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COPD is a major cause of mortality in the western world. A2A agonists are postulated to reduce the lung
inflammation that causes COPD. The cardiovascular effects of A2A agonists dictate that a compound needs
to be delivered by inhalation to be therapeutically useful. The pharmacological and pharmacokinetic SAR
of a series of inhaled A2A agonists is described leading through to human pharmacokinetic data for a clin-
ical candidate.

� 2009 Elsevier Ltd. All rights reserved.
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Figure 2. Structure of urea containing lead.
The administration by inhalation of therapeutic agents that
have the lung as their target organ is a well-accepted clinical prac-
tice. For example, the majority of currently prescribed asthma
treatments, for example, b-agonists and inhaled corticosteriods,
are all delivered by the inhaled route.1 Chronic Obstructive Pul-
monary Disease (COPD) affects 10–24 million adults in the USA.2

This disease is characterised by chronic cough, mucus hypersecre-
tion, breathlessness and a gradual decline in lung function. Neutro-
phils are implicated in the initiation, maintenance and
symptomatology of COPD,3 and are believed to play an important
pathophysiological role.4 Bronchial neutrophilia is the most signif-
icant cellular change in the disease, which correlates with airflow
obstruction. Furthermore the most important risk factor for the
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Figure 1. The structure of CGS
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development of COPD is cigarette smoking. However, since sys-
temically available A2A agonists were known to induce cardiovas-
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Figure 3. Combining purine linked amide and purine linked methylene urea A2A agonist series.
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cular effects, in particular hypotension, in laboratory animals,5 in-
haled administration of the agent was targeted from the outset.
Intratracheal administration6 of the adenosine A2A agonist, CGS
21680 1 inhibited lung inflammation in the rat but was associated
with falls in blood pressure.7 This has been supported by recent
Figure 4. Duration of action of 15.
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Figure 5. Side effect liability of 15.
clinical trial data with the inhaled adenosine A2A agonist GW
328267 1a which caused hypotension and tachycardia at doses
that limited clinical utility.8

By optimisation of the pharmacokinetic and physiochemical
properties of the compounds in order to minimise systemic
Table 1
SAR of urea containing A2A agonists
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Table 1 (continued)

Compound X= A2a IC50
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exposure after delivery by inhalation, we hoped to identify an
efficacious compound with an acceptable therapeutic index. In a
previous publication in this journal we described our strategy for
achieving lung selectivity and the SAR of a series of A2A agonists,
leading up to the discovery of 2.9

Compound 2 showed high potency and projected selectivity for
lung over cardiovascular effects. However, when a solution of the
compound in an organic solvent was washed with a saturated
aqueous solution of sodium hydrogen carbonate 2 appeared to
form a carbonate adduct that was stable to the buffer used in our
human neutrophil assay and to dosing to our in-vivo model.10 This
complex had a lower affinity for the A2A receptor than the parent.
Since the compound will be exposed to carbon dioxide in the lung
the observation of adduct formation meant that 2 could not be pro-
gressed as a clinical candidate as it would be very difficult to esti-
mate doses required for efficacy. Thus, our A2A SAR exploration
continued with the objective of finding a compound with a similar
pharmacological and pharmacokinetic profile to 2 but without the
problem of carbon dioxide complexation. The first step in achiev-
ing these objectives was to determine which of the structural fea-
tures was responsible for carbon dioxide absorption. Therefore the
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Scheme 1. Reagents and conditions: (i) N,O-Bis(trimethylsilylacetamide, then purine and
X–NRR2, 105 �C; (iv) toluene/isopropyl alcohol 4:1, reflux.
tendency of a number of structures related to 2 to absorb carbon
dioxide was evaluated. This study consisted of trying to form the
complex by washing a solution of the uncomplexed compound in
an organic solvent with saturated aqueous sodium hydrogen car-
bonate solution, drying the organic phase with anhydrous magne-
sium sulphate, filtering and solvent removal. The 1H NMR was
inspected to determine whether it was different to a spectrum
taken immediately prior to washing with the sodium hydrogen
carbonate solution. These fairly crude experiments indicated that
the presence of the urea linked through to a basic nitrogen by a
two carbon chain led to carbon dioxide complexation. As described
previously,9 the SAR of the series from which 2 is derived is fairly
tight, altering the urea portion or removing the basicity of the
nitrogen loses activity. Therefore, it became necessary to look at
changing 2 more substantially in order to move away from the car-
bon dioxide absorption properties. Previous SAR9 had also shown
that potent compounds could be obtained if a basic substituent
was linked through to the purine via an amide 2. Therefore, this
modification was incorporated into the series containing a urea
in the side chain (Figs. 1–5).

Adding together the purine sidechains in 4 and 3 gave two
potent compounds 5, where Y = CONHEt, and 6, where Y = OH.
Compound 5 was significantly more active than 6 so the series
Y = CONHEt was pursued. 5 and all the others in Table 1 were pre-
pared using the synthetic route in Scheme 1.11

A series of compounds where the urea containing sidechain of 5
was modified were prepared.

Incorporation of the urea containing sidechain that gave good
activity in 2 to give 7 gave similar potency. The comparable activity
of 7 to 9 demonstrates that there is a substantial amount of flexi-
bility in what substituents on the basic nitrogen will give activity.
However, methylation of the urea portion of 5 to give 10 causes a
drop off in activity. With the knowledge that there is flexibility in
the SAR of the basic nitrogen substituents but that this may be
more limited in the urea portion, a series of compounds that did
not contain the basic centre in 5 were synthesised. The benzyl 12
and phenethyl 13 derivatives were synthesized. The benzylic
derivative 12, was found to be slightly more potent. The close in
SAR around the benzylic substituent of 12 was then examined.
Replacement of the phenyl in 12 with 2-pyridyl to give 13
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Table 2
Potency, molecular properties and side affect liability for analogues

Compound A2A IC50 (nM) HLM Clint
a (ll/min/mg) Rat Club (ml/min/kg) TPSAc Log D pH 7.4 MW Free Cmax

d (nM)

2 6 135 3500 179 2.0 713 1.8
8 5 81 750 208 0.9 755 12.3

15 4 >255 5500 221 3.4 778 0.2

a Human Liver Microsome (HLM) stability given as intrinsic clearance (Clint).
b Rat unbound clearance from IV bolus PK at 1 mg/kg.
c Topological polar surface area.
d Free Cmax was dose normalised to 1 mg/kg IT, all compounds were delivered as solutions.

