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(57) ABSTRACT 

The invention provides a compound of formula (I) or a salt 
thereof: 

(1) 

wherein: 
R1 is Cl_3alkyl, Cl_3?uoroalkyl, or iCHzCHzOH; 
R2 is hydrogen, methyl or C l?uoroalkyl; 
R3 is of sub-formula (aa) or (bb): 

(aa) 

(bb) 

WhereinY is NCONH2 and n1 is 0 or 1; 
R4 is H; and R5 is a group of the sub-formula (X), (y), (yl) or 

(Z)1 

These compounds are PDE4 inhibitors. 
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PYRAZOLO[3,4-B] PYRIDINE COMPOUNDS 
AND THEIR USE AS PDE4 INHIBITORS 

[0001] The present invention relates to pyraZolo[3,4-b]py 
ridine compounds or salts thereof, processes for their prepa 
ration, intermediates usable in these processes, and pharrna 
ceutical compositions containing the compounds or salts. The 
invention also relates to the use of the pyraZolo[3,4-b]pyri 
dine compounds or salts thereof in therapy, for example as 
inhibitors of phosphodiesterase type IV (PDE4) and/ or for the 
treatment and/or prophylaxis of in?ammatory and/or allergic 
diseases such as chronic obstructive pulmonary disease 
(COPD), asthma, rheumatoid arthritis, allergic rhinitis, pso 
riasis or atopic dermatitis. 

BACKGROUND TO THE INVENTION 

[0002] U.S. Pat. No. 3,979,399, U.S. Pat. No. 3,840,546, 
and U.S. Pat. No. 3,966,746 (E.R. Squibb & Sons) disclose 
4-amino derivatives of pyraZolo[3,4-b]pyridine-5-carboxam 
ides Wherein the 4-amino group NR3R4 can be an acyclic 
amino group Wherein R3 and R4 may each be hydrogen, loWer 
alkyl (e.g. butyl), phenyl, etc.; NR3R4 can alternatively be a 
3-6-membered heterocyclic group such as pyrrolidino, pip 
eridino and piperaZino. The compounds are disclosed as cen 
tral nervous system depressants useful as ataractic, analgesic 
and hypotensive agents. 
[0003] U.S. Pat. No. 3,925,388, U.S. Pat. No. 3,856,799, 
U.S. Pat. No. 3,833,594 and U.S. Pat. No. 3,755,340 (E.R. 
Squibb & Sons) disclose 4-amino derivatives of pyraZolo[3, 
4-b]pyridine-5-carboxylic acids and esters. The 4-amino 
group NR3R4 can be an acyclic amino group Wherein R3 and 
R4 may each be hydrogen, loWer alkyl (e.g. butyl), phenyl, 
etc.; NR3R4 can alternatively be a 5-6-membered heterocy 
clic group in Which an additional nitrogen is present such as 
pyrrolidino, piperidino, pyraZolyl, pyrimidinyl, pyridaZinyl 
or piperaZinyl. The compounds are mentioned as being cen 
tral nervous system depressants useful as ataractic agents or 
tranquilisers, as having antiin?ammatory and analgesic prop 
erties. The compounds are mentioned as increasing the intra 
cellular concentration of adenosine-3',5'-cyclic monophos 
phate and for alleviating the symptoms of asthma. 
[0004] H. Hoehn et al., .1. Helerocycl. Chem, 1972, 9(2), 
235-253 discloses a series of 1H-pyraZolo[3,4-b]pyridine-5 
carboxylic acid derivatives With 4-hydroxy, 4-chloro, 
4-alkoxy, 4-hydraZino, and 4-amino substituents. Ethyl 4-(n 
butylamino)- 1 -ethyl- 1 H-pyraZolo [3 ,4-b] -pyridine-5 -car 
boxylate is disclosed therein; this compound is cartaZolate. 
[0005] The compound tracaZolate, ethyl 4-(n-butylamino) 
1-ethyl-6-methyl- 1 H-pyraZolo [3 ,4-b] -pyridine-5-carboxy 
late, is knoWn as an anxiolytic agent (e. g. see I. B. Patel et al., 
Eur J. Pharmacol., 1982, 78, 323). Other 1-substituted 
4-(NH2 or NH-alkyl)-1H-pyraZolo[3,4-b]-pyridine-5-car 
boxylic acid esters and amides are disclosed as potential 
anxiolytic agents in T. M. Bare et al., .1. Med. Chem, 1989, 32, 
2561-2573. CA 1003419, CH 553 799 and T. DenZel,Archiv 
der Pharmazie, 1974, 307(3), 177-186 disclose 4,5-disubsti 
tuted 1H-pyraZolo[3,4-b]pyridines unsubstituted at the 1-po 
sition. 

[0006] Japanese laid-open patent application JP-2002 
20386-A (Ono Yakuhin Kogyo K K) published on 23 Jan. 
2002 discloses pyraZolopyridine compounds of the folloWing 
formula: 
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JP-2002-20386-A 
(Ono) 

wherein R1 denotes 1) a group iOR6, 2) a group iSR7, 3) a 
C2-8 alkynyl group, 4) a nitro group, 5) a cyano group, 6) a 
C1-8 alkyl group substituted by a hydroxy group or a C1-8 
alkoxy group, 7) a phenyl group, 8) a group iC(O)R8, 9) a 
group iSOzNRgRlo, 10) a group iNR11SO2R12, 11) a 
group iNRl3C(O)Rl4 or 12) a group 4CH:NR15 . R6 and 
R7 denote i) a hydrogen atom, ii) a C1-8 alkyl group, iii) a 
C1-8 alkyl group substituted by a C1-8 alkoxy group, iv) a 
trihalomethyl group, v) a C3-7 cycloalkyl group, vi) a C1-8 
alkyl group substituted by a phenyl group or vii) a 3-15 
membered mono-, di- or tricyclic hetero ring containing 1-4 
nitrogen atoms, 1-3 oxygen atoms and/or 1-3 sulphur atoms. 
R2 denotes 1) a hydrogen atom or 2) a C1-8 alkoxy group. R3 
denotes 1) a hydrogen atom or 2) a C1-8 alkyl group. R4 
denotes 1) a hydrogen atom, 2) a C1-8 alkyl group, 3) a C3 -7 
cycloalkyl group, 4) a C1-8 alkyl group substituted by a C3 -7 
cycloalkyl group, 5) a phenyl group Which may be substituted 
by 1-3 halogen atoms or 6) a 3-15 membered mono-, di- or 
tricyclic hetero ring containing 1-4 nitrogen atoms, 1-3 oxy 
gen atoms and/ or 1-3 sulphur atoms. R5 denotes 1) a hydrogen 
atom, 2) a C1-8 alkyl group, 3) a C3-7 cycloalkyl group, 4) a 
C1-8 alkyl group substituted by a C3 -7 cycloalkyl group or 5) 
a phenyl group Which may be substituted by 1-3 substituents. 
In group R3, a hydrogen atom is preferred. In group R4, 
methyl, ethyl, cyclopropyl, cyclobutyl or cyclopentyl are pre 
ferred. The compounds of JP-2002-20386-A are stated as 
having PDE4 inhibitory activity and as being useful in the 
prevention and/or treatment of in?ammatory diseases and 
many other diseases. 

[0007] 1,3-Dimethyl-4-(arylamino)-pyraZolo[3,4-b]py 
ridines With a 5-C(O)NH2 substituent similar or identical to 
those in JP-2002-20386-A Were disclosed as orally active 
PDE4 inhibitors by authors from Ono Pharmaceutical Co. in: 
H. Ochiai et al., Bioorg. Med. Chem. Lell., 5 Jan. 2004 issue, 
vol. 14(1), pp. 29-32 (available on or before 4 Dec. 2003 from 
the Web version of the journal: “articles in press”). Full 
papers on these and similar compounds as orally active PDE4 
inhibitors are: H. Ochiai et al., Bioorg. Med. Chem, 2004, 
12(15), 4089-4100 (stated to have been available online 20 
June 2004), and H. Ochiai et al., Chem. Pharm Bull, 2004, 
52(9), 1098-1104 (stated to have been published online 15 
Jun. 2004). 
[0008] EP 0 076 035 A1 (ICI Americas) discloses pyraZolo 
[3,4-b]pyridine derivatives as central nervous system depres 
sants useful as tranquilisers or ataractic agents for the relief of 
anxiety and tension states. 

[0009] J. W. Daly et al., Med. Chem. Res., 1994, 4, 293-306 
and D. Shi et al., Drug Development Research, 1997, 42, 
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41-56 disclose a series of 4-(amino)substituted 1H-pyraZolo 
[3,4-b]pyridine-5-carboxylic acid derivatives, including 
ethyl 4-cyclopentylamino- 1 -methyl- 1 H-pyraZolo [3 ,4-b]py 
ridine-5-carboxylate, and their a?inities and antagonist 
activities at Al- and AZA-adenosine receptors, and the latter 
paper discloses their a?inities at various binding sites of the 
GABAA-receptor channel. S. Schenone et al., Bioorg. Med. 
Chem. Lell., 2001, 11, 2529-2531, and F. Bondavalli et al., J. 
Med. Chem., 2002, vol. 45 (Issue 22, 24 October 2002, alleg 
edly published on Web Sep. 24, 2002), pp. 4875-4887 dis 
close a series of 4-amino-1-(2-chloro-2-phenylethyl)-1H 
pyraZolo[3,4-b]pyridine-5-carboxylic acid ethyl esters as 
Al -adenosine receptor ligands. 
[0010] WO 02/060900 A2 appears to disclose, as MCP-l 
antagonists for treatment of allergic, in?ammatory or autoim 
mune disorders or diseases, a series of bicyclic heterocyclic 
compounds With a 4C(O)iNR4iC(O)iNR5R6 substitu 
ent, including isoxaZolo[5,4-b]pyridines and 1H-pyraZolo[3, 
4-b]pyridines4(named as pyraZolo[5,4-b]pyridines) With the 
iC(O)iNR iC(O)iNR5R6 group as the 5-substituent 
and optionally substituted at the 1-, 3-, 4-, and/or 6-positions. 
Bicyclic heterocyclic compounds With a iC(O)NH2 sub 
stituent instead of the 4C(O)iNR4iC(O)iNR5R6 sub 
stituent are alleged to be disclosed in WO 02/A060900 as 
intermediates in the synthesis of the 4C(O)iNR 4C(O)i 
NRSR6 substituted compounds. See also WO 02/081463 A1 
for similar MCP-l antagonists. 
[0011] W0 00/ 15222 (Bristol-Myers Squibb) discloses 
inter alia pyraZolo[3,4-b]pyridines having inter alia a C(O)i 
X 1 group at the 5-position and a group E 1 at the 4-position of 
the ring system. Amongst other things, X 1 can for example be 
iORg, iN(R9)(RlO) or iN(R5)(-A2-R2), and El can for 
example be iNH-Al-cycloalkyl, iNH-Al-substituted 
cycloalkyl, or iNH-Al-heterocyclo; Wherein Al is an alky 
lene or substituted alkylene bridge of 1 to 10 carbons and A2 
can for example be a direct bond or an alkylene or substituted 
alkylene bridge of 1 to 10 carbons. The compounds are dis 
closed as being useful as inhibitors of cGMP phosphodi 
esterase, especially PDE type V, and in the treatment of vari 
ous cGMP-associated conditions such as erectile 
dysfunction. Compounds With a cycloalkyl or heterocyclo 
group directly attached to iNHi at the 4-position of the 
pyraZolo[3,4-b]pyridine ring system and/or having PDE4 
inhibitory activity do not appear to be disclosed in W0 
00/ 1 5222. 

[0012] G. Yu et. al., J. Med. Chem., 2001, 44, 1025-1027 
discloses some 4-[(3-chloro-4-methoxybenZyl)amino]-pyra 
Zolopyridine-5-carboxamides as selective PDE5 inhibitors. 

