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SUBSTI TUTED NI TROGEN CONTAI NI NG HETERCCYCLES AS | NHI BI TORS OF p38 PROTEIN

Kl NASE TECHNI CAL FI ELD OF | NVENTI ON

The - present“ﬁhﬁ@ﬁ?ﬁon relates to inhibitors of p38, RCTAISIR3B92N
protein kinase involved cell 5 proliferation, cell death and response to
extracel I ul ar stimuli. The invention also relates to nethods for.

produci ng these inhibitors. The invention al so provides

h ti ' hi bi f t h
nventi on andVRar veas st PSS HifhebC ekl St Refebioks S maeromenyigiacat ment

and prevention of various disorders. BACKGROUND COF
THE | NVENTI ON TECRWECAL K TEISeOrFatsvERYobved in various

cellul ar responses to extr cel lul ar, sjgnals. Reci nt %, a . fanlly of
mi t ogen- act i vated protei n KenREEESE SREAPE re{atefotq iphidiiemey of
Menbers of this pa@) |y mirtadeahTProtein kikiddeseavbllaéqagdiyvate their

substrates by phos£q¥¥élatlon, cell death and response to extracellular
stimuli. The invention also relates to methods for
producing these inhibitors. The invention also provides
pharmaceutical compositions comprising the inhibitors of
the invention and methods of utilizing those compositions

10 in the treatment and prevention of various disorders.

BACKGROUND OF THE INVENTION

Protein kinages are involved in Qarious
cellular responses to extracellular signals. Recently, a
family of mitogen-activated protein kinases (MAPK) have

15 Dbeen discovered. Members of this family are Ser/Thr
kinases that activate their substrates by phosphorylation
[3. Stein et al., Ann. Rep. Med. Chem., 31, pp. 289-98
(199%6)1. MAPKs are themselves activated by a variety of
signals including growth factors, cytockines, UV

20 radiation, and stress-inducing agents.

One particularly interesting MAPK is p38. p38,
also known as cytokine suppressive anti-inflammatory drug
binding protein (CSBP) and RK, was isolated from murine
pre-B cells that were transfected with the

25 lipopolysaccharide (LPS) receptor (D14 and induced with
LPS. p38 has since been isolated and sequenced, as has
the ¢DNA encoding it in humans and mouse. Activation of
p38 has been observed in cells stimulated by stresses,

such as treatment cf lipopolysaccharides (LPS), UV,



[3. Stein et al., Ann. Rep. Med. Chem, 31, pp. 289-98 (1996)]. MAPKs

are thensel ves activated by a variety of signal s including growh
factors, cytokines, U/ 20 radiation, and stress-inducing agents._.

One parti cywoxshysognt eresting MAPK i s p38. p38, al sopétonsyasecyt oki ne
suppressive anti-inflammatory drug bi ndi ng protein (CSBP) and RK, was
i sol ated from MHidnycin, oPf8skbERt Ishddiat Y eyt cgpskestsd mm dde 25
| i popol ysacchari de (LPS% receptor CDl14 and induced with PS. p38 has
si nce been i sol™tdd 2@ ¥8quenced, as has t he cDNA encodlng it in
humans and nouse. Actlvat:hamb%mn of f3¥ KidnReeRa885esVehbidikLdd on
stinul at ed by stresses ch as treatnent of Ilgopolysaccharldes
(LPS), WV, he gﬁgdggpzqgggf both IL-1 and TNF.

PCT/ US97/ 23392 stlmul%'%'eSQm!CbP@dﬁtﬂﬁ{rQJﬂ GtHIC krodAd1 Bym&ydLKi nes, such as
IL-1 and TNF I nhi bition of p38 kinase |eads to a blockade

on the prodixaksmest sBehnas | 14-6andrdE-8 gnd have Theen Simp}iRALA® t he
producti on of oitrhearcuwe%ﬁal BHPEA L ymﬂanmétt@gyna%séyg@saéna L6 gyt J L-8 and
have been i nplicated In acute and chronic”inf annatory di seases and in
post - menomanrsHavssleopbeereRgi® B. B.nHimbée af al. Endocri nol .,
136, pp. 3054- G993k , 1936, op. 3054,%qs§qggggp this flndlng it is

bel i eved t hat P38, along W th other have a role in nediating
10 Based upon this flndlng it is believed that

p38, along with other MAPKs, have a role in mediating
cellular response to inflammatory stimuli, such as
leukocyte accumulation, macrophage/monocyte activation,
tissue resorption, fever, acute phase responses and

15 neutrophilia. In addition, MAPKs, such as p38, have been
implicated in cancer, thrombin-induced platelet
aggregation, immuncdeficiency discorders, autoimmune
diseases, cell death, allergies, osteoporosis and '
neurodegenerative disorders. Inhibitors of p38 have also

20 Dbeen implicated in the area of pain management through
inhibition of prostaglandin endoperoxide synthase-2
induction. Other diseases associated with Il1-i, IL-6,
IL-8 or TNF overproduction are set forth in WO 96/21654.

Others have already begun trying to develop

25 drugs that specifically inhibit MAPKs. For example, PCT
publication WO 95/31451 describes pyrazole compounds that
inhibit MAPKs, and in particular p38. However, the
efficacy of these inhibitors in vivo is still being
investigated.

30 Accordingly, there is still a great need to

develop other potent, p38-specific inhibitors that are
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cellular response to inflammatory stinuli, such as | eukocyt e

accunul ati on, nmacrophage/ nonocyte activation, ti ssue resorption, fever,
acut e phase responses and 15 neutrophilia. In addition, MAPKs, such as
p38, have tvew$s8/27098 i nplicated in cancer, thronbin-induced paratsst/zze2
aggregation, inmunodeficiency disorders, autoimune di seases, cell

deat h, all ergi assefislt depeteatingndariousetsalicegensr alkisveidtsar #€tR. p3s

I nhi bitors of p38 have also 20 been inplicated in the area of pain
managenent thr Vatiofhhibition of prostaglandi n endoperoxi de synthase-2
i nduction. O her diseases associated with I1-1, IL-6, I L-8 or TNF

overproduction are set forth i nsy¥MOGY AIBFHE INVENTION Ot hers have
al ready begun trying to develop 25 drugs that specifically inhibit MAPKs.

For exanple, PCT publ j cati on WD 95/ 31451 descri bes pyrazol e conpounds
t hat i nhi bit MAPKs, gha Pﬁeﬁ%‘\?‘?i%Y%t%.s%ﬁévég}gtﬁﬁc’biem Yicacy of

t hese i nhi bist OrErdvi dding0 cofpSihdls Wil ¢l demoristweslel garefyg 203 specific
Accordingly, there is still reat need to devel op ot her potent,

] a
p38-speci fic i mMFBRIGEIE: RSt Pége WO 98/ 27098

PCT/ US97/ 23392 usefribsk NebkSSbhdd Nfd Qe geRArhl OBSrAsBRci ated with
p38 activation. SUMVARY OF THE | NVENTI ON

The present invention &lvesRhis problemby 5 providRng co@®ounds which
denonstrate strona and §\$eciﬁ‘i o i nhi bition of p38.
the'ge

These conpounds h Yjer al)/fmzrrul a: 4 \Ej
. - / -
0 N—(A)n o N
N=< N=< Q,
R

Ry 1

{Ia) or (Ib),
wherein each of Q; and Q; are independently selected from

10 5-6 membered aromatic carbocyclic or heterocyclic ring
systems, or 8-10 membered bicyclic ring systems
comprising aromatic carbocyclic rings, aromatic
heterocyclic rings or a combination of an arocmatic

carbocyclic ring and an aromatic heterocyclic ring.

15 The rings that make up Q; are substituted with 1
to 4 substituents, each of which is independently
selected from halo; C;-Ci; alkyl optionally substituted
with NR',, OR’, COaR’ or CONR’;; O-{(Cy-C3)-alkyl optionally
substituted with NR’;, OR’, CO,R’ orxr CONR',; NR’‘,; OCF3;

20 CF3; NO;; COR’; CONR’; SR’'; S(03)N(R’),; SCFi; CN;
N(R’)C(O)R*; N(R’)C(O)OR*; N(R’)C(O)C(C)R*; N(R’)S(0,)R*;
N(R’)R*; N(R');; OR*; OC(O)R*; OP(0Q);H; or N=C-N(R’)..

The rings that make up Q; are optionally
substituted with up to 4 substituents, each of which is

25 independently selected from halo; C,-C; straight or

3



wherein each of Jerr] and (JQerr] are independently selected from 10 5-6
nmenbered aromatic carbocyclic or heterocyclic ring systens, or 8-10
menbered bicyclic ring systens conprising aronmatic carbocycli¢ rings,
aromati c -woegmbes ocyclic rings or a conbination of an arr@Taise®23392
carbocyclic . ring and an aromatic heterocyclic ring. 15 The

rings that make, ncgleﬁ ngkﬁeoﬁe?éﬁam%ﬂgéd&u%ed with! frd 1] tuents,

each of WhIChISI sel ected from hal o %rr -(err]

al kyl optional IgoRuhssi(byired’),, N=G-NIRNR,| eﬂar]or@bNRQq e-r(cR-cor -
CONR [err]; O((err]-Cerr])-alkyl optionally substituted with

NR [err], OR, a&wrir |R (CorCLOONRKydr optinpal by rjubsidriured witlONRCEferr];

. CONR R SCF
NF) E%q%‘e?ii& N R8O SR TR E ) e B o Sy s 720
T 70 oy o Bl e B o) o et
ri ngs that nak&:@mxﬁner)m]’ ar eoygtdi;osal L ys (Oz)N(l'S'lJQ$tBtF'§ eciqm-tnh(wpzto 4
substituents, each of whi chis 25 | ndependently sel ected from hal o;
Cerr]-Clerr] % dMNht or 3 WO

grsfaﬁz(ﬁgg al kyl optionally 'stuBsEPTTTER iR RSOk | (c;-c;yRhRpE Y 23992
{(Ca-Cy) ~alkenyl or alkynyl; phenyl or phenyl substituted

10 with 1 to 3 substituents independently selected from
halo, methoxy, cyano, nitro, amino, hydroxy, methyl or
ethyl.

R’ is selected from 5-6 membered aromatic
carbocyclic or heterocyclic ring systems.

15 R* is (C;-C4) -alkyl optionally substituted with
N(R’),, OR‘, COR’, CON(R’);, or SO,N(R?*),; or a 5-6
membered carbocyclic or heterocyclic ring system
optionally substituted with N(R’),, OR’, CO;R’, CON(R'},,
or SO,N(R?)..

20 X is selected from -S-, -0-, -8(03)-, -S(0)-,
-S(0,) -N(R*} -, -N(R®))-S(02)-, -N(R?®)-C(0)O-, -O-C(O)-N(R?),
-C(0)-, -C(0)0-, -0-C(0)-, -C(O)-N(R®)-, -N(R?)-C(O)-,
-N(R?) -, -C(R?®) .-, or -C(OR®),-.

Each R is independently selected from hydrogen,
25 -R®, -N(R%);, -OR?, SR®, -C(O)-N(R®),, -5(0;)-N(R?,, or
-c(0) -OR?, wherein two adjacent R are optionally bound to
one another and, together with each Y to which they are
respectively bound, form a 4-8 membered carbocyclic cr

L‘x

heterocyclic ring;



CJerr]R, S(Jerr])N(R )[err], N=CN(R)[err], Rerr], or CONR [err];

O(derr]-Cderr])- alkyl; O(derr]-Cerr])-alkyl optionally
substituted-with NR [err], OR, CJerr]R, S(derr])N(R)[err],
I\I=C--.N(R')[9VOP8/27W8err] or CONR [err]; NR [err]; 5 OCF[ReFUSI7TZIPRI 1] ;
NJerr]; CHerr]R; Rerr]; CR[err] NR[err] SRlerr]; C(O)R[err]
(O NR) I?[err] C(O) OR[GHr]ls SR ¢cSd) £rar )rN(d?‘css{eef.r](mS@F)[aIHyl. or
N=C-N(R )2 CN. is selected from hydro
(derr]- C[err])-(‘éi‘lﬁ'pl) alkenyl(@@)Q%Wllmsuéﬁkyﬁypedpﬁeﬁly| Q‘)(Rbge'nyl
substituted 10 fo bst t,ents e nt | | egt,ed from

hal o, nethoxy, ¢ |’tro%(%§mﬁr¢§ yh’ydro@g ﬁg?di 'yc(%%'% ﬁ’f%‘

R3 is selected from5 6 ngerm;eme@rac(pnatl c car bocycl ic or het er ocyclic
ring systenms. 15 Rl err] |s derr C[err]) al kyl optionally
substituted Jith NAR YfePrpserRr:  18F 4% |5’ CON(R )[err], or
SOerr]N(Rlerr])[err]; orpagobor 1; rrenbered carbocycllc or heterocyclic
ring system optlonally substituted with N(R )[err], OR, CJerr]R ,
CON (R)[err], or 3G éer bell FEed |Hfam tiydrogen, (C1-C3) -alkyils S8l ect ed
from-S-, -S ((derr]) -N(Rerr]) -, -N

(Rerr]) -'S(anr?)?Cl'C)?\ri‘Hf@r-r]) -C(0 O, -OC(O -N(Rerr])

- O) - C( 00, -0 - a%@ley( B&\S&&irhent NHR &kl $6Q) provides” N
(R[err]) C(R[err])[err] -C(ORerr] )[err] . Each
Ris i ndepe]rﬁjenPh?r@%q:wlﬁlf F@Wﬁ?é?b@’éﬁ compyisimge tie p3R( RABLPLFPEST],

-ORlerr], SRergt, enfd Q)m}!(n%[l%w]){pﬁéé; comida Al ildnls el Ber L);&@&&Ld oh
- O - CR[err] wherein two adjacent R are optionally bound
methods for treating or preventing a variety of

disorders, such as cancer, inflammatory diseases,
autoimmune diseases, destructive bone disorders,

15 proliferative disorders, infectious diseases, viral
diseases and neurodegenerative diseases. These
compositions are also useful in methods for preventing
cell death and hyperplasia and therefore may be used to
treat or prevent reperfusion/ischemia in stroke, heart

20 attacks, organ hypoxia. The compositions are also useful
in methods for preventing thrombin-induced platelet
aggregation. Each of these above-described methods is

also part of the present invention.
DETAILED DESCRIPTION QOF THE INVENTION

25 The present invention provides inhibitors of

p38 having the general formula:
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one another and, together wth each Y to which they are respectively
bound, forma 4-8 nenbered carbocyclic or het erocyclic ring;
WD 98/ 27098

R2 is sel egiggdabdo@m hydrogen, (Clerr]-Clerr])-alkyl, or perpseraass:

(Cerr]-Cderr])-alkenyl; each optionally substituted with -N(R)[err],
-OR -C(O)-N(F\’)kerr], -S(Jerr])-N(R)[err], -C(Fg))-CRhor Rerr].

) SR‘!
Y is N or
0 or 1;

(derr]-Cerr])-a
enbodi ne
conpositions co f
conpositions may be

| n anot her

variety of

di sorders,
di seases.

cell death and

G

PCT/ US97/ 23392

5 \ . i f present, is NorCR';\ /
Q r] is %glected from hygdrogeny,__vy

I , I%?V - (derr]-derr -af Kyl

=%\ he ¥nhvention provides 10 ph eut yral

i ng NHenp38 i nhibitors

nis’

his i ti on. These

M&£€Lzed in met hods for trea gaq;gr prgventing a
di sor der such as cancer, inflammtory dihseases,

aut oi nmune di seases, destfuctive bongdiysgrders, 15 prolﬁ%eratiyfb)
i nfecti ous di seases, viral _di seases and neurodegenerative

Thesehereipoaposicef dhs aadeQal awe Ugwiapendentdyhsdseéoed pfevyent i ng

hyperpl asi a and therefore may.be used to treat or
prevent reperf3§¥0WFB§%H@§%%f?@?%ﬁﬁwﬂ%g,Oﬁgggfczﬂrsgéhﬁﬁﬁ&XCI &t Ry poxi a.
The conpositi ogysaessal 60 sised lembered bitgthbdsrimy fremest i ng

t hr onbi n-i nduced pl at el et tﬁgg rgggtio?. Each of these .above-descri bed
Tt hods 15 D COTPERSEAR  SRIMAHE prECRRY oL AGehiTER, ArORatic

10

15

20

25

heterocyclic rings or a combination of an aromatic

carbocyclic ring and an aromatic heterocyclic ring.

The rings that make up Q; are substituted with 1

to 4 substituents, each of which is independently

selected from halo; C;-Ci alkyl optionally substituted

with NR’,, OR‘, CO3R'’ oxr CONR’,; 0O-(Cy-C3)-alkyl optionally

substituted with NR’,, OR’, CO3R’ or CONR’,; NR’,; OCFi;
CF3; NO;; COR’; CONR’; SR’; S(0;)N(R’),; SCF3; CN;
N(R’)C(O)R*; N(R’)C(O)OR*; N(R’)C(0)C(O)R*; N(R')S(0;)R%;
N(R’)R*; N(R%);; OR*; CC(O)R*; OP(O)3H; or N=C-N(R'),.
The rings that make up Q> are coptionally
substituted with up to 4 substituents, each of which is
independently selected from halo; C;-C; straight or
branched alkyl optionally substituted with NR’;, OR’,
COsR’, S(0)N{R’),, N=C-N(R’),, R®, or CONR’,; O-(C;-Ci)-
alkyl; 0-(C;-Cj3)-alkyl optiocnally substituted with NR';,

OR’, CO,R‘, S(O3)N(R’},, N=C-N(R')z;, R}, or CONR’;; NR’,;

3 3 3

OCF3; CFa; NO;; CO3R’; CONR’; R7; OR; NR; SR.E; C(O)R3;

C(O)N(R’)R’; C(O)OR?; SR’; S(0,)N(R’)y; SCFy; N=C-N(R');;

6

or CN.



DETAI LED DESCRI PTI ON OF THE | NVENTION 25 The present

I nvention provides inhibitors of p38 having the general formula:

WD 98/27098 . . PCT/ US97/ 23392
o . “WO 98/27098 [err] wher ei NnPEEUM72B39¢) err ]
and Jerr] are independently selected from 5-6 nenbered aromatic

carbocyclic or heterocyclg:«C ifd R@iected $¥&th ré¥erd- l@:lrl@g‘pegfﬂyp} cyclic
ring systemns 5 conprising aronmatic carbocyclic rings, ‘aromatic

het erocyclic rirfgs-@) -alkenpl nat i atkyofylgn phieaydt be phenyTastibsycti€ed i Ng
and an- aronmatic heterocyclic, ri T t hat make up

ng. . he rings
Qerr] are substiEBtedwit r'?ufs“%uen{:ﬁ andeprndentdnt sg,ell%’&l‘?dgffr\ﬂﬁi chis
i ndependent |y  #81losehetiad,f 9anbal aited erddidd emvidrd:y,| nRhyanahk! v

substituted V\ith NR [err], OR, CJerr]R or CONR [err];
O(C[err]-C[EérrF):bﬁ kyl optionally substituted with NR [err], OR,

Cerr]R or CONR [err]; g¥R;Legt] ecXE[Edn 5-6 membered aromatic

carbocyclic or heterocyclic ring systems.
R* is {C;-C4) -alkyl optionally substituted with
N(R’),, OR’, COzR’, CON(R’),, or SO;N(R?*).; or a 5-6
10 membered carbocyclic or heterocyclic ring system
' optionally substituted with N(R’),, OR’, CO;R’, CON(R’),,
or SO.N(R?),.

X is selected from -S-, -0-, -S5(03)-, -S{(0)-,

-8(02) -N(R?) -, -N(R®)-5(03)-, -N(R?®)-C(0)O-, -0-C(O)-N(R?),
15 -C(0)-, -C(0)0O-, -0-C(0)-, -C{O)-N(R?) -, -N(R?® -C(O)-,
_N(Rz)": "C(Rz)E_l orx -C(ORZ)Z--

Each R is independently selected f£rom hydrogen,

-R?, -N(R®),, -OR?, sR?

, -C(0)-N(R*),, -S(0,)-N(R?*),, or
—C(O)—ORZ, wherein two adjacent R are optionally bound to

20 one ancther and, together with each Y to which they are
respectively bound, form a 4-8 membered carbocyclic or
heterocyclic ring;

When the two R components form a ring together

wit the Y components to which they are respectively

25 bound, it will obvious to those skilled in the art that a
terminal hydrogen from each unfused R component will be

lost. For example, if a ring structure is formed by

binding those two R components together, one being ~NH-CHj

and the other being -CH,-CH;, one terminal hydrogen on

30 each R component (indicated in bold) will be lost.

5



; CJerr]R; CONR; SR; &
. N(R)C(OORerr]; N(R)C(
err]; 15 N(R')R[err] (R[
CC(O)R[err]wo%Q};[err]H[err] or N=C-N( )

)N(R')[err] SCFerr]; CN
Dlerr: oRerr;
rl.

PCT/US97/23392 1he

el
e e

rlngs_that make up Qerr] are optionally substituted with up to 4
substituents, eathdorahi €hel Sesultind FARARGCBYE ¥hselkesd ede fhombal o;
Cerr]- C[err] strai ght or branched al kyl optionally substituted with

NR 2, OR, 20vdQlehavR thg( Bperuly N(I‘RI-)qHarf—‘}Iz ®}C-N(R )[err], Rerr], or
CONR o | k
opt i OL:IrH/ subgﬂ tut Eadqvﬁﬂi%ﬁ J§r°r‘:]ed £’ ngg %errL{rc%][_erg]_)lﬁyl}/ or

S N(R R
Orlorr] ] Crl erfCRTEg o crpaeh] ReF Ghadyy Syt el Mg iR .
SRlerr]; C(© R5or', sr'Y Q{:MR»)BEQ”] ,-s%Q)-Q?{F@r) 5) -6F0j -0orR’, or R3.
S(Qerr])N(F\’)[err] SCHerr]; N=GN CN.

