P38 MAPK KINASE I NHIBITOR Field of the invention The invention relates to
conpounds which are inhibitors of p38 mtogen-activated protein kinase
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MAPK alFigid of thie inventior of or ns are ubi qui t ously expressed throughout the body
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i sof or lBack Fghpimentiont a i soformi s expressed nore in the pancreas,
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improved to be highly selective for p38 MAPK alpha and beta isoforms and have a wider safety

margin.

20  Less is known about the p38 MAPK gamma and delta isoforms. These isoforms are expressed
in specific tissues/cells (unlike the p38 alpha and p38 beta isoforms). The p38 MAPK-delta
isoform is expressed more in the pancreas, testes, lung, small intestine and kidney. It is also
abundant in macrophages (Smith, S.J. (2006) Br. J. Pharmacol. 149:393-404) and detectable in
neutrophils, CD4+ T cells and endothelial cells (www.genecard.org, Karin, K. (1999) J.

25 Immunol.). Very little is known about the expression of p38 MAPK gamma but it is expressed
more in brain, skeletal muscle and heart, as well as in lymphocytes and macrophages
(www.genecard.org).

Selective small molecule inhibitors of p38 MAPK-gamma and -delta are not currently available,

30  but one existing inhibitor has pan-isoform inhibitory actions. BIRB 796 inhibits all isoforms but
inhibits p38 gamma and p38 delta at higher concentrations than those that inhibit p38 alpha and
p38 beta (Kuma, Y. (2005) J. Biol. Chem. 280:19472-19479). BIRB 796 also impaired the
phosphorylation of p38 MAPKs or JNKs by the upstream kinase MKK6 or MKK4. The authors
discussed the possibility that the conformational change caused by the binding of the inhibitor to

35 the MAPK may affect the structure of both its phosphorylation site and the docking site for the
upstream activator, therefore impairing the phosphorylation of p38 MAPKs or JNKs.

p38 MAP kinase is believed to play a pivotal role in many of the signalling pathways that are
involved in initiating and maintaining chronic, persistent inflammation in human disease, for

40 example, severe asthma and COPD. There is now an abundant literature which demonstrates
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SCl O469e§l$tdnt to the anti-inflammatory effects of inhaled corticosteroids. Consequently, an eﬁectlve

20  strategy for treating COPD my well be to develop an intervention which both has inherent anti-
inflammatory effects and is able to increase the sensitivity of lung tissues from COPD patients
to inhaled corticosteroids. The recent publication of Mercado et al (2007; American Thoracic
Society Abstract A56) demonstrates that silencing p38 gamma has the potential to restore

sensitivity to corticosteroids.

25
However, the major obstacle hindering the definition and exploitation of the potential utilities of
p38 MAP kinase inhibitors in the treatment of human chronic inflammatory diseases has been
the toxicity observed in patients. This has been sufficiently severe to result in the withdrawal
from clinical development of many of the compounds progressed.

30

The compounds developed to date have typically been intended for oral administration. This
strategy involves optimizing compounds which achieve their duration of action by an appropriate
pharmacokinetic profile. This ensures that there is a sufficient drug concentration established
and maintained after and between doses to provide clinical benefit. The inevitable consequence
35 of this approach is that all body tissues, especially liver and gut, are likely to be exposed to
therapeutically active concentrations of the drug, whether or not they are adversely affected by

the disease being treated.



SCl 323 is described in Lee et al. (2005) Current Med. Chem 12,:2979-2994.
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Summary of the invention

According to the invention, there is provided a compound of formula (I)

tBu 0 I
(o) ~ NH
NS
N7 N N o]
H H OMe
e

(1)

25  ora pharmaceutically acceptable salt or solvate thereof, including all tautomers thereof.

M

Brief description of the figures

Figure 1 shows pre-dose time against neutrophil number in BALF for the compound of formula

30 () in the LPS-induced neutrophil accumulation test.



duration of action and is retained in the relevant organ to mnimze the
ri sks of systemc toxicity or (ii) producing a formulation which generates
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The disclosure herein also extends to solvates of compounds of formula (I). Examples of

solvates include hydrates.

20 The disclosure also extends to compounds of formula (I) where the atom specified in the
formula is a naturally occurring or non-naturally occurring isotope. In one embodiment the
isotope is a stable isotope. Thus the compounds of the disclosure include, for example

deuterium containing compounds and the like.

25 A process for preparing a compound of formula (I) comprises reaction of a compound of formula
(1n:
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Det ai | ed description of the invention Exanples of salts of conpound (1)

i nclude acid addition salts of strong mneral acids such as HCl and HBr
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(11 5)where| n LGL represents a |eaving group (e.g. chI oro). The reaction is
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sol vent or solvent mxture, e.g. O8M and DMF. A conpound of formula (I1)
may be prepared by reaction of a co d of formula (1V): (IV) with a
conmpound of forrmula (V): and a conp nd\of formula (V (M) wherein L& and
LG3 each independently represent | eawWyg tikbups (e.g. L& and LG3 both
represent imdazolyl).

Me
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with a compound of formula (V):
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10  and a compound of formula (VI):
0O

PN

LG~ "LG;
(VI)

wherein LG, and LG; each independently represent leaving groups (e.g. LG, and LG; both

represent imidazolyl).
15  The reaction is suitably carried out in an aprotic solvent (e.g. dichloromethane).