[0013] H. de Mello, A. Echevarria, et al., .1. Med. Chem., 
2004, 47(22), 5427-5432, believed to have been published 
online on or before 21 Sep. 2004, discloses 3-methyl or 
3-phenyl 4-anilino-1H-pyraZolo[3,4-b]pyridine 5-carboxylic 
esters as potential anti-Leishmania drugs. 
[0014] Copending patent application PCT/EP2003/ 
014867, ?led on 19 Dec. 2003 in the name of Glaxo Group 
Limited, published on 8 Jul. 2004 as WO 2004/056823 A1, 
discloses and claims pyraZolo[3,4-b]pyridine compounds or 
salts thereof With a 4-NR3R3“ group (R3“ is preferably H) and 
With a group Het at the 5-position of the pyraZolo[3,4-b] 
pyridine, Wherein Het is usually a 5-membered optionally 
substituted heteroaryl group. PCT/EP2003/014867 (WO 
2004/056823 A1) also discloses the use of these compounds 
as PDE4 inhibitors and for the treatment and/or prophylaxis 
of inter alia COPD, asthma or allergic rhinitis. 
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[0015] Copending patent application PCT/EP03/11814, 
?led on 12 Sep. 2003 in the name of Glaxo Group Limited, 
published on 25 Mar. 2004 as WO 2004/024728 A2, discloses 
pyraZol3o[3,4-b]pyridine compounds or salts thereof With a 
4-NHR group and a 5-C(O)iX group, according to this 
formula (I): 

(1) 
R3 

HN/ o 

\ X 

N\/ | / 
/N N R2 

R1 

wherein: 
R1 is Cl_4alkyl, Cl_3?uoroalkyl, 4CH2CH2OH or 

R2 is a hydrogen atom (H), methyl or C l?uoroalkyl; 
R3 is optionally substituted C3_8cycloalkyl or optionally sub 
stituted mono-unsaturated-C5_7cycloalkenyl or an optionally 
substituted heterocyclic group of sub-formula (aa), (bb) or 
(00); 

(M) 

or 

(bb) 

Or 

(00) 

in Which n1 and n2 independently are 1 or 2; and in WhichY 
is O, S, S02, or NRlO; where R10 is a hydrogen atom (H), 
C 1_ 4alkyl, C l_2?uoroalkyl, CH2C(O)NH2, C(O)NH2, C(O)i 
Cl_2alkyl, C(O)4Cl?uoroalkyl or iC(O)4CH2OiCl_ 
zalkyl; 
or R3 is a bicyclic group (dd) or (ee): 

and Wherein X is NR4R5 or 0R5“. 

(dd) 

(66) 
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[0016] In PCT/EP03/11814 (WO 2004/024728 A2), R4 is a 
hydrogen atom (H); Cl_6alkyl; Cl_3?uoroalkyl; or C2_6alkyl 
substituted by one substituent R1 l. 
[0017] In PCT/EP03/11814 (WO 2004/024728A2), R5 can 
be: a hydrogen atom (H); C1_8alkyl; C1_8 ?uoroalkyl; C3_8cy 
cloalkyl optionally substituted by a C l_2alkyl group; i(CH2) 
n4iC3_8cycloalkyl optionally substituted, in the i(CH2) 
"4i moiety or in the C3_8cycloalkyl moiety, by a Cl_2alkyl 
group, Wherein n4 is 1, 2 or 3; C2_6alkyl substituted by one or 
tWo independent substituents R11; i(CH2)nl liC(O)R16; 
i(CH2)nl2%(O)NRl2Rl3 ; %HRl9iC(O)NRl2Rl3; 
*(CH2).12%(O)0R16; *(CH2)..12%(0)0H; 
iCHRl9%(O)ORl6; %HRl9iC(O)OH; i(CH2)nl2i 
SO2iNRl2Rl3; i(CH2)nl2iSO2Rl6; or i(CH2)nl2i 
CN; i(CH2)nl3-Het; or optionally substituted phenyl. 
[0018] Alternatively, in PCT/EP03/11814 (WO 2004/ 
024728 A2), R5 can have the sub-formula (X), (y), (y1) or (Z): 

(X) 

0) 

(Y1) 

— 4 J 

(CH2), M\L// 

Wherein in sub-formula (X), n:0, 1 or 2; in sub-formula (y) 
and (y1), m:1 or 2; and in sub-formula (Z), r:0, 1 or 2; and 
Wherein in sub-formula (X) and (y) and (y1), none, one or tWo 
of A, B, D, E and F are independently nitrogen or nitrogen 
oXide (N+4O_) provided that no more than one of A, B, D, E 
and F is nitrogen-oXide, and the remaining of A, B, D, E and 
F are independently CH or CR6; and provided that When n is 
0 in sub-formula (X) then one or tWo of A, B, D, E and F are 
independently nitrogen or nitrogen-oXide (N+4O_) and no 
more than one of A, B, D, E and F is nitrogen-oXide; 
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pyridinyl or pyrimidinyl independently are optionally substi 
tuted by one or tWo of ?uoro, chloro, Cl_2alkyl, 
Cl?uoroalkyl, C1_ l2alkoXy or Cl ?uoroalkoXy; 
or tWo adjacent R6 taken together can be 4Oi(CMe2)i 
Of or 4Oi(CH2)nl4“iOi Where n14“ is 1 or 2. 
[0020] The pyraZolo[3,4-b]pyridine compounds of formula 
(I) and salts thereof disclosed in PCT/EP03/11814 (WO 
2004/024728 A2) are disclosed as being inhibitors of phos 
phodiesterase type IV (PDE4), and as being useful for the 
treatment and/or prophylaXis of a variety of diseases/condi 
tions, especially in?ammatory and/or allergic diseases in 
mammals such as humans, for eXample: asthma, chronic 
obstructive pulmonary disease (COPD) (e.g. chronic bron 
chitis and/or emphysema), atopic dermatitis, urticaria, aller 
gic rhinitis, allergic conjunctivitis, vernal conjunctivitis, eosi 
nophilic granuloma, psoriasis, rheumatoid arthritis, septic 
shock, ulcerative colitis, Crohn’s disease, reperfusion injury 
of the myocardium and brain, chronic glomerulonephritis, 
endotoXic shock, adult respiratory distress syndrome, mul 
tiple sclerosis, cognitive impairment (eg in a neurological 
disorder), depression, or pain. PCT/EP03/11814 (WO 2004/ 
024728 A2) states that the compounds of formula (I) and/or 
their pharmaceutical compositions may be administered by 
oral, parenteral, inhaled (topical to the lung), or nasal admin 
istration. HoWever, the use of the pyraZolo[3,4-b]pyridine 
compounds by eXternal topical administration is not dis 
closed. 

[0021] PCT/EP03/ 11814 (WO 2004/024728 A2) does not 
disclose any speci?c pyraZolo[3,4-b]pyridine compounds 
having a 4-position group NHR3 in Which R3 is an optionally 
substituted heterocyclic group of sub-formula (aa), (bb) or 
(cc) and in WhichY is NRl0 wherein R10 is C(O)NH2. Also, 
WO 2004/ 024728 A2 does not disclose any speci?c pyraZolo 
[3,4-b]pyridine compounds having a 4-position group NHR3 
in Which R3 is a 4-(aminocarbonyl)cycloheXyl group. 

[0022] WO 2004/ 024728 has been revieWed, and WO 
2004/056823 mentioned, in Expert Opin. T her. Patents, 2005 
(January edition), 15(1), 111-114. 

The Invention 

[0023] We have noW found neW pyraZolo[3,4-b]pyridine 
compounds, Which compounds inhibit phosphodiesterase 
type IV (PDE4). 
[0024] The present invention therefore provides a com 
pound of formula (I) or a salt thereof (in particular, a phar 
maceutically acceptable salt thereof): 

(1) 
R3 

HN/ o 

N\ | / 
/N N R2 

R1 

wherein: 

R1 is Cl_3alkyl, Cl_3?uoroalkyl, or iCHzCHzOH; 
R2 is a hydrogen atom (H), methyl or C 1 ?uoroalkyl; 
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R3 is a 4-(aminocarbonyl)cycloheXyl (i.e. 4-(aminocarbonyl) 
cycloheXan-1-yl) group of sub-formula (aa), or an N-ami 
nocarbonyl-piperidinyl or -pyrrolidinyl group of sub-formula 
(bb); 

(Ha) 

(bb) 

wherein Y is NCONH2 and n1 is 0 or 1; and wherein the 
cycloheXyl group of sub-formula (aa) or the piperidinyl or 
pyrrolidinyl groups of sub-formula (bb) are not further sub 
stituted on any ring carbon; R4 is a hydrogen atom (H); 
[0025] R5 is a group of the sub-formula (X), (y), (y1) or (Z): 

(X) 

(y) 

(yl) 

Wherein in sub-formula (X), n:0, 1 or 2; in sub-formula (y) 
and (y1), m:1 or 2; and in sub-formula (Z), r:0, 1 or 2; 
Wherein in sub-formula (X) and (y) and (y1), none, one or tWo 
of A, B, D, E and F are nitrogen; and the remaining ofA, B, D, 
E and F are independently CH or CR6; 
Wherein, each R6, independently of any other R6 present, is: a 
halogen atom; Cl_6alkyl (e.g. Cl_4alkyl or Cl_2alkyl); 
C l_4?uoroalkyl (e. g. C1_2?uoroalkyl); C1_4alkoXy (e.g. 
C1_22lll(OXy), C l_2?uoroalkoXy; C3_6cycloalkyloXy; 4C(O) 
R16“; 4C(O)OR3O; iS(O)2iR16“ (e.g. Cl_2alkylsulphonyl, 
that is C1_2alkyl-SO2i); R16“iS(O)2iNR15“ (e.g. 
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NRl5“%H2i; %H2A)H; %H2CH2iOH; %H2i 
NR7R8; iCH2iCH2iNR7R8; iCH2iC(O)OR3O; 
%H2%(O)iNR7R8; iCHziNRl 5"iC(O)iC1_ 
salkyl; i(CH2)n14-Hetl where n14 is 0 or 1; cyano (CN); 
Ar5 1’; or phenyl, pyridinyl or pyrimidinyl Wherein the phenyl, 
pyridinyl or pyrimidinyl independently are optionally substi 
tuted by one or tWo of ?uoro, chloro, C l_2alkyl, 
Cl?uoroalkyl, C1_2alkoXy or Cl?uoroalkoXy; 
or Where tWo adjacent R6 taken together are 4Oi(CMe2)i 
Of or 4Oi(CH2)n144Oi where n14 is 1 or 2; 
Wherein sub-formula (y) and (y1), independently, are option 
ally substituted by 0X0 (:0) at a ring carbon adjacent the 
6-membered aromatic ring (for eXample, sub-formula (y) can 
optionally be 

O 

Wherein in sub-formula (Z), G is O or S or NR9 Wherein R9 is 
a hydrogen atom (H), C l_4alkyl or C l_4?uoroalkyl; none, one, 
tWo or three of J, L, M and Q are nitrogen; and the remaining 
of J, L, M and Q are independently CH or CR6 Where R6, 
independently of any other R6 present, is as de?ned herein; 
and Wherein: 
R7 and R8 are independently a hydrogen atom (H); C l_4all<yl 
(e.g. Cl_2alkyl such as methyl); C3_6cycloalkyl; or phenyl 
optionally substituted by one or tWo substituents indepen 
dently being: ?uoro, chloro, Cl_2alkyl, Cl?uoroalkyl, 
C l_2alkoXy or C l?uoroalkoXy; 
or R7 and R8 together are i(CH2)n6i or 4C(O)i(CH2) 
"7* or 4C(O)i(CH2)n1O4C(O)i or i(CH2)n8iX7i 
(CH2)n9i or iC(O)iX7i(CH2)nlOi in Which: n6 is 3, 4, 
5 or 6 (suitably n6 is 4 or 5), n7 is 2, 3, 4, or 5 (suitably n7 is 3 
or 4), n8 and n9 and n10 independently are 2 or 3 (suitably 
independently 2), and X7 is O or NRM; 
R7“ is a hydrogen atom (H) or Cl_4alkyl (suitably H or 
Cl_2alkyl, more suitably H or methyl); 
R8“ is a hydrogen atom (H) or methyl (suitably H); 
R14, independent of other R14, is a hydrogen atom (H); 
Cl_4alkyl (e.g. Cl_2alkyl); Cl_2?uoroalkyl (e.g. CF3); cyclo 
propayl; 4C(O)iCl_4alkyl (e.g. 4C(O)Me); 4C(O) 
NR R8“ (e.g. %(o)NH2); or *S(O)2*Cl_4alkyl (e.g. 
iS(O)2Me) (preferably, R14 is: H, C l_2alkyl, or iC(O)Me); 
R15, independent of other R15, is a hydrogen atom (H); 
Cl_4alkyl (e.g. tBu or Cl_2alkyl e.g. methyl); C3_6cycloalkyl; 
or phenyl optionally substituted by one or tWo of: a halogen 
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atom, C l_2alkyl, C l?uoroalkyl, C1_2alkoxy or 
Cl?uoroalkoxy (preferably R15 is H or Cl_2alkyl, more pref 
erably H); 
R15“, independent of other R15“, is a hydrogen atom (H) or 
C l_4all<yl (e.g. H, tBu or C l_2all<yl such as methyl; preferably 
R15“ is H or Cl_2alkyl, more preferably H); 

