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ABSTRACT

Simultaneous inhibition of phosphodiesterase 5 (PDE5) and histone deacetylases
(HDAC) has recently been validated as a potentially novel therapeutic approach for
Alzheimer’s Disease (AD). To further extend this concept, we designed and synthesized
the first chemical series of dual acting PDES and HDAC inhibitors, and we validated
this systems therapeutics approach. Following the implementation of structure- and

knowledge-based approaches, initial hits were designed and were shown to validate our
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hypothesis of dual in vitro inhibition. Then, an optimization strategy was pursued to
obtain a proper tool compound for in vivo testing in AD models. Initial hits were
translated into molecules with adequate cellular functional responses (histone
acetylation and cAMP/cGMP response element-binding (CREB) phosphorylation in the
nanomolar range), an acceptable therapeutic window (>1 log unit) and the ability to
cross the blood-brain barrier, leading to the identification of 7 as a candidate for in vivo

proof-of-concept testing (described in ref 23).

INTRODUCTION

Multitarget drugs have emerged as an innovative therapeutic approach for Alzheimer’s
disease (AD) due to the complex etiology of this neurodegenerative disease and its
multifactorial progression.’ As observed for other conditions (e.g., complex diseases), it
is becoming clear that AD therapies should focus on the simultaneous modulation of
multiple targets implicated in the disease.' Among these targets, phosphodiesterases
(PDEs)* and epigenetic targets, primarily histone deacetylases (HDACs)*®, have
recently attracted much potential therapeutic interest to restore memory function.

PDEs hydrolyze the second messengers cyclic guanosine monophosphate (cGMP) and
cyclic adenosine monophosphate (cAMP) and are extensively distributed in the brain.’
In fact PDES, a cGMP-specific phosphodiesterase, is up-regulated in the brains of AD
patients compared with age-matched healthy control subjects.® Consequently, cGMP
levels, but not cAMP levels, are significantly decreased in the cerebrospinal fluid (CSF)
of AD patients when compared with non-demented controls.® Inhibition of

phosphodiesterase-5 (PDES), a cGMP-specific phosphodiesterase, elevates cGMP
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levels, which may ultimately promote gene transcription by directly and/or indirectly
activating CREB.? Moreover, by favoring the inactive form of GSK3pB (phosphorylated
at GSK3B-Ser9), PDES inhibition decreases levels of phosphorylated Tau (pTau).g’lo
Specific PDES inhibitors (sildenafil 1, vardenafil 2 and tadalafil 3, Chart 1) approved
for the treatment of erectile dysfunction and pulmonary arterial hypertension’ have been
shown to improve memory performance and/or enhance synaptic plasticity and
cognitive function in different animal models of AD.” "

Histone deacetylases (HDACs) comprise a family of 18 genes in humans and are
divided into four groups: class I (HDACs 1, 2, 3, 8), class Ila (HDACs 4, 5, 7, 9), class
IIb (HDACs 6, 10) and class IV (HDACI11). HDACs are epigenetic modulators that
deacetylate lysine residues in histone and non-histone substrates. Although already a
proven strategy for the treatment of cancers,'” inhibition of HDACs has attracted much
interest for the treatment of neurodegenerative disorders'” in recent years, with class I
HDACs and HDAC6 being implicated in AD memory-related dysfunction. Class |
HDACG:S, particularly HDAC2, predominantly localize in the nucleus and reduce the
transcription of CREB-regulated genes that are important for learning and memory, >
and HDAC] activity may be neuroprotective.'> Notably, HDAC2 and HDAC6 are over-
expressed in the cortex and hippocampus of AD patients, although the cause and effect
of this up-regulation remain unknown.'*'® Chronic treatment with suberoylanilide
hydroxamic acid 4 (SAHA; vorinostat, Chart 1), a clinically approved pan-HDAC
inhibitor for the treatment of cutaneous T cell lymphoma (CTCL), enhanced memory in
animal models.”> HDACS, the major cytoplasmatic deacetylase in mammalian cells,
targets a-tubulin, among other proteins. Increasing a-tubulin acetylation via HDAC6

17,18

inhibition may facilitate the amelioration of tau and amyloid pathologies'** by

promoting tau clearance and decreasing AP levels, respectively.
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In this context, we have recently demonstrated the beneficial synergistic effects of
concomitant HDAC and PDES inhibition in the Tg2576 murine model of AD using 3
and the pan-HDAC inhibitor 4, thereby establishing the basis for a potential new
symptomatic and disease-modifying strategy to treat AD.*' Based on these results and
considering that i) toxicity is associated with strong inhibition of HDAC class I
isoforms, ii) simultaneous inhibition of HDAC and PDES exerts a synergistic effect on
histone acetylation® and thus strong inhibition of HDAC class I is not required, iii)
histone acetylation in conjunction with CREB activation, achieved through PDES5
inhibition, may facilitate the transcription of specific memory-related genes,” iv)
inhibition of HDAC6 does not affect cell survival” and may facilitate the degradation
of misfolded proteins (such as AP and pTau),lg’20 v) HDAC inhibitors show poor

25 and brain availability26 and vi) a single agent does not lead to the

permeability
additive toxicity that is often observed with combination therapy,”’ our next step was to
obtain brain-penetrating dual inhibitors with moderate HDAC class I activity as well as
potent HDAC6 and PDES inhibition. Thus, we set out with the goal of designing novel
dual PDES and HDAC inhibitors with the appropriate profiles for potency, selectivity
and pharmacokinetic properties to consider for in vivo testing in AD mouse models.
Compound 7 (CM-414, Chart 1) fulfilled these requirements in terms of primary
activities (ICso values of 60 nM, 310 nM, 490 nM, 322 nM and 91 nM against PDES,
HDACI1, HDAC2, HDAC3 and HDACS, respectively), crossing the blood-brain barrier
(BBB), inducing AcH3K9 acetylation and CREB phosphorylation in the hippocampus
and rescuing long-term potentiation (LTP) in APP/PS1 mice. With additional

consideration of its adequate ADME and pharmacokinetic profiles, 7 was selected for in

vivo proof of concept (PoC) testing.” In this article, we present a detailed account of the
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discovery of this novel first-in-class chemical series with dual acting PDES and HDAC

inhibitory activities, from initial hits (e.g., 13¢) to lead identification (7).
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Chart 1. Known PDES inhibitors shown to improve memory (1, 2, 3), HDAC inhibitors
(4, 5, 6) and the structure of a novel therapeutic tool 7. PDES ICs, inhibition values
taken from Ref. *® for 1, 2, 3. HDAC inhibition ICso values for 4 extracted from Ref. 29,

values for 5 extracted from Ref. *° and values for 6 extracted from Ref, 3.

RESULTS

Rational Design

One interesting approach to generate multivalent ligands is to combine key structural
features facilitating binding to HDAC and PDE into one molecule to obtain a new
chemical entity; however, this is not a straightforward procedure, and we must identify
the appropriate common features, substitution sites and growing vectors to maintain
primary activities without interference. Indeed, in this particular case, given the
structures of both protein families (see below), the design process goes one step further
than simply incorporating the pharmacophoric features of HDAC inhibitors (HDACH)
and PDE inhibitors into one molecule as the sum of two parts to obtain a single agent
with dual activity. This strategy has been particularly useful to derive bifunctional
HDACI anticancer agents due to the presence of large hydrophobic patches at the
HDAC surface rim.**> We envisioned using the sildenafil central core to append HDAC

pharmacophores.

However, before commencing any design and synthetic efforts around the sildenafil
scaffold, we confirmed that the synergestic effects achieved by 3 and 4 1 on the
induction of histone 3 acetylation at lysine 9 (AcH3K9) are mechanism-of-action

(MoA)-dependent; then, a combination of 4 and 1 was tested and quantified using
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AlphaLisa technology in the SH-SY5Y neuroblastoma cell line. After treating cells with
50 nM of 4, AcH3K9 marks increased by 1.5-fold compared to non-treated cells (Figure
1), and this induction was significantly stronger (P value < 0.01) when combined with
concentrations of 1 higher than 400 nM (1.95-fold change over vehicle-treated cells at

400 nM of compound 1, Figure 1).
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Figure 1. Detection of AcH3K9 assayed using SH-SYS5Y cells and AlphaLisa
technology. SH-SYSY cells were treated with 4 and 1 for 2 hours (** p<0.01,

*4%p<().001).

Once the synergistic effect between 4 and 1 was confirmed, our design strategy
commenced. Typically, the classical pharmacophore for HDACi consists of a
hydrophobic recognition capping group (also known as a surface recognition motif) that
is able to interact with the rim of the catalytic tunnel, a zinc-binding group (ZBG) that is
able to complex the Zn>" ion at the bottom of the catalytic cavity and a hydrophobic

linker connecting the two parts along the 11-A hydrophobic channel.'>*® There are
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various ZBGs for HDAC,, including hydroxamic acids, aminobenzamides, carboxylates
(short-chain fatty acids), electrophilic ketons, thiols, mercaptoacetamides and 3-

hydroxypyridin-2-thiones.**

Initially, and for this proof-of-concept series, the
hydroxamic moiety was chosen as a ZBG because it is one of most well-established
functionalities for chelating the zinc ion at the catalytic site of HDACs. Examination of
the crystal structure of 1 bound to PDE5 (PDB entry 1TBF*, Figure 2a) suggested that
linking the hydroxamic moiety to the methylpiperazine would project this ZBG
substituent into the solvent region and be well tolerated from a potency perspective.
From the viewpoint of HDAC inhibitory activity, the sildenafil core would serve as a
cap group. As a straightforward strategy for HDACi linker design, different linker
moieties contained in reported potent HDAC inhibitors were analyzed in the context of

the structure of HDAC2 complexed with 4 (PDB entry 4LXZ, Figure 2b), considering

the 11-A cavity length.

A) PDES5 - compound 1 complex B) HDAC2 - compound 4 complex

Figure 2. (A) Crystal structure of 1 in the PDE5 cavity (PDB entry 1TBF*). The

pyrazolopyrimidinone group of 1 makes bidentate H-bonds with the conserved Q817.
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The piperidinylsulfonamide group is solvent-oriented towards the H-loop region
(residues 660-683). (B) Complex of 4 and HDAC?2 (PDB entry 4LXZ>®). The NH of the
amide group of 4 makes an H-bond contact with the well-conserved residue Asp104 of

HDAC?2 (Asp99 for HDACI and Asp567 for HDAC6).

This combination of structure-based and knowledge-based approaches, together with
consideration to synthetic accessibility, enabled the rapid design of potential dual
PDES/HDAC inhibitors. We envisioned attaching the following to the
piperidinylsulfonamide group of 1: flexible alkyl linkers of varying lengths as in
compound 4, a cinnamic hydroxamic acid analog as in 5°° and pyrimidylhydroxamic
acids as in 6°', resulting in novel N-4-substituted-piperazine derivatives 13a-13d as
potential dual PDES/HDAC inhibitors. These compounds were synthesized from
commercially  available 5-(2-ethoxyphenyl)-1-methyl-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-7-one (8) (Scheme 1). Selective sulfonylation at the 5’-position of the
phenyl ring afforded 9, which was converted into esters 10a-10d via reactions with
appropriated amines. Then, the corresponding carboxylic acids were obtained through
hydrolysis and transformed into the THP-protected hydroxamic acids 12a-12d by
reacting with  O-(tetrahydro-2H-pyran-2-yl)hydroxylamine = (THPONH,) using
EDC/HOBL as the coupling system. Final deprotection under acidic conditions afforded

us the desired compounds 13a-13d.

Scheme 1.
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Conditions: i) CISO;3H, rt, 2 h; ii) corresponding amine, Et;N (optional), EtOH, MW, 100 °C, 1-2 h; iii)
ethyl 3-bromopropanoate or ethyl 4-bromobutanoate, K,CO3;, CH;CN, MW, 100 °C, 2 h; iv) LiOH-H,0,
THF/MeOH/H,0 (10:1:5), rt, overnight; v) EDC-HCI, HOBt, THPONH,, NMM, DMF, rt, overnight; vi)

HCl/1,4-dioxane (2.0 M), 1,4-dioxane or CH,Cl, (optional) rt, 3 h.

Compounds 13a-13d were evaluated for their inhibition against PDES5S, HDACI,
HDAC2 and HDACS6 activity (Table 1). Purified full-length recombinant human HDAC
proteins were used to monitor HDAC activity (HDACI, 2 and 6 were routinely included
in our screening funnel, and HDAC3 activity was evaluated for selected compounds).
As shown in Table 1, all of these compounds are potent PDES5 inhibitors, with ICs
values in the low nanomolar range (2-3 nM), comparable to 1 (ICs is 8.5 nM? or 4 nM
in our assay set-up, see Methods). Moreover, these compounds exhibit HDAC
inhibitory activity with different profiles for potency and isoform selectivity, validating
our initial hypothesis to design dual PDE5/HDAC inhibitors. Alkyl (13a, 13b) linkers

resulted in low micromolar or mid-nanomolar inhibitors (13b against HDAC6). The
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comparison of 13a with 13b suggests that increasing the length of the linker may have a
positive effect on the HDAC activities of the three isoforms. However, due to the size of
these derivatives, this strategy was not further contemplated. The cinnamic derivative
13d showed similar potency against HDAC1 and HDAC2 compared to alkyl derivatives
but a remarkable potency against HDAC6 (ICsy value of 89 nM), with >1 log units of
selectivity over the class I HDACs (HDACI and HDAC2). Conversely, the
pyrimidylhydroxamic 13c¢ showed excellent potency against HDAC1 (ICsy of 8 nM),
comparable to that of the standard compound4 (ICsy of 11 nM, Chart 1), and less
potency against HDAC2 (117 nM) and HDAC6 (268 nM). The suitable potency of this
pyrimidylhydroxamic moiety against class I HDAC isoforms has also been previously

reported for 6 and related analogues.'*’

Table 1. Initial set of potential PDE5/HDAC inhibitors bearing a sulfonamide moiety.

Cpd | R1 PDES | HDAC1 | HDAC2 | HDAC3- | HDACG6

A IC50 IC50 IC50 NCOR2 IC50 nM

nM nM nM IC59 nM*
13a O"s Y 3 10500 >20000 2360
0 \_/ %
N-OH
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13b OS—N/—\N 2 1100 4640 360
~ o~/ OH
13¢ O ,~/~ N= 0 3 8 117 36 268
\AS{)N N%\N%N—OH
13d L 2 1340 6970 89
) on
N H
»
0=8

13e | © 0.5 406 1940 87
S-N o)
SO

13f | 5° 0.6 57 341 54 59

13g | <0 0 1 356 1310 84

"HDAC3 NCOR2 values obtained at BPS.*

Hit Explosion. Exploring the 5’-position of the phenyl ring of compound 1 (R1 at

1°) and SAR analysis.

Encouraged by these early in vitro results for our dual acting compounds that were
initial hits, our strategy focused on identifying molecules with previously defined
primary activities (moderate HDAC class I as well as potent HDAC6 and PDES

inhibitors) that were CNS-penetrating. The physicochemical properties of compounds
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13a-13d are far outside the traditional range for CNS drugs, with high topological
surface areas (TPSA > 90 A?) and high molecular weights (MW > 450).**" Thus we
sought to explore different alternatives for the piperidinylsulfonamide group of
compound 1, not only to optimize potency and examine different in vitro HDAC
inhibitory profiles but also to obtain derivatives that demonstrated a reduced polar

surface area to de-risk poor blood-brain barrier (BBB) penetration.

From the viewpoint of PDES5 activity, based on the crystal structure of compound 1
bound to PDES (Figure S1) and the previous analysis of structure-activity relationships
(SAR)41, the piperidinylsulfonamide group of compound 1 is not essential for potent
PDES5 inhibition. Moreover, several published complexes of ligands 1°>*** and 2* with
PDES have exhibited significantly different orientations of the methylpiperazine portion
of both ligands, stressing the potential of PDES to accommodate different substituents at
this region. Thus, our SAR strategy to effectively balance dual PDE5S/HDAC potency,
differential selectivity profiles versus HDACs and ADME properties focused on 1)
exploring different attachment points (connecting bonds) and enabling different
geometries at the 5’-position of the phenyl ring of molecule 1 (sulfonamide-, amine-,
ether- and carbon-linked substituents) as well as ii) varying the substituents acting as
HDAC linkers to occupy the catalytic channel between the ZBG and the surface
recognition motif of HDACi (that corresponds to the sildenafil core, acting as a driving
force for PDE binding). Moreover, in this case many analogues can be easily
synthesized due to the selectivity of electrophilic attack on the 5’-position of the phenyl

ring of intermediate 8.
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As a first initial exploration, the sulfonamide linker was retained with variations in the
piperidinyl ring designed to: i) increase its hydrophobicity by removing the positively
charged nitrogen (13e) and ii) increase the flexibility between the sildenafil core
(capping group) and the hydrophobic linker binding in the HDAC catalytic channel by
introducing a secondary sulfonamide as an attachment point (13f), together with
increasing the planarity of the HDACI linker by removing the piperidinyl group (13g).
The synthesis of these compounds was performed as previously described for
hydroxamic acids 13a-13d by coupling benzenesulfonyl chloride (9) with appropriated
amines (Scheme 1), and the in vitro evaluation is listed in Table 1. These three
derivatives (13e-13g) resulted in potent HDAC6 inhibitors with ICsy values < 100 nM.
Concerning class I HDACs, derivatives 13e and 13g exhibited enhanced potency (with
ICsy values of approximately 400 nM against HDAC1) compared to their less-
hydrophobic parent compounds 13a and 13d (with ICsy >= 1300 nM against HDACI1),
suggesting that a positively charged amine at this position of the class I HDAC channel
is not well tolerated. Conversely, the secondary sulfonamide bearing a
pyrimidylhydroxamic group 13f was less potent against HDACI1 compared to the
privileged substructure conferring potent class I HDAC activity in 13¢ (57 nM versus 8
nM; 0.8 log units). As expected, all of these modifications exerted minor influences on

PDES activity.

We next examined a variety of heteroatom (nitrogen and oxygen) bonded substituents at
the 5’-position of the phenyl ring of compound 1 (Table 2): secondary amines (21a-
21e), linear tertiary amines (21f), cyclic tertiary amines (30a-30e) and ethers (30f-30g,
37). Together with the heteroatom connection, a variety of alkyl- (21a, 30a, 30b),

cycloalkyl- (21b, 30f), phenyl- (30g), piperidylphenyl- (21¢), piperidylpyrimidine-
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(21d, 21e, 21f) and nitrogen-bonded spiro substituents (30¢, 30d, 30e) (Table 2) were
selected to cover a large variety of hydrophobic, electronic, and steric properties that
might result in different HDAC profiles, as previously obtained for compounds in Table
1.

Amines 21a-21f were synthesized as illustrated in Scheme 2. Intermediate 8 was
converted into amine 15 via nitration and reduction of the nitro group. Then, esters 18a-
18f were obtained through reductive amination (and subsequent BOC-deprotection and
coupling with ethyl 2-chloropyrimidine-5-carboxylate in the case of esters 18d, 18e and
18f). These intermediates were transformed into desired hydroxamic acids via ester

hydrolysis, reaction with THPONH,; and acidic cleavage of the protecting group.

Scheme 2.

iii) or iv)

N\
n Ry

R
14, R =NO,
”)C 16a,n=0,R, = H,R,=BOC 18a-f, R = CH, or CH,CH,
15, R =NH, 16b,n=1,R, = H, R, = BOC
. 16c,n=0,R, = CH;,R, =BOC
vi)
( 17a,n=0,R,=H,R,=H
17b,n=1,R, =H,R,=H
17¢,n=0,R, =CH;,R, =H
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Conditions: 1) H,SO,;, KNO;, 0 °C, 20 minutes; ii) Pd/C, H, (1 atm), MeOH, rt, overnight; iii)
corresponding carbonyl compound, AcOH, NaBH(OAc);, CH,Cl,, rt, overnight; iv) 3,3-
dimethoxypropanoate, TFA, Et;SiH, CH,Cl,, rt, overnight; v) paraformaldehyde, AcOH, NaBH(OACc);,
CH,Cl,, 60 °C, overnight; vi) HCI/EtOAc (1.0 or 4.0 M), rt, 1-4 h; vii) K,CO;, ethyl 2-chloropyrimidine-
5-carboxylate, CH;CN, 40 °C, overnight; viii) LiOH-H,O, THF/MeOH/H,0 (3:3:2 or 3:1:1), 25-40 °C,

overnight; ix) EDC-HCI, HOBt, THPONH,, NMM, DMF, rt, overnight.

The synthesis of tertiary amines 30a-30e and ethers 30f and 30g was performed as
shown in Scheme 3 from iodure 22. This compound was transformed into boronic acid
26, and then esters 27b-27g were obtained through reactions with different amines or
alcohols. Conversely, ester 27a was synthesized from iodure 22 after Buchwald—
Hartwig amination with 1,4-dioxa-8-azaspiro[4.5]decane, acidic deprotection, Horner—
Wadsworth—-Emmons reaction with methyl 2-diethoxyphosphorylacetate and reduction
of the double bond under H,. Finally, hydroxamic acids 30a-30g were prepared from

esters 27a-27g employing the strategy previously described.

Scheme 3.
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O HN
o
A OR
g
(o}
27a-g, R = CH, or CH,CH,

viii) or
viii) ix) and x)

xii)

35 A= a)wr* b)wr* c) &y 94,

N U@%

43 Conditions i) NIS, TFA, 0 °C, then rt, overnight; ii) --BuOK, Pd,(dba);, 1,4-dioxa-8-azaspiro[4.5]decane,
45 xantphos, toluene, 120 °C, MW, 1 h; iii)) HCI/THF (6.0 M), 70 °C, overnight; iv) methyl 2-
47 diethoxyphosphorylacetate, NaH, THF, 0 °C, 1 h, then 24, rt, overnight; v) Pd/C, MeOH, H, (1 atm), rt, 3
49 h; vi) 4,4,4',4',5,5,5',5"-octamethyl-2,2'-bi-1,3,2-dioxaborolane, PdCl,(dppf), KOAc, 1,4-dioxane, 80-100
51 °C, 48 h; vii) NalO,, NH,OAc, acetone, 25 °C, 16 h; viii) corresponding alcohol or amine, Cu(OAc),,
Et;N, DMAP (optional), 4 A MS, CH,Cl,, O, (1 atm), rt, 2-12 h; ix) HCI/EtOAc (1.0, 2.0 or 4.0 M), rt, 1-
2 h; x) K,CO;, ethyl 2-chloropyrimidine-5-carboxylate, CH;CN, 60 °C, overnight; xi) LiOH-H,O,
56 MeOH/THF/H,O (3:1:3, 1:3:1, 3:3:2), rt, overnight; xii) EDC-HCl, HOBt, THPONH,, NMM, DMF, rt,

58 overnight.
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The synthetic route for ether 37 with a pyrimidyl group is outlined in Scheme 4.
Starting from boronic ester 25, alcohol 31 was obtained by oxidation. Then, ether 32
was prepared by the Mitsunobu reaction. Acidic removal of the BOC protecting group
led us to amine 33, which was coupled with ethyl 2-chloropyrimidine-5-carboxylate.
The resulting ester, 34, was converted into the carboxylic acid 35, which was finally

transformed in the desired hydroxamic acid 37 via the THP-protected intermediate 36.

Scheme 4.

"OH

Conditions: i) NaOH (aq, 4.0 M), H,0,, H,O, rt, overnight; ii) fert-butyl 4-hydroxypiperidine-1-
carboxylate, PPh;, DEAD, toluene, 110 °C, 1 h; iii) HCI/1,4-dioxane (4.0 M), rt, 1-2 h; iv) ethyl 2-
chloropyrimidine-5-carboxylate, K,CO;, CH;CN, rt, 3 h; v) LiOH-H,0, THF/MeOH/H,0O (10:1:3), rt,

overnight; vi) EDC-HCI, HOBt, THPONH,, NMM, DMF, rt, overnight.

Table 2. SAR of heteroatom-bonded substituents as dual PDE5S/HDAC inhibitors.
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14 Cpd | R1 PDES | HDAC1 | HDAC2 | HDAC3- | HDAC®6
17 A ICs | ICs ICsy NCOR2 ICso nM

19 nM nM nM IC50 nM

21 21a ﬂ'(;l 44 7080 >20000 10400
H

26 21b | < C EO 22 5980 >20000 12700
N-OH

30
21c | X 0 20 7810 17500 1600
31 ”—CN—< H”_OH

21d | X M\ S 5 68 490 31 441
36 ”ACN_( ;>_¢N—OH
H

21e N N o 17 118 712 709

46 2f | < M 2 |10 |25 166 43 584
47 /N4<:\/N_<N;>_(”_OH

53 30a Q § 65 5860 >20000 1090
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30b Y 24 603 2030 1060
Tora™
30c 0 12 12900 >20000 4340

30d 0 40 9270 >20000 10100

30e ML 74 443 1850 1900
%N N_<N;>_«H—O H

30f | < 0 11 2440 9830 2330
o~ YA
N-OH

30g | 0 23 566 2250 196
04< >—</
N-OH

3| < S |10 |66 432 373
0—<:\/N—< ;>—/(”_OH

Regarding PDES activity, all compounds in Table 2 retained potent activities in the low
nanomolar range (ICsyp < 75 nM); however, the replacement of the sulfonamide group
tended to result in a slight decrease in the potency for PDES compared to 1, particularly
for compounds 21a, 30a, 30d and 30e, which exhibited > 1 log unit of decreased
potency.

As anticipated, diverse responses in HDAC activity were observed for the compounds
in Table 2. This differential HDAC inhibitory profile is largely attributable to the nature
of the linker groups bearing the hydroxamic acid, predictably lying deep in the

hydrophobic catalytic channel of the HDACs, rather than due to the influence of the
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heteroatom attached to the sildenafil core, closer to the rim surface according to the
proposed binding mode. Thus, differences of low significant in terms of inhibitory
activity against the three isoforms (HDAC1, HDAC2 and HDAC®6) are observed when
comparing the secondary amines 21b (5980 nM, >20000 nM, 12700 nM) and 21e (118
nM, 712 nM, 709 nM) with their corresponding ether-linked matched pairs 30f (2440
nM, 9830 nM, 2330 nM) and 37 (66 nM, 432 nM, 373 nM), although a preference for
the more liphophilic ethers can be acknowledged.

Concerning the linkers entering deep into the HDAC catalytic channel, the class I
HDAC potency trend towards pyrimidylhydroxamic acids was replicated in the case of
nitrogen- and oxygen-bonded variants (21d-21f, 30e, 37). These analogues were the
most potent compounds in Table 2 against HDAC1 and HDAC?2 isoforms, with ICs
values close to or below 100 nM for HDACI and in the mid-nanomolar range for
HDAC2 and HDAC®6, with the exception of the spiro-linked pyrimidylhydroxamic 30e,
which exhibited reduced potency against the three isoforms, likely due to
conformational constraints to achieve optimal chelation geometry. The impact of this
pyrimidyl group for HDAC activity is clearly recognized when replacing it (21d) with a
phenyl group (21¢); derivative 21¢ demonstrated decreased potency against HDACI,
HDAC2 and HDAC6 by more than 2, 1.5 and 0.5 log units, respectively. The good
potency of the pyrimidyl group could not be attributed to a plausible explicit hydrogen-
bond contact between any nitrogen of the pyrimidine ring and HDAC residues in the
catalytic pocket. Additionally, the catalytic channel of the three isoforms is highly
conserved such that this class selectivity can be attributed to a particular residue. The
decreased pKa of the hydroxamic group (from 8.73 in 21¢ to 7.83 in 21d, as calculated
with Pipeline Pilot*) might play a role in the good class I potency of the pyrimidyl

group, although it does not definitively explain the selectivity profile.*®
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Conversely, small linear alkyl (21a, 30a, 30b) and cycloalkyl (21b, 30f) derivatives
were weak micromolar HDAC inhibitors or even inactive against HDAC2 (Table 2),
although increasing the flexible chain length tended to improve HDAC1 and HDAC?2
potency compared to shorter linkers (e.g., compare 30b with 30a). Conformationally
constrained spiros (30c, 30d) exhibited no improvement in HDAC potency. Among the
derivatives in Table 2, the optimal linker for HDAC6 was the small phenyl group of
30g, which had an ICs value of 196 nM. Replacement of the planar phenyl ring in 30g
by cyclohexyl in derivative 30f was detrimental for HDAC inhibitory activity,
particularly for HDAC6 (ICsy of 30f of 2330 nM). This fully agrees with previous
findings regarding the preference of HDAC6 isoforms for aromatic groups over alkyl
groups’’ and inspired us to guide the rational design of HDAC6 selective inhibitors
(manuscript in preparation). The hydrophobic nature of the tunnel channel, flanked by
Phel150 in HDACI1 (Phel55 and Phe620 for HDAC2 and HDACS6, respectively) and
Phe205 in HDAC1 (Phe210 and Phe680 for HDAC2 and HDACS, respectively) as well
as the different conformation of the hydroxamic acid group for optimal bidentate
coordination with Zn metal might explain the preference for phenyl over cyclohexyl
linkers. In summary, despite their reduced polar surface area, compounds in Table 2

showed no clear HDAC improvement in vitro compared to compounds in Table 1.

The next stage of our SAR exploration focused on carbon-linked substituents at the 5°-
position of the phenyl ring (Table 3) covering both linear alkyl chains (48a, 48b) and
methylene-homologated rings (7, 48¢-48m, 52a-52b) as well as more rigid derivatives
with carbon-bonded rings at the 5’ position (48n-480, 52¢-52f). Additionally, the
hydroxamic moiety was directly attached to the phenyl ring of sildenafil (42), resulting

in an inactive derivative against HDAC2 and HDAC6 and low affinity for HDACI

ACS Paragon Plus Environment

Page 22 of 160



Page 23 of 160

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

(ICsp of 6420 nM, Table 3). According to our modelling studies, the ethoxyphenyl ring
and sildenafil core causes steric clashes that prevent optimal positioning of the ZBG
within the HDAC cavity. This compound, 42, was prepared from bromide 38 via
reaction with Pd(dppf),Cl, and Et;N in EtOH under a CO atmosphere, ester hydrolysis,

treatment with THPONH; and acidic removal of the THP-protecting group (Scheme 5).

Scheme 5.

[0}

Lo HN
o
8

i)

Conditions: i) Br,, AcOH, rt, overnight; ii) Pd(dppf)Cl,, EtzN, EtOH, CO (atm), 80 °C, overnight; iii)
LiOH-H,0, THF/MeOH/H,0 (3:1:1), 40 °C, overnight; iv) EDC-HCI, HOBt, THPONH,, NMM, DMF,

rt, overnight; v) HC/EtOAc (4.0 M), rt, 1 h.

Hydroxamic acids 48a-480 and 7 were synthesized as illustrated in Scheme 6. In this
case, bromine 38 and iodine 22 were employed as starting materials to prepare esters
43a-43m and 430-43p. Esters 43a and 43d-43g were obtained from bromide 38 through
a Negishi reaction or Suzuki coupling. Intermediates 43b, 43h-43k and 43p were
prepared from iodide 22 by different methods. The key intermediate 22 was also
transformed into aldehyde 45, and then ester 43¢ could be synthesized. Esters 431, 43m
and 430 were also prepared from aldehyde 45, in this case via reductive amination,

aldolic condensation and cyclopropanation, respectively. Then, carboxylic acids 46a-
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46m and 460-46p were isolated as previously described after reaction with LiOH.
Conversely, carboxylic acid 46n was directly obtained from iodide 22 after reaction
with ethyl 2-formylcyclopropanecarboxylate and reduction with Et;SiH. Finally, the
desired hydroxamic acids 48a-480 and 7 were achieved through a THP-protected
intermediate or by direct reaction with NH,OH hydrochloride.

Hydroxamic acids 48il and 48i2 (trans and cis isomers) were obtained directly after
preparative HPLC purification of the crude reaction mixture. Conversely, hydroxamic
acids 7a and 7b (cis and trans isomers too) could be isolated after supercritical fluid
chromatography (SFC), although the stereochemistry of these two pairs of isomers

could not be confirmed and was randomly assigned.