Table 3
Pharmacokinetics properties of compound 15 in healthy male humans

Dose (lg) n Cmax
a (nM)

100 7 0.45
200 3 0.30
200 6 0.30
400 9 0.19
800 10 0.19

1600 7 0.12

a Free Cmax was dose normalised to 1 mg/kg.
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increased potency slightly, as did addition of a basic substituent
onto the phenyl ring to give 14. Addition of a carboxylic acid to
the phenyl ring in 12 to give 16 increased potency 15 fold. Incorpo-
ration of a piperidylpyridine sidechain gave a potent compound,
15. The 2-aminopyridine in 15 is basic enough to allow salt
formation and hence aid solid form selection but because of
conformational restriction of the sidechain it was hypothesised
that it might not form a complex with carbon dioxide. 15 was
found not to complex carbon dioxide and was progressed to
in vivo studies. In order to compare the duration of action of a
compound in the lung with its activity in the systemic circulation
a model where A2A activity in the lung and the systemic circulation
could be determined simultaneously was required. Unfortunately,
due to differences in A2A receptor pharmacology between man and
common laboratory animals, the development of such an assay
with a neutrophil-dependant endpoint was not possible. An alter-
native model was thus adopted based on the ability of intrathecally
dosed A2A agonists to inhibit intravenously dosed capsaicin
induced bronchoconstriction in the anaesthetised guinea pig.13

Compound 14 showed a >5 h duration in the capsaicin induced
bronchoconstriction model at the same dose that showed no
effects on diastolic blood pressure after intrathecal administration
in the guinea pig model.

This is a significantly extended duration of action compared to
salmeterol and indicates that the compound could be expected to
be dosed twice daily in the clinic at worst and most likely once a
day. It is unclear why the duration of action is extended. Possible
factors include compound onset/offset kinetics,14 an exosite bind-
ing receptor as postulated for salmeterol,15 partitioning of lipo-
philic amines into the lipid bilayers of smooth muscle,16 poor
permeability from the lung into systemic circulation or slow disso-
lution of a compound that has crystallised after inhalation. The
overall systemic side-effect liability for an A2A inhaled agent is
thought to be dependent upon the free plasma Cmax achieved fol-
lowing inhalation. Side effect liability was assessed by comparing
the compounds normalised free Cmax (i.e., free Cmax/dose) subse-
quently referred to as free Cmax in this text. This assumes that
the required dose will be proportional to the potency of the com-
pound, the free plasma concentrations will also scale proportion-
ally to this dose and hence the effect of potency on side effect
liability cancels out. As can be seen in Table 3 the first compound
in the series profiled 8, was found to have a higher Cmax than 2. This
was concerning but consistent with our previous observations9

that Cmax is at least partly driven by unbound clearance (clear-
ance/free fraction). The unbound clearance for 8 is 750 ml/min/
kg, approximately fivefold lower than for 2 and the Cmax of 8 is
approximately fivefold higher. Comparison of 2 with compound
15 also shows that increasing unbound clearance reduces Cmax

but there appears a much greater reduction in Cmax than would
be expected from the increase in unbound clearance, there is only
a 1.6-fold increase in unbound clearance but a ninefold drop in the
Cmax. This shows that it is unlikely that increasing clearance is the
sole contributor to reducing Cmax for compound 15 and that
increasing the lipophilicity and molecular weight of the molecules
is impacting on other factors that affect Cmax, most likely slower
transfer from lung to blood. Contribution to systemic levels of
the compounds in Table 2 by absorption from the gut is highly
unlikely given the very high Topological Polar Surface Area (TPSA)
of the compounds.17 The passive transcellular diffusion rate of
compound 15 was found to be negligible in a Parallel Artificial
Membrane Permeation assay, further supporting our hypothesis
that none of the compounds in Table 2 would be significantly
absorbed from the gut. 15 was taken forward into phase I studies
in man.

Healthy male subjects (age 18–45 years) in 2 cohorts received
single escalating doses of 15 administered by an aerosol device over
the dose range 100–1600 lg. Plasma drug concentrations were
determined at doses above 100 lg with a validated analytical meth-
od using HPLC with mass spectrometric detection. Pharmacody-
namic measurements of haemodynamic parameters were
recorded up to 4 h post dose along with standard safety evaluation
at times during the study. Mean half-life values for 15 were in the
range 3–6 h across the dose range studied. Exposure increased with
increasing dose although in a subproportional manner (Table 3).
Cmax values were similar to those observed in the preclinical model.

There were no clinically significant effects on sitting blood pres-
sure measurements or peak expiratory flow rate. A dose dependent
increase in sitting pulse rate was observed between 200 and
1600 lg, these effects were generally not considered to be clini-
cally significant.

In conclusion, a series of potent A2A agonists have been identi-
fied. Compound 15 showed >8 h activity in a guinea pig lung based
duration of action model and low side effect liability in a rat car-
diovascular side effect liability model has been identified. Com-
pound 15 has been taken through to the clinic and at doses
predicted to have antineutrophil effects in the lung no clinically
significant side effects were observed.
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