[0026] Cl_6alkyl (e.g. Cl_4alkyl or Cl_2alkyl); 
C3_6cycloalkyl (e.g. C5_6cycloalkyl) optionally substituted by 
one oxo (:O), OH or 
Cl_2alkyl substituent (e.g. optionally substituted at the 3- or 
4-position of a 
C5_6cycloalkyl ring; and/or preferably unsubstituted C3_6cy 
cloalkyl); 
C3_6cycloalkyl-CH2i (e. g. C5_6cycloalkyl-CH2i); 
pyridinyl (e.g. pyridin-2-yl) optionally substituted on a ring 
carbon atom by one of: a halogen atom, Cl_2alkyl, 
Cl?uoroalkyl, Cl_2alkoxy or Cl?uoroalkoxy; Arsc; 
phenyl optionally substituted by one or tWo substituents inde 
pendently being: a halogen atom, Cl_2alkyl, Cl?uoroalkyl, 
C l_2alkoxy or C l?uoroalkoxy; benZyl optionally substituted 
on its ring by one or tWo substituents independently being: a 
halogen atom, Cl_2alkyl, Cl?uoroalkyl, Cl_2alkoxy or 
Cl?uoroalkoxy; or a 4-, 5-, 6- or 7-membered saturated het 
erocyclic ring connected at a ring-carbon and containing one 
or tWo ring-hetero-atoms independently selected from O, S, 
and N; Wherein any ring-nitrogens Which are present are 
present as NR27 Where R27 is H, C l_2alkyl or *C(O)Me; and 
Wherein the ring is optionally substituted at carbon by one 
Cl_2alkyl or oxo (:O) substituent, provided that any oxo 
(:O) substituent is substituted at a ring-carbon atom bonded 
to a ring-nitrogen; 
R30, independent of other R30, is a hydrogen atom (H), 
C l_4all<yl or C3_6cycloalkyl; 
Arsb and A15” independently is/are a 5-membered aromatic 
heterocyclic ring containing one 0, S or NR5“ in the 5-mem 
bered ring, Wherein the 5-membered ring can optionally addi 
tionally contain one or tWo N atoms, and Wherein the hetero 
cyclic ring is optionally substituted on a ring carbon atom by 
one of: a halogen atom, C l_2alkyl, C l?uoroalkyl, 4CH2OH, 
iCH24OCl_2alkyl, OH (including the keto tautomer 
thereof) or iCHziNRzsRzg Wherein R28 and R29 indepen 
dently are H or methyl; and 
Het1 is a 4-, 5-, 6- or 7-membered saturated heterocyclic ring 
connected at a ring-carbon and containing one or tWo ring 
hetero-atoms independently selected from O, S, and N; 
Whelrein any ring-nitrogens Which are present are present as 
NR Where R3 l is H, C l_2alkyl or iC(O)Me; and Wherein the 
ring is optionally substituted at carbon by one Cl_2alkyl or 
oxo (:O) substituent, provided that any oxo (:O) substitu 
ent is substituted at a ring-carbon atom bonded to a ring 
nitrogen. 
[0027] In compounds, for example in the compounds of 
formula (I), an “alkyl” group or moiety may be straight-chain 
or branched. Alkyl groups, for example C l_8alkyl or C 1 _6alkyl 
or Cl_4alkyl or Cl_3alkyl or Cl_2alkyl, Which may be 
employed include Cl_6alkyl or Cl_4alkyl or Cl_3alkyl or 
Cl_2alkyl such as methyl, ethyl, n-propyl, n-butyl, n-pentyl, 
or n-hexyl or any branched isomers thereof such as isopropyl, 
t-butyl, sec-butyl, isobutyl, 3-methylbutan-2-yl, 2-ethylbu 
tan-l -yl, or the like. 
[0028] A corresponding meaning is intended for “alkoxy”, 
“alkylene”, and like terms derived from alkyl. For example, 

Nov. 6, 2008 

“alkoxy” such as Cl_6alkoxy or Cl_4alkoxy or Cl_2alkoxy 
includes methoxy, ethoxy, propyloxy, and oxy derivatives of 
the alkyls listed above. “Alkylsulfonyl” such as C l_4alkylsul 
fonyl includes methylsulfonyl (methanesulfonyl), ethylsulfo 
nyl, and others derived from the alkyls listed above. “Alkyl 
sulfonyloxy” such as Cl_4alkylsulfonyloxy includes 
methanesulfonyloxy (methylsulfonyloxy), ethanesulfony 
loxy, et al. 
[0029] “Cycloalkyl”, for example C3_8cycloalkyl, includes 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep 
tyl, cyclooctyl, and the like. Preferably, a C3_8cycloalkyl 
group is C3_6cycloalkyl or C5_6cycloalkyl, that is contains a 
3-6 membered or 5-6 membered carbocyclic ring. 
[0030] “Fluoroalkyl” includes alkyl groups With one, tWo, 
three, four, ?ve or more ?uorine substituents, for example 
C 1_ 4?uoroalkyl or C l_3?uoroall<yl or C l_2?uoroalkyl such as 
mono?uoromethyl, di?uoromethyl, tri?uoromethyl, pen 
ta?uoroethyl, 2,2,2-tri?uoroethyl (CF3CH2i), 2,2-di?uoro 
ethyl (CHFzCHzi), 2?uoroethyl (CHZFCHZi), etc. “Fluo 
roalkoxy” includes Cl_4?uoroalkoxy or Cl_2?uoroalkoxy 
such as tri?uoromethoxy, penta?uoroethoxy, mono?uo 
romethoxy, di?uoromethoxy, etc. “Fluoroalkylsulfonyl” 
such as Cl_4?uoroalkylsulfonyl includes tri?uoromethane 
sulfonyl, penta?uoroethylsulfonyl, etc. 
[0031] A halogen atom (“halo”) present in compounds, for 
example in the compounds of formula (1), means a ?uorine, 
chlorine, bromine or iodine atom (“?uoro”, “chloro”, 
“bromo” or “iodo”), for example ?uoro, chloro or bromo. 
[0032] When the speci?cation states that atom or moietyA 
is “bonded” or “attached” to atom or moiety B, it means that 
atom/moiety A is directly bonded to atom/moiety B usually 
by means of a covalent bond or a double covalent bond, and 
excludes A being indirectly attached to B via one or more 
intermediate atoms/moieties (e.g. excludes A-C-B); unless it 
is clear from the context that another meaning is intended. 
[0033] When R1 is Cl_3alkyl or Cl_3?uoroalkyl, it can be 
straight-chained or branched. Where R1 is Cl_3alkyl then it 
can for example be methyl, ethyl, n-propyl, or isopropyl. 
When R1 is Cl_3?uoroalkyl, then R1 can for example be 
C l?uoroalkyl such as mono?uoromethyl, di?uoromethyl, tri 
?uoromethyl; or R1 can be Cz?uoroalkyl such as penta?uo 
roethyl or more preferably C l?uoroalkyl-CHzi such as 2,2, 
2-tri?uoroethyl (CF3 CHzi), 2,2-di?uoroethyl 
(CHFZCHZi), or 2?uoroethyl (CHZFCHZi). 
[0034] R1 is Cl_3alkyl (e.g. methyl, ethyl or n-propyl), 
Cl_3?uoroalkyl or iCHZCHZOH. R1 can be Cl_3alkyl, 
Cl_2?uoroalkyl, or 4CH2CH2OH. Preferably, R1 is 
C2_3alkyl (e.g. ethyl or n-propyl), Cz?uoroalkyl (e.g. 
Cl?uoroalkyl-CHzi such as CF34CH2i) or 
4CH2CH2OH; in particular ethyl, n-propyl or 
4CH2CH2OH. More preferably, R1 is C2alkyl or 
C2?uoroalkyl. R1 is most preferably ethyl. 
[0035] Preferably, R2 is a hydrogen atom (H) or methyl, for 
example a hydrogen atom (H). 
[0036] In the group of sub-formula (bb), n1 is preferably 1. 
Therefore, preferably, the group of sub-formula (bb), or more 
preferably R3, is: 

N NHZ. 
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[0037] When R3 is an N-aminocarbonyl-pyrrolidinyl group 
of sub-formula (bb), (i.e. wherein n1 is 0), then preferably 
NHR is: 

O 

H2N4< 
<1 

(Wherein the iNHi connection point is underlined), and 
including mixtures of con?gurations Wherein the illustrated 
con?guration is the major component. 
[0038] In R3, the piperidinyl or pyrrolidinyl group of sub 
formula (bb) is not substituted on a ring carbon. 
[0039] In R3 , the cyclohexyl group of sub-formula (aa) has 
no further optional substituents (beyond 4-CONH2). 
[0040] It Will be appreciated that When R3 is the substituted 
cyclohexyl group of sub-formula (aa), then the substituent 
can be in the cis or trans con?guration With respect to the 
iNHi group of formula (I) to Which R3 is attached 
(bonded). The present invention covers each con?guration as 
Well as mixtures of con?gurations, in particular Wherein the 
stated con?guration is the major component. Therefore, the 
iC(O)NH2 substituent on the cyclohexyl group of sub-for 
mula (aa) can for example be in the cis or trans con?guration 
With respect to the iNHi group of formula (I) to Which R3 
is attached (bonded), including mixtures of con?gurations 
Wherein the stated con?guration is the major component. 
[0041] Preferably, the aminocarbonyl substituent on the 
cyclohexyl group of sub-formula (aa) is in the cis con?gura 
tion With respect to the iNHi group of formula (I) to Which 
R3 is attached (bonded), i.e. preferably NHR3 is a cis-[4 
(aminocarbonyl)cyclohexan-l-yl]amino group (including 
mixtures of con?gurations Wherein the stated cis con?gura 
tion is the major component). 
[0042] Alternatively, NHR3 canbe aracemic [4-(aminocar 
bonyl)cyclohexan-l -yl] amino group. 
[0043] Preferably, R7 and/ or R8 are independently a hydro 
gen atom (H); Cl_2alkyl such as methyl; C3_6cycloalkyl; or 
phenyl optionally substituted by one of: ?uoro, chloro, 
C l_2alkyl, C l?uoroalkyl, C l_2alkoxy or C ?uoroalkoxy; or R7 
and R8 together are i(CH2)n6- or i(CH2)n8iX7i(CH2) 
"9* wherein X7 is NRl4 or preferably 0. 
[0044] When R7 is cycloalkyl or optionally substituted phe 
nyl, then preferably R8 is neither cycloalkyl nor optionally 
substituted phenyl. 
[0045] Most preferably, R7 and/or R8 independently are a 
hydrogen atom (H) or Cl_2alkyl. It is preferable that R7 is a 
hydrogen atom (H). 
[0046] Preferably n6 is 4 or 5. Preferably n7 is 2, 3 or 4. 
Preferably, n8, n9 and/or n1O is/are independently 2. 
[0047] Preferably, R7 and R8 independently are a hydrogen 
atom (H) or C1_2alkyl; or R7 and R8 together are i(CH2)n6i 
or i(CH2)n8iX7i(CH2)n9i Wherein X7 is NRl4 or pref 
erably O, n6 is 4 or 5, and n8 and n9 are both 2; 
[0048] Preferably, R14 is H, Cl_2alkyl, or 4C(O)Me. 
[0049] Preferably, R15, independent of other R15, is a 
hydrogen atom (H) or C l_2alkyl. 
[0050] Preferably, R15“ is a hydrogen atom (H) or 
Cl_2alkyl. 