6 WO 98/ 27098 Y is'N or C;

PCT/ US97/ 23392 A, if prdedt tedcke om hydrogen,
(Cerr]-Cerr])-alkyl; ot (%T’[ere} C?'errﬁ]C z enyI or al kynyl; phenyl or
phenyl substituted nwi § ho 1°Jt018 substl tuent s i ndependent | y sel ected
from hal o, net hoxy, cya am n hydr oxy thyl et hyl .
Rlerr] is selected fromB5 megrﬁ}ere AF 598 Rgdrggen, (e Rk, on,

10 or 0-(Cy-C3)-alkyl. It will be apparent to those of skill

in the art that if R; is OH, the resulting inhibitor may

tautomerize resulting in a compound of the formula:
R R R R
— %—- —
HO —~{A), HO N
[e] [}
or
which are also p38 inhibitors of this invention.
15 According to another preferred embodiment, Q;
is selected from phenyl or pyridyl containing 1 to 3

substituents, wherein at least one of said substituents

is in the ortho position and said substituents are
independently selected from chloro, fluoro, bromo, -CH;, -
20 OCH;, -OH, -CF3;, -OCF;, -O(CH,),CH;, NH,, 3,4-
methylenedioxy, -N{(CH;3),, -NH-S(O);-phenyl, -NH-C(0)O~CHz-
4-pyridine, -NH-C(O)CH,;-morpholine, -NH-C(O)CH;-N(CHi}:,
-NH-C(O)CH;-piperazine, -NH-C(O)CH,-pyrrolidine,
-NH-C (0) C(0) -morpholine, -NH-C(0)C(0O)-piperazine,
25 -NH-C(0O)C(0)-pyrrolidine, -0-C(Q)CH,-N(CH;}),, or
-0~ (CHz) 2-N(CH3) .



carbocyclic or heterocyclic ring systens. Rlerr] is
(dJerr]-(err])-alkyl optionally substituted with NNR)[err], OR,
CJerr]R, CON(R)[err], or SOerr]N(Rerr])[err]; or a 5-6 10 nenbered
car bocycl i cWBREEr ocyclic ring system optional |y subCHUSIT28I92Wi t h
N(R)[err], -OR, CJerr]R, CON(R )[err], or Sqerr]N(R[err])[err].
Xis selected from-S-, -@fen- B¥ eprrg @erredS@@)a phenyl or Shdidy]

NRLerH) - NGB o OB 5 G R RRPYe Az S Néu%[netrs” )
-N(Rlerr])-, - CoRtY Peipher if- th@rort(t(ﬂi{oallt]lpper r] Each R

i's i ndependent |y sel ected_from h
e el e g N 0 g1 e Bl ST éﬁlf%gﬁf”b

-C(O-ORerr], wherein two adjacent R are opti gzhly bound to one
anot her and, together with each YQGHswhi ch the respectl vely
bound, form a 4-8 negbered carbocyclic or @tblzyclic ring;

When the two R conj ts form 4 gtogeth with the Sypnponent s

to which they ar ,gively X pound, 8@ ous tg e skilled
inthe art that a ter e@& h dro@Qri'hfrom ach ude@ R eBmpoRent wil |
be | ost3 For exanple, if a rtng structure is fornmed by bi ndi ng

those two R conmpongnts together, one being -NH CH[err] and the ot her

being -CH err] -
(indicated in bo

], one terpi hydr ogen each R conponent
be | os 7
O/\/ CF
3 HsCO
H36 ; Br H3(©\CH3 GQ\CH:? c Cl

cl
NH,
H3{©:OCH3 H KQOCH;; Q\C,
H3a©\OCH3 Cl Hs Q\OCHa
10 ’ ,



WD 98/ 27098 PCT/ US97/ 23392

Therefore, the resulting portion of the ring structure w Il have the
formula -NH.CH err]-CH err]-CH err]-. Rlerr] is selected
from hydrogeogsd®serr]-Cerr])-al kyl, or (d err] - J sigrusedbiseny! ;
each optionally substituted with -N(R )[err], 5 -OR, SR,

-C(O-NR)[err], -Sg}gerr])-N(Rdf,_{err], -C(O-OR, or i?[err].
A, iif present, is Nor CR

Yis Nor G

is 0 or 1;
(derr]-Cerr])-a
apparent to thogg Of
resul ting inhibitor

may
f or mul a: ! [err]
or whi ch are alﬁpbp38 inhibito.ﬁ of this invention. 15
According to another |preferred enbodi nment, err] is selected from

>NHgherein at | east one
and sai d substituents
dyomo, -CHerr], -

, , O o

I\

N
OCHs
H3([F[0H3 Hs CHs OCHjs a

phenyl or pyridyl ining 1 to substi t

t

’ : : ’
(0] O —'\ OCH,
o o OCH,
Ci Cl cl cl a
5 : 1) ) ’ I}
HC._ _CH, OCH, N
N OCH,
’ ~ OCH,
=
c a Ci
cl ' . ci ’ ¢
o Yo mny
N/u\/
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20 OCH err], -OH, -CFlerr], -OCF[err], - CHerr])[err]CHerr], NHerr],
3,

4- rrethylenedloxy -N(CH err])[err], -NHS(O[err]-phenyl,
-NH C( O O CH2- - 4- pyri di ne, -NH-C(O)CHZ nor phol i ne,
-NI—I-C(O)CI—I[“é‘??Sf”W@CI—I[err])[err] -NH-C (O CHerr]- p?ﬁ@ﬁ@ﬂ?’?@z

H C(OCH err]-pyrrolidi nle -NH-C(O C(O) - rmrphollne '
- H-C(O)C(O)-piperazine, 25 -NH-C(O) O -pyrrolidine,
-OC(O)CH[err]-N(CHbehH)/["er], or ‘(\CH[err])[eﬁrf]”\N(/EFiﬁerr])[err]-
WD 98/ 27098 PCT/ U897/ 23392 Even
nore preferred ar st 2 of the
above-indi cated s iti

Some specific axd

Renyl or pyridy,
tuents bot

Cl Cl Cl  or Ci Cl

Most preferably, Q; is selected from 2-fluoro-6-
5 trifluoromethylphenyl, 2,6-difluorophenyl, 2,6-
dichlorophenyl, 2-chloroc-4-hydroxyphenyl, 2-chloro-4-
aminophenyl, 2,6-dichloro-4-aminophenyl, 2,6-dichloro-3-
aminophenyl, 2,6-dimethyl-4-hydroxyphenyl, 2-methoxy-3,5-
dichloro-4-pyridyl, 2-chloro-4,5 methylenedioxy phenyl,
10 or 2-chloro-4-(N-2-morphclino-acetamido)phenyl.

According to a preferred embodiment, Q, is
phenyl or pyridyl containing 0 to 3 substituents, wherein
each subgtituent is independently selected from chloro,
fluoro, bromo, methyl, ethyl, isopropyl, -0OCH;, -OH, -NH;,

15 -CF3, -OCF3, -SCH;, -OCH3;, -C(Q)OH, -C(O)OQCH;, -CH,NH,,

-N(CH3) 2, -CHz-pyrrolidine and -CH,0H.

:"1
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[err] Most preferably, Qerr] is
selected from 2-fluoro-6- trifluoronethyl phenyl, 2,6-difluorophenyl, 2,6-
di chl or ophenyl ,- 2-chl or o- 4- hydroxyphenyl , 2-chl oro-4- am nophenyl,

2, 6- di chl or Y29 PMWophenyl , 2, 6-di chl oro-3- ami nophenyl,  pcruserasie

2, 6-di net hyl ~ 4- hydr oxyphenyl , 2-net hoxy-3, 5- dichl oro-4-pyridyl,

2-chl oro-4,5 net hyl enedi osym@h@w&mfﬂf examples of £
2- chl or o- 4- (N- 2- nor phol i no- acet ami do)phenyF of pre er%%%r%ﬁ ng %o a

preferred enbodi ne Q2 S henyl or pyridyl containing O to 3
substituents, (i, /© /@
COZH /:j\
Q o @/"Fs ®
SCH; ’ ' cl
, CH3 Ci

F CHs
F F CH;
jou
Ho H, OCH;

cl
F ; F
- : “CH

Cl

OCHj OCHj OCH;,

’ ’

F
1 “‘T“ )@L
CI CHzCHs F

3

1R



each substituent is independently selected fromchloro, fluoro, brono,
nmet hyl, ethyl, isopropyl, -OCH3, -OH -NH2, -CF3, -OCF[err], -SCHerr],

-CCH err], < -C(OO0CHerr], -CHerr]NHerr], -NCHerr err],
-CH["err]-pva(:;é fdithe and - CH err] OH. WD 98/ 27098 Sl
PCT/ US97/ 23392 Some specific exanples of preferred 2 are:
[err] WO 98/ 27098 Ci
PCT/ US97/ 23392 /Q/ err]
CH; CO3CH;3 CH, Br
COzH COzH CO2CH3 - O2CH3

~
-~
-~
-



N( CH3) 2 NH2

14 [err]
- {NO 9-8127098 PCTIUS97I23;92
NH ENH ENH ,Q/
KJ\NH NH Hz COzH
F ci
ci [ [
NH NH NH
H(\kN Hm’\kN HN/KN
. CO2H \_/ (N s

N F F F F
~ =
, 4 & I3 2
cH, a F OH

unsubstituted 2-pyridyl or unsubstituted phenyl.

5 Most preferred are compounds wherein Q; is
selected from phenyl, 2-isopropylphenyl, 3,4-
dimethylphenyl, 2-ethyliphenyl, 3-flucrophenyl, 2-
methylphenyl, 3-chloro-4-fluorophenyl, 3-chlorophenyl, 2-
carbomethoxylphenyl, 2-carboxyphenyl, 2-methyl-4-

10 chlorophenyl, 2-bromophenyl, 2-pyridyl, 2-
methylenehydroxyphenyl, 4-fluorophenyl, 2-methyl-4-
fluorophenyl, 2-chloro-4-fluorphenyl, 2,4-difluorophenyl,
2-hydroxy-4-fluorphenyl or 2-methylenehydroxy-4-

fluorophenyl.
15 According to yet another preferred embodiment,
X is -8-, -0-, -8{(03)-, -S(0)-, -NR-, -C(R;)- or -C(QO)-.

Most preferably, X is S.

I
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F F F F unsubstituted 2-pyridyl or unsubstituted

phenyl . Most preferred are conpounds wherein 2 is selected from
phenyl , 2-isopropyl phenyl, 3,4- dinethyl phenyl, 2-ethyl phenyl,

3 quoroph met hyl phenyl, 3-chl oro-4-fl uorophenyl henyl ,

- carborreﬁ?oxy’?pﬁenyl 2- carboxyphenyl 2-met hyl - 4- chl oropﬁjygﬁ{ﬁ&

2 br omophenyl , 2- pyrldyl, eneh [ OXY, |, A4-f heny
2- et hyl - 4- quorophenyI'A%f I%Fnﬁgtﬁ ?P%%?p fﬁgxi?ﬁ-SP#Pﬁb Pebhent is
2- hydr oxy-4-f| udor phény|i®N.2- net hyl enehydr oxy- 4- quorophenyI

According to yet another prefer.red enbodlnent rr])
-S(O-, -NR-, -C(R[err])- Ao %é(‘ R}B%}Ee‘brpe’?e 6F§1 e%’?@“%ént' A&
98/ 27098 Y is C. PCT/ US97/ 23392

According to anot her preferre%lggbgglgsg% mé%é preferreg emébélment
each Y is C and the R attached to those Y components is
selected from hydrogen or methyl.

Some specific inhibitors of this invention are

set forth in the table below.

5



According to another preferred enbodi nent, each YisC 5

According an even nore preferred enbodi nent, each Yis Cand the R
attached to those Y conmponents is sel ected from hydrogen or nethyl.
Sone specif‘j‘;g g%bltors of this invention are set forth in the table
bel ow. %98/ 27098 TIOR#P9%97/ 23392
Table 1. For mul a Ia and | b {g)ounds. %pd structure cpd
structure q:l Formu Ia and Ib Compounds. a 2 .
9 [err] VWO 98/ 27098
PCT/ US97/ 2333@2 [err] structure CI:;’ structure
F ci
ci
2 9
T G
NvN\N/ s NvN\N/ s
ci oCHs
3 c 10
R S o
9OVe NS
RSN s NG N

Ci

o~
(o) CH
Ny ? N Na =
IS A
S

N%/N\N/

Cl (o] Ci Ct

N /@ N
6 N~ N\N/ s 12 N NS N s

|6



WD 98/ 27098

PCT/ US97/ 23392 [err] [err]
‘WO 98/27098 PCT/US97/23392
de structure cpd structure
# #
CHa Cl Ci
‘NI SN
8 NN 14 NN s
CH,
ci ci ct cl
& T N S
15 NVN\N/ s 21 NvN\N/ s
©\CH, F
F
F
ci cl F
o F
© X X /@
16 N/N\N/ 22 NVN\N/ s
Cl
Ci
F F
17 23
L0
NvN\N/ s

17



-20- cpd structure cpd

structure [err] NH2
98/ 27098
PCT/ US97/ 23392 [err] -
. WO 98/27098 PCT/US97/23392
Cr;d structure c;d structure
ci ci cl ci
NI N
18 N - N\N/ s 24 Ny N~ N/
HC” TCH,
cl
F
ci ci ol ci
RS T xR
19 N NN 25 NN F
CH, cl
CH

Ci Ci CH, Cl c!
NI NI
20 . 28
NVN\N/ S NQ/N\N/ s
C') (o)
CH,

Ci Ci cl Ci
Q,
27 Ny W 33 Ry =
NVN\N/ S NVN\ = S
OH
(0] O

H

i3



WD 98/ 27098

According to anot her enbodi nent,
of producing inhibitors of p38
These nethqgagmwﬂwénvolve reacting a conpound of formula I]

of the

t he present

PCT/ US97/ 23392

formula (la) depicted above

R R  cAman
vari ables {n_the above formedtaeare t he sgn¢ as defined above for th
i nhi bit orsforjthis IMvVention, wWth a I eaving group reagent of—formufla
Ila: [err] erein R is as
defined abpve, ying group reagfnt of,, ,11b:
[err] mﬁpreln each of Llerr], L[err], an |ndependently
representsja eayl gr... g group reageft
used in thisgrleacti@bn, 2\ Lssgdeled in excesg, | ei thgr neati or with a
co-sol vent such a$% t@luene The reaction|is carridd ofit af a
t enperaturp of] between 25[err]C and 150[ery] C ¥y ng gl
reagents of fgqrmula Ila that are
F
Cl Ci ci cl
. NN S
29 N NP g 35 NN PN
Br NH,
F
Ci Cl
30 | NN 2 38
NI N Yy
Ci Cl
N
31 37
NVN\N/ s
o b",CHJ
CH,
Cl Cl Ci C
32_ ) T CH, 38 o [Ny S Ci F
CH,
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20

usef ul

di nmet hyl f or mam de di net hyl acet al

trimethyl
PCT/ US97/ 23392-
reagents.
produce the.in
di met hyl acdtaf

are

i ncl ude phdg
tri phosgeng.
conmpounds d
each of the
nost prefen
i nvention.

15

structure qf t

t he

(C[err]-C[err]
generate i
conmpound W
al kyl ation
with Na hyd

The

ort hof or mat e,

Lhitors . of this

in producing the p38 inhibitors of this invention

di nmet hyl acet am de di net hyl acet al ,

WO 98/ 27098
di et hyl f or mam de di et hyl acet al
PrePEFABt y the 1eaving group reagents of

and ot her rel at ed

f oPEUY2B¥2ysed

invention.is dinethvlformn de

i ncl ude

to

5

structule€aVvi ng groupcggégents of fsetbdlea |1 b that

n2A9Q

thi o | nunnflnn

usgf -
sge

ft
va
r3d

are defi ned

reagentf (G
hat reagent.

reagent] used nmust be |1Db.

chol des as set gorth ab
N Bec t he sour{
R toe B=0¥ %_ entity is

her ef or e,

I nr-aocu + hn H hi ki
L v oauct Trg T TTe |J\JU HAA-oH-efS

Bonyl di i m dazol e,
O More preferred fret hc
ntion utilize conpounds (

in terns

Simlar

di et hyl

AV A LML~

couN594 denepd
npounds ﬁ%ere R[ &
vhen R err] is H &

oup
t he
DH,

hi b
ere
of

rid
“45

, et hyl
i mredi 4

t he reagent used
erein Rerr]
js OHis first

o the inhibitors

20 is

st andard
i odi de

Ist. bggJTa. Tn order to
Jerr]ferr])-alkyl, a
fol |l oned by

such as treat nment

F

cl c H,

41 TR
Ny N 2

ci

47

CH
o~ s

| H,N

42 NVN\N/
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25 this invention of fornmula la (i.e., conpounds of Formula [1) may

t hensel ves be synt hesized by either of the synt hesi s schenes depicted
bel ow: 23 WO 98/ 27098

PCT/ US97/ 233987098 SCHEME 1 ' 1) base pcTysornazez R

R [err] In Scheme 1, the order of steps 1) and
2) can mwmd—ﬁ\lbﬁ tre—star L[IIg rrcb e ey e |C|J| acet—5S b*y
correspondi hg#alm d or by arftesserer. Alternat|vely, ot hetruetpde| - known

| at ent car bgxyT] or cargxam de noi etTes may [be USgd Tn plrace of the
nitrile (se¢ schene : Vari ations such{ as (aJ\O/XN\H c acids, carboxyllic
esters, O~cH,

43 fe) 49 cl

Q, SN F
51 53 .
c NvN\N s
N N

52 c




oxazol i nes or oxizolidinones may be incorporated into 10 this schene by

utilizing subsequent deprotection and functionalization nethods which
are well known in the art The base used in the first step of
Scheme 1 . (and in Schene 2, below) is selected from sodi um hydri de,
sodi-um ani d¥2EBR% i t hi um hexanet hyl di si | azi de, sodi um 13 CHUS7/23352
hexanet hyl di si | azi de or any nunber of other non- nucl eophi | i ¢ bases
that will deprotonate the_posifion he nitrile.

a% ha to
Al 'so, the addition of HX-Z¥E59+59 tenhanetk g¥e§?9 ment, §ap; e¥e¥e™bove may

be substituted bwveweisheapsoviddd@etBOdsadtipiaiudihgd iRnObecbed &f pas
unprotected X derigggi owed dithe addition of a err]

e ol |
derivative in a°f sgﬁg‘%‘tﬂtﬁen{laﬁt ggpic abovenn geseoygthods
PCT/ US97/ 23392 invodtkEMmcting a ch@pbhind of formula II:

. R\\ //R
)y_-T§F-__x//Cb
O: N=(A),

NH
5 2 (II),

wherein each of the variables in the above formula are
the same as defined above for the inhibitors of this

invention, with a leaving group reagent of formula IIa:

Rv

L2 (IIa),

10 wherein R’ is as defined above, or a leaving group

reagent of formula IIb:

L,—H—L

wherein each of L., L, and L, independently represents a

2 (11b),

leaving group.

15 The leaving group reagent used in this reaction
is added in excess, either neat or with a co-solvent,
such as toluene. The reaction is carried out at a
temperature of between 25°C and 150°C.

Leaving group reagents of formula IIa that are

20 useful in producing the p38 inhibitcrs of this invention
include dimethylformamide dimethylacetal,

dimethylacetamide dimethylacetal, trimethyl orthoformate,

2



In Schenme 2, Z is selected from COOH, COCR , CON(R )[err], oxazoline,
oxazolidinone or CN. R is as 5 defined above. According to
anot her enbodi nent, the present i nvention provides nethods of producing

i nhi bitors waﬂ%% of the formula (1b) depicted above. pyIhRRG7458S) hods
i nvol ve reacting a conpound of formula I11: [err]

A S e S L e CRI

group reagent ofedgsnnd.a: Preferably the led¥ing pgebup reaééntQSOﬂescrlbed

above. formula IIa used to produce the inhibitors of this
invention is dimethylformamide dimethylacetal.

5 Leaving group reagents of formula IIb that are
useful in producing the p38 inhibitors of this invention
include phosgene, carbonyldiimidazole, diethyl carbonate
and triphosgene.

More preferred methods of broducing the
10 compounds of this invention utilize compounds of formula
II wherein each of the variables are defined in terms of
the more preferred and most preferred choices as set
forth above for the compounds of this invention.
Because the source of R; is the leaving group
15 reagent (C-R’' or C=0), its identity is, of course,

dependent on the structure of that reagent. Therefore,
in compounds where R; is OH, the reagent used must be IIb.
Similarly, when R; is H or (C;-C3)-alkyl, the reagent used
must be Ila. In order to generate inhibitors wherein R;
20 is 0-(C;-C3)-alkyl, a compound wherein Ry is OH is first
generated, followed by alkylation of that hydroxy by
standard techniques, such as treatment with Na hydride in
DMF, methyl iodide and ethyl iodide.
The immediate precursors to the inhibitors of
25 this invention of formula Ia (i.e., compounds of Formula
II) may themselves be synthesized by either of the

synthesis schemes depicted below:

23



WD 98/ 27098

Two full synthesis schenes for the p38
this invention are depicted bel ow.
Step 3 ‘WO98127098 ft 2
Q@ err] substituted derivative may be

PCT/ US97/ 23392
i nhibitors of formula (1b) of
SCHEME 3 [err] .
| BegRiRGMBIn3: @

treated with a base such as

sodi um hydri de,q U am de, LDA, I|ithium hexanethyl di sil azi de,
sodi um 10 hexaﬂ%ﬁ"l silazide or any nunber of other non-
1) base R R
Qt:> - Q \\Y——Y/,
7 N\
. S
NG 2 N NG N=(AIn
c—¢ N |
N=(AJy 1
base + HX~—Q,
R R
. R R
@ "Y/ - & \Y-——Y/
7 N X acid > ( § x,/cb
o= N=Aln NG N=(Aln

In Scheme 1,

be reversed. Also,

the order

the starting

of steps 1) and 2) can

nitrile may be replaced

5 by a corresponding acid or by an

other well-known latent carboxyl

ester. Alternatively,

or carboxamide moieties

10

15

20

may be used in place of the nitrile (see scheme 2).
Variations such as carboxylic acids, carboxylic esters,
oxazolines or oxizolidinones may be incorporated into
this scheme by utilizing subsequent deprotection and
functionalization methods which are well known in the art

The basc used in the first step of Scheme 1
(and in Scheme 2, below) is selected from sodium hydride,
sodium amide, LDA, lithium hexamethyldisilézide, sodium
hexamethyldisilazide or any number of other non-
nucleophilic bases that will deprotonate the position
alpha to the nitrile.

Also, the addition of HX-Q; in the single step
depicted above may be substituted by two steps -- the

addition of a protected or unprotected X derivative
followed by the addition of a Q; derivative in a

subsequent step.