Scheme 6.
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L

/
N
Xix) A__N___THP i)
Yo
e} 47a-mand o

or xx) and xxi)

i) or vii) and viii) LO HN

or ix) and x) ©)§N

A_ _OR . "
\n/ 43a-m and 430-p

o
R = CH, or CH,CH o

o 3
48a-o0 and 7
X xiii), iii) and vi) or
/N xiv) or xv) and xvi)

R 44, R=CN

45 R =CHO

xviii) and x)

) ?5 VOGN
LOYES T

Conditions: i) bromo-(2-ethoxy-2-oxo-ethyl)zinc, Pd,(dba);, xantphos, THF, 80 °C, overnight; ii)
corresponding borane reagent, xantphos, Na,COs, Pd,(dba);, 1,4-dioxane/H,O (10:1, 6:1 or 5:1), reflux,
overnight; iii) HCI/EtOAc (0.2, 1.0, 2.0 or 4.0 M), 0-25 °C, 1-3 h; iv) corresponding chloride, K,COs,
CH;CN, 40-100 °C, overnight; v) CAN, ethyl prop-2-enoate, DIEA, 80 °C, overnight; vi) (4-
methoxycarbonylphenyl)boronic acid, Cu(OAc),, Et;N, CH,Cl,, O, (1 atm), rt, overnight; vii) ethyl
acrylate, POT, Et;N, DMF, 100 °C, overnight; vii) Pd/C, H, (1 atm), MeOH, rt, overnight; ix) n-BuLi,
THF, -70 °C, 10 minutes, then -40 °C, 1 h, then ethyl 2-formylcyclopropanecarboxylate, rt, 15 h; x) TFA,
Et;SiH, CH,Cl,, 0 °C, then rt, 10 h; xi) Zn(CN),, Pd(PPh;);, DMF, 80 °C, overnight; xii) DIBAL-H,
CH,Cl,, 0 °C, then rt, overnight; xiii) tert-butyl piperazine-1-carboxylate, TifOCH(CHs),],, toluene, rt, 90
minutes, then NaBH(OAc)s, rt, overnight; xiv) corresponding amine, AcOH, NaBH(OAc);, CH,Cl,, rt,
overnight; xv) ethyl 2-diethoxyphosphorylacetate, NaH, THF, 0 °C, 1 h, then 45, rt, overnight; xvi)
trimethyloxosulfonium iodide, NaH, DMSO, 40 °C, 12 h; xvii) LiOH-H,0, MeOH/THF/H,0 (1:3:1 or

3:3:2), rt or 40 °C, overnight; xviii) n-BuLi, THF, -70 °C, then -40 °C, 1 h, then fert-butyl 3-
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oxocyclobutanecarboxylate, rt, 15 h; xix) EDC-HCI, HOBt, THPONH,, NMM, DMF, rt, overnight; xx)

BOP, DIEA, NH,OH-HCI, DMF, 80 °C, overnight; xxi) SFC separation.

A similar synthetic route was used to prepare compounds 52a-52f. As shown in Scheme
7, ester functionality was conferred via the reaction of boronic ester 25 with the
appropriated bromide, chloride or triflate and subsequent hydrogenation in the case of
ester 49f. Then, a three-step protocol (hydrolysis, reaction with THPONH, and acidic
deprotection) led us to the desired hydroxamic acids 52a-52f.

Scheme 7.

Q / L Q /

i)ori)and ii) LO HN N iii) O HN
- [?/ SN [?/ SN
AYO
o

A__OR H
il
0

49a-f R = CH, or CH,CH, 50a-f

Conditions: 1) corresponding bromide, chloride or triflate, Pd(PPh;),, K,CO;, 1,4-dioxane/H,O (5:2) or
1,4-dioxane, 85 °C, MW, 1 h, or conventional heating, 80 °C, overnight; ii) Pd/C, H, (1 atm), MeOH, rt, 1
h; iii) LiOH-H,O, THF/MeOH/H,0O (3:3:2 or 3:1:1), rt, overnight; iv) EDC-HCI, HOBt, THPONH,,

NMM, DMF, rt, overnight; v) HCI/EtOAc (2.0 or 4.0 M) or HCI/1,4-dioxane (4.0 M), rt, 1 h.

Table 3. SAR of carbon-linked dual PDE5/HDAC inhibitors.
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PDES
A IC50

nM

HDAC1
ICso

nM

HDAC2
ICso

nM

HDAC3-
NCOR2

IC50 nM

HDAC6

IC50 nM

20 42

6420

>20000

>20000

24 48a

19

>20000

>20000

>20000

28 48b

46

4810

>20000

2120

32 52a

13

2420

>20000

>20000

2350

36 52b

122

1530

>20000

1790

48¢c

14

89

379

44 48d

63

335

51

1250

48 48e

57

1880

6430

395

51 48f

121

>20000

>20000

>20000

55 48¢g

N-OH
H

57

>20000

>20000

>20000
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48h 38 1530 >20000 344
H\
o OH
48i1 2 13 672 >20000 515
’L<:>m”<”_OH
48i2 | X C TO 22 346 >20000 57
E—OH
48j o) 165 3510 13900 416
'{\/O\ﬁ
N-OH
7 < : EO 60 310 490 322 91
N-OH
Ta O 34 225 729 279 143
< <> v
N-OH
7b O 45 326 1220 239 126
a\ <>/
<H—OH
48k Q 39 2610 14100 1920
ME;‘7/ﬂ\N’OH
H
481 t{_ 0 207 7620 >20000 9640
0 303 >20000 | >20000 >10000
48m Hi—N:>—(
N-OH
H
48n 0 17 554 1860 130
§ C N-OH
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H
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52¢ { : : 70 6910 >20000 5130
H\
0 on
52d O 4 354 1870 79
! </ \> {
N=/" N-oH
52e 0 4 2360 >20000 861
¢ </ \> (
=N N-OH
52f o 0 5 >20000 | >20000 5570
j\U/(H-o H

As with previous attachment points and connections at the 5 position, reported in Table
2, short linear alkyl chains (48a, 48b) and homologated arylalkyl chains (52a, 52b)
resulted in weak micromolar (HDAC1 and HDAC6) and even inactive HDAC2
compounds. Strikingly, the methylene-linked cinnamic derivative 52b was far less
potent against HDAC6 (ICsy of 1790 nM) than the corresponding sulfonamide-linked
derivatives 13d and 13g as shown in Table 1 (with HDAC6 ICsy values of 89 and 84
nM, respectively), likely as a result of the different positioning of the sildenafil capping

group on the surface area due to the different geometries of the connecting bonds.

Once again, the influence of the pyrimidylhydroxamic moiety on class I activity was
clearly recognized for compounds 48c and 48d (ICsy values of 14 and 63 nM for
HDACI and 89 and 335 nM for HDAC?2, respectively). Regarding the nitrogen-linked
pair (21d versus 21¢), replacement of the pyrimidine ring (48d) by pyridine (48e) and
phenyl (48f) progressively decreased HDAC activity against the three isoforms, in

agreement with a trend towards increased basicity of the pKa of the hydroxamic acid
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group (7.85 48d > 8.29 48e > 8.73 48f). The role of the heteroatom connecting the
ethoxyphenyl ring of sildenafil to the linker moiety exerted a minor influence;
derivatives 21d (-NH-), 37 (-O-) and 48d (-CH;-) exhibited similar potencies (< 0.3 log
units difference) against HDAC1 (< 100 nM) and HDAC2 (300-500 nM). For HDACS6,
the replacement of the heteroatoms with carbon (48d) caused a drop in inhibitory
activity (1250 nM), which confirmed this compound as one of the most selective class |
inhibitors over HDAC6 over the course of this study (absolute pIC50 difference of 1.4

log units between HDAC1 and HDAC6).

The cis-cyclohexylmethyl derivative 48i2 (stereochemistry not confirmed and randomly
assigned as cis- in comparison with frans-48il) was found to be one of the most potent
HDACG6 inhibitors in our exploration (HDAC6 ICsy of 57 nM), with a greatly reduced
molecular weight and polar surface area (MW = 467.56 Da and TPSA = 118 A%
compared to other compounds with similar HDAC6 potency in Table 1, such as 13d
(MW = 635.74 Da and TPSA = 167 A% or 13g (MW = 552.60 and TPSA = 172 A?).
Thus, given its good HDAC potency and improved physicochemical properties, we
decided to systematically reduce the ring size of the cycloalkyl (48j, 7, 48k). It was not
possible to observe a shared ring size SAR between the three HDAC isoforms, but the
cyclobutylmethyl 7 achieved the best compromise in terms of HDAC activity as a mid-
nanomolar pan-HDAC inhibitor with potent inhibition of HDACS6, although exhibiting
reduced potency against PDES compared to compound 1 (ICsy of 60 nM). Based on its
potency, the corresponding cis- and trans- forms of 7 were separated by SFC. As shown
in Table 3, no significant differences in HDAC potency against HDAC1, HDAC2 and

HDACG6 (<0.4 log units difference) were observed between the racemic 7 and the cis-7a
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and trans-Tb forms. Thus, given its simpler accessibility, the parent derivative 7 was

selected for further studies.

Replacement of the two best 4- (7) and 6-membered (48i2) cycloalkyl rings with
azetidine (48m) and piperidine (481) caused a dramatic lost of potency against all
HDACs (micromolar range or inactive compounds) as well as PDE5 (mid-nanomolar
range) (Table 3). These data suggest that positively charged groups entering deep into
the channel of the HDAC -catalytic center are disfavored. Additionally, direct
connection of the cycloalkyl rings to the 5’-position of the phenyl ring tended to reduce
HDAC potency compared to the pair-matched set of methylene-homologated

derivatives: 48n versus 7, 480 versus 48k and 52c¢ versus 48h.

Finally, we carried out a small investigation of heteroaryl rings directly bonded at the 5’
position: 2-pyridine (52d), 3-pyridine (52e) and 2-furan (52f). As shown in Table 3,
these derivatives recovered PDES inhibitory activity comparable to that of 1 (in the 1-10
nM range), although achieving variable results in terms of HDAC activity: while the 2-
pyridine 52d exhibited good (<100 nM at HDAC6) and modest (HDAC1, HDAC?2)
potency, the furane 52f was a weak micromolar (HDAC6) or inactive (HDACI,

HDAC?2) inhibitor.

Concerning HDAC isoform selectivity, the most remarkable trend among these
compounds was observed for the pyrimidylhydroxamic derivatives (13¢, 21d, 21e, 21f,
30e, 37, 48¢c, 48d), which exhibited > 0.6 log units of selectivity for HDACI1 over
HDACG6, with some compounds (13¢, 21f, 48c, 48d) possessing more than 1 log unit of

preference for the HDACI1 isoform. Interestingly, similar HDAC1 and HDACG6
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activities (ICsy values of 57 nM and 59 nM, respectively) were found for the secondary
sulfonamide 13f bearing this pyrimidylhydroxamic moiety. Conversely, a certain trend
for HDAC6 preference over HDAC1 was observed for the carbon-linked aliphatic rings
in Table 3, with derivatives 48h, 48i2, 48j, and 48n demonstrating an absolute pIC50
difference of more than 0.6 log units between HDAC6 and HDACI1. Our efforts to
develop dual PDE5-HDACG6 selective inhibitors and examine analogues, focusing on
this type of linker substituent, will be reported in due course (manuscript in

preparation).

Cytotoxicity and Cellular Functional Response: effects on histone acetylation and

CREB phosphorylation

Compounds were selected to be assayed in a cellular context based on a well-balanced
compromise between favorable PDE inhibition (ICso< 100 nM), HDAC potency against
at least one isoform (preferably with ICsy < 500 nM) and structural diversity (e.g., 30a,

52e).

Unlike HDACS6 inhibition,”* inhibition of HDAC class 1 isoforms is associated with

toxicity,”>*

and this was a major concern when investigating this novel therapeutic
approach for neurodegenerative disorders. Thus, we routinely screened the cytotoxicity
of selected compounds in the healthy hepatic cell line THLE-2 (Table 4) after 72 hours
of incubation, and for those compounds demonstrating LCs, values higher than 5000
nM in THLE-2 cells, their cytotoxicity was also evaluated in primary neuronal cultures

of glia cells (Table 4). This threshold was established on the basis of the LCsy values

exhibited by the standard compound 4 (3590 nM, Table 4), which was our initial
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reference compound to study the synergistic effects induced by inhibiting both PDES5
and HDACs.”' With the exception of the 3-pyrido derivative 52e (LCsq of 161 nM) and
the pyrimidylhydroxamic acid 48¢ (LCsg of 422 nM), all compounds exhibited middling
(1000 — 5000 nM) or low (> 5000 nM) THLE-2 cytotoxicity. In general, a certain
correlation exists between THLE-2 cytotoxicity and potent HDACI inhibition, as
observed for the potent HDACI1 pyrimidylhydroxamic derivatives (13f < 21d < 37 <
48d < 13c < 48c in order of compounds exhibiting less to more THLE-2 cytotoxicity).
Obviously, differences not only in primary biochemical activities (e.g. HDACI
inhibition) but also in permeability may play a major role in the cytotoxicity observed
as well as in the corresponding functional responses. Thus, the passive membrane
permeability (P.) of these molecules was measured in-vitro in a parallel artificial
membrane permeation assay (PAMPA) (Table 4). PAMPA was performed using a brain
polar lipid (BPL) membrane which is particularly suited for predicting brain
permeability; therefore, providing an additional value to our priorization process:
identification of compounds with higher probability to cross the BBB. In general, our
compounds demonstrated low (Pe < 10 nm/s) or moderate (10 < Pe < 30 nm/s)
permeability comparable to that of 1 (Pe = 27.5 nm/s), a well-characterized CNS-
penetrating drug. * These ranges to classify poor (Pe < 10 nm/s), moderate (10 < Pe <
30 nm/s) and good (30 nm/s) cellular permeation were established on the basis of the
permeability values determined for known commercial drugs with either high or low
brain penetration50 and corrected based on internally tested permeability values.
Compound 4 exhibited low permeation (Pe is 2.3 nm/s), in agreement with its
established permeability classification (class IV) according to the Biopharmaceutical

2425

Classification System and supportive of its poor brain availability®® despite its

demonstrated effect in improving cognitive function and rescuing memory function.” As
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anticipated, compounds with the highest TPSA values (13¢, 13f, and 13g with TPSA
values of 193, 201 and 172 A? respectively) demonstrated the poorest cellular
permeation (Pe < 10 nm/s). Other derivatives with TPSA attributes similar to that of 1
(117 A?) and increased lipophilicity (calculated LogD at pH 7.4**> 3.5 but less than 5),
such as 30g, 48h and 48il, exhibited excellent permeability (Pe > 30 nm/s), in
agreement with findings by GSK for molecules containing an ionizable group.”’ In
general, the increased lipophilicity of our dual inhibitors compared to that of compound
4 (LogD of 2), enabled moderate to good permeability. For example, the lead compound
7 (Pe = 15.7 nm/s; TPSA of 118 A? and LogD of 3.4) exhibited improved PAMPA
results over 4, although the results were slightly worse than those for sildenafil (Pe is

27.5 nm/s), which lacks the ionizable hydroxamic acid group.

Considering both the moderate permeability and the weak potency of compound 52e
against class | HDACs (HDACI ICsg of 2360 nM and inactive against HDAC2), there is
no clear explanation for the idiosyncratically high cytotoxicity observed for this
compound, particularly when it is compared with its closest analogue 52d (ICs, of 354
nM and 1870 nM against HDAC1 and HDAC?2, respectively), which has similar
permeation and an improved HDAC profile; 52e is 1.3 log units less cytotoxic than 52d
in THLE-2 cells. A good correlation was observed between THLE-2 cytotoxicity and
cytotoxicity in neurons and glia cells from WT mice, with absolute pLCs, difference
values between both cell lines < 0.40 for all tested compounds. Thus, THLE-2
cytotoxicity can be used as a good marker of neuronal cytotoxicity, reducing the need to
screen all compounds against a primary culture. The cytotoxicity of compound 7 was
also evaluated after 24 and 48 hours of incubation, and no effect was detected (LCso >

100 pM). Taken alone, these data suggest that there is potential to obtain HDAC
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inhibitors with moderate to low cytotoxicity, thus demonstrating an acceptable

therapeutic window (see below).

To test the functional responses of these molecules, the cellular activity of selected
compounds was assessed; we then measured their ability to induce histone and o-
tubulin acetylation in SH-SYS5Y neuroblastoma cells and evaluated the functional
consequence of cellular class | HDAC and HDACG6 inhibition, respectively (Table 4).
Compounds were incubated at three different concentrations (100, 500, 1000 nM) for
two hours, and western blotting assays were carried out to quantify the levels of
acetylated histone 3 at Lys 9 (AcH3K9), which has been implicated in cognition
enhancement' !, and acetylated a-tubulin at Lys 40 (AcTub) (Table 4). In each case,
the data were normalized to total histone 3 (H3, for AcH3K9) or actin (for AcTub) and
expressed as the mean fold change versus control vehicle-treated cultures, with values
greater than 1 indicating the induction of acetylation. In general, compounds in Table 4
induced histone and tubulin acetylation in a concentration-dependent manner, with
minor variations for those compounds demonstrating a weak effect on cellular
acetylation (values ~I1-fold change). However, there were also exceptional cases in
which this dose-response behaviour was not observed (e.g., the drop in o-tubulin
acetylation of compound 30g from a 4.6- to 2.9-fold change at 500 nM and 1000 nM,
respectively). We attribute these observations to the selected incubation time (after
several trials, all functional responses were measured after two hours of incubation), as
we have observed a strong impact of this parameter on the induction of acetylation
marks (data not shown), which may ultimately reflect the influence of the association
and dissociation kinetic rates (kon/kofr) of the HDAC inhibitors on their corresponding

targets.36
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One of the desirable characteristics for our final tool compound was to possess an
acceptable therapeutic window, i.e., a high toxicity/function ratio. Given that some of
our compounds exhibited low cytotoxicity in the 5-10 uM range, optimal compounds
were required to elicit significant functional responses on cellular acetylation at a dose
of 500 nM to enable a minimal therapeutic window of 1 log unit for this cell line.
Relative to the standard compound 4 (12.5- and 11.9-fold induction of AcH3K9 and
AcTub at 500 nM), compound 7 was optimal among all compounds presented in Table
4, with a well-balanced profile against both marks (7.4- and 12.7-fold change at this
concentration). When comparing alpha technology and western blotting assays,
compound 7 achieved a 2.4-fold increase in H3K9 acetylation at 400 nM over non-
treated cells with alpha technology; in fact, the significant induction of AcH3K9 was
obtained from 64 nM.* Other compounds, such as the potent class I compounds with a
pyrimidylhydroxamic acid moiety, demonstrated even greater potency when increasing
the histone acetylation of neurons (48c and 48d, with 21.1 and 8.1-fold values) but had
only a minor influence on the tubulin marker (2.8 and 2.0-fold change, respectively) and
demonstrated a reduced therapeutic window (above all 48c) than inhibitor 7.
Conversely, the potent HDACG6 inhibitor 52d exhibited an interesting cellular profile in
terms of tubulin acetylation (increased 16.6-fold) but exerted a minor effect on histone
acetylation (likely due to its decreased class I HDAC activity compared to 7). At this
step in the project, a cellular functional response for both marks, as achieved with 4,
which has demonstrated in vivo efficacy®', was required to progress to in vivo efficacy
studies.

As seen in Table 4, a weak correlation was observed between in vitro HDAC6 potency
and the induction of a-tubulin acetylation. Compounds demonstrating ICsy values

against HDAC6 close to or below 100 nM (52d, 7, 48n) produced >6-fold induction of
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tubulin acetylation at 500 nM (Table 4), with the exception of the derivatives 13f and
13g, which, despite being potent HDAC6 inhibitors, exerted weak cellular effects
attributable to the fact that these two compounds are those possessing the poorest
permeability (Pe < 5 nm/s) in Table 4. Derivative 48i2, with an HDAC6 ICsy of 57 nM,
was not tested because its cytotoxicity (LCsy of 2650 nM) was not acceptable and its
corresponding pseudoenantiomer 48il (with similar class I HDAC profile) showed no
potent induction of histone acetylation. Conversely, this trend between in vitro potency
and cellular AcH3K9 was not detected for either HDAC1 or HDAC2. Not all potent
pyrimidilhydroxamic acid-bearing compounds (with ICso HDAC1 and HDAC2 <100
and <500 nM, respectively), such as 13c¢, 13f and 21d, were able to achieve a histone
acetylation change similar to that of 48c, 48d and 37. For some compounds,
permeability plays a role (13f, 13g), but this is clearly not the only factor involved, as
highlighted for the pairwise comparison between the secondary amine-linked 21d and
the carbon-linked 48d pyrimidyl hydroxamic compounds, with similar class | HDAC
biochemical profiles (Tables 2 and 3) and reduced permeability of 48d versus 21d (4.1
versus 13.4 nm/s). Additionally, compared to lead compound 7, the reduced cellular
response of the more permeable and more HDACI-potent oxygen-linked
pyrimidylhydroxamic derivative 37 (7.4- versus 4.5-fold change in histone acetylation
at 500 nM) is striking, although other permeability-related factors, such as active
transport (P-gp efflux), which we identified for 7, might also play a role. Conversely,
this differential functional response may also mirror the impact of the different kinetic
binding rates of our compounds, a characteristic that we have recently started to explore
(as reported for 7, residence time”). Moreover, the non-specific contribution of each
HDAC to H3K9 deacetylation complicates the analysis of the functional responses

determined for these compounds.
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To further validate the PDES inhibitory activity of these compounds and to determine
whether this activity translates to a functional cell-based response, the effects of the
compounds at 500 nM on pCREB-Ser133 in SH-SY5Y neuroblastoma cells were also
examined after 30 min and 2 hours of incubation (Table 4). As a reference, the
equipotent low nanomolar PDES5 inhibitors 1 and 3 enhanced pCREB 1.9 times (30
min) and 1.4 times (2 hours) over vehicle controls. As expected, compound 4 had no
effect. Compared to the notable alterations in epigenetic marks, the effects observed on
pCREB had a narrower window for improvement and were also highly affected by the
chosen incubation time. Thus, we targeted a minimal fold change of 1.4 (as observed
with 3) at any incubation time. This response was achieved by most tested compounds
in Table 4 (with the exception of 13¢, 48i1, and 52d). However, two compounds that
demonstrated strong stimulation of CREB phosphorylation (21d, 52e) did not progress

based on their poor induction of acetylation hallmarks and their cytotoxicity.

To further characterize the translational potential of the compounds reported in Table 4,
which had good potency in cell-based assays and an acceptable therapeutic window (7
and 37), we examined their effect on wild type (WT) neurons exposed to different
concentrations of compounds for 2 hours. As previously reported, our lead compound 7
led to a 190% increase in AcH3K9 at 10 nM*, whereas compound 37 reached its
maximum effect at 100 nM (170% increase). Thus, there is consistency between the
acetylation responses observed for this pair of compounds in SH-SYS5Y neuroblastoma

and WT neurons.
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Table 4. Functional cellular profile of the initial set of PDE5S/HDAC inhibitors.

Cpd | THLE-2 Primary | AcH3K | AcTub | pCREB | PAMP

©CoO~NOUTA,WNPE

10 LCs5y nM Neurons | 9 levels | levels levels A

12 LCso nM | (fold- (fold- (fold- P,

14 change |change |change | (nm/s)
over over over
basal basal basal

21 (1) (1) (1)

23 100 nM | 100 nM | at 500
25 500 nM | 500 nM | nM

27 1000 | 1000 | 30 min

30 nM nM 2 hours

34 1 >100000 N.D. N.D. N.D. 1.9 27.5

36 0.6

39 3 60300 110000 | N.D. N.D. 1.3 26.8

41 1.4

43 4 3590 4910 4.0 5.0 N.D. 2.3
45 12.5 11.9

13.9 27.6

50 13c 1460 2150 1.2 1.1 0.7 7.2
52 1.0 0.9 0.7

54 2.4 2.3

13f 11900 4950 0.9 1.1 0.5 1.0
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1.1 1.1 1.9
1.7 1.3

13¢g 27400 30300 0.8 0.4 N.D. 2.3
1.2 0.6
1.0 0.8

21d 2570 N.D. 1.2 1.4 0.9 13.4
1.8 2.8 2.1
5.1 2.7

30a 88700 >100000 | 1.6 2.6 1.5 4.9
1.3 24 0.7
1.8 3.6

30g 13400 15100 1.3 2.8 1.4 36.8
2.7 4.6 1.5
2.5 2.9

37 2210 N.D. 1.8 1.0 0.4 30.5
4.6 1.8 1.7
13.0 2.1

48c 422 N.D. 14.4 1.2 1.6 8.9
21.1 2.8 1.4
45.6 6.7

48d 1830 N.D. 3.7 0.4 2.1 4.1
8.1 2.0 1.4
18.9 3.1

48h 17000 38300 0.3 1.0 1.1 31.2
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0.8 1.7 1.3

1.4 1.1

©CoO~NOUTA,WNPE

10 48-i1 | 9280 9020 1.4 1.9 0.5 35.1
12 3.0 1.5 0.5

14 3.8 1.7

16 48-i2 | 2650 N.D. N.D. N.D. N.D. N.D.

1o 7 7200 17700 |12 15 15 15.7
21 7.4 127 |12

23 19.9 17.8

25 48n 13500 15300 1.1 4.3 1.3 13.7
1.3 6.4 1.0

30 3.7 10.2

32 52d | 3690 N.D. 1.7 16.9 0.5 9.2
34 2.2 16.6 0.2

33 214

39 S2e 161 N.D. 0.8 0.8 1.4 15.2
41 1.3 3.0 2.1

43 0.9 11.7

48 N.D.= Not determined.

ADME Profiling of compounds 37 and therapeutic tool 7

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

Based on its good cellular response for the induction of epigenetic hallmarks with an
acceptable therapeutic window (approximately 1 log unit), we determined the in vivo
CNS penetration of compounds 7 and 37 in mice after intraperitoneal administration at a
dose of 40 mg/Kg by determining the logBB, where BB is the ratio of the brain to
plasma concentration. Both compounds exhibited poor central access with logBB values
at each corresponding time to reach maximum plasma concentrations (Tmax) of -1.87
(7, at Tmax = 10 min)* and -1.43 (37, at Tmax = 15 min). The average total brain
concentrations of compounds 7 and 37 were 248 and 71 nmol/Kg, respectively.
Functional responses in the CNS were explored at different time points. In the case of
compound 37, the maximum functional response in the hippocampus (40% increase in
AcH3K9 and 110% increase in pCREB-Ser133 phosphorylation relative to the controls)
was observed 1 h after administration, while for the lead compound, there was a 98%
increase in AcH3K9 and a 148% increase in pCREB-Ser133 phosphorylation relative to
the controls 30 min after administration.”> On the other hand, taking into account that
other phosphodiesterase isoforms such as PDE9 and PDEG6 also hydrolyse cGMP, the
effects of 7 and 37 on these two targets were assessed. In fact, 7 does not inhibit PDE9
(ICso > 10uM);* but, its activity vs PDE6 is quite potent (ICso is 2.6 nM). Compound
37 is even better inhibitor of PDE6 than 7 (> 1 log unit), its ICsq is 0.13 nM, and shows
moderate acitivity against PDE9 (its ICsy is 4.8 uM). Additionally, considering that
PDE3A is a phosphodiesterase isoform that hydrolyses cAMP and ¢cGMP and is
involved in cardiac contractility’® (its inhibition may lead to unwanted cardiac side-
effects), thus important from cardiovascular safety perpective, we also tested these two
selected molecules 7 and 37 vs PDE3A. Compound 7 shows a moderate inhibition
against PDE3A, ICsg is 1.8 uM, to be improved; however, 37 inhibits PDE3A at mid-

nanomolar range, ICsy is 750 nM. Given the low concentration reached by 37 in the
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brain, its cytotoxicity (2210 nM in THLE-2) and worse off-target selectivity profiling
than 7, this compound did not progress further. The low brain permeation of compound
7 may be attributable to its still relatively high TPSA (118 A?), as its molecular weight
(439.51 Da) and lipophilicity (predicted LogD at pH=7.4 is 3.37) are in line with
commonly accepted ranges for CNS penetration (MW < 450 Da and a LogD7 4 ranging
between 1 and 3 are commonly recommended).* Note that the TPSA of our compounds
is biased by the explored sildenafil core (1’ substructure, unmodified), which is close to

3933 and the

surpassing the commonly accepted values for CNS-penetrating drugs
mandatory ZBG; thus, further exploration of the substituents of the
pyrazolopyrimidinone core will also be required to optimize BBB penetration (this
exploration is currently on-going). Conversely, in addition to the moderate passive
diffusion of 7 (Pe, in PAMPA, is 15.7 nm/s), a Caco-2 permeability assay revealed a
low Pe value of 0.46 (x 10° cm/s) and clear evidence of active transport: the efflux ratio

is 41.3.2 Therefore, together with an improvement in passive permeability, the

optimization process will require overcoming the P-gp efflux.
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CONCLUSION

Based on structural information as well as the available structure—activity relationship
data for HDAC and PDES inhibitors, we designed a novel first-in-class chemical series

of dual inhibitors (Figure 3).

Solvent exposed Key interacting : o .
features chemical features Facmg PDES bmdmg site

H 7
N
HO I
(@)
: T . Key interacting Solvent exposed
Facmg HDACs bmdmg site chemical features features

Figure 3. Description of the proposed binding modes, represented by the selected

chemical probe 7, and key interacting features according to each target binding site.

SAR analyses around the growing vector (R1) borne by the initially explored structure
1’ led us to evolve from initial hit compounds (e.g., 13b and 13¢) and achieve a lead
molecule, 7, through an iterative multifactorial optimization process. We have
demonstrated that significant acetylation of histone 3 is achieved through moderate
HDAC class I but potent PDES inhibition, attributable to the synergistic effects between
HDAC class I and PDES; thus, the toxicity associated with HDAC class I inhibition is

minimized.
Despite its non-optimal logBB value (<-1),** compound 7 was shown to achieve
corresponding functional responses in vivo (i.p.; 40 mg/Kg): these included the

induction of AcH3K9 (98% increase over non-treated mice) and increased pCREB
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(148% increase over non-treated mice) in the hippocampus.” Then, considering primary
activities (moderate HDAC class I and potent HDACG6 as well as PDES inhibition), in
vitro and in vivo functional responses, ADME properties, CNS penetration,
pharmacokinetics profiles and therapeutic windows,” 7 was identified as a lead

compound for in vivo PoC.

As previously reported®, treatment with 7 rescued the memory impairment exhibited by
Tg2575 mice, prevented disruptions in synaptic plasticity and induced memory-related
genes; in addition, 7 provokes a significant reduction in amyloid and tau pathology as

well as a reversion of the reduced dendritic spine density.

In summary, we have described the discovery of a first-in-class chemical series of dual
inhibitors and identified 7 as a lead compound. This molecule was utilized as a
therapeutic tool compound and validated our systems therapeutics approach, targeting
two independent but synergistic enzymatic activities, as a potential new symptomatic-
and disease-modifying strategy to treat AD.* Chronic treatment of Tg2576 mice with 7
diminished brain AR and pTau levels, increased the inactive form of GSK3p, reverted
the decrease in dendritic spine density on hippocampal neurons and it reversed their
cognitive deficits, at least in part by inducing the expression of genes related to synaptic
transmission; in fact, 7 rescued ex-vivo the impaired long-term potentiation evident in
hippocampal slices from APP/PS1 mice.” In addition, 7 can be used as a chemical
probe to further elucidate the mechanisms of its targets (HDACs and PDE) in AD and
represents an adequate starting point to launch an AD drug discovery program aimed at

identifying optimized molecules with the target compound profile described herein.

