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Abstract: This communication describes the synthesis and in vitro evaluation of a novel potent series of
phosphodiesterase type (IV) (PDE4) inhibitors. The compounds described contain an indole moiety which
replaces the ‘rolipram-like’ 3-methoxy-4-cyclopentoxy motif. Several of the compounds presented possess low
nanomolar IC,,’s for PDEIV inhibition. In vivo activities determined from measurement of serum TNF-a levels
in LPS challenged mice (mouse endotoxemia model) are also reported. © 1998 Eisevier Science Ltd. All rights reserved.

The family of cyclic nucleotide phosphodiesterases (PDE’s) regulate levels of the secondary messengers
cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (¢<GMP) via hydrolysis to their
acyclic and inactive analogues 5-adenosine monophosphate (5'-AMP) and 5-guanosine monophosphate (5'-
GMP), respectively.! Of the seven PDE isoenzymes identified to date,” PDE4 is most abundantly found in
inflammatory cells such as monocytes and macrophages. The positive effect that increased levels of cAMP has
on reducing production of the pro-inflammatory cytokine tumor necrosis factor (TNF-a) and promoting airway
smooth muscle relaxation in such proinflammatory cells has generated widespread interest in PDE4 as a
potential target for treatment of autoimmune diseases.’” Many efforts have focused on modification of the
archetypal PDE4 inhibitor rolipram, 1, to access novel series of PDE4 inhibitors with improved
pharmacological profiles, including recent reports from this laboratory.* In fact, the 3-methoxy-4-cyclopentoxy
motif is observed in the majority of PDE4 inhibitors reported to date.> This letter reports the synthesis, PDE4
inhibitory activity, and in vivo effects on serum TNF-« levels of a novel series of indoles, with general structure

2, derived from one of the most potent PDE4 inhibitors reported to date, RP73401, 3.°
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The direct replacement of the catechol-like rolipram motif with a 3,4-substituted indole derivative
represents one of the first conformationally constrained analogues at these substitution sites to be reported.” The

following straightforward synthetic scheme was initially developed to probe SAR at R,, Scheme 1. Based on
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analogous SAR with other rolipram-like inhibitors it was assumed there would be little tolerance for steric bulk
at R;, which is maintained as methyl throughout SAR studies at R,. Commercially available methyl-3-
formylindole-6-carboxylate, 4, was reduced to the corresponding methyl derivative, 5, in good yield. Ester
hydrolysis, followed by TBTU [2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetraflucroborate]
activation® of the newly formed carboxylic acid and coupling with 3,5-dichloroaminopyridine gave the
intermediate  benzamide 6. SAR studies at R, were thus straightforward by facile
alkylation/acylation/sulfonylation with the corresponding alkyl/acyl/sulfonyl halides with NaH giving
compounds 12-31.
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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} LiOH (2 equiv), MeOH:H»O, 3:1, 70 °C, 1 h, 90%. (iii)
TBTU (1.1 equiv), N,N-diisopropylethylamine (2 equiv), CH3Clp. Then 4-amino-3,5-dichloropyridine (14 equiv),
NaAlHpEt) (6.9 equiv), toluene, 50 °C, 1 h, 40 to 90%. (iv) NaH (2.2 equiv), RoCl, DMF, 0 °C, 2 h, 70 to 90%.

A brief SAR study of substitution at R, was performed via the following general route (Scheme 2). 6-
Indole carboxylic acid, 7, was coupled with 4-amino-3,5-dichloropyrdine to give, 8. Sequential Vilsmeier
oxidation to give 9 and N-sulfonylation produced the desired formyl derivative, 10. Grignard addition gave the

alcohols with general structure 11 and triethylsilane acid catalysed reduction’ afforded 32 and 33.
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Scheme 2. Reagents and conditions: (i) 7, TBTU (1.1 equiv), N,N-diisopropylethylamine (2 equiv), CHyClp, 2 h, rt.
Then 4-amino-3,5-dichloropyridine (10 equiv), NaAlHEt) (5 equiv), toluene, 100 °C, 1 h. Add TBTU activated ester to
the latter solution. 100 °C, 2 h, 70%. (ii) POCl3, DMF, 40 °C, 1 h, 30%. (iii) NaH (2.2 equiv), DMF, p-
toluenesulfonylchloride (1.1 equiv), 0 °C, 1 h, 90%. (iv) RaMgBr (1.5 equiv), THF, 0 °C, 2 h, 55%. (v) Et3SiH (2 equiv),
BF3. Et70 (1 equiv), 25 °C, 3 h, 40%.