LA



nucl eophilic bases to deprotonate the position al pha to the Z group,
whi ch represents a masked am de noiety. Alternatively, Zis a
carboxylic acid, carboxylic ester, oxazol i ne or oxazolidinone.__The

ani on resulvpd,pg”ﬁgsom 15 depr otonation is then contacted Wipoakgz00en
beari ng het erocyclic conpound which contains two |eaving groups,

or | atent |eaVIé‘@hﬂ}l’é}LbOS in the presence of a Pall adium catal yst. One
exanpl e of such conpound nay be 2, 6- di chl oropyridine. 20

In step two, the (feg[] Hﬂg,{gygty is introduced. R_This Ry be
performed utilizing magy reactions well known Q VQSY9 42’7098

PCT/ US97/ 23392 t he a&;;whlch r§§ﬁ|t in théN\prod of biaryl
conmpounds. One exanpﬂe may bé’tPe_reaftion of an ar Ii |uglconpound
with the pyridine internediate ppbduged in step 1. AN=¢Omatively, an
arylnmetal lic conmpound such an @ st annane or an aryl boronic acid
may be reacted with the aryl heaj,de portion of the pyridine
internediate in the presence of a Pd[err] catalyst. In step 3
the Z group is deprotected and/or functional i zed| tgsf @ryR-L-hg, am de
compound. Wien Z is a 10 carboxylic acid, carboxylig ester, oxazol i ne or
oxazol i di none, variatio in deRrotectlon and functlonallzatlon met hods
whi ch are well known inqihe ary are enpl oyed to prgduce thf am de.
Finally in step 4, & t heY de cggngund is cyclized t he AT nal product
15 utilizing reagent acet@broétios | mar rea enY s

Q
/
o N=(AT Nx
N=(Af,
NH,

TEe——
functionalization

In Scheme 2, Z is selected from COOH, COOR’,
CON(R‘),, oxazocline, oxazolidinone or CN. R’ is as
5 defined above.
According to another embodiment, the present
inventicn provides methods of producing inhibitors of p38
of the formula (Ib) depicted above. These methods

involve reacting a compound of formula III:

RS
Q Y—Y
s,
NH Q
10 2 2 (I11)

wherein each of the variables in the above formula are
the same as defined above for the inhibitors of this

invention, with a leaving group reagent of formula:

L2 L1 2

(ITa), or {ITIb),

15 as described above.

25



either neat or in an organic solvent. SCHEME 4 [err]
| b WD 98/ 27098

PCT/ US97/ 23392 Schenme 4 is simlar except that the a biaryl
i nternmedi a rst generated prior to reaction with starting
mat eri al . %éﬁﬁds Accordi ng to anot her enbodi rrent %’B&?n\%m ion 5

provides inhibitors of p S | ar t hose of for a la and Ib .
above, but wherein the Ci‘ﬂ?i#q]hesyﬁttﬁﬁsbgaﬁ:hﬁmes or tt(li;’t? &8rr] substituent”
i's reduced. Thasdibhibbbistof stdwnmaat HEb) of thoEMiwdntion are depicted

below.
SCHEME 3
Step 1 R
\ step 2 R R
Q 1) Base Q Y—-\; introduce Q2 (o ]) YV

Z> - 2__(/ y - A\
W = 2
\ N =
e zZ N
2 _</Y ‘f/ Lz : Q,
1
N= Step 3
2 deprotection /
n

functionalizatio

'y Y—Y
step 4
~_cyclize

DMF-acetal
1 Q2

5 (ib)

In scheme 3, a Q; substituted derivative may be
treated with a base such as sodium hydride, sodium amide,
LDA, lithium hexamethyldisilazide, sodium

10 hexamethyldisilazide or any number of other non-
nucleophilic bases to deprotonate the position alpha to
the Z group, which represents a masked amide moiety.
Alternatively, Z2 is a carboxylic acid, carboxylic ester,
oxazoline or oxazolidinone. The anion resulting from

15 deprotonation is then contacted with a nitrogen bearing
heterocyclic compound which contains two leaving groups,
or latent leaving groups, in the presence of a Palladium
catalyst. One example of such compound may be 2,6-
dichloropyridine.

20 In step two, the Q, ring moiety is introduced.

This may be performed utilizing many reactions well known

e



wherein A, err], Qerr], R, R, X, Yand n are
defined in the sanme manner as set forth for conmpounds of formulae la
and I b. These definitions hold for all enbodinents of each _.of these

vari abl es (woSspobesi c, preferred, nmore 15 preferred and prggdsofsgber red) .

[err]

Rlerr] is selected from hydrogen, -CR [err]OH, -C(ORerr],
-C(O err], - r r Y I : . | t f
- g(q )egr:{][ H e]rr] W&}% A 3h \%g{ﬁii{?[%? rchele Ilr??thg% Poagnk,’l%gglfgsulst iong

conpounds cempaxpict e@neoesamplodraly Heorthe weechiohouf daheaxykaved 20
invivo to pro QUM [ J 34l

According to o?ﬁgﬁﬁﬁfergggggmgéﬁnggﬁ I|rlr§i 2 I%g%%ggg%%%eo?r?%%% alc,
A is preferabl yimistemean, Aliernativelef eambBinylhctahdiX compewhdrsiptly

sul fur. In np, C sercl.. r] are
preferably fﬁe %%rrén%% %lnéitgﬁégé?ﬁ%l?%ljétaexgﬁlalt}%\’fg%grg%ﬁggga a%g ables in
conmpounds péadtordnwidd theandyl bhalide portWono8f2¥H@8yridine

ropared i FRESTIEHASS dBnpROnREe BT A rabe R TR ch
contain a hydrogen, (errir Gkeprh eh&ys Hrodel 8%’ hefk8t &bt &4 kiyfoOr
functionalized to form the amide combound. When Z is a

10 carboxylic acid, carboxylic ester, oxazoline or
oxazolidinone, variations in deprotection and
functionalization methods which are well known in the art
are employed to produce the amide. Finally in step 4,
the amide compound ig cyclized to the final product

15 utilizing reagents such as DMF acetal or similar reagents

either neat or in an organic solvent.

SCHEME 4
Q1 Step a R R Step 2 R R
1) Base . A deprotection Qi Y=Y
R R o >—</ ) L e—d /4 [\
2 W—{ p4 N= mmmmmmmo N-é
2)L1—~<’ ) Q2 NH2 Q2
N
Qa
n ? step 3
cyclize
e W -R DMF-acetal

2F



al kynyl at the Rlerr] position (e.g., where Rerr] = R). The 5 synthesis
schenes for these conpounds is depicted in Schenes 5 and 6, bel ow.
SCHEME 5 [err] In these schenes,

conpounds Ofvofﬁfﬁﬂdﬁa la or Ib are reduced by reaction Iy&lt,{jgga;;%”éi(cess of
di i sobutyl al um num hydri de, or equivalent reagent to yield the ring

reduced “conmpounds of oMl @ ke Qimi far ré&%itﬁ%ltyth@a bﬁgrﬂng The

addition of an Rlerr] conponent other than ydrogen onto t
nitrogen i s achiavedmegigtendtsi #AGrst geperderdnpridr tor redcsompownts

indi cated above Wiht§, the -+ inARRERR LRI € reagent (s). Exanples of such
nodi fi cati ons are providéd In the Exanple section below 20

Some speci fic inhibitors fsfcordiing keeantorenfembodineptrukhel ényentéen forth
in the tabl e;below 1305 inhibitors of p38 similar to those of formulae

Ia and Ib above, but wherein the C=N in the ring bearing
the Q; substituent is reduced. These inhibitors have the

formula:

| -

Oﬁ/L\(Y\\Y/R 0\\‘)\("\\\,/'*

RN I\ ¢‘\ RN N_

: N

R R Q2

or

10 (Ic) (Id)
wherein A, Q;, Q>, R, R, X, Y and n are defined in the
same manner as set forth for compounds of formulae Ia and
Ib. These definitions hold for all embodiments of each
of these variables (i.e., basic, preferred, more

15 preferred and most preferred). R® is selected from
hydrogen, -CR‘,0H, -C(O)R*, -C(O)OR*, -CR’,0PO;H;, -PO;H:,
and salts of -P0O3H;.

When R® is not hydrogen, the resulting compounds

are expected to be prodrug forms which should be cleaved

20 in vivo to produce a compound wherein R® is hydrogen.

According to other preferred embodiments, in

compounds of formula Ic, A is preferably nitrogen, n is
preferably 1, and X is preferably sulfur. In compounds
of formula Ic or Id, Q. and Q; are preferably the same

25 moieties indicated above for those variables in compounds

of formulae Ia and Ib.

28



- 30- Table 2. Formula Ic Conmpounds. [err] 102
-31- [err] - 32-

‘WO 98/27098 PCT/US97/23392
Compounds of formulae Ic and Id may be prepared
directly from compounds of formulae Ia or Ib which
contain a hydregen, C;-C3; alkyl or C;-C; alkenyl or
alkynyl at the R; position (e.g., where R; = R’). The

5 synthesis schemes for these compounds is depicted in

Schemes 5 and 6, below.

SCHEME 5
Q, ? . Qy l
0 Y R
0] X Y§Y/J§ X 2y~

’,l\\ reduction

_— HN N yk Q
p Q ~ 2
Ny Wi x”

NYN\(A) Y
R'

R'
la le

SCHEME_6

Q; R Q

'
' o) Y R
O . Y R RN Ve
:§T’/l§§T// >y reduction h
NYN\’) - HN\I/N F
R Q R Q@

10 b id

In these schemes, compounds of formula Ia or Ib are

reduced by reaction with an excess of diisobutylaluminum
hydride, or eguivalent reagent to yield the ring reduced
compounds of formula Ic or Id, respectively.

15 The addition of an R° component other than
hydrogen onto the ring nitrogen is achieved by reacting
the formula Ic or Id compounds indicated above with the
appropriate reagent(s). Examples of such modifications
are provided in the Example section below.

20 Some specific inhibitors of this invention of

formula Ic are set forth in the table below.
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F
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wherein A, err],
manner as set forth for conpounds of forrmulae la and Ib.

definitions.hold for enbodi nents of each of

Qerr],

al |

R X, Y and n are defined in the same

These
these variables (i.e

(0]

basi.c, prefwopsiodtore preferred 10 and nost preferred). BIVESPHRBPRr ably;’
i n conpounds} of formya. e derr] iy qnniubstltut ed phenyT.
Qerr] is a -8 Inenbered._aromatic.car bocycli het erocyclic ring
system or ah 8-{10 red bicyclic ri n¢ sy Q conprising aromati ¢
carbocyclic fings, romati c heterocyclijc ri b conbi nati on of an
aromati c carpocyckftc ngcand an aromatic h ringsx, The ring
of Jerr] arp sub ith 1 to 4
i ndependent|ly sel ectied I} fromhal o; (g
substituted 3% NR N2 , COerr]R g
O(Cerr]-Cerr]|)-al kyl optighall NH Sy jtuted with NR [erg],
CJerr]R orj CONR [err]; NR F1: YocH err]l; CFlerr]; Nderr];
Cderr]R; ONR|, SR ; S(P2INR )2NHSCF3; (N, N(R)C(ORerr];
N(R)C(O ORerr];; N(R)XOQCORerr]; N(R|))S(QOerr])Rerr];
N(R)Rerr]; L N(Rlerr])[err]: ORlerr]: OC(O¢ Rerr]; OP(Qferr]Herr]; or
NEC-N(R )[erf]. | #n WO 98/ 27098 _CH,
PCT/ US97/ 233“92 According tq one preferred enbodi nent
Qerr] is s with 2 to 4 subistituen Ere#,n at | east
one of said jsubdti toye prese ipn thelortho p4 relative t
t he point of| ¥Stjlach er t he rgd84pf®
: N NN P s 0. F
~TTN 8~ ::
CH,
O
Ci Ci OH
© s g a
128 NNy 135 O /@/F
NH, NN P
F
F F
P\
o]
Ci Ci
127 NN ’ 136 c; .
\N/ s = =
N N
Cl
NH,
Ci Cl
1371 © 142 O X £
oLy | AN
N S
NP F
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5 the inhibitor.

When Jerr]

the ortho position are present on the

directly attached) to the

rest of the inhibitor

is a bicyclic ring,

ring

the 2 substituents
that is closest (i.e

nmol ecul e. The_ ot her

t wo opti onavoesrroessubstituents may be present on either ripegushhzgs2l0

n

preferably, both such ortho positions are occupi ed by one of said
substi t uent §gpg ACTOTdimg—to e&prhﬁ?=ﬁ?§fETT1mr1ﬂﬂﬁﬂﬁ1ﬁﬂﬂt—~
Qerr] is # {a monocycl SE'S4Pbocyclic ring,| wherei n eattctre ho
substituent ji s jndependgntly selected fromhaljo or , I5 methyl. According {o
anot her preferr¢d enbd ent, Jerr] containgl 1 or 2 additional
substi tuent s indepeao' : selected fro Nr], OR, CdJerr]R CN
N(R ) (O R grr] ] (R?C(O)OR[err] N[R)IC(O CLQ R err];
N(R)S(Oerd])Rjerr] =y Rherr]; N(R erir]) [ OR[err];
OC(O)R[err];élBD c[%r/ or N=CNR Eierr]c
Pref erably, iis selec ed ¥ o any of the %#r] noi eties present |n
the le conpqund$ set forth in |l e 3| belo any of the
QJ err] noietjies{present in th conmpounds s 4,
bel ow. Those o ill will fecdgnize conﬂbund% Formu| a
le as being|thejdirect precursgrs to certaln aof - the formulaTa and
formula Ic @38 iinhibitors of this i nventlion (i.e., those wherein
Qerr] = eérr] Thosecf skill wi || aljso _xecogni ze that conpounds
of formula llg ate .G’precursors to certajn qf thg fofrmula Ib and Id p38
30 inhibitons of thi vention (i.e., thogse Wh ; r] =
Qerr]). Acgordingl e synthesis of forpuld le inhibi
36 cl
139 © F 144
NN
sy s—@—F
Né\NICH o,__‘o
eH,
Cl
ci
140 | o 145 © F
X
AN " F S/I:;:T/
F
Cl
o]
C'\)‘LN
141 cl :
O |
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WD 98/ 27098

PCT/ US97/ 23392 I's depicted

above in Schenes 1 and 2, wherein err] is replaced by Qerr].

Simlarly, the.-synthesis of fornula Ig

Schenes 3 awe 93279%her ei n Qerr] is replaced by (J err].PCBUS97/23392

synthesis of formula If and formula Ih

inhibitors is depicted above in

The

inhibitors is depicted below in

Schenes 7 and 8. Schenezcbrding to yetRandehed embodiment, the Schene 8

10

15

20

invention provides p38 inhibitors of the formulae:

N N
k (Te) , He (1£),
/
Y—'Y Q \Y—-—Y/
¥—<N=<\\ 1\ ~==<\\
@ (Ig), or ? (1h),

wherein A, @1, Q, R, X, ¥ and n are defined in the same

manner as set forth for compounds of formulae Ia and Ib.

These definitions hold for all embodiments of each of
these variables (i.e., basic, preferred, more preferred
and most preferred). More preferably, in compounds of

formula Ie, Q; is unsubstituted phenyl.

Q3 is a 5-6 membered aromatic carbocyclic or
heterocyclic ring system, or an 8-10 membered bicyclic
ring system comprising aromatic carbocyclic rings,
aromatic heterocyclic rings or a combination of an
aromatic carbocyclic ring and an aromatic heterocyclic
ring. The rings of Q; are substituted with 1 to 4
substituents, each of which is independently selected
from halo; C;-C3; alkyl optionally substituted with NR',,
OR‘, CO3R’ or CONR’,; 0O-(C3;-C3)-alkyl optiocnally
substituted with NR’,;, OR’, COyR’ or CONR’,; NR’;; OCF;;
CF3; NO,; COyR’; CONR‘; SR'; S(03)N(R’),; SCF3; CN;
N(R’)C(O)R*; N(R’)C(O)OR*; N(R’")C(O)C(O)R*; N(R’)S(0z)R*;
N(R’)R*; N(R*)2; OR*; OC(O)R*; OP(0)3H,; or N=C-N(R’),.

5



37 WD 98/ 27098 PCT/ US97/ 23392
Schene 8 depicts the synthesis of conpounds of type Ih. For exanple,
treating an.initial dibrono derivative, such as 2,6 dibronopyr.idine,
with an amwes9sszress the presence of a base such as sodi umdrpoeybasyi el ds
the 5 2-am no-6-brono derivative. Treatnment of this Internmediate with

a phenyl boronic acid anahggoggﬁ “to on@g{;%gecn%gi g?“bé&%ﬁ%’q% eny| boronic:

acid in the presence af | adi um yst glves i stbsti tut ed
derivative whi cduleanithited béthcy|ab et subdthieuenng|, dHepeddust . 1dde: or der of

the first two st nt hesi s ma% l?;% rever sed.
e
cﬂﬁq e

f thi . : o
Wt hout bei ng boe %ﬁgfaﬁ'ﬁla%?ﬁs‘:h%%??%%nﬁss pr FetRe t FRERY RO Brho

substitution incdhgideekt] theNBoPht of attdicheac! 8ra0y dg tHhiddoLg and
the presence of a 15 nitrogen directly attached to the Qerr] ring in

fornula If 5 thedntibisprbi t ¥een Rudssaabieyalienting, éhe Re conpound
substituents in the ortho position are present on the

ring that is closest (i.e., directly attached) to the
rest of the inhibitor molecule. The other two optional
substituents may be present on either ring. More

10 preferably, both such ortho positions are occupied by one
of said substituents.

According to another preferred embodiment, Qi3 is

a monocyclic carbocyclic ring, wherein each ortho
substituent is independently selected from halo or

15 methyl. According to ancther preferred embodiment, 0;
contains 1 or 2 additional substituents independently
selected from NR’;, OR’, CO;R’ CN, N{(R’')C(O)R*;
N(R')C(O)OR'; N(R')C(O)C(O)R'; N(R'}S(0;)R*; N(R')R*;
N(R*);; OR'; OC(O)R*; OP(0)3H;; or N=C-N(R'),.

20 Preferably, Q; is selected from any of the Q3
moieties present in the Ie compounds set forth in Table
3, below, or from any of the Q; moieties present in the Ig
compounds set forth in Table 4, below.

Those of skill will recognize compounds of

25 formula Ie as being the direct precursors to certain of
the formula Ia and formula Ic p38 inhibitors of this
invention (i.e., those wherein Q; = Q3). Those of skill
will also recognize that compounds of formula Ig are
precursors to certain of the formula Ib and Id p38

30 inhibitors of this invention {i.e., those wherein ¢; =

Q3). Accordingly, the synthesis of formula Ie inhibitors

26



that allows it to effectively inhibit p38. A preferred

formula e inhibitor of this invention is one wherein Ais carbon, nis
1, Xis 20:sulf each Y is carbon, each R is hydrogen, err] is 2, 6-
di chl or opheW;ﬂ98 ﬁ’ast i s phenyl, sai d conmpound bei ng %‘F@#”é@%o as
conmpound 201. A preferred forrrul alg inhibitor of this invention is

one wherein J ers] depigréd above dircifchemphebyind (F erwHeresirplenyk, each Y is
carbon and each R _25 i.s hydrogen. . This compound i.s referred to_herein as
conpound 202. OFREFFREFRY e f SiAGLaTTy: C%We@ﬂs of fPﬁi“§1PnI@nt| on

are those listedhAnJable fs g iWMed above 1n Schen%.f 4l Nyp@upoynds of
this invention are those depicted 1n Tab her preferred I h
30 conpounds ar @t heseewirareei byQQerr] is phenyl i ndependent |y

substituted 5at the 2 and ,I@hé)osslrrftlh%résisb%fcgg%g c_g Iuo[‘;)f, 3a Ih We)ach y

98/ 27098
i's carbon; eachiRhibibyds operjeriitt e betowkd-in ScHEidyy l7pRey .
4-fl uorophenyl, 2. 4-difl uorophenyl, 2- met hyl enehydr oxy- 4-f| uor ophenyl ,
or 2-nethyl-4 Schepe &, ophenyl. 5 Sonme specific inhibitors of
formulae le, Ig and Ih are depicted in the tabées Rel ow.
| I
HN R
\Y/ Q;—NH, Y Yy~
)\ Base NI yk
(A)n Br wWha er
)
R-——?n——X——Qzl
R
o
Q R
OY NYYN/ R acylate H l!l 1 l
A s sr——r—
NH, N, = Q
) (A)n/kx/ ? Y /k Q,
v
()
Scheme 8
B 3’: R i\ \ifR R
T = =
Y QrNH; W
= Base S~
Br Br
Qz—boronic acid
Paliadium (0)
1 R ?1 R
? ] acylae ]
Yo R ~— H Yao R
QYN\( > NY
NH2 Z [\ N
Q2 Q2
10 ()
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Scheme 8 depicts the synthesis of compounds of
type Ih. For example, treating an initial dibromo
derivative, such as 2,6 dibromopyridine, with an amine in
the presence of a base such as sodium hydride yields the

5 2-amino-6-bromo derivative. Treatment of this
intermediate with a phenylboronic acid analog (a Q2-
boronic acid) such as phenyl boronic acid in the presence
of a palladium catalyst gives the disubstituted
derivative which can then be acylated to the final

10 product. The order of the first two steps of this
synthesis may be reversed.

Without being bound by theory, applicants
believe that the diortho substitution in the Q3 ring of
formula Ie and Ig inhibitors and the presence of a

15 nitrogen directly attached to the Q, ring in formula If
and Ih inhibitors causes a “flattening” of the compound
that allows it to effectively inhibit p38.

A preferred formula Ie inhibitor of this
invention is one wherein A is carbon, n is 1, X is

20 sulfur, each Y is carbon, each R is hydrogen, Q; is 2,6~
dichlorophenyl and Q, is phenyl, said compound being
referred to as compound 201. A preferred formula Ig

inhibitor of this invention is one wherein Q5 is 2,6-

dichlorophenyl, O, is phenyl, each Y is carbon and each R
25 is hydrogen. This compound is referred to herein as
compound 202. Other preferred formula Ig compounds of
this invention are those listed in Table 4, below.
Preferred Ih compounds of this invention are
those depicted in Table 5, below. Other preferred Ih
30 compounds are those wherein Q. is phenyl independently

substituted at the 2 and 6 positions by chloro or fluoro;

23
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each Y is carbon; each R is hydrogen; and Q, is 2-
methylphenyl, 4-fluorophenyl, 2,4-difluorophenyl, 2-
methylenehydroxy-4-£fluorophenyl, or 2-methyl-4-
fluorophenyl.