EXPERIMENTAL SECTION

Chemistry. General Procedure.
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Unless otherwise noted, all reagents and solvents were of the highest commercial
quality and used without further purification. All experiments dealing with moisture
sensitive compounds were conducted under N,. The reactions were monitored by thin
layer chromatography (TLC) on silica gel-coated plates (Merck 60 F254) using reagent
grade solvents. Flash column chromatography was performed on silica gel, particle size
60 A, mesh = 230-400 (Merck) under standard techniques. Automated flash column
chromatography was performed using ready-to-connect cartridges from Varian, on
irregular silica gel, particle size 15-40 pm (normal phase disposable flash columns) on a
Biotage SPX flash purification system. Microwave-assisted reactions were performed in
a Biotage Smith Synthesis microwave reactor. Melting points were monitored with
Olympus PH2 microscope connected to a Mettler FP80 hot stage and an FP80 central
processor. The NMR spectroscopic data were recorded on a Bruker AV400 or VARIAN
400MR spectrometer with standard pulse sequences, operating at 400 MHz. Chemical
shifts (8) are reported in parts per million (ppm) downfield from tetramethylsilane
(TMS), which was used as internal standard. The abbreviations used to explain
multiplicities are s = singlet, d = doublet, t = triplet, m = multiplet. Coupling constants
(J) are in hertz. HPLC-analysis was performed using a Shimadzu LC-20AB or LC-
20AD with a Luna-C18(2), Sum, 2.0*50mm column at 40 °C and UV detection at 215,
220 and 254 nm. Flow from the column was split to a MS spectrometer. The MS
detector (Agilent 1200, 6110MS or Agilent 1200, 6120MS Quadropole) was configured
with an electrospray source or API/APCI. N, was used as the nebulizer gas. The source
temperature was maintained at 50 °C. Data acquisition was accomplished with
ChemStation LC/MSD quad software. All tested compounds possessed a purity of at
least 95% established by HPLC, unless otherwise noted. Reported yields were not

optimized, the emphasis being on purity of product rather than quantity.
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3-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-

yl)phenyl]methyl]cyclobutanecarbohydroxamic acid (7)

©CoO~NOUTA,WNPE

10 To a solution of compound 46p (1.1 g, 2.6 mmol) in DMF (60 mL) were added BOP
12 (2.3 g, 5.2 mmol), DIEA (4.5 g, 35 mmol) and NH,OH-HCI (1.8 g, 26 mmol) and the
14 mixture was stirred at 80 °C overnight. Then, the solution was quenched with water and
16 extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous
Na,SQy, filtered and concentrated to give the crude product which was purified by
21 preparative HPLC (method 1 described in supporting information) to obtain pure
23 compound 7 (530 mg, 46%) as a yellow solid; m.p.: 118-119 °C. '"H NMR (MeOD, 400
25 MHz): & 7.75-7.74 (m, 1H), 7.35-7.33 (m, 1H), 7.11-7.09 (m, 1H), 4.25-4.21 (m, 5H),
27 2.93-2.89 (m, 2H), 2.81-2.74 (m, 3H), 2.54-2.52 (m, 1H), 2.36-2.34 (m, 1H), 2.20-2.18
30 (m, 1H), 2.02-1.99 (m, 2H), 1.87-1.82 (m, 2H), 1.48-1.45 (m, 3H), 1.05-1.01 (m, 3H).
32 BC NMR (DMSO-d6, 400MHz): & 14.7 (CH3), 15.4 (CHs), 22.6, 28.00, 30.0, 31.4,
34 33.0, 33.4, 38.7 (NCHs), 41.8, 64.9 (CH,0), 113.6, 123.1, 123.2, 125.0, 130.8, 132.4,
36 138.8, 145.6, 150.5 (CO), 154.5, 155.5, 171.5 (CONHOH). ESI-MS m/z 440.2 [M+H]"

calc. for C23H29N5 04.

43 3-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-

45 yl)phenyl]methyl]cyclobutanecarbohydroxamic acid (7a)

From 7 (530 mg), pure isomer 7a (9.8 mg, 1.8%) was obtained by SFC (see protocol in
50 supporting information) as a yellow solid; m.p.: 148-149 °C. According to SFC
52 purification method, Rt is 3.28. ESI-MS m/z [M + H]": 440.2 calc. for C23H20N504.
54 Purity is 96.51% according to HPLC analytical method (described in supporting

56 information); where Rt is 2.80. '"H NMR (MeOD, 400 MHz): § 7.74 (d, J = 2 Hz, 1H),
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7.33-7.31 (m, 1H), 7.08 (d, J = 8.4 Hz, 1H), 4.23-4.17 (m, SH), 3.01-2.99 (m, 1H), 2.90-
2.87 (m, 2H), 2.81-2.79 (m, 2H), 2.76-2.72 (m, 1H), 2.35-2.33 (m, 2H), 1.98-1.97 (m,

2H), 1.85-1.79 (m, 2H), 1.45 (t, J = 6.8 Hz, 3H), 1.01 (d, J= 7.2 Hz, 3H).

3-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyljmethyl]cyclobutanecarbohydroxamic acid (7b)

From 7 (530 mg), pure isomer 7b (113 mg, 21%) was obtained by SFC (see protocol in
supporting information) as a white solid; m.p.: 178-179 °C. According to SFC
purification method, Rt is 3.03. ESI-MS m/z [M + H]": 440.2 calc. for C23H20N50a.
Purity is 98.18% according to HPLC analytical method (described in supporting
information); where Rt is 2.63. 'H NMR (MeOD, 400 MHz): & 7.73 (s, 1H), 7.32-7.29
(m, 1H), 7.07 (d, J = 8.4 Hz, 1H), 4.22-4.17 (m, 5H), 2.90-2.86 (m, 2H), 2.81-2.79 (m,
1H), 2.74-2.72 (m, 2H), 2.52 (m, 1H), 2.18-2.17 (m, 2H), 2.02-1.99 (m, 2H), 1.85-1.79

(m, 2H), 1.45 (t, J = 6.8 Hz, 3H), 1.01 (d, J = 7.2 Hz, 3H).

4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)benzenesulfonyl chloride (9)

Commercially  available  5-(2-ethoxyphenyl)-1-methyl-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-7-one (8) (2.5 g, 8.0 mmol) was added into CISO;H (10 mL) at ice-water
and stirred at room temperature for 2 hours. The reaction mixture was quenched with
water, and then filtrated. The filtrate cake was collected and dried under vacuum to give
the desired product 9 (2.0 g, 61%). '"H NMR (MeOD, 400 MHz): § 7.94-7.92 (dd, J =
1.6 Hz, 7.6 Hz, 1H), 7.52 (m, 1H), 7.11-7.09 (d, J = 8.8 Hz 1H), 4.25 (m, 5H), 2.89 (t,
2H), 1.85 (m, 2H), 1.50 (t, 3H), 0.99 (t, 3H). ESI-MS m/z 411 [M+H]" calc. for

C17H19CIN4O4S
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Ethyl 3-[4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
ylD)phenyl]sulfonylpiperazin-1-yl|propanoate (10a)

To a solution of 9 (0.41 g, 1 mmol) in EtOH (273 mL) was added piperazine (0.256 g,
2.9 mmol) and the mixture was stirred at 100 °C under MW for 1 hour. Then, the
reaction mixture was concentrated to give the desired intermediate 5-(2-ethoxy-5-
piperazin-1-ylsulfonyl-phenyl)-1-methyl-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-7-one
(0.4 g, 87%). '"H NMR (MeOD, 400 MHz):  8.18-8.17 (d, J = 2.4 Hz, 1H), 8.00 (dd, J
=2.8 Hz, 9.2 Hz, 1H), 7.40-7.38 (d, J = 8.8 Hz, 1H) 4.32 (q, 2H), 4.27 (s, 3H), 3.40 (s,
8H), 2.87 (t, 2H), 1.81 (m, 2H), 1.45 (t, 3H), 0.99 (t, 3H). MS m/z 461 [M+H]" calc. for
C21H2sN6O4S. To a solution of this intermediate (300 mg, 0.651 mmol) in CH3CN (10
mL) were added K,CO; (271 mg, 1.95 mmol) and ethyl 3-bromopropanoate (177 mg,
0.976 mmol). Then the mixture was stirred at 100 °C for 2 hours under MW and
concentrated to give compound 10a (260 mg, 71%). ESI-MS m/z 561 [M+H]" calc. for
CycH36NgO6S. This intermediate was used in the next step without further

characterization.

Ethyl 4-[4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]sulfonylpiperazin-1-yl|butanoate (10b)

To intermediate 5-(2-ethoxy-5-piperazin-1-ylsulfonyl-phenyl)-1-methyl-3-propyl-6H-
pyrazolo[4,3-d]pyrimidin-7-one (described before in 10a synthesis) (500 mg, 1.09
mmol) dissolved in CH3CN (10 mL) were added K,COj3 (453 mg, 3.28 mmol) and ethyl
4-bromobutanoate (320 mg, 1.64 mmol) and the mixture was stirred at 100 °C for 2

hours under MW. Then, the reaction mixture was concentrated to give compound 10b
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(300 mg, 48%). ESI-MS m/z 575 [M+H]" calc. for C,7;H33N¢O6S. This intermediate was

used in the next step without further characterization.

Ethyl 2-[4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-
ylD)phenyl]sulfonylpiperazin-1-yl|pyrimidine-5-carboxylate (10c)

To a solution of 9 (0.41 g, 1 mmol) in EtOH (273 mL) were added ethyl 2-piperazin-1-
ylpyrimidine-5-carboxylate (Imt. 1, synthesis described in supporting information)
(0.472 g, 2 mmol) and Et;N (303 mg, 3 mmol). The mixture was stirred at 100 °C under
MW for 2 hours. Then, the reaction mixture was concentrated under vacuum to give
compound 10c (0.4 g, 65%). ESI-MS m/z 611 [M+H]" calc. for CogH34N3OgS. This

intermediate was used in the next step without further characterization.

Ethyl (E)-3-[4-[[4-|4-ethoxy-3-(3-ethyl-1-methyl-7-0x0-6 H-pyrazolo[4,3-
d]pyrimidin-5-yl)phenyl|sulfonylpiperazin-1-ylJmethyl]phenyl]prop-2-enoate (10d)
To a solution of 9 (0.41 g, 1 mmol) in EtOH (273 mL) were added ethyl (F)-3-[4-
(piperazin-1-ylmethyl)phenyl]prop-2-enoate (Int. 2, synthesis described in supporting
information (0.548 g, 2 mmol) and Et;N (303 mg, 3 mmol) and the reaction mixture
was stirred at 100 °C under MW for 2 hours. Then, the reaction mixture was
concentrated under vacuum to give the desired compound 10d (0.35 g, 55%). ESI-MS
m/z 635 [M+H]" calc. for C3H3sN¢OgS. This intermediate was used in the next step

without further characterization.

Methyl 3-[1-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-

yl)phenyl]sulfonyl-4-piperidyl]propanoate (10e)
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To a solution of 9 (0.41 g, 1 mmol) in EtOH (10 mL) was added methyl 3-(4-
piperidyl)propanoate (Int. 3, synthesis described in supporting information) (0.185 g, 1
mmol), and the mixture was stirred at 100 °C under MW for an hour. Then, the reaction
mixture was concentrated under vacuum to give compound 10e (0.4 g, 71%). '"H NMR
(MeOD, 400 MHz): 6 8.16-8.15 (d, ] = 2.4 Hz, 1H), 7.92-7.86 (m, 1H), 7.39-7.33 (d, J
= 8.6 Hz, 1H), 4.32 (q, 2H), 4.24 (s, 3H), 3.78-3.72 (m, 2H), 3.62 (s, 3H), 2.93-2.85 (t,
2H), 2.37-2.27 (m, 4H), 1.87-1.75 (m, 4H), 1.58-1.52 (m, 2H), 1.47 (t, 3H), 1.24-1.21

(m, 3H), 1.04-0.96 (t, 3H). ESI-MS m/z 546 [M+H]" calc. for C26H3sNsOgS

Ethyl 2-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]sulfonylamino]-1-piperidyl|pyrimidine-5-carboxylate (10f)

To a solution of 9 (0.41 g, 1 mmol) in EtOH (273 mL) were added ethyl 2-(4-amino-1-
piperidyl)pyrimidine-5-carboxylate (Int. 4, synthesis described in supporting
information) (0.510 g, 2 mmol) and Et;N (303 mg, 3 mmol). Then the reaction mixture
was stirred at 100 °C under MW for 2 hours and concentrated under vacuum to give the
desired compound 10f (0.41 g, 65%). ESI-MS m/z 625 [MJrH]+ calc. for Cy9H36NgO¢S.

This intermediate was used in the next step without further characterization.

Ethyl (E)-3-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-5-yl)phenyl]sulfonylamino]phenyl|prop-2-enoate (10g)

To a solution of 9 (0.41 g, 1 mmol) in EtOH (10 mL) were added ethyl (F)-3-(4-
aminophenyl)prop-2-enoate (Int. S, synthesis described in supporting information)
(0.191 g, 1 mmol) and Et3N (303 mg, 3 mmol) and the reaction mixture was stirred at

100 °C under MW for 1 hour. Then the solution was concentrated under vacuum to give
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compound 10g (0.3 g, 54%). ESI-MS m/z 566 [M+H]" calc. for C,gH3N5OgS. This

intermediate was used in the next step without further characterization.

3-14-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
ylD)phenyl]sulfonylpiperazin-1-yl|propanoic acid (11a)

To a solution of compound 10a (1.0 g, 1.78 mmol) in THF/MeOH/H,0 (10:1:5, 16 mL)
was added LiOH-H,0O (374 mg, 8.91 mmol). The resulting mixture was stirred at room
temperature overnight. After TLC showed that most of the staring materials were
consumed completely, the mixture was diluted with water and adjusted pH to 2-3 with 1
N HCI. The mixture was extracted with EtOAc and washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give compound 11a (600 mg, 63%).
ESI-MS m/z 533 [M+H]" calc. for C»4H3,N¢OsS. This intermediate was used in the next

step without further characterization.

4-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
ylD)phenyl]sulfonylpiperazin-1-yl|butanoic acid (11b)

To a solution of compound 10b (200 mg, 0.35 mmol) in THF/MeOH/H,0 (10:1:5, 16
mL) was added LiOH-H,O (73.2 mg, 1.7 mmol) and the resulting mixture was stirred at
room temperature overnight. After TLC showed that most of the staring materials were
consumed completely, the mixture was diluted with water and adjusted pH to 2-3 with 1
N HCIl. The mixture was extract with EtOAc and washed with brine, dried over
anhydrous Na,SQy, filtered and concentrated to give compound 11b (130 mg, 68%).
ESI-MS m/z 547 [M+H]+ calc. for Co5H34NgOg6S. This intermediate was used in the next

step without further characterization.
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2-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]sulfonylpiperazin-1-yl]pyrimidine-5-carboxylic acid (11c¢)

To a solution of compound 10¢ (500 mg, 0.82 mmol) in THF/MeOH/H,0 (10:1:5, 16
mL) was added LiOH-H,O (168 mg, 4.1 mmol). The resulting mixture was stirred at
room temperature overnight. After TLC showed that most of the staring materials were
consumed completely, the mixture was diluted with water and adjusted pH to 2-3 with 1
N HCI. The mixture was extracted with EtOAc and washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give compound 11¢ (300 mg, 63%).
ESI-MS m/z 583 [M+H]" calc. for CosH30NgOsS. This intermediate was used in the next

step without further characterization.

(E)-3-[4-[[4-]4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d] pyrimidin-5-
ylD)phenyl]sulfonylpiperazin-1-yl|methyl]phenyl]prop-2-enoic acid (11d)

To a solution of compound 10d (300 mg, 0.473 mmol) in THF/MeOH/H,0 (10:1:5, 16
mL) was added LiOH-H,O (94.6 mg, 2.36 mmol). The resulting mixture was stirred at
room temperature overnight. After TLC showed that most of the staring materials were
consumed completely, the mixture was diluted with water and adjusted pH to 2-3 with 1
N HCI. The mixture was extracted with EtOAc, washed with brine, dried over
anhydrous Na,SQOy, filtered and concentrated to give compound 11d (150 mg, 51%).
ESI-MS m/z 621 [M+H]" calc. for C3;H3sNsO6S. This intermediate was used in the next

step without further characterization.

3-[1-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-

yl)phenyl]sulfonyl-4-piperidyl]propanoic acid (11e)
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To a solution of compound 10e (250 mg, 0.44 mmol) in THF/MeOH/H,0 (10:1:5, 16
mL) was added LiOH-H,O (92 mg, 2.2 mmol). The resulting mixture was stirred at
room temperature overnight. After TLC showed that most of the staring materials were
consumed completely, the mixture was diluted with water and adjusted pH to 2-3 with 1
N HCI. The mixture was extracted with EtOAc and washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give compound 11e (200 mg, 86%).
ESI-MS m/z 532 [M+H]+ calc. for C,5H33N506S. This intermediate was used in the next

step without further characterization.

2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]sulfonylamino]-1-piperidyl]pyrimidine-5-carboxylic acid (11f)

To a solution of compound 10f (400 mg, 0.64 mmol) in THF/MeOH/H,O (10:1:5, 16
mL) was added LiOH-H,O (132 mg, 3.2 mmol). The resulting mixture was stirred at
room temperature overnight. After TLC showed that most of the staring materials were
consumed completely, the mixture was diluted with water and adjusted pH to 2-3 with 1
N HCI. The mixture was extracted with EtOAc and washed with brine, dried over
anhydrous Na,SOy, filtered and concentrated to give compound 11f (300 mg, 79%).
ESI-MS m/z 597 [M+H]" calc. for C,7H3»NgO¢S. This intermediate was used in the next

step without further characterization.

(E)-3-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]sulfonylamino]phenyl]prop-2-enoic acid (11g)

To a solution of compound 10g (200 mg, 0.354 mmol) in THF/MeOH/H,0 (10:1:5, 16
mL) was added LiOH-H,0 (50.3 mg, 1.2 mmol). The resulting mixture was stirred at

room temperature overnight. After TLC showed that most of the staring materials were
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consumed completely, the mixture was diluted with water and adjusted pH to 2-3 with 1
N HCI. The mixture was extract with EtOAc, washed with brine, dried over anhydrous
Na,SOq, filtered and concentrated to give compound 11g (120 mg, 63%). ESI-MS m/z
538 [MJrH]+ calc. for C6H27N506S. This intermediate was used in the next step without

further characterization.

3-14-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDphenyl]sulfonylpiperazin-1-yl]-/V-tetrahydropyran-2-yloxy-propanamide (12a)
To a solution of compound 11a (100 mg, 0.19 mmol) in DMF (10 mL) were added
EDC-HCI (48 mg, 0.25 mmol), HOBt (33.5 mg, 0.25 mmol), THPONH, (48 mg, 0.41
mmol) and NMM (84.8 mg, 0.84 mmol) and the mixture was stirred at room
temperature overnight. Then, the mixture was diluted with EtOAc and washed with
brine, dried over anhydrous Na,;SOy, filtered and concentrated to give the crude product
which was purified by column chromatography to give compound 12a (100 mg, 84%).
ESI-MS m/z 632 [M+H]+ calc. for Co9H41N-0O4S. This intermediate was used in the next

step without further characterization.

4-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]sulfonylpiperazin-1-yl]-/V-tetrahydropyran-2-yloxy-butanamide (12b)

To a solution of compound 11b (300 mg, 0.548 mmol) in DMF (10 mL) were added
EDC-HCI (126 mg, 0.658 mmol), HOBt (88 mg, 0.658 mmol), THPONH, (125 mg,
1.07 mmol) and NMM (221 mg, 2.192 mmol) and the mixture was stirred at room
temperature overnight. Then, the mixture was diluted with EtOAc and washed with
brine, dried over anhydrous Na,;SOy, filtered and concentrated to give the crude product

which was purified by column chromatography to give compound 12b (200 mg, 57%).

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

ESI-MS m/z 646 [M+H]+ calc. for C50H43N-0+S. This intermediate was used in the next

step without further characterization.

2-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
ylD)phenyl]sulfonylpiperazin-1-yl]-NV-tetrahydropyran-2-yloxy-pyrimidine-5-
carboxamide (12c¢)

To a solution of compound 11¢ (582 mg, 1 mmol) in DMF (10 mL) were added
EDC-HCI (230 mg, 1.2 mmol), HOBt (162 mg, 1.2 mmol), THPONH, (229 mg, 1.9
mmol) and NMM (303 mg, 3 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was diluted with EtOAc and washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give the crude product which was
purified by column chromatography to give compound 12¢ (300 mg, 44%). ESI-MS m/z
682 [MJrH]+ calc. for C3;H39N9O7S. This intermediate was used in the next step without

further characterization.

(E)-3-[4-[[4-]4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d] pyrimidin-5-
ylD)phenyl]sulfonylpiperazin-1-yl|methyl]phenyl]-/V-tetrahydropyran-2-yloxy-prop-
2-enamide (12d)

To a solution of compound 11d (100 mg, 0.161 mmol) in DMF (10 mL) were added
EDC-HCI (69 mg, 0.36 mmol), HOBt (48.6 mg, 0.36 mmol), THPONH,(42 mg, 0.36
mmol) and NMM (40.4 mg, 0.4 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was diluted with EtOAc, washed with brine, dried over
anhydrous Na,SOy, filtered and concentrated to give the crude product which was

purified by column chromatography to give pure compound 12d (70 mg, 61%). ESI-MS
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m/z 720 [M+H]+ calc. for C36H4sN705S. This intermediate was used in the next step

without further characterization.

3-[1-[4-Ethoxy-3-(3-ethyl-1-methyl-7-o0x0-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]sulfonyl-4-piperidyl]-/V-tetrahydropyran-2-yloxy-propanamide (12¢)

To a solution of compound 11e (100 mg, 0.18 mmol) in DMF (10 mL) were added
EDC-HCI (43.3 mg, 0.22 mmol), HOBt (30.5 mg, 0.22 mmol), THPONH, (32 mg, 0.27
mmol) and NMM (57 mg, 0.56 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was diluted with EtOAc and washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give the crude product which was
purified by column chromatography to give pure compound 12e (100 mg, 90%). ESI-
MS m/z 617 [MJrH]+ calc. for C,9H4NgO5S. This intermediate was used in the next step

without further characterization.

2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]|pyrimidin-5-
yDphenyl]sulfonylamino]-1-piperidyl]-/V-tetrahydropyran-2-yloxy-pyrimidine-5-
carboxamide (12f)

To a solution of compound 11f (597 mg, 1 mmol) in DMF (10 mL) were added
EDC-HCI (230 mg, 1.2 mmol), HOBt (162 mg, 1.2 mmol), THPONH, (229 mg, 1.9
mmol) and NMM (303 mg, 3 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was diluted with EtOAc and washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give the crude product which was
purified by column chromatography to give compound 12f (300 mg, 44%). ESI-MS m/z
696 [MJrH]+ calc. for C3;H4N9O7S. This intermediate was used in the next step without

further characterization.
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(E)-3-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
ylD)phenyl]sulfonylamino]phenyl]-/V-tetrahydropyran-2-yloxy-prop-2-enamide
(12g)

To a solution of compound 11g (120 mg, 0.223 mmol) in DMF (10 mL) were added
EDC-HCI (69 mg, 0.36 mmol), HOBt (48.6 mg, 0.36 mmol), THPONH, (42 mg, 0.36
mmol) and NMM (50 mg, 0.5 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was diluted with EtOAc, washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give the crude product which was
purified by column chromatography to give compound 12g (100 mg, 70%). ESI-MS m/z
637 [M+H]" calc. for C3;H3sNgO-S. This intermediate was used in the next step without

further characterization.

3-14-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
ylD)phenyl]sulfonylpiperazin-1-yl|propanehydroxamic acid (13a)

A solution of compound 12a (100 mg, 0.15 mmol) in HCI/1,4-dioxane (2.0 M, 10 mL)
was stirred at room temperature for 3 hours. Then, the reaction mixture was
concentrated to give the crude product which was purified by preparative HPLC
(method 1 described in supporting information) to give desired compound 13a (62.5
mg, 76%). 'H NMR (MeOD, 400 MHz): & 8.18-8.17 (d, J = 2.4 Hz, 1H), 8.00 (dd, J=
2.8 Hz, 9.2 Hz, 1H), 7.40-7.38 (d, J = 8.8 Hz, 1H) 4.32 (q, 2H), 4.27 (s, 3H), 3.91-3.30
(m, 10H), 2.87 (t, 2H), 2.53 (m, 2H), 1.81 (m, 2H), 1.45 (t, 3H), 0.99 (t, 3H). ESI-MS

m/z 548.3 [M+H]" calc. for Co4H33N;,04S

ACS Paragon Plus Environment

Page 58 of 160



Page 59 of 160

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

4-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]sulfonylpiperazin-1-yl|butanehydroxamic acid (13b)

To a solution of compound 12b (100 mg, 0.155 mmol) in 1,4-dioxane (10 mL) was
added HCI/1,4-dioxane (2.0 M, 3 mL) and the solution was stirred at room temperature
for 3 hours. Then, the mixture was concentrated to give the crude product which was
purified through preparative HPLC (method 1 described in supporting information) to
give the desired compound 13b (80 mg, 92%). 'H NMR (MeOD, 400 MHz): & 8.18-
8.17 (d, J = 2.4 Hz, 1H), 8.00 (dd, J = 2.8 Hz, 9.2 Hz, 1H), 7.40-7.38 (d, J = 8.8 Hz,
1H), 4.32 (q, 2H), 4.27 (s, 3H), 4.10-3.30 (m, 6H), 3.15 (t, 3H), 2.85 (t, 3H), 2.31 (m,
2H), 1.98 (m, 2H), 1.85-1.75 (m, 2H), 1.45 (t, 3H), 0.99 (t, 3H). ESI-MS m/z 562.1

|:1\/['|‘H]+ calc. for Cy5sH35N706S

2-|4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-

ylD)phenyl]sulfonylpiperazin-1-yl|pyrimidine-5-carbohydroxamic acid (13c)

To a solution of compound 12¢ (200 mg, 0.293 mmol) in 1,4-dioxane (10 mL) was
added HCl/1,4-dioxane (2.0 M, 10 mL) and the mixture was stirred at room temperature
for 3 hours. Then, the reaction mixture was concentrated to give the crude product
which was purified by preparative HPLC (method 1 described in supporting
information) to give compound 13¢ (62.5 mg, 36%). 'H NMR (DMSO, 400 MHz): 6
12.16 (s, 1H), 11.08 (s, 1H), 9.03 (s, 1H), 8.65 (s, 2H), 7.85 (m, 2H), 7.36-7.34 (d, J =
8.8 Hz, 1H), 4.22 (q, 2H), 4.15 (s, 3H), 3.92 (s, 4H), 3.00 (s, 4H), 2.75 (t, 2H), 1.75 (m,

2H), 1.25 (t, 3H), 0.95 (t, 3H). ESI-MS m/z 598.1 [M+H]" calc. for Ca6H3NeOgS

(E)-3-[4-[[4-]4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d] pyrimidin-5-

yl)phenyl]sulfonylpiperazin-1-yljmethyl]phenyl]prop-2-enehydroxamic acid (13d)
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A solution of compound 12d (50 mg, 0.069 mmol) in HCI/1,4-dioxane (2.0 M, 10 mL)
was stirred at room temperature for 3 hours. Then, the reaction mixture was
concentrated to give the crude product which was purified through preparative HPLC
(method 1 described in supporting information) to give compound 13d (20 mg, 45%).
'H NMR (MeOD, 400 MHz): & 8.19 (s, 1H), 7.95 (m, 1H), 7.75-7.32 (m, 6H), 6.53-6.49
(d, J = 15.6 Hz, 1H), 4.42-4.21 (m, 7H), 3.95-3.32 (m, 7H), 3.19-3.02 (m, 1H), 2.92-
2.75 (m, 2H), 1.85-1.72 (m, 2H), 1.48 (t, 3H), 0.93 (t, 3H). ESI-MS m/z 636.1 [M+H]"

calc. for C31H37N706S

3-[1-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]sulfonyl-4-piperidyl]propanehydroxamic acid (13e)

A solution of compound 12e (100 mg, 0.162 mmol) in HC1/1,4-dioxane (2.0 M, 10 mL)
was stirred at room temperature for 3 hours. Then, the reaction mixture was
concentrated to give the crude product which was purified through preparative HPLC
(method 1 described in supporting information) to give the desired compound 13e (40
mg, 46%). '"H NMR (MeOD, 400 MHz): & 8.18-8.17 (d, J = 2.4 Hz, 1H), 8.00 (dd, J =
2.8 Hz, 9.2 Hz, 1H), 7.40-7.38 (d, J = 8.8 Hz, 1H), 4.32 (q, 2H), 4.27 (s, 3H), 3.75 (m,
2H), 2.87 (t, 2H), 2.31 (m, 2H), 2.15 (m, 2H), 1.81 (m, 4H), 1.53 (m, 2H), 1.45 (t, 3H),

1.31-1.21 (m, 3H), 0.99 (t, 3H). ESI-MS m/z 547.1 [M+H]" calc. for CosHasNgO4S

2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]sulfonylamino]-1-piperidyl|pyrimidine-5-carbohydroxamic acid (13f)

To a solution of compound 12f (200 mg, 0.288 mmol) in CH,Cl, (10 mL) was added
HCl/1,4-dioxane (2.0 M, 5 mL) and the solution was stirred at room temperature for 3

hours. Then, the reaction mixture was concentrated to give the crude product which was
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purified through preparative HPLC (method 1 described in supporting information) to
give compound 13f (50 mg, 30%). '"H NMR (DMSO, 400 MHz): § 12.21 (s, 1H), 11.06
(s, 1H), 8.64 (s, 2H), 8.02 (s, 1H), 7.94-7.91 (d, J = 8.4 Hz, 1H), 7.85-7.83 (d, J = 6.8
Hz, 1H), 7.35-7.33 (d, J = 8.4 Hz, 1H), 4.45 (m, 2H), 4.22 (q, 2H), 4.15 (s, 3H), 3.35
(m, 1H), 3.15 (m, 2H), 2.75 (t, 2H), 1.75 (m, 4H), 1.45 (m, 5H), 0.93 (t, 3H). ESI-MS

m/z 612.1 |:1\/H'H]+ calc. for C27H33N906S

(E)-3-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDphenyl]sulfonylamino]phenyl]prop-2-enehydroxamic acid (13g)

A solution of compound 12g (100 mg, 0.16 mmol) in HCI/1,4-dioxane (2.0 M, 10 mL)
was stirred at room temperature for 3 hours. Then, the reaction mixture was
concentrated and purified by preparative HPLC (method 1 described in supporting
information) to give compound 13g (47 mg, 53%). 'H NMR (MeOD, 400 MHz): & 8.25
(s, 1H), 7.91-7.88 (d, J = 10.8 Hz, 1H), 7.49-7.39 (m, 3H), 7.29-7.18 (m, 3H), 6.32-6.25
(d, J=15.6 Hz, 1H), 4.22 (q, 2H), 4.15 (s, 3H), 2.85 (t, 2H), 1.85 (m, 2H), 1.45 (t, 3H),

0.96 (t, 3H). ESI-MS m/z 553.0 [M+H]" calc. for CasHasNgOgS

5-(2-Ethoxy-5-nitro-phenyl)-1-methyl-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-7-one
(14)

To a solution of compound 8 (1.0 g, 3.21 mmol) in concentrated sulfuric acid (5 mL)
was added KNOs (324 mg, 3.21 mmol) in portions at 0 °C, then the reaction mixture
was stirred at 0 °C for 20 minutes. Then the mixture was poured into ice water and
extracted with EtOAc. The organic layer was washed with aqueous NaHCOj3 and brine,
dried over anhydrous Na,;SOy, filtered and concentrated to give compound 14 (1.10 g,

96%) as a white solid. 'H NMR (CDCl; 400 MHz): § 10.78 (s, 1H), 9.34 (s, 1H), 8.36-
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8.33 (m, 1H), 7.17-7.14 (d, J = 9.2 Hz, 1H), 4.45-4.40 (m, 2H), 4.29 (s, 3H), 2.98-2.95
(m, 2H), 1.93-1.86 (m, 2H), 1.69-1.59 (m, 3H), 1.07-1.04 (m, 3H). ESI-MS m/z 358

[M+H]" calc. for C17H;9NsOy4

5-(5-Amino-2-ethoxy-phenyl)-1-methyl-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-7-
one (15)

To a solution of compound 14 (700 mg, 1.961 mmol) in MeOH (20 mL) was added
Pd/C (0.5 g) at H, atmosphere (1 atm) and the mixture was stirred at room temperature
overnight. Then the mixture was filtered and the filtrate was concentrated to give the
crude compound 15 (605 mg, 94%) as a white solid which was used for the next step
directly. "H NMR (MeOD 400 MHz): & 7.47 (s, 1H), 6.98-6.96 (m, 1H), 6.91-6.88 (m,
1H), 4.23 (s, 3H), 4.16-4.11 (m, 2H), 2.89-2.85 (m, 2H), 1.86-1.77 (m, 2H), 1.45-1.41

(m, 3H), 1.02-0.98 (m, 3H). ESI-MS m/z 328 [M+H]" calc. for C;7HaNsO,

Tert-butyl 4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-
yDanilino|piperidine-1-carboxylate (16a)

To a solution of 15 (200 mg, 0.61 mmol) in anhydrous CH,Cl, (20 mL) were added
tert-butyl 4-oxopiperidine-1-carboxylate (145 mg, 0.73 mmol), AcOH (cat) and
NaBH(OAc); (259 mg, 1.22 mmol), and the mixture was stirred at room temperature
overnight. Then, the mixture was extracted with CH,Cl, and the organic layer was
washed with aqueous NaHCO; and brine, dried over anhydrous Na,SQ,, filtered and
concentrated to give the crude compound which was purified by preparative TLC to
give pure compound 16a (300 mg, 96%) as a yellow solid. ESI-MS m/z 511 [M+H]"
calc. for C,7H33NgO4. This intermediate was used in the next step without further

characterization.
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Tert-butyl 4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-
5-yDanilino|methyl]piperidine-1-carboxylate (16b)

To a solution of compound 15 (400 mg, 1.22 mmol) in anhydrous CH,Cl, (20 mL) were
added tert-butyl 4-formylpiperidine-1-carboxylate (311 mg, 1.46 mmol), AcOH (cat)
and NaBH(OAc); (519 mg, 2.44 mmol), and the mixture was stirred at room
temperature overnight. Then, the mixture was extracted with CH,Cl, and the organic
layer was washed with aqueous NaHCO; and brine, dried over anhydrous Na;SOs,
filtered and concentrated to give the crude compound which was purified by preparative
TLC to give pure compound 16b (450 mg, 70%) as a yellow solid. ESI-MS m/z 525
[M+H]" calc. for C,sH4NeO4. This intermediate was used in the next step without

further characterization.