NH 
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[0051] Preferably, R16“ is Cl_4alkyl, e.g. Cl_2alkyl such as 
methyl. 
[0052] In one embodiment, R5 is a group of sub-formula (x) 
or (Z). Preferably, R5 is a group of sub-formula (x). 
[0053] In sub-formula (x), (y) and (yl), in particular in 
sub-formula (x), it is preferred that none, one or tWo of A, B, 
D, E and F are nitrogen; none, one, tWo or three of A, B, D, E 
and F are CR6; and the remaining of A, B, D, E and F are CH. 
More preferably, none, one or tWo of A, B, D, E and F are 
nitrogen; none, one or tWo of A, B, D, E and F are CR6; and the 
remaining of A, B, D, E and F are CH. Yet more preferably, 
none or one of A, B, D, E and F are nitrogen, and/or preferably 
none, one or tWo ofA, B, D, E and F are CR6. 
[0054] Preferably, sub-formula (x) is: benZyl; optionally 
substituted on the phenyl ring With one or tWo R6 sub stituents. 

[0055] In one embodiment, sub-formula (yl) is: 

I — R6“ or 

Wherein R6“ is or independently are either R6 as de?ned 
herein or preferably hydrogen. 
[0056] Preferably, in sub-formula (Z), none, one or tWo of J , 
L, M and Q are nitrogen. 
[0057] In sub-formula (x), (y), (yl) and/or (Z), preferably, 
each R6, independently of any other R6 present, is a ?uorine, 
chlorine, bromine or iodine atom, methyl, ethyl, n-propyl, 
isopropyl, C4alkyl, tri?uoromethyl, 4CH2OH, methoxy, 
ethoxy, Cl?uoroalkoxy (e.g. tri?uoromethoxy or di?uo 
romethoxy), OH, Cl_3alkylS(O)2i (such as methylsulpho 
nyl Which is MeS(O)2i), C1_3alkylS(O)2iNHi such as 
methyl-sOziNHi, Me2NiS(O)2i, H2NiS(O)2i, 
4CONH2, 4CONHMe, iCOZH, cyano (CN), NMe2, t-bu 
toxymethyl, or Cl_3alkylS(O)24CH2i such as methyl 
SO2iCH2i. More preferably, each R6, independently of 
any other R6 present, is a ?uorine, chlorine, bromine or iodine 
atom, methyl, ethyl, n-propyl, isopropyl, isobutyl, tri?uo 
romethyl, iCHzOH, methoxy, ethoxy, iCl?uoroalkoxy 
(e.g. tri?uoromethoxy or di?uoromethoxy), C1_3alkylS(O) 
2* such as methylsulphonyl, C1_3alkylS(O)2iNHi such 
as methyl-sOziNHi, Me2NiS(O)2i, H2NiS(O)2i, 
4CONH2, or Cl_3alkylS(O)24CH2i such as methyl 
SO2iCH2. Still more preferably, each R6, independently of 
any other R6 present, is a ?uorine, chlorine or bromine atom, 
methyl, ethyl, n-propyl, isopropyl, tri?uoromethyl, 
4CH2OH, methoxy, di?uoromethoxy, methylsulphonyl, 
methyI-SOZiNHi or methyl-SO24CH2i. 
[0058] In sub-formula (x), preferably, one, tWo or three R6 
substituents are present in B, D and/or E; so that for example 
in sub-formula (x), one, tWo or three R6 substituents are 
present in the ortho- (2- and/ or 6-) and/ or meta- (3- and/or 5-) 
and/or para- (4-) positions With respect to the i(CH2)ni 
side-chain. 
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[0059] Preferably, R5 has the sub-formula (X), n is l and 
each of A, B, D, E and F is independently CH or CR6; that is 
R5 has the sub-formula (X) and is optionally substituted ben 
Zyl. 
[0060] In one preferable embodiment, R5 has the sub-for 
mula (X) and is: benZyl, (monoalkyl-phenyl)methyl, [mono 
(?uoroalkyl)-phenyl]methyl, (monohalo-phenyl)methyl, 
(monoalkoXy-phenyl)methyl, [mono(?uoroalkoXy)-phenyl] 
methyl, [mono(N,N-dimethylamino)-phenyl]methyl, [mono 
(methyl-SO2iNHi)-phenyl]methyl, [mono(methyl 
SO2i)-phenyl]methyl, (dialkyl-phenyl)methyl, 
(monoalkyl-monohalo-phenyl)methyl, [mono(?uoroalkyl) 
monohalo-phenyl]methyl, (dihalo-phenyl)methyl, (dihalo 
monoalkyl-phenyl)methyl, [dihalo-mono(hydroXymethyl) 
phenyl]methyl, or (dialkoXy-phenyl)methyl such as (3,4 
dimethoXy-phenyl)methyl. The substituents can preferably 
be further de?ned, as de?ned in preferable embodiments 
herein. In one preferable embodiment, R5 is of sub-formula 
(X) and is: (monoalkyl-phenyl)methyl, [mono(?uoroalkyl) 
phenyl]methyl, (monohalo-phenyl)methyl, (monoalkoXy 
phenyl)methyl, [mono(?uoroalkoXy)-phenyl]methyl, [mono 
(N,N-dimethylamino)-phenyl]methyl, (dialkyl-phenyl) 
methyl, (monoalkyl-monohalo-phenyl)methyl, (dihalo 
phenyl)methyl or (dihalo-monoalkyl-phenyl)methyl or 
[dihalo-mono(hydroXymethyl)-phenyl]methyl. More prefer 
ably, in this embodiment, R5 is: 

[0061] (monoCl_3alkyl-phenyl)methyl such as (4-Cl_ 
3alkyl-phenyl)methyl; 

[0062] (monoCl ?uoroalkyl-phenyl)methyl such as 
(4-Cl ?uoroalkyl-phenyl)methyl; 

[0063] (monoCl_2alkoXy-phenyl)methyl such as (4-Cl_ 
2alkoXy-phenyl)methyl; 

[0064] [mono(Cl?uoroalkoXy)-phenyl]methyl such as 
(4-Cl?uoroalkoXy-phenyl)methyl; 

[0065] (diC 1 _2alkyl-phenyl)methyl or (dimethyl-phenyl) 
methyl such as (3,4-dimethyl-phenyl)methyl, (2,4-dim 
ethyl-phenyl)methyl, (3,5-dimethyl-phenyl)methyl, 
(2,3-dimethyl-phenyl)methyl or (2,5-dimethyl-phenyl) 
methyl; more preferably (3,4-dimethyl-phenyl)methyl 
or (2,4-dimethyl-phenyl)methyl; 

[0066] (monoCl_2alkyl-monohalo-phenyl)methyl or 
(monoCl_2alkyl-monochloro-phenyl)methyl such as 
(4-methyl-3-chloro-phenyl)methyl, (3-methyl-4 
chloro-phenyl)methyl, (2-methyl-4-chloro-phenyl)me 
thyl; 

[0067] (dihalo-phenyl)methyl such as (2-chloro-4-?uo 
rophenyl)methyl or (2,4-di?uoro-phenyl)methyl or 
(4-bromo-2-?uorophenyl)methyl or preferably 
(4-chloro-2-?uorophenyl)methyl; for eXample 
(dichloro-phenyl)methyl such as (3,4-dichloro-phenyl) 
methyl or (2,4-dichloro-phenyl)methyl or (2,6 
dichloro-phenyl)methyl or preferably (2,3-dichloro 
phenyl)methyl; 

[0068] (dihalo-monoCl_2alkyl-phenyl)methyl e.g. (2,4 
dichloro-6-methyl-phenyl)methyl; or 

[0069] [dihalo-mono(hydroXymethyl)-phenyl]methyl 
such as [2,3-dichloro-6-(hydroXymethyl)-phenyl]me 
thyl. 

[05070] In an alternative preferable “biaryl” embodiment, 
R is of sub-formula (X) and is: benZyl optionally substituted 
on the phenyl ring With one or tWo (e. g. one) R6 substituents; 
Wherein one of the R6 is: Arsb, or phenyl, pyridinyl or pyri 
midinyl Wherein the phenyl, pyridinyl or pyrimidinyl inde 
pendently are optionally substituted by one or tWo of ?uoro, 
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chloro, C l_2alkyl, C l?uoroalkyl, C1_2alkoXy or 
C l ?uoroalkoXy; and Wherein Arsb is a 5 -membered aromatic 
heterocyclic ring containing one 0, S or NRl5 a in the 5-mem 
bered ring, Wherein the 5-membered ring can optionally addi 
tionally contain one or tWo N atoms, and Wherein the hetero 
cyclic ring is optionally substituted on a ring carbon atom by 
one of: a halogen atom, C l_2alkyl, C l?uoroalkyl, 4CH2OH, 
4CH24OCl_2alkyl, OH (including the keto tautomer 
thereof) or iCH2iNR28R29 Wherein R28 and R29 indepen 
dently are H or methyl. 

[0071] In this “biaryl” embodiment, more preferably, R5 is 
of sub-formula (X) and is: benZyl optionally substituted on the 
phenyl ring With one or tWo (eg one) R6 substituents; 
Wherein one of the R6 is: Arsb , or phenyl or pyridinyl Wherein 

the phenyl or pyridinyl independently are optionally substi 
tuted by one of ?uoro, chloro, C l_2alkyl, C l?uoroalkyl, 
C 1_ 2alkoXy or C l ?uoroalkoXy; and Wherein Ar5 b is a 5-mem 

beresd aromatic heterocyclic ring containing one 0, S or 
NR in the 5-membered ring, Wherein the 5-membered ring 
can optionally additionally contain one N atom, and Wherein 
the heterocyclic ring is optionally substituted on a ring carbon 
atom by one of: Cl_2alkyl or Cl?uoroalkyl. 

[0072] In this “biaryl” embodiment, When one R6 is option 
ally substituted phenyl or pyridinyl, it can in particular be 
phenyl or pyridinyl independently optionally substituted at 
the 3- or 4-position (e.g. 3-position) by one of ?uoro, chloro, 
Cl_2alkyl, Cl?uoroalkyl, Cl_2alkoXy or Cl?uoroalkoXy (for 
eXample by one of chloro, C lalkyl, C l?uoroalkyl or Cl 
alkoXy). When one R6 is Arsb then it can for eXample be 

[0073] In this “biaryl” embodiment, preferably, in sub-for 
mula (X), A is CR6, Wherein the R6 at position A is: Arsb, or 
phenyl, pyridinyl or pyrimidinyl Wherein the phenyl, pyridi 
nyl or pyrimidinyl independently are optionally substituted 
by one or tWo of ?uoro, chloro, Cl_2alkyl, Cl?uoroalkyl, 
C1_2alkoXy or C 1 ?uoroalkoXy. 

[0074] In this “biaryl” embodiment, NR4R5 can for 
eXample be: 

NH 

Cl, 
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[0145] R36 is preferably 

N NHZ. 