5 Some specific inhibitors of formulae Ie, Ig and
Ih are depicted in the tables below.
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Table 3. Formula Ie Inhibitors.
d
cmp structure cmpd structure
# #
cl
0 Ci
NH, NH,
Cl
201 = 206 . N
CH,
O s
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cl ci /1 S NH,
XN
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HNT YO
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|
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Table 4. Formula Ig Inhibitors.

cpd structure cpd structure
# #
202/
301 310
302 311
303 312
304 313
3056 314
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PCT/ US97/ 23392 The activity of the p38 inhibitors of this

i nvention may be assayed by in vitro, in vivo or in a cell line. In
vitro assaywoisperoagle assays that determ ne I nhi bi ti onroftrospidsss t he

ki nase activity or ATPase 5 activity of activated p38. Alternate in vitro
assays lu Tate tne apiT1ty of tne|igagiblitor to bind to p38 and
may be measured either by YHEVE abel ling|the i nhi biSF¥®rior to

bi ndi ng, isoj ati conpl ex and deter mgl ng t he gnount

of radiol abef bo conpetition egpemli ne erefnew
I nhibitors afr Flown S, N xds~
Cel | cultur g%} gié' of he 'congounds of this
i nvention de f TNFe dLnGi-o%d E- 8 preduced
i n whol e bl dod of eof [in cells treated with
i nhi bitor as s treated with negatjve gontrols. Leyel
of these cytjokin d through g j
avai | abl e EYl SAs . in viyo as
i nhibitory ac®3& i hhi bit or g 367
suppression jof h bnrats W 1
butyricuminduced adjuvant arthritis. Thi i s descrl bed in J.C. Bpehm
et al., J. Med—Ehem—25—39pp—3929=37( 986)-—the—drsctosure—of—phi ch
IS herein I ngor por ence. | The 1
invention may al o be I mal del
' 339 348
RN S0 '
~ 0
340 349 | |
=N NH,
341 350
342 351
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arthritis, bone resorption, endotoxin shock and i mune function, as
described in A M Badger et al., J. 30 Pharnmacol. Experinental

Therapeutics, 279, pp. 1453-61 (1996), the disclosure of which is
herei n i ncOYPe¥HP¥I by ref erence. PCT/US97/23392 52
WD 98/ 27098- PCT/ US97/ 23392

The p38 inhibitors or pharmaceutical salts t hereof may be fornul at ed
i nt o phar magegtytal conposttions—for é:b(d'l i f }

humans. q}ese phar macdtyetugtal conposilt i'pns, which csmerurse and

anount of p38 Inpibitor eTrecr;ve o Tregr orf preveng—a p38=—mediat ed
condi tion and a phar nacey# ept abl e Tl ep, are another

enbodi ment df the prg
condition", {as used

Tpe_term "p38- nedi ait ed
bt hdfadel et eri ous

condition 14 in| wh p38 ,j N oWh to pliay g rofle =Jhis includes,
condi tions 4| are known o be caused Qy8sRy- 1, TNF, 1] L- 6 or IL}8
over productijon. [Sugt conditions incl ude, wi t hote” | at i on

i nfl ammat ory} di sases, autoi nmune dijseages, destru

di sorders, groliferative 15 disorders, ijnfeqti i

neur odegenerlati vie di seases, aIIergles,

stroke, —h‘eﬁft at rabka, allul oget—< s o6

vascul ar hygerpljasi a A ad et rophy, th el et
aggregati on,| and i 9} pted 20 w

endoper oxi ddse sl I nf may

be treated dr344 orbvent ed b ckude, butg%ge
pancreatitig, chronlc panEFeatfﬁls ast hrma, &

345 354

365 364




and adult respiratory distress syndrone. 25 Autoi mmune di seases whi ch may
be treated or prevented i nclude, but are not limted to,

gl onerul onephri.tis, rheumatoid arthritis, system c |upus -

eryt hemat osw®,98/27098 scl eroderma, chronic thyroiditis, G avecTUsSSe32,
aut oi nmune gastritis, diabetes, autoi mune henolytic 30 anem a, autoimune
neut r openi a, Emwanbocytopen atoplc cpdET Nati t1's, chromtcactive

hepatitis, agt heni a qrav?%mﬁ" mul ti p| e#scl erosis, PHAEMYEPmat ory boyel
di sease, ci

PCT/ US97/ 23392 stive colitis, C%ohn ] g, psoriasis, or
graft vsl. ho ; Desfr P e di sorders mmich
may be treatjed p evented i ncl ude, Jput ar e . *ed to, 5

ost eopor osi s}, 3§ tis and mul tipl el paeefl oma- e bone

di sorder. ~Hloliferative diseases whi ¢ ¢ tyeated or

prevented incl ud Nlimted to, acute
chroni c nyeljogen 1% i

. . . . S UNFL.
and nmultiple Angi ogeni ¢ di sorders whi ch may} be
treated or nfrevented-include solid t1 rst—ocular neovasculization
infantil e haemangi o | nflect ilous~di seases whi ch may be

treated or pr but ard not{ | 0, sepsis, septjc
shock, and Shi ge . Virial di seggesytitinah) may be treajed
or prevent ed] i & but are not limited tog aclite 20 hepatitis
i nfection (ifngdaudi ng epq'ltls A, hepati tli ssgE i epatitis Q), H Vv
infection and CW ret iR Ndur odeane %e di seases Which
may be treatjed or \t ¢d by the cgnpounds of thig ention inc| ude,
but are not limfed to, ei mer's disegse, [Parkinson's
&)

358 367

359 368

360 369
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25 disease, cerebral
traumatic injury.

i schem a/reperfusion in
or gan hypoxwessgustul ar

i schem as or neurod
"p38-ned

stroke, heart att
hyper pl asi a, card

egenerative di sease caused by
iated conditions" also include
acks, nyocardi al i schem a,
iac 30 hypertrophgT/UseTR3392

t hronbi n-i nduced pl at el et _aggregati on. In addition, p38
i nhibitors ijegh|s inventi are al so} eappbl e of inf biting the
expressi on or # Hflcure # h4 g"R{t)ﬁQBLZ?O%
PCT/ US97/ 23392 -icLbIe pro-i nfl anmuat or '\t—an such as
prost agl andin per pxi de synt hase- 2| ( PG algo referred to as
cycl ooxygenase- 2} ( N Yhagrefore, other "p PECNat O, condi ti ong"
are edemm, anal gesi gver and pain, such as] 5gneugonuscul ar pain,
headache, can8&r | pai n,[Fde ain and3Zx it hri tifS pai n.
The di seases| thaj may ¥ d or prevented 3y nhi bi tor¢$ of
this inventijon npy al so be onveni entjl y drouped yt okine (IE-1,
TNF, 1L-6, 2J0 [L-8) that i ireved to [be rlesponsi bl e ™t he di seasg.
Thus, an IL-{1-nefli at ed di sease or conditijon i ncl udes rheunat oi d
arthritis, osteohrth(itkgs, stroke,. endot dxem.a gpd/ or toxic shock
syndrone, infl ang O reaction induced hy n, inflammuatory
bowel 15 di[seasg, i s, atherosdgl eragsi ‘ s degeneratjon
cachexi a, psloriafi , Reiter's syndnone goﬁ%, traumatic
arthritis, rjubed acute syamviti S, T abet as, pancreati ¢
[err]-cell diseage andy, eijmer' s dijseade. 20 \‘l TNF- medi it ed
di sease or clondiftion in £ rheungtoid arthritis, umat oi d
spondylitis, osteoart hr , gouty arfthriftis and oth hritic
conditions, |seps|is, septic shock, endotoxic ghock, gram
o] Cl
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negative sepsis, toxic shock syndrone, adult respiratory 25 distress

syndrone, cerebral malaria, chronic pul nonary i nfl ammatory di sease,

Si |icosi syl ¥psary sarcoisosis, bone resorption di $RgrAST2HGOEr fUSION
injury, graft vs. host reaction, allograft rejections, fever and
nyalgias . due to infection, cachexia secondary to infection, AIDS, 30
ARC or malignancy, keloid formation, scar tissue formation, Crohn's

di sease, ul[ep#Fative COIItIS or Pyréspd| TN--nedl ated drseases | so

i ncl ude vi falg WO'EEFF7098 # Structure

PCT/ US97/ 28392
vet erinary|viral

|.fect|ons such as$ HV,

mlnfluenza and herlpes; and
such as | entivyi ’

Qi nfections, ingluding,

but not lipmted ™ i nfectiolis apem £~ gy caprine arthritis
virus, vispa_ % vif néedi Vi rus; ?r retrayirys |nfect|ons i nql udi ng
feline i muRdRlefici i , bovi ne | A¥podert if® virus, dr canine
i munodefi £i enty vi ny L- 8| nedi § i_sgase or concition

i ncl udes dii seases chaj eri zed by|massive neutra 10 infilftration,
such as pspriagis, inflanms#ory bowel i sease, astN#A, cardi ac ]and
renal repeffusion—tniuty; attHt—fesptpt-ory—eH-SteSs5—Sy-her-ore;

t hr onbosi s| and g ngrulonephrltls ©® o In addition, fhe
conmpounds pf thi y to treat or prevent
condi tions or'@xacerbated bw L1 NF. N8uch conditions
i ncl ude i nf Laged jcoi egzens, psorl?géé, 3 tp%ya\o,mﬁkin

condi tions tnflanmat ofy eye i onS such ag
conj unctiv @hd 20 pther cond ®&ssoci ated With

i nfl ammati pn. n additiop to]the conpo of this infvention,
phar maceut & salts of the cpnpounds of this invéntion
may al so b Oyed gn conpositions tp Trear_or prevent tne
above-identifi e P ically accepta?le salts
of the ] &gs i nventionjinc ﬁprived from

2
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pharmaceutically acceptabl e i norgani c and organi ¢ acids and bases.
Exanpl es of suitable acid salts include acetate, adipate, alginate,
aspartate, benzoate, 30 benzenesulfonate, bisulfate, butyrate, citrate,
canphor at e W@ 3% sul f onat e, cycl opent anepr opi onat e, B YPEH% e,
dodecyl sul fate, ethanesul fonate, fornmate, WD 98/ 27098

PCT/ US97/ 233P2pd fumar a ucohept anpesdt | ycero | ycoljat e,
hem sul f at e, | hépt anoate, hl:g;ﬁlgltjlgé)t e, h\edr aoch¥o g Y DER%QK%r om gey
hydr oi odi de, | 2- h/d 'Ehgnesulfonate Iaht 23] eate mal onat e,
nethanesulfohate 5 nrphthalenesulfonate, [ nitrate, oxalfate,

pal noate, peftinat ﬁ@te, 3- phenyl prop plagf e,

pi crate, pivpalate, salicyl at e} 5Ffate
tartrate, th éﬁyhnate, upgR&pnoat ¢ cids, suchlas
oxalic, whilp nof{ in RL | e har naceut i M, O aabl e, may bg¢
enpl oyed in {he prepara ; alts useful as inter tes in
obt ai ni ng the coppounds of invention jand their g Beeut i cal |y
acceptable agid addition salts. Salts| derfved from appropriate basg¢s

include alkaji metal 15¢cu{€e.9., sodium and po
(e.g., nagnesi a [-nlun1and N(C}F4

i nvention also en 3 quaternlzatl n o H
ni t r ogen- conf ai n{ ng t he conpounds di scl *herein. Watef or
oi | - sol ubl e pssdi sper #bTe products may 2033 ui"d byorsuch
quat er ni zati pn. J Phar maceutijcal | arriers thal may
be used in these|phar maceut @

limted to, jon exchangers, “\ak#

al kaline earth t al
3 Thi s

conp03|t| ns |nclude are not
m na, alunji nu acithin, $erum

proteins, such as human serum 25 al bum n, buffer substances such as
phosphat es, pglyctne, , sorbrc acid, potfassijum sorbate, partral glycefide
m xtures of patu get abl e fatty acilds, or
el ectrol ytes} su¢ -.£Qne sul f at e, dISO
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hydr ogen phosphate, potassium hydrogen phosphate, sodium 30 «chloride, zinc

salts, colloidal silica, nmagnesium trisilicate, polyvinyl pyrrolidone,
cel | ul ose-based subst ances, polyethyl ene glycol, sodium

98/ 27098 W0 98/27098 PCT/ US97/ 2339I/US97/23392

car boxynet hyl cel | ul ose, pol yacryl ates, waxes,

pol yet hyl ene- polyoxypropylene bl ock polyners, pol yet hyl ene gl ycol and
wool fat. po—r Fhe—eorpostttonsrof *he ptesent—Aventen—Ray— 5 be
adm ni st er e d&ally, parenmemHMIy, by |nré1 tti on spnwypwtoplcally
rectal ly, ngsatty; Duccg}l Fy,—vaginatty vida are nptanted lecvaﬁl r.
The term "parentera aso used herein incI. S pcut aneous

i ntravenous, i , intra-articulla Qt r g synovi al, 10
i ntrasternall, intral Nfat rahepatic, |i ntnal €fioffal NH. and intracrfania
i njection off Jgaffusi &n g +84. Pref,gpabl y&t 1 e NCO ositions arg
adm ni stered ordlly, I nt rjlaperitoneal ljy on intrjave Aous y.

Sterile injéctabl e formeg Re conposi tijons|of 15 1 wention may {be
agueous or @l eadi nous suspé These guspensions be formul gted
according tg¢ t echni ques nowh in thelart u5|ng suftab e d spersing or
wetting agents on bUS[JEIIUI nyg—agents—The—sterite +hectabte

preparationjmy ial el sterile i njectablej2
non-toxi c pgrentje accept abl e difl uent jent, for exanpld as a
sol ution inll, neditpl . Anong the acg¢ep ¥ veNicles and _
sol vents thatsggay be epx hpyed are water, |Rfjger's < solytion and isdtonic

sodi um chl oni solutfonjf In 25 addition} sterile,| fi bi*l s _are
conventionalil y gnpl oye® @ 3 For t hils
I

kon or suspension in a

2°&ol vent {or $uspend

pur pose, any bl and fi x may be enpl oyed i ncl udi synt heti c rfono-
or di-glycenides. Fatty aci d%, stch as olfeic|acid and its glyceride
derivati ves are-usefut—Tmtiepreparattomr 30 of—Tnjectabtes—as—are—mat ur al
pharmaceutical |l y- acceptable oils, such as olive oil or castor oil,

Table 5. Compound Ih Inhibitors.
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especially in their polyoxyethyl ated versions.
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or suspensions. may al so contain a |ong-chain
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The pharnaceutical conpositions of this i nvention nmay al so be
adm ni stered topically, especially when the target of treatnent
i ncl.udes arwe@s88/27p980r gans readi |y accessi bl e by topi calPCIpsot/238%2 on,

including 5 diseases of the eye, the skin, or the |ower intestinal
tract. Suitable topical Ebenattiviry @fe'-heeaﬂiBI ynhibipoeparfdthits each of
t hese areas or aans: icati or .t ower
i ntesti nal 1%act can"bé e?f ale)élal n-a I?Jee'?a ughog’g’I éré f%?rr%l ation 10
(see above) or ¢ella lsmiet. abla EnEna dorayd dtricddmde ass3ppi chit ydereansider nal
patches may al sg,6, S8 o either the kiillod QRLGOLGPBLI £RlODS, Lhe
phar maceut i cal conposl FI ons nay ormil ate infa suitable ointment
cont ai ni ng Bhe aea}iﬂuietycoﬁpaaén?am&gemied Aitedingsel ¥advi tird Sassmyes or nore
carriers. Carrle for tppic ad i stration of the.c ounds of this
i nventi on 3: tﬁugg?ir%blnjbjtt% n;ﬂtgx R #I 8Faﬁ:°hﬂrfgrt})%lﬁ%%
petrol at um vvhlarei p@tyr bleamem;umcbpgdiﬂmr giyymld;olabebbizy@xm hyl ene,
pol yoxypr opyl enet} emu| Si f

a

Al ly,
t he” phar maceut i’ Fnlz)%gl i onsmgq"r?’béts\fl\og?&ﬁflatéﬁ hnlél%ht?eryl%ajtl Ygt ?/on

or cream cmm@hwmgnﬁhéeaermmr@rqimemo&nsuspend@ﬂombel balirglol ved in
one or g phar ceutically acce Sui table carriers
i nclude, baf ar¥ Aot PP 22°RY %’ereécpeffrlf"en o‘F]?)?f%rfl%nost earate,

pol ysor bat e 60,1nh1b1¢etryl aﬁetﬁﬁmhm:ed ceiftdappls Bbandiote Knaai yl dodecanol ,
benzyl al cohol arH:l \é/ater For ophthal m c use, the

phar maceut i cal 19469588Fti ons may be fornul ated as nicroni zed suspensions
30 in isotonic, pH adjustell sirhide maldyre ofOthe pieh s byl effecds of

sol uti ons i n | Sqtoni e, pHadi psted sterile salifes.: ormfld N5l WLLQL
without a presetﬁ'{faﬁo\wg g‘ﬂgﬁ Jég Y 60"

15 of TNF, IL-1, IL-6 or IL-8 produced in whole blood or
cell fractions thereof in cells treated with inhibitor as
compared to cells treated with negative controls. Level
of these cytokines may be determined through the use of
commercially available ELISAs.

20 An in vivo assay useful for determining the
inhibitory activity of the p38 inhibitors of this
invention are the suppression of hind paw edema in rats
with Mycobacterium butyricum-induced adjuvant acthritis.

This is described in J.C. Boehm et al., J. Med. Chem.,
25 39, pp. 3929-37 (1996), the disclosure of which is herein

incorporated by reference. The p38 inhibitors of this
invention wmay alsc be assayed in animal models of
arthritis, bone resorption, endotoxin shock and immune
function, as described in A, M. Badger et al., J.

30 Pharmacol. Experimental Therapeutics, 279, pp. 1453-61
(1996), the disclosure of which ig herein incorporated by

reference.
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benzyl al konium chl oride. Alternatively, for ophthalmc uses, the
phar maceuti.cal. conpositions may. be fornul at ed in an oi ntment such as
pet rol at unwo 9827098 The pharmaceutical conpositi onP@TUSLHRIN2 5

i nvention nmay al so be adm ni stered by nasal aerosol or I nhal ati on.
SECh corrp]?si Li ons are pr[eﬁarﬁdalgfmnldimsi @r pharhlagbﬂl:ﬁlUQS ﬂgltsknown in
the art of pharnaceutj ca oryrul ati.on and may be prepared as sol utions
in saline, tr%fﬁoéyf“ﬁﬁ B@n%??m‘éf%%?%lm&o Sgﬁ‘gf“ggﬁ?{:gﬁf‘ preservati ves,
10 absorption poapeisdtiohs e6haandribisaxdiicabitb titimals of| Hawmasal bons,
and/ or other caonventional solubiljzing or,, . di spersi ng agents.

The amount of p3ESSHR: FF‘ﬁFe?ﬁh‘faer‘i/”"r’e‘PSltlon&mﬂﬁﬁﬁé W%ﬂr?ﬁ% 3trier
materials tg praaiiee 3fSpagl endbbosager deitivel kb vaedt depepdetantipon the

host treated, t he Earticul ar node of admnistration. Preferably, the
conposi tions siRAR-FeREaf8RNGPAEEHIY 3k RhagRageubically aeesRedPIs 01 -

100 ng/ kg body asgiglty,daye Ohnbfiged Ndtikiditent of €R8 PLeddit NiSt&kEtbi o a
patient receiving these 20 conposjtions. ... It should also be
understood that a specifFg® term gRifdeidtereGPRENE PRI ndh ¥ any
particul ar patifdiein meaWk! AnfeReschdd VY dthakl 8bYeLérides Okdndi tiduidi Ny

t he activity of the_specific conpound enpl oyed, the age, body 25

wei ght, geR8ralithedich, P8Rxis dFeewn th@lgy & ol8dm Fpse rh‘??%‘fﬂ??at e of .
excretion, drug&Rikiidaki @RicBNSre know@d ¥dOBBALe&fb{NELLT SAINMI 11.-
physi ci an and the severity of the particul ar disease being treated.
The anmount of 6 OF IMBLPYRFPIPTRCEIYY d&¥Ehd capBAtipRs piretedfar conpound
30 in the conpQidiRR limitation, inflAMeG@bNEik2880! ieSimRhdENt, the

I nvention rovi des nmethods for treating or preventing a p38-
iseases, destructive bone disorders, proliferative

15 disorders, infectious diseases, neurcdegenerative
diseases, allergies, reperfusion/ischemia in stroke,
heart attacks, angiogenic disorders, organ hypoxia,
vascular hyperplasia, cardiac hypertrophy, thrombin-
induced platelet aggregation, and conditions associated

20 with prostaglandin endoperoxidase synthase-2.

Inflammatory diseases which may be treated or
prevented include, but are not limited to acute
pancreatitis, chronic pancreatitis, asthma, allergies,
and adult respiratory distress syndrome.

25 Autoimmune diseases which may be treated or prevented
include, but are not limited to, glomexrulonephritis,
rheumatoid arthritis, systemic lupus erythematosus,
scleroderma, chronic thyroiditis, Graves' disease,
autoimmune gastritis, diabetes, autoimmune hemolytic

3¢ anemia, autoimmune neutropenia, thrombocytopenia, atopic
dermatitis, chronic active hepatitis, myasthenia gravis,

multiple sclerosis, inflammatory bowel disease,
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nmedi ated condition conprising the step of adm nistering to a patient
one of the above-descri bed pharmaceuti cal conpositions. The term
"patient", ‘V@9%4278% herei n, neans an ani mal , preferabl PWEVRIHRINZ 5
Preferably,.that method is used to treat or prevent a condition

sel ected from iuldarammitver wodiiseéaseSyohn’ s alisEasajnesdriaases, ogegtafet i ve
bone di sorders, Ot)rtol i.ferative disorders, infectious diseases,
degenerative di$eadl®t 44FERGFes, reperfusion/ischenia in 10 stroke, heart
attacks, angi ogeni c di sopdetsucbigdarnbone difipders whiehl aayhppetptased,
cardi ac hypert r%tprr%; and nbi.n-induced pl.atel et. aggregati on.

tor
According to arf VSRS FrBﬁ?‘,‘ EhP Rt T (5% 1158 FRrs i nvention are
used to tred ofstyapeaidsian bbktdoadthtitfs drdd Guadrt iplE- npdlehedréisease or
condi tion. Sucgm onditions are described above. Dependi ng
upon the parti cCUi8t cﬁf@-rﬁﬁa"i'at ed condition to be treated or prevented,
addi ti onal drugs, whipgBlaferaoi vel d ysearhdas mgliche fhal-Obk I €péadd event
that 20 condition may b ,ad[ln' Qi stered tog}et hg{mwi tg t he i nhi bitors of
this inventi onP¥He pelude. R ffth&tUpedtiie egERt s2BRESt her
anti - prol i f er atmyel ogencage lbakamya peciosiid efrelicgenbhs p@8kémba pi tors of
this invention to treat proliferative diseases. 25 . Those
addi ti onal 1geMEEFRERHE FEARAPER erkRPOS1' S SBTSPTRe| §RdBULEIRISF a
mul ti pl e dosaganye&maen, from t he p38 i nhibitor-containing
conposi tion. Alternativelﬁ\é, . _those agents ma%I be part of a single
dosage form mi xed §EPHEPLG FAP LB ILGR BRY oPei Frereh 4t
conposi tion. 3Grevented inchider&srid halimdhe icdveati aBodgsEhl bt et ei n
may be nore fully understood, the foll ow ng exanples are set forth. It
shoul d be under&tFF tifaf2EREREIYRE I es

15 Infectious diseases which may be treated or
prevented include, but are not limited to, sepsis, septic
shock, and Shigellosis.