Tert-butyl 4-[4-ethoxy-N-methyl-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-5-yl)anilino]piperidine-1-carboxylate (16¢)

Compound 16a (500 mg, 0.98 mmol) was dissolved in anhydrous CH,Cl, (30 mL) and
paraformaldehyde (132 mg, 1.471 mmol), AcOH (cat) and NaBH(OAc); (416 mg,
1.960 mmol) were sequentlialy added. Then, the mixture was stirred at 60 °C overnight
and extracted with CH,Cl,. The organic layer was washed with aqueous NaHCO3 and
brine, dried over anhydrous Na,SO, filtered and concentrated to give the crude
compound which was purified by preparative TLC to give pure compound 16¢ (288 mg,
56%) as a yellow oil. ESI-MS m/z 525 [M+H]" calc. for C,5H4N¢O4. This intermediate

was used in the next step without further characterization.
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5-|2-Ethoxy-5-(4-piperidylamino)phenyl]-1-methyl-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-7-one (17a)

A solution of compound 16a (300 mg, 0.59 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour and then concentrated to give compound 17a
(240 mg, 99%) as a white solid. ESI-MS m/z 411 [M+H]+ calc. for Cy»H;30NgO,. This

intermediate was used in the next step without further characterization.

5-[2-Ethoxy-5-(4-piperidylmethylamino)phenyl]-1-methyl-3-propyl-6 H-
pyrazolo[4,3-d|pyrimidin-7-one (17b)

A solution of compound 16b (450 mg, 0.86 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then, the reaction mixture was concentrated to
give the crude compound 17b (350 mg, 96%) as a yellow solid. ESI-MS m/z 425
[MJrH]+ calc. for Cp3H3;NgO,. This intermediate was used in the next step without

further characterization.

5-[2-Ethoxy-5-[methyl(4-piperidyl)amino]phenyl]|-1-methyl-3-propyl-6 H-
pyrazolo[4,3-d]pyrimidin-7-one (17¢)

A solution of compound 16¢ (288 mg, 0.55 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour and then concentrated to give compound 17¢ (220
mg, 94%) as a white solid. ESI-MS m/z 425 [M+H]" calc. for Ca3H3NgO,. This

intermediate was used in the next step without further characterization.

Methyl  3-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-

yDanilino]propanoate (18a)
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To a solution of compound 15 (500 mg, 1.53 mmol) in CH,Cl; (16 mL) under N, were
added methyl 3,3-dimethoxypropanoate (274 mg, 1.85 mmol), TFA (8 mL) and Et;SiH
(534 mg, 4.6 mmol) and the reaction mixture was stirred at room temperature overnight.
Then, the mixture was concentrated, diluted with H,O and adjusted pH to 7 with
aqueous NaHCOs. The solution was then extracted with CH,Cl, and the organic layer
was washed with brine, dried over anhydrous Na,SQOy, filtered and concentrated to give
compound 18a (620 mg, 98%). ESI-MS m/z 414 [M+H]+ calc. for Cy1Hy7N504. This

intermediate was used in the next step without further characterization.

Ethyl 4-[4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDanilino]cyclohexanecarboxylate (18b)

To a solution of compound 15 (350 mg, 1.07 mmol) in anhydrous CH,Cl, (20 mL) were
added ethyl 4-oxocyclohexanecarboxylate (218 mg, 1.28 mmol), AcOH (cat) and
NaBH(OAc); (454 mg, 2.14 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was extracted with CH,Cl, and the organic layer was
washed with aqueous NaHCO; and brine, dried over anhydrous Na,SOy,filtered and
concentrated to give the crude compound which was purified by preparative TLC to
give pure compound 18b (400 mg, 78%) as a yellow oil. ESI-MS m/z 482 [M+H]" calc.
for Cy6H3sNsO4. This intermediate was used in the next step without further

characterization.

Methyl 4-[4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino|-1-piperidyl]benzoate (18c)
To a solution methyl 4-(4-oxo-1-piperidyl)benzoate (Int. 6, synthesis described in

supporting information) (250 mg, 1.07 mmol) in CH,Cl, (20 mL) were added 15 (150

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

mg, 0.45 mmol) and AcOH (2 drop), and the solution was stirred at room temperature
for 2 hours. Then, NaBH(OAc); (391 mg, 1.85 mmol) was added to the solution and the
mixture was stirred at room temperature overnight. The mixture was quenched with
aqueous NaHCOj3 and extracted with CH,Cl,. The organic layer was washed with brine,
dried over anhydrous Na,SOys, filtered and concentrated to give the crude product which
was purified by column chromatography to give pure compound 18¢ (80 mg, 32%) as a
pale yellow solid. ESI-MS m/z 545.2 [MJrH]+ calc. for C3yH36NgOs4. This intermediate

was used in the next step without further characterization.

Ethyl 2-[4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]-1-piperidyl]pyrimidine-5-carboxylate (18d)

To a solution of compound 17a (240 mg, 0.58 mmol) in CH3CN (20 mL) were added
K,COs3 (161 mg, 1.17 mmol) and ethyl 2-chloropyrimidine-5-carboxylate (109 mg, 0.58
mmol), then the mixture was stirred at 40 °C overnight. After LC-MS showed the
starting material was consumed completely, the mixture was extracted with EtOAc and
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to give the
crude product which was purified by preparative TLC to give pure compound 18d (263
mg, 80%) as a yellow oil. ESI-MS m/z 561 [M+H]" calc. for CyH3¢NgO4. This

intermediate was used in the next step without further characterization.

Ethyl 2-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]methyl]-1-piperidyl]pyrimidine-5-carboxylate (18e)

To a solution of compound 17b (350 mg, 0.82 mmol) in CH3CN (20 mL) were added
K,CO3 (228 mg, 1.65 mmol) and ethyl 2-chloropyrimidine-5-carboxylate (154 mg, 0.82

mmol) and the mixture was stirred at 40 °C overnight. Then, the mixture was extracted
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with EtOAc and the organic layer was washed with brine, dried over anhydrous
Na,SQ,, filtered and concentrated to give the crude product which was purified by
preparative TLC to give pure compound 18e (392 mg, 83%) as a yellow solid. ESI-MS
m/z 575 [MJrH]+ calc. for Cs3oH3sNsO4. This intermediate was used in the next step

without further characterization.

Ethyl 2-|4-[4-ethoxy-/N-methyl-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-5-yl)anilino]-1-piperidyl]pyrimidine-5-carboxylate (18f)

To a solution of compound 17¢ (220 mg, 0.52 mmol) in CH3CN (20 mL) were added
K,COs3 (143 mg, 1.03 mmol) and ethyl 2-chloropyrimidine-5-carboxylate (97 mg, 0.52
mmol) and the mixture was stirred at 40 °C overnight. Then, the mixture was extracted
with EtOAc and the organic layer was washed with brine, dried over anhydrous
Na,S0,, filtered and concentrated to give the crude product which was purified by
preparative TLC to give pure compound 18f (250 mg, 84%) as a yellow solid. ESI-MS
m/z 575 [MJrH]+ calc. for Cs3oH33NsO4. This intermediate was used in the next step

without further characterization.

3-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]propanoic acid (19a)

To a solution of compound 18a (620 mg, 1.5 mmol) in THF/MeOH/H,0 (3:3:2, 32 mL)
was added LiOH-H,O (645 mg, 15 mmol). The resulting mixture was stirred at room
temperature overnight. Then the mixture was diluted with water and adjusted pH to 3-4
with 1 N HCI. The mixture was extracted with EtOAc and the organic layer was washed

with brine, dried over anhydrous Na,SOy, filtered and concentrated to give compound
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19a (580 mg, 96%) as a pale yellow oil. ESI-MS m/z 400 [M+H]" calc. for C;0H5N504.

This intermediate was used in the next step without further characterization.

4-14-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]|cyclohexanecarboxylic acid (19b)

To a solution of compound 18b (400 mg, 0.832 mmol) in MeOH/THF/H,0O (1:3:1, 15
mL) was added LiOH-H,0 (349 mg, 8.32 mmol) and the reaction mixture was stirred at
40 °C overnight. Then, the solution was concentrated and the residue was diluted with
H,0 and adjusted pH to 1-2 with 1 N HCI. Then, the mixture was extracted with EtOAc
and the organic layer was washed with brine, dried over anhydrous Na,SOy, filtered and
concentrated to give compound 19b (380 mg, 99% crude) as a yellow solid. ESI-MS
m/z 454 [MJrH]+ calc. for Cy4H3Ns50O4. This intermediate was used in the next step

without further characterization.

4-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]-1-piperidyl]benzoic acid (19¢)

To a solution of 18¢ (80 mg, 0.15 mmol) in THF/MeOH/H,0 (3:3:2, 8 mL) was added
LiOH-H,O (63 mg, 1.5 mmol) and the resulting mixture was stirred at room
temperature overnight. Then, the mixture was diluted with water and adjusted pH to 6~7
with 1 N HCI. The mixture was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SOy,, filtered and concentrated to afford the
desired product 19¢ (70 mg, 90%). ESI-MS m/z 531.2 [M+H]" calc. for CyH34NgO4.

This intermediate was used in the next step without further characterization.
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2-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]-1-piperidyl]pyrimidine-5-carboxylic acid (19d)

To a solution of compound 18d (263 mg, 0.47 mmol) in MeOH/THF/H,0O (1:3:1, 15
mL) was added LiOH-H,0 (197 mg, 4.70 mmol) and the reaction mixture was stirred at
40 °C overnight. Then, the mixture was concentrated, diluted with H,O and adjusted pH
to 1-2 with 1 N HCI. The solution was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated to give
compound 19d (230 mg, 92%) as a yellow solid. ESI-MS m/z 533 [M+H]" calc. for
Cy7H3,NgO4.  This intermediate was used in the next step without further

characterization.

2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]methyl]-1-piperidyl]pyrimidine-5-carboxylic acid (19e)

To a solution of compound 18e (392 mg, 0.68 mmol) in MeOH/THF/H,O (1:3:1, 15
mL) was added LiOH-H,0 (287 mg, 6.83 mmol) and the reaction mixture was stirred at
40 °C overnight. Then, the reaction mixture was concentrated, diluted with H,O and
adjusted pH to 1-2 with 1 N HCI. Then, the mixture was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give compound 19e (350 mg, 94%) as a red solid. ESI-MS m/z 547
[M+H]" calc. for CsH34NgOy4. This intermediate was used in the next step without

further characterization

2-|4-[4-Ethoxy-N-methyl-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-

d]pyrimidin-5-yl)anilino]-1-piperidyl]pyrimidine-5-carboxylic acid (19f)
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To a solution of compound 18f (250 mg, 0.43 mmol) in MeOH/THF/H,O (1:3:1, 15
mL) was added LiOH-H,O (193 mg, 4.60 mmol) and the reaction mixture was stirred at
40 °C overnight until LC-MS showed the starting material was consumed completely.
Then, the solution was concentrated, diluted with H,O and adjusted pH to 1-2 with 1 N
HCI. The mixture was extracted with EtOAc and the organic layer was washed with
brine, dried over anhydrous Na,SQO,, filtered and concentrated to give compound 19f
(220 mg, 93%) as a yellow solid. ESI-MS m/z 547 [MJrH]+ calc. for CosH34NgOy4. This

intermediate was used in the next step without further characterization.

3-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]-/V-tetrahydropyran-2-yloxy-propanamide (20a)

To a solution of 19a (580 mg, 1.45 mmol) in DMF (40 mL) were added EDC-HCI (560
mg, 2.9 mmol), HOBt (392 mg, 2.9 mmol), THPONH,; (340 mg, 2.9 mmol) and NMM
(505 mg, 5.0 mmol). The mixture was stirred at room temperature overnight, then
quenched with water and extracted with EtOAc. The organic layer was washed with
brine, dried over anhydrous Na,SOy, filtered and concentrated to give the crude product
which was purified by column chromatography to give pure compound 20a (630 mg,
87%) as pale yellow oil. ESI-MS m/z 499 [M+H]" calc. for C,sH34Ng¢Os. This

intermediate was used in the next step without further characterization.

4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]-/V-tetrahydropyran-2-yloxy-cyclohexanecarboxamide (20b)

To a solution of compound 19b (380 mg, 0.84 mmol) in DMF (10 mL) were added
EDC-HCI (322 mg, 1.68 mmol), HOBt (226 mg, 1.68 mmol), THPONH, (196 mg, 1.68

mmol) and NMM (254 mg, 2.51 mmol), and the mixture was stirred at room
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temperature overnight. Then, the solution was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na,;SOu,
filtered and concentrated to give the crude product which was purified by preparative
TLC to give pure compound 20b (120 mg, 26%) as a yellow oil. ESI-MS m/z 553
[MJrH]+ calc. for CyoHyoN¢Os. This intermediate was used in the next step without

further characterization.

4-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]-1-piperidyl]-V-tetrahydropyran-2-yloxy-benzamide (20c)

To a solution of 19¢ (70 mg, 0.13 mmol) in DMF (10 mL) were added EDC-HCI1 (50
mg, 0.26 mmol), HOBt (35 mg, 0.26 mmol), THPONH; (31 mg, 0.26 mmol) and NMM
(41 mg, 0.4 mmol) and the mixture was stirred at room temperature overnight. Then,
the mixture was quenched with water and extracted with EtOAc. The organic layer was
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to give the
crude product which was purified by preparative TLC to give compound 20¢ (50 mg,
61%) as a pale yellow solid. ESI-MS m/z 630.3 [M+H]+ calc. for Cs34H43N70Os. This

intermediate was used in the next step without further characterization.

2-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]-1-piperidyl]-V-tetrahydropyran-2-yloxy-pyrimidine-5-carboxamide
(204d)

To a solution of 19d (230 mg, 0.43 mmol) in DMF (10 mL) were added EDC-HCI (166
mg, 0.86 mmol), HOBt (117 mg, 0.86 mmol), THPONH, (102 mg, 0.86 mmol) and
NMM (131 mg, 1.30 mmol) and the mixture was stirred at room temperature overnight.

Then, the solution was quenched with water and extracted with EtOAc. The organic
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layer was washed with brine, dried over anhydrous Na,SQy, filtered and concentrated to
give the crude product which was purified by preparative TLC to give pure compound
20d (102 mg, 37%) as a yellow solid. ESI-MS m/z 632 [MJrH]+ calc. for C3oH41NgOs.

This intermediate was used in the next step without further characterization.

2-|4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-
yDanilino]|methyl]-1-piperidyl]-N-tetrahydropyran-2-yloxy-pyrimidine-5-
carboxamide (20¢)

To a solution of compound 19e (350 mg, 0.64 mmol) in DMF (10 mL) were added
EDC-HCI (246 mg, 1.28 mmol), HOBt (173 mg, 1.28 mmol), THPONH, (150 mg, 1.28
mmol) and NMM (194 mg, 1.92 mmol) and the mixture was stirred at room
temperature. Then, the solution was quenched with water and extracted with EtOAc.
The organic layer was washed with brine, dried over anhydrous Na,;SQOy, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
pure compound 20e (350 mg, 85%) as a yellow oil. ESI-MS m/z 646 [M+H]" calc. for
C33Ha3sN9Os. This intermediate was used in the next step without further

characterization.

2-|4-]4-Ethoxy-/N-methyl-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-5-yl)anilino]-1-piperidyl]-/V-tetrahydropyran-2-yloxy-pyrimidine-5-
carboxamide (20f)

To a solution of compound 19f (220 mg, 0.40 mmol) in DMF (10 mL) were added
EDC-HCI (155 mg, 0.80 mmol), HOBt (109 mg, 0.80 mmol), THPONH, (95 mg, 0.80
mmol) and NMM (122 mg, 1.20 mmol), and the mixture was stirred at room

temperature overnight until LC-MS showed the starting material was consumed
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completely. Then, the mixture was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
pure compound 20f (220 mg, 85%) as a yellow solid. ESI-MS m/z 646 [M+H]" calc. for
Cs3HasN9gOs. This intermediate was wused in the next step without further

characterization.

3-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]propanehydroxamic acid (21a)

A solution of compound 20a (300 mg, 0.6 mmol) in HCI/EtOAc (1.0 M, 40 mL) was
stirred at room temperature for 4 hours, then concentrated to give the crude compound
which was purified by preparative HPLC (method 1 described in supporting
information) to obtain pure compound 21a (41.2 mg, 16%) as white solid; ; m.p.: 150-
151 °C. '"H NMR (MeOD, 400 MHz):  7.75 (d, J = 2.8 Hz, 1H), 7.34-7.31 (m, 1H),
7.22 (d, J= 8.8 Hz, 1H), 4.28-4.20 (m, 5H), 3.65-3.59 (m, 2H), 2.90-2.86 (m, 2H), 2.52-
2.49 (m, 2H), 1.86-1.77 (m, 2H), 1.49-1.44 (m, 3H), 1.00 (t, /= 8 Hz, 3H). ESI-MS m/z

415.1 [M+H]" calc. for Co0HysNgO4

4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]cyclohexanecarbohydroxamic acid (21b)

A solution of compound 20b (120 mg, 0.217 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 21b (30 mg, 29%) as a white solid;

m.p.: 131.5-132.5 °C. '"H NMR (MeOD, 400 MHz): & 7.94 (s, 1H), 7.51-7.48 (m, 1H),
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7.33-7.31 (d, J = 8.8 Hz, 1H), 4.30-4.26 (m, 2H), 4.24 (s, 3H), 3.63-3.58 (m, 1H), 2.90-
2.86 (m, 2H), 2.40-2.39 (m, 1H), 2.05-2.00 (m, 4H), 1.86-1.83 (m, 4H), 1.81-1.79 (m,
2H), 1.50-1.47 (m, 3H), 1.02-0.98 (m, 3H). ESI-MS m/z 469.2 [M+H]" calc. for

C24H3,N6O4

4-4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDanilino]-1-piperidyl]benzenecarbohydroxamic acid (21c)

A solution of compound 20¢ (50 mg, 0.08 mmol) in HCI/EtOAc (1.0 M, 10 mL) was
stirred at room temperature for 1 hour. Then the mixture was concentrated to give the
crude product which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 21c¢ (14.6 mg, 32%) as a white solid;
m.p.: 196-197 °C. '"H NMR (DMSO, 400 MHz): & 11.86 (s, 1H), 10.92 (s, 1H), 8.90-
8.60 (m, 1H), 7.64-7.61 (m, 2H), 7.20-7.10 (m, 1H), 7.10-6.90 (m, 3H), 6.90-6.70 (m,
1H), 4.14 (s, 3H), 4.10-4.00 (m, 2H), 3.90-3.75 (m, 2H), 3.00-2.85 (m, 2H), 2.80-2.70
(m, 2H), 2.52-2.40 (m, 1H), 2.05-1.90 (m, 2H), 1.80-1.70 (m, 2H), 1.50-1.35 (m, 2H),

1.35-1.20 (m, 3H), 0.95-0.85 (m, 3H). ESI-MS m/z 546.2 [M+H]" calc. for C2oH3sN;0,

2-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDanilino]-1-piperidyl]pyrimidine-5-carbohydroxamic acid (21d)

A solution of compound 20d (102 mg, 0.16 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour, then concentrated to give the crude compound
which was purified by preparative HPLC (method 1 described in supporting
information) to obtain pure compound 21d (50 mg, 57%) as a white solid; m.p.: 131-
132 °C. "H NMR (MeOD, 400 MHz): & 8.67 (s, 2H), 7.94 (s, 1H), 7.51-7.49 (d, J = 8.4

Hz, 1H), 7.33-7.31 (d, J = 9.2 Hz, 1H), 4.98-4.95 (m, 2H), 4.30-4.26 (m, 2H), 4.23 (s,
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3H), 3.86-3.80 (m, 1H), 3.09-3.03 (m, 2H), 2.89-2.86 (m, 2H), 2.13-2.10 (m, 2H), 1.84-
1.79 (m, 2H), 1.63-1.61 (m, 2H), 1.50-1.47 (m, 3H), 1.01-0.98 (m, 3H). ESI-MS m/z

548.1 [M+H]" calc. for C27H33NoO4

2-4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-
yDanilino|methyl]-1-piperidyl]pyrimidine-5-carbohydroxamic acid (21e)

A solution of compound 20e (350 mg, 0.54 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then the solution was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 21e (190 mg, 62%) as a yellow solid;
m.p.: 158-159 °C. "H NMR (MeOD, 400 MHz): & 8.65 (s, 2H), 7.95 (s, 1H), 7.50-7.48
(d, J = 8.4 Hz, 1H), 7.30-7.27 (d, J = 9.2 Hz, 1H), 4.92-4.88 (m, 2H), 4.28-4.25 (m,
2H), 4.23 (s, 3H), 3.32-3.31 (m, 2H), 3.03-2.97 (m, 2H), 2.89-2.85 (m, 2H), 2.13 (s,
1H), 1.96-1.93 (m, 2H), 1.84-1.79 (m, 2H), 1.50-1.48 (m, 3H), 1.34-1.32 (m, 2H), 1.01-

0.98 (m, 3H). ESI-MS m/z 562.2 [M+H]" calc. for C25H35NoOy4

2-|4-[4-Ethoxy-N-methyl-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-5-yl)anilino]-1-piperidyl]pyrimidine-5-carbohydroxamic acid (21f)

A solution of compound 20f (220 mg, 0.34 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 21f (94 mg, 49%) as a red solid; m.p.:
101-102 °C. '"H NMR (MeOD, 400 MHz):  8.66 (s, 2H), 8.11 (s, 1H), 7.77-7.74 (m,
1H), 7.41-7.39 (d, J = 9.2 Hz, 1H), 5.05-5.01 (m, 2H), 4.32-4.27 (m, 2H), 4.24 (s, 3H),

4.08-4.01 (m, 1H), 3.37 (s, 3H), 3.31-2.96 (m, 2H), 2.89-2.85 (m, 2H), 2.16-2.13 (m,
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2H), 1.83-1.78 (m, 2H), 1.64-1.61 (m, 2H), 1.50-1.47 (m, 3H), 1.01-0.97 (m, 3H). ESI-

MS m/z 562.2 [M+H]" calc. for CogH3sNoOy

5-(2-Ethoxy-5-iodo-phenyl)-1-methyl-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-7-one

(22)

To a solution of 8 (10 g, 32 mmol) in TFA (50 mL) was added NIS (8.6 g, 38.4 mmol)
at 0 °C and the solution was stirred at room temperature overnight. Then, the mixture
was quenched with water and extracted with EtOAc. The organic layer was washed with
brine, dried over anhydrous Na,SOy, filtered and concentrated to give the crude product
which was purified by column chromatography to give compound 22 (11 g, 79%) as a
white solid. "H NMR (CDCls, 400 MHz): & 8.66-8.40 (m, 1H), 7.73-7.70 (m, 1H), 6.81-
6.70 (m, 1H), 4.40-4.10 (m, 5H), 3.00-2.85 (m, 2H), 1.95-1.75 (m, 2H), 1.60-1.50 (m,

3H), 1.10-1.00 (m, 3H). ESI-MS m/z 439.1 [M+H]" calc. for C;,H;5IN;0,

5-[5-(1,4-Dioxa-8-azaspiro[4.5]decan-8-yl)-2-ethoxy-phenyl]-1-methyl-3-propyl-
6H-pyrazolo[4,3-d|pyrimidin-7-one (23)

To a solution of compound 22 (1.7 g, 3.87 mmol) in toluene (10 mL) were added ¢-
BuOK (7.74 mL, 1.0 M, 7.74 mmol), Pdy(dba); (355 mg, 0.387 mmol), 1,4-dioxa-8-
azaspiro[4.5]decane (1.1 g, 7.74 mmol) and xantphos (671 mg, 1.16 mmol), and the
solution was heated to 120 °C for 1 hour with a microwave reactor. Then, the mixture
was quenched with water and extracted with EtOAc. The organic layer was washed with
brine, dried over anhydrous Na,SO,, filtered and concentrated to give the crude product
which was purified by column chromatography to give compound 23 (1.4 g, 80%) as a
yellow solid. '"H NMR (CDCls;, 400 MHz): & 8.09-8.07 (m, 1H), 7.15-7.05 (m, 1H),

7.00-6.90 (m, 1H), 4.27 (s, 3H), 4.26-4.20 (m, 2H), 4.05-3.95 (m, 4H), 2.40-2.25 (m,
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4H), 3.00-2.90 (m, 2H), 1.95-1.80 (m, 6H), 1.70-1.65 (m, 1H), 1.60-1.50 (m, 3H), 1.10-

1.00 (m, 3H). ESI-MS m/z 454.2 [M+H]" calc. for C,4H3;N504

5-[2-Ethoxy-5-(4-oxo0-1-piperidyl)phenyl]-1-methyl-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-7-one (24)

A solution of compound 23 (1.4 g, 3.1 mmol) in HCI (6.0 M in THF, 10 mL) was stirred
at 70 °C overnight. Then, the solution was concentrated to give the crude product which
was purified by column chromatography to obtain pure compound 24 (1.1 g, 85%) as
white solid. ESI-MS m/z 410.2 [M+H]" calc. for C;H7N50s. This intermediate was

used in the next step without further characterization.

5-12-Ethoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-methyl-3-
propyl-6 H-pyrazolo[4,3-d]pyrimidin-7-one (25)

A mixture of compound 22 (10 g, 22.82 mmol), 4,4,5,5-tetramethyl-2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (8.69 g, 34.23 mmol), KOAc
(6.72 g, 68.46 mmol) and Pd(dppf)Cl, (3.34 g, 4.56 mmol, 0.20 eq) in 1,4-dioxane (150
mL) was degassed and purged with N, for 3 times. Then, the mixture was stirred at 80-
100 °C for 48 hours under N, atmosphere. Then, the mixture was extracted with EtOAc
and the organic layer was dried over anhydrous Na,SOy, filtered and concentrated. The
crude product was purified by column chromatography to give compound 25 (9 g, 90%)
as a purple solid. ESI-MS m/z 439.2 [M+H]" calc. for C»3sH3;BN4O,, This intermediate

was used in the next step without further characterization.

[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-

ylD)phenyl]boronic acid (26)
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To a solution of compound 25 (6.00 g, 13.7 mmol) in acetone (60 mL) was added
NalO4 (3.51 g, 16.4 mmol) and NH4OAc (3.69 g, 47.9 mmol) and the mixture was
stirred at 25 °C for 16 hours. Then, the mixture was concentrated in vacuum and filtered
through a Glass funnel. The filtrate was concentrated to give compound 26 (3.50 g,
9.83 mmol, 71%) gray solid. ESI-MS m/z 357.7 [MJrH]+ calc. for C17H»;BN4O,. This

intermediate was used in the next step without further characterization.

Ethyl 2-[1-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]|pyrimidin-5-
yDphenyl]-4-piperidyl]acetate (27a)

To a solution of methyl 2-diethoxyphosphorylacetate (279 mg, 1.34 mmol) in THF (20
mL) was added NaH (54 mg, 60% in mineral oil, 1.34 mmol) at 0 °C and the mixture
was stirred at 0 °C for 1 hour. Then a solution of 24 (500 mg, 1.22 mmol) in THF (5
mL) was added at 0 °C and the reaction was stirred at room temperature overnight. The
mixture was quenched with aqueous NH4Cl and extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to
give the crude product which was purified by the column chromatography to give
intermediate ethyl 2-[1-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-5-yl)phenyl]-4-piperidylidenc]acetate (260 mg, 45%) as a white solid. 'H
NMR (CDCl3, 400 MHz): 6 8.07-8.06 (m, 1H), 7.09-7.05 (m, 1H), 7.05-6.95 (m, 1H),
5.75 (s, 1H), 4.40-4.10 (m, 7H), 3.40-3.25 (m, 4H), 3.25-3.15 (m, 2H), 3.00-2.90 (m,
2H), 2.55-2.50 (m, 2H), 1.95-1.70 (m, 2H), 1.60-1.50 (m, 4H), 1.35-1.20 (m, 3H), 1.10-
1.00 (m, 3H). ESI-MS m/z 480.2 [M+H]+ calc. for CysH33Ns504 To a solution of this
intermediate (140 mg, 0.29 mmol) in MeOH (40 mL) was added Pd/C (0.3 g) and the
solution was stirred at room temperature for 3 hours under H, atmosphere (1 atm).

Then, the solution was filtered and the filtrate was concentrated to give compound 27a
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(100 mg, 71%) as a white solid. '"H NMR (CDCls, 400 MHz): & 8.06-8.05 (m, 1H),
7.08-7.06 (m, 1H), 6.97-6.95 (m, 1H), 4.23-4.14 (m, 7H), 3.64-3.61 (m, 2H), 2.96-2.93
(m, 2H), 2.79-2.76 (m, 2H), 1.91-1.86 (m, 5SH), 1.64-1.54 (m, 5H), 1.30-1.27 (m, SH),

1.06-1.03 (m, 3H). ESI-MS m/z 482.2 [M+H]" calc. for C2H3sNsO4

Ethyl 3-[1-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-
yl)phenyl]-4-piperidyl]propanoate (27b)

To a solution of 26 (120 mg, 0.34 mmol), Cu(OAc), (127 mg, 0.7 mmol), Et;N (101
mg, 1.0 mmol) and 4A molecular sieves (400 mg) in anhydrous CH,Cl, (40 mL) was
added ethyl 3-(4-piperidyl)propanoate (75 mg, 0.4 mmol) under O, condition. Then, the
mixture was stirred at room temperature for 2 hours. Then the mixture was extracted
with CH,Cl, and the organic layer was washed with brine, dried over anhydrous
Na,S0,, filtered and concentrated to give the crude product which was purified by
preparative HPLC (method 1 described in supporting information) to give pure
compound 27b (15 mg, 9%). ESI-MS m/z 496.2 [MJrH]+ calc. for Cy7H37N504. This

intermediate was used in the next step without further characterization.

Ethyl 8-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]-8-azaspiro[4.5]decane-3-carboxylate (27¢)

To a solution of compound 26 (200 mg, 0.56 mmol), Cu(OAc), (217 mg, 1.2 mmol),
Et;N (152 mg, 1.5 mmol) and 4A molecular sieves (800 mg) in anhydrous CH,Cl, (65
mL) was added ethyl 8-azaspiro[4.5]decane-3-carboxylate (144 mg, 0.68 mmol) under
O, condition. Then, the mixture was stirred at room temperature for 3.5 hours. Then, the
mixture was extracted with CH,Cl, and the organic layer was washed with brine, dried

over anhydrous Na,SOy, filtered and concentrated to give the crude product which was
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purified by preparative TLC to give pure compound 27¢ (135 mg, 46%). ESI-MS m/z
522.1 [M+H]" calc. for C20H39NsO,. This intermediate was used in the next step without

further characterization.

Methyl  2-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-
yl)phenyl]-2-azaspiro[5.5]undecane-9-carboxylate (27d)

To a solution of compound 26 (200 mg, 0.56 mmol), Cu(OAc), (127 mg, 0.7 mmol),
Et;N (152 mg, 1.5 mmol) and 4A molecular sieves (200 mg) in anhydrous CH,Cl, (40
mL) was added methyl 2-azaspiro[5.5]undecane-9-carboxylate (Int. 7, synthesis
described in supporting information) (120 mg, 0.57 mmol) under O, condition. Then,
the mixture was stirred at room temperature for 2 hours. Then, the mixture was
extracted with CH,Cl, and the organic layer was washed with brine, dried over
anhydrous Na,SOy, filtered and concentrated to give the crude product which was
purified by preparative HPLC (method 1 described in supporting information) to give
pure compound 27d (62 mg, 21%). ESI-MS m/z 522.2 [MJrH]+ calc. for Cy9H39N504.

This intermediate was used in the next step without further characterization.

Ethyl 2-[2-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]-2,8-diazaspiro[4.5]decan-8-yl|pyrimidine-5-carboxylate (27e)

To a solution of compound 26 (356 mg, 1.0 mmol), Cu(OAc), (217 mg, 1.2 mmol),
Et;N (152 mg, 1.5 mmol) and 4A molecular sieves (600 mg) in anhydrous CH,Cl, (60
mL) was added tert-butyl 2,8-diazaspiro[4.5]decane-8-carboxylate (270 mg, 1.1 mmol)
under O, condition and then the mixture was stirred at room temperature for 1.5 hours.
Then, the mixture was extracted with CH,Cl, and the organic layer was washed with

brine, dried over anhydrous Na,;SOy, filtered and concentrated to give the crude product
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which was purified by preparative HPLC (method 1 described in supporting
information) to give pure intermediate tert-butyl 2-[4-ethoxy-3-(1-methyl-7-0x0-3-
propyl-6H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl]-2,8-diazaspiro[4.5]decane-8-

carboxylate (310 mg, 56%). ESI-MS m/z 551.3 [M+H]+ calc. for C30H4N¢O4. Then, a
solution of this intermediate (310 mg, 0.56 mmol) in HCI/EtOAc (1.0 M, 40 mL) was
stirred at room temperature for 2 hours and concentrated. Finally, the residue was
dissolved in CH3CN (60 mL) and K,CO; (194 mg, 1.4 mmol) was added. Then, ethyl 2-
chloropyrimidine-5-carboxylate (120 mg, 0.64 mmol) was added and the reaction
mixture was stirred at 60 °C overnight. The mixture was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
compound 27e (130 mg, 39%, 2 steps). ESI-MS m/z 601.2 [M+H]" calc. for
CspH4oNgO4. This intermediate was wused in the next step without further

characterization.

Ethyl 4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]|pyrimidin-5-
yl)phenoxy]cyclohexanecarboxylate (27f)

To a solution of compound 26 (1.0 g, 2.81 mmol) in anhydrous CH,ClI, (50 mL) were
added ethyl 4-hydroxycyclohexanecarboxylate (Int. 8, synthesis described in supporting
information) (500 mg, 2.91 mmol), Cu(OAc), (632 mg, 3.49 mmol), DMAP (71 mg,
0.58 mmol), Et;N (1.18 g, 11.6 mmol) and 4A molecular sieves (2.5 g), and the mixture
was stirred at room temperature for 3 hours under O, atmosphere. Then, the reaction
was quenched with water and filtered; the resulting mixture was extracted with CH,Cl,.
The organic layer was washed with brine, dried over anhydrous Na,;SQOy, filtered and

concentrated to give the crude compound which was purified by preparative HPLC
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(method 1 described in supporting information) to give pure compound 27f (440 mg,
31%) as a white solid. ESI-MS m/z 483 [M+H]" calc. for C2sH34N4Os. This intermediate

was used in the next step without further characterization.

Ethyl 4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]|pyrimidin-5-
yl)phenoxy|benzoate (27g)

To a solution of compound 26 (250 mg, 0.7 mmol) in CH,Cl, (50 mL) were added ethyl
4-hydroxybenzoate (83 mg, 0.5 mmol), Cu(OAc), (127 mg, 0.7 mmol), Et;N (253 mg,
2.5 mmol) and 4A molecular sieves (0.5 g). Then, the mixture was stirred at room
temperature overnight under O, protection. Then, the reaction mixture was filtered and
extracted with CH,Cl,. The organic layer was washed with brine, dried over anhydrous
Na,SQ,, filtered and concentrated to give the crude product which was purified by
preparative TLC to give pure compound 27g (115 mg, 48%) as yellow solid. ESI-MS
m/z 477.2 [M+H]+ calc. for CycHpsN4Os. This intermediate was used in the next step

without further characterization.

2-[1-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDphenyl]-4-piperidyl]acetic acid (28a)

To a solution of compound 27a (100 mg, 0.21 mmol) in THF/MeOH/H,0 (3:3:2, 8 mL)
was added LiOH-H,O (88 mg, 2.1 mmol) and the resulting mixture was stirred at room
temperature overnight. Then, the mixture was diluted with water and adjusted pH to 6~7
with 1 N HCI. The solution was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SO., filtered and concentrated to afford
compound 28a (90 mg, 95%). ESI-MS m/z 454.2 [M+H]+ calc. for Cp4H31N504. This

intermediate was used in the next step without further characterization.
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3-[1-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]-4-piperidyl]propanoic acid (28b)

To a solution of compound 27b (15 mg, 0.03 mmol) in MeOH/THF/H,0 (1:3:1, 15 mL)
was added LiOH-H,0 (22 mg, 0.5 mmol) and the reaction mixture was stirred at room
temperature overnight. Then, the reaction mixture was concentrated, diluted with H,O
and adjusted pH to 3 with 1 N HCL. Then, the solution was extracted with EtOAc and
the organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give compound 28b (15 mg, 99% crude). ESI-MS m/z 468.3 [M+H]"
calc. for C,sH33Ns04. This intermediate was used in the next step without further

characterization.

8-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yl)phenyl]-8-azaspiro[4.5]decane-3-carboxylic acid (28c)

To a solution of compound 27¢ (135 mg, 0.26 mmol) in MeOH/THF/H,O (1:3:1, 30
mL) was added LiOH-H,O (130 mg, 3 mmol) and the reaction mixture was stirred at
room temperature overnight. Then, the reaction mixture was concentrated, diluted with
H,0 and adjusted pH to 3-4 with 1 N HCI. Then, the solution was extracted with EtOAc
and the organic layer was washed with brine, dried over anhydrous Na,SOy, filtered and
concentrated to give compound 28¢ (120 mg, 93%). ESI-MS m/z 494.2 [M+H]" calc.
for Cy7H3sN504. This intermediate was used in the next step without further

characterization.

2-|4-Ethoxy-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-

yl)phenyl]-2-azaspiro[S.5]undecane-9-carboxylic acid (28d)
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To a solution of compound 27d (62 mg, 0.12 mmol) in MeOH/THF/H,O (1:3:1, 15 mL)
was added LiOH-H,O (86 mg, 2 mmol) and the reaction mixture was stirred at room
temperature overnight. Then, the mixture was concentrated, diluted with H,O and
adjusted pH to 3 with 1 N HCI. Then, the solution was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SOs, filtered and
concentrated to give compound 28d (48 mg, 79%). ESI-MS m/z 508.2 [M+H]" calc. for
CysH37N504. This intermediate was used in the next step without further

characterization.

2-[2-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-

yDphenyl]-2,8-diazaspiro[4.5]decan-8-yl]pyrimidine-5-carboxylic acid (28e)

To a solution of compound 27e (130 mg, 0.22 mmol) in MeOH/THF/H,O (1:3:1, 15
mL) was added LiOH-H,O (95 mg, 2.2 mmol) and the reaction mixture was stirred at
room temperature overnight. Then, the mixture was concentrated, diluted with H,O and
adjusted pH to 3 with 1 N HCI. Then, the solution was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude compound 28e (95 mg, 77%). ESI-MS m/z 573.2 [M+H]"
calc. for C;30H36NgO4. This intermediate was used in the next step without further

characterization.

4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenoxy]cyclohexanecarboxylic acid (28f)

To a solution of compound 27f (440 mg, 0.91 mmol) in MeOH/THF/H,O (1:3:1, 15
mL) was added LiOH-H,0 (384 mg, 9.13 mmol) and the reaction mixture was stirred at

room temperature overnight until LC-MS showed the starting material was consumed
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completely. Then, the reaction mixture was concentrated, diluted with H,O and
adjusted pH to 1-2 with 1 N HCI. Then, the solution was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SO., filtered and
concentrated to give compound 28f (400 mg, 96%) as a yellow solid. ESI-MS m/z 455
[MJrH]+ calc. for CpH3oN4Os. This intermediate was used in the next step without

further characterization.

4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenoxy]benzoic acid (28g)

To a solution of compound 27g (115 mg, 0.24 mmol) in MeOH/THF/H,O (3:1:3, 15
mL) was added LiOH-H,O (102 mg, 2.42 mmol) and the reaction mixture was stirred at
room temperature overnight until LC-MS showed the starting material was consumed
completely. Then, the reaction mixture was concentrated, diluted with H,O and
adjusted pH to 1-2 with 1 N HCI. Then, the solution was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SOs, filtered and
concentrated to give compound 28g (100 mg, 93%) as a yellow solid. ESI-MS m/z 449
[MJrH]+ calc. for Cp4Hp4N4Os. This intermediate was used in the next step without

further characterization.

2-[1-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]-4-piperidyl]-/NV-tetrahydropyran-2-yloxy-acetamide (29a)

To a solution of compound 28a (90 mg, 0.2 mmol) in DMF (10 mL) were added
EDC-HCI (77 mg, 0.4 mmol), HOBt (54 mg, 0.4 mmol), THPONH; (47 mg, 0.4 mmol)
and NMM (62 mg, 0.6 mmol) and the mixture was stirred at room temperature

overnight. Then, the reaction mixture was quenched with water and extracted with
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EtOAc. The organic layer was washed with brine, dried over anhydrous Na,;SOu,
filtered and concentrated to give the crude product which was purified by preparative
TLC to give compound 29a (70 mg, 64%) as a pale yellow solid. ESI-MS m/z 553.3
[MJrH]+ calc. for CyoHyoN¢Os. This intermediate was used in the next step without

further characterization.

3-[1-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]-4-piperidyl]-/N-tetrahydropyran-2-yloxy-propanamide (29b)

To a solution of compound 28b (15 mg, 0.03 mmol) in DMF (15 mL) were added
EDC-HCI (20 mg, 0.1 mmol), HOBt (14 mg, 0.1 mmol), THPONH, (12 mg, 0.1 mmol)
and NMM (16 mg, 0.15 mmol), and the mixture was stirred at room temperature
overnight. Then, the reaction mixture was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na;SOs,
filtered and concentrated to give compound 29b (22 mg, 99% crude). ESI-MS m/z 567.2
[MJrH]+ calc. for C30H4N¢Os. This intermediate was used in the next step without

further characterization.

8-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-

yD)phenyl]-N-tetrahydropyran-2-yloxy-8-azaspiro[4.5]decane-3-carboxamide (29c¢)
To a solution of compound 28¢ (120 mg, 0.24 mmol) in DMF (20 mL) were added
EDC-HCI (93 mg, 0.48 mmol), HOBt (65 mg, 0.48 mmol), THPONH, (56 mg, 0.48
mmol) and NMM (62 mg, 0.6 mmol), and the mixture was stirred at room temperature
overnight. Then, the reaction mixture was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na;SOs,

filtered and concentrated to give compound 29¢ (142 mg, 99%). ESI-MS m/z 593.2
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[M+H]" calc. for C3;HuNgOs. This intermediate was used in the next step without

further characterization.

2-|4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
ylD)phenyl]-/V-tetrahydropyran-2-yloxy-2-azaspiro[5.5]Jundecane-9-carboxamide
(294d)

To a solution of compound 28d (48 mg, 0.095 mmol) in DMF (15 mL) were added
EDC-HCI (39 mg, 0.2 mmol), HOBt (27 mg, 0.2 mmol), THPONH; (24 mg, 0.2 mmol)
and NMM (40 mg, 0.4 mmol), and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give compound 29d (52 mg, 90%). ESI-MS m/z 607.5 [M+H]" calc. for
Cs3Ha6NgOs. This intermediate was wused in the next step without further

characterization.

2-|2-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yl)phenyl]-2,8-diazaspiro[4.5]decan-8-yl]-/V-tetrahydropyran-2-yloxy-pyrimidine-
5-carboxamide (29¢)

To a solution of compound 28e (95 mg, 0.17 mmol) in DMF (30 mL) were added
EDC-HCI (68 mg, 0.35 mmol), HOBt (48 mg, 0.35 mmol), THPONH, (41 mg, 0.35
mmol) and NMM (61 mg, 0.6 mmol), and the mixture was stirred at room temperature
overnight. Then, the reaction mixture was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na;SOs,

filtered and concentrated to give compound 29e (100 mg, 87%). ESI-MS m/z 672.2
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[M+H]" calc. for C3sH4sNoOs. This intermediate was used in the next step without

further characterization.

4-14-Ethoxy-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenoxy]-/V-tetrahydropyran-2-yloxy-cyclohexanecarboxamide (29f)

To a solution of compound 28f (400 mg, 0.88 mmol) in DMF (10 mL) were added
EDC-HCI (338 mg, 1.76 mmol), HOBt (238 mg, 1.76 mmol), THPONH, (206 mg, 1.76
mmol) and NMM (267 mg, 2.64 mmol), and the mixture was stirred at room
temperature overnight. Then, the reaction mixture was quenched with water and
extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous
Na,SQq, filtered and concentrated to give the crude product which was purified by
preparative TLC to give pure compound 29f (400 mg, 82%) as a white solid. ESI-MS
m/z 554 [MJrH]+ calc. for Cy9H39NsOg. This intermediate was used in the next step

without further characterization.

4-14-Ethoxy-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenoxy]-/V-tetrahydropyran-2-yloxy-benzamide (29g)

To a solution of compound 28g (100 mg, 0.22 mmol) in DMF (10 mL) were added
EDC-HCI (86 mg, 0.45 mmol), HOBt (60 mg, 0.45 mmol), THPONH, (52 mg, 0.45
mmol) and NMM (68 mg, 0.67 mmol), and the mixture was stirred at room temperature
overnight. Then, the reaction mixture was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SOy,
filtered and concentrated to give the crude product which was purified by preparative

TLC to give pure compound 29g (82 mg, 67%) as a yellow solid. ESI-MS m/z 548
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[M+H]" calc. for C,0H33N50. This intermediate was used in the next step without

further characterization.

2-[1-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
ylD)phenyl]-4-piperidyl]ethanehydroxamic acid (30a)

A solution of compound 29a (70 mg, 0.13 mmol) in HCI/EtOAc (2.0 M, 10 mL) was
stirred at room temperature for 1 hour. Then, the solution was concentrated to give the
crude product which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 30a (22.9 mg, 35%) as a white solid;
m.p.: 196-197 °C. 'H NMR (MeOD, 400 MHz): & 8.19-8.17 (m, 1H), 7.84-7.80 (m,
1H), 7.40-7.36 (m, 1H), 4.35-4.15 (m, 5H), 3.75-3.65 (m, 4H), 2.90-2.80 (m, 2H), 2.35-
2.05 (m, 5H), 1.80-1.70 (m, 4H), 1.50-1.40 (m, 3H), 1.05-0.95 (m, 3H). ESI-MS m/z

469.2 [M+H]" calc. for C,4H3:NgOs.

3-[1-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]-4-piperidyl]propanehydroxamic acid (30b)

A solution of compound 29b (22 mg, 0.04 mmol) in HCI/EtOAc (1.0 M, 10 mL) was
stirred at room temperature for 1 hour and then concentrated to give the crude
compound which was purified by preparative HPLC (method 1 described in supporting
information) to obtain pure compound 30b (5.6 mg, 29%) as a white solid; m.p.: 168-
169 °C."H NMR (MeOD, 400 MHz): & 8.15 (s, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.36 (d, J
= 9.2 Hz, 1H), 4.31-4.25 (m, 2H), 4.24 (s, 3H), 3.73-3.70 (m, 2H), 3.63-3.57 (m, 2H),
2.90-2.86 (m, 2H), 2.22-2.18 (m, 4H), 1.82-1.79 (m, 2H), 1.72-1.67 (m, SH), 1.50-1.46

m, , 1.02-0. m, . - m/z . + calc. for Cy5H34NgO4
(m, 3H), 1.02-0.95 (m, 3H). ESI-MS m/z 483.2 [M H]+ Ic. for Co5H34NgO
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8-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]-8-azaspiro[4.5]decane-3-carbohydroxamic acid (30c)

A solution of compound 29¢ (142 mg, 0.24 mmol) in HCI/EtOAc (1.0 M, 25 mL) was
stirred at room temperature for 1 hour and then concentrated to give crude compound
which was purified by preparative HPLC (method 1 described in supporting
information) to obtain pure compound 30c (44.8 mg, 37%). 'H NMR (MeOD, 400
MHz): § 8.18 (d, J=2.4 Hz, 1H), 7.86-7.83 (m, 1H), 7.37 (d, J = 8.8 Hz, 1H), 4.31-4.26
(m, 2H), 4.23 (s, 3H), 3.67-3.65 (m, 4H), 2.90-2.86 (m, 2H), 2.80-2.74 (m, 1H), 2.00-
1.80 (m, 12H), 1.50-1.46 (m, 3H), 1.02-0.98 (m, 3H). ESI-MS m/z 509.2 [M+H]" calc.

for C27H36N604. Purity 98.56%.

2-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]-2-azaspiro[S.5]undecane-9-carbohydroxamic acid (30d)

A solution of compound 29d (52 mg, 0.086 mmol) in HCI/EtOAc (1.0 M, 20 mL) was
stirred at room temperature for 1 hour. Then, the reaction mixture was concentrated to
give the crude compound which was purified by preparative HPLC (method 1 described
in supporting information) to obtain pure compound 30d (7.8 mg, 17%) as a white
solid; m.p.: 117-118 °C. '"H NMR (MeOD, 400 MHz): & 8.05 (s, 1H), 7.71 (d, J = 7.6
Hz, 1H), 7.32 (d, J = 9.2 Hz, 1H), 4.29-4.24 (m, 5H), 3.58-3.51 (m, 4H), 2.91-2.87 (m,
2H), 2.14-1.83 (m, 5H), 1.81-1.79 (m, 2H), 1.69-1.66 (m, 4H), 1.57-1.56 (m, 2H), 1.49-

1.46 (m, SH), 1.00 (t, J = 7.2 Hz, 3H). ESI-MS m/z 523.3 [M+H]" calc. for CosHssNgOs

2-|2-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-

ylD)phenyl]-2,8-diazaspiro[4.5]decan-8-yl|pyrimidine-5-carbohydroxamic acid (30e)
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A solution of compound 29e (100 mg, 0.15 mmol) in HCI/EtOAc (1.0 M, 20 mL) was
stirred at room temperature for 2 hours. Then, the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 30e (15.4 mg, 17%) as yellow solid;
m.p.: 198-199 °C. '"H NMR (MeOD, 400 MHz): § 8.66 (s, 2H), 7.30 (m, 1H), 7.10 (m,
1H), 6.90 (m, 1H), 4.23-4.14 (m, 5H), 3.97 (m, 4H), 3.49 (m, 2H), 3.45-3.35 (m, 2H),
2.89 (m, 2H), 2.05 (m, 2H), 1.82-1.72 (m, 6H), 1.42 (m, 3H), 1.01 (m, 3H). ESI-MS m/z

588.3 [M+H]" calc. for C30H37NoOy. Purity 94.60%.

4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenoxy]cyclohexanecarbohydroxamic acid (30f)

A solution of compound 29f (200 mg, 0.36 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour and then the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 30f (57.3 mg, 34%) as a white solid;
m.p.: 181-182 °C. '"H NMR (MeOD, 400 MHz): & 7.60-7.58 (m, 1H), 7.14-7.09 (m,
2H), 4.57 (s, 2H), 4.22 (s, 3H), 4.19-4.16 (m, 2H), 2.91-2.87 (m, 2H), 2.24-1.60 (m,
10H), 1.47-1.44 (m, 3H), 1.03-0.99 (m, 3H). ESI-MS m/z 470.3 [M+H]" calc. for

C24H31N50s5

4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenoxy]benzenecarbohydroxamic acid (30g)

A solution of compound 29g (82 mg, 0.15 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the

crude compound which was purified by preparative HPLC (method 1 described in
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supporting information) to obtain pure compound 30g (35 mg, 50%) as a white solid;
m.p.: 163.5-164.5 °C. '"H NMR (MeOD, 400 MHz): & 7.76-7.74 (d, J = 8.4 Hz, 2H),
7.69 (s, 1H), 7.23 (s, 2H), 7.04-7.02 (d, J = 8.4 Hz, 2H), 4.28-4.24 (m, 2H), 4.21 (s,
3H), 2.85-2.81 (m, 2H), 1.79-1.72 (m, 2H), 1.51-1.47 (m, 3H), 0.97-0.93 (m, 3H). ESI-

MS m/z 464.2 [M+H]" calc. for Co4HasNsOs

5-(2-Ethoxy-5-hydroxy-phenyl)-1-methyl-3-propyl-6 H-pyrazolo[4,3-d]|pyrimidin-7-
one (31)

To a solution of compound 25 (4.39 g, 10 mmol) in H,O (50 mL) were added aqueous
NaOH (4.0 M, 13 mmol) and H,O, (494 mg, 13 mmol). The reaction mixture was
stirred at room temperature overnight. Then, Na,SO; solution was added and the
mixture was stirred for 2 hours. Then, the reaction mixture was extracted with EtOAc.
The organic phase was dried by Na,;SOy, filtered and concentrated to give compound 31
(2.0 g, 61%). ESI-MS m/z 329 [M+H]+ calc. for C17HyoN4O3. This intermediate was

used in the next step without further characterization.

Tert-butyl 4-[4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-
yDphenoxy]|piperidine-1-carboxylate (32)

To a solution of compound 31 (328 mg, 1 mmol) in anhydrous toluene (15 mL) were
added tert-butyl 4-hydroxypiperidine-1-carboxylate (Int. 9, synthesis described in
supporting information) (230 mg, 1.1 mmol), PPh; (316 mg, 1.2 mmol) and DEAD (225
mg, 1.2 mmol) and the reaction mixture was stirred at 110 °C for one hour. Then, the
reaction mixture was concentrated under vacuum and purified by column

chromatography to give the desired compound 32 (300 mg, 59%). ESI-MS m/z 512
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[M+H]" calc. for C,;H37NsOs. This intermediate was used in the next step without

further characterization.

5-[2-Ethoxy-5-(4-piperidyloxy)phenyl]|-1-methyl-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-7-one (33)

To a solution of compound 32 (205 mg, 0.4 mmol) in 1,4-dioxane (15 mL) was added
HCl/1,4-dioxane (4.0 M, 10 mL). The reaction mixture was stirred at room temperature
for 2 hours. Then the reaction mixture was concentrated to give compound 33 (150 mg
91%). ESI-MS m/z 412 [M+H]" calc. for C,H9NsOs. This intermediate was used in the

next step without further characterization.

Ethyl 2-[4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenoxy]-1-piperidyl]pyrimidine-5-carboxylate (34)

To a solution of compound 33 (120 mg, 0.3 mmol) in CH3CN (15 mL) were added
K;CO3 (138 mg, 1 mmol) and ethyl 2-chloropyrimidine-5-carboxylate (88 mg, 0.45
mmol). The solution was stirred at room temperature for 3 hours. Then, the mixture was
concentrated and purified by column chromatography to give compound 34 (150 mg,
90%) as a yellow solid. ESI-MS m/z 562 [MJrH]+ calc. for Cy9H35N7Os. This

intermediate was used in the next step without further characterization.

2-|4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenoxy]-1-piperidyl|pyrimidine-5-carboxylic acid (35)

To a solution of compound 34 (281 mg, 0.5 mmol) in THF/MeOH/H,O (10:1:3 mL)
was added LiOH-H,O (107 mg, 2.5 mmol) and the resulting mixture was stirred at room

temperature overnight. Then, the mixture was diluted with water and adjusted pH to 2-3
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with 1 N HCI. The solution was extracted with EtOAC and the combined organic phase
was concentrated to give compound 35 (150 mg, 56%). ESI-MS m/z 534 [M+H]" calc.
for CyH3N;Os. This intermediate was used in the next step without further

characterization.

2-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
ylD)phenoxy]-1-piperidyl]-N-tetrahydropyran-2-yloxy-pyrimidine-5-carboxamide
(36)

To a solution of compound 35 (200 mg, 0.37 mmol) in DMF (15 mL) were added
EDC-HCI (124 mg, 0.61 mmol), HOBt (82.2 mg, 0.61 mmol), THPONH,; (63.2 mg,
0.54 mmol) and NMM (251 mg, 2.5 mmol), and the mixture was stirred at room
temperature overnight. Then, the solution was extracted with EtOAc and the organic
layer was washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to
give the crude product which was purified by preparative HPLC (method 2 described in
supporting information) to give compound 36 (150 mg, 64%). ESI-MS m/z 633 [M+H]"
calc. for C3,H4oNgOg. This intermediate was used in the next step without further

characterization.

2-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenoxy]-1-piperidyl|pyrimidine-5-carbohydroxamic acid (37)

A solution of compound 36 (100 mg, 0.16 mmol) in HCI/1,4-dioxane (4.0 M, 5 mL)
was stirred at room temperature for 1 hour. Then, the reaction mixture was concentrated
to give the desired crude product which was purified by preparative HPLC (method 3
described in supporting information) to give compound 37 (40 mg, 46%). 'H NMR

(MeOD, 400 MHz): & 8.58 (s, 2H), 7.62 (s, 1H), 7.14 (m, 2H), 4.65 (m, 1H), 4.21 (m,
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7H), 3.84 (m, 2H), 2.88 (m, 2H), 2.05 (m, 2H), 1.82 (m, 4H), 1.47 (t, 3H), 0.99 (t, 3H).
BC NMR (DMSO-d6, 400MHz): & 14.7 (CHs), 15.5 (CHs), 22.6, 28.0, 31.1, 38.7
(NCH3), 482, 65.5 (CH20), 73.7, 115.3, 119.0, 124.3, 125.1, 138.7, 145.7, 150.0
(CO), 151.3, 154.5, 158.0, 162.1, 182.8 (CONHOH). ESI-MS m/z 549.3 [M+H]" calc.

for C27H32N805

5-(5-Bromo-2-ethoxy-phenyl)-1-methyl-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-7-
one (38)

To a solution of compound 8 (2 g, 6.41 mmol) in AcOH (30 mL) was added Br, (1.25 g,
7.69 mmol) slowly and the reaction mixture was stirred at room temperature overnight.
Then, Na,SO; (378 mg, 3 mmol) and water were added into the reaction and the mixture
was stirred at room temperature for 2 hours. Then, the solution was concentrated under
vacuum and extracted with EtOAc. The organic layer was washed by water, dried with
anhydrous Na,SO,, filtered and concentrated to give compound 38 (2 g, 80%). ESI-MS
m/z 391 [M+H]+ calc. for C;7H9BrN4O,. This intermediate was used in the next step

without further characterization.

Ethyl 4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yl)benzoate (39)

To a solution of compound 38 (350 mg, 0.897 mmol) in EtOH (30 mL) was added Et:N
(227 mg, 2.243 mmol) and Pd(dppf)Cl, (146 mg, 0.199 mmol) at CO atmosphere, then
the mixture was stirred at 80 °C overnight under CO protection. Then, the mixture was
filtered and concentrated and the residue was extracted with EtOAc. The organic phase
was washed with brine, dried over anhydrous Na,SQOy, filtered and concentrated to give

the crude product which was purified by preparative TLC to give the pure compound 39
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(254 mg, 74%) as a white solid. ESI-MS m/z 385 [M+H]+ calc. for Cy0H»4N4Oy4. This

intermediate was used in the next step without further characterization.

4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-yl)benzoic
acid (40)

To a solution of compound 39 (254 mg, 0.661 mmol) in MeOH/THF/H,O (1:3:1, 15
mL) was added LiOH-H,0 (278 mg, 6.61 mmol) and the reaction mixture was stirred at
40 °C overnight. Then, the mixture was concentrated, diluted with H,O and adjusted pH
to 1-2 with 1 N HCI. The mixture was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SOs, filtered and concentrated to give
compound 40 (220 mg, 94%) as a white solid. ESI-MS m/z 357 [M+H]" calc. for
CigHyoN4O4. This intermediate was wused in the next step without further

characterization.

4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]|pyrimidin-5-yl)-N-
tetrahydropyran-2-yloxy-benzamide (41)

To a solution of compound 40 (220 mg, 0.618 mmol) in DMF (10 mL) was added
EDC-HCI (237 mg, 1.236 mmol), HOBt (167 mg, 1.236 mmol), THPONH, (145 mg,
1.236 mmol) and NMM (187 mg, 1.854 mmol) and the mixture was stirred at room
temperature overnight. Then, the reaction was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na,;SOu,
filtered and concentrated to give the crude product which was purified by preparative
TLC to give pure compound 41 (140 mg, 50%) as a yellow solid. ESI-MS m/z 456
[MJrH]+ calc. for Cp3Hy9NsOs. This intermediate was used in the next step without

further characterization.
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4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)benzenecarbohydroxamic acid (42)

A solution of compound 41 (140 mg, 0.308 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 42 (85 mg, 74%) as a white solid;
m.p.: 204.5-205.5 °C. '"H NMR (DMSO, 400 MHz): & 8.99 (s, 1H), 8.01 (s, 1H), 7.90-
7.87 (m, 1H), 7.21-7.19 (d, J = 8.8 Hz, 1H), 4.19-4.13 (m, 2H), 4.16 (s, 3H), 2.80-2.76
(m, 2H), 1.79-1.70 (m, 2H), 1.34-1.31 (m, 3H), 0.96-0.92 (m, 3H). ESI-MS m/z 372.1

[MJrH]+ calc. for C1sH21N5O4

Ethyl 2-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]acetate (43a)

To a solution of compound 38 (500 mg, 1.28 mmol), Pdy(dba); (118 mg, 0.12 mmol)
and xantphos (147 mg, 0.25 mmol) in anhydrous THF (30 mL) was added bromo-(2-
ethoxy-2-oxo-ethyl)zinc (Int. 10, synthesis described in supporting information) (58.6
mmol in 20 mL of THF) under N, protection and the mixture was stirred at 80 °C
overnight. Then, the mixture was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SOs, filtered and concentrated to give the
crude product which was purified by preparative TLC to give pure compound 43a (270
mg, 53%) as a white solid. 'H NMR (CDCl3, 400 MHz): 6 11.10 (s, 1H), 8.35 (s, 1H),
7.41-7.38 (m, 1H), 7.02-7.00 (d, J = 8.4 Hz, 1H), 4.32-4.26 (m, 5H), 4.21-4.16 (m, 2H),
2.96-2.92 (m, 2H), 1.89-1.85 (m, 2H), 1.67-1.58 (m, 5SH), 1.30-1.27 (m, 3H), 1.06-1.02

(m, 3H). ESI-MS m/z 399 [M+H]" calc. for C»1HzgN;04
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Ethyl 3-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]propanoate (43b)

A mixture of compound 22 (100 mg, 0.23 mmol), ethyl acrylate (71 mg, 0.71 mmol),
tri-o-tolylphosphine (28 mg, 0.091 mmol) and Et;N (81 mg, 0.80 mmol) was heated in a
heavy-walled Pyrex tube at 100 °C overnight under N, protection. Then, the mixture
was extracted with EtOAc and the organic layer was washed with brine, dried over
anhydrous Na,SQOy, filtered and concentrated to give the crude compound which was
purified by preparative TLC to give pure intermediate ethyl (E)-3-[4-ethoxy-3-(1-
methyl-7-o0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-yl)phenyl |prop-2-enoate (85
mg, 90%) as a yellow solid. '"H NMR (CDCls, 400 MHz): & 10.97 (s, 1H), 8.56 (s, 1H),
7.72-7.68 (d, J = 16.0 Hz, 1H), 7.61-7.59 (d, J = 8.8 Hz, 1H), 7.04-7.02 (d, J = 8.8 Hz,
1H), 6.43-6.39 (d, J = 16.4 Hz, 1H), 4.32-4.26 (m, 4H), 4.25 (s, 3H), 3.46 (s, 2H), 1.90-
1.84 (m, 2H), 1.60-1.57 (m, 3H), 1.36-1.32 (m, 3H), 1.06-1.02 (m, 3H). ESI-MS m/z
411 [MJrH]+ calc. for CpHysN4O4. This compound (85 mg, 0.21 mmol) was then
dissolved in MeOH (10 mL) and Pd/C (30 mg) was added at H, atmosphere (1 atm).
Then the mixture was stirred at room temperature overnight. Then, the mixture was
filtered and the filtrate was concentrated to give the desired compound 43b (81 mg,
93%) as a yellow solid. ESI-MS m/z 413 [M+H]" calc. for CxH,sN4O4 This

intermediate was used in the next step without further purification.

