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Optimisation of a high-throughput screening hit resulted in the discovery of 4-(substituted amino)-1-
alkyl-pyrazolo[3,4-b]pyridine-5-carboxamides as potent and selective inhibitors of Phosphodiesterase
4 (PDE4). Herein, we describe early SAR studies around this novel template highlighting preferred sub-
stituents and rationalization of SAR through X-ray crystal structures of analogues bound to the PDE4
active site. Pyrazolopyridine 20a was found to be a potent and selective PDE4 inhibitor which also inhib-
its LPS induced TNF-a production from isolated human peripheral blood mononuclear cells and has an
encouraging rat PK profile suitable for oral dosing.

� 2008 Elsevier Ltd. All rights reserved.
O
O

N
ClO

OMe
Chronic obstructive pulmonary disease (COPD)1 is a leading
cause of morbidity and mortality worldwide, forecast to become
the fifth leading cause of death by 2020. Cigarette smoking is the
principal risk factor and the disease is characterised by progressive,
largely irreversible airflow obstruction, significant structural
damage and by the presence of one or more of the following
pathologies: chronic bronchitis, emphysema and bronchiolitis.
Phosphodiesterase 4 (PDE4) plays a key role in the regulation of
intracellular concentrations of the second messenger cyclic AMP
(cAMP), effecting its selective hydrolysis to 50-AMP. PDE4 is the
predominant phosphodiesterase enzyme in immune and inflam-
matory cells (e.g. neutrophils, monocytes, macrophages)2 and is
also a major contributor to cAMP metabolism in airway smooth
muscle and airway epithelial cells.3 In COPD, cAMP is believed to
suppress the activation of immunocompetent cells, mediate bron-
chodilation, modulate neuronal activity and inhibit smooth muscle
proliferation; hence elevated levels of cAMP achieved through
PDE4 inhibition may be beneficial for COPD patients.4

PDE4 inhibitors are known to have a broad range of anti-inflam-
matory and anti-bronchoconstrictor effects in animal models5 and
as such have been well studied by numerous groups.6 In spite of
this however, bringing a drug of this class to market has been ham-
pered by undesirable side effects. Early PDE4 inhibitors such as
ll rights reserved.
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Rolipram 1 cause pronounced nausea and emesis at effective
anti-inflammatory doses in the clinic.7 Roflumilast (DaxasTM) 2 is
representative of a second generation of PDE4 inhibitors which
show moderate efficacy in COPD at tolerated doses,8 however,
the maximum dose that can be given (and hence efficacy) is still
limited by the aforementioned transient adverse effects.

Our objective was thus to develop an oral PDE4 inhibitor with
improved therapeutic index.

At the time we began our work, most of the advanced PDE4
inhibitors possessed a common catechol ether structural motif
(Fig. 1). Our initial strategy was to determine whether this was
contributing to the observed emetic effects and hence we sought
a lead molecule devoid of this structural feature. Compound 3
(Fig. 2) was discovered via high throughput screening, along with
several structurally related pyrazolopyridine analogues which all
showed good PDE4 potency and promising selectivity profiles ver-
sus PDE3 and PDE5.9 There are four sub-types of the PDE4 enzyme:
A, B, C and D, but the PDE4B sub-type is believed to play a central
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Figure 1. Structures of R-Rolipram 1 and Roflumilast 2.
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Figure 2. Initial pyrazolopyridine HTS hit.

Table 1
Pyrazolopyridine 4-position SAR
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11a NHCOPh 5.6
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a Values are mean of P2 experiments in all tables unless otherwise stated.
b Value is a single experiment.
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role in inflammation,10 being the predominant subtype in mono-
cytes and neutrophils and hence we used this isoform for routine
screening.

The series was considered highly tractable and sufficiently
structurally distinct from known PDE4 inhibitors to be an interest-
ing start point. Initial plans were to explore the SAR around the
three existing substituents using parallel synthesis techniques.