That is, preferably NHR3C is a [l -(aminocarbonyl)-4-pip 
eridinyl]amino group. 
[0146] The compound of formula (IC) or the salt thereof 
can be for example: 
[0147] 4-{ [ l -(aminocarbonyl)-4-piperidinyl]amino}-N 

(2,3 -dihydro- l -benZofuran-5 -ylmethyl)- l -ethyl- l H-pyra 
Zolo[3,4-b]pyridine-5-carboxamide, 

[0148] 4-{ [4-(aminocarbonyl)cyclohexyl]amino}-l -ethyl 
N-(5 , 6,7, 8-tetrahydro- l -naphthalenylmethyl)- l H-pyra 
Zolo[3,4-b]pyridine-5-carboxamide, or 

[0149] 4-{ [4-(aminocarbonyl)cyclohexyl]amino}-N-(2,3 
dihydro-l -benZofuran-5 -ylmethyl)-l -ethyl- l H-pyraZolo 
[3,4-b]pyridine-5-carboxamide; 

or a salt thereof, for example a pharmaceutically acceptable 
salt thereof. 

Salts, Solvates, lsomers, Tautomeric Forms, Molecular 
Weights, Etc. 

[0150] Because of their potential use in medicine, the salts 
of the compounds of formula (I) are preferably pharmaceuti 
cally acceptable. Suitable pharmaceutically acceptable salts 
may include acid or (Where acidic groups are present Within 
formula (1)) base addition salts. 
[0151] A pharmaceutically acceptable acid addition salt is 
optionally formed by combination of a compound of formula 
(I) With a suitable inorganic or organic acid (such as hydro 
bromic, hydrochloric, sulfuric, nitric, phosphoric, succinic, 
maleic, formic, acetic, propionic, fumaric, citric, tartaric, lac 
tic, benZoic, salicylic, glutamaic, aspartic, p-toluenesulfonic, 
benZenesulfonic, methanesulfonic, ethanesulfonic, naphtha 
lenesulfonic such as 2-naphthalenesulfonic, or hexanoic 
acid), optionally in a suitable solvent such as an organic 
solvent, to give the salt Which is usually isolated, for example 
by crystallisation and ?ltration. 
[0152] A pharmaceutically acceptable acid addition salt of 
a compound of formula (I) optionally comprises or is for 
example a hydrobromide, hydrochloride, sulfate, nitrate, 
phosphate, succinate, maleate, formate, acetate, propionate, 
fumarate, citrate, tartrate, lactate, benZoate, salicylate, 
glutamate, aspartate, p-toluenesulfonate, benZenesulfonate, 
methanesulfonate, ethanesulfonate, naphthalenesulfonate 
(e.g. 2-naphthalenesulfonate) or hexanoate salt. A pharma 
ceutically acceptable acid addition salt of a compound of 
formula (I) can in particular comprise or be a hydrobromide, 
hydrochloride, sulfate, nitrate, phosphate, p-toluene 
sulfonate, benZenesulfonate, methanesulfonate, ethane 
sulfonate or naphthalenesulfonate (e. g. 2-naphthalene 
sulfonate) salt. 
[0153] Where acidic groups are present Within formula (I), 
a pharmaceutically acceptable base addition salt can be 
formed by reaction of a compound of formula (I) With a 
suitable inorganic or organic base (e.g. triethylamine, etha 
nolamine, triethanolamine, choline, arginine, lysine or histi 
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dine), optionally in a suitable solvent such as an organic 
solvent, to give the base addition salt Which is usually iso 
lated, for example by crystallisation and ?ltration. 
[0154] Where acidic groups are present Within formula (1), 
other pharmaceutically acceptable salts include pharmaceu 
tically acceptable metal salts, for example pharmaceutically 
acceptable alkali-metal or alkaline-earth-metal salts such as 
sodium, potassium, calcium or magnesium salts; in particular 
pharmaceutically acceptable metal salts of one or more car 
boxylic acid moieties that may be present in the compound of 
formula (I). 
[0155] Other non-pharmaceutically acceptable salts, eg. 
oxalates, are in one less preferable embodiment used, for 
example in the isolation of compounds of the invention, and 
are included Within the scope of this invention. 
[0156] The invention includes Within its scope all possible 
stoichiometric and non-stoichiometric forms of the salts of 
the compounds of formula (I). 
[0157] Also included Within the scope of the invention are 
all solvates, hydrates and complexes of compounds and salts 
of the invention. 
[0158] Certain groups, substituents, compounds or salts 
included in the present invention may be present as isomers. 
The present invention includes Within its scope all such iso 
mers, including racemates, enantiomers and mixtures 
thereof. 
[0159] In the compounds or salts, pharmaceutical compo 
sitions, uses, methods of treatment/prophylaxis, methods of 
preparing, etc. according to the present invention, Where a 
de?ned isomeric con?guration e.g. stereochemical con?gu 
ration is described or claimed, the invention includes a mix 
ture comprising (a) a major component of the compound or 
salt Which is in the described or claimed con?guration, 
together With (b) one or more minor components of the com 
pound or salt Which is/are not in the described or claimed 
con?guration. Preferably, in such a mixture, the major com 
ponent of the compound or salt Which is in the described or 
claimed con?guration represents 70% or more, or 75% or 
more, more preferably 85% or more, still more preferably 
90% or more, yet more preferably 95% or more, yet more 
preferably 98% or more, of the total amount of compound or 
salt present in the mixture on a molarity basis. 
[0160] Certain of the groups, eg. heteroaromatic ring sys 
tems, included in compounds of formula (I) or their salts may 
exist in one or more tautomeric forms. The present invention 
includes Within its scope all such tautomeric forms, including 
mixtures. 
[01 61] Especially When intended for oral or external topical 
medicinal use, compound(s) of formula (I) can have a 
molecular Weight of 1000 or less, for example 800 or less, in 
particular 650 or less or 600 or less. Molecular Weight here 
refers to that of the unsolvated “free base” compound, that is 
excluding any molecular Weight contributed by any addition 
salts, solvent (eg. Water) molecules, etc. 

Synthetic Process Routes 

[0162] The folloWing processes can be used to make the 
compounds of formula (I) as hereinbefore de?ned. Most of 
the folloWing synthetic processes are exempli?ed for com 
pounds of Formula (I) Wherein R2 is a hydrogen atom (H). 
HoWever, some or all of these processes can also be used With 
appropriate modi?cation, eg. of starting materials and 
reagents, for making compounds of Formula (I) Wherein R2 is 
methyl. 
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Process A 

[0163] To form a compound of formula (1), a carboxylic 
acid of formula (11) can be converted into an activated com 
pound of formula (111) Wherein Xl:a leaving group substitut 
able by an amine (as de?ned beloW) and subsequently the 
activated compound can be reacted With an amine of formula 
NHR4R5: 

(11) 
R3 

HN/ O 

\ OH 

N\/ | 
/N N/ 

R1 
3 (III) 

R 
HN/ O 

\ X1 

N\/ | 
/N N/ 

R1 

[0164] For example, the activated compound (the com 
pound of formula (111)) can be the acid chloride. This can be 
formed from the carboxylic acid (11) eg by reaction With 
thionyl chloride, either in an organic solvent such as chloro 
form or Without solvent. Alternatively, the activated com 
pound (the compound of formula (111)) can be an activated 
ester Wherein the leaving group X1 is 

[0165] The latter activated compound of formula (111) can 
be formed from the carboxylic acid (11) either: 

[0166] (a) by reaction of the carboxylic acid With a car 
bodiimide such as EDC (l-ethyl-3-(3'-dimethylamino 
propyl)carbodiimide), or a salt thereof eg hydrochlo 
ride salt, preferably folloWed by reaction of the resulting 
product With l-hydroxybenZotriaZole (HOBT); reaction 
(a) being carried out usually in the presence of a solvent 
(e.g. anhydrous) such as dimethyl formamide (DMF) or 
acetonitrile, and/ or usually in the presence of a base, e.g. 
tertiary organic amine base, such as diisopropylethy 
lamine (ZIPr2NEtIDIPEA), and/or usually at room tem 
perature (eg about 20 to about 25° C.), and/or for 
example under anhydrous conditions; or: 

[0167] (b) by reaction With 2-(lH-benZotriaZole-l -yl)-l, 
1,3,3-tetramethyluronium tetra?uoroborate (TBTU) or 
O-(7 -aZabenZotriaZol-l -yl)-N,N,N',N'-tetramethyluro 
nium hexa?uorophosphate (HATU), in the presence of a 
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base, e.g. tertiary organic amine base, such as diisopro 
pylethylamine (ZIPrZNEtIDIPEA), and usually in the 
presence of a solvent such as dimethyl formamide 
(DMF) or acetonitrile and/or for example under anhy 
drous conditions and/or usually at room temperature 
(eg about 20 to about 25° C.). Compounds of formula 
(11) can be prepared by hydrolysis of an ester of formula 
(IV), Wherein R7 is alkyl such as C l_4all<yl e.g. methyl or 
ethyl. This procedure can for example involve reaction 
of (IV) with either: 

[0168] (a) a base, e.g. alkali metal hydroxide such as 
sodium hydroxide, potassium hydroxide or lithium 
hydroxide, in a solvent eg an aqueous solvent (e.g. aque 
ous solvent comprising a mixture of Water and a Water 
miscible organic solvent) such as aqueous ethanol or aque 
ous dioxane or 

[0169] (b) an acid such as hydrochloric acid in a solvent eg 
an aqueous solvent such as aqueous dioxane: 

R3 
HN/ O 

NaOH/ 

/ \ OR, EtO11 
N l or HCl/Dioxane 

\N / 
/ N 

R1 

(1V) 
R3 

HN/ o 

\ OH 1/ | 
\N / 
/ N 

R1 

(11) 

[0170] The invention also provides in one aspect a com 
pound of formula (11), and in another aspect a compound of 
formula (IV), as de?ned herein. 
[0171] When R3 is the N-aminocarbonyl-piperidinyl or 
-pyrrolidinyl group of sub-formula (bb), the compound of 
formula (IV) can be prepared by reacting a compound of 
formula (1Va) or a salt thereof (eg hydrochloride salt thereof) 
With a urea-forming reagent capable of converting the (4-pi 
peridinyl)amino or (3-pyrrolidinyl)amino group in the com 
pound of formula (1Va) into a [(l -aminocarbonyl)-4-piperidi 
nyl]amino group or [(l-aminocarbonyl)-3-pyrrolidinyl] 
amino group respectively: 

HN ) n1 

NH O 

\ OR7 —> 

N\/ | 
JN N/ 

(1Va) 
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-continued 

0 

i 

(IV) 

[0172] 
(followed later by debenZylation e.g. reductive debenZyla 

The urea-forming reagent may be benZyl isocyanate 

tion), or preferably the urea-forming reagent is tri(Cl_4alkyl) 
silyl isocyanate such as atri(C1_2alkyl)silyl isocyanate, pref 
erably trimethylsilyl isocyanate. The reaction of the 
compound (IVa) or salt thereof to the compound (IV) can be 
carried out in the presence of a base such as N,N-diisopropy 

lethylamine (ZIPr2NEtIDIPEA), for example in more than one 
mole equivalent compared to the number of moles of (IVa) or 
salt. The reaction is optionally carried out at room tempera 

ture or by heating to re?ux. 

[0173] The reaction of the compound (IVa) or salt thereof to 
compound (IV) can be carried out in an organic solvent, the 
solvent preferably not being an aqueous-organic solvent sys 
tem or mixture. The organic solvent can optionally be tetrahy 

drofuran (THF). HoWever, although THF appears at ?rst sight 
to Work satisfactorily on an about 4 g scale (see Intermediate 

4, nl:l, R7:ethyl, HCl salt of (IVa)), it appears at ?rst sight 
that the yield might decrease When the reaction scaled up eg 
to about 33.5 g (see ?rst half of Intermediate 4A, nl:l, 
R7:ethyl, HCl salt of (IVa)). It seems that the solubility of the 
HCl salt of (IVa) Where nl:l, R7:ethyl in THF is limited. 
Therefore, preferably the reaction of compound (IVa) or salt 
to compound (IV) is carried out in a solubilising organic 
solvent comprising (e. g. consisting essentially of or being) an 
organic solvent capable of dissolving the compound of for 
mula (IVa) or salt thereof (Whichever is used) to a substan 
tially greater extent than THF. For example, the solubilising 
organic solvent can be dichloromethane or (probably) chlo 
roform. Dichloromethane appears to Work satisfactorily on a 

scale of about 33.5 g, for nl:l, R7:ethyl and using the HCl 
salt of compound (IVa) (see eg second half of Intermediate 
4A). (See also Intermediate 4B). In the reaction, the com 
pound (IVa) or salt thereof is preferably substantially Wholly 
in solution, rather than being at least partly in suspension, in 
the organic solvent. 
[0174] Compound (IVa) or the salt thereof can be prepared 
from compound (IVb), Wherein Prot is a nitrogen protecting 
group such as (tert-butyloxy)carbonyl (Boc), by deprotection 
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of the nitrogen protecting group. Boc removal can be effected 
by suitable acidic conditions, such as hydrogen chloride (e.g. 

