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Abstract :  This communication describes the synthesis and in vitro and in vivo evaluation of  a novel potent 
series of  phosphodiesterase type (IV) (PDE4) inhibitors. Several of the compounds presented possess low 
nanomolar ICs0's for PDE4 inhibition and excellent in vivo activity for inhibition of  TNF-ct levels in LPS 
challenged mice (mouse endotoxemia model). Emesis studies (dog) and efficacy in a SCW arthritis model for 
the most potent PDE4 inhibitors are presented. © 1998 Elsevier Science Ltd. All rights reserved. 

The therapeutic importance of  the cytoldne tumor necrosis factor (TNF-ct) is well-established. ~ The 

efficacious effects of anti-bodies against TNF-ct in the treatment of rheumatoid arthritis have further increased 

interest in this pivotal cytokine. 2 Several approaches are currently being evaluated for the inhibition of 

production of  this cytokine, as excessive concentrations have been implicated in the pathogenesis of a large 

number of  autoimmune disease states, including asthma, septic shock, and rheumatoid arthritis. 3 Inhibition of 

the enzyme phosphodiesterase type IV (PDE4), which leads to increased levels of  the 20 messenger cyclic- 

adenosine monophosphate (cAMP) by reducing its PDE4 catalysed hydrolysis to acyclic 5'-AMP, and, 

consequently a drop in TNF-ct production, is one such approach. 4 The PDE4 inhibitor rolipram, 1, has been the 

starting point for many approaches for the design of novel PDE4 inhibitors and introduced the now common 3- 

methoxy-4-cyclopentoxy motif commonly observed in many of these new series, s 
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This paper presents a novel series of potent indole N-oxide PDE4 inhibitors possessing in vivo activity 

for inhibition of  TNF-ct release with the general structure, 2. Encouraging emesis results (dog model) and 

efficacious effects in the Streptococci cell wail (SCW) arthritis model are also presented. The compounds 

contain a highly effective indole isostere 6 for the 3-methoxy 4-cyclopentoxy moiety commonly observed in 

many rolipram-like PDE4 inhibitors and as such represent conformationally constrained analogues of  RP73401, 

3, one of  the most potent PDE4 inhibitors reported to date. 7 The N-oxide derivative of  RP73401 reported in the 
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latter article maintained excellent PDE4 inhibitory activity. The following synthetic scheme was developed to 

access this class of  indole N-oxide. Commercially available methyl-3-formylindole-6-carboxylate, 4, was 

reduced to the corresponding methyl derivative, 5, in good yield (70%). The indole, 5, was alkylated with RtC1 

affording compounds with the general structure 6. Ester hydrolysis, followed by TBTU [2-(1H-benzotriazol-1- 

yl)-l,l,3,3-tetramethyluronium tetrafluoroborate] activation s of the newly formed carboxylic acid and coupling 

with 3,5-dichloroaminopyridine N-oxide gave the desired compounds 7 - 26. 

O 

O,. ~ O,, i~ O. H :_ .N ~ N.,f i~ * 
H O H O RI 0 R t OCI ,J~N "O- 

4 5 6 
7 -26 Scheme 1 

Reagents and Conditions: (i)p-toluenesulfonic acid (0.15 equiv), p-toluenesulfonylhydrazide 
(1.2 equiv), sulfolane, DMF, 100 °C. Then NaCNBH3, 100 °C, 2 h, 70%. (ii) Nail (2.2 equiv), 
R~C1, DMF, 0 °C, 2 h, 70-90%. (iii) LiOH (2 equiv), MeOH/H20 , 3/1, 70 °C, 1 h, 90%. (iv) 
TBTU (1.1 equiv), N,N-diisopropylethylamine (2 equiv), CH2C12. Then 4-amino-3,5- 
dichloropyridine N-oxide (14 equiv), NaA1H2Et2 (6.9 equiv), toluene, 50 °C, 1 h, 40-90%. 

Compounds were evaluated for PDE4 inhibition using the methods of Thompson and Schmeichen. 9 In 

vivo activity was determined in a mouse endotoxemia assay measuring inhibition of LPS-induced TNF-ct 

production (RP7340t EDs0 3.1 mg/kg)) ° Activities of the two standards rolipram, 1 (PDE4 ICs0 320 nM and I~ 

rolipram binding 4.5 nM) and RP73401, 3 (PDE4 ICs0 1 nM and I~ rolipram binding 0.4 nM) were determined 

using these procedures. Emesis studies were performed iv on selected examples in the dog. H The 

pharmacological profiles of  a series of indole N-oxide analogues of RP73401 are presented in Table 1. Initial 