Synthesis of pyrazolopyridines is well described in the litera-
ture and we chose to use the precedented high temperature reac-
tion between N-1-ethyl-5-aminopyrazole 4 and diethyl
ethoxymethylenemalonate 5 to form the ring (Scheme 1).11,12

4-Hydroxypyrazolopyridine intermediate 6 was treated directly
with phosphoryl chloride to give key 4-chloro-derivative 7, which
underwent thermal displacement with a diverse range of amines to
give 8a–j, allowing us to probe SAR at the 4-position.

The data showed that a significant increase in potency is
observed where the 4-substituent is a branched or cycloalkyl ami-
no-group, with 6-membered saturated rings more potent than
5-membered rings (Table 1). Particularly interesting was tetrahy-
dropyran analogue 8e with the data suggesting that polar function-
ality can be tolerated and that this position may therefore offer a
handle for future modification of physicochemical properties,
should this be required during lead optimisation.

Tertiary amines such as pyrrolidine in 8c were less preferred, as
were N-methylated analogues such as 8j suggesting the impor-
tance of the NH group. These observations were later explained
by crystal structures of related pyrazolopyridine analogues bound
to PDE4B (Fig. 3), which showed the presence of an internal hydro-
gen bond between the 4-NH group and the 5-carbonyl oxygen, to
maintain planarity with the template. Unbranched alkyl amines
gave poor selectivity over PDE5, in contrast to branched analogues
which routinely gave >100-fold selectivity (data not shown).

We also chose to investigate the nature of the linking group at
the 4-position (Scheme 1). Displacement of chlorine in intermedi-
ate 7 with azide and reduction under Staudinger conditions13

afforded 4-amino intermediate 10, which was derivatised under
standard conditions to provide amide and sulphonamide deriva-
tives. Unfortunately these changes afforded a general loss of
potency (Table 1), again supported by the crystal structure which
showed that the conformational restriction required to allow the
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Scheme 1. Reagents and conditions: (a) 150 �C, neat, 16 h; (b) POCl3, 120 �C, 20 h (58%
PPh3, THF, 2.5 h; (f) H2O 2 h (60% over two steps); (g) R4COCl, CHCl3, Et3N, 16 h; (h) R4S
aforementioned intramolecular hydrogen bond was unfavourable
with these alternative linkers.

Chemistry to introduce variation at the 1-position followed the
published method of Bare et al.11 (Scheme 2). Preparation of the
versatile 1-H pyrazolopyridine intermediate 13 from compound 7
first required transformation of the 4-chloro substituent into the
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over two steps); (c) R4R3NH, EtOH, Et3N, 80 �C, 16 h; (d) NaN3, DMF, 16 h (84%); (e)
O2Cl, CHCl3, pyridine, reflux, 72 h.
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Scheme 2. Reagents and conditions: (a) Na, EtOH, reflux, 2 h, 90%; (b) NBS, CCl4,
reflux, 3 h; (c) Na2CO3, THF, 18 h, 51% over two steps; (d) 4-aminotetrahydropyran,
neat, 90 �C, 6 h, 91%; (e) p-BEMP resin, R1Br, DMF, 16 h; (f) NaH, DMF, R1Br, 16 h; (g)
K2CO3, DMF, R1Br, 55 �C, 45 h.

Table 2
Pyrazolopyridine 1-position SAR

N
N

N
R1

N

O

CO2Et

R1 PDE4B pIC50

17a H 5.7
17b Me 6.6
17c Et 8.0
17d Pr 7.0
17e i-Pr 6.7b

17f CH2Ph 5.4
17g (CH2)2CO2Et 5.3
17h (CH2)2OH 6.8
18 Ph 5.5

b Value is a single experiment.
Figure 3. Overlay of the crystal structure of compound 20a (orange) and R-Rolip-
ram 1 (cyan) bound to PDE4B 152-503. Key amino acids are shown in grey and
metal ions within the active site are shown in magenta.
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Scheme 3. Reagents and conditions: (a) NaOH, EtOH/H2O (95:5),16 h, 97%; (b)
SOCl2, CHCl3, 1 h; (c) R1R2NH, 0 �C, 0.5 h.
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less reactive 4-ethoxy group in 14, in order to avoid undesirable
hydrolysis during subsequent steps. Bromination of the 1-ethyl
group and in situ elimination then afforded vinyl derivative 15
which was used directly in the next step. N-dealkylation under ba-
sic conditions to give 16 was followed by incorporation of the pre-
ferred 4-amino tetrahydropyran moiety, to afford 13 which could
be used to probe the 1-position SAR via alkylation.