4M) in l,4-dioxane: 

Prot 
\N ),,1 

NH O 

\ OR7 _> 

N\/ | / 

JN N 
(IVb) 

HN ),,1 

NH O 

\ 0R7 

N\/ | / 

JN N 
(IVa) 

[0175] Compound (IVb), Wherein R7 is ethyl and Prot is 
Boc, can be prepared according to a method, for example as 
described in Intermediate 2 or 2A herein, by reaction of a 

compound of formula (V) (illustrated beloW Wherein 
R7:ethyl) With l,l-dimethylethyl 4-amino-l-piperidinecar 
boxylate (e.g. commercially available from AstaTech, Phila 
delphia, USA) or l,l-dimethylethyl 3-amino-l-pyrrolidin 
ecarboxylate (e. g. commercially available fromAldrich). The 
reaction is optionally carried out in the presence of a base 
such as triethylamine or N,N-diisopropylethylamine (DI 
PEA), and/or in an organic solvent such as acetonitrile. The 
reaction may require heating eg to ca. 60-l00° C. (e.g. ca. 
80-90° C.), for example for about 16-18 hours: 

(V) 
(R7 : ethyl) 
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-continued 
Prot 
\N ),.1 

NH O 

/ \ 0R7 

N\ | / 

JN N 
(IVb) 

(in this case, R7 is Et, and Prot is B00) 

[0176] For one preparation of the compound of formula (V) 
wherein R7 is ethyl, see e. g. Intermediate 1 herein, and/or see 
Scheme 1 and compound 12 in G. Yu et. al., J. Med. Chem, 
2001, 44, 1025-1027. Therefore, a compound of formula (V) 
can be prepared by reaction of a compound of formula (VI) 
With, for example, diethylethoxymethylene malonate (Where 
R7:Et) With heating, followed by reaction With phosphorous 
oxychloride, again With heating (see for example Interrnedi 
ate 1 hereinafter): 

1) R7 

o—co CO2R7 

\ OEt 

/N NH2 2) Poci3 
R1 

(V1) 
Cl 0 

\ 0R7 

N\/ | / 
/N N 

R1 

(V) 

[0177] Where the desired amino pyraZole of formula (VI) is 
not commercially available, preparation can be achieved 
using methods described by Dorgan et. al. in J. Chem. Soc., 
Perkin Trans. 1, (4), 938-42; 1980, by reaction of cyanoeth 
ylhydraZine With a suitable aldehyde of formula R4O CHO in 
a solvent such as ethanol, With heating, folloWed by reduction 
With, for example sodium in a solvent such as t-butanol. R4O 
should be chosen so as to contain one less carbon atom than 

R1, for example R4O:methyl Will afford RIIethyl. 

(VI) 
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[0178] According to one alternative optional embodiment 
of ProcessA, a compound of formula (IV), Wherein R7 is alkyl 
such as C 1_ 4alkyl e.g. methyl or ethyl, is optionally prepared 
according to a method, for example as described in Scheme 1 

ofYu et. al., .1. Med Chem, 2001, 44, 1025-1027, by reaction 
of a compound of formula (V) With an amine of formula 

R3NH2. The reaction is optionally carried out in the presence 
of a base such as triethylamine or N,N-diisopropylethy 

lamine, and/or in an organic solvent such as ethanol, dioxane 
or acetonitrile. The reaction may require heating eg to ca. 

60-100o C., for example ca. 80-900 C.: 

Cl 0 

/ I \ 0R7 R3NH2 
N 
\ / 
/N N 

R1 

(V) 

R3 
HN/ o 

\ 0R7 

N\/ | / N 
/ N 

R1 

(IV) 

[0179] In another alternative embodiment of Process A, the 
4-chloro substituent in the compound of formula (V) can be 
replaced by a bromine or iodine atom, or by another suitable 

leaving group Which is displaceable by an amine of formula 

R3NH2. The leaving group can, for example, be an alkoxy 
group iOR35 such as iOCl _4alkyl (in particulariOEt) or a 
group 4OiS(O)2iR37, Wherein R37 is C l_8all<yl (e.g. 
Cl_4alkyl or Cl_2alkyl such as methyl), Cl_6?uoroalkyl (e.g. 
Cl_4?uoroalkyl or Cl_2?uoroalkyl such as CF3 or C4139), or 

phenyl Wherein the phenyl is optionally substituted by one or 
tWo of independently C l_2alkyl, halogen or C l_2alkoxy (such 
as phenyl or 4-methyl-phenyl). The reaction may be carried 

out With or Without solvent and may require heating. 

Process B 

[0180] 
tion of a compound of formula (VII) With an amine of formula 

R3NH2 or a salt (eg HCl salt) thereof. The reaction is pref 
erably carried out in the presence of a base, e.g. tertiary 

Compounds of formula (I) can be prepared by reac 

organic amine base, such as triethylamine or N,N-diisopro 
pylethylamine (DIPEA), and/ or in an organic solvent such as 

ethanol, tetrahydrofuran (THF), dioxane or acetonitrile. The 
reaction may require heating, eg to ca. 60-100o C. or ca. 

80-900 C., for example for 8-72 or 12-48 or 24-48 hours: 
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Cl 0 

/ I \ NR4R5 R3NH2 
N 
\ / 
/N N R2 

R1 

(v11) 
R3 
\ NH 0 

/ \ NR4R5 

N\ | / 
/N N R2 

R1 

(1) 

[0181] For an example of a preparation of HCl salts of some 
amines of formula R3NH2, see eg Intermediates 12, 15, 19 
and 20 herein. 
[0182] Compounds of formula (VII) can be prepared in a 
tWo step procedure (eg see Bare et. al. in .1. Med. Chem. 
1989, 32, 2561 -2573). This process involves, ?rst, reaction of 
a compound of formula (VIII) With thionyl chloride (or 
another agent suitable for forming an acid chloride from a 
carboxylic acid), either in an organic solvent such as chloro 
form or THF, or as a neat solution, preferably under substan 
tially anhydrous conditions (eg under a nitrogen or argon 
atmosphere). This reaction may require heating (eg to 
re?ux) and the thus-formed acid chloride intermediate may or 
may not be isolated. Step tWo involves reaction of the result 
ing acid chloride intermediate With an amine of formula 
R4R5NH, in an organic solvent such as THF or chloroform 
and may also involve the use of a base such as triethylamine 
or diisopropylethylamine (DIPEA), See, for example, Inter 
mediate 7 (?rst step) and Intermediates 8, 9, and 10 (second 
step) herein: 

Cl 0 

/ \ OH 1>soc12 
N\ I 2) NHR4R5 
N / 2 
/ N R 

R1 

(VIII) 
Cl 0 

/ \ NR4R5 

N\ | / 
/N N R2 

R1 

(v11) 

[0183] Compounds of formula (VIII) can be prepared by 
hydrolysis of an ester of formula (V) according to the method 
described byYu et. al. in JMed. Chem, 2001, 44, 1025-1027. 
This procedure preferably involves reaction With a base such 

15 
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as sodium hydroxide or potassium hydroxide in a solvent eg 
an aqueous solvent such as aqueous ethanol or aqueous diox 
ane: 

Cl O 

N OH 
/ I \ 0R7 EfOH 

N —> 

\ / 
/N N R2 

R1 

(V) 

Cl O 

\ OH 

N\/ | 
,N N/ R2 

R1 

(VIII) 

[0184] In an alternative embodiment of Process B, the 
4-chloro substituent in the compound of formula (VII) can be 
replaced by a bromine or iodine atom. 

Process C: Conversion of One Compound of Formula (I) or 
Salt Thereof into Another Compound of Formula (I) or Salt 
Thereof. 

[0185] One compound of formula (I) or salt thereof can be 
converted into another compound of formula (I) or salt 
thereof. This conversion can for example comprise or be one 
or more of the folloWing processes C1 to C6 or C7: 

C1.An oxidation process. For example, the oxidation process 
can comprise or be oxidation of an alcohol to a ketone (eg 
using Jones reagent) or oxidation of an alcohol or a ketone to 
a carboxylic acid. 

C2. A reduction process, for example reduction of a ketone or 
a carboxylic acid to an alcohol. 

C3. Alkylation, for example alkylation of an amine or of a 
hydroxy group. 
C4. Hydrolysis, e.g. hydrolysis of an ester to the correspond 
ing carboxylic acid or salt thereof. 
C5. Deprotection, e.g. deprotection (e.g. deacylation or t-bu 
tyloxycarbonyl (BOC) removal) of an amine group. 
C6. Formation of an ester or amide, for example from the 
corresponding carboxylic acid. 
C7. A carbon-carbon bond coupling process, for example 
conversion of compounds of formula (Ib) to compounds of 
formula (Ia), for example as folloWs. Compounds of formula 
(I) Which are of formula (Ia) are optionally prepared by reac 
tion of a compound of formula (Ib), Where Hal2 is a chlorine, 
bromine or iodine atom (preferably a bromine or iodine 
atom), With an aryl boronic acid (IX) or the corresponding 
boronate ester. The reaction can for example use a catalyst 
such as palladium tetrakis(triphenylphosphine) and a base 
such as sodium carbonate, in one or more solvents such as a 
mixture of dimethylformamide and Water. The reaction may 
require heating, e. g. to about 1500 C., and the rate of reaction 
may perhaps be further enhanced by the use of a microWave 
reactor. 
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R3\ 
NH 0 

H2 A1B—B(OH)2 

/ \ N \/\ (1x) 
1\ | H | 

/ /N N R2 / 
R1 

(1b) 
R3 
\NH 0 

\ N \ 

N( | H | 
/N N/ R2 / 

R1 

(13) 

[0186] In this reaction of (lb) to (la), ArB is typically one R6 
Which is: Arsb, or phenyl or pyridinyl wherein the phenyl or 
pyridinyl independently are optionally substituted by one of 
?uoro, chloro, C l_2alkyl, C l?uoroalkyl, C l_2alkoxy or 
C l?uoroalkoxy; and Wherein Arsb is a 5-membered aromatic 
heterocyclic ring containing one 0, S or NR5“ in the 5-mem 
bered ring, Wherein the 5-membered ring can optionally addi 
tionally contain one N atom, and Wherein the heterocyclic 
ring is optionally substituted on a ring carbon atom by one of: 
C l_2all<yl or C l?uoroalkyl. 
[0187] The present invention therefore also provides a 
method of preparing a compound of formula (I) or a salt 
thereof: 

(1) 

Wherein R1, R2, R3, R4 and R5 are as de?ned herein, the 
method comprising: 
(a) converting a compound of formula (HA) into an activated 
compound of formula (IHA) Wherein Xl:a leaving group 
substitutable by an amine: 

3 (IIA) 
R 

HN/ o 

\ OH 

N\/ | 
/N N/ R2 
1 
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-continued 
3 (IHA) 

R 
HN/ o 

\ X1 

N\/ | 
N N/ R2 
/ 

and subsequent reaction of the activated compound of for 
mula (HIA) With an amine of formula R4R5 NH; or 

(b) reacting a compound of formula (VIIA): 

(VHA) 
Hal 0 

/ \ NR4R5 

N\ | 
/N N/ R2 
1 

Wherein Hal is a chlorine, bromine or iodine atom (such as a 
bromine atom or preferably a chlorine atom), 

With an amine of formula R3NH2 or a salt (eg HCl salt) 
thereof, or 

(c) converting one compound of formula (I) or salt thereof 
into another compound of formula (I) or salt thereof (e. g. by 
a carbon-carbon bond coupling process, eg as described 

herein); 
and, in the case of (a), (b) or (c), optionally converting the 
compound of formula (1) into a salt thereof eg a pharmaceu 
tically acceptable salt thereof. 
[0188] The optional or preferable features of steps (a), (b), 
(c) can be according to Processes A, B or C mentioned above. 