PDE4 SAR is clearly analogous to that previously reported for both rolipram and RP73401, namely a preference 

for bulky lipophilc groups over more polar substitutions. This is exemplified by the lower PDE4 inhibitory 

activities of  21 (PDE4 IC50 260 nM), 23 (PDE4 IC50 500 nM), and 24 (PDE4 IC50 420 nM). PDE4 activity was 

slightly improved on moving to the N-oxide series as seen by the activities of 8 (PDE4 IC50 100 nM) vs. 9 

(PDE4 IC50 30 nM) and 13 (PDE4 IC50 18 nM) vs. 14 (PDE4 IC50 8 nM). Most encouragingly high in vivo 

activity for the inhibition of TNF-c£ production was observed for several N-oxides. Noteworthy, as they 

approach the in vivo activity of RP73401, are the cyclohexylmethyl and cyclohexylethylethyl derivatives 9 

(EDs0 7.1 mpk) and 10 (EDs0 7.4 mpk), respectively, with the former showing a dramatic increase in activity 

over it non-oxide analogue, 8 (ED50 0% at 50 mpk). A commonly observed feature of  many rolipram-like PDE4 

inhibitors has been an undesirable side-effect profile. Rolipram, 1, was initially designed as an anti-depressant 

CNS agent and during clinical evaluation nausea and vomiting was reported./2 Rolipram was emetic in the dog 

emesis model at the dose of  only 0.03 mg/kg (2/2). Three N-oxides 9, 10, and 14 exhibiting high in vivo activity 

for TNF-cc release were thus evaluated in this model and showed substantial improvement over both rolipram 
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and RP73401. Noteworthy is the increased selectivity these compounds possess for the catalytic binding site 

over the so-called rolipram binding site. The design of compounds possessing such selectivity has been 

proposed as one solution to address the often seen undesirable side effect profile of many PDEA inhibitors.' 
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8.2 + 0.8 mpk 
3.1 + 0.5 mpk 

0%@50 mpk 

7.1 mpk 
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52%@50 mpk 

0.03 mg/kg 2/2 
0.6 mg/kg 4/4 

0.8 mg/kg 0/4 

1 mg/kg 3/4 

3 mg/kg 0/4 
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A preliminary investigation into the pharmaeokinetic profile of the potent inhibitors 913 and 14, in the 

female, Balb/c mouse following a single iv and oral dose was therefore undertaken to assess the oral 

bioavallability of  this class of  compound. ~ The phatmacokinetic parameters are shown in Table 2. Impressively, 

the systemic bioavailability of  9 was 96%. Post iv clearance for both compounds compared to average liver 

blood flow in the mouse was low, suggesting that a significant first-pass effect was unlikely and that the 

limiting factors for bioavailability of  14 were likely to be either absorption or metabolism in the GI tract. 

Table  2 

9 iv n/a n/a 3256 

9 oral 439 1.0 3140 

14 iv n/a n/a 2016.8 

14 oral 392.7 0.25 668.7 
n/a: not applicable 

Terminal 

3.6 
2.5 

5.1 

3.7 

, C1 ~ , ,  

0.3 1.7 n/a 

n/a n/a 96 

0.5 0.9 n/a 

n/a n/a 33 

Compound 9 was evaluated in the Streptococcal cell wall-induced arthritis model in the rat) 5 This 

animal model is a model of  chronic, erosive arthritis and produces a pathology similar to rheumatoid arthritis in 

man. Twice daily oral administration of 9 over the dose range 3 to 30 mg/kg resulted in dose-dependent 

inhibition of  joint swelling which is an index of antiinflammatory activity (calculated EDs0 = 23 mg/kg). In this 

model RP73401 has an EDs0 of  about 20 mg/kg. 

Table  3 

10 ml/kg -5  + 0.6 

3.0 -5  + 0.7 

10.0 -7  + 0.6 
30.0 -13 + 0.8 

4.9 _+ 0.5 

3.7 + 0.6 25 

3.3 + 0.6 33 
1.1 + 0.4 c 77 

AAUC = area under curve, SEM = standard error of the mean. ~% inhibition versus vehicle with hyper- 
edematous excluded. Cp < 0.05 vs. vehicle. 

In summary, a potent series of indole N-oxide PDE4 inhibitors has been reported. The N-oxide 

functionality imparts oral activity for TNF-a inhibition on the indole series with several compounds possessing 

similar activity to RP73401. Improved emetic and pharmacokinetic profiles were also observed for compound 9 

over RP73401. Equally encouragingly, results from a study of  the cyclohexylmethyl derivative 9 in a SCW- 

induced arthritis model were also comparable with RP73401, clearly indicating disease modifying effects. 
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