A variety of different bases were used to deprotonate the pyraz-
olopyridine template in 13, including sodium hydride, potassium
carbonate and the polymer bound base BEMP (2-tert butylimino-
2-diethylamino-1,3-dimethyl-perhydro-1,3,2-diazaphosphorine).
The latter showed the greatest utility for our needs, allowing facile
work up of multiple parallel reactions. The resultant anion was
then treated with a range of alkyl halides.

Compound 18 where R1 = phenyl was prepared according to
Scheme 1 starting with N-1-phenyl-5-aminopyrazole.

Unfortunately, this work failed to uncover a superior substitu-
ent to ethyl with respect to potency, the trend for simple alkyls
and aryls following Et > Me, Pr, i-Pr > H, CH2Ph, Ph (Table 2). Incor-
poration of more highly functionalised groups, such as the
hydroxyethyl derivative 17h, was generally detrimental for
potency.

X-ray crystallography of related molecules bound to PDE4B (Fig.
3) later highlighted that the 1-ethyl substituent optimally fills a
small pocket, the size constraint of which supports the observed
SAR.

Since we were concerned about the potential for metabolic
instability of the ester functionality and we desired orally bioavail-
able inhibitors, we also prepared an array of 5-amides. For this
work we elected to use our preferred tetrahydropyran amino sub-
stituent at the 4-position. Ester hydrolysis of 8e was carried out
using sodium hydroxide in aqueous ethanol and was followed by
amide formation via the acid chloride under standard conditions.11

The acid chloride was not isolated but was treated directly with a
range of amines in a parallel fashion (Scheme 3).

The data showed the 5-position to be tolerant of a wide range of
amide substituents (Table 3), again consistent with the crystal
structure wherein this position is directed towards the opening
of the active site (Fig. 3). In general, lipophilic secondary amides
were well tolerated, with benzyl amides such as 20a and saturated
analogues such as 20j preferred. Primary amide 20e was accept-
able but tertiary amides such as 20b and cyclic amines such as
20f afforded reduced potency.

Several amides of interest were selected for progression to fur-
ther assays (Table 3). The data show that good cellular potency
(inhibition of TNF-a in PBMCs14) can be achieved across this ser-
ies. >100-fold selectivity versus PDE3 and PDE5 is also
demonstrated.

Examination of oral rat PK profiles for selected pairs of ana-
logues showed, not surprisingly, that the 5-amide derivatives rou-
tinely gave improved bioavailability as compared with the 5-ester
analogues. Compound 20a was shown to have particularly encour-
aging rat oral PK [rat t1/2 1.6 h, F 35%].

As referred to above, the crystal structure of compound 20a
bound to PDE4B 152–50315 (Fig. 3) shows the tetrahydropyran
moiety directed towards the metal ions in the active site. An intra-
molecular hydrogen bond, between the 4-amino NH group and the
carbonyl of the amide, maintains co-planarity with the template
and orients the 5-benzylamine group towards the opening of the
active site. The template itself sits in a ‘hydrophobic clamp’ formed
by Ile410, Phe414 and Phe446. The pyridine-like nitrogen forms a
hydrogen bond with Gln443 and the N-ethyl substituent fills the
same small lipophilic pocket as occupied by the methoxy group
of Rolipram.



Table 3
Pyrazolopyridine 5-position SAR
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20b
N

7.3 — — —
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N
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In summary, a new series of 4-(substituted amino)-1-alkyl-pyr-
azolo[3,4-b]pyridine-5-carboxamides has been identified as potent
and selective inhibitors of PDE4. The early SAR has been rational-
ized by crystallography and representatives from the series show
good cellular potency, selectivity versus PDE3 and PDE5 and rat
PK suitable for oral dosing. In particular, 20a has emerged as a
compound of significant interest.

Progress with in vivo studies towards the ultimate goal of pro-
viding a potent PDE4 inhibitor with a good therapeutic index from
this series will be reported in due course.
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