A compound of formula (V) may be prepared by reduction of a compound of formula (VII):
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o
o
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(Vi)



The reaction is suitably carried out in an aprotic solvent (e.qg.

di chl oronet hane). A conpound of fornmula (V) may be prepared by reduction of
a conmpouroabiofossesal a (VII1): (VII)for exanpl e by hydrogecatdBnovasiiode
presence of a catal yst such as platinump supported on carbon. The reaction
is suitably carried out in polar protic solvent (e.g. nethanol and acetic
aci d, Zfor example Aychydpeaendtiaf inf thenprieaerfogl of) a realalysé spele garm@elinoyn seppariedrorof a
compoundof, formula (VI11): (VII1) with a conpound of formula (1X): (1X)
under tsunobu conditions, such as in the presence of triphenyl phosphine
and diisopropyl azodi carboxyl ate. The reaction is suitably carried out in a
pol ar i G . r t d of
For mu 27y ot 4Bbiy\Briby P TR OISR (£ SEEREA R Ko 307,

with a conpound of fornula (IV) defined above and a conpound of fornula

(X1): rmgg( V. groups
(e.q. (Lpélc} an nﬂ((gfct haa( Sg éba’r(gg re%gﬁméifhaeér g@nﬁ?%ﬁf%r@ﬁ%d‘)ﬂl&
carried out in a polar aprotlc soI Hent. A conpound of formula (X) may be
prepared by reduction of a conpound off fornmula (XI1): (XI1) for exanple by

hydr ogenation in the presence of a c | yst, such as platinum supported on
car bon. ‘
P
N~ "NH,
(Vi)
with a compound of formula (IX):
OH
NO,

(IX)
10  under Mitsunobu conditions, such as in the presence of triphenylphosphine and

diisopropylazodicarboxylate.
The reaction is suitably carried out in a polar aprotic solvent (e.g. tetrahydrofuran).

15  Alternatively a compound of formula (I) may be prepared by reaction of a compound of formula
(X):

Z N
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(X)
with a compound of formula (IV) defined above
and a compound of formula (XI):
(o)

LG )kLGs

4

20 (X1)



A conpound of fornmula (XI1) may be prepared by reaction of a conpound of
formula (XII1): (XIl1l) wherein LGS represents a |eaving group (e.g. chloro)
and a compounty/m3gossornula (VI1) defined above. The reacPCOGE280990Fi130abl y
carried out in the presence of a base (.g. diisipropylethylamne). The
reaction is suitably carried out in a polar solvent e.g. a mxture of DCM
and DvWheGainpsunaixd bbs feachninidepedéntly, reptegent leeving gradns (e, 9. (LG4 and K53 battd
(XIrn) rcially available or are known and nay be prepared
by convgﬂglﬁﬁg Aoz @ﬂggg. See for exanple Regan, J. et al.; J. Med. Chem,
2003, 46, 4676-4686, W00/ 043384, WXX007/087448 and WO2007/089512. If

desire I i dijy be protected by the use of
conven'ﬁ-l gna{ﬂCEE { %ébwcmrfe{()jl@g‘naiﬁdgpﬁ}l ng groups and neans for their
rembval are descrlbed in "Protectlve (}oups in Organi c Synt hesis", by

atn Rov eI RER or Tl (XTS5 et By DI T el PARLI B T2 B

an aspect of the invention. Further, the t invention provides a
pharmaceutical conposition conpr|S|n a qonpdund of formula (1) optionally
in conbination with one or nore acceptabl e diluents or
carriers. Diluents and carrier§ i ncl ude thogse suitable for parenteral,
oral, topical, nucosal andor-"< I ni stratd6m As mentioned above, such
conpositions nmay be preparefl e.g par ent eral , | subcut aneous,

i ntranuscul ar, intravenous, intr icular or pePMearticul ar

adm ni stration, partlcularly in the for ; | iquid solutions or

suspensi ons; for oral adnlnlstratlon gkﬁ cuIarIy in the formof tablets

or cap I : I M sl i
parti CE ar ;m él(% bty h@xa*d;%% E]omgeﬁg Qg{r(lﬁaéséa?tl ﬁép gs?'%g?%tmsu,% %ﬁ&dd dHed on
t ransdear®in. admi ni strati on, for nucosal adm n| stration

10

A compound of formula (XIl) may be prepared by reaction of a compound of formula (XIII):

O
Meo\)k
LGe

(X1

wherein LGg represents a leaving group (e.g. chloro)

and a compound of formula (VII) defined above.
15
The reaction is suitably carried out in the presence of a base (e.g. diisipropylethylamine). The

reaction is suitably carried out in a polar solvent e.g. a mixture of DCM and DMF.

Compounds of formulae (lll), (IV), (VI), (VIII), (IX), (XI) and (XHl) are either commercially

20  available or are known and may be prepared by conventional methods. See for example Regan,
J. et al; J. Med. Chem., 2003, 46, 4676-4686, WO00/043384, W0O2007/087448 and
WQ02007/089512.

If desired or necessary, intermediate compounds may be protected by the use of conventional

25  protecting groups. Protecting groups and means for their removal are described in
“Protective Groups in Organic Synthesis”, by Theodora W. Greene and Peter G.M. Wuts,
published by John Wiley & Sons Inc; 4™ Rev Ed., 2006, ISBN-10: 0471697540.