Viral diseases which may be treated or
prevented include, but are not limited to, acute

20 hepatitis infection (including hepatitis A, hepatitis B
and hepatitis C), HIV infection and CMV retinitis.

Neurodegenerative diseases which may be treated
or prevented by the compounds of this invention include,
but are not limited to, Alzheimer’s disease, Parkinson'’s

25 disease, cerebral ischemias or neurodegenerative disease
caused by traumatic injury.

“p38-mediated conditions” also include
ischemia/reperfusion in stroke, heart attacks, myocardial
ischemia, organ hypoxia, vascular hyperplasia, cardiac

30 hypertrophy, and thrombin-induced platelet aggregation.

In addition, p38 inhibitors in this invention

are also capable of inhibiting the expression of
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Illustrative purposes only and are not to be construed as limting this
i nvention in any manner. EXAMPLE 1 5-
Synt.hesi s oWVOI¥BPHhi bit or Conpound 1 ExanBFeysy233sze

synt hesi s of several conpounds of formula la are set forth in the

foll owi ng 4 exahpiesible prp-inflpemmplory pidteins such as priEstagllamdiy of
sodi um am de, n, dry of ran 20 M) we
added a sol uti Qx{&éﬂ-eilr?x enz Qg?asﬁl %%H% zfj afz% O:aerkyq:r Edu (5

t et rahydr of ur ancqumygmaseo@m(t:@ﬁ'péi at 'uherefrdmeemodihﬁxe “wa—mﬁxatedr ed at
room t enper at ur e eagction m urevveadeda
sol ution of 3, 6-0£8{tl(1°0rl%)| o%lrjjcf)e %dea‘aa Lﬂg%%e%é i @n%ﬁa)l i'n®

t et r ahydr of Lsrannéﬂ:ﬂom$culla‘rt @aigt i headgcher %mmmaa'sv,, dentraliepaeact i on
m xture was dil ut e :‘:’%ﬁ:.bltains agueous 20 saturated sodi um bi carbonate
solution. The ?% ction %tlire was then extracted with et hyl acetate.
The | ayers were separﬂatee«haadsebetha'gamp e s weatdeeld owi plreventedt er
brine, dried over 15?% g}ﬁzate +ter conc;ntr ted in
vacuo. 25 by H& relg‘ dtrd-%A8 Bu lf‘“l%d“b"'e% BhdPegfaphy 5

silica gel (el uaniverdi¥atdiyhyroapetiabe tnemymeim (ImL-1, TN, VEL3671 g.

- 0
(16.20 rrm)llo 5:?'14/98)0]c a{toq.ucrbealevegm:oebe respclnscg.ble for the disease.

Thus, an IL-l-mediated disease or condition
includes rheumatoid arthritis, ostecarthritis, stroke,
endotoxemia and/or toxic shock syndrome, inflammatory
reaction induced by endotoxin, inflammatory bowel

15 disease, tuberculosgis, atherosclerosis, muscle
degeneration, cachexia, psoriatic arthritis, Reiter’s
syndrome, gout, traumatic arthritis, rubella arthritis,
acute synovitis, diabetes, pancreatic B-cell disease and
Alzheimer’s disease.

20 TNF-mediated disease or condition includes,
rheumatoid arthritis, rheumatoid spondylitis,
osteoarthritis, gouty arthritis and other arthritic
conditions, sepsis, septic shock, endotoxic shock, gram
negative sepsis, toxic shock syndrome, adult respiratory

25 Qdisgtress syndrome, cerebral malaria, chronic pulmonary
inflammatory disease, silicosis, pulmonary sarcoisosis,
bone resorption diseases, reperfusion injury, graft vs.
host reaction, allograft rejections, fever and myalgias
due to infection, cachexia secondary to infection, AIDS,

30 ARC or malignancy, keloid formation, scar tissue
formation, Crohn’s disease, ulcerative colitis or

pyresis. TINF-mediated diseases also include viral
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To a slurry of sodium hydride, 95%(0.14 g.,6.0 nmol ) in dry
tetrahydrofuran (10 m) we added thiophenol 5 (0.66g, 6.0 m.) at_.room

t enper at ur evo dmzoIseact i on m xture was then stirred forecifussreazpes. To
t he reaction m xture we added a solution of the product fromstep A,
above (1.31 g.,irfettimmal,) shehabsoliw e arhanelZ1u2azal ahd herpdBe &RACti on
m xture was then brou ht to reflu nd 10 stirred there for one hour. The
cool reaction nM{SATHE=TY ViHg ﬁ%% FHieFUN FEcOBRCFRETERS| due was
diluted with a infedNoedi uﬁhhudi@g; deuts alatt ildmita ﬁb)eqﬁbﬁ@ extract ed
wth nethylelg chl oride. The organlc ase wa wat er,

D ine, dried oVt aretn s el aia o e bt b E LA T itva. piens
The resi dueswasvipsits ferdlabm.Chiﬁﬁ@Idi‘a#ﬂB&dﬁlrus ifEkt€RoB8| {®tUading 20 %

et hyl acetate n- he ane 0 19. mmol - 40% of rod ct
as g white IP % %eéefé$+T§Ey v1rus bo %ne 1mmunodef1c§gncy P !

virus, or canine immunodeficiency virus.

IL-8 mediated disease or condition includes
diseases characterized by massive neutrophil

10 infiltration, such as psoriasis, inflammatory bowel
disease, asthma, cardiac and renal reperfusion injury,
adult respiratory distress syndrome, thrombosis and
glomerulonephritis.

In addition, the compounds of this invention

15 may be used topically to treat or prevent conditions
caused or exacerbated by IL-1 or TNF. Such conditions
include inflamed joints, eczema, psoriasis, inflammatory
skin conditions such as sunburn, inflammatory eye .
conditicns such as conjunctivitis, pyresis, pain and

20 other conditions associated with inflammation.

In addition to the compounds of this invention,
pharmaceutically acceptable salts of the compounds of
this invention may also be employed in compositions to
treat or prevent the above-identified disorders.

25 Pharmaceutically acceptable salts of the
compounds of this invention ‘include those derived from
pharmaceutically acceptable inorganic and organic acids
and bases. Examples of suitable acid salts include
acetate, adipate, alginate, aspartate, benzoate,

30 Dbenzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate,

digluconate, dodecylsulfate, ethanesulfonate, formate,
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A m xture of the product fromstep B. (0.17 g., 0.69 mmol ) and
concentrated sulfuric acid (5 m) was WO 98/ 27098

PCT/ US97/ 23392- heated to 100[err] C for one hour. The sol uti on.was
cool.ed andwo09s227¢88j usted to pH 8 with a saturated sodi um HGCEAUISGRIILE
solution. The reaction m xture was extracted with met hyl ene chl ori de.

The organi ¢ | ayBumarasejagiedohephanbanat eglflydﬂ’:&dt&),osiﬂ'ia&d; owgeycas&aaesi um
sul fate and L SGONGS }trtat eg i@ vacuo t.o |ve é’(ﬁﬁﬁ%’% ~ 100%
of compound pr 2T AR Sy aRGREBIP: fErlﬁ ’Nf\?Ft{'e(S 1o7ide, €D30D) d7.7
(d), 7.5 (d), "hydfcBromidd,- hydZofodiide, 2Ihydroxﬂéﬁhéhesulfonate,
A sol ution of p#ﬁfrﬁ from teg C. (gr%zbeq O'h%%esulfmm't) anq .
N, N- di met hyl f or ERAYFacBEaP e 18R PPSLEmoFY in tol uene (5
m) was heated r@épl’ﬂtﬂﬁ[l@hlé}sﬁlfeﬁaﬂéﬁ nidot i1itle, nipeategobikAgatthe resul ting
solid was fllter€¥%é§%e' pectinate, persulfate, 3-phenylpropionate,
phosphate, picrate, pivalate, propionate, salicylate,
succinate, sulfate, tartrate, thiocyanate, tosylate and
undecanoate. Other acids, such as oxalic, while not in
10 themselves pharmaceutically acceptable, may be employed
.in the preparation of salts useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts.
Salts derived from appropriate bases include alkali metal
15 (e.g., sodium and potassium), alkaline earth metal (e.g.,
magnesium), ammonium and N-(Cl-4 alkyl)4+ salts. This
invention also envisions the quaternization of any basic
nitrogen-containing groups of the compounds disclosed
herein. Water or oil-soluble or dispersible products may
20 Dbe obtained by such quaternization.
Pharmaﬁeutically acceptable carriers that may
be used in these pharmaceutical compositions include, but
are not limited to, ion exchangers, alumina, aluminum
stearate, lecithin, serum proteins, such as human serum
25 albumin, buffer substances such as phosphates, glycine,
sorbic acid, potassium sorbate, partial glyceride
mixtures of saturated vegetable fatty acids, water, salts
or electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium
30 chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based

substances, poliyethylene glycol, sodium
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di ssolved in warm et hyl acetate. The product was precipitated with the
dropwi se addition of diethyl ether. The product was then filtered and
washed wi th di et hyl ether to give 0.038 g. of conpound 1 (which.is
depicted 2®osgsn7bable 1) as a yellow solid. [err]H NVR ( p8BukdinazseDCL3)
d8.63 (s), 7.63 - 7.21 (m, 6.44 (d). 65

WO 98/ 27098 carb ethylcellul (o) aH 15g§§92w
EXAMPLE 2 Y Synthes! s %f°s§g8"rf??i g2y L Compound: 2 A

S .
[err] polyethyXﬁpe—polyoxypropylene—blockhpolfmers, The first

i ntermedi ate de@oqggqhgggﬂg YBicol ard WRBAEE LN @ simlar manner as in
Exanpl e 1A, using 4- fl uorophenyl acetonitrile, to afford 1.4 g (5.7

mol ~15% of producthe commsitigps] of the present invention may
5 be administered orally, parenterally, by inhalation
spray, topically, rectally, nasally, buccally, vaginally
or via an implanted reservoir. The term "parenteral" as
used herein includes subcutaneous, intravenous,
intramuscular, intra-articular, intfa-synovial,

10 intrasternal, intrathecal, intrahepatic, intralesional
and intracranial injection or infusion techmiques.
Preferably, the compositions are administered orally,
intraperitoneally or intravenously.

Sterile injectable forms of the compositions of

15 this invention may be aqueous or oleaginous suspension.
These suspensions may be formulated according to:
techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile -
injectable preparation may also be a sterile injectable

20 solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example as a solution
in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In

25 addition, sterile, fixed oils are conventionally employed
as a solvent or suspending medium. For this purpose, any
bland fixed oil may be employed including synthetic mono-
or di-glycerides. Fatty acids, such as oleic acid and
its glyceride derivatives are useful in the preparation

30 of injectables, as are natural pharmaceutically-
acceptable oils, such as olive o0il or castor oil,

especially in their polyoxyethylated versions. These oil

5%



The above internediate was prepared in a simlar manner as in Exanple

1B. This afforded 0.49 g (1.5 nmol, 56% of product. [err]
pre-2 . The above i nternedi ate was prepared in a si m-l ar
manner as EW&MB'IZ@S’&C This afforded .10 g (0.29 mol , PEBASEE339%20npound
pre-2. [err}H NVR (500 MHz, CDCI[err]) d WO 98/27098

PCT/ US97/ 23392 solutidnébox sugerigiions7md¥ aldo30chbdin 7a 2long-kHakir N ,

7.06 - 6.91 ggzbhgl8éi£52n€”3f dispgrsant, such as carboxymethyl
cellulose or similar dispersing agents which are commonly
used in the formulation of pharmaceutically acceptable

5 dosage forms including emulsions and suspensions. Other

commonly used surfactants, such as Tweens, Spans and
other emulsifying agents or biocavailability enhancers
which are commonly used in the manufacture of
pharmaceutically acceptable solid, liquid, or other

10 dosage forms may also be used for the purposes of
formulation.

The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,

15 capsules, tablets, aqueous suspensions or solutions. 1In
the case of tablets for oral use, carriers which are
commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule

20 form, useful diluents include lactose and dried corn
starch. When aqueous suspensions are required for oral
use, the active ingredient is combined with emulsifying
and suspending agents. If desired, certain sweetening,
flavoring or coloring agents may also be added.

25 Alternatively, the pharmaceutical compositions
of this invention may be administered in the form of
‘suppositories for rectal administration. These can be
prepared by mixing the agent with a suitable non-
irritating excipient which is solid at room temperature

30 but liquid at rectal temperature and therefore will melt
in the rectum to release the drug. Such materials

include cocoa butter, beeswax and polyethylene glycols.
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[err] 5 Compound 2 (which is depicted in Table 1) was

prepared frompre-2 in a simlar manner as in Exanple 1D. Thi s af forded
0.066 g of product. [err]H NWR (500 MHz, CDCl[err]) d 8.60 (s),..7.62 -
7.03 (m, O6wadgsifnyy. 10 EXAMPLE 3  PCT/US97/23392

Synt hesis of p38 | nhibitor Conpound 6 A [err]

The first internmedi ate i rhthghlrepedat il Qj‘ongg‘é,m@@gﬁguagl ény¥es prepared in .
a manner simlar to that descrj bed_ in Exanple 1A, using

2, 6- di chl or ophehgYentiom ma¥ AL EP| Pe, a¢Bingd dz"-&’@’lgaééz’ssesa%@/baloky
product B. when the [t@kEkt of t28atment incllUdRsnexbast&p éfb$ﬁ§3

synt hesi s of conpound 6 WO 98/ 27098

PCT/ US97/ 23392 ¥ adily accessible by topical application, including
5 diseases of the eye, the skin, or the lower intestinal
tract. Suitable topical formulations are readily
prepared for each of these areas or organs.

Topical application for the lower intestinal
tract can be effected in a rectal subpository formulation

10 (see above) or in a suitable enema formulation.
Topically-transdermal patches may also be used.

For topical applications, the pharmaceutical
compositions may be formulated in a suitable ointment
containing the active component suspended or dissolved in

15 one or more carriers. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying

20 wax and water. Alternatively, the pharmaceutical
compositions can be formulated in a suitable lotion or
cream containing the active components suspended or
dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limited

25 to, mineral oil, so;bitan monostearate, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-octyldodecancl,
brenzyl alcchol and water.

For ophthalmic use, the pharmaceutical
compositions may be formulated as micronized suspensions

30 in isotonic, pH adjusted sterile saline, or, preferably,
as solutions in isotonic, pH adjusted sterile saline,

either with or without a preservative such as
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was carried out in a simlar manner as described in Exampl e 1B. This

afforded 2.82 g (7.6 mmvol, 91% of pr oduct . C. [err]
The final internediate, pre-6, was prepared in a simlar manner as
descri bed irwoBsmps e 1C. This afforded 0.89 g (2.3 mMBCT/USHRP3IRf
product. [err]H NMR ( 500 MHz, CD3OD) d 7.5 - 7.4 (dd), 7.4 (m, 7.3
(d), 7.2 (m, 18enZy?21kéhium chldride. Alternatlvel foi &gHthalmic
The final step in t%e synt hesi s of conpgpound 6,15 ichis depicted in
Table 1) was caPfréd bt %&armacedﬁésl&rallbsampﬂ%&law a3 berfirmplEgieded 0. 06
g of produgh. aheéiﬂlhh&l‘d?sﬁﬁﬁﬂ a%ecmmﬂr]) d 8 69 (S) 7 65 - 7.99
(d), 7.58 - 7.36 (m, 7.32 - n% 6.79 (d)

The pharmac tical comeSLtlons of hlS

5 invention wmay alsc be administered by nasal aerosol or
inhalation. §8Such compositions are prepared according to
techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcohel or other suitable preservatives,

10 absorption promoters to enhance biocavailability,
fluorocarbons, and/or other conventional solubilizing or
dispersing agents.

The amount of p38 inhibitor that may be
combined with the carrier materials to produce a single

15 dosage form will vary depending upon the host treated,
the particular mode of administration. Preferably, the
compositions should be formulated so that a dosage of
between 0.01 - 100 mg/kg body weight/day of the inhibitor
can be administered to a patient receiving these

20 compositions.

It should also be understood that a specific
dosage and treatment regimen for any particular patient
will deperd upon a variety of factors, including the
activity of the specific compound employed, the age, body

25 weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and
the judgment of the treating physician and the severity
of the particular disease being treated. The amount of
inhibitor will also depend upon the particular compound

30 in the composition.

According to another embodiment, the invention

provides methods for treating or preventing a p38-
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WD 98/ 27098 PCT/ US97/ 23392

EXAMPLE 4 Preparation of p38 I|Inhibitor Conpound 5

5 -The first internediate in the synthesis of conmpound. 5 was
prepared i n"WOBRMMBar nmanner as descri bed I n Exanpl e 1ACTWSYIN3392

2, 4-di chl orephenyl acetonitrile, to afford 3.67 g (12.36 mol, 49% of
product . B. medﬁateﬁ condilfion comprising the seepndf i 4dmwinmst &ingras
prepared in a sim | ar menner gﬁscg beddln Exgqgle 1B. Thi s afforded
3.82 g (9.92 nﬁDP agpgrient oge éﬁ? & {abovpsdegeribe pharm?Qﬁqﬁlca

compositions. The term “patient”, as used herein, weans
an animal, preferably a human.

5 Preferably, that method is used to treat or
prevent a condition selected from inflammatory diseases,
autocimmune diseases, destructive bone disorders,
proliferative disorders, infectious diseases,
degenerative diseases, allergies, réberfusion/ischemia in

10 stroke, heart attacks, angiogenic disorders, organ
hypoxia, vascular hyperplasia, cardiac hypertrophy, and
thrombin-induced platelet aggregation.

According to another embodiment, the inhibitors
of this invention are used to treat or prevent an IL-1,

15 IL-6, IL-8 or TNF-mediated disease or condition. Such
conditions are described above.

Depending upon the particular p38-mediated
condition to be treated or prevented, additional drugs,
which are normally administered to treat or prevent that -

20 condition may be administered together with the
inhibitors of this invention. For example,
chemotherapeutic agents or other anti-proliferative
agents may be combined with the p38 inhibitors of this
invention to treat proliferative diseases.

25 Those additional agents may be administered
separately, as part of a multiple dosage regimen, from
the p38 inhibitor-containing composition. Alternatively,
those agents may be part of a single dosage form, mixed
together with the p38 inhibitor in a single composition.

30 In order that ths invention described herein
may be more fully understood, the following examples are

set forth. It should be understood that these examples
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pre-5 The final internediate, pre-5, was prepared in 20 a

simlar manner as described in Exanple 1C. This afforded 0.10 g (0.2%
mol, 92 % . of product. [err]H NMR (500 WO 98/ 27098 -

PCT/ US97/ 238998/27098 MHz, CD3CD) d 7.9 (d), 7.7 (d), 7.6 - 7238 PINY. 4 -
7.3 (m,.2.4 (s). [err] The final step in the

prepar at i on of ﬁﬁgpﬁaﬁdlﬁlustra(t%decbu&@oﬁeﬁl ehed aid Tall e,cb) ceppecarri ed
out in a 10 simlar manner as described in Exapple, 1D. This afforded

0.06 g of produ€PRFEREY RANRTSGHMER SCERY TRl 1§} 1P dirpy Madyer.

EXAMPLE 1
5 Synthesis of p38 Inhibitor Compound 1

Examples of the synthesis of several compounds

of formula Ia are set forth in the following 4 examples.

A.
X <N Cl
[ LT
NN —_— NN
I I
10 N
To a slurry of sodium amide, 90% (1.17 g. , 30

mmol) in dry tetrahydrofuran (20 ml) we added a solution
of benzyl cyanide (2.92 g., 25.0 mmol) in dry
tetrahydrofuran (10 ml) at room temperature. The mixture

15 was stirred at room temperature for 30 minutes. To the
reaction mixture we added a solution of 3,6-
dichloropyridazine (3.70 g., 25.0 mmol) in dry
tetrahydrofuran (10 ml). After stirring for 30 minutes,
the reaction mixture was diluted with an aqueous

20 saturated sodium bicarbonate solution. The reaction
mixture was then extracted with ethyl acetate. The
layers were separated and the organic was washed with
water, brine, dried over magnesium sulfate, filtered and
concentrated in vacuo.

25 The residue was purified by chromatography on
silica gel (eluant: 30% ethyl acetate in n-hexane) to
give 3.71 g. (16.20 mmol ~ 54%) of product as a white
solid.
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7.51 - 7.42 (m, 7.32 - 7.21 (n), 6.85 (d), 6.51 (d), 2.42 (s).

O her conpounds of fornula la of this invention 15 nay be synthesized in a
sim | ar manner. using the appropriate starting materials.