Ethyl 2-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]methyl]piperazin-1-yl]pyrimidine-5-carboxylate (43c)
To a solution of compound 45 (400 mg, 1.176 mmol) in anhydrous toluene (20 mL) was

added tert-butyl piperazine-1-carboxylate (325 mg, 1.764 mmol) and Ti{OCH(CHs3),]4
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(500 mg, 1.764 mmol) and the mixture was stirred at room temperature for 90 minutes
under N, protection. Then, NaBH(OAc); (499 mg, 2.352 mmol) was added and the
mixture was stirred at room temperature overnight. Then, the mixture was extracted
with EtOAc three times and the organic layer was washed with brine, dried over
anhydrous Na,SQOy, filtered and concentrated to give the crude compound which was
purified by preparative TLC to obtain pure intermediate terz-butyl 4-[[4-ethoxy-3-(1-
methyl-7-oxo0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl |methyl]piperazine-1-

carboxylate (450 mg, 75%) as a white solid. ESI-MS m/z 511 [M+H]" calc. for
C27H33N6O4. Then, a solution of this intermediate (450 mg, 0.882 mmol) in HCI/EtOAc
(4.0 M, 10 mL) was stirred at room temperature for 1 hour. The mixture was
concentrated to give intermediate 5-[2-ethoxy-5-(piperazin-1-ylmethyl)phenyl]-1-
methyl-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-7-one (340 mg, 94%) as a white solid.
ESI-MS m/z 411 [MJrH]+ calc. for CyH39NgO». Finally, to a solution of this compound
(125 mg, 0.307 mmol) in CH3CN (20 mL) was added K,COs3 (85 mg, 0.614 mmol) and
ethyl 2-chloropyrimidine-5-carboxylate (57 mg, 0.307 mmol) and the mixture was
stirred at 60 °C overnight. Then, the mixture was extracted with EtOAc and the organic
layer was washed with brine, dried over anhydrous Na,SOj, filtered and concentrated to
give the crude product which was purified by preparative TLC to obtain pure compound
43¢ (150 mg, 87%) as a yellow solid. ESI-MS m/z 561 [M+H]" calc. for C29H36N3Os.

This intermediate was used in the next step without further characterization.

Ethyl 2-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
ylD)phenyl]methyl]-1-piperidyl]pyrimidine-5-carboxylate (43d)
To a solution of compound 38 (10.14 g, 26 mmol), Pdy(dba); (733 mg, 0.8 mmol),

xantphos (926 mg, 1.6 mmol) and Na,COs (6.4 g, 60 mmol) in 1,4-dioxane/H,0O (6:1,
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70 mL) was added freshly prepared tert-butyl 4-(9-borabicyclo[3.3.1]nonan-9-
ylmethyl)piperidine-1-carboxylate (Int. 9, synthesis described in supporting
information) (31 mmol in 62 mL of THF) and the mixture was heated at reflux
overnight. Then, the mixture was filtered and extracted with EtOAc. The organic layer
was washed with brine, dried over anhydrous Na,;SQy, filtered and concentrated to give
the crude compound which was purified by column chromatography to obtain pure
intermediate  tert-butyl  4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-
d]pyrimidin-5-yl)phenyl|methyl]piperidine-1-carboxylate (7.1 g, 53%) as a pale yellow
oil. ESI-MS m/z 454.1 [M-55] calc. for CysH39NsO4 Then, a solution of this
intermediate (500 mg, 0.982 mmol) in HCI/EtOAc (4.0 M, 5 mL) was stirred at room
temperature for 1 hour. Then, the mixture was concentrated to give intermedaiate 5-[2-
ethoxy-5-(4-piperidylmethyl)phenyl]-1-methyl-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-

7-one (400 mg, 99%) as a white solid. ESI-MS m/z 410 [MJrH]+ calc. for Cy3H;3N50,.
Finally, to a solution of this compound (400 mg, 0.978 mmol) in CH3;CN (20 mL) was
added K,COs (270 mg, 1.956 mmol) and ethyl 2-chloropyrimidine-5-carboxylate (182
mg, 0.978 mmol) and the mixture was stirred at 40 °C overnight. Then, the mixture was
extracted with EtOAc and the organic phase was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give the crude product which was
purified by preparative TLC to give pure compound 43d (450 mg, 82%) as a white
solid. ESI-MS m/z 560 [M+H]" calc. for C30H37N;O,. This intermediate was used in the

next step without further characterization.

Methyl 6-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-

5-yD)phenyl]jmethyl]-1-piperidyl]pyridine-3-carboxylate (43e)
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To a solution of intermediate 5-[2-ethoxy-5-(4-piperidylmethyl)phenyl]-1-methyl-3-
propyl-6 H-pyrazolo[4,3-d]pyrimidin-7-one (synthesis described in 43d) (200 mg, 0.489
mmol) in CH3CN (20 mL) was added K,CO; (135 mg, 0.978 mmol) and methyl 6-
chloronicotinate (100 mg, 0.587 mmol) and the mixture was stirred at 100 °C overnight.
Then, the mixture was extracted with EtOAc and the organic phase was washed with
brine, dried over anhydrous Na,SOy, filtered and concentrated to give the crude product
which was purified by preparative TLC to obtain pure compound 43e (150 mg, 56%) as
a white solid. ESI-MS m/z 545 [M+H]" calc. for C3H3sNgO,4. This intermediate was

used in the next step without further characterization.

Methyl 4-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-
5-yl)phenyljmethyl]-1-piperidyl]benzoate (43f)

To a solution of intermediate 5-[2-ethoxy-5-(4-piperidylmethyl)phenyl]-1-methyl-3-
propyl-6 H-pyrazolo[4,3-d]pyrimidin-7-one (synthesis described in 43d) (200 mg, 0.49
mmol) in CH,Cl, (15 mL) was added (4-methoxycarbonylphenyl)boronic acid (180 mg,
1 mmol), Cu(OAc); (90 mg, 0.5 mmol) and Et;N (260 mg, 2.5 mmol) and the mixture
was stirred at room temperature overnight under O,. Then, the reaction was quenched
with water and extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na,SQ,, filtered and concentrated to give the crude product which was
purified by column chromatography to obtain pure compound 43f (100 mg, 38%) as a
yellow solid. ESI-MS m/z 544.2 [M+H]" calc. for C3;H3;N50,. This intermediate was

used in the next step without further characterization.

Ethyl 3-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-

yl)phenyljmethyl]-1-piperidyl]propanoate (43g)
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Freshly prepared tert-butyl 4-(9-borabicyclo[3.3.1]nonan-9-ylmethyl)piperidine-1-
carboxylate (Int. 12, synthesis described in supporting information) (31 mmol in 62 mL
of THF) was added to a mixture of 38 (10.14 g, 26 mmol), Pd,(dba); (733 mg, 0.8
mmol), xantphos (926 mg, 1.6 mmol) and Na,CO; (6.4 g, 60 mmol) in 1,4-dioxane/H,O
(6:1, 70 mL). The resulting mixture was stirred at reflux overnight. Then the solution
was filtered and extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na,SOy, filtered and concentrated to give the crude compound which
was purified by column chromatography to give intermediate tert-butyl 4-[[4-ethoxy-3-
(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl Jmethyl]piperidine-
1-carboxylate (7.1 g, 45%) as a pale yellow oil. ESI-MS m/z 454.1 [M+H-C(CH;);]"
calc. for CygH39N504. This intermediate (500 mg, 0.98 mmol) was dissolved in
HCI/EtOAc (4.0 M, 5 mL) and stirred at room temperature for 1 hour. Then, the mixture
was concentrated to give corresponding deprotected amine 5-[2-ethoxy-5-(4-
piperidylmethyl)phenyl]-1-methyl-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-7-one (400
mg, 99%) as a white solid. MS m/z 410 [M+H]+ calc. for Cy4H3NsO4. Finally this
intermediate (240 mg, 0.59 mmol) was dissolved in CAN (15 mL) and ethyl prop-2-
enoate (180 mg, 1.8 mmol) and DIEA (290 mg, 2.24 mmol) were added. The mixture
was stirred at 80 °C overnight. Then, the mixture was quenched with water and
extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous
Na,SOy, filtered and concentrated to give the crude product which was purified by
preparative TLC to give compound 43g (100 mg, 34%) as a pale yellow solid. 'H NMR
(CDCls, 400 MHz): 6 8.14-8.13 (m, 1H), 7.18-7.15 (m, 1H), 6.93-6.90 (m, 1H), 4.26-
4.10 (m, 6H), 3.64 (s, 3H), 3.40 (s, 1H), 3.20-3.05 (m, 2H), 2.95-2.80 (m, 4H), 2.75-
2.60 (m, 2H), 2.60-2.50 (m, 2H), 2.35-2.15 (m, 2H), 1.90-1.50 (m, 10H), 1.05-0.95 (m,

3H). ESI-MS m/z 510.2 [M+H]" calc. for CasH3oNsO4

ACS Paragon Plus Environment

Page 102 of 160



Page 103 of 160

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

Ethyl 2-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]methyl]cyclohexyl]acetate (43h)

Freshly prepared ethyl 2-[4-(9-borabicyclo[3.3.1]nonan-9-ylmethyl)cyclohexyl]acetate
(Imt. 13, synthesis described in supporting information) (2.74 mmol in 10 mL of THF)
was added into a mixture of 22 (1.2 g, 2.74 mmol), Pd,(dba); (275 mg, 0.3 mmol),
xantphos (122 mg, 0.21 mmol) and Na,COj; (583 mg, 5.5 mmol) in 1,4-dioxane/H,O
(5:1, 24 mL). The resulting mixture was stirred at reflux overnight. Then, the mixture
was extracted with EtOAc and the organic layer was washed with brine, dried over
anhydrous Na,SQy, filtered and concentrated to give the crude compound which was
purified by column chromatography to give pure compound 43h (300 mg, 23%) as a
pale yellow oil. ESI-MS m/z 495.3 [M+H]" calc. for C,3H33N404. This intermediate was

used in the next step without further characterization.

Ethyl 4-|[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]methyl]cyclohexanecarboxylate (43i)

Freshly prepared ethyl 4-(9-borabicyclo[3.3.1]nonan-9-
ylmethyl)cyclohexanecarboxylate (Imt. 14, synthesis described in supporting
information) (3 mmol in 10 mL of THF) was added into a mixture of 22 (1 g, 2.3
mmol), Pdy(dba); (80 mg, 0.1 mmol), xantphos (122 mg, 0.2 mmol) and Na,CO; (668
mg, 6.3 mmol) in 1,4-dioxane/H,O (5:1, 24 mL) and the resulting mixture was stirred at
reflux overnight. Then the reaction mixture was filtered and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SOs, filtered and
concentrated to give the crude compound which was purified by column

chromatography to give pure compound 43i (400 mg, 36%) as a pale yellow oil. ESI-
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MS m/z 481.3 [M+H]" calc. for Cy7H3¢N4O4. This intermediate was used in the next step

without further characterization.

Methyl 3-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-
yl)phenyljmethyl]cyclopentanecarboxylate (43j)

Freshly prepared methyl 3-(9-borabicyclo[3.3.1]nonan-9-
ylmethyl)cyclopentanecarboxylate (Imt. 15, synthesis described in supporting
information) (5 mmol in 10 mL of THF) was added into a mixture of 22 (2.2 g, 5
mmol), Pd,(dba); (400 mg, 0.4 mmol), xantphos (600 mg, 1.0 mmol) and Na,COs (2.1
g, 19 mmol) in 1,4-dioxane/H,O (10:1, 44 mL). The resulting mixture was stirred at
reflux overnight. Then, the solution was filtered and extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to
give the crude compound which was purified by column chromatography to afford pure
compound 43j (600 mg, 27%) as a pale yellow oil. ESI-MS m/z 453.3 [M+H]" calc. for

CysH35N404. This intermediate was used in the next step without further purification.

Ethyl 2-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl|methyl]cyclopropanecarboxylate (43k)

n-BuLi (1.1 mL, 2.7 mmol, 2.5 M) was added to a stirred suspension of 22 (1.1 g, 2.5
mmol) in THF (40 mL) at -70 °C over a period of 10 minutes under N,. The resulting
solution was stired at -40 °C for 1 hour, and then ethyl 2-
formylcyclopropanecarboxylate (375 mg, 2.64 mmol, predominantly trans) in THF (10
mL) was added over a period of 5 minutes under N,. The resulting solution was stirred
at room temperature for 15 hours. Then, the reaction was quenched with aqueous NH4Cl

and extracted with EtOAc. The combined organic phase was washed with saturated
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brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The residue
was purified by column chromatography to give intermediate alcohol ethyl 2-[[4-
ethoxy-3-(1-methyl-7-oxo0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-yl)phenyl]-

hydroxy-methyl]cyclopropanecarboxylate (210 mg, 19%). ESI-MS m/z 455.1 [M+H]"
calc. for Cy4H39N4Os. Then this compound (210 mg, 0.46 mmol) was dissolved in TFA
(8 mL) and a solution of Et;SiH (8 mL) in CH,Cl, (8 mL) was added dropwise at 0 °C.
The reaction mixture was stirred at room temperature for another 10 hours. Then, the
solution was quenched by aqueous NaHCOj3 and extracted with CH,Cl,. The combined
organic phase was washed with saturated brine, dried over anhydrous Na,SOj, filtered
and concentrated to give compound 43k (135 mg, 67%). ESI-MS m/z 439.1 [M+H]"
calc. for CyH30N4O4. This intermediate was used in the next step without further

purification.

Ethyl 1-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]methyl]piperidine-4-carboxylate (431)

To a solution of compound 45 (250 mg, 0.736 mmol) in anhydrous CH,Cl, (30 mL)
were added ethyl piperidine-4-carboxylate (97 mg, 0.62 mmol), AcOH (cat) and
NaBH(OAc); (260 mg, 1.22 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was extracted with CH,Cl, and the organic layer was
washed with aqueous NaHCO; and brine, dried over anhydrous Na,SQy, filtered and
concentrated to give the crude compound which was purified by preparative TLC to
give pure compound 431 (150 mg, 42%) as a white solid. ESI-MS m/z 482 [M+H]" calc.
for CyH3sNsO4. This intermediate was used in the next step without further

characterization.
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Methyl 1-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl|methyl]azetidine-3-carboxylate (43m)

To a solution of compound 45 (1 g, 2.9 mmol) in anhydrous CH,Cl, (50 mL) were
added methyl azetidine-3-carboxylate (677 mg, 5.9 mmol), AcOH (cat) and
NaBH(OAc); (1 g, 4.7 mmol) and the mixture was stirred at room temperature
overnight until LC-MS showed the starting material was consumed completely. Then,
the mixture was extracted with CH,Cl, and the organic layer was washed with aqueous
NaHCOj; and brine, dried over anhydrous Na,SOy, filtered and concentrated to give the
crude compound which was purified by preparative TLC to give pure compound 43m
(0.8 g, 63%) as a white solid. ESI-MS m/z 440 [M+H]" calc. for Cy3H2oNsO,4. This

intermediate was used in the next step without further characterization.

Ethyl 2-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
ylD)phenyl]cyclopropanecarboxylate (430)

To a solution of ethyl 2-diethoxyphosphorylacetate (2.1 g, 9.5 mmol) in THF (60 mL)
was added NaH (0.48 g 60% in mineral oil, 12 mmol) at 0 °C and the solution was
stirred at 0 °C for 1 hour. Then a solution of compound 45 (3.2 g, 9.4 mmol) in THF (10
mL) was added at 0 °C and the mixture was stirred at room temperature overnight.
Then, the reaction was quenched with aqueous NH4Cl and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by column chromatography
to give intermediate ethyl (F)-3-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-
pyrazolo[4,3-d]pyrimidin-5-yl)phenyl]prop-2-enoate (3.1 g, 80%) as a white solid. ESI-
MS m/z 411.2 [MJrH]+ calc. for CyHN4O4. Then, trimethyloxosulphonium iodide

(1.85 g, 8.4 mmol) was added to a stirred suspension of NaH (340 mg 60% in mineral

ACS Paragon Plus Environment

Page 106 of 160



Page 107 of 160

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

oil, 8.4 mmol) in DMSO (50 mL) at 40 °C over a period of 15 minutes under N,. The
resulting solution was stirred at 40 °C for 1 hour, and then intermediate ethyl (E)-3-[4-
ethoxy-3-(1-methyl-7-oxo0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl|prop-2-

enoate (2.3 g, 5.6 mmol) in DMSO (10 mL) was added over a period of 10 minutes
under N,. The reaction mixture was stirred at 40 °C for another 12 hours. Then, the
reaction was quenched by ice slowly and extracted with EtOAc. The combined organic
phase was washed with saturated brine, dried over anhydrous Na,SQ,, filtered and
concentrated in vacuum. The residue was purified by column chromatography to give
pure compound 430 (1.82 g, 77%). 'H NMR (CDCls, 400 MHz): & 8.26-8.22 (m, 1H),
7.17-7.14 (m, 1H), 6.97-6.94 (m, 1H), 4.32-4.17 (m, 7H), 2.97-2.93 (m, 2H), 2.60-2.56
(m, 1H), 1.92-1.86 (m, 3H), 1.60-1.56 (m, 4H), 1.30-1.26 (m, 4H), 1.07-1.04 (m, 3H),

0.88 (m, IH) ESI-MS m/z 425.1 [M+H]+ calc. for C23H28N404

Ethyl 3-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]methyl]cyclobutanecarboxylate (43p)

Freshly prepared ethyl 3-(9-borabicyclo[3.3.1]nonan-9-
ylmethyl)cyclobutanecarboxylate (Imt. 17, synthesis described in supporting
information) (21.4 mmol in 40 mL of THF) was added to a mixture of 22 (7.82 g, 17.8
mmol), xantphos (2.55 g, 4.40 mmol), Pd,(dba); (1.63 g,1.78 mmol) and Na,COs; (5.67
g, 53.5 mmol) in 1,4-dioxane/H,O (10:1, 44 mL). The resulting mixture was stirred at
reflux overnight. Then, the reaction mixture was filtered and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude compound which was purified by column
chromatography to give pure compound 43p (4.5 g, 56%) as a pale yellow solid. 'H

NMR (CDCls, 400 MHz): & 11.13 (s, 1H), 8.22 (s, 1H), 7.23-7.21 (m, 1H), 6.96-6.94
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(m, 1H), 4.28 (s, 3H), 4.15-4.10 (m, 3H), 2.98-2.94 (m, 2H), 2.82-2.75 (m, 2H), 2.55-
2.53 (m, 1H), 2.37-2.32 (m, 2H), 1.90-1.87 (m, 2H), 1.60-1.57 (m, 5H), 1.28-1.25 (m,

5H), 1.07-1.04 (m, 3H). ESI-MS m/z 453.3 [M+H]" calc. for CsH3,N404

4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]|pyrimidin-5-
yl)benzonitrile (44)

To a solution of compound 22 (20.0 g, 46 mmol) in DMF (100 mL) were added
Zn(CN);, (10.6 g, 92 mmol) and Pd(PPhs), (5.1 g, 4.6 mmol) and the mixture was stirred
at 80 °C overnight under N, protection. Then, the mixture was extracted with EtOAc
and the organic layer was washed with brine, dried over anhydrous Na,SOy, filtered and
concentrated to give the crude compound which was purified by column
chromatography to give pure compound 44 (10 g, 67%) as a white solid. ESI-MS m/z
338 [MJrH]+ calc. for C;gH9NsO,. This intermediate was used in the next step without

further characterization.

4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)benzaldehyde (45)

To a solution of compound 44 (10 g, 29.6 mmol) in anhydrous CH,Cl, (120 mL) was
added DIBAL-H (34.8 mL, 1.0 M in toluene, 34.8 mmol) slowly at 0 °C, then the
mixture was stirred at room temperature overnight under N, protection until HPLC
showed the starting material was consumed completely. Then, the mixture was poured
into 2 N HCI, extracted with CH,Cl, and the organic layer was washed with brine, dried
over anhydrous Na,SQOys, filtered and concentrated to give the crude compound which

was purified by column chromatography to give pure compound 45 (1 g, 10%) as a
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white solid. ESI-MS m/z 341 [MJrH]+ calc. for C;gH,oN4Os3. This intermediate was used

in the next step without further characterization.

2-|4-Ethoxy-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]acetic acid (46a)

To a solution of compound 43a (270 mg, 0.68 mmol) in MeOH/THF/H,O (1:3:1, 15
mL) was added LiOH-H,0 (285 mg, 6.78 mmol) and the reaction mixture was stirred at
room temperature overnight. Then, the solution was concentrated, diluted with H,O and
adjusted pH to 1-2 with 1 N HCl. The mixture was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give compound 46a (230 mg, 92%) as a white solid. ESI-MS m/z 371
[M+H]" calc. for C;oH»N4O4. This intermediate was used in the next step without

further characterization.

3-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
y)phenyl]propanoic acid (46b)

To a solution of 43b (81 mg, 0.20 mmol) in MeOH/THF/H,0 (1:3:1, 15 mL) was added
LiOH-H,O (84 mg, 2.0 mmol) and the mixture was stirred at 40 °C overnight. Then, the
solution was concentrated, diluted with H,O and adjusted pH to 1-2 with 1N HCI. The
mixture was extracted with EtOAc and the organic layer was washed with brine, dried
over anhydrous Na,SQy, filtered and concentrated to give compound 46b (60 mg, 78%)
as a yellow solid. ESI-MS m/z 385 [M+H]" calc. for C,0H4N4O4. This intermediate was

used in the next step without further purification.
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2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl|methyl]piperazin-1-yl]pyrimidine-5-carboxylic acid (46¢)

To a solution of compound 43¢ (150 mg, 0.268 mmol) in MeOH/THF/H,O (1:3:1, 15
mL) was added LiOH-H,0O (112 mg, 2.68 mmol) and the reaction mixture was stirred at
room temperature overnight until LC-MS showed the starting material was consumed
completely. Then, the mixture was concentrated, diluted with HO and adjusted pH to
1-2 with 1 N HCI. Then, the solution was extracted with EtOAc and the organic layer
was washed with brine, dried over anhydrous Na,SOys, filtered and concentrated to give
compound 46¢ (130 mg, 91%) as a white solid. ESI-MS m/z 533 [M+H]" calc. for
Cy7H3,NgO4.  This intermediate was used in the next step without further

characterization.

2-|4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-
y)phenyljmethyl]-1-piperidyl]pyrimidine-5-carboxylic acid (46d)

To a solution of compound 43d (450 mg, 0.805 mmol) in MeOH/THF/H,0O (1:3:1, 15
mL) was added LiOH-H,0 (338 mg, 8.05 mmol) and the reaction mixture was stirred at
40 °C overnight until LC-MS showed the starting material was consumed completely.
Then, the mixture was concentrated, diluted with H,O and adjusted pH to 1-2 with 1 N
HCI. Then, the solution was extracted with EtOAc and the organic layer was washed
with brine, dried over anhydrous Na,SO,, filtered and concentrated to give compound
46d (400 mg, 94%) as a white solid. ESI-MS m/z 532 [M+H]" calc. for CagH33N;0;.

This intermediate was used in the next step without further characterization.

6-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-

yD)phenyl]methyl]-1-piperidyl]pyridine-3-carboxylic acid (46e)
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To a solution of compound 43e (150 mg, 0.276 mmol) in MeOH/THF/H,0O (1:3:1, 15
mL) was added LiOH-H,O (116 mg, 2.76 mmol) and the reaction mixture was stirred at
room temperature overnight until LC-MS showed the starting material was consumed
completely. Then, the mixture was concentrated, diluted with HO and adjusted pH to
1-2 with 1 N HCI. The solution was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated to give
compound 46e (130 mg, 89%) as a white solid. ESI-MS m/z 531 [M+H]" calc. for
CH34NgO4. This intermediate was used in the next step without further

characterization.

4-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyljmethyl]-1-piperidyl]benzoic acid (46f)

To a solution of compound 43f (100 mg, 0.18 mmol) in THF/MeOH/H,0 (1:3:1, 8 mL)
was added LiOH-H,O (76 mg, 1.8 mmol) and the mixture was stirred at room
temperature overnight. Then, the mixture was diluted with water and adjusted pH to 6-7
with 1 N HCI. The solution was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to afford the
desired product 46f (80 mg, 84%). ESI-MS m/z 530.2 [M+H]" calc. for C3H3sNsOs;.

This intermediate was used in the next step without further characterization.

3-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyljmethyl]-1-piperidyl]propanoic acid (46g)

To a solution of compound 43g (100 mg, 0.2 mmol) in THF/MeOH/H,0 (3:3:2, 8 mL)
was added LiOH-H,O (88 mg, 2 mmol) and the resulting mixture was stirred at room

temperature overnight. Then the mixture was diluted with water and adjusted pH to 6~7
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with 1 N HCIl. The mixture was extracted with EtOAc and the organic phase was
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to afford the
desired product 46g (100 mg, 99%). ESI-MS m/z 482.2 [M+H]+ calc. for CysH35N504.

This intermediate was used in the next step without further characterization.

2-|4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-
yl)phenyl]methyl]cyclohexyl]acetic acid (46h)

To a solution of compound 43h (300 mg, 0.61 mmol) in THF/MeOH/H,0 (3:3:2, 16
mL) was added LiOH-H,O (260 mg, 6.1 mmol) and the resulting mixture was stirred at
room temperature overnight. Then the mixture was diluted with water and adjusted pH
to 6~7 with 1 N HCI. The mixture was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to afford the
desired product 46h (260 mg, 91%). ESI-MS m/z 467.3 [MJrH]+ calc. for CysH34N4O4.

This intermediate was used in the next step without further characterization.

4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]jmethyl]cyclohexanecarboxylic acid (46i)

To a solution of 43i (400 mg, 0.84 mmol) in THF/MeOH/H,O (3:3:2, 16 mL) was
added LiOH-H,O (361 mg, 8.6 mmol) and the resulting mixture was stirred at room
temperature overnight. Then, the mixture was diluted with water and adjusted pH to 3~4
with 1 N HCI. The mixture was extracted with EtOAc and the organic layer was washed
with brine, dried over anhydrous Na,SO,, filtered concentrated and purified by
preparative TLC to afford the desired compound 46i (350 mg, 93%). ESI-MS m/z 453.3
[MJrH]+ calc. for CpsH3;N4O4. This intermediate was used in the next step without

further characterization.
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3-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]methyl]cyclopentanecarboxylic acid (46j)

To a solution of compound 43j (600 mg, 1.33 mmol) in THF/MeOH/H,0O (3:3:2, 16
mL) was added LiOH-H,O (560 mg, 13.3 mmol) and the resulting mixture was stirred
at room temperature overnight. Then, the mixture was diluted with water and adjusted
pH to 3~4 with 1 N HCI. The solution was extracted with EtOAc and the organic layer
was washed with brine, dried over anhydrous Na,SOs, filtered and concentrated to give
the crude compound which was purified by preparative TLC to afford the desired
product 46j (500 mg, 86%). ESI-MS m/z 439.2 [M+H]" calc. for Co4H30N4O4. This

intermediate was used in the next step without further purification.

2-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyljmethyl]cyclopropanecarboxylic acid (46Kk)

To a solution of compound 43k (135 mg, 0.31 mmol) in MeOH/THF/H,0O (1:3:1, 15
mL) was added LiOH-H,O (130 mg, 3 mmol) and the reaction mixture was stirred at
room temperature overnight. Then, the mixture was concentrated, diluted with H,O and
adjusted pH to 3-4 with IN HCI. The mixture was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give compound 46k (125 mg, 98%). ESI-MS m/z 411.1 [M+H]" calc.
for CpHysN4O4. This intermediate was used in the next step without further

purification.

1-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-

yD)phenyljmethyl]piperidine-4-carboxylic acid (46l)
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To a solution of compound 431 (150 mg, 0.31 mmol) in MeOH/THF/H,0O (1:3:1, 15
mL) was added LiOH-H,O (131 mg, 3.12 mmol) and the reaction mixture was stirred at
room temperature overnight. Then, the solution was concentrated, diluted with H,O and
adjusted pH to 1-2 with 1 N HCl. The mixture was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SOs, filtered and
concentrated to give compound 461 (130 mg, 92%) as a white solid. ESI-MS m/z 454
[MJrH]+ calc. for Cy4H3;N5O4. This intermediate was used in the next step without

further characterization.

1-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyljmethyl]azetidine-3-carboxylic acid (46m)

To a solution of compound 43m (800 mg, 1.8 mmol) in MeOH/THF/H,O (1:3:1, 15
mL) was added LiOH-H,O (763 mg, 18 mmol) and the mixture was stirred at room
temperature overnight. Then, the reaction mixture was concentrated, diluted with H,O
and adjusted pH to 1-2 with 1 N HCI. The solution was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give compound 46m (800 mg, 99% crude) as a white solid. ESI-MS m/z
426 [M+H]" calc. for C»H27NsO,. This intermediate was used in the next step without

further characterization.

3-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]cyclobutanecarboxylic acid (46n)

n-BuLi (2.6 mL, 6.5 mmol, 2.5 M) was added to a stirred suspension of compound 22
(2.63 g, 6.0 mmol) in THF (60 mL) at -70 °C over a period of 5 minutes under N,. The

resulting solution was stirred at -40 °C for 1 hour, and then tert-butyl 3-
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oxocyclobutanecarboxylate (Int. 16, synthesis described in supporting information) (1.1
g, 6.5 mmol) in THF (10 mL) was added over a period of 5 minutes under N,. The
resulting solution was stirred at room temperature for 15 hours. The reaction was
quenched with aqueous NH4Cl and then extracted with EtOAc. The combined organic
phase was washed with saturated brine, dried over anhydrous Na;SQy, filtered and
concentrated in vacuum. The residue was purified by column chromatography to give
pure intermediate fert-butyl 3-[4-ethoxy-3-(1-methyl-7-ox0-3-propyl-64-pyrazolo[4,3-
d]pyrimidin-5-yl)phenyl]-3-hydroxy-cyclobutanecarboxylate (830 mg, 29%). ESI-MS
m/z 483.2 [M+H]" calc. for Cy6H34N4Os. To a solution of this intermediate (700 mg,
1.45 mmol) in TFA (8 mL) was added a solution of Et;SiH (8 mL) in CH,Cl, (8 mL)
dropwise at 0 °C. The reaction mixture was stirred at room temperature for another 10
hours. Then, the reaction was quenched with aqueous NaHCO; slowly and extracted
with CH,Cl,. The combined organic phase was washed with saturated brine, dried over
anhydrous Na,SOy, filtered and concentrated to give compound 46n (512 mg, 86%).
ESI-MS m/z 411.1 [MJrH]+ calc. for CoHy6N4O4. This intermediate was used in the next

step without further characterization.