[0189] The present invention also provides: (g) a method of 
preparing a pharmaceutically acceptable salt of a compound 
of formula (1) comprising conversion of the compound of 
formula (I) or a salt thereof into the desired pharmaceutically 
acceptable salt thereof. 
[0190] The present invention also provides a compound of 
formula (I) or a salt thereof, prepared by a method as de?ned 
herein. 

Medical Uses 

[0191] The present invention also provides a compound of 
formula (I) or a pharmaceutically acceptable salt thereof for 
use as an active therapeutic substance in a mammal such as a 
human. The compound or salt can be for use in the treatment 
and/or prophylaxis of any of the diseases/conditions 
described herein (eg for use in the treatment and/ or prophy 
laxis of an in?ammatory and/or allergic disease in a mammal 
such as a human; or eg for use in the treatment and/ or 
prophylaxis of cognitive impairment or depression in a mam 
mal such as a human) and/or can be for use as a phosphodi 
esterase 4 (PDE4) inhibitor. “Therapy” may include treat 
ment and/ or prophylaxis. 
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[0192] The compound or salt can for example be for use in 
the treatment and/or prophylaxis of an in?ammatory and/or 
allergic skin disease, such as atopic dermatitis or psoriasis, in 
a mammal such as a human. 

[0193] Also provided is the use of a compound of formula 
(I) or a pharmaceutically acceptable salt thereof in the manu 
facture of a medicament (e.g. pharmaceutical composition) 
for the treatment and/or prophylaxis of any of the diseases/ 
conditions described herein in a mammal such as a human, 
eg for the treatment and/ or prophylaxis of an in?ammatory 
and/ or allergic disease in a mammal such as a human, or eg 
for the treatment and/ or prophylaxis of cognitive impairment 
or depression in a mammal. 

[0194] Also provided is a method of treatment and/ or pro 
phylaxis of any of the diseases/ conditions described herein in 
a mammal (e.g. human) in need thereof, eg a method of 
treatment and/or prophylaxis of an in?ammatory and/ or aller 
gic disease, cognitive impairment or depression in a mammal 
(e.g. human) in need thereof, Which method comprises 
administering to the mammal (e.g. human) a therapeutically 
effective amount of a compound of formula (I) as herein 
de?ned or a pharmaceutically acceptable salt thereof. 
[0195] Phosphodiesterase 4 inhibitors are thought to be 
useful in the treatment and/or prophylaxis of a variety of 
diseases/conditions, especially in?ammatory and/or allergic 
diseases, in mammals such as humans, for example: asthma, 
chronic obstructive pulmonary disease (COPD) (e.g. chronic 
bronchitis and/or emphysema), atopic dermatitis, urticaria, 
allergic rhinitis, allergic conjunctivitis, vemal conjunctivitis, 
eosinophilic granuloma, psoriasis, rheumatoid arthritis, sep 
tic shock, ulcerative colitis, Crohn’s disease, reperfusion 
injury of the myocardium and brain, chronic glomerulone 
phritis, endotoxic shock, adult respiratory distress syndrome, 
multiple sclerosis, cognitive impairment (eg in a neurologi 
cal disorder such as AlZheimer’s disease), depression, or pain 
(e.g. in?ammatory pain). Ulcerative colitis and/or Crohn’s 
disease are collectively often referred to as in?ammatory 
boWel disease. 
[0196] In the treatment and/ or prophylaxis, the in?amma 
tory and/or allergic disease is preferably chronic obstructive 
pulmonary disease (COPD), asthma, rheumatoid arthritis, 
allergic rhinitis, psoriasis or atopic dermatitis in a mammal 
(e. g. human). More preferably, the treatment and/ or prophy 
laxis is of COPD, asthma, psoriasis or atopic dermatitis in a 
mammal (e. g. human). 
[0197] Most preferably, the treatment and/ or prophylaxis is 
of atopic dermatitis in a mammal such as a human or pig, 
preferably in a human, in particular in a human aged 21 years 
or less, e. g. 18 years or less. For treatment and/ or prophylaxis 
of atopic dermatitis in a mammal, external topical adminis 
tration to the mammal of the compound of formula (I) or a 
pharmaceutically acceptable salt thereof (e. g. topical admin 
istration to the skin e, g. to skin affected by the atopic derma 
titis) is preferably used. For treatment and/or prophylaxis of 
atopic dermatitis, inhaled administration is usually not suit 
able. 
[0198] “Atopic dermatitis” has been proposed to include 
tWo general sub-classes: (1) an “allergic (extrinsic)” type of 
atopic dermatitis Which generally occurs in the context of 
sensitiZation to environmental allergens and/or Which is gen 
erally accompanied by elevated serum IgE levels; and (2) an 
“non-allergic (intrinsic)” type of atopic dermatitis generally 
With little or no detectable sensitiZation and/ or generally With 
normal or loW serum IgE levels (N. Novak et al., J. Allergy 
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Clin. Immunol, 2003, 112, 252-262; and T. C. Roos et al., 
Drugs, 2004, 64(23), 2639-2666, see eg pages 2640-2641). 
The compound of formula (I) or the pharmaceutically accept 
able salt thereof can therefore be for the treatment and/or 
prophylaxis of allergic (extrinsic) atopic dermatitis and/or 
non-allergic (intrinsic) atopic dermatitis in a mammal (e.g. 
human or pig, preferably human). 
[0199] “External topical” administration means topical 
administration to an external body part (i.e. excluding, for 
example, the lung or mouth, but including the lips), prefer 
ably excluding the eye. 
[0200] “External topical” administration preferably is topi 
cal administration to the skin, for example to the skin of an 
arm, hand, leg, foot, head (e.g. face), neck and/or torso of a 
mammal such as a human. External topical administration 
can for example be to those parts of a mammal’s skin affected 
by or susceptible to atopic dermatitis. 
[0201] For the use of PDE4 inhibitors in atopic dermatitis, 
see for example: 

[0202] J. M. Hani?n et al., “Type 4 phosphodiesterase 
inhibitors have clinical and in vitro anti-in?ammatory 
effects in atopic dermatitis”, J. Invest. Dermatol., 1996, 
107(1), 51-56; Which reports reductions of in?amma 
tory parameters in atopic dermatitis patients treated With 
PDE4 inhibitor CP80,633 (0.5% ointment, tWice daily 
topical application); 

[0203] C. E. M. Gri?iths et al., “Randomized compari 
son of the type 4 phosphodiesterase inhibitor cipamfyl 
line cream, cream vehicle and hydrocortisone l7-bu 
tyrate cream for the treatment of atopic dermatitis”, Br. 
J Dermatol., 2002, 147(2), 299-307, Which reports that 
cipamfylline (0.15%) cream is signi?cantly more effec 
tive than vehicle, but signi?cantly less effective than 
hydrocortisone 17-butyrate (0.1%) cream, in the treat 
ment of atopic dermatitis patients; 

[0204] T. C. Roos et al., “Recent advances in treatment 
strategies for atopic dermatitis”, Drugs, 2004, 64(23), 
2639-2666 (see eg page 2657 and refs. 201-209 
therein); 

[0205] A. M. Doherty, Current Opinion Chem. Biol., 
1999, 3(4), 466-473 (eg see p. 470); and 

[0206] H. J. Dyke et al., Expert Opinion Invest. Drugs, 
2002, 11(1), 1-13 (eg see p. 7 and refs. 74, 75 and 76 
cited therein); and references cited in the above refer 
ences. 

[0207] For the use of the PDE4 inhibitors SB 207499 (cilo 
milast) andAWD 12-281 in mouse models of the allergic type 
of dermatitis, see W. Baumer et al., Eur. J. Pharmacol., 2002, 
446, 195-200 and W. Baumer et al., J. Pharmacy Pharmacol., 
2003, 55, 1107-1114. 
[0208] PDE4 inhibitors are thought to be effective in the 
treatment of COPD. For example, see S. L. Wolda, Emerging 
Drugs, 2000, 5(3), 309-319; Z. Huang et al., Current Opinion 
in Chemical Biology, 2001, 5: 432-438; H. J. Dyke et al., 
Expert Opinion on Investigational Drugs, January 2002, 
11(1), 1-13; C. Burnouf et al., Current Pharmaceutical 
Design, 2002, 8(14), 1255-1296; A. M. Doherty, Current 
Opinion Chem. Biol., 1999, 3(4), 466-473; A. M. Vignola, 
Respiratory Medicine, 2004, 98, 495-503; D. Spina, Drugs, 
2003, 63(23), 2575-2594; and references cited in the afore 
mentioned publications; and G. Krishna et al., Expert Opin 
ion on InvestigationalDrugs, 2004, 13(3), 255-267 (see espe 
cially pp. 259-261 and refs. 102-111 and 201 therein). 
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[0209] The PDE4 inhibitor cilomilast (Ari?oTM) at 15 mg 
orally twice daily appears to improve forced expiratory vol 
ume in is (FEVl) in COPD patients (C. H. Compton et al., The 
Lancet, 2001, vol. 358, 265-270), and appears to have anti 
in?ammatory effects in COPD patients (E. Gamble et al., Am. 
J. Respir. Crit. Care Med, 2003, 168, 976-982). On cilomi 
last, see also R. D. Border et al., Chest, 2003, vol. 124 Suppl. 
4, p. 1708 (abstract) and J. D. Eddleston et al., Am. J. Respir. 
Crit. Care Med, 2001, 163, A277 (abstract). The PDE4 
inhibitor ro?umilast appears to shoW small improvements in 
FEVl in COPD patients (see B. J. LipWorth, The Lancet, 
2005, 365, 167-175, and refs 49-50 therein). 
[0210] COPD is often characterised by the presence of 
air?oW obstruction due to chronic bronchitis and/or emphy 
sema (e.g., see S. L. Wolda, Emerging Drugs, 2000, 5(3), 
309-319). 
[0211] PDE4 inhibitors are thought to be effective in the 
treatment of asthma (eg see M. A. GiembycZ, Drugs, Feb 
ruary 2000, 59(2), 193-212; Z. Huang et al., Current Opinion 
in Chemical Biology, 2001, 5: 432-438; H. J. Dyke et al., 
Expert Opinion on Investigational Drugs, January 2002, 
11(1), 1-13; C. Bumouf et al., Current Pharmaceutical 
Design, 2002, 8(14), 1255-1296; A. M. Doherty, Current 
Opinion Chem. Biol., 1999, 3(4), 466-473; and references 
cited in the aforementioned publications). 

[0212] PDE4 inhibitors are thought to be effective in the 
treatment of allergic rhinitis (eg see B. M. Schmidt et al., J. 
Allergy & Clinical Immunology, 108(4), 2001, 530-536). 
[0213] PDE4 inhibitors are thought to be effective in the 
treatment of rheumatoid arthritis and multiple sclerosis (eg 
see H. J. Dyke et al., Expert Opinion on lnvestigational 
Drugs, January 2002, 11(1), 1-13; C. Bumouf et al., Current 
Pharmaceutical Design, 2002, 8(14), 1255-1296; and A. M. 
Doherty, Current Opinion Chem. Biol., 1999, 3(4), 466-473; 
and references cited in these publications). 

[0214] PDE4 inhibitors have been suggested as having 
analgesic properties and thus being effective in the treatment 
of pain (A. Kumar et al., Indian J. Exp. Biol., 2000, 38(1), 
26-30). 
[0215] In the invention, the treatment and/or prophylaxis 
can be of cognitive impairment e. g. cognitive impairment in a 
neurological disorder such as AlZheimer’s disease. For 
example, the treatment and/ or prophylaxis can comprise cog 
nitive enhancement eg in a neurological disorder. See for 
example: H. T. Zhang et al. in: Psychopharmacology, June 
2000, 150(3), 311-316 and Neuropsychopharmacology, 
2000, 23(2), 198-204; and T. EgaWa et al., Japanese J. Phar 
macol., 1997, 75(3), 275-81. 
[0216] PDE4 inhibitors such as rolipram have been sug 
gested as having antidepressant properties (eg J. Zhu et al., 
CNS Drug Reviews, 2001, 7(4), 387-398; O’Donnell, Expert 
Opinion on Investigational Drugs, 2000, 9(3), 621-625; and 
H. T. Zhang et al., Neuropsychopharmacology, October 2002, 
27(4), 587-595; J. M. O’Donnell and H.-T. Zhang, Trends 
Pharmacol. Sci., March 2004, 25(3), 158-163; and T. E. 
Renau, Curr Opinion Invest. Drugs, 2004, 5(1), 34-39). 
[0217] PDE4 inhibition has been suggested for the treat 
ment of in?ammatory boWel disease (eg ulcerative colitis 
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and/or Crohn’s disease), see K. H. Banner and M. A. Tre 
vethick, Trends Pharmacol. Sci., August 2004, 25(8), 430 
436. 

Pharmaceutical Compositions, Routes of Administration, 
and Dosing 

[0218] For use in medicine, the compounds or salts of the 
present invention are usually administered as a pharrnaceuti 
cal composition. 
[0219] The present invention therefore provides in a further 
aspect a pharmaceutical composition comprising a com 
pound of formula (I) or a pharmaceutically acceptable salt 
thereof and one or more pharmaceutically acceptable carriers 
and/or excipients. 
[0220] The pharmaceutical composition can be for use in 
the treatment and/or prophylaxis of any of the conditions 
described herein, in particular atopic dermatitis in a mammal 
such as a human. 

[0221] The invention also provides a method of preparing a 
pharmaceutical composition comprising a compound of for 
mula (l), as herein de?ned, or a pharmaceutically acceptable 
salt thereof, and one or more pharmaceutically acceptable 
carriers and/or excipients, the method comprising mixing the 
compound or salt With the one or more pharmaceutically 
acceptable carriers and/or excipients. 
[0222] The invention also provides a pharmaceutical com 
position prepared by said method. 
[0223] The compounds of formula (1) and/or the pharma 
ceutical composition may be administered, for example, by 
external topical (e.g. skin topical), oral, parenteral (e. g. intra 
venous, subcutaneous, or intramuscular), inhaled or nasal 
administration. 
[0224] Accordingly, the pharmaceutical composition can 
be suitable for (eg adapted for) external topical (e.g. skin 
topical), oral, parenteral (e.g. intravenous, subcutaneous, or 
intramuscular), inhaled or nasal administration. The pharrna 
ceutical composition is preferably suitable for inhaled admin 
istration or more preferably is suitable for external topical 
(e.g. skin topical) administration, e. g. to a mammal such as a 
human. Inhaled administration involves topical administra 
tion to the lung eg by aerosol or dry poWder composition. 
[0225] Although the compound of formula (I) or salt 
thereof may be administered orally, oral administration is not 
presently thought to be a preferred route of administration, at 
least for the compound 4-{[1-(aminocarbonyl)-4-piperidi 
nyl] amino} -N-[(3 ,4-dimethylphenyl)methyl] - 1 -ethyl- 1 H 
pyraZolo[3,4-b]pyridine-5-carboxamide (“free base” form) 
(eg Example 2, 2A or 2B). This is because, Without intend 
ing to be bound by this data, preliminary tests appear to 
indicate a loW systemic exposure after oral administration of 
Example 2 or 2A (“free base” form) to rat(s), at a dose level of 
about 1 mg of the compound per kg bodyWeight, When for 
mulated in approximately [10% DMSO and 90% PEG200/ 
Water (70:30 PEG200:Water ratio)]. 
[0226] The pharmaceutical composition can optionally be 
in unit dose form. The unit dose form can for example be: (a) 
a rupturable or peel-openable sealed dose container contain 
ing a dry poWder inhalable pharmaceutical composition (eg 
a plurality of Which are usually disposed inside a suitable 
inhalation device); (b) a vial, ampoule or ?lled syringe for 
parenteral administration e.g. comprising a solution or sus 
pension of the compound or pharmaceutically acceptable salt 
in a suitable carrier such as an aqueous carrier or e.g. con 

taining a lyophilised parenteral pharmaceutical composition 
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(the vial or ampoule can optionally be manufactured using a 
bloW-?ll-seal process); or (c) (less preferred) a tablet or cap 
sule for oral administration eg for oral administration to a 
human. 
[0227] Alternatively, the composition can be in a form 
adapted for the administration of varying amounts of compo 
sition as desired by the user, such as a spreadable or sprayable 
external topical composition such as a cream, an ointment, a 
gel, or a liquid. 

Pharmaceutical Compositions Suitable for External Topical 
Administration 

[0228] The pharmaceutical composition of the invention is 
preferably suitable for (e. g. adapted for) external topical (e.g. 
skin topical) administration, for example to a mammal such 
as a human. More preferably, the pharmaceutical composi 
tion suitable for external topical administration is for the 
treatment and/ or prophylaxis of atopic dermatitis in a mam 
mal such as a human. 
[0229] “External topical administration” is de?ned above 
under the “medical uses” section. External topical adminis 
tration can for example be to those parts of the skin affected 
by or susceptible to the disease or condition eg atopic der 
matitis, in particular in a mammal (e.g. human) suffering 
from or susceptible to atopic dermatitis. 
[0230] An external-topical pharmaceutical composition, 
e.g. skin topical pharmaceutical composition, can for 
example be an ointment, a cream (usually an oil-in-Water or 
Water-in-oil pharmaceutical composition, usually an emul 
sion), an aqueous gel, or a microemulsion. The pharmaceu 
tical composition can alternatively be a DMSO-containing 
solution such as a DMSO/acetone solution or DMSO/Water 

solution (DMSOIdimethyl sulfoxide); a DMSO-containing 
solution can be used for experimental animal tests, but is not 
usually desirable for use in humans. 
[0231] In the external-topical pharmaceutical composition, 
eg an ointment or an oil-in-Water or Water-in-oil composi 

tion, the compound of formula (I) or the pharmaceutically 
acceptable salt thereof is suitably present in 0.05% to 10%, 
preferably 0.1% to 5%, more preferably 0.1% to 3%, still 
more preferably 0.2% to 3% (eg about 0.5% or about 2.5%), 
yet more preferably 0.2% to 1.5% (eg about 0.5%), by 
Weight of the composition (W/W). 
[0232] In one optional embodiment, the compound of for 
mula (I) or the pharmaceutically acceptable salt thereof can 
optionally be in a particle-siZe-reduced form, for example 
obtained or obtainable by micronisation. This can be, for 
example, for use in a pharmaceutical composition suitable for 
(e. g. adapted for) external topical (e.g. skin topical) adminis 
tration. See the Particle siZe reduction sub-section beloW, 
Within the lnhalable pharmaceutical compositions section, 
for more details. 

[0233] Aqueous solubility: A preliminary screen aims to 
estimate roughly the aqueous solubility of compounds by (as 
an approximate summary): (i) creating a ca. 10 mM solution 
of the compound in DMSO, (ii) diluting a portion of this 
DMSO solution by mixing about 19 parts by volume of pH 
7.4 aqueous phosphate buffered saline (PBS) buffer With 1 
part by volume of the ca. 10 mM DMSO solution, (iii) “?l 
tering” the mixture With the aid of centrifugation, and then 
(iv) measuring the concentration of the dissolved compound 
in the “?ltrate”. Although some DMSO (about 5% by vol 
ume) is present in this solubility screen “?ltrate”, the results 
from this preliminary screen for the compound 4-{[1-(ami 
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nocarbonyl)-4-piperidinyl] amino} -N- [ (3 ,4 -dimethylphenyl) 
methyl] - 1 -ethyl- 1 H-pyraZolo [3 ,4-b]pyridine-5 -carboxam 
ide (“free base” form) (eg Example 2 or 2A) (about 60 
micrograms of the compound/ml) appear to suggest generally 
that this particular Example 2 or 2A compound (in the “free 
base” form) has a generally moderate aqueous solubility at 
about room temperature. 

[0234] Lipophilicity: The compound 4-{1-[1-(aminocar 
bonyl)-4-piperidinyl]amino}-N-[(3,4-dimethylphenyl)me 
thyl] - 1 -ethyl- 1 H-pyraZolo [3 ,4-b]pyridine-5-carboxamide 
(“free base” form) (eg Example 2 or 2A) is thought to have 
a clogP (calculated log of the octanol/Water partition coe? 
cient (P)) of approximately 2.5, suggesting moderate lipophi 
licity. This particular compound (as the free base) is believed 
to have a measured logD (D:distribution coe?icient, Wherein 
log D is generally log P corrected for ioniZation) of approxi 
mately 3.4 at pH:7.4, again suggesting modest/moderate 
lipophilicity. 
[0235] Therefore, preferably, in a pharmaceutical compo 
sition suitable for external topical (e.g. skin topical) admin 
istration, the compound of formula (I) or salt thereof is 4-{ 
[1 -(aminocarbonyl)-4-piperidinyl]amino } -N- [(3,4 
dimethylphenyl)methyl] -1 -ethyl-1H-pyraZolo[3,4-b] 
pyridine-5-carboxamide or a pharmaceutically acceptable 
salt thereof, in particular 4-{[1-(aminocarbonyl)-4-piperidi 
nyl] amino} -N-[(3 ,4-dimethylphenyl)methyl] - 1 -ethyl- 1 H 
pyraZolo[3,4-b]pyridine-5-carboxamide (“free base” form). 
[0236] Solubilising and/or skin-penetration-enhancing 
agents: An external-topical pharmaceutical composition, eg 
an ointment or an oil-in-Water cream or Water-in-oil cream, 

preferably includes an agent Which acts as a skin-penetration 
enhancer for and/or a solubiliser of the compound of formula 
(I) or the salt thereof. The skin-penetration-enhancing- and/or 
solubilising- agent can for example be propylene glycol, 
diethylene glycol monoethyl ether (e.g. TRANSCUTOLTM) 
and/or caprylocaproyl macrogolglycerides (e.g. LABRA 
SOLTM), preferably propylene glycol. The solubiliser and/or 
skin-penetration enhancer suitably does not comprise 
DMSO. The solubiliser and/or skin-penetration enhancer is 
preferably both a solubiliser and skin-penetration enhancer, 
and/or is suitably present in 0.5% to 50%, preferably 5% to 
50%, more preferably 7% to 30%, still more preferably 7% to 
25%, yet more preferably about 10% to about 20% (e. g. about 
10% or about 20%), by Weight of the composition (W/W). The 
skin-penetration enhancer is for delivery of the compound of 
formula (I) or salt thereof (“active agent” or “drug”) through 
the skin. SolubiliZation of the drug also helps. The solubilis 
ing and/or skin-penetration-enhancing agents should ideally 
(a) be safe and/ or tolerable, (b) have as loW a potential for skin 
irritancy as possible consistent With being an effective skin 
penetration enhancer, and (c) be compatible With the active 
pharmaceutical ingredient. Note that the agent preferably 
functions both as a solubilising agent and a skin-penetration 
enhancing agent. 
[0237] Surfactants: An external-topical pharmaceutical 
composition, eg an ointment or an oil-in-Water cream or 

Water-in-oil cream, preferably includes a surfactant (eg as an 
emulsi?er), for example for achieving emulsi?cation of com 
positions having tWo or more phases. The total surfactant 
content can for example be 0.3% to 20%, eg 0.5% to 15% or 
0.5% to 12% or0.5% to 10% or 1%to 12% or3% to 10%, by 
Weight of the composition (W/W). The surfactant can for 
example comprise one or more of the folloWing: a polyoxyl 
Cl2_22alkyl ether (eg a polyoxyl Cl4_2oalkyl ether such as 








































































