EXAVPLE 5 -wWO982Wp&parati on of A p38 Inhibitor Conpound oquamsswumz b

An exanpl e of the synthesis of a p38 inhibitor 20 of this invention of the

formula Ib is pgesented bel ow. A [err]

70 WD 98/ 27098 PCT/ US97/ 23392

To a slurry of spefgm am,@eNQ,O%"'(l leq) in dry tetrahy_drofuran was
added a sol uti onl|of 2{ 6- i chl orobenzyl cyatfide (1. ' \d.rzy\

t et rahydr of uran Ny nperature. The xt urje vvaf st i redlp rf)om 5
tenperature for 30 minutes. To the reactTdn ni X _~adde

solution of 2,6-dichl or" pyridine (1 eq) in dry telt r ahydr of ur an. The

reaction was nonitoredipy TLC and, i

To a slurry of sodium hydride, 95% (0.14 g.,6.0
mmol) in dry tetrahydrofuran (10 ml) we added thiophenol
5 {(0.68g, 6.0 ml.) at room temperature. The reaction
mixture was then stirred for 10 minutes. To the reaction
mixture we added a solution of the product from step A.,
above (1.31 g., 5.72 mmol) in absolute ethanol (20 ml.).
The reaction mixture was then brought to reflux and
10 stirred there for one hour. The cool reaction mixture
was concentrated in vacuo. The residue was diluted with a
1IN sodium hydroxide solution (10 ml), then extracted with
methylene chloride. The organic phase was washed with
water, brine, dried over magnesium sulfate and
15 concentrated in vacuo.
The residue was purified by chromatography on
silica gel (eluant : 20 % ethyl acetate in n-hexane) to

give 0.66g. (2.19 umol ~ 40% ) of product as a white

solid.
20 C.
P N e Y2 N Xy NSNS
UG U A U
—
i%l oé'\ NH,
" pre-1

A mixture of the product from step B. (0.17 g.,

0.69 mmol} and concentrated sulfuric acid (5 ml) was
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when conpl eted the reaction m xture was diluted wth an aqueous
sat urated sodi um bi carbonate solution. The 10 reaction nmxture was then

extracted vvrth et hyl acetate. The | ayers were separated and the organic
| ayer was WO%@IWed with water, brine, dried over magnesik ,
filtered and concentrated in vacuo. The residue was purified by

chr omat ogr aphy hertsd itea @@PCtmyi@m@ mur 1Thepscoduttiion was cooled esnd
To a solution of,4-fl rob ene trah dr of ur an
at -78[err]C vva%d]a‘ﬁscfe R/gDY?EI uh ® ébur O%e%q%dslé‘l“h?’%ﬁr RPAEXanes) .
The reaction msﬁlutaoms The rbhentsbhrmededos WA BExtizetedl@ithe reaction
m xt ure was das uti.qn of _the product. from Ste q).in dry
THF. The reactl“b% §1aﬁen ﬁi?’(%?%rél’"caﬂ'@sq RaAh%% b%l’fl to room
tenperatures Thmtre&a,Cﬂdzﬁ.ﬁhem ditiea wsr%agmﬂwh%dm@atb wager then
extracted with net é/l Sne chloride. The orz%anl o phase was washed w th
wat er conc ed in vacuo %ﬁ give (0.69 mmol ~ 100%)

of compound pre-1 as an orange oil. H NMR (500 MHz,

cD30D) 7.7 (d), 7.5 (d), 7.4 (m), 7.3 - 7.2 (m).

D.
N S
NZ |
x —>  COMPOUND"
O NH2

pre-1
A solution of pre-l1 from step C. (0.22 g., 0.69
mmol) and N,N-dimethylformamide dimethylacetal (0.18 g.,
1.5 mmol) in toluene (5 ml) was heated at 100° C for one
15 hour. Upon cooling, the resulting solid was filtered and
dissclved in warm ethyl acetate. The product was
precipitated with the dropwise addition of diethyl ether.
The product was then filtered and washed with diethyl
ether to give 0.038 g. ¢f compound 1 (which is depicted
20 in Table 1) as a yellow solid. 'H NMR (500 MHz, CDCl3)
ds8.e3 (s), 7.63 - 7.21 {(m), 6.44 (d4).
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WD 98/ 27098 PCT/ US97/ 23392 brine,
dried over magnesium sul fate and concentrated in vacuo. The residue was
purified by -chromat ography on silica gel to yield the product. .. C.
[err] WO 58/27998 PCT/US97/2332

A m xture of the product step B and concentrated sulfuric acid was
heated to 100 C for one hour. The EmhMpPLBM® was cool ed and adjusted to

pH 8 with a saturated Ssogl um, b| car bggqé st())l ut i 29 The rgact ion 10

m xture was extracted wt ic layer was
washed with watex., brine, dried over magnesi um sul fate and concentrat ed
I n vacuo to give product. The final product V}@S purified b¥\l Si I | ca gel

flash chronmat ograpﬁkgﬁ\[err] ~ X N=

— . \,//\1/\/
”[ | il
N N

5 The first intermediate depicted above was
prepared in a similar manner as in Example 1A, using 4-
fluorophenylacetonitrile, to afford 1.4 g (5.7 mmol,
~15%) cf product.

B.
F.'

N
10 N
The above intermediate was prepared in a similar
manner as in Example 1B. This afforded 0.49 g (1.5 mmol,

56%) of product.

C.
F\u/\‘ N’,N\”/S\“/\l F\/§ NI,N\/S\/\
\%\I/l\/ NF “\)\/'\/” "\?I
|
I N
e N 0~ "NH,

pre-2
The above intermediate was prepared in a

similar manner as Example 1C. This afforded .10 g (0.29

mmol, 43%) of compound pre-2. ' NMR (500 MHz, CDCl3) 4d

o6



p38 | nhi bitor Conpound WD 98/ 27098

PCT/ US97/ 23392 A solution of the product Step C (1 eq) and
N, N- Di et hyofegpreegi de di met hyl acetal (2 eq) in toluene ispcr/usonameed at
100[.err] C for one hour. Upon cooling, the resulting mxture is
filtered and dissolved in warmethyl 5 acetate. The product is
precipitated with the dropw se addition of diethyl ether. The product
is then filtered he , t h di,gt e t Y | nhi bitor
of f or mul a{?l%rf Th—'g'q%i \r/g,g‘f p?b‘}c,iwuct 7?.8390]: Bér{‘k he?%ri ?i'gg E‘f}ﬁ' p?%sél Ii ca gel
chr omat ogr aphyé-249 (m), 5.85 (& He¥) conpounds of fornula Ib of this

I nvention pay be synthesized in a simlar nmanner using the

appropriate starting nmaterials. EXAMPLE 6
Synt hesis of p | nhj 15 [err] Compound
12

—% COMPOUND 2

o] NHz
5 pre-2

Compound 2 (which is depicted in Table 1) was

prepared from pre-2 in a similar manner as in Example 1D.
This afforded 0.066 g of product. 'H NMR (500 MHz, CDC13)
d 8.60 (s), 7.62 - 7.03 {(m), 6.44 (&)).

10 EXAMPLE 3
Synthesis of p38 Inhibitor Compound 8§

A,
H/\r Cl H/\( Cl N;N\”/ Cl
|
S Gy
N

The first intermediate in the preparation of
15 compound 6 was prepared in a manner similar to that
described in Example 1A, using 2,6-dichlorophenyl-
acetonitrile, to afford 2.49 g (8.38, 28%) of product.

B.
“/\!/Cl N«,N\H/Cl l/§'/Cl N/,N\“/S\l \l
l I
\17\/‘\/ . \(\/’\/ ~F
S| S
N N
20 The next step in the synthesis of compound 6

of



This exanple sets forth a typical synthesis of a conmpound of formula

I c. 20 A The p38 inhibitor conpound 12 is prepared
essentially.as set forth for in Exanple 4, except that 4- -

fl uor ot hi op¥eP8/A708s utilized in step B. PCT/US7/23392 73
WD 98/ 27098 PCT/ US97/ 23392 B.

Conmpound 12 waswak ssoinied contdiy JHEIQDLant )maainer asr dem:fﬁ]amrﬁt ure. To .
this solution added i1 soput drlde on in
tol uene, 5 m, VE S8 Tgﬁﬁ ?Eg é{%%éﬁno y7St| P‘%g N% o t enper at ur e

for 1 hour. Thepzrceﬂn:tti.on m x was then dil ut ed wi th ethyl acetate and
quenched by theC addition of Rochelle salt. The | ayers were separated
and the organic 1ayer was i sol ated, washed with water, vvashed vvith
brine, dried 10 pes] syH\ate andfllteredto i el cr

conpound 103. The < ude%l‘pro hrorrat ograp Y 'P

eluting with 2% wmet Igﬂlg chl OI’I“d Purd co \ﬁﬁ/ l?; was
thus obtai ned (21§ ny, 50 %yield): 1H NNR(‘OWE\/C‘&K%) 7. 5% )m
H)

1H), 7.38 15 (d,CRH)f 7. 20 (t 2H), 7.08 (t, 2H), _(broad s, 1
6.30 (dd, 2H), 5.20 (% - NH,

The final intermediate, pre-6, was prepared in

a similar manner as described in Example 1C. This
afforded 0.8% g (2.3 mmecl, 85%) of product. 'H NMR ( 500
MHz, €D30D) 4 7.5 - 7.4 (ad), 7.4 (m), 7.3 (4), 7.2 {(m),

10 7.05 (4).
S
\© E— compound 6

D.
pre-6

The final step in the synthesis of compound 6
15 {which is depicted in Table 1) was carried out as
described in Example 1D. This afforded 0.06 g of
product. 'H NMR (500 MHz, CDC13) d 8.69 (s), 7.65 - 7.59
(@), 7.58 - 7.36 {m), 7.32 - 7.22 (m), 6.79 (d), 6.53
(d).
20
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EXAMPLE 7 Synt hesi s of p38 | nhibitor Conpound 201 A

[err] The starting nitrile shown above (5.9 g, 31.8
nmol ) was di-ssolved in DMF (20 nl) at room tenperature. Sodi unr+hydri de
(763 ngy, 3MA%II was then added, resulting in a briRffUss7233s
yel | ow-col ored solution. After 15 25 mnutes a solution of 2,5
di bronopyridine (5.0 gr., 21.1 mT@KMEhE_m/F (10 M) was added fol | owed
by Pal | adi um WO 7 v
PCT/ US97/ 23392 t et rgé i dones IR REF S-SR Fhe sol ution
was then re&l uxed for 3 hrs. The reaction was cooled to room
t enperature and d\ﬁllm ed w tE ethyl acetate. The organi c | ayer was then
i sol ated, washed knd then with 5 br Cihe, quN@g@!m um
sulfate, filtered and| evaporated in vacuo to a F0|I Fl gash col um
chronat ogr aphy el uti My ™R 10% et hyl acetgte in hi& /ﬂded
product (5.8 g, 84% as an {)ff white solid.

1}

\ ;1}

5 The first intermediate in the synthesis of

compound 5 was prepared in a similar manner as described
in Example 1A, using 2,4-dichlorophenylacetonitrile, to

afford 3.67 g (12.36 mmol, 49%) of product.

B.
C'\l/ \l/ c ’N\r ¢l O O 2N S
A '\f\r&/” P
i i
10 N N
The second intermediate was prepared in a
similar wmanner as described in Example 1B. This afforded
3.82 g (9.92 mmol, 92%) of product.
15 cC.

cl Cl 2N S ol
U

pre-5

The final intermediate, pre-5, was prepared in
20 a similar manner as described in Example 1C. This

afforded 0.10 g (0.24 mmol, 92 %¥) of product. ‘E NMR (500
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[err] The brom de produced in step A (194.8 ng, 0.57

nmol ) was dissolved in xylene (15m ). To this sol ution we added
t hi ophenyl st.annane (200 [err]l, 587 mol) and pal | adi um tetraki-s
(tri.phenyl pMOSHHI0P) (25 ngy). The 15 sol ution was refl uxRETHSIPRI3gNT ,
cooled, filtered and evaporated in vacuo. The crude product was
chr omat ogr aphedvma, scb3iars @elr,. sel(ay | ng. w tdy nethyl-enes (ddo;hl oride,7t9
yield pure prOdl(lCt (21542 {’rg 729 as a yell ow oil. 20 C [err]
conpound 201 75 WO 98/ 27098
PCT/ US97/ 23392

D.

cl

S

o NH,

pre-5

The final step in the preparation of compound 5
{which is depicted in Table 1) was carried out in a
10 similar manner as described in Example 1D. This afforded
0.06 g of product. “H NMR (500 MHz, CDCl3) d 8.64 (s),
7.51 - 7.42 (m), 7.32 - 7.21 (m), 6.85 (d), 6.51 (d},
2.42 (s).
Other compounds of formula Ia of this invention
15 may be synthesized in a similar manner using the

appropriate starting materials.

EXAMPLE 5
Preparation of A p38 Inhibitor Compound of Formula Ib

An example of the synthesis of a p38 inhibitor

20 of this invention of the formula Ib is presented below.

A.
§f—>F'C' f?géc <C=i>—-c)

A\ —  /T\ T\

NG 2 c— ) “ NC/—_\N'—"\/

N=\CI cl
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The nitrile produced in step B (1.2 g, 3.37 mmol ) was di ssolved in
gl acial acetic acid (30 m). To this solution we added water (120
[err]l, 6.67 nmml) foll owed by titaniumtetrachloride (760 [er¥]]l,

mol.), whi P HB2M9%Bsulted in an exotherm

for two ho

urs,

6.91

The sol ution waFCSTABAT3YY uxed
cool ed and poured into 1IN HCO . The aqueous | ayer was

extracted with met hyl eneTehhoﬁlwym sodiumegediec Pafellwasedphckwashed

with 1IN NaCH,

silica gel.

renove unreact etictlgrobagzmit eymi@e; @nd) teeen iw dryethykrahydrefetat eatt o

yi el d conp
conmpound 2

10

ound
01 (

t I d I f
e bz TP B A R abhenE Eifor e 10 °

P cLgpeehbuke 2CohRL Gritfiire oV BRELILATS Crli! 4 pUTe

8 15

Synt hesi s of p%mehiabhrer f@on@@mnimﬂ_tle{}s ToAthe[ eeaftion mixture was
The starting ni e _( 1 di ssol ved in
gl acial acetic ziiéileéi Fngrzﬁgs’goq'o&% hl ‘s Q%JQCh\sygg‘oﬁygﬁd\}\Bea&ae%q)t i YA dm

tetrachl ori de (t22x2hydwbfuzad.

to refl ux
in water/e

then filte
chr omat ogr

f or
t hyl

gphe

15

20

25

Thevatesrct(iz2, Fasnobhiaodeddat erl.a landsol uti on

e, BB epdRo LB UL R0, L G, Go0d e and. i | ut ed

ace at e organic ate

washed
with brine and agpiestisogetunaged ssedi b bmalrbahate shekuvigani cTHeayer was

and evapor at ed | vacu The resg}até fraucdeeta@reoduct was

FEFELPR) B 5RFE of % TBGRS RA

The layers were separatea and the organic layer was
washed with water, brine, dried over magnesium sulfate,
filtered and concentrated in vacuo. The residue was

purified by chromatography on silica gel to yield pure

product.

A4 —\ J
C(/ '——//—\ > ¢ / \/=>
NC/ \N-‘——( NC N \—
cl 7\

To a solution of 4-flucro-bromobenzene (1 eq)
in dry tetrahydrofuran at -78°C was added t-butyllithium
(2 eq, solution in hexanes). The reaction mixture was
then stirred for 30 minutes. To the reaction mixture was
added a solution of the product from Step A (1 eq) in dry
THF. The reaction mixture was then monitored and slowly
brought to room temperature. The reaction mixture was
gquenched with water then extracted with methylene

chloride. The organic phase was washed with water,

7]



WD 98/ 27098 PCT/ US97/ 23392 met hyl ene
chloride to afford pure product as a yell ow foam (2.77 g, 70% B.
[err] 5. . The ami de produced in step A (1.54 g, 4.3 mol)

was . di ssol ve® ea7e®| uene (20 m ). We then added NN\ di meeserRseram de
di net hyl acetal (1.53 g, 12.9 mmol), heated the resulting solution for

10 m nutes thenbaihewediried aviert cagoebitn swbinatepery aburentThtedenat i Oon

was then 10 evaporated vacua and _the resid chr omat ogy aphed on
Silica gel el Ut PRGN t T2 SRRaLRanar PREREt 7 [ PromaLBEPPAE O e
recovered mat er sdliomsgeher diieddl ved pnoduct hot ethyl acetate. The

sol ution was al Eowed to cool resulting in the crystallization of pure
product as a 15 "yellow solid (600 ng, 40% . Additional material (~800
ng) was available from not her |iquor. C. [err]
The bromi de fromstep (382 ¢y, 1 mol) was 20 di lved in THF (10 m).
We then added Dis vl al um num hydri de (1. sgdtion, 4 mmol),
N4 ci —
NC N= N/
7\ NH —
\—/ 7N\
\ \e/
F \
5 F

A mixture of the product step B and
concentrated sulfuric acid was heated to 100° C for one
hour. The solution was cooled and adjusted to pH 8 with
a saturated sodium bicarbonate sclution. The reaction

10 mixture was extracted with methylene chloride. The
organic layer was washed with water, brine, dried over
magnesium sulfate and concentrated in vacuo to give
product. The final product was purified by silica gel

flash chromatography

15 D.
"/'\
a AP
\/° cl \l/ cl
o NN L Oseses
SN [
o= N=\ N N
N
< g
F \I/
F

p38 Inhibitor Compound



stirred the reaction at roomtenperature for 10 m nutes, WO

98/ 27098 PCT/ US97/ 23392 and t hen
guenched the reaction with.methanol (1 m). A saturated sol ution of
Rochel | e sa¥®882%W@% t hen added and the m xture was ext rBEEsP7a3PH et hyl
acetate. The organic |l ayer was isol ated, dried over magnesi um sul fate,

5 evaporated and the residdselwasophebnbbographedt @texi Id cla eq) geld el uting
with 1-3% neth o Ofk ffard hri ght, orange

I o et Nag kb RLERENE AL OBL AL AP acer st [ L) B0 LB1u208"98
compound 110 heated at 100fec aanicie mickstucedpbn 6b6Dify(3¥he ny, 0.1
mmol ) was di ssolved in xylene (12 m ). To this_solution we added

t hi ophenol (0. XPFHOIIT SEFEWEE bF #Hb%ﬂf%ﬁhqrrﬁ dissedivies ilde waa™1 TR ) .

The resul tirg spbattdan \A@aehg%sdcé%st é@iﬁw&cféef w].LQl'f“t'Pl‘ét a§o Iv%éowed by
t he addition of pal I adi um tetraki s(triphenyl phosphi ne B ).

The react i o?fi%l%a’cfeélaﬁﬂy?m%b%?ed bt RYRIUGits dFpé F&nééltereéf t he

brom de starti ng,dmajatel w.Jﬂediéé‘ﬁ}l O &S éch%ﬁve a ?’%l eﬁhml&ee%f
tenperature and_passed throu lug was el uted

g pl ug of 205||ca&%§
initially with ﬁ@rwaeﬁ@ ehﬁbiaﬁfblepmfium;se & Piuh‘llféﬁéeh’! and then

w th 5% methanola ide1ebR¥bmacsL RSNy 0 el ute the p38 inhibitor. The
filtrate was concentrated and then re-chromat ographed on silica gel

usi ng 5% mé®hanol in ethPrhgtefampourds of formula Ib of this invention
may be synthesized in a similar manner using the

appropriate starting materials.

EXAMPLE 6
Synthesis of p38 Inhibitor Compound 103

15
ci Ct ci o
O F o F
NaoN //[:::]// HN N //[:::]//
N S ~N s
Compound 12 Compound 103
This example sets forth a typical synthesis of
a compound of formula Ic.
20 A.

The p38 inhibitor compound 12 is prepared
essentially as set forth for in Example 4, except that 4-

fluorothiophenyl is utilized in step B.
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25 eluant affording pure conpound 110 (20 ng, 52%. WD 98/ 27098

PCT/ US97/ 23392 EXAMPLE 9 Synt hesi s
of p38 I nhibit.or Conpound 202 A 5 The starting
nitrile (2W38§70982 mmol ) was di ssolved in DVF (10 nl PCRUSYIE3I2
tenperature. Sodi um hydride (12 mmol) was then added resulting in a

bri ght yel [Bow col ored solution. After 15 m nutes, a solution of 2,6
di bronopyri di ne (2.36 gr 1 ' ) d fal | oned

by Palladiumtetrakis COT? r?ﬁ?n%ﬂ%%o?yﬁﬁ%’% i}{\ﬂgﬂﬁ%’jﬁ H'ff‘“il)sgltut i on
was then r efdonx égmbperaBubeur sTo e s edutdnnvwes added cool ed to room

terperature andy.qiuied o4 Lk Qb ASIAL G TNEue son IIANG L AVET MBS

I sol at ed, washed over nmagnesi urh su
filtered and e\Sapmoat) ednﬁnthe raeuiert ovasms sﬂ:mdeedlat Fooas 't exgerature

chr omat ogr aphy g 1ehULENS AL IO EEIYL:AGELALEL Ny iEKANP AMEOLRG

acetate and quenched by the addition of Rochelle salt.
The layers were separated and the organic layer was
isolated, washed with water, washed with brine, dried

10 over magnesium sulfate and filtered to yield crude
compound 103. The crude product was chromatographed on
silica gel eluting with 2% methanol in methylene
chloride. Pure compound 103 was thus obtained (210 mg,
50 % yield): 1H NMR (500Mhz, CDCl3) 7.51 (m, 1H), 7.38

15 (4, 2H), 7.20 (t, 2H), 7.08 (t, 2H), 6.70 (broad s, 1H),
6.30 (dad, 2H), 5.20 (s, 2H).

EXAMPLE 7

thesig of p38 Inhibitor Compound

A.
'(1 NaH O\
Z 1/
a” J
NC
<L 2oy
20 Pd(PPh 3)4

The starting nitrile shown above (5.9 g, 31.8
mmol) was dissolved in DMF (20 ml) at room temperature.
Sodium hydride (763 mg, 31.8 mmol) was then added,
resulting in a bright yellow-colored solution. After 15

25 minutes a solution of 2,5 dibromopyridine (5.0 gr., 21.1

mmol) in DMF {10 ml} was added followed by Palladium

74



20 79 WD 98/ 27098

PCT/ US97/ 23392 The brono conmpound produced in step A (1.77 g,
5.2 mol) was dissolved in toluene (20 mM) and the resul ting solution
was .degasseWOIBRMWEF a nitrogen at nosphere, a sol uti on RIT/ERI@RIDHOr oni

acid ( 950 ng, 5 7.8 nmol) in ethanol (4 mM) and a solution of sodium
carbonate (1. 73teg;rail]¢lismmlr)iphanMPh®smhﬂiné))(Ewmrr@laddeuihe soldtbori a@gd | on

m xture was he to efI X 30 ho nd then was cooled to room
t enperature. Tﬁ‘t'eh (rjneacet luxe% £b ISET ut gfdhevmrteﬁ‘c‘ctlﬁyl w%ﬁe‘fﬁ?g ‘gnth i tied

w th water and L‘I.ﬂnpdratma:e aiikiedmlgam ow:lta"yearthyas atheatdr i eﬂhwdzl‘gamgﬂeM um

sul fate, filter dan 5on entra vac res| due UI’Ierd
on silica gel € W ng A tt%egoaysé?% ?‘Qaceat ed Wl%hl i 8§a?llédt%}q%fff
product as & mhbtinemﬂdnie@loﬁérgmagnesfﬂ%%sdﬂiat@, filtered and N [err]

evaporated in vacuo to a crude oil. Flash column
chromatography eluting with 10% ethyl acetate in hexane

afforded product (5.8 g, 84%) as an off white solid.