2-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]cyclopropanecarboxylic acid (460)

To a solution of compound 430 (1.82 g, 4.3 mmol) in MeOH/THF/H,0 (1:3:1, 60 mL)
was added LiOH-H,O (2.2 g, 52 mmol) and the reaction mixture was stirred at room
temperature overnight. Then the mixture was concentrated, diluted with H,O and
adjusted pH to 3-4 with 1 N HCI. The solution was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SO., filtered and

concentrated to give compound 460 (1.62 g, 95%). ESI-MS m/z 397.3 [M+H]" calc. for
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Cy1H24N4O4. This intermediate was used in the next step without further

characterization.

3-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyljmethyl]cyclobutanecarboxylic acid (46p)

To a solution of compound 43p (4.5 g, 9.94 mmol) in THF/MeOH/H,0 (3:3:2, 60 mL)
was added LiOH-H,0 (4.17 g, 99.4 mmol) and the resulting mixture was stirred at room
temperature overnight. Then, the mixture was diluted with water and adjusted pH to 3~4
with 1 N HCI. The solution was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated to afford
compound 46p (3.8 g, 90%) ESI-MS m/z 425.3 [M+H]" calc. for C,3sH2sN4O4. This

intermediate was used in the next step without further purification.

2-|4-Ethoxy-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl]-/V-tetrahydropyran-2-yloxy-acetamide (47a)

To a solution of compound 46a (115 mg, 0.31 mmol) in DMF (10 mL) were added
EDC-HCI (119 mg, 0.62 mmol), HOBt (84 mg, 0.62 mmol), THPONH, (73 mg, 0.62
mmol) and NMM (94 mg, 0.93 mmol) and the mixture was stirred at room temperature
overnight. Then, the solution was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
the desired 47a (116 mg, 79%) as a white solid. ESI-MS m/z 470 calc. for Cy4H3;NsOs.

This intermediate was used in the next step without further characterization.
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3-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]-N-tetrahydropyran-2-yloxy-propanamide (47b)

To a solution of compound 46b (60 mg, 0.156 mmol) in DMF (10 mL) were added
EDC-HCI (60 mg, 0.31 mmol), HOBt (42 mg, 0.31 mmol), THPONH, (36 mg, 0.31
mmol) and NMM (48 mg, 0.47 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
the corresponding 47b (60 mg, 80%) as a white solid. ESI-MS m/z 484 [M+H]" calc. for

C»sH33N50s. This intermediate was used in the next step without further purification.

2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]methyl]piperazin-1-yl]-/NV-tetrahydropyran-2-yloxy-pyrimidine-5-
carboxamide (47¢)

To a solution of compound 46¢ (130 mg, 0.244 mmol) in DMF (10 mL) was added
EDC-HCI (94 mg, 0.488 mmol), HOBt (66 mg, 0.488 mmol), THPONH, (57 mg, 0.488
mmol) and NMM (74 mg, 0.732 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to obtain
pure compound 47¢ (120 mg, 78%) as a white solid. ESI-MS m/z 632 [M+H]" calc. for
C3H4NoOs. 'H NMR (CDCls, 400 MHz): § 11.10 (s, 1H), 9.19 (s, 1H), 8.69 (s, 2H),
8.34 (s, 1H), 7.50-7.48 (d, J = 6.8 Hz, 1H), 7.03-7.01 (d, J = 8.4 Hz, 1H), 5.03 (s, 1H),
4.31-4.29 (m, 2H), 4.26 (s, 3H), 3.98-3.90 (m, 4H), 3.61 (s, 2H), 3.47 (s, 2H), 2.93-2.91

(m, 2H), 2.60-2.52 (m, 4H), 2.00-1.84 (m, 8H), 1.60-1.57 (m, 3H), 1.04-1.00 (m, 3H).
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2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]methyl]-1-piperidyl]-/V-tetrahydropyran-2-yloxy-pyrimidine-5-
carboxamide (47d)

To a solution of compound 46d (400 mg, 0.753 mmol) in DMF (10 mL) was added
EDC-HCI (289 mg, 1.507 mmol), HOBt (203 mg, 1.507 mmol), THPONH, (176 mg,
1.507 mmol) and NMM (228 mg, 2.259 mmol) and the mixture was stirred at room
temperature overnight. Then, the reaction was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na;SOu,
filtered and concentrated to give the crude product which was purified by preparative
TLC to obtain pure compound 47d (400 mg, 84%) as a white solid. ESI-MS m/z 631
[M+H]" calc. for C33H4NgOs. This intermediate was used in the next step without

further characterization.

6-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyljmethyl]-1-piperidyl]-/V-tetrahydropyran-2-yloxy-pyridine-3-
carboxamide (47e)

To a solution of compound 46e (130 mg, 0.245 mmol) in DMF (10 mL) was added
EDC-HCI (94 mg, 0.490 mmol), HOBt (66 mg, 0.490 mmol), THPONH, (58 mg, 0.490
mmol) and NMM (74 mg, 0.735 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to obtain

pure compound 47e (100 mg, 65%) as a white solid. ESI-MS m/z 630 [M+H]" calc. for
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C34H43N70s.  This intermediate was used in the next step without further

characterization.

4-4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-

yD)phenyl]methyl]-1-piperidyl]-/V-tetrahydropyran-2-yloxy-benzamide (47f)

To a solution of compound 46f (80 mg, 0.15 mmol) in DMF (10 mL) was added
EDC-HCI (60 mg, 0.3 mmol), HOBt (40 mg, 0.3 mmol), THPONH, (30 mg, 0.3 mmol)
and NMM (50 mg, 0.45 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to obtain
pure compound 47f (60 mg, 64%) as a pale yellow solid. ESI-MS m/z 629.2 [M+H]"
calc. for C35H44NgOs. This intermediate was used in the next step without further

characterization.

3-14-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-
yD)phenyl]methyl]-1-piperidyl]-/V-tetrahydropyran-2-yloxy-propanamide (47g)

To a solution of compound 46g (100 mg, 0.2 mmol) in DMF (10 mL) were added
EDC-HCI (77 mg, 0.4 mmol), HOBt (54 mg, 0.4 mmol), THPONH; (47 mg, 0.4 mmol)
and NMM (62 mg, 0.6 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give

the desired 47g (80 mg, 69%) as a pale yellow solid. ESI-MS m/z 581.3 [M+H]" calc.

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

for C3;H44NgOs. This intermediate was used in the next step without further

characterization.

2-|4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-
yDphenyljmethyl]cyclohexyl]-/V-tetrahydropyran-2-yloxy-acetamide (47h)

To a solution of compound 46h (260 mg, 0.56 mmol) in DMF (20 mL) were added
EDC-HCI (215 mg, 1.12 mmol), HOBt (151 mg, 1.12 mmol), THPONH, (131 mg, 1.12
mmol) and NMM (170 mg, 1.68 mmol) and the mixture was stirred at room temperature
overnight. Then, the mixture was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
the desired 47h (200 mg, 62%) as a pale yellow solid. ESI-MS m/z 566.3 [M+H]" calc.
for C3;H4sNsOs. This intermediate was used in the next step without further

characterization.

4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]methyl]-/V-tetrahydropyran-2-yloxy-cyclohexanecarboxamide (47i)

To a solution of compound 46i (350 mg, 0.77 mmol) in DMF (20 mL) were added
EDC-HCI (292 mg, 1.54 mmol), HOBt (207 mg, 1.54 mmol), THPONH, (180 mg, 1.54
mmol) and NMM (170 mg, 1.68 mmol) and the mixture was stirred at room temperature
overnight. Then, the solution was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
the desired 47i (200 mg, 47%) as a pale yellow solid. ESI-MS m/z 552.3 [M+H]" calc.

for C30H41N505.
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3-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyljmethyl]-N-tetrahydropyran-2-yloxy-cyclopentanecarboxamide (47j)

To a solution of compound 46j (500 mg, 1.14 mmol) in DMF (30 mL) were added
EDC-HCI (438 mg, 2.3 mmol), HOBt (310 mg, 2.3 mmol), THPONH; (269 mg, 2.3
mmol) and NMM (345 mg, 3.4 mmol) and the mixture was stirred at room temperature
overnight. Then, the solution was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
the desired 47j (300 mg, 50%) as a pale yellow solid. ESI-MS m/z 538.3 [M+H]" calc.
for CyH39Ns0s. This intermediate was used in the next step without further

purification.

2-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yl)phenyl]methyl]-/V-tetrahydropyran-2-yloxy-cyclopropanecarboxamide (47k)

To a solution of compound 46k (125 mg, 0.3 mmol) in DMF (20 mL) were added
EDC-HCI (97 mg, 0.5 mmol), HOBt (68 mg, 0.5 mmol), THPONH; (59 mg, 0.5 mmol)
and NMM (101 mg, 1.0 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the desired 47k (93 mg, 61%). ESI-MS m/z 510.2 [M+H]" calc. for

C»7H35N50s. This intermediate was used in the next step without further purification.

1-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-

yD)phenyl]methyl]-/V-tetrahydropyran-2-yloxy-piperidine-4-carboxamide (471)
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To a solution of compound 461 (130 mg, 0.287 mmol) in DMF (10 mL) were added
EDC-HCI (110 mg, 0.57 mmol), HOBt (77 mg, 0.57 mmol), THPONH, (67 mg, 0.57
mmol) and NMM (87 mg, 0.86 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO., filtered and
concentrated to give the crude product which was purified by preparative TLC to give
the compound 471 (110 mg, 70%) as a yellow solid. ESI-MS m/z 553 [M+H]" calc. for
CH4N6Os. This intermediate was used in the next step without further

characterization.

1-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDphenyl|methyl]-/V-tetrahydropyran-2-yloxy-azetidine-3-carboxamide (47m)

To a solution of compound 46m (400 mg, 0.94 mmol) in DMF (20 mL) were added
EDC-HCI (360 mg, 1.88 mmol), HOBt (254 mg, 1.88 mmol), THPONH, (220 mg, 1.88
mmol) and NMM (300 mg, 2.97 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
pure compound 47m (300 mg, 60%) as a yellow solid. ESI-MS m/z 525.3 [M+H]" calc.
for Cy7H36N¢Os. This intermediate was used in the next step without further

characterization.

2-|4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-

ylD)phenyl]-/V-tetrahydropyran-2-yloxy-cyclopropanecarboxamide (470)
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To a solution of compound 460 (1.62 g, 4.0 mmol) in DMF (60 mL) were added
EDC-HCI (1.54 g, 8 mmol), HOBt (1.08 g, 8 mmol), THPONH, (940 mg, 8 mmol) and
NMM (1.2 g, 12 mmol) and the mixture was stirred at room temperature overnight.
Then, the reaction was quenched with water and extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to
give the crude product which was purified by preparative TLC to give compound 470
(1.75 g, 88%). ESI-MS m/z 496.3 [M+H]+ calc. for CosH33N505. This intermediate was

used in the next step without further characterization.

2-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]ethanehydroxamic acid (48a)

Compound 47a (116 mg, 0.25 mmol) was dissolved in HCI/EtOAc (4.0 M, 5 mL) and
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 48a (12.2 mg, 13%) as a white solid;
m.p.: 159-160 °C. '"H NMR (MeOD, 400 MHz): 3 7.84 (s, 1H), 7.46-7.43 (m, 1H), 7.13-
7.10 (d, J = 8.4 Hz, 1H), 4.22-4.18 (m, 5H), 3.43 (s, 2H), 2.89-2.85 (m, 2H), 1.85-1.76
(m, 2H), 1.46-1.43 (m, 3H), 1.02-0.98 (m, 3H). ESI-MS m/z 386.2 [M+H]" calc. for

C19H23N504

3-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]propanehydroxamic acid (48b)

Compound 47b (60 mg, 0.124 mmol) was dissolved in HCI/EtOAc (4.0 M, 5 mL) and
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the

crude compound which was purified by preparative HPLC (method 1 described in
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supporting information) to obtain pure compound 48b (20 mg, 40%) as a red solid;
m.p.: 166-167 °C. '"H NMR (MeOD, 400 MHz) : § 7.75 (s, 1H), 7.37-7.36 (d, J = 6.8
Hz, 1H), 7.10-7.08 (d, J = 8.8 Hz, 1H), 4.23 (s, 3H), 4.20-4.17 (m, 2H), 2.96-2.87 (m,
4H), 2.42-2.39 (m, 2H), 1.86-1.77 (m, 2H), 1.46-1.42 (m, 3H), 1.03-0.99 (m, 3H). ESI-

MS m/z 400.1 [M+H]" cale. for CaoH,sNsO4

2-|4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDphenyl|methyl|piperazin-1-yl]pyrimidine-5-carbohydroxamic acid (48c¢)

A solution of compound 47¢ (120 mg, 0.19 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (Method 1 described in
supporting information) to obtain pure compound 48¢ (26.2 mg, 25%) as a white solid;
m.p.: 173-174 °C. ESI-MS m/z 548.3 [M+H]" calc. for Co;H33N9O4. '"H NMR (MeOD,
400 MHz): 6 8.74 (s, 2H), 8.03 (s, 1H), 7.68-7.66 (d, J = 8.4 Hz, 1H), 7.31-7.29 (d, J =
8.8 Hz, 1H), 5.05-4.91 (m, 4H), 4.42 (s, 2H), 4.30-4.27 (m, 2H), 4.24 (s, 3H), 3.39-3.35

(m, 4H), 2.90-2.86 (m, 2H), 1.86-1.77 (m, 2H), 1.49-1.46 (m, 3H), 1.02-0.98 (m, 3H).

2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl|methyl]-1-piperidyl]pyrimidine-5-carbohydroxamic acid (48d)

A solution of compound 47d (400 mg, 0.635 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (Method 1 described in
supporting information) to obtain pure compound 48d (150 mg, 43%) as a white solid;
m.p.: 185.5-186.5 °C. ESI-MS m/z 547.4 [M+H]" calc. for CysH3NgOs. 'H NMR

(DMSO, 400 MHz): & 11.93 (s, 1H), 11.06 (s, 1H), 8.63 (s, 2H), 7.46 (s, 1H), 7.28-7.26
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(d, J=8.4 Hz, 1H), 7.07-7.05 (d, J = 8.0 Hz, 1H), 4.70-4.67 (m, 2H), 4.14 (s, 3H), 4.11-
4.08 (m, 2H), 2.90-2.87 (m, 2H), 2.78-2.74 (m, 2H), 2.53-2.50 (m, 2H), 1.74-1.65 (m,

5H), 1.32-1.29 (m, 3H), 1.12-1.00 (m, 2H), 0.94-0.91 (m, 3H).

6-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]methyl]-1-piperidyl]pyridine-3-carbohydroxamic acid (48e)

A solution of compound 47e (100 mg, 0.159 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (Method 1 described in
supporting information) to obtain pure compound 48e (22.2 mg, 25%) as a white solid;
m.p.: 156.5-157.5 °C. ESI-MS m/z 546.3 [MJrH]+ calc. for CyoH3sN-O,. '"H NMR
(MeOD, 400 MHz): & 8.34 (s, 1H), 8.08-8.06 (d, J = 9.2 Hz, 1H), 7.74 (s, 1H), 7.35-
7.34 (d, J = 6.8 Hz, 1H), 7.21-7.18 (d, J = 9.6 Hz, 1H), 7.12-7.10 (d, J = 8.8 Hz, 1H),
4.32-4.28 (m, 2H), 4.23 (s, 3H), 4.22-4.18 (m, 2H), 3.18-3.12 (m, 2H), 2.91-2.87 (m,
2H), 2.65-2.63 (m, 2H), 2.13-1.79 (m, 5H), 1.47-1.44 (m, 3H), 1.40-1.35 (m, 2H), 1.02-

0.99 (m, 3H).

4-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl|methyl]-1-piperidyl|benzenecarbohydroxamic acid (48f)

A solution of compound 47f (60 mg, 0.09 mmol) in HCI/EtOAc (2.0 M, 10 mL) was
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the
crude product which was purified by preparative HPLC (Method 1 described in
supporting information) to obtain pure compound 48f (8.3 mg, 17%) as a white solid;
m.p.: 203-204 °C. ESI-MS m/z 545.2 [M+H]" calc. for C3pH3sN¢O4. '"H NMR (MeOD,

400 MHz): § 7.80-7.50 (m, 1H), 7.50-7.45 (m, 2H), 7.40-7.30 (m, 1H), 7.15-7.00 (m,
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3H), 4.30-4.15 (m, SH), 3.90-3.75 (m, 2H), 2.95-2.85 (m, 4H), 2.65-2.55 (m, 2H), 1.90-

1.70 (m, 5H), 1.50-1.30 (m, 5H), 1.05-0.95 (m, 3H).

3-14-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-
yl)phenyl]methyl]-1-piperidyl]propanehydroxamic acid (48g)

Compound 47g (80 mg, 0.13 mmol) was dissolved in HCI/EtOAc (2.0 M, 10 mL) and
stirred at room temperature for 1 hour. Then the mixture was concentrated to give the
crude product which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 48¢g (36.1 mg, 56%) as a yellow solid;
m.p.: 144-145 °C. '"H NMR (MeOD, 400 MHz): & 7.75-7.70 (m, 1H), 7.40-7.30 (m,
1H), 7.15-7.05 (m, 1H), 4.35-4.15 (m, 5H), 3.60-3.45 (m, 2H), 3.40-3.30 (m, 2H), 3.00-
2.75 (m, 4H), 2.65-2.50 (m, 4H), 1.95-1.65 (m, 5H), 1.60-1.40 (m, 5H), 1.05-0.95 (m,

3H). ESI-MS m/z 497.2 [M+H]" calc. for C2sH3sNgO4

2-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]|pyrimidin-5-
yl)phenyl]methyl]cyclohexyl]ethanehydroxamic acid (48h)

Compound 47h (200 mg, 0.35 mmol) was dissolved in HCI/EtOAc (2.0 M, 10 mL) and
the mixture was stirred at room temperature for 1 hour. Then, the solution was
concentrated to give the crude product which was purified by preparative HPLC
(method 1 described in supporting information) to obtain pure compound 48h (45 mg,
27%) as a white solid; m.p.: 165-166 °C. "H NMR (CDCls, 400 MHz):  8.15-8.14 (m,
1H), 7.25-7.15 (m, 1H), 6.95-6.91 (m, 1H), 4.35-4.15 (m, 5H), 3.05-2.85 (m, 2H), 2.63-
2.55 (m, 1H), 2.55-2.48 (m, 2H), 2.30-2.20 (m, 1H), 2.20-1.95 (m, 2H), 1.95-1.80 (m,
2H), 1.80-1.65 (m, 4H), 1.60-1.35 (m, 6H), 1.35-1.20 (m, 1H), 1.10-0.85 (m, 6H). ESI-

MS m/z 482.2 [M+H]" calc. for CagHssNsO4
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4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyljmethyl]cyclohexanecarbohydroxamic acid (48il and 48i2)

Compound 47i (100 mg, 0.18 mmol) was dissolved in HCI/EtOAc (2.0 M, 10 mL) and
stirred at room temperature for 1 hour. Then the solution was concentrated to give the
crude product which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compounds 48il (5.1 mg, 6.2%) and 48i2 (10.2
mg, 12%) as a white solids; m.p.: 176.5-177.5 °C and 209-210 °C. 48il: '"H NMR
(DMSO, 400 MHz): 6 11.92 (s, 1H), 10.33 (s, 1H), 8.60 (s, 1H), 7.44-7.43 (m, 1H),
7.28-7.25 (m, 1H), 7.07-7.05 (m, 1H), 4.15 (s, 3H), 4.10-4.08 (m, 2H), 2.80-2.70 (m,
2H), 2.60-2.50 (m, 3H), 1.80-1.60 (m, 5H), 1.50-1.30 (m, 6H), 1.30-1.20 (m, 3H), 1.00-
0.80 (m, 3H). ESI-MS m/z 468.2 [M+H]" calc. for CysH33NsO4. Purity: 99.40%. 48i2:
'H NMR (DMSO, 400 MHz): § 11.92 (s, 1H), 10.33 (s, 1H), 8.60 (s, 1H), 7.44-7.43 (m,
1H), 7.28-7.25 (m, 1H), 7.07-7.05 (m, 1H), 4.15 (s, 3H), 4.10-4.08 (m, 2H), 2.80-2.70
(m, 2H), 2.50-2.40 (m, 3H), 1.80-1.55 (m, 6H), 1.55-1.40 (m, 2H), 1.40-1.25 (m, 4H),

1.00-0.85 (m, SH). ESI-MS m/z 468.2 [M+H]" calc. for C,5H33N50,. Purity: 95.47%.

3-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyljmethyl]cyclopentanecarbohydroxamic acid (48j)

Compound 47j (300 mg, 0.56 mmol) was dissolved in HCI/EtOAc¢ (2.0 M, 10 mL) and
stirred at room temperature for 1 hour. Then, the solution was concentrated to give the
crude product which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 48j (16.4 mg, 7%) as a white solid;
m.p.: 102-103 °C. '"H NMR (DMSO, 400 MHz): & 11.95 (s, 1H), 10.36 (s, 1H), 7.45-

7.43 (m, 1H), 7.30-7.28 (m, 1H), 7.06-7.04 (m, 1H), 4.10-4.08 (m, 5H), 3.51-3.41 (m,
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2H), 3.36-3.35 (m, 1H), 2.79-2.75 (m, 2H), 2.60-2.50 (m, 2H), 1.76-1.71 (m, 6H), 1.33-
1.29 (m, 4H), 0.95-0.91 (m, 3H). ESI-MS m/z 454.2 [M+H]" calc. for CysHsNsO,.

Purity 98.89%

2-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]methyl]cyclopropanecarbohydroxamic acid (48k)

Compound 47k (93 mg, 0.183 mmol) was dissolved in HCI/EtOAc (1.0 M, 20 mL) and
stirred at room temperature for 2 hours. Then, the mixture was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain the desired compound 48k (32 mg, 41%). '"H NMR
(MeOD, 400 MHz): & 7.74 (s, 1H), 7.40 (d, J = 8.4 Hz, 1H), 7.11 (d, J = 8.8 Hz, 1H),
4.23-4.17 (m, 5H), 2.91-2.87 (m, 2H), 2.71-2.65 (m, 2H), 1.84-1.79 (m, 2H), 1.65 (m,
1H), 1.46-1.43 (m, 3H), 1.40-1.38 (m, 1H), 1.14 (m, 1H), 1.03-0.99 (m, 3H), 0.81 (m,

1H). ESI-MS m/z 426.2 [M+H]" calc. for C2H»NsO4

1-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyljmethyl]piperidine-4-carbohydroxamic acid (481)

A solution of compound 471 (110 mg, 0.199 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then, the solution was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 481 (26.7 mg, 29%) as a white solid;
m.p.: 167-168 °C. "H NMR (MeOD, 400 MHz): & 8.04 (s, 1H), 7.66-7.64 (d, J = 8.0 Hz,
1H), 7.29-7.27 (d, J = 9.2 Hz, 1H), 4.35 (s, 2H), 4.29-4.26 (m, 2H), 4.23 (s, 3H), 3.69-

3.57 (m, 2H), 3.06 (s, 2H), 2.89-2.80 (m, 2H), 2.42 (s, 1H), 2.00-1.94 (m, 4H), 1.85-
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1.76 (m, 2H), 1.49-1.45 (m, 3H), 1.02-0.98 (m, 3H). ESI-MS m/z 469.2 [M+H]" calc.

for C24H32N6O4

1-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDphenyljmethyl]azetidine-3-carbohydroxamic acid (48m)

A solution of compound 47m (300 mg, 0.57 mmol) in HCI/EtOAc (4.0 M, 15 mL) was
stirred at room temperature for 1 hour. Then, the reaction mixture was concentrated to
give the crude compound which was purified by preparative HPLC (method 1 described
in supporting information) to obtain pure compound 48m (14.3 mg, 6%) as a white
solid; m.p.: 132.5-133.5 °C. '"H NMR (DMSO, 400 MHz): § 12.07 (s, 1H), 10.81 (s,
1H), 10.54-10.40 (m, 1H), 7.73-7.61 (m, 1H), 7.60-7.58 (m, 1H), 7.22-7.20 (m, 1H),
4.39-4.14 (m, 2H), 4.14-4.01 (m, 9H), 3.41-3.37 (m, 1H), 2.79-2.75 (m, 2H), 1.77-1.70
(m, 2H), 1.33-1.30 (m, 3H), 0.96-0.92 (m, 3H). ESI-MS m/z 441.2 [M+H]" calc. for

CH2sN6O4

3-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]cyclobutanecarbohydroxamic acid (48n)

To a solution of compound 46n (512 mg, 1.25 mmol) in DMF (40 mL) were added
BOP (995 mg, 2.25 mmol), DIEA (413 mg, 3.2 mmol) and NH,OH-HCI (152 mg, 2.2
mmol) and the resulting mixture was stirred at 80 °C overnight. Then, the reaction was
quenched with water and extracted with EtOAc. The organic layer was washed with
brine, dried over anhydrous Na,SO,, filtered and concentrated to give the crude product
which was purified by preparative HPLC (method 1 described in supporting
information) to obtain pure compound 48n (320 mg, 60%) as a yellow solid; m.p.:

152.5-153.5 °C. '"H NMR (MeOD, 400 MHz): § 7.81-7.77 (m, 1H), 7.48-7.43 (m, 1H),
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7.15-7.12 (m, 1H), 4.23-4.18 (m, 5H), 3.80-3.48 (m, 1H), 3.02-2.96 (m, 1H), 2.91-2.87
(m, 2H), 2.50-2.44 (m, 2H), 2.41-2.39 (m, 2H), 1.85-1.79 (m, 2H), 1.47-1.42 (m, 3H),

1.03-0.99 (m, 3H). ESI-MS m/z 426.2 [M+H]" calc. for C2H7NsO4

2-|4-Ethoxy-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]cyclopropanecarbohydroxamic acid (480)

A solution of compound 470 (1.35 g, 2.7 mmol) in HCI/EtOAc (0.2 N, 50 mL) was
stirred at 0 °C for 3 hours. Then, the solution was concentrated to give the crude
compound which was purified by preparative HPLC (method 1 described in supporting
information) to obtain pure compound 480 (400 mg, 36%). 'H NMR (MeOD, 400
MHz): 6 7.63 (s, 1H), 7.30 (d, J = 8.4 Hz, 1H), 7.09 (d, J = 8.8 Hz, 1H), 4.23-4.16 (m,
5H), 2.89 (t, J = 7.6 Hz, 2H), 2.44 (m, 1H), 1.84-1.79 (m, 2H), 1.72-1.70 (m, 1H), 1.51
(m, 1H), 1.46-1.42 (m, 3H), 1.29 (m, 1H), 1.01 (t, J = 7.2 Hz, 3H). ESI-MS m/z 412.1

[M+H]" calc. for C5;HysNsOy

Ethyl 3-[4-[[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyljmethyl]phenyl]propanoate (49a)

To a solution of compound 25 (1.20 g, 2.74 mmol) in 1,4-dioxane (30 mL) were added
ethyl 3-[4-(bromomethyl)phenyl]propanoate (Int. 18, synthesis described in supporting
information) (670 mg, 2.48 mmol), K,CO;3 (1.13 g, 8.18 mmol in 2.0 mL water) and
Pd(PPh3)4 (287 mg, 0.25 mmol) and the mixture was stirred at 80 °C overnight under N,
protection. Then, the mixture was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to give the

crude compound which was purified by column chromatography to give pure compound
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49a (830 mg, 67%) as a yellow oil. ESI-MS m/z 503 [M+H]" calc. for C,0H34N4O4. This

intermediate was used in the next step without further characterization.

Methyl (E)-3-|4-|[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-
d]pyrimidin-5-yl)phenyl|methyl|phenyl]prop-2-enoate (49b)

To a solution of compound 25 (300 mg, 0.685 mmol) in 1,4-dioxane/H,0 (5:2, 28 mL)
were added methyl (E)-3-[4-(bromomethyl)phenyl]prop-2-enoate (190 mg, 0.75 mmol),
Pd(PPh3)4 (79 mg, 0.067 mmol) and K,COj; (284 mg, 2.06 mmol) and the mixture was
stirred at 85 °C for 1 hour under MW. Then, the reaction mixture was quenched with
water and extracted with EtOAc. The organic layer was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to give the crude product which was
purified by column chromatography to give compound 49b (200 mg, 60%) as a white
solid. ESI-MS m/z 487.2 [MJrH]+ calc. for CogH3oN4O4. This intermediate was used in

the next step without further characterization.

Ethyl 2-[4-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
ylD)phenyl]cyclohexyl]acetate (49c)

To a solution of compound 25 (500 mg, 1.14 mmol) in 1,4-dioxane (20 mL) were added
ethyl 2-[4-(trifluoromethylsulfonyloxy)cyclohex-3-en-1-yl]acetate (Imt. 19, synthesis
described in supporting information) (384 mg, 1.25 mmol), K,COs (473 mg, 3.42 mmol
in 2 mL water) and Pd(PPh;)4 (132 mg, 0.11 mmol) and the mixture was stirred at 80 °C
overnight under N, protection. Then, the reaction mixture was extracted with EtOAc
and the organic layer was washed with brine, dried over anhydrous Na,;SOy, filtered and
concentrated to give the crude compound which was purified by column

chromatography to give pure intermediate ethyl 2-[4-[4-ethoxy-3-(1-methyl-7-0x0-3-
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propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-yl)phenyl]cyclohex-3-en-1-yl]acetate (385 mg,
70%) as a white solid. '"H NMR (CDCls, 400 MHz): & 11.09 (s, 1H), 8.44 (s, 1H), 7.47-
7.45 (d, J = 8.8 Hz, 1H), 6.99-6.97 (d, J = 8.8 Hz, 1H), 6.10 (s, 1H), 4.29-4.15 (m, 7H),
2.98-2.94 (m, 3H), 2.52 (s, 2H), 2.36-2.35 (d, J = 7.2 Hz, 1H), 2.23-2.14 (m, 1H), 2.01-
1.82 (m, 5SH), 1.61-1.57 (m, 3H), 1.31-1.27 (m, 3H), 1.07-1.03 (m, 3H). ESI-MS m/z
479 [M+H]+ calc. for Cy7H34N404. To a solution of this intermediate (245 mg, 0.513
mmol) in MeOH (20 mL) was added Pd/C (150 mg) at H, atmosphere (1 atm) and the
mixture was stirred at room temperature for 1 hour until LC-MS showed the starting
material was consumed completely. Then the reaction mixture was filtered and the
filtrate was concentrated to give compound 49¢ (150 mg, 61%) as a white solid. ESI-
MS m/z 481 [MJrH]+ calc. for Cy7H36N4O4. This intermediate was used in the next step

without further characterization.

Methyl  6-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]pyridine-3-carboxylate (49d)

To a solution of compound 25 (300 mg, 0.68 mmol) in 1,4-dioxane/H,O (5:2, 28 mL)
were added methyl 6-chloropyridine-3-carboxylate (129 mg, 0.75 mmol), Pd(PPhs), (79
mg, 0.068 mmol) and K,CO; (284 mg, 2.06 mmol) and the solution was stirred at 85 °C
for 1 hour under MW. Then, the reaction mixture was quenched with water and
extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous
Na,SQ,, filtered and concentrated to give the crude product which was purified by
column chromatography to give compound 49d (150 mg, 49%) as a white solid. ESI-
MS m/z 448.2 [M+H]+ calc. for Cy4H,sNsO4. This intermediate was used in the next step

without further characterization.
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Methyl 5-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]pyridine-2-carboxylate (49e)

To a solution of compound 25 (300 mg, 0.68 mmol) in 1,4-dioxane /H,O (5:2, 28 mL)
were added methyl 5-bromopyridine-2-carboxylate (162 mg, 0.75 mmol), Pd(PPhs)4 (79
mg, 0.068 mmol) and K,CO3 (284 mg, 2.06 mmol) and the mixture was stirred at 85 °C
for 1 hour under MW. Then the reaction was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,
filtered and concentrated to give the crude product which was purified by column
chromatography to give compound 49e (170 mg, 56%) as a white solid. ESI-MS m/z
448 [M+H]" calc. for C,4HysNsO4. This intermediate was used in the next step without

further characterization.

Methyl  5-[4-ethoxy-3-(1-methyl-7-0x0-3-propyl-6H-pyrazolo[4,3-d|pyrimidin-5-
yDphenyl]furan-2-carboxylate (49f)

To a solution of compound 25 (300 mg, 0.68 mmol) in 1,4-dioxane/H,O (5:2, 28 mL)
were added methyl 5-bromofuran-2-carboxylate (Int. 20, synthesis described in
supporting information) (153 mg, 0.75 mmol), Pd(PPh;3)s (79 mg, 0.068 mmol) and
K,COs (284 mg, 2.06 mmol) and the mixture was stirred at 85 °C for 1 hour under MW.
Then, the reaction was quenched with water and extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to
give the crude product which was purified by column chromatography to give
compound 49f (140 mg, 48%) as a white solid. ESI-MS m/z 437.2 [M+H]" calc. for
CysH24N4Os. This intermediate was used in the next step without further

characterization.
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3-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl|methyl|phenyl]propanoic acid (50a)

To a solution of compound 49a (830 mg, 1.65 mmol) in MeOH/THF/H,0O (1:3:1, 15
mL) was added LiOH-H,0 (694 mg, 16.54 mmol) and the reaction mixture was stirred
at 40 °C overnight until LC-MS showed the starting material was consumed completely.
Then, the solution was concentrated, diluted with H,O and adjusted pH to 1-2 with 1 N
HCI. The mixture was extracted with EtOAc and the organic layer was washed with
brine, dried over anhydrous Na,SQO,, filtered and concentrated to give compound 50a
(780 mg, 99%) as a white solid. ESI-MS m/z 475 [M+H]" calc. for C,7H3N4O4. This

intermediate was used in the next step without further characterization.

(E)-3-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]methyl]phenyl]prop-2-enoic acid (50b)

To a solution of compound 49b (200 mg, 0.41 mmol) in THF/MeOH/H,0 (3:3:2, 16
mL) was added LiOH-H,O (172 mg, 4.1 mmol) and the resulting mixture was stirred at
room temperature overnight. Then the mixture was diluted with water and adjusted pH
to 6~7 with 1 N HCI. The solution was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to afford the
desired product 50b (180 mg, 93%). ESI-MS m/z 473.2 [M+H]" calc. for Cy7H,5N4O,.

This intermediate was used in the next step without further characterization.

2-[4-]4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
ylD)phenyl]cyclohexyl]acetic acid (50c¢)
To a solution of compound 49¢ (150 mg, 0.31 mmol) in MeOH/THF/H,O (1:3:1, 15

mL) was added LiOH-H,0 (130 mg, 3.10 mmol) and the reaction mixture was stirred at
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room temperature overnight. Then, the solution was concentrated, diluted with HO and
adjusted pH to 1-2 with 1 N HCl. The mixture was extracted with EtOAc and the
organic layer was washed with brine, dried over anhydrous Na,SOs, filtered and
concentrated to give compound 50¢ (130 mg, 92%) as a white solid. ESI-MS m/z 453
[MJrH]+ calc. for CpsH3;N4O4. This intermediate was used in the next step without

further characterization.

6-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]pyridine-3-carboxylic acid (50d)

To a solution of compound 49d (150 mg, 0.34 mmol) in THF/MeOH/H,0 (3:3:2, 16
mL) was added LiOH-H,O (143 mg, 3.4 mmol) and the resulting mixture was stirred at
room temperature overnight. Then the mixture was diluted with water and adjusted pH
to 6~7 with 1 N HCI. The mixture was extracted with EtOAc and the organic layer was
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to afford the
desired product 50d (110 mg, 75%). ESI-MS m/z 434.2 [MJrH]+ calc. for Cy3Hy3N504.

This intermediate was used in the next step without further characterization.

5-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]pyridine-2-carboxylic acid (50e)

To a solution of compound 49e (170 mg, 0.38 mmol) in THF/MeOH/H,O (3:3:2, 16
mL) was added LiOH-H,O (160 mg, 3.8 mmol) and the resulting mixture was stirred at
room temperature overnight. Then, mixture was diluted with water and adjusted pH to
6~7 with 1 N HCL The solution was extracted with EtOAc and the organic layer was

washed with brine, dried over anhydrous Na,SOy, filtered and concentrated to afford the
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desired product 50e (120 mg, 72%). ESI-MS m/z 434.2 [M+H]" calc. for C3sH3N50,.

This intermediate was used in the next step without further characterization.

5-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]furan-2-carboxylic acid (50f)

To a solution of compound 49f (140 mg, 0.32 mmol) in THF/MeOH/H,0O (3:3:2, 16
mL) was added LiOH-H,O (134 mg, 3.2 mmol) and the resulting mixture was stirred at
room temperature overnight. Then the solution was diluted with water and adjusted pH
to 6~7 with 1 N HCI. Then the mixture was extracted with EtOAc and the organic layer
was washed with brine, dried over anhydrous Na,SQ,, filtered and concentrated to
afford the desired product 50f (100 mg, 74%). ESI-MS m/z 423.2 [M+H]" calc. for
C»nHN4Os. This intermediate was used in the next step without further

characterization.

3-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]|pyrimidin-5-
yl)phenyl]methyl]phenyl]-/V-tetrahydropyran-2-yloxy-propanamide (51a)

To a solution of compound 50a (780 mg, 1.64 mmol) in DMF (10 mL) were added
EDC-HCI (634 mg, 3.30 mmol), HOBt (446 mg, 3.30 mmol), THPONH, (385mg, 3.30
mmol) and NMM (500 mg, 4.95 mmol) and the mixture was stirred at room temperature
overnight. Then the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
pure compound 51a (350 mg, 37%) as a white solid. ESI-MS m/z 574 [M+H]" calc. for
Cs;H39NsOs.  This intermediate was wused in the next step without further

characterization.
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(E)-3-[4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyljmethyl]phenyl]-/V-tetrahydropyran-2-yloxy-prop-2-enamide (51b)

To a solution of compound 50b (180 mg, 0.38 mmol) in DMF (20 mL) were added
EDC-HCI (150 mg, 0.76 mmol), HOBt (100 mg, 0.76 mmol), THPONH,; (95 mg, 0.81
mmol) and NMM (120 mg, 1.18 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
compound 51b (120 mg, 55%) as a pale yellow solid. ESI-MS m/z 572.2 [M+H]" calc.
for CsH37N50s. This intermediate was used in the next step without further

characterization.

2-|4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]cyclohexyl]-/V-tetrahydropyran-2-yloxy-acetamide (51c)

To a solution of compound 50c¢ (130 mg, 0.288 mmol) in DMF (10 mL) were added
EDC-HCI (110 mg, 0.57 mmol), HOBt (78 mg, 0.57 mmol), THPONH, (68 mg, 0.57
mmol) and NMM (87 mg, 0.86 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
pure compound 51c¢ (141 mg, 89%) as a white solid. ESI-MS m/z 552 [M+H]" calc. for
C30H41NsOs. This intermediate was used in the next step without further

characterization.
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6-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]-N-tetrahydropyran-2-yloxy-pyridine-3-carboxamide (51d)

To a solution of compound 50d (110 mg, 0.25 mmol) in DMF (20 mL) were added
EDC-HCI (96 mg, 0.5 mmol), HOBt (68 mg, 0.5 mmol), THPONH, (60 mg, 0.5 mmol)
and NMM (80 mg, 0.79 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
compound 51d (100 mg, 75%) as a pale yellow solid. ESI-MS m/z 533.2 [M+H]" calc.
for CysH3:NgOs. This intermediate was used in the next step without further

characterization.

5-[4-Ethoxy-3-(1-methyl-7-ox0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yD)phenyl]-/V-tetrahydropyran-2-yloxy-pyridine-2-carboxamide (51e)

To a solution of compound 50e (120 mg, 0.28 mmol) in DMF (20 mL) were added
EDC-HCI (107 mg, 0.56 mmol), HOBt (76 mg, 0.56 mmol), THPONH, (66 mg, 0.56
mmol) and NMM (85 mg, 0.84 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
compound 51e (100 mg, 68%) as a pale yellow solid. ESI-MS m/z 533.2 [M+H]" calc.
for CygH3,NgOs. This intermediate was used in the next step without further

characterization.
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5-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]-N-tetrahydropyran-2-yloxy-furan-2-carboxamide (51f)

To a solution of compound 50f (100 mg, 0.24 mmol) in DMF (20 mL) were added
EDC-HCI (92 mg, 0.48 mmol), HOBt (65 mg, 0.48 mmol), THPONH, (56 mg, 0.48
mmol) and NMM (73 mg, 0.72 mmol) and the mixture was stirred at room temperature
overnight. Then, the reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO, filtered and
concentrated to give the crude product which was purified by preparative TLC to give
compound 51f (80 mg, 64%) as a pale yellow solid. ESI-MS m/z 522.2 [M+H]" calc. for
Cy7H3NsOg. This intermediate was used in the next step without further

characterization.

3-14-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo|4,3-d|pyrimidin-5-
yD)phenyl]methyl]phenyl]propanehydroxamic acid (52a)

A solution of compound 51a (350 mg, 0.61 mmol) in HCI/1,4-dioxane (4.0 M, 5 mL)
was stirred at room temperature for 1 hour. Then, the mixture was concentrated to give
the crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 52a (88 mg, 29%) as a white solid;
m.p.: 190-191 °C. "TH NMR (DMSO, 400 MHz): 8 11.94 (s, 1H), 10.36 (s, 1H), 8.69 (s,
1H), 7.48 (s, 1H), 7.30-7.29 (m, 1H), 7.16-7.07 (m, 5H), 4.14 (s, 3H), 4.08-4.06 (d, 2H),
3.89 (s, 2H), 2.77-2.74 (m, 4H), 2.23-2.20 (m, 2H), 1.75-1.70 (m, 2H), 1.31-1.28 (m,

3H), 0.95-0.91 (m, 3H). ESI-MS m/z 490.2 [M+H]" calc. for Co7H3N5O,4

(E)-3-|4-[[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-

yD)phenyl]methyl]phenyl]prop-2-enehydroxamic acid (52b)
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A solution of compound 51b (120 mg, 0.21 mmol) in HCI/EtOAc (2.0 M, 10 mL) was
stirred at room temperature for 1 hour. Then the mixture was concentrated to give the
crude product which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 52b (24.3 mg, 23%) as a white solid;
m.p.: 185-186 °C. 'H NMR (DMSO, 400 MHz): § 11.92 (s, 1H), 10.71 (s, 1H), 8.99 (s,
1H), 7.51-7.49 (m, 3H), 7.49-7.47 (m, 1H), 7.47-7.28 (m, 3H), 7.09-7.07 (m, 1H), 6.42-
6.38 (m, 1H), 4.14-4.06 (m, 5H), 3.97 (s, 2H), 2.77-2.74 (m, 2H), 1.75-1.70 (m, 2H),

1.32-1.29 (m, 3H), 0.94-0.90 (m, 3H). ESI-MS m/z 488.1 [M+H]" cale. for C»;HNsO,

2-[4-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yD)phenyl]cyclohexyl]ethanehydroxamic acid (52¢)

A solution of compound S1¢ (141 mg, 0.256 mmol) in HCI/EtOAc (4.0 M, 5 mL) was
stirred at room temperature for 1 hour. Then the solution was concentrated to give the
crude compound which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 52¢ (11.0 mg, 9%) as a red solid;
m.p.: 156-157 °C. "H NMR (DMSO, 400 MHz): § 11.94 (s, 1H), 10.38 (s, 1H), 7.49 (s,
1H), 7.35 (m, 1H), 7.08 (m, 1H), 4.15-4.00 (m, 6H), 3.47 (m, 1H), 2.77 (m, 2H), 2.15-
2.00 (m, 2H), 1.75-1.50 (m, 10H), 1.30 (m, 3H), 0.94 (m, 3H). ESI-MS m/z 468.3

[M+H]" calc. for C,5H33NsO,. Purity 98.64%.

6-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl]pyridine-3-carbohydroxamic acid (52d)

A solution of compound 51d (100 mg, 0.19 mmol) in HCI/EtOAc (2.0 M, 10 mL) was
stirred at room temperature for 1 hour. Then, the solution was concentrated to give the

crude product which was purified by preparative HPLC (method 1 described in
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supporting information) to obtain pure compound 52d (11.1 mg, 13%) as a white solid;
m.p.: 210-211 °C. "H NMR (DMSO, 400 MHz): § 12.16 (s, 1H), 11.41 (s, 1H), 8.97 (s,
1H), 8.36-8.06 (m, 4H), 7.29-7.27 (m, 1H), 4.22-4.17 (m, SH), 2.81-2.77 (m, 2H), 1.78-
1.72 (m, 2H), 1.36-1.32 (m, 3H), 0.96-0.92 (m, 3H). ESI-MS m/z 449.1 [M+H]" calc.

for C23H24N604

5-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d|pyrimidin-5-
yDphenyl]pyridine-2-carbohydroxamic acid (52e¢)

A solution of compound S1e (100 mg, 0.19 mmol) in HCI/EtOAc (2.0 M, 10 mL) was
stirred at room temperature for 1 hour. Then, the solution was concentrated to give the
crude product which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 52e (14 mg, 16%) as a white solid;
m.p.: 182-183 °C. "H NMR (DMSO, 400 MHz): & 12.18 (s, 1H), 11.45 (s, 1H), 9.10 (s,
1H), 8.90 (s, 1H), 8.28-8.25 (m, 1H), 8.05-7.92 (m, 3H), 7.32-7.30 (m, 1H), 4.22-4.17
(m, 5H), 2.80-2.77 (m, 2H), 1.78-1.72 (m, 2H), 1.36-1.32 (m, 3H), 0.96-0.92 (m, 3H).

ESI-MS m/z 449.1 [M+H]" calc. for C,3H,4N¢O,. Purity 94.62%.

5-[4-Ethoxy-3-(1-methyl-7-0x0-3-propyl-6 H-pyrazolo[4,3-d]pyrimidin-5-
yDphenyl|furan-2-carbohydroxamic acid (52f)

A solution of compound 51f (80 mg, 0.15 mmol) in HCI/EtOAc (2.0 M, 10 mL) was
stirred at room temperature for 1 hour. Then, the mixture was concentrated to give the
crude product which was purified by preparative HPLC (method 1 described in
supporting information) to obtain pure compound 52f (13 mg, 20%) as a white solid;
m.p.: 126-127 °C. "H NMR (DMSO, 400 MHz): § 12.20 (s, 1H), 11.27 (s, 1H), 9.12 (s,

1H), 8.03-7.97 (m, 2H), 7.25-7.01 (m, 3H), 4.17-4.13 (m, 5H), 2.81-2.77 (m, 2H) , 1.77-
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1.71 (m, 2H), 1.32-1.29 (m, 3H), 0.96-0.92 (m, 3H). ESI-MS m/z 438.1 [M+H]" calc.

for C22H23N505

Biological Test Methods. In-vitro studies
Acetyl-Histone H3 Lysine 9 (H3K9ac) cellular detection assay (AlphaLisa

technology)

Briefly, 2000 cells (SH-SY5Y) were plated in a poly-D-lysine- treated 384-well plate.
Cells were incubated with different concentrations of compounds 4 and 1 during 2 h.
After incubation, the medium was removed and cells were lysed, histones were
extracted and histone carrying the acetylation mark was detected following the
manufacturer’s instructions (PerkinElmer; Cat number AL714 A/C kit assay). Signal of
acetylation mark was obtained after 18 h of dark incubation at room temperature and
was normalized by the unmodified histone signal and calculated as folds over basal

levels, considered as those obtained in the absence of assayed compounds.

HDACs and PDEs enzyme activity assays

HDACs enzyme activities were measured with a specific fluorescence-labelled substrate
(BPS Biosciences, Cat # 50037) after its deacetylation by HDACs. The fluorogenic
substrate, containing an acetylated lysine side chain, can be deacetylated and then
sensitized to subsequent treatment with the lysine developer, which produces a
fluorophore that can be measured with a fluorescence plate reader. Human HDACI1
(GenBank Accession No. NM_004964), full length, with C-terminal His-tag and C-
terminal Flag-tag, was obtained from BPS Biosciences (Cat. # 50051). Human HDAC2

(GenBank Accession No. NM_001527), full length, with C-terminal His-tag was
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obtained from BPS Biosciences (Cat. # 50002). Human HDAC3 (GenBank Accession
No. NM_003883), full length, with C-terminal His-tag and human NCOR2, N-terminal
GST-tag was obtained from BPS Biosciences (Cat. # 50003). Human HDACG6
(GenBank Accession number No. BC069243), full length with N-terminal GST tag was
obtained from BPS Biosciences (Cat. # 50006). 5 uL of vehicle or tested compound 10
x concentrated prepared in assay buffer (BPS Biosciences, Cat # 50031) were added in
black 96 well plates (final volume of 100 uL). The final percentage of DMSO was 1%.
5 uL of HDACI (4 pg/mL) or HDAC2 (15 pg/mL) or HDAC3 (10 pg/mL) or HDAC6
(36 nug/mL) enzyme in assay buffer was added (final HDAC1, HDAC2, HDAC3 and
HDACG6 concentration of 0.4 pg/mL, 1.5 pg/mL, 0.1 pg/mL and 3.6 ug/mL
respectively) and the reaction was started by the addition of 40 pL of reaction mixture
containing 0.125 mg/mL BSA (final concentration of 0.1 mg/mL) and 12.5 pM of
fluorogenic HDACs substrate (final concentration of 10 pM). The reaction was
incubated for 30 min at 37°C. After incubation, the reaction was stopped with 50 pL of
lysine assay developer (BPS Biosciences, Cat # 50030). After incubation during 20
minutes at room temperature, the fluorescence of each well was measured at 355nm
excitation and 460nm emission in a Mithras plate reader (Berthold). Positive control
was obtained in the presence of the vehicle of the compounds. Negative control was
obtained in the absence of HDAC enzyme activity. A best fit curve was fitted using
GraphPad Prism 5 to derive the half maximal inhibitory concentration (ICsp) from this

curve.

PDESA and PDE9A enzyme activity was measured with the HTRF cGMP assay kit
from CisBio (CisBio, Cat.#62GM2PEB), which determines the amount of cGMP
present in the reaction. Human PDES5SA1 (GenBank Accession No. NM 001083) or

human PDE9A isoform b (GenBank Accession No. NM_001083), full length, with N-
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terminal GST tag was obtained from BPS Biosciences (Cat. # 60050 or # 60090). 2.5
nL of vehicle or tested compound 4 x concentrated prepared in assay buffer (50 mM
Tris-HCI, 6 mM MgCl,, pH 7.4) were added in 384 well plates (final volume of 20 pL).
The final percentage of DMSO was 0.5%; 2.5 uL of PDESA (7 pg/mL) or of PDE9A
(0.2 pg/mL) enzyme in assay buffer was added (final PDESA concentration 1.75 pg/mL
or final PDE9A concentration 0.05 pg/mL) and the reaction was started by the addition
of 5 uL of substrate cGMP (4 x concentrated) to a final concentration of 100 nM cGMP.
The reaction was incubated for 30 min at 37°C. After incubation, the reaction was
stopped with 5 uL of cGMP-D2 (¢cGMP labelled with the dye D2) and 5 pL of Mab
anti-cGMP labelled with cryptate (cGMP-cryptate). After incubation during 1 hour at
room temperature, the fluorescence of each well was measured at 665nm excitation and
620nm emission in an Envision plate reader (PerkinElmer) and the results were
expressed as the 665 nm/ 620nm ratio. Positive control was obtained in the presence of
the vehicle of the compounds. Negative control was obtained in the absence of cGMP
and labelled cGMP-D2 cyclic nucleotide. A best fit curve was fitted using GraphPad

Prism 5 to derive the half maximal inhibitory concentration (ICsy) from this curve.

PDE3A and PDE6C enzyme activity assays were carried out at BPS Bioscience

(https://bpsbioscience.com/)

Cytotoxicity in THLE-2 cells

Cytotoxic effects of assayed compounds were tested using the immortalized human
liver cell line THLE-2 (ATCC CRL-2706), cultured in BEGM medium (Clonetics #CC-
4175). Medium was completed by adding 0.7ug/mL phosphoethanolamine, 0.5 ng/mL
epidermal growth factor, antibiotics (penicillin and streptomycin) and 10% fetal bovine

serum (FBS). Cells were plated in 96-well black microplates at 10,000 cells/well and
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incubated at 37 °C (5% CO,, 95% humidity) for 24 h. Test compounds were solubilized
in 100% DMSO and then diluted with cell culture medium containing 10% DMSO. The
final concentrations of the test compounds (1% DMSO) ranged from 0-100uM in a final
volume of 200 pL. After 72 h, cell viability in each well was determined by measuring
the concentration of cellular adenosine triphosphate (ATP) using the VialightTM Plus
Cell Proliferation/Cytotoxicity Kit as described by the manufacturer (Cambrex, East
Rutherford, NJ). After addition of cell lysis buffer, test plate was incubated for 45 min
at room temperature (orbital shaker). ATP monitoring solution was added and ATP
concentration determined by reading luminescence using a Envision plate reader
(PerkinElmer). The percentage of viable cells relative to the non-drug treated controls
was determined for each well and LCsy values were calculated as concentrations

projected to kill 50% of the cells following a 72 h exposure.

Cytotoxicity in Neurons Glia Cells

Cytotoxic effects of assayed compounds were tested using primary cultures of mice
brain embryo tissue. Cells growth in 96-well black microplates were incubated at 37 °C
(5% CO,, 95% humidity) for 5 days to permit neurons formation. After that,
100uL/well of medium and studied compounds was added. Test compounds were
solubilized in 100% DMSO at a concentration curve way and then diluted with cell
culture medium containing 10% DMSO. The final concentrations of the test compounds
(1% DMSO) ranged from 0-100uM in a final volume of 200uL. Microplates were
maintained at 37°C (5% CO,, 95% humidity) during 3 days. Following this 72 h
exposure to test compounds, cell viability in each well was determined by measuring
the concentration of cellular adenosine triphosphate (ATP) using the ATP1Step Kit as

described by the manufacturer (Perkin-Elmer). In a typical procedure, 50pL of cell
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reagent is added to all wells of each test plate followed by incubation for 10 min at
room temperature on an orbital shaker. ATP concentration was determined by reading
chemical luminescence using the Envision plate reader (PerkinElmer). The percentage
of viable cells relative to the non-drug treated controls was determined for each well and
LCsp values were calculated as concentrations projected to kill 50% of the cells

following a 72 h exposure.

PAMPA Permeability

The permeability of compounds was evaluated with the parallel artificial membrane
permeation assay (PAMPA) as an in vitro model of passive diffusion. Donor solutions
of test compounds (180 pL. 50 uM in PBS/ETOH 70:30) were added to each well of the
donor plate, whose PVDF membrane was precoated with 4 puL of a 20 mgxmL
PBL/dodecane mixture. PBS/EtOH (180 pL) was added to each well of the PTFE
acceptor plate. The donor and acceptor plates were combined together and incubated for
18 h at 20 °C without shaking. In each plate, compounds and controls were tested in
duplicate. Drug concentration in the acceptor, the donor, and the reference wells was
determined using the UV plate reader with 130 pL of acceptor and donor samples.
Permeability rates (Pe in nm s"') were calculated with Equation (1). The permeability

rate of each compound is the averaged value of three independent measurements.

Equation (1) P, = C X <—ln (1 . m)) x 107 ;

[dTUQ]equilibrium

VDxv,
(Vp+V 4)xAreaxtime

where C = ; Vp=0.18 mL; Vo =0.18 mL; Area = 0.32 sz; time =
64800 S5 DF = 180/130, [drug]equilibrium = ([dmg]donor X VD + [drug]acceptor X VA) / (VD +
VA); [dmg]donor = (Aa/ Ai*DF)donor; [dmg]acceptor = (Aa/ Ai*DF)acceptor; Aa donor — Absdonor -

Absvehicle; Aa acceptor Absacceptor - Absvehiclea Ai= AbswithoutPBL - Absvehicle.
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PDE and HDAC functional response in vitro

To analyze the functional activity of the different compounds we used primary neuronal
cultures and human neuroblastoma SH-SYSY cell line. Primary neuronal cultures were
obtained from the hippocampus and cortex of embryonic day 16 (E16) wild type (WT)
mice and used at 15 days in vitro (DIV).>* Cells were incubated with the different
compounds and after incubation (30 min or 2h), medium was removed and cells were
lysed in a buffer containing Tris HCl 10 mM, NaF 1 mM, NaVO,4 0.1 mM , sodium

dodecyl sulfate (SDS) 2% and protease inhibitors.

Biological Test Methods. In-vivo studies

Determination of brain to plasma concentration ratio

Compound 37 was measured in plasma and brain samples using an Acquity UPLC
system (Waters, Manchester, UK) coupled to a Xevo-TQ MS triple quadrupole mass
spectrometer with electrospray ionization (ESI) source. Plasma and brain samples were
collected at different times (0.25, 0.5 and 1 hour). Compound 37 was injected (40
mg/kg, i.p.) to mice (n=3 per time point). Three control mice were sacrificed 15 min
after the administration of vehicle solution. Compound solutions were prepared by
dissolving the solid in DMSO and this solution was diluted with a mixture of Tween 20
and 0.9% NaCl up to a final composition of 1:1:8 (v:v:iv, DMSO/Tween 20/saline).
Blood was collected at the different time points in EDTA-coated tubes and centrifuged
at 2500 rpm for 5 min at 4° C to obtain the plasma. The brain was removed following
whole body perfusion with saline. All plasma and brain samples were stored at -80° C

until further analysis.
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Chromatographic separation was performed by gradient elution at 0.45 mL/min using
an Acquity UPLC BEH C18 column (50 x 2.1 mm, 1.7 um; Waters). The mobile phase
consisted of A: water with 0.1% formic acid, B: methanol with 0.1% formic acid. The
autosampler temperature was set at 10° C and column temperature at 40° C. For
detection and quantification, the electrospray ionization operated in the positive mode
was set up for multiple reaction monitoring (MRM). The collision gas used was ultra-
pure argon at a flow rate of 0.15 mL min™.

At the time of analysis, frozen plasma samples were thawed at room temperature,
vortex-mixed thoroughly and 50 puL. were subjected to the sample preparation procedure
described below. Brain samples were thawed unassisted at room temperature,
homogenized using a Branson 250 ultrasonic probe sonicator (Branson, Danbury,
Connecticut, USA) and 75 mg of the homogenate were subjected to the sample
preparation procedure described below. Quantification was achieved by external
calibration using matrix-matched standards. Concentrations were calculated using a
weighted least-squares linear regression (W = 1/x). Calibration standards were prepared
by adding the appropriate volume of diluted solutions of the compound (made in a
mixture of methanol and water, 50:50, v:v) to either aliquots of 50 pL of blank plasma
or 75 mg of the blank brain homogenate. The calibration standard and sample
preparation is as follows: 450 pL of 2% formic acid in acetonitrile was added to
precipitate the proteins (approx. vol. ratio 1:10). The mixture was then vortex-mixed for
5 min and centrifuged at 13200 rpm for 10 min at 4° C. The resulting supernatants were
transferred to an Ostro plate (Waters, Manchester, UK), designed to remove
phospholipids. The resulting eluents were evaporated at 37° C under a stream of

nitrogen. Plasma and brain residues were dissolved in 100 pL of a mixture of methanol
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and water with 0.1% formic acid (50:50, v:v). A 10 uL aliquot of the resulting solution

was injected into the LC-MS/MS system for analysis.

PDE and HDAC functional response in vivo

To confirm the ability of 37 to inhibit HDAC and PDE in the brain, the compound (40
mg/kg) was administered to WT mice (n=3). One hour later, mice were sacrificed and
their hippocampus was quickly dissected from the brains. Total tissue homogenates
were obtained by homogenizing the hippocampus in a lysis buffer containing Tris HCI
10 mM, NaF 1 mM, NaVO, 0.1 mM, sodium dodecyl sulfate (SDS) 2% and protease

inhibitors. Western blot was carried out to analyze AcH3K9 and pCREB-Ser133.

Western blot analysis of brain samples

For western blot analysis of histones, pCREB and tubulin, protein samples were mixed
with 6X Laemmli sample buffer and resolved onto SDS-polyacrylamide gels and
transferred to nitrocellulose membrane. In all cases, the membranes were blocked with
5% milk, 0.05% Tween-20 in tris-buffered saline (TBS) followed by overnight
incubation with the following primary antibodies: rabbit monoclonal anti-acetylated H3
(Lys9), rabbit monoclonal anti-pCREB (Ser133), mouse monoclonal anti-actin, mouse
monoclonal anti-acetylated-tubulin (1:20 000, Sigma-Aldrich, St. Louis, MO, USA) in
the corresponding buffer. Following two washes in PBS/Tween-20 or TBS/Tween-20
and one PBS or TBS alone, immunolabelled protein bands were detected by using HRP-
conjugated anti-rabbit or anti-mouse antibody (1:5000, Santa Cruz Biotechnology,
Santa Cruz, CA, USA) or anti-goat (1:1500, Dako) antibody following an enhanced

chemiluminescence system (ECL, GE Healthcare Bioscience, Buckinghamshire, UK),
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and autoradiographic exposure to Hyperfilm ECL (GE Healthcare Bioscience). Quantity

One software v.4.6.3 (Bio-Rad, Hercules, CA, USA) was used for quantification.

ASSOCIATED CONTENT
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Details about purification methods, SFC methods, synthesis of intermediates, purities,
HRMS data and HPLC traces for final compounds, superposition of PDES inhibitors
extracted from crystal complexes as well as biochemical activities as pICsy values. This
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ABBREVIATIONS

ADME, absorption, distribution, metabolism and excretion; THP, Tetrahydropyranyl;
PAMPA, parallel artificial membrane permeability assay; BPL; Brain Polar Lipid;
BOC, tert-butoxycarbonyl; DMF, dimethylformamide; Et;N, triethylamine; TLC, thin
layer chromatography; HPLC, High-performance liquid chromatography; rt, room
temperature; Rt, retention time; THF, tetrahydrofuran, EDC-HCI, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride; HOBt, Hydroxybenzotriazole;
THPONH,, N-(tetrahydro-2H-pyran-2-yloxy)amine; MeOH, methanol; EtOH, ethanol;
NMM, N-Methylmorpholine; DMSO, dimethylsulfoxide; EtOAc, ethyl acetate; TFA,
trifluoroacetic acid; AcOH, acetic acid; DMAP, 4-(N,N-dimethylamino)pyridine;
DEAD, diisopropyl azodicarboxylate; MsCl, methanesulfonyl chloride; xantphos, 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene; m.p., melting point; NMR, nuclear
magnetic resonance; NIS, N-iodosuccinimide; NBS, N-bromosuccinimide; DIEA,
diethanolamine, BOP, (benzotriazol-1-yloxy)tris(dimethylamino)phosphonium
hexafluorophosphate; CAN, ceric ammonium nitrate; MW, microwave; DCC, N,N'-
dicyclohexylcarbodiimide; LHMDS, lithium bis(trimethylsilyl)amide; TMSCI,
trimethylsilyl ~ chloride; 9-BBN-H, 9-borabicyclo[3.3.1]nonane; POT, tri-o-
tolylphosphine; ESI-MS, electrospray ionisation mass spectrometry, LCMS, liquid
chromatography—mass  spectrometry, ¢BuOK, potassium tert-butoxide, SFC,

supercritical fluid chromatography; DIBAL-H, diisobutylaluminium hydride.
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