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Abstract: Novel xanthine analogues are described which are

selective PDE4 inhibitors with improved therapeutic

potential over theophylline. © 1998 Elsevier Science Ltd. All rights reserved.
Introduction
Asthma is a chronic, severe, debilitating and often fatal disease whose incidence is
increasing, primarily in the Western World. In the UK alone, it is responsible for 2000
deaths per annum among adults and children. Current therapies are based upon inhaled
B-agonists' , which offer only symptomatic relief, and steroids which have associated
side effects. There is obviously a requirement for an improved oral anti-inflammatory

agent to treat the underlying disease.

Cyclic adenosine monophosphate (cCAMP) is converted by some phosphodiesterase
enzymes (PDEs) into the inactive acyclic 5’-adenosine monophosphate (5’-AMP).
Inhibition of PDE activity thus causes the cellular levels of CAMP to be potentiated,
thereby activating the protein kinases responsible for decreasing inflammatory cell
activity and airway smooth muscle tone.” Seven families of PDEs have been identified
to date’; PDE4 is cAMP specific and is found in airway smooth muscle, all
inflammatory cells and the vascular endothelium and selective inhibitors of PDE4 have
shown anti-inflammatory activity in animal models.* The anti-inflammatory action
stems from the inhibition of cell function and cytokine liberation (e.g. TNFg, IL-2, IL-5,
IFN), leading to the inhibition of cell adhesion and proliferation."

Theophylline (1), a dimethylxanthine, has been used to treat asthma for over 60 years.
However, its clinical use is limited by adverse reactions on the cardiovascular and

central nervous systems as well as its narrow therapeutic index and high inter-individual
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variability in absorption, metabolism and clearance’. At least some of the beneficial
actions of theophylline are associated with its ability to inhibit PDE4*, but theophylline
is both weak and non-selective. Several publications have appeared describing the SAR
of theophylline analogues®. A more potent and PDE4 selective xanthine should provide

an improved agent for the treatment of asthma.

Recent evidence suggests that the PDE4 enzyme possessess two binding sites, a
catalytic site and a high affinity site whose nature is not completely understood.’
However there is increasing support for the hypothesis that binding to this high affinity
site (rolipram binding activity, RBA) correlates with the observed side-effects.® Thus
minimisation of affinity for the high affinity site should provide a compound with an
improved therapeutic ratio. Based on this approach, our objective was to identify an
orally active PDE4 inhibitor which does not cause nausea/emesis in man whilst
maintaining the full spectrum of beneficial biological actions. Theophylline has only
weak affinity for the high affinity binding site and the side effects observed with this
compound are thought to be associated with activity agaisnt other PDE enzymes and
adenosine receptors.

Results

A series of novel xanthines has been prepared and the activities of these compounds are
provided in Tables 1, 2 and 3.

“Compowsd [ R | PDEAIC, | RBAICs | Ratio
“heophylime || 39%@200 | 27%@100
la a 6.55 0.042 156
1b COH 110 ND
c COMe 4.08 0.009 453
1d SOMe 56 1.6 35
le NH, 1 0.32 34
if OMe 6.01 0.017 353

Table 1. In vitro activity and selectivity of xanthines,
All results are an average of at least 2 determinations, each run in triplicate. ND = not determined
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It is evident from the results presented in Table 1 that the nature of R has a dramatic

effect on PDE4 activity. Polar groups such as CO,H and SOMe are not tolerated,

halogens and OMe provide compounds with reasonable potency but poor ratio and

NH; provides a compound with reduced potency. Compound 1f was found to be
selective for PDE4 over PDE3 (24% inhibition at 20uM for PDE3). The effect of

ortho- substitution was also investigated, and the results for selected compounds are

shown in Table 2.

Des

(2)

Compound |~ R
2 Me 067 1.9
2 F 24 0.22 109
2% CF;s 20 ND
2d SMe 20 ND
2% SOMe 100 ND
2 By 20 ND
22 H 48 0.08 60

Table 2. In vitro activity and selectivity of o-substituted xanthines.

All results are an average of at least 2 determinations, each run in triplicate.

Only small lipophilic ortho- substituents are tolerated as can be seen from Table 2.

Superior ratios for PDE4 versus high affinity binding were achieved in this series, with
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compound (2a) possessing the best ratio seen so far in this type of compound. The ratio
PDE4/RBA for compound (2a) is 100 better than the ratio for early compounds such as
(1c). Relacement of the aryl portion of the benzyl substituent by heteraromatic groups

was also undertaken and results are presented in Table 3.

"jf:ﬁ»

(3)

Compound |Ar  |PDE4ICs [RBAICs  |Rato
3 ~[Pn 1797 067 [119
3b 2-furyl 11.95 1.1 10.9
3 2-thienyl 42 1.02 4.1

Table 3. In vitro activity and selectivity of xanthines
All results are an average of at least 2 determinations, each run in triplicate.

The thienylmethyl residue provides a useful alternative to benzyl, whereas replacement
of benzyl by furfuryl results in a loss of potency. Compound (3c) also demonstrates a

good ratio.

Chemistry

The xanthines were prepared using the standard route’ depicted in Scheme 1. An
appropriate aniline (i) was condensed with a suitable isocyanate (i) to provide a urea
(iii) which was acylated with cyanoacetic acid to provide the acylurea (iv). Hydrolysis
of the cyano group and in situ cyclisation provided the aminouracil®* *® (v). Nitrosation,
reduction of the resultant nitroso intermediate to the corresponding amine and reaction
of the resultant diamine with formic acid were all carried out in one pot to provide the

desired xanthies™ (vi).
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Scheme 1. Synthesis of xanthines

In vivo Results

Compound (3c) was selected for in vivo evaluation, based on its activity against PDE4
and improved ratio for PDE4 versus high affinity binding. The compound was
evaluated in a guinea-pig skin model of eosinophilia'’, a guinea-pig lung model of
eosinophilia'' and a ferret model of emesis'?. In the skin model, compound (3c) dosed
orally demonstrated an excellent inhibition of eosinophilia produced by a range of
mediators' as shown in Chart 1. In the lung model, compound (3c) demonstrated 56%
and 70% inhibition of eosinophilia at oral doses of 10 and 30mg/kg respectively
(rolipram 48% at 10mg/kg). No emesis or CNS related side effects were observed
when compound (3c) was dosed orally to ferrets at 10mg/kg.

Conclusions

A novel series of xanthines with acceptable PDE4 activity and improved selectivity
versus the high affinity site has been identified. A selected compound from this series,
compound (3c) has demonstrated excellent in vivo activity and a good therapeutic

index as determined by efficacious dose versus emetic dose.
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inhibition %

PAF PAF  AA AA  ZAP ZAP PCA PCA
O.lnme 1.0 10nmol 30nmal 10% 30% O0.1pg 1.0ug

| nmol BGG BGG

mediator

Chart 1. Inhibition of skin eosinophilia by compound (3c) @5mg/kg po
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