L L
PhSS
a” el B 3 a /’ cl
Nc/l l Ph(PPh 34 NC \O /@
N ~ N ~N S

Br

10
The bromide produced in step A (194.8 mg, 0.57

mmol) was dissolved in xylene (15ml). To this solution
we added thiophenylstannane (200 upl, 587 mmol) and
palladium tetrakis (triphenylphosphine} (25 mg). The

15 solution was refluxed overnight, cooled, filtered and
evaporated in vacuo. The crude product was
chromatographed on silica gel, eluting with methylene
chloride, to yield pure product (152 mg, 72%) as a yellow

oil.

20

'/E)\ TiCl4 c /Q cl
0
00 T L0L0

compound 201

15



The nitrile fromstep B (700 ng, 2.07 mmol) was di ssolved in
concentrated sulfuric acid (10 m) and 20 heated to 80[err]C for 1 hour.

The reaction was then cool ed to roomtenperature and the pH was
adj ust ed t av@B28RP8g 6N sodi um hydroxi de. The m xt ure REFUNERS3INXtract ed
W th ethyl acetate. The organic |ayer was isolated, dried W th

magnesi um sul fate and ev@peraitedilie praducetoiyi step 25 (lc@mgound 3202 as a

yel | ow foam (618 , 0 . . . .1 8
98/ 27098 %nmor{g w%é/(zlissolved in glacial %‘"cﬁji’tj'sgaﬁlf‘ségé’ ml) . T@O
EXAVPLE 10 this solution we SRiduadesiterof1DDdmpburtd 6¥1lMmol) Lollowed
Br . : . | f,l ape-~dried 100 ml
round- bottomedq'yl é:sll?(a%% Eé%c]{ghl(od:édg %P)”%f 6rrh9glngnsm%l}r)n'c%6ghmere added
to 50 mM 550f rswmldedusnt an rednidresfrur afhe Caelet st adasoft headreélwasd
added form ng |.i ght br color.. To . solufi.on ded 1.5 m of
a 10.0 m (79. %on’%"ﬂ%l X gg‘rgrp e o?ocﬁfdbraglrcrlnggurgé5%?ﬁ%ol\r?‘gtii&10eng‘geThe sol ution
was heated to rafdesxs liper was dxtoacted with aoethydether ehlloxridas nihat ai ned
when the organic layer was backwashed with 1N NaOH, dried over

magnesium sulfate and filtered over a plug of silica gel.

10 The plug was first eluted with methylene chloride to
remove unreacted starting materials, and then with ethyl
- acetate to yield compound 201. The ethyl acetate was

evaporated to yield pure compound 201 (1.0 g, 77%).

XAMPLE 8
15 Synthegis of p38 Inhibitor Compound 1190
A.
/O\ TiCls /O\
Cl a Cl Cl
T o
NCT TS ﬁ/‘\@\
NH2z N
N Br ? * Br
The starting nitrile (3.76 g, 11.1 mmol) was
first dissolved in glacial acetic acid (20 ml). To this

20 solution we added titanium tetrachloride (22.2 mmol) and
water (22.2 mmol) and heated the solution to reflux for 1
hour. The reaction mixture was then cocled and diluted
in water/ethyl acetate. The organic layer was then
isolated, washed with brine and dried over magnesium

25 sulfate. The organic layer was then filtered and
evaporated in vacuo. The resulting crude product was

chromatographed on silica gel eluting with 5% methanol in
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10 external heat source was renoved indicating Gignard formation. As
the reflux subsided, another 1.0 - 1.5 n portion of the brom de was
added resulting in a vigorous refl ux. The process was repeated-until
all .of the-wo9B¥¥#i de had been added. The olive-green solRETEI7RR2 15
externally heated to reflux for one hour to ensure conpl ete reacti on.
The sol uti on wasetbplexke ichlaridecto affbad hpard mddiedtvha syyeDgewt o a

sol ution of 9.3fn1m(§}.$ |) of trinethyl borate in 100 m of

t et r ahydr of uran-at “Th&er™°¢. " After the Grignard had been added, the
flask was 20 renoved fromthe cooling bath and the solution was

stirred at roonBtenperature overnight. The grayish-white slurry was
poured into 300 mMl of Herr]O and the volatiles were evaporated in
vacuo. HC (400 m of 2[

Bl ution) was added and m | ky-white
m xture was stirred for gd. 25 hour at roomtenper . Awhite solid

preci pi tated. Thé m X{ur &€lwas extonmebed W t h diy ider and the
organi c extract was dpi edi ( d err P—are—evaperated i1} vacuo WO
98/ 27098 l PCT/ U to afford
11.44 g (94% of the boggni (d as a white sol i:d. [err]

5 In a 100 m round-bd¥tomed flask, 7.92 Gg§3§. Br ol ) of

2, 6- di bromopyri dine was di5sol vad %Qoégcég o step A (1.54 g, 4.3 mmol)

was dissclved in toluene (20 ml). We then added N,N-
dimethylformamide dimethylacetal (1.53 g, 12.9 mmol),
heated the resulting solution for 10 minutes then allowed
it to cool to room temperature. The reaction was then

10 evaporated in vacuo and the residue was chromatographed
on silica gel eluting with 2-5% methanol in methylene
chloride. The recovered material was then dissolved in
hot ethyl acetate. The golution was allowed to cool
resulting in the crystallization of pure product as a

15 vyellow solid (600 mg, 40%). Additional material (~800

mg) was available from the mother liquor.

B\ S

d /O\

Cl Ci DiBAL al a

B HN\D\ Br

The bromide from step B (369 mg, 1 mmol) was
20 dissolved in THF (10 ml). We then added

C.

NN

Diisobutylaluminum hydride {1.0M sclution, 4 mmol),

stirred the reaction at room temperature for 10 minutes,

17



anhydrous toluene formng a clear, colorless solution.

4-f 1 uoro-2- net hyl benzene boronic acid (5.09 g, 33.1 mol) produced in
step A was added form ng a white suspension. 10 Thallium carbonate (17.45
g, 37.2 moW9 %R added foll owed by a catal ytic anoun®PCT/Us97/33892 of
Pd(PPh[err])[err]. The m xture was heated to reflux overnight, cooled,
and filteredndvehem qathadfedskthecaegetiomheitdi Imethanad Washkpd. A with
CH err]C[err] and the filtrate was gy ted.to affo a white
solid.” The sol Fag%%t%ﬁ; ST R RRCAPRET StHgtne s Eﬁer 2ddeq "Ehd

CH err]d [err]/ hbzanexiant clasoeatograpiecdidn etisflombetaktdim The of silica

gel using 30% CH err]CJerr]/ hexane,t fford 6.55 g 749 t he

I br on- 6- (4.1 | BEPERL IR BnaPahy el rried ovardpagreptit fyffatan ¢
[err] 5 evaporated and mha bBsilue owsl-dintcharedrkbAsk, o581 Tard 2. 07
mol ) of 2-bronmp-6-(4-1)uorq-2-npethyl phenyl) pyridi ne duced in step B
was di ssol ved i ﬁego‘gjrﬁ‘t’cﬁg éﬁ'ﬁ%d}égg @%@h?xﬁ?i Mﬂpﬁgﬁ}ﬁﬁef%ﬁ??ﬁ% %9 ear,

col orl ess sol ut afpord a brigh®Oo28nd€0881id (85 mg, 23% yield).

PCT/ US97/ 23392

D.

- I

ci ! PhSSn(nBu) ; cl Cl

O »
ij\ PA(PPh 3), ©

HN__N

~ UINF g, HN__ N AN
10 compound 110

The bromide produced in step C (35.2 mg, 0.1
mmol) was dissolved in xylene (12 ml). To this solution
we added thiophencl (0.19 mmol) followed by tributyltin
methoxide (0.19 mmol). The resulting solution was heated

15 to reflux for 10 minutes, followed by the addition of
palladium tetrakis(triphenylphosphine) (0.020 mmol). The
reaction was heated and monitored for the disappearance
of the bromide starting material. The reaction was then
cooled to room temperature and passed through a plug of

20 silica gel. The plug was eluted initially with methylene
chloride to remove excess tin reagent and then with 5%
methanol in ethyl acetate to elute the p38 inhibitor.

The filtrate was concentrated and then re-chromatographed
on silica gel using 5% methanol in ethyl acetate as

25 eluant affording pure compound 110 (20 mg, 52%).

18



2,6-difluoroaniline (2.14 m, 2.14 mol) was added foll owed by 112 ng
(2.79 mmol ) of a 60% NaH suspension in mneral oil. Gas evol ution was
observed along with a m | d exotherm The solution was heated to refl ux
5 over ni ghivcwagrédsen cool ed. The reaction m xture was rONUSVAsdeon 10%
NH err]d and extracted with CHerr]dJ[err]. The organi c extract was
dried (MygSd err]) and evaporated in vaguumpre s to afford a brown oil that
was a m xture of the product and gtg{tlng naterlal The material was

chromat ogr aphed 10 on &¥&%é A RIIES 946
CH err]d [err]/zhexane to afford 262 ngy (409@ of
2-(2, 6- dlfluorophenyl) 6- (4- fl uoro-2- nmet hyl phenyl ) pyridine as a

colorless oil.

round- bot t oned flask 262
2-(2, 6- d|fluorophenyl) 6-(4
step C was dissolved in C

rr 15 100 n
4 Nagnmol) Of |
ro- 2- met hy| €N pyes di ne produced in

formng a clear

col orl ess solution. Chlorosulfo cyanat eN¢c1. 11.5 mmol ) 20
was added and the |ight ye¥¢OM/squtionNmas stirred at y oom t enper at ure
overnight. Water (-30 nl) was added ausing a m | d gxot herm and

Vi gorous gas evol ution. After stirri overni'ght, theporganic |ayer was

separated, dried (MgS err]) and evaporated in vacuo to afford 25 a brown
oil that was a m xture of the product aaymuh starting material. The

i 0,
e S oty T O RERE eikding natIREL G214, Ol Ul 0110 10%

dissolved in DMF (10 ml) at room temperature. Sodium
hydride (12 mmol) was then added resulting in a bright
vellow colored sclution. After 15 minutes, a solution of
2,6 dibromopyridine (2.36 gr., 10 mmol) in DMF (5 ml) was
10 added, followed by Palladium tetrakis
{(triphenylphosphine) (1.0 mmol). The solution was then
refluxed for 3 hours. The reaction was next cooled to
room temperature and diluted with ethyl acetate. The
organic layer was isolated, washed with water and brine,
15 dried over magnesium sulfate, filtered and evaporated in
vacuo to a crude oil. Flash column chromatography
eluting with 10% ethyl acetate in hexane afforded product
(1.45 g, 42%) as a white solid.
B.

phenylboronic
acid c Cl

r

Ph(P 3)4 N I

20
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WO 98/ 27098 PCT/ US97/ 23392 recover ed

starting material was re-subjected to the reaction conditions and
purified in.the sane manner to afford a total of 205 ng (69% -of the
urea as a VWWD827098 solid. EXAORUSI 233925
Synt hesi s of Conpound 138 [err] Compound 103 (106

ng, 0.25 nmol) was di ssoI'I\hedbromoi@rﬂﬁdﬁlr(d)pﬁorihh;eanmtst&miﬁs Slol7m igen was

added tri etgly cﬁ (ﬂgg é% vecpz. e%ef bo&qf)d at}}'d r}ld excess 10
S5

of formal dehyde ( ueous so reac 'on was
allowed to sti rr@etu]rtnam solpeian uvzss degawsedm gﬁndeﬂ’hze nigacigeon m Xt ure was

methyl ene. ohl ort T aspk: Bt f5- e A M eaP e kORA, R S MR e e o
colum was &l ut'edB \mmdi)Z%lrrethamml {ml) amet Iaybehetz:dsrh arf (m:dmmyl el d pure
product (78 ng’car onate (Xt?gd%; 14 mmol) in water (4 ml) were added.
The reaction mixture was heated to reflux for one hour
and then was cooled to room temperature. The reaction
was diluted with ethyl acetate and washed with water and
10 brine. The organic layer was then dried with magnesium

sulfate, filtered and concentrated in vacuo. The residue
" wags purified on silica gel eluting with 30% ethyl acetate

in hexane to afford product as a white solid (1.56 g,

88%) .

15 C.

sulfuric
C o acid c Cl

compound 202
The nitrile from step B (700 mg, 2.07 mmol) was
dissolved in concentrated sulfuric acid (10 ml) and
20 heated to 80°C for 1 hour. The reaction was then cooled
tc room temperature and the pH was adjusted to 8 using 6N
sodium hydroxide. The mixture was next extracted with
ethyl acetate. The organic layer was isolated, dried
with magnesium sulfate and evaporated in vacuo to yield

25 compound 202 as a yellow foam (618 mg, 84%).

80
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EXAMPLE 12 Synthesi s of Prodrugs of Conmpound 103 A

[err] Conmpound 138 (1 equivalent) is dissolved in-nethylene
chl eri de amp?sm?% s solution is added triethylamne (1 PCTE§233Rent)
fol | owed by- di benzyl phosphonyl chloride (1 10 equivalent). The solution is
stirred at roomtenperature and ngrRAMPrLEdidYy TLC for consunption of

starting material. The neéh Iene chhp&;de | aye &s then dil uted

with ethyl acetate and washed v*%#r%%%%ﬁ%-é%?%%%éeé—— sodi um bi car bonat e

and saturated MaCl. The organic layer 15 is then dried, rotovapped and the

crude product is purified silica gel. The pg{e product I's then

di ssolved in nmethanol and the di benzyl esters are )ﬁeprotected with 10%
&

pal | adi um on charcoal under a hydr ogen at no g€. \Wen the reaction
filtrate is rotovapped to yiel the phosphat e proouct

Is nmonitored as 20 conplete, catarystr & fil d over celite and the

In a flame-dried 100 ml round-bottomed flask,
2.28 g (93.8 mmol) of magnesium chips were added to 50 ml
5 of anhydrous tetrahydrofuran. One crystal of iodine was

added forming a light brown color. To the solution was
added 1.5 ml of a 10.0 ml (79.1 mmol) sample of 2-bromo-
5-fluorotoluene. The sclution was heated to reflux. The
brown color faded and reflux was maintained when the

10 external heat source was removed indicating Grignard
formation. As the reflux subsided, another 1.0 - 1.5 ml
portion of the bromide was added resulting in a vigorous
reflux. The process was repeated until all of the
bromide had been added. The olive-green solution was

15 externally heated to reflux for one hour to ensure
complete reaction. The solution was cooled in an ice-
bath and added via syringe to a solution of 9.3 ml (81.9
mmol) of trimethyl borate in 100 ml of tetrahydrofuran at
-78°C. After the Grignard had been added, the flask was

20 removed from the cooling bath and the solution was
stirred at room temperature overnight. The grayish-white
slurry was poured intc 300 ml of H,0 and the volatiles
were evaporated in vacuo. HCl (400 ml of 2N solution)
was added and the milky-white mixture was stirred for one

25 hour at room temperature. A white solid precipitated.
The mixture was extracted with diethyl ether and the

organic extract was dried (MgSQ4) and evaporated in vacuo

Bl
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[err]

PCT/ US97/ 23392 B.
Compound 103 (210ng, 1.05 mml) was di ssol ved

in THF (2 m) .and cooled to -50[err]C under a nitrogen 5 atnosphere. To
t hi s sol ut "h98RF898added |ithium hexanet hyl di si | azaneP¢WUI723N)
fol | owed by. chl oroacetyl chloride (1.13 mml). The reaction was

renoved fromthe affoedolings bat tp4d ofl lkheeHoteniardaitd ds0@muirareer at ur e,

after which tine.the reaction was diluted with ethyl 10 acetate and

guenched with

silica gel

Vit

using 25% et hyl acetate in hexane S eluant to yield 172

ng (709 of pure desired prdguct, which was used @gs is in 15 the next

reacti ons.

10

15

25

vt e el

=
Z Br

=N =N
I

F
In a 100 ml round-bottomed flask, 7.92 g (33.4

mmol) of 2,6-dibromopyridine was dissolved in 50 ml of
anhydrous toluene forming a clear, colorless solution.
4-fluoro-2-methylbenzene boronic acid (5.09 g, 33.1 mmol)
produced in step A was added forming a white suspension.
Thallium carbonate (17.45 g, 37.2 mmol) was added
followed by a catalytic amount (150 mg) of PAd(PPh3)s. The
mixture was heated to reflux overnight, cooled, and
filtered over a pad of silica gel. The silica was washed
with CH3Cl; and the filtrate was evaporated to afford a
white solid. The solid was dissolved in a minimal amount
of 50% CHyCl,/hexane and chromatographed on a short column
of silica gel using 30% CH,Cly/hexane to afford 6.55 g
(74%) of the 2-bromo-6-(4-fluoro-2-methylphenyl)pyridine

as a white solid.

C.
F
Br [;:I:NH
& ——— P
F F
In a 50 ml round-bottomed flask, 550 mg (2.07

mmol) of 2-bromo-6- (4-fluoro-2-methylphenyl)pyridine
produced in step B was dissolved in 30 ml of anhydrous

tetrahydrofuran forming a clear, colorless solution.

52,

" The organic |ayer was washed with brine, dried and
rot ovapped to d@&.yness. The crude product was flash chromat ographed on



[err] The chl oroacetyl conpound is dissolved in 20

net hyl ene chloride and treated with an excess of dinethyl WO

98/ 27098 . PCT/ US97/ 23392 am-ye. The
reaction |sWﬁ'(9ﬁ’P't°6$ ed by TLC and when conpl ete all vol REWV¥I23p%
renoved to yield desired product . EXAMPLE
13 5 2, GSWiﬁhwognéfliGmeéuhﬁsmBA Ziid Tpl) wap afided]

The nitrile frogy 115t OrchiSh ) g Ivdln
et hanol (10 m) and to %ﬁss’}l%oﬁ@s@lzutg?on vva)sjoadge Ot%g%hr eggéggégég r(?1 05

mol ). The migexal o lnas GeFoayhluton efdanokisgrvadhedersgavithiah poi nt
TLC indicated tfafqallo5ledhd.! NgnBRLEI bR o AR L TR Lo reflux

5 overnight and then cooled. The reaction mixture was
poured in 10% NH4Cl and extracted with CH,;Cls. The
organic extract was dried (MgSO;) and evaporated in vacuo
to afford a brown oil that was a mixture of the product
and starting material. . The materiai was chromatographed

10 on a short column of silica gel using 50% CH;Cl,/hexane to
afford 262 mg (40%) of 2-(2,6-difluorophenyl)-6-{4-

fluoro-2-methylphenyl)pyridine as a colorless oil.

D.
F Fo
- K
" - A
~Z 2
15 In a 100 ml round-bottomed flask, 262 mg (834

mmol) of 2-(2,6-difluorophenyl) -6~ {4-£fluoro-2-
methylphenyl)pyridine produced in step C was dissolved in
30 ml of anhydrous CHCl; forming a clear, colorless
solution. Chlorosulfonyl isocyanate (1.0 ml, 11.5 mmol)
20 was added and the light yellow solution was stirred at
room temperature overnight. Water (~30 ml) was added
causing a mild exotherm and vigorous gas evolution.
After stirring overnight, the organic layer was
separated, dried {MgSO4) and evaporated in vacuo to afford
25 a brown oil that was a mixture of the product and
starting material. The material was chromatographed on a

short column of silica gel using 10% EtOAc/CH3Cls. The

5>



The reaction was cooled and all volatiles were renpved under reduced
pressure, and the residue was dissolved in 15 acetone (10 m).

To this solution was then added 2, 5- di fl uoroni trobenzene (110-[err]l,
1. 01 nmol ) WEPHHERY by pot assi um car bonate (200 ny, 1PEE/USABI3PI2and
wat er (400 - [err]l). The reaction was allowed to stir at room 20

tenperature ove¥IFYMALed PRETERRGt TIFEYR. taen T¢rbubdected taiithe met hyl ene
chloride (25 m)eanddd Idbangd: bRE ough rt-fieaotihoew' ggm?ﬁgésrﬁg% gijles vere

renoved under reduced ressure an e residue was
chr omat ogr aphe®ifPrd a $iotpdacfeROking i (fPWMi O bhgradeams fa orhit®s 25%
ethyl 25 acetaigi{) hexane to yield the desired product (142 ny,

339 . WD 98/727098 PCT/ US97/ 23392
B. [err] The nitrile product from Step A (142 ny,
0. 33 mol ) was m xed with concent EXAMELEuliuric acid (2 m), 5 heated

to reflux fgr 1 hour and then allewed;Lo.£ [ oom tenperature. The
m xture was then diluted with “&h‘ET%%%J%Cg%g#§&§€Ul%§refuIIy neutralized
wi th saturated

Cl Cl Cl Ci
0 N F 0] XN F
HN _-N ,J;::]/ N N . #
N7 s r’ ~TSNT s
OH
compound 103 compound 138

Compound 103 (106 mg, 0.25 mmol) was dissolved
in THF (0.5 ml) and to this solution was added
triethylamine (35 ul, 0.25 mmol) followed by and excess

10 of formaldehyde (37% aqueous solution, 45 mg). The
reaction was allowed to stir at room temperature
overnight. The reaction mixture was then rotovapped
under reduced pressure and the residue was dissolved in
methylene chloride and applied to a flash silica gel

15 column. The column was eluted with 2% methanol in
methylene chloride to yield pure product (78 mg, 70%
yield).