Novel intermediates are claimed as an aspect of the invention.



e.g. to buccal, sublingual or vaginal nucosa, and for rectal adm nistration
e.g. in the formof a suppository. The conpositions nay conveniently be
adm ni st ewocoion3sesst dosage form and may be prepared byPpremGRIbo%(5E308et hods
wel | -known in the pharnmaceutical art, fgor exanple as described in

Rem ngton' s Pharmaceuti cal Sciences, 17th ed., Mick Publishing Conpany,
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al nond ﬁg% gﬁponut oil, cod liver oil, or peanut oil; preservatives such
as buty J ydroxyani sol e (BHA) and butyl at ed hydroxyt ol uene (BHT).
L|dﬁ|d conposi tions nay be encapsulated in, for exanple, gelatin to provide
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shel | capsul es an capsu
by any of the methods well-known |n the pharmaceutlcal art for example as described in

Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, PA.,
(1985). Formulations for parenteral administration may contain as excipients sterile water or
20  saline, alkylene glycols such as propylene glycol, polyalkylene glycols such as polyethylene
glycol, oils of vegetable origin, hydrogenated naphthalenes and the like. Formulations for nasal
administration may be solid and may contain excipients, for example, lactose or dextran, or may
be aqueous or oily solutions for use in the form of nasal drops or metered spray. For buccal
administration typical excipients include sugars, calcium stearate, magnesium stearate,

25  pregelatinated starch, and the like.

Orally administrable compositions may comprise one or more physiologically compatible
carriers and/or excipients and may be in solid or liquid form. Tablets and capsules may be
prepared with binding agents, for example, syrup, acacia, gelatin, sorbitol, tragacanth, or poly-
30  vinylpyrollidone; fillers, such as lactose, sucrose, corn starch, calcium phosphate, sorbitol, or
glycine; lubricants, such as magnesium stearate, talc, polyethylene glycol, or silica; and
surfactants, such as sodium lauryl sulfate. Liquid compositions may contain conventional
additives such as suspending agents, for example sorbitol syrup, methyl cellulose, sugar syrup,
gelatin, carboxymethyl-cellulose, or edible fats; emulsifying agents such as lecithin, or acacia;
35  vegetable oils such as almond oil, coconut oil, cod liver oil, or peanut oil; preservatives such as
butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). Liquid compositions may

be encapsulated in, for example, gelatin to provide a unit dosage form.



A dry shell formulation typically conprises of about 40%to 60%
concentration of gelatin, about a 20%to 30% concentration of plasticizer
(such as wybyowva3sesssor bit ol or propyl ene glycol) and ab®dT/GB28@%5139340%
concentration of water. O her material 9 such as preservatives, dyes,
opacifiers and flavours also may be present. The liquid fill materi al
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(with ag‘ggﬁg .%?Jﬂa sagents such as beeswax, hydrogenated castor oil or
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pol yet ycol 4000) or a liquid drug in vehicles or conbinations of
vehi cl es such as mneral oil, vegetable oils, triglycerides, glycols,
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the total inhalation conposition. The fornulation nmay conprise excipients
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formutations typically comprise the aclive mgr@dient suap@snded or dissolved in 3 suilable
agrosol propeilant, such as a chiorofluorocarbon (CFCY or a hydrofiunrocarben (HFC) Suiiable
CFC propeliants include irichloremonofivcoromethans {(propeflant 113,
20 dhlorotelrafluoromsthane  {propellant 1143, and  dichioredifluoromethane  {propeliant 12}
Suitable HFC propeliants include tslrafluorosthane (HFC-134a) and heplafiuoropropane (HFG-
2373 The propeilant typically comprisas 40% o 99.5% s.q. 40% io 90% by weight of the iolal
inhalation composition. The formulation may comprise excipients including co-solvents {e.g.
ethanol} and surfactants (e.g. lecithin, sorbitan trioleale and the fike). Aerosol formuiations are
25 packaged in canislers and a suilable dose is delivered by means of a melering valve {(8.¢g. as

supplied by Bespak, Valois or M)

Topical administration ¢ the lung may also be achieved by use of 3 non-pressurised formulation

such as an aguecus solufion or suspension.  This may be administersd by means of a
30 nebuliser. Topical administration to the lung may also be achieved by use of a dry-powder

formulation. A dry pewder formulation will contain the compound of formula () in finely divided

form, typically with a mass mean diameler (MMAD) of 1-10 microns.  The formulation will

tvpioally contain a opically acceplable diluent such as iaciose, usually of large parlicle size e.q.

a mass mgan diameter (MMAD) of 100um or more. Example dry powder delivery systams
35  include SPINHALER, DISKHALER, TURBOHALER, DISKUS and CLICKHALER.



nebul i ser. Topical admnistration to the lung may al so be achieved by use
of a dry-powder fornulation. A dry powder formulation will contain the
conpound WO 2bovassisa (!) in finely divided formtypical | PCRGH20@/0583%3 nean
di ameter (MVAD) of 1-10 microns. The fegnmulation will typically contain a
topically acceptable diluent such as | actose, usually of large particle
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treatnment of certain conditions which may be treated by topical or |ocal
therapy including allergic conjunctivitis, conjunctivitis, allergic
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(1) for manuf act ure o I cament  for ot he Treat ment
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Thus, in a further aspect, the present invention provides a compound of formula (1) for use in the
20 treatment of the above mentioned conditions, for example by administering a therapeutically

effective amount of said compound to a patient in need thereof.

In a further aspect, the present invention provides use of a compound of formula (I) for the
manufacture of a medicament for the treatment of the above mentioned conditions.

25
In a further aspect, the present invention provides a method of treatment of the above
mentioned conditions which comprises administering to a subject an effective amount of a
compound of formula (I) or a pharmaceutical composition thereof.

30 The disclosure also extends to use of pharmaceutical compositions/formulations in the

treatment of one or more of said conditions.
The word “treatment” is intended to embrace prophylaxis as well as therapeutic treatment.
35 A compound of formula (I) may also be administered in combination with one or more other

active ingredients e.g. active ingredients suitable for treating the above mentioned conditions.

For example possible combinations for treatment of respiratory disorders include combinations



In a further aspect, the present invention provides a nmethod of treatnent
of the above nentioned conditions which conprises admnistering to a
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phar maceuti cal conposition thereof. The1di sclosure al so extends to use of
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L/ - r 4- (nhethy Gpyridinyi]-Brmethoxygeetamidel (11 H- pyr azol - 5-y| ) ur ei dolnapht hal en-1-y
| oxy) methyl)pyridin-2-vn-2-nethoxyacetam de (1)

2- Am no-4-[ (4-ni tronaphthal en-1 -yl oxy) nmet hyl 1pyridine (3) To a solution of
4- ni t r AminokI(4-nRronaphihalen-13ylewwihethviioviidined$) phosphi ne (10.75 g, 4 1.0
rmq?) and 2-am nopyri di ne-4-nmethanol (2) (5.09 g, 4 1.0 mol) in THF (50

m ), at -150C, was added dropw se diisopropyl azodi carboxyl ate (DI AD)
(8.07 M _, 4 1.0 mms
vol atiles then renove
Et OAc (150 m ), fil
trituration from Me oom ) gave O,N
2-am no-4-[(4-nitronapht 4k en- 1-yl oxy) met hyl kgy¥idine (3) (4.54 g, 56% as
a yellowsolid: mz 296 (MtH)+ (ESt+) . 2- Am no- 4- [(§ am nonapht hal en- 1

-yl oxy) met hyl 1pyridine (4) A solution of

2- Am no-4-[ (4-ni tronapht hal en-1-yl oxy) net hyl ] pyridine (3) (4.50 g, 15.24
mol ) iT® a solution of 4-nitronaphthol (5.17 g, 27.3 mmol), triphenylphosphine (10.75 g, 41.0 mmol)

and 2-aminopyridine-4-methanol (2) (5.09 g, 41.0 mmol) in THF (50 mL), at -15°C, was added

dropwise diisopropyl azodicarboxylate (DIAD) (8.07 mL, 41.0 mmol). The mixture was stirred

. The mxture was stirred ovefninght at RT and the
|n vaﬁ}'&f‘gﬂ’l‘i@ crude j t triturated from
Et OAc (1o'tﬂ*2m ). A second

dnd washed wi

15  overnight at RT and the volatiles then removed in vacuo. The crude product was triturated from
EtOAc (150 mL), filtered off and washed with EtOAc (100 mL). A second trituration from MeOH
(100 mL) gave 2-amino-4-[(4-nitronaphthalen-1-yloxy)methyl]pyridine (3) (4.54 g, 56%) as a
yellow solid: m/z 296 (M+H)" (ES™).

20 2-Amino-4-[(4-aminonaphthalen-1-yloxy)methvllpyridine (4)
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A solution of 2-Amino-4-[(4-nitronaphthalen-1-yloxy)methyl]pyridine (3) (4.50 g, 15.24 mmol) in
methanol (200 mL) and glacial acetic acid (200 mL) was passed through a Thales ‘H-cube’ flow
25 reactor (2 mL min”, 40°C, 55 mm 10% Pt/C Cat-Cart®, full H,) and the volatiles were then
removed in vacuo. The crude product was subjected to SCX capture and release eluting with

1% ammonia in MeOH solution and the solvent was removed in vacuo to give 2-amino-4-[(4-



met hanol (200 m .) and glacial acetic acid (200 m .) was passed through a
Thales H -cube' flow reactor (2 M. mn 1, 400C, 55 nm 10% Pt/ C

Cat - Car t (WP,20foui3BosF2) and the vol atiles were then renovedTiGB20&@030303 The
crude product was subjected to SCX capyare and release eluting with 1%
ammonia in MeCH solution and the solvent was renoved in vacuo to give

2- ami n@mingraphtaienchilpki) mefhelipyridyieotdy N #8Lay 94 %y o dimeuyedol(d3 re2@66 d¥¥f)as a
mauve g Ehd: m'z 266 (MrH) + (ES+) .

1-{4-[ m nopyri di n-4-yl ) met hoxylnapht hal en-1 -yl)-3-(3-te/f-butyl -

-jp tolyl-1 /-/-pyrazol-5- vDurea (5) To a solution of 1, 1

- car oLl hARERNiS-al ek dd1nbpRindien?2y1 B9 SR Bur P D1 15y2borls- wers
added dropwise umnder mitrogenm a Sot utl

3- té/fﬂiui@;@L(_)L-p tolyl-1/- / pyrazol - 5- am ne (6) (5.91 g, 25.80 nmol) in DCM
(15 m .) over 40 mins. The resulting solution was stirred at RT for 1 h and
then added dropw se under nitrogen to a solution of

2- am no- 4-[ (4- am nonapht hal en- Bu_yl oxy) net hyl ] pyridine (4) (3.80 g, 12.89
mmol ). The m xture was stirred oyeRni ght and the volatiles were then
renmoved in vacuo. The crude mat e¥Nyawas purified by flash chromat ography

(Biotage 120 g); eluting with 0 tg 6% MeOH in DCMto give A
1-{4-[ (2- ami nopyri di n- 4- B M@\E

yl ) met hoxy] napht hal en: 1}-3-(3 f-butyl-\-p-tayl < ~BHyl ) urea
(5) (4.27 g, 630/() \amr/@l (MeH) +[(ESH) . /M{M—

3-te/f-Butyl -

-jp-tolyl- yrazor- 5Nyl ) urei %olnapht hal eN- 11- yﬂox t hyl )
pyr|d|n2{\:4l t hoxyacet anide (1) NpOCH | DI PEANF0 a stirred
solution o

1-{ 4- [ (2- ani nopY¥T di n#4-yI ) met hox$' napht hal enyI-yl }-35(3-te/f-butyl-1-ptoly
| - 1/-/-pyrazol -5-yl)urea (5) (526 ng, 0.96 mwol ) and DI PEA (184 m , 1.06
mmol) in mxture of DCM and DMF (10:1 , 11 m.) was added net hoxyacetyl

chl ori dg é%%uﬁfba of 14 OlcarFB@rhylduurﬁafdfagéleJ(cfml f 4. 58 fzstsbaﬁm@bl.wm (19%@'#@
(184 m _, 1.06 mml) and rrethox acet%bm ori

added @@a%ﬁfqpmqew@ﬁamypgw 7 ggutiers R - &Iyl'ﬂ I'hpyr%@'éﬁm'f‘grﬁs)dp 91%
angpni @519H mmol) in DCM (15 mL) over 40 mins. The resulting solution was stirred at RT for 1 h and

then added dropwise under nitrogen to a solution of 2-amino-4-[(4-aminonaphthalen-1-
yloxy)methyl]pyridine (4) (3.80 g, 12.89 mmol). The mixture was stirred overnight and the
volatiles were then removed in vacuo. The crude material was purified by flash chromatography
(Biotage 120 g); eluting with 0 to 6% MeOH in DCM to give 1-{4-[(2-aminopyridin-4-

15  yl)methoxy]naphthalen-1-yl}-3-(3-tert-butyl-1-p-tolyl-1H-pyrazol-5-yl)urea (5) (4.27 g, 63%): m/z
521 (M+H)" (ES").

N-[4-({4-[3-(3-tert-Butyl-1-p-tolyl-1 H-pyrazol-5-yl)ureido]naphthalen-1-vloxytmethyl) pyridin-2-vl]-

2-methoxyacetamide (1)
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MeOH (40 ml ), was added and the m xture stirred for 15 mns and then
concentrated in vacuo. The crude product was purified by flash col um

chr omat ogwephw/38isst age 40 g); eluting with 0 to 6% MeORCIGH2GM/S030B ur ni sh
L/-[4-({4-[3-(3-te/f-butyl-1-p-tolyl-1kgpyrazol -5-

yl ) ur ei do] napht hal en- 1-yl oxy} net hyl ) pyri di n-2-yl ] - 2- net hoxyacet am de (1)
(286 ng.o agigred raoutisn Df (IvdH(2-a(ipepyridinH-wRt{axginankthaleDNB- 363 -talt-butyl2tFo( 9

H, 9 1H,
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a fluor S ease 0

non- phosp or%;ill? er(ﬁf gggﬁﬁgémznd e 315_Q§'5'1t@i% %OHERSF% Egrg)ag}?o@lp 2o I_F%}G on
| evel s of each reaction were cal culated using the ratio of coumarin

em ssi %ol(ogﬂc%?rl')es! Iygr fluorescein em ssion (acceptor) with high ratios

i ndi ca phorylation and | ow ratios, |ow phosphorylation |evels.
Théd5percentage i nhibition of each reaction was calculated relative to

non- i nrM QiitrBefgstﬁﬂﬁnt rol, and the 50% i nhibitory concentration

Enzyme Differentiated U937 cells THP1 cells
LPS-induced TNFa release LPS-induced
TNFa release
IC50 (NM) IC50 (NM) MTT assay IC50 (NM)
Alpha Gamma 4,24 h (10 ug/ml)
subtype’ subtype
5.3 402 0.88 Negative® 2.3

*1: p38 MAPK alpha cell based assay by detection of phosphorylation of MAPKAP-K2

20  *2:no significant toxic effect observed in MTT assay

A description of these assays is as follows:

Enzyme inhibition assay

25  The enzyme inhibitory activity of compound was determined by fluorescence resonance energy
transfer (FRET) using synthetic peptides labelled with both donor and acceptor fluorophores (Z-
LYTE, Invitrogen). Briefly, recombinant, phosphorylated p38 MAPK gamma (MAPK12 :Millipore)

was diluted in HEPES buffer, mixed with compound at desired final concentrations and



(1C50val ue) then calculated fromthe concentration-response curve. For p38
MAPK al pha (MAPK14: Invitrogen), enzyne activity was evaluated indirectly
by det er mvoi2ng/@siassvat i on/ phosphoryl ati on of the down- sceaB2nplEciBe,
MAPKAP- K2. The p38 MAPK a protein was mixed with its inactive target
MAPKAP- K2 (I nvitrogen) and conmpound for two hours at room tenperature. The
FRET pépubdied(fer big howtsi ghropg tempecdpioi e &R peptidget2 ild)y anhNAIRP(IIRR, uMhd
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human nonocytic ce ne, was Used S assa S were
st i mul diCedvaliie)than mj¢u‘r$techfr0IIﬂBe@bmmrﬁt.l@mltaspomselwlvem Sigma) for 4 hrs,
andgt he supernatant collected for determ nation of TNFa concentration. The
percentage inhibition of TNFa producti on was cal cul ated at each
concenthoatiddn MFfPK ednhac Pt byitiogaprranggmewictivity eveisc legalaatad riotlireciiidbyt he
50% i nhy f e S ant
concent Py TG SORGRIY bAoA it o1 Bk AR AChBRBNE " BRSIOT kP TR
pre- i ndMAYA edbrefeirhwes mpadhdith ds indctivestarget MFH%DM (he¥oges) dt cApdund fand

72 hrs I h e l. of

v st S SRR RRT 18 el TER SR petR R o RPN B et ol

nedba WhkEKARIKEY eddd R0® (10 uM) were then added to the enzymes/compound mixture and
incubated for one hour. Development reagent was then added and the mixture incubated for

one hour before detection by fluorescence completed the assay protocol.

LPS-induced TNF alpha release: potency

20 U937 cells, human monocytic cell line, were differentiated to macrophage-type cells by
incubation with phorbol myristate acetate (PMA; 100 ng/ml) for 48 to 72 hours. Where
appropriate, cells were pre-incubated with final concentrations of compound for 2 hrs. Cells
were then stimulated with 0.1ug/ml of LPS (from E.Coli: O111:B4, Sigma) for 4 hrs, and the
supernatant collected for determination of TNFa concentration by sandwich ELISA (Duo-set,

25 R&D systems). THP-1, human monocytic cell line, was also used for this assay. THP-1 cells
were stimulated with 1 ug/ml of LPS (from E.Coli: O111:B4, Sigma) for 4 hrs, and the
supernatant collected for determination of TNFa concentration. The percentage inhibition of
TNFa production was calculated at each concentration of test compound by comparison with
vehicle control, and the 50% inhibitory concentration value (ICsy) was determined from the

30 resultant concentration-response curve.

MTT assay
Differentiated U937 cells were pre-incubated with compound for 4 hrs in 5% FCS or 10% FCS

for 24 hrs and 72 hrs. The supernatant was replaced with 200ul of new media and 10 ul of MTT
35  stock solution (5 mg/ml) added to each well. After 1hr incubation, the media were removed, 200
ul of DMSO added to each well and the plates were shaken lightly for 1 hour prior to reading the

absorbance at 550nm.



ul of DVSO added to each well and the plates were shaken lightly for 1 hour
prior to reading the absorbance at 550nm The percentage | oss of cell

vi abi |'i t ywoasioasBesal at ed for each well relative to vehi eCe/GEEWS1303

DVBSO) -treat nent. Consequently an apparept increase in cell viability for
drug treatnent relative to vehicle is tabulated as a negative percentage.
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and exposed to LPS. 8 hours after LPS challenge, aninmals were under

anest heti zed, the trachea cannul ated and BALF extracted by infusing and

wi t Adr dnwing telsting of PBS into the lungs via a tracheal catheter. Total and
differential white cell counts in the BALF sanples were neasured using a
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15 temperature and stained using a DiffQuik stain system (Dade Behring). Cells were counted

using oil immersion microscopy.
The results are shown in Figures 1 and 2. Data for neutrophil numbers is reported as total and
differential number (test substance relative to vehicle) of cells per mL of BALF, mean + S.E.M.

20 (n=8).

Cigarette Smoke Model

A/J mice (males, 5 weeks old) were exposed to cigarette smoke (4% cigarette smoke, diluted

25  with compressed air) for 30 min/day for 11 days using a Tobacco Smoke Inhalation Experiment
System for small animals (Model SIS-CS; Sibata Scientific Technology, Tokyo, Japan). Test
substances were given intra-nasally (35ul of solution in 50% DMSO/PBS) and therapeutically
twice daily for 3 days after the final cigarette smoke exposure. Twelve hours after the last
dosing, animals were anesthetized, the trachea cannulated and bronchoalveolar lavage fluid

30 (BALF) was collected. The numbers of alveolar macrophages and neutrophils were determined
by FACS analysis (EPICS® ALTRA Il, Beckman Coulter, Inc., Fullerton, CA, USA) using anti-
mouse MOMAZ2 antibody (macrophage) or anti-mouse 7/4 antibody (neutrophil).

The results are shown in Figure 3 for activated alveolar macrophages and in Figure 4 for
35 neutrophils. Data for cell numbers are shown as the mean + SEM. The cigarette smoke model
used for this study is reported as a corticosteroid refractory system, (Medicherla S. et al.,
(2008); J. Pharmacol. Exp. Ther. 324(3):921-9) and it was confirmed that fluticasone propionate
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Bunki n-Hak b} 18?/ pigs (300-350 g, n=6 / group) were sensitised with
100 ny Qvaru A) + 100 mg AI2(OH)3 in 1m normal saline (i.p.) on
days 2 and 6. Paral nfluenza virus (PI'V-3; 106 infectious units) or nedia

wi t hout_ vi rus. 1 and 12. Aninals were treated
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Pl V3 maghisnourkiarBiey lgdidesPpifd (860-38@Yd, n=6 / group) were sensitised with 100 pg

ovalubumin (OVA) + 100 mg Aly(OH); in 1ml normal saline (i.p.) on days 2 and 6. Parainfluenza

virus (PIV-3; 10° infectious units) or media without virus was nasally instilled on days 11 and 12.
Animals were treated with nebulised fluticasone propionate at a dose of 1.5 mg per day. Initial

20 studies established that this dose of fluticasone propionate inhibited ovalbumin-mediated lung
function changes in sensitized animals treated with PIV3 medium. Example 1 (4.5 mg per day)
or the vehicle (DMSO:ethanol:saline, 30:30:40%) from days 10-15. All animals were challenged
for 1 h with nebulised OVA (10 ug/ml) on day 15 and repeated measurements of specific
airways conductance (sG,y) were made over a 24 h period using whole body plethysmography.

25 Measurements of sG,y after OVA challenge are plotted as % change from baseline. See Figure
5.

Figure 5 Data are shown as the mean of 6 observations; (e) PIV3 + vehicle treatment; (W)
PIV3 + fluticasone propionate treatment; (A ) PIV3 + Example 1 treatment
30

Summary

The biological studies in vitro show that the compound of formula (l) is a potent inhibitor of p38
MAP kinase subtypes alpha and gamma with good efficacy in an in vitro model of anti-
35 inflammatory activity (LPS-induced TNFalpha release from differentiated U937 cells and THP-1
cells). From the MTT results it may be concluded that the compound does not exhibit overt

cellular toxicity at the concentrations used.
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15  The application of which this description and claims forms part may be used as a basis for

priority in respect of any subsequent application. The claims of such subsequent application
may be directed to any feature or combination of features described herein. They may take the
form of product, composition, process, or use claims and may include, by way of example and

without limitation, the claims.

20
Abbreviations
Ac acyl
ATP Adenosine-5'-triphosphate
BALF Bronchoalveolae lavage fluid

25 BSA bovine serum albumin
CatCart® catalytic cartridge (brand name)
CDI carbonyldiimidazole
DCM dichloromethane
DIAD diisopropyl azodicarboxylate

30 DMF dimethylformamide
DMSO dimethyl sulfoxide
COPD chronic obstructive pulmonary disease
DIAD diisopropyl azodicarboxylate
DIBAL-H diisobutylaluminium hydride

35 DIPEA N-ethyl-N-isopropylpropan-2-amine
Et ethyl

FCS foetal calf serum



priority in respect of any subsequent application. The clainms of such
subsequent application may be directed to any feature or conbi nation of
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PPh; triphenylphosphine

RT room temperature

SCX solid supported cation exchange
10 SDS sodium dodecyl sulfate

TFA trifluoroacetic acid

THF tetrahydrofuran

TNFa tumor necrosis factor alpha

TMB 3.3', 5.5’-tetramethylbenzidine

15  MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide



Me nmet hyl PBS phosphate buffered saline PPh3 triphenyl phosphine RT room
tenperature SCX solid supported cation exchange SDS sodi um dodecyl sulfate
TFA triflworosossiss acid THF tetrahydrof uran TNFa t unor POBEIB2809205130G6t or

al pha TMB 3.3, 5.5 -tetranethyl benzi dige MIT

3-(4,5-D nmet hyl thiazol -2-yl)-2,5-di phenyl tetrazoliumbromdeCains 1. A
conpourdaigis fornul a (1) or a pharmaceutically acceptable salt or solvate
thereof, including all tautoners thereof. 2. A pharmaceutical conposition
conprising a conmpound according to claiml1, in conbination with one or nore
phar madeut i 8gbmpoundeffomilla (Ifi | uents or carriers. 3. A conpound of fornula
(I') according to claim1 for use as a nedica t. 4. A conmpound of fornula
(1) according to claim1 for use as in the tfreafnent or prevention of a

condition sel ected fro‘?‘H’%‘T‘)b  ncl b e Il\clwl_rlonchltls and enphysems),
\

asthma, paediatric asth cys#'\c ‘ psi s, sarcojdosis, idiopathic
pul nonary fibrosis, all & hi nitiso)?i\(uusitis, allergic
conjunctivitis, conjuncti |t|*$ Hlle dermatitisl,, contact dermatitis,
psoriasis, ulcerative c s, infla | oi [

arthritis or

Me )
or a pharmaceutically acceptable salt or solvate thereof, including all
tautomers thereof.

2. A pharmaceutical composition comprising a compound according to claim 1, in
combination with one or more pharmaceutically acceptable diluents or carriers.
A compound of formula () according to claim 1 for use as a medicament.

A compound of formula (I) according to claim 1 for use as in the treatment or
prevention of a condition selected from:

COPD (including chronic bronchitis and emphysema), asthma, paediatric
asthma, cystic fibrosis, sarcoidosis, idiopathic pulmonary fibrosis, allergic
rhinitis, rhinitis, sinusitis,

allergic conjunctivitis, conjunctivitis, allergic dermatitis, contact dermatitis,
psoriasis, ulcerative colitis, inflamed joints secondary to rheumatoid arthritis or
osteoarthritis,

rheumatoid arthritis, pancreatitis, cachexia, inhibition of the growth and
metastasis of tumours including non-small cell lung carcinoma, breast
carcinoma, gastric carcinoma, colorectal carcinomas and malignant
melanoma.

5. Use of a compound of formula (I) according to claim 1 for the manufacture of a
medicament for the treatment or prevention of a condition selected from
COPD (including chronic bronchitis and emphysema), asthma, paediatric
asthma, cystic fibrosis, sarcoidosis, idiopathic pulmonary fibrosis, allergic
rhinitis, rhinitis, sinusitis,
allergic conjunctivitis, conjunctivitis, allergic dermatitis, contact dermatitis,
psoriasis, ulcerative colitis, inflamed joints secondary to rheumatoid arthritis or
osteoarthritis,
rheumatoid arthritis, pancreatitis, cachexia, inhibition of the growth and

metastasis of tumours including non-small cell lung carcinoma, breast



osteoarthritis, rheumatoid arthritis, pancreatitis, cachexia, inhibition of

the gromh and netastasis of tunmours including non-small cell |ung

car ci nonmeawokpsassossar ci nona, gastric carci noma, col orecrall/Geoeveievas and
mal i gnant nel anoma. 5. Use of a conpoupd of formula (I) according to claim
1 for the manufacture of a nedicanent for the treatnent or prevention of a

condi ti on sedreipowd, f gastriCORBronom, udidligeaidlr ceargngmasmchndi snaligdarinphysema) ,

ast hmma, paeggg%h% asthma, cystic fibrosis, sarcoidosis, idiopathic

pul nonary fibrosis, allergic rhinitis, rhinitis, sinusitis, allergic
onjunéilV|Am@ﬁh@bdﬁuﬁmnGMKﬁa§0n@h¢@8@e@eﬁﬁbmatitis contact dermatitis,
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arthritis or osteoar eurra 0 it1's, pancre cachexi a,

i nhi bi tion asthmhe cystowfibrosisd saespisosissiigopdthic upwmosaiyntibrasisngliergis- smal | cel |
| ung carcin tealkg.noma, gastric carcinoma, colorectal carcinomas
and nal i gnaﬁ]{mhs P{Iﬁ% Sttt %A nmet hod of treatnent of a condition selected

f rom COPD (almglgdmwrwhwhﬂn corunstivitis, t akberalndd@mysen@)tactagermml,tls paedi atric
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allergic rh nitrs, nitrs, sinusit c conjunctivitrs,
conj uncti vi @Stsoarﬁirltlargl c dermatitis, contact der matitis, psoriasis,

ul cerative folirbigy drpflierBshd-ohfbs cSERIAIAT b ok %um@;gaowrgnﬁrms or

osteoarthritis unat art is, panCreatitrs, cachexia, 1nhibition of
t he growt h @ethstasis of tumours including non- smaII cell lung carcinoma, breast

carcinoma, gastric carcinoma, colorectal carcinomas and malignant melanoma
which comprises administering to a subject an effective amount of a
compound of formula (I) according to claim 1
or a pharmaceutical composition according to claim 2, for example by
administering a therapeutically effect amount to a patient in need thereof.

7. A process for preparation of a compound of formula (I) or a pharmaceutically
acceptable salt or solvate thereof, including all tautomers thereof which

comprises reaction of a compound of formula (ll):

\/@
Bu
/ 7 ° ~ NH,
BN
NN N O

H H

Me (1

with a compound of formula (lll):

0
Meo\)k
LG,

(i

wherein LG4 represents a leaving group.
8. A process for preparation of a compound of formula (I) or a pharmaceutically
acceptable salt or solvate thereof, including all tautomers thereof which

comprises reaction of a compound of formula (X):



metastasis of tumours including non-small cell lung carcinoma, breast

carci noma, gastric carcinom, colorectal carcinomas and nalignant nel anoma
whi ch compoi2eB¥38m8si ni stering to a subject an effectivePamGaBI009051303
conmpound of forrmula (I) according to chbaim1 or a pharnmaceuti cal
conposition according to claim?2, for exanple by admnistering a
therapeutically effect amobunt to a pati gfit>N n need thereof. 7. A process
for preparation of a conpound of fognul () or a pharnaceutically
acceptabl e salt or solvate thefedfy; iyl Gdi ntyHal | tautoners thereof which
af formul a [): with a conpound of
formula (111): (111) whereHeN'L present £ a Neaving group. 8. A process
for preparation of a conpound of ' mul a (1) ooMa pharmaceutically
acceptabl e salt or solvate thereof, ingluding all tautomers thereof which
conprises reaction of a conpound of fo nbla (X):(X) wth a compound of
formul a (1 Wyith GlcYnpanst of feempauwy of formula (XI): (X) wherein LG4 and LGh
each independently represent |eaving groups. 9. A conpound of fornula (X):
(X) or a protected derivative thBueof, or a salt thereof.

I\
N\~ ~NH,

conprises reaction of a conpo

Me
(V)
and a compound of formula (XI):
o

PN

LGy  “LGs

(XI)
wherein LG, and LG5 each independently represent leaving groups.

9. A compound of formula (X):

|
o
Ty
H,N o)\
OMe

(X)

or a protected derivative thereof, or a salt thereof.