Compounds were evaluated for PDE4 inhibition using the methods of Thompson and Schmeichen,
respectively.'® In vivo activity was determined in a mouse endotoxemia assay measuring inhibition of LPS-
induced TNF-a production (RP73401 ED,, 6~10 mg/kg)." Activities of the two standards rolipram (PDE4 IC,

320 nM and K; rolipram binding 4.5 nM) and RP73401 (PDE4 IC,, 1 nM and K rolipram binding 0.4 nM) were



C. Hulme et al. / Bioorg. Med. Chem. Letz. 8 (1998) 18671872

1869

determined in-house using these procedures. TNF-a inhibition in intact cells was determined in activated human

monocytes.'> The results are summarized in Table 1.

H Cl

cl _N

R, o
Table 1
Compd Ri Ry PDE4 Kj rolipram Whole Cell (HM) EDj3( (mouse)
ICso nM binding nM IC59nM TNF-o. Inhib.
(RP73401 nMf)
12 CHj3 1S 374 30%@0.3uM (3) -
13 CH3 0 100 120 200 (8) 0%@50mpk
14 CH3 Ne 32 21 2(0.7) 0%(@>50mpk
15 CHj3 < 220 187 12 (0.7) 27%@50mpk
16 CHj3 AN 25 66 113) 22%@50mpk
17 CH3 0 18 135 23 (4) 0%@50mpk
18 CH3 (\CO 52 7 90 (10.5) 0%@50mpk
19 CH3 NG 70 280 8(0.9) -
20 CH3 o~ 25 41 168 (3) 17%@50mpk
21 CH3 A(Sj 46 60 1300 (10) -
22 CHj o °:’ 80 54 . -
23 CH3 O™ 60 75 - -
24 CHj3 L{\O\ 12 13 60 (3) 20%@30mpk
o
25 CH3 . /IL 187 75 580 (18) 0%@50mpk
L4 0
g
26 CH3 k’/\EN}_ 42 24 24.1(1.5) 0%@50mpk
s
27 CH3 o 380 172 28%@0.3pM (3) .
N2
AN
28 CH3 e 200 300 134 (>1) 0%@50mpk
Q.
29 CH3 L{\G\ 300 220 53 (<1) 0%@50mpk
CONH
30 CH3 L,/UNoz 52 75 34(2) 16%@50mpk
31 CH3 O® 45 712 300 (3) 0%@100mpk
0L
32 CH3CHp | %4° 2900 >3745 - -
<0
33 Q0 Ss? >10000 >3745 - -
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The synthetic intermediate 6 (R, = H) possessed low PDE4 inhibitory activity (PDE4 IC,, 5 uM). Initial
efforts therefore concentrated on investigation of lipophilic side chains at R,. Most encouragingly, excellent
PDE4 inhibitory activity was observed for the cyclopentyl analogue, 12, (PDE4 IC,, 15 nM). However,
inhibition of TNF-a release (HM) was relatively poor when compared to RP73401 (12, 30%@0.3 uM,
RP73401 IC,, 3 nM). Further compounds 13-24 were thus prepared with differing lipophilic side chains at R,.
Improved PDEIV activities over the cyclopentyl derivative, 12, were observed for the cyclohexylethyl, 14,
(PDEIV ICy, 3.2 nM), the 2-napthyl 18, (PDE4 IC,, 5.2 nM) and p-methoxybenzyl, 24 (PDE4 IC,, 12 nM)
derivatives. Interestingly, a 10-fold drop in both PDE4 activity and whole cell activity was found on changing
from 2- to 1-napthyl (21, PDE4 IC,,46 nM, WC IC,, 1300 nM) substitution. SAR derived from a methoxyl scan
of 17, also indicated a lowering of PDE4 activity when substituting at the 2- and 3-positions with para-
substitution being preferable (a similar result was observed with an analogous methyl scan but is not reported in
this letter). Of additional note is the excellent selectivity of the cyclohexylethyl derivative, 14, for the catalytic
binding site (PDE4 3.2 nM) over the rolipram binding site (K; 21 nM). Such selective binding is often cited as a
potential solution to the often seen emetic side effect of potent PDE4 inhibitors.” SAR at R, was also briefly
investigated maintaining a p-toulenesulfonyl group at R,. In analogous fashion to previous ‘rolipram-like’
analogues, a large drop in PDE4 activity was observed with increasing steric bulk at this position, exemplified
by the ethyl, 32 (PDE4 IC;, 2900 nM) and benzyl, 33 (PDE4 IC,, >10000 nM) analogues. The highest whole
cell activity for TNF-a inhibition was observed for the N-cyclohexylethyl, 14 [IC;, 2 nM (RP73401 IC,, 0.7
nM)] N-heptyl, 16 [IC;, 11 nM (RP73401 IC,, 3 nM)] and N-benzyl, 17 {IC,, 23 nM (RP 73401 IC,, 4 nM)]
derivatives. In vivo evaluation of a selection of the compounds in Table 1 revealed poor inhibition of TNF-a
relative to RP73401 (EDy, 6-10 mg/kg). For example, the N-heptyl derivative, 16, possessing the most potent
whole cell activity, only showed 22% inhibition of TNF-o at the high dose of 50 mpk in male Balb/c mice. A
preliminary investigation into the pharmacokinetic profile of the potent p-methoxybenzyl derivative, 24, in the
female, Balb/c mouse following a single iv and oral dose was therefore undertaken to assess the oral