34



pot assi um carbonate solution (aqueous). The | ayers were separated and
the organic | ayer was washed with water, 10 brine and dried over nagnesium
sulfate. The m xture was filtered and evaporated to dryness. The
resi.due wasvQuesedoss in the next step w thout further puriPCra&ed/23892( 127 ny,
85% vyield).. [err] 15 The amde fromthe step B
(127 ny, 0.28 mmol) was di ssol vedEXAMFHE 13 m) and to this solution
was added di net hyl f or,mam de. di nethyl acetal (110 [err] 0. 83 nmol ) .
The reaction was heated £ FhEsis an Cial °f% L’ !" oled to room
tenperature. ALl volatiles were renoved in vacuo and the residue was
flash chromat ographed on silica gel eluting with 2.5% net hanol
WO 98/ 27098 i n met hyl ene
chloride to yield ¢ desired conpound 34 929 . D. [err]
Ct '
0] F F
I — T
r/ ~~ N S S
OH compound 138
5 Phosphate prodrug of compound 103
Compound 138 (1 equivalent) is dissolved in methylene
chloride and to this solution is added triethylamine (1
equivalent) followed by dibenzylphosphonyl chloride (1
10 eguivalent). The solution is stirred at room temperature
and monitored by TLC for consumption of starting
material. The methylene chloride layer is then diluted
with ethyl acetate and washed with 1N HCl, saturated
sodium bicarbonate and saturated NaCl. The organic layer
15 is then dried, rotovapped and the crude product is
purified on silica gel. The pure product is then
dissolved in methanol and the dibenzyl esters are
deprotected with 10% palladium on charcocal under a
hydrogen atmosphere. When the reaction is monitored as
20 complete, the catalyst is filtered over celite and the

filtrate is rotovapped to yield the phosphate product.

8BS



5 A solution of nickel dichloride hexahydrate (103 ng, 0.44
nmol) in a mxture of benzene/ net hanol (0.84 m./0.84 m) was added to a
sol ution of. conpound 34 (100.8 ng, 0.22 nmol) in benzene (3.4.nm) and

t hi s sol ut Wh933qe9s cooled to O[err]C. To this sol uti oRCWeg9*2383 added
sodi um 10 borohydride (49 ng, 1.3 mmol). The reaction was stirred

while allowing gp warmto roomtenperature. The reaction was evapor ated .
in vacuo and the residue was flash chromat ographed eluting with 2%

met hanol in nethyl ghe chloride to yield desired product, conpound
117 (21 15 ny, 25 EXAMPLE 14

Synt hesi s of Cogpouhy : A &
product indicateg_i e above peacki on wa 20
procedure in exanpfe 3p B )g %

The
sfﬂthesized usi ng the

B e =

Z
O N ~" N
compound 103

Cl
Compound 103 (210mg, 1.05 mmol) was dissolved -

in THF (2 ml) and cooled to -50°C under a nitrogen

5 atmosphere. To this solution was added lithium
hexamethyldisilazane (1.1 mmol) followed by chlorocacetyl
chloride (1.13 mmol). The reaction was removed from the
cooling bath and allowed to warm to room temperature,
after which time the reaction was diluted with ethyl

10 acetate and quenched with water. The organic layer was
washed with brine, dried and rotovapped to dryness. The
crude product was flash chromatographed on silica gel
using 25% ethyl acetate in hexane as eluant to yield 172
mg (70%) of pure desired product, which was used as is in

15 the next reactions.

C.
Cl ci Cl Cl
o ™™ ii: F 0 /Jii:]/F
——~
O N N
O N\/ N\N s j/ ~ \N S
™~

Cl T‘\l

dimethylaminoacetal prodrug of compound 103

The chloroacetyl compound is dissolved in

20 methylene chloride and treated with an excess of dimethyl

36
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chl oropyridazine (359 ng, 1.21 mmol) and 2,4 di f1 uor ot hi ophenol (176
ng, 1.21 mml). The product was obtained after flash silica gel
chr omat ogr ayptgs7eB1l ny, 929 . 5 B. [err] PCT/UBbm233d20V €
reaction was carried out as described in Example 1, step C, using 451
my of startingafaneri at‘h@-rh.daactlcﬁl s mbnﬁeaﬁecmtusyatmt sfld wHen acid to yield
the indicated 10 rode{ 4 09 C.

compl te a s are removed to yield desired

product.

EXAMPLE 13
5 Synthesis of Compounds 34 and 117

1) thiourea, reflux
Cl cl 2) base, 2,5-difluoro-
nitro benzene
NC
N
N a

The nitrile from Example 5, step A (300 mg, 1.0
mmol) was dissolved in ethanol (10 ml) and to this
10 solution was added thiourea (80.3 mg, 1.05 mmol). The
reaction was brought to reflux for 4 hours at which point
TLC indicated that all starting material was consumed.
The reaction was cooled and all volatiles were removed
under reduced pressure, and the residue was dissolved in
15 acetone (10 ml).

To this solution was then added 2,5-
difluoronitrobenzene (110 ul, 1.01 mmol) followed by
potassium carbonate (200 mg, 1.45 mmol) and water (400
ul). The reaction was allowed to stir at room

20 temperature overnight. The reaction was then diluted
with methylene chloride (25 ml) and filtered through a
cotton plug. All volatiles were removed under reduced
pressure and the residue was flashed chromatographed on
silica gel eluting with a gradient from 10%-25% ethyl

25 acetate in hexane to yield the desired product (142 mg,

33%) .

1



[err] The reaction above was carried out as descri bed
in Exanple 1, step D, using starting amde (410 ng, 0.96 15 mol) and

di met hyl f ormami de di net hyl acetal (3 mmol). The reacti on was heated at

50[err] C f avo®R7088Nnut es and wor ked up as descri bed precrwasi2gzszConpound
53 was obtai ned (313 ng, 759%. WO 98/ 27098

PCT/ US97/ 23392 m. [err] Conpound 34 (213, 0.49

nmol ) was di ssolved in THF (10 m), cooled to O[err]C and to this

sol uti on was adde Borane in THF (1M 0.6 The reaction was

stirred for 3 utes quenched with water jdi luted with ethyl
Cl Cl
F o F
———

NO; NO2
The nitrile product from Step A (142 wmg, 0.33
mmol) was mixed with concentrated sulfuric acid (2 ml),
5 heated to reflux for 1 hour and then allowed to cool to
room temperature. The mixture was then diluted with
ethyl acetate and carefully neutralized with saturated
potassium carbonate solution (aqueous). The layers were
separated and the organic layer was washed with water,
10 brine and dried over magnesium sulfate. The mixture was
filtered and evaporated to dryness. The residue was used
in the next step without further purification (127 wg,
85% yield).

cC.

Cl

Cl Cl
0 N F 0
| —
NHZ N, . #
N S
NO;

The amide from the step B (127 mg, 0.28 mmol)

15 compound 34 NO;
was dissolved in THF (3 ml) and to this solution was
added dimethylformamide dimethylacetal (110 pl, 0.83
mmol) . The reaction was heated to reflux for 5 minutes
20 then cooled to room temperature. All volatiles were
removed in vacuo and the residue was flash

chromatographed on silica gel eluting with 2.5% methanol

38



acetate. The organic | ayer was washed with water and brine, dried and
rot ovapped. The residue was purified on silica gel eluting with a
gradient of -1%to 5% nethanol 10 in nmethylene chloride to afford €onpound
142.(125 nyVo 9812709870 EXAMSTRAUSPE/23392
Cloning of p38 Kinase in Insect Cells Two splice variants of
human p38 ki nasiy WenéSchhndid}SBRQ yﬁed\ﬁepbeendédfenedfd:@nbourﬁpm fic

ol i gonucl eot i de rrers 9%2e used to anplify the coding regi on of CSBP2
cDNA using a Hei_ 3 B ary (Stratagene) as a tenplate. The

pol yner ase chaim. react| on product was cloned into the pET-15b vector

20 (Novagen). The _baculovirus transfer vector, VL (His)6- p38 was
constructed by subgl % ng a Xbal - BanH fragnent of pET15b-(His)6-p38
into the conpl ene M. sites in plasm d pVLI (Phar m ngen) .

The plasnmid pVLC(H §])
protein consistigg of s
wher e LVPRGS WD 9%/ 27@9 ——
PCT/ US97/ 23392 Na LRI e8enLona ¥ HEQE mt n franme to
the N-terninus of p§§ 35 cénfi {med by DNA sequenCi nd anoS by N-terninal
sequenci ng of the expbesardspr olNeyn. Monol ayer comgduhdif1®@ OfNHgpodopt er a

frugi perda gSf 9) insect 5 cells (ATCC) was majntained in TNM FH nmedi um
(G bco BRL) A solution of nickel dichloride hexahydrate

(103 mg, 0.44 mol) in a mixture of benzene/methanol (0.84
mL/0.84 ml) was added to a solution of compound 34 (100.8

mg, 0.22 mmol) in benzene (3.4 ml) and this solution was

cocled to 0°C. To this solution was then added sodium
10 Dborohydride (49 mg, 1.3 mmol). The reaction was stirred
while allowing to warm to room temperature. The reaction
was evaporated in vacuo and the residue was flash
chromatographed eluting with 2% methancl in methylene
chloride to yield pure desired product, compound 117 (21
15 mg, 25% yield).

EXAMPLE 14

thegsis of Compoun 53 and 1

Cl Cl Cl Cl
S, F
NC NC I
N, -
N Ci N N S

The product indicated in the above reaction was

20 synthesized using the procedure in example 1 step B using
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suppl enented with 10% fetal bovine serumin a T-flask at 27[err]C. Sf9
cells in |log phase were co-transfected with i near viral DNA of

Aut ogr apha cal.i foni ca nucl ear pol yhedrosi s virus (Pharm ngen).. and
transfer vame27p8l- 10 (Hi s) 6-p38 using Lipofectin (|netwsogessse. The

i ndi vi dual . reconbi nant bacul ovirus clones were purified by plaque

assay using l1%dmdwropiridgzaogar@ mg, 1.21 mmol) and 2,4 EXAVPLE

16 EXx f 8 Ki
Trlchoplu5|apL%E%#%g§Age %%%%F4& att_'l[err cel?gngmgfp(ln %lé%§§§FRN¥P€ gr own
i n suspensi on iobtBiael- dﬂser flaghr etidiical ged obdowmdoidpiBt daGienge) N a

shaker fl ask a%z%) 27[err]C. Cells at a density of 1.5 X 10[err]
cells/mM were “infected with the reconbi nant bacul ovi rus descri bed

above 20 at a multiplicity of infection of 5. The expression - |evel
of reconbi nant B38 was nonitored by i mmunobl otting using a rabbit
anti-p38 anti body (Qanta Cruz Bi ot echnol ogy) ., The cell mass was

harvested 72 hour after infection when the
reached 25 its Frozen) paste fromcells
expressing theCl (HCB) 6-t agged p38 was tdh v Cb vol unes of Buffer A
(50 vl NaH2P . nmvé NaCl , 2myg_| es r capt ggt hapol ,
10% d ycerol and Ny 2 recheni calf’ 307 diryrup of the cells
in a mcrofluidizer, ¢ i 24 X

m nutes. The

X)pression | evel of p38

The above reaction was carried out as described in
Example 1, step C, using 451 mg of starting material and
5 ml of concentrated sulfuric acid to yield the indicated

10 product (425 mg, 20%).

Cl Cl Cl
o N F
| —
NH; N(_  ~»# N /
N S
F

compound 53
The reaction above was carried out as described
in Example 1, step D, using starting amide (410 mg, 0.96
15 wmwmmol) and dimethylformamide dimethylacetal (3 mmol). The
reaction was heated at 50°C for 30 minutes and worked up
as described previously. Compound 53 was obtained (313

mg, 75%).

30
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super nat ant was i ncubated batchw se for 3-5 hours at 4[err]C wth
Talon[err] (Clontech) netal affinity resin at a ratio of 1 M of
resi.n per MW29%38%f expected p38. The resin was set tACTAPSYY/23392
centrifugation at 500 x g for 5 mnutes and 5 gently washed bat chw se
with Buffer A D.The resin was slurried and poured into a colum
(approx. 2.6 x 5.0 and washed with Buffeg A+ 5 mM i m dazol e.

The (His)6-p38 wag ; i m dazol e and
subsequent |y di al ghQvernight at 4[err]C 10 (nst 2 liters of Buffer
B, (50 nmM HEPES! p 7.5C1 25 M [err]- gF‘yceropthéphate

2mM DTT). The \ ad dA e

t hr ombi n of $38=and | .

2-3 hours. N@,Nh #Mi quenched by mdq/tN\gq

and then the entire sanple oaded onto a 2

(Ameri can | nternati onaipo@isari caff ) col umm. compound 142 F  The flow

t hrough fraction was directly | oaded onto a 2.6 x 5.0 cm Q Sephar ose

(Pharmaci a) colum 20 evi ou e i bra Buf f er .2 nMP
The p38 was el ut e ?/WRW“&J %6 gghg 5&/%5%0 N e ddﬁéa’la!ﬁ% tB
0. 6M NaCl i n BulfFeri8. mThe eldlteed tpr of’celamd)e:ak t\tﬁSx solutipnowas &idked

di al yzed ov rni_ght at 4[err]Cvs Buff e HEPES pH 7.5, 5%
gl ycerol, nﬁg g 8% Wﬂ}f’;)j %)reacm‘m was Stgrre Fhe

dialyzed prot elfarvvae ﬁmﬁﬁ [fleR@dhied @ith wat@nNtdiPEAWAd ¢ath tehpr4 n
and applied to a 2.6 x 1Q0
acetate. The organic layer was washed with water and
brine, dried and rotovapped. The residue was purified on
silica gel eluting with a gradient of 1% to 5% methanol
10 in methylene chloride to afford compound 142 (125 mg.

57%) .

EXAMPLE 15
Cloning of p38 Kinase in Insect Cells
Two splice variants of human p38 kinase, CSBPlL
15 and CSBP2, have been identified. Specific
oligonucleotide primers were used to amplify the coding
region of CSBP2 cDNA using a HeLa cell library
{Stratagene) as a template. The polymerase chain
reaction product was cloned into the pET-15b vector
20 (Novagen). The baculovirus transfer vector, pVL-(His)é6-
p38 was constructed by subcloning a Xbal-BamHI fragment
of pET15b- (His)6-p38 into the complementary sites in
plasmid pVL13%92 (Pharmingen).
The plasmid pVL- (His)6-p38 directed the
25 synthesis of a recombinant protein consisting of a 23-

residue peptide (MGSSHHHHHHSSGLVPRGSHMLE, where LVPRGS

9\



cm Sephacryl S-100HR (Pharnmaci a) columm. The protein was eluted at a
flowrate of 35 m/hr. The main peak was 30 pooled, adjusted to 20 nmM

DTT, concentrated to 10-80 WO 98/ 27098 --
PCT/ US97/ 239998127098 nys/m and frozen in aliquots at -70[ @XU&M33Nsed
I medi atel y. EXAMPLE 17

Activation of p3®resents a thromiH3s clesvagei sateld b;ses:brﬂ:n rizagpe) .t ng/ ni
p38 wi th 0..Q05 Jm . d ta

MyCl2, 2mM ATP,tq%. Fmvlée%‘é% ‘?%313%0% n%%@s§5t§i %&f or r"i seqﬁﬁanjcqng and
activation m xthy él-wesmihah $de¥d=m @fatmeoexpxmsm prothimoQ col um
(Pharmaci a) an I | ce t to 1.0 M
NaCl in Buff er%%oq%%gr%& | Vda}f?é: O%%g%glrut %gfé%@%#qh% SKTP. The
activated p38 m&mmpeblw amimhaalnyzledna@mfm ngfifter (GibcB BROD)2mMM
Na2VO4 to renove _t rotein was adj ed,.to 1. 1M
pot assi um phosﬁ]ilﬁpg‘eﬁgg%a “c’i%%} ?100?]% o 1 b?i(f%? otk EoI'dt i% oﬁuzh& SKo&fed onto
a 1.0 x 10 gepreHl Gof Radenin Iﬂﬁdnegolsﬁas@qimaywhag%&ted wEeWi | i brated
in Buffer D (10% gl ycerol, 20nM Jerr]- gl ycer ophosphate, 2.0mM DIT) +

1. IMK2HPO4. The-ipedfeiviral DNfy Ol ARtOgrapha G2 bHE QA GamTurdedie Ilnear
gradi ent to 20 RukhearBsis S K2AIRmi AEen fom & hrsrhou-abedoRd

eluted as the nain peak and was pool ed for dialysis agai nst guffer B +

0. 2V Na2VER, Tk SAGr PRt WehBEARRESCE in {IBYHEEoASN)70] SPE Endividual

recombinant baculovirus clones were purified by plaque

assay using 1% low melting agarose.

EXAMPLE 16
Expression And Purification of Recombinant p38 Kinass

15 Trichoplusia ni (Tn-368) High-Five™ cells

(Invitrogen) were grown in suspension in Excel-405

protein free medium {(JRH Bioscience) in a shaker flask at

27°C. Cells at a density of 1.5 X 10° cells/ml were

infected with the recombinant baculovirus described above
20 at a multiplicity of infection of 5. The expression

level of recombinant p38 was monitored by immunoblotting

using a rabbit anti-p38 antibeody (Santa Cruz

Biotechnology). The cell mass was harvested 72 hours

after infection when the expression level of p38 reached
25 its maximum.

Frozen cell paste from cells expressing the

(His)g-tagged p38 was thawed in 5 volumes of Buffer A (50

mM NaE2PO4 pH 8.0, 200 mM NaCl, 2mM R-Mercaptoethancl,
10% Glycerol and 0.2 mdM PMSF). After mechanical
30 disruption of the cells in a microfluidizer, the lysate

was centrifuged at 30,000 x g for 30 minutes. The
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25 EXAMPLE 18 P38

I nhi bition Assays A I nhi bition of Phosphorylation of EG- Receptor
Pepti de This assay was carried out in the presence.of 30
10 mM MyClwlo sétbrosdM [ err] - gl ycer ophosphate, 10% gl ycerol anebus9723sa00 mv
HEPES buffer at pH 7.6. For a typical |C50 determ nation, a stock
sol uti on was pg FAOLAEN AGupated palhPRl ] B £ 4°C

PCT/ US97/ 23392 Gper !%jﬁ of thé' aboseeconponents an actl vg}fue: ?)38 (5 nM.

The stock sol uwitdn 'malsorw |(q:aontedh0 ntnet el aaSfinN tfyf xedin atval na'elazfoDI\/SO or
inhibitor in ( ncnrt| [@f\é%O re tlon was

i nt roduced tngE%] % g -2 Ycrj\Sgncubat or pfg m re{ﬁ ?ﬁ'nr"(’)%

t enper at ur e settEC{d rl:qceqamnrlﬁegatden KRB.MEBL'EPﬁGEAEI\mthas aapdosphoryl
accept or al d ki cll S a ach vi al
to a fi naI %Iﬁt?]it’%t‘iyaos%‘ b 86%{% ? Obf Aileze Ki* nagg r’éﬁ%f?o‘ﬁaﬁas
initiated V\A t r‘smﬁ:(ém(hr{depb}xho’)adamdtbha cdlumyi @pprozr. e2i acxbat @demlt
30[err]C. After uenched wi th equal

vol ume of 1092384 "(Z‘P %ECEP?EEESCP ?ﬁ'lﬂ? Thidazo1d: The

phosphoryl ated pepti de v,m q;taatsgi%ﬁsi Wit elutedPlCrRNBLFEd:S A Sepacativon of
phosphoryl ated peptide from 15 e unphosphoryl ated peptide has achi eved

on a reverse imidgdrdse andl anhse@aénabﬁkdlﬂ}{m Jovergighd 08D, 4 Fart no.

011795 th a binar r adi nd nitrjl
cont ai )nl ngwowl@ﬁaﬁl’ftl I 3 g&?nleg %Pg%?f) 'of( m“ﬁ?‘r%ggsl' pI!I ?e?‘dl hoo
i nhibition) wag. ?ﬁ}@gﬁgﬁm@pmtgl otk ng{g&sbl/o 2hm dgteh Vi tvyhé e@féémt@g agai nst

i nhi bitor concentration
was removed by addition of at 1.5 units thrombin

(Calbiochem) per mg of p38 and incubation at 20°C for 2-3
hours. The thrombin was quenched by addition of 0.2 mM
15 PMSF and then the entire sample was loaded onto a 2 ml
benzamidine agarcose (American International Chemical)
column.
The flow through fraction was directly loaded
onto a 2.6 x 5.0 cm Q-Sepharose (Pharmacia) column
20 previously equilibrated in Buffer B + 0.2 mM PMSF. The
p38 was eluted with a 20 column volume linear gradient to
0.6M NaCl in Buffer B. The eluted protein peak was
pooled and dialyzed overnight at 4°C vs. Buffer C (50 mM
HEPES pH 7.5, 5% glycerol, 50 mM NaCl, 2 mM DTT, 0.2 mM
25 PMSF).
The dialyzed protein was concentrated in a
Centriprep (Amicon) to 3-4 ml and applied to a 2.6 x 100
cm Sephacryl S-100HR (Pharmacia) column. The protein was
eluted at a flcw rate of 35 ml/hr. The main peak was

30 pooled, adjusted to 20 mM DTT, concentrated to 10-80
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B. I nhi bition of ATPase Activity This assay was carried

out in the presence of 10 MM Mgl 2, 25 nM [err]-glycerophosphate, 10%
glycerol and . 100 nM HEPES buffer at pH 7.6. For a typical K@ 25

det er m nat momes/d7oe8 Km for ATP in the ATPase activity of pcrasbizésized p38
reaction was determned in the absence of inhibitor and in the presence
of two concentr, S i st.ock S prepared

cont ai ning all “%tém a%l fro%%@/ghgoatn%ongr%tsstdgnd"gﬁ :g\}lage%\éﬁ% (60 nM. The
30 stock sol ut:mmednaseam guotted into vials. A fixed volune of DMVBO
or inhibitor in DMSO (final concentra WD 98/ 27098

PCT/ US97/ 23392 in reaction was Z%g‘vgs—-rntroduced to each vial,

m xed and incubated for 15 m nntesvattigmae wadper ature. The

reaction was initiated b ddi ng variou once rallo f ATP and
then i ncubaged at 30[ er r%@ i gar a%l ﬁug’gs ‘E‘l‘ﬁ ning reascf‘\gcfﬁ‘g RéPe
quenched with 5&trermor. plosoﬁgEE]]'ADI(-(HohHMe fnulaht MKKE QitC @uififatd @n), 1piv8. 0.

The product of l\&)38 ATPase acti vi was quantified by HPLC
anal ysi s. Clz, 2mMpTBr o W 6‘?‘”2(9# £PEN? ATmLREe @Y @Ped: onThe

reversed phase £Ql;uaR ;6RURELCOS |wa§-@'h13% léahg‘ﬁr&%O RNt oNQ 180¢ In5 8985)

using a binary solvent gradient of follow ng onