyl acetate (4:1 to 2:1),
then freeze-dried. This gave 15 as a dark yellow oil
(0.09g, 77%). 'H NMR (270 MHz, CDCl;) & 7.46-7.40
(m, 3H), 7.29-7.25 (m, 2H), 5.54 (tr, J=5.56 Hz, 1H), 4.
36 (d, J=5.56 Hz, 2H), 4.31 (s, 2H), 2.29 (s, 6H). HPLC
95%, Rr: 4.98min (System A). MS (ES) m/z 293.0
[M—H]i. HRMS (ESI+) for C18H16N4O3, caled
336.1222; found 336.1227.

3-Amino-2-phenyl-6,7-dihydro-2H -cyclopentalc]pyrida-
zine-4-carbonitrile 7). Malononitrile (0.18 g,
2.7mmol) and morpholine (0.23mL, 2.7mmol) was
added to hydrazone 16 (0.5g, 2.7mmol) dissolved in
DMSO (ImL). The reaction mixture was stirred at
80°C for 15min. The mixture was cooled and the pro-
duct was purified by column chromatography over silica
using a gradient of hexane/ethyl acetate (5:1 to 1:1),
then freeze-dried. This gave 17 as a green solid (0.33 g,
53%). '"H NMR (270 MHz, CDCl;3) & 7.55-7.36 (m,
5H), 5.13-5.11 (m, 1H), 2.63-2.56 (m, 4H). HPLC 93%,
Ry: 3.79 min (System A). MS (ES) m/z 237.0 [M+H]*.
HRMS for C4H,Ny4: caled 236.1062; found 236.1064.

3-Amino-2-phenyl-6,7,8,9-tetrahydro-2H-cyclohepta|c]-
pyridazine-4-carbonitrile (19). To hydrazone 18 (0.1g,
0.46 mmol) in DMSO (I mL) was added malononitrile
(0.031g, 0.46mmol) and morpholine (0.04mL,
0.46 mmol) and the reaction mixture stirred at 80 °C for
15min. The mixture was cooled and the product was
purified by column chromatography over silica using a
gradient of hexane/ethyl acetate (3:1 to 1:1), which gave
0.057g (47%) of compound 19 as a beige solid. 'H
NMR (270 MHz, CDCls) & 7.72-7.69 (m, 3H), 7.60—
7.57 (m, 2H), 3.25-3.20 (m, 2H), 3.06-3.02 (m, 2H),
1.97-1.90 (m, 2H), 1.86-1.77 (m, 2H). HPLC 96%, Rr:
4.88min (System A). MS (ES) m/z 265.3 [M+H]*.
HRMS for C;H 4Ny caled 264.1375; found 264.1382.

Measurement of PTP activity

Protein tyrosine phosphatase activity was measured
using pNPP as the substrate. Assays were performed in
200 uL. volumes in buffers comprising 50mM NaCl,
ImM EDTA, ImM DTT, 0.1% (w/v) BSA and 50 mM
Hepes pH 7.2 (for PTP1B, LAR and SHP-2) or 25mM
Tris—HCI1/0.01% (v/v) Brij 35 (for TCPTP). pNPP was
used at concentrations corresponding to the K, values
for the individual enzymes (0.6mM for TCPTP,
1.25mM for PTP1B and 6.25mM for LAR and SHP-2).
Assays were performed for different times for different
enzymes (45-90 min, ensuring linearity was maintained)
and were terminated by addition of 100pL 0.1 N
NaOH. The OD* was measured after 10 min and the
extent of reaction was calculated using a molar extinc-
tion coeflicient of 18,000 M cm~!172

Determination of insulin receptor phosphorylation

L6 myocytes were maintained in minimum essential
medium-alpha (a-MEM) supplemented with 10% foetal
bovine serum (FBS) and 100 IU/mL penicillin—strepto-
mycin at 37°C in 5% CO,. Cells were seeded into 24-
well plates and the medium was replaced with «MEM
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containing 2% FCS to induce differentiation into myo-
tubes. The medium was changed every other day and
cytidine (0.24 mg/mL medium) was added to the cul-
tures at day 7-9 to suspend cycling cells. The cells were
used in experiments after over night serum starvation at
day 11. They were treated with or without 25 uM com-
pound for 30 min followed by 5min insulin (25nM) sti-
mulation. After freezing with liquid N, the cells were
lysed with a Tris-HCI buffer, pH 7.4, containing 1%
Nonidet-40, 0.25% sodium deoxycholate, 150 mM
NaCl, ImM EDTA, ImM EGTA, ImM sodiu-
morthovanadate, 10mM f-glycerophosphate, 5mM
sodium pyrophosphate and complete protease inhibitor
cocktail from Boehringer. The cell extracts were cen-
trifuged at 14,000g for 10min and the supernatants
were used in the Delfia assay.

A lanthanide-based fluorescent assay (Delfia) was used
to detect phosphorylated tyrosines (P-tyr) on the insulin
receptor (IR). IR in the cell lysates were captured on a
FluoroNunc 96-well plate pre-coated with goat anti-
body to rabbit IgG (from Cappel) and coated with rab-
bit antibody to IR (sc-711 from Santa Cruz
Biotechnology). P-tyr was detected with a biotinylated
monoclonal antibody to P-tyr (PY-99B from Santa
Cruz Biotechnology) followed by europium-labelled
streptavidin (from Perkin-Elmer). By addition of
enhancement solution a highly fluorescent chelate was
formed with a long excited halftime which permitted
emission measurement after a delay to avoid back-
ground interference.
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