bioavailability of this class of compound.'* The pharmacokinetic parameters are shown in Table 2.

Table 2
Dose Cp max T'max AUCyx Terminal Cl Vdss %

Route |"(ng.mL—!) ) (angmi-l) | t1p() |@hlkgh| @keD Bioavailability
iv Wa n/a 677.8 2.6 148 24 /a
oral 99 0.5 253 1.7 n/a n/a 3.7

1/a: not applicable

The systemic bioavailability of this compound was 3.7%. Clearance following a single iv dose was
determined to be 1.48 L. h™ kg™, a figure < 30% that of liver blood flow in the mouse (ca 5.1 L. h™" kg™'). This
data suggests that poor absorption, as opposed to a large first pass effect was responsible for the low oral

bioavailability of this compound and potentially the low in vivo activity for TNF-a. inhibition. A series of
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compounds were therefore prepared containing more polar functionality, with an associated lower clogP, by
varying R,. In general, as expected, compounds 25-30, possessed lower PDE4 activities than their lipophilic
counterparts.! However, the thiazole, 26, (PDE4 IC,, 42 nM) and the 3-nitrobenzyl derivative, 30 (PDE4 IC,, 52
nM) did maintain good potency. Unfortunately, no improvement for in vivo TNF-a release inhibition was
observed.

In summary, the synthesis and in vitro evaluation of a novel series of potent PDE4 inhibitors has been
reported, demonstrating that the indole skeleton is an effective isostere for the catechol of RP73401. This
potency is similarly reflected in several examples assessed for TNF-a release inhibition in the human monocyte
screen. PDE4 SAR for the new series paralleled closely that of previous rolipram-like inhibitors, namely little
tolerance for steric bulk at R, and a preference for large lipophilic groups at R,. Good whole cell activity,
however, did not translate into encouraging TNF-o. release in vivo. Further efforts at improving the in vivo

potency of this class of compound will be reported in due course.
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