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Abstract—We have discovered potent and selective xanthine PDES5 inhibitors. Compound 25 (PDES ICs50=0.6 nM, PDE6/
PDES5=101) demonstrated similar functional efficacy and PK profile to Sildenafil (PDES ICsy=3.5 nM, PDE6/PDES="7).

© 2002 Elsevier Science Ltd. All rights reserved.

The development of phosphodiesterase type 5 (PDEY)
inhibitors for the treatment of male erectile dysfunction
(ED) has attracted great attention since the commercial
introduction of Sildenafil (1, Viagra, Fig. 1).! PDES, a
c¢GMP hydrolytic enzyme, breaks down ¢cGMP in the
corpora cavernosa smooth muscle cells. Inhibition of
PDES has been demonstrated to increase the levels of
¢GMP induced by nitric oxide (NO) from neuronal and
endothelial sources during sexual stimulation. The
increased cGMP levels, in turn, enhance the cavernosal
smooth muscle relaxation, arterial inflow and venous
congestion to achieve penile erection.? Despite its com-
mercial success, Sildenafil has showed clinically sig-
nificant side effects, some of which could be related to
its low selectivity versus other PDEs such as PDE6. To
discover potent and more selective PDES inhibitors for
the treatment of male ED, we embarked on the design
and synthesis of xanthine analogues based on com-
pound 2 which was identified as a lead structure from
high throughput screening. Herein, we would like to report
the successful outcome of our efforts directed at discover-
ing potent and selective xanthine PDES inhibitors.

As shown in Figure 1, xanthine analogue 2 showed
weak PDES inhibitory activity. To improve the PDES
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inhibitory activity and selectivity for this series of com-
pounds, the structure—activity relationship (SAR) stud-
ies of compound 2 were focused on chemical
modification at the C8, N7, N1 and N3 positions.

For the C8 modification, a variety of amino alcohols
that have differences in their chirality, steric hindrance
and aromatic character were tried. To further identify
the SAR role of the hydroxy group of the amino alco-
hols, two cycloamines were also included. These ana-
logues were prepared as shown in Scheme 1.3
Commercially available compound 3 was reacted with
benzyl bromide to form compound 4. The bromide
atom of compound 4 was displaced with different
amines to give the final targets shown in Table 1.
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Figure 1. Structures of PDES5 inhibitors.
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Scheme 1. C8 modification: (a) K,CO3, BnBr, DMF (90%); (b) NH,R, iPrNEt, NMP, sealed tube, 160 °C, overnight, (30-75%).
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Scheme 2. N1 and N3 Modification: (a) K;COj3, R?I or R? Br, DMF (70-90%); (b) Pd(OH),, HCONH,4, MeOH (60-80%); (c) Br,, NaOAc, HOAc
(70-85%); (d) K»,CO3, BnBr, DMF (80-90%); (¢) NHR, iPrNEt, NMP, sealed tube, 160°C, overnight (75-95%).

Table 1. PDES inhibitory results of selected analogues of C8 modifi-

cation
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The PDES inhibitory activity of the C8 modified
analogues were determined according to the reported
procedures.

Change of the chiral amino alcohol (2) to the achiral
amino alcohol (5) led to the decrease of the PDES
inhibitory activity. Introduction of other chiral amino
alcohols (6-10) also significantly reduced the PDES
inhibitory activity. However, removal of the hydroxy
group increased the PDES inhibitory activity from 17%
(2) to >50% (12 and 13). In addition, these C8
replacements (12 and 13) resulted in achiral compounds
that are synthetically easier to access.

Next, with the cyclohexyl and cyclopentyl amines as the
optimal C8 groups, we carried out N1 and N3 modifi-
cations. These compounds were prepared as shown in
Scheme 2.3

Alkylation of the N3 position of commercially available
14 afforded 15 that was hydrogenated and brominated
to form 16. N7 benzylation of 16 produced 17. The
bromide atom of 17 was displaced by the cyclohexyl or
cyclopentyl amines to form the target compounds.

The results of PDES inhibitory activity of a selected
number of N1 and N3 modified analogues are shown in
Table 2. The ethyl group at the N1 and N3 positions (18
and 21) showed the highest inhibitory activity.

Finally, we modified the N7 position, maintaining ethyl
groups at the N1 and N3 positions, while substituting
cyclohexyl amine and cyclopentyl amine at the C8 posi-
tion. The target compounds were prepared as described
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Table 2. PDES inhibitory results of selected analogues of N1 and N3

modification
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Compd Structure R!, R? (% Inhibition @ 100 nM)

12 A R'R%2=Me 62

18 A R'R2=Et 91

19 A R!'=Me 49
R2=1I-Bu

20 A R!'=Et 56
R2=1I-Bu

13 B R!'=R?=Me 54

21 B R!'=R2=FEt 93

22 B R!'=Me 52
R?=1-Bu

23 B R!=Et 63
R2=1I-Bu

Table 3. PDES inhibition and selectivity profile (C8 cyclohexyl ana-

logues)
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Compd R! R? PDES ICs PDE6/ PDE 14/

(nM) PDES5S PDES5
21 H H 12 35 na®
24 H OMe 2.6 51 na
25 H OH 0.6 101 > 3000
26 OMe H 100 na na
27 OH H 1.2 36 na
28 Me OMe 19 58 na
29 Me OH 4.5 133 na
30 —-OCH,0— 3.7 14 na
31 Cl OMe 0.58 345 >9500
32 Cl OH 2.0 250
33 F OMe 0.30 350 >28,000
34 F OH 0.33 364 >12,000
35 Br OMe 1.7 219 >10,000

4na: Not available.

Table 4. PDES binding and selectivity profile (C8 cyclopentyl
analogues)
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Compd R! R2 PDESICs, (nM) PDE6/PDES PDE 1-4/PDES

18 H H 10 21 na?
36 H OMe 2.1 33 na
37 H OH 1.5 46 na
38 Cl OMe 1.1 118 na
39 Cl OH 1.8 261 na
40 F OMe 0.69 89 na
41 F OH 0.82 182 >4,400

in Scheme 1 and Scheme 2. The complete PDES inhibi-
tion and selectivity profile for the selected analogues
with C8 cyclohexyl amine is shown in Table 3.

Since rapid clearance of PDES inhibitors is a desirable
property as illustrated by Sildenafil, a metabolically
labile methoxy group was introduced to the para or the
meta position of the N7 benzyl ring. Compounds 24, 25,
and 29 as well as the halogen substituted analogues 31—
35 showed dramatic improvement of PDES inhibition
and selectivity. It is especially worth noting that the
halogen atoms increased PDES selectivity versus other
PDE isozymes significantly. These analogues demon-
strated superior PDES inhibition and selectivity over
Sildenafil (PDES ICso=3.5 nM, PDE6/PDES =7). This
SAR trend was also observed for the analogues with C8
cyclopentyl amine (Table 4).

Compound 25,° the first compound to achieve 100-fold
PDEG6/5 ratio, was tested in the functional efficacy assay
and the pharmacokinetic assay. In the electrical fre-
quency stimulated (EFS)-induced relaxation of rabbit
corpus cavernosum test,® compound 25 demonstrated
efficacy similar to that of Sildenafil (Fig. 2).
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Figure 2. EFS-induced relaxation of rabbit corpus Cavernosum.
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Figure 3. Rapid rat pharmacokinetics.
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The oral PK profile of compound 25 was also examined
in a rapid rat PK assay.” The result is shown in Figure
3. Compound 25 was rapidly absorbed and cleared.

In summary, we have discovered potent and selective
PDES inhibitors. Compounds such as 25 have demon-
strated good efficacy in the EFS induced relaxation
assay. Compound 25 also showed a desirable oral PK
profile with rapid onset and fast clearance. Further
development of this series of compounds will be repor-
ted in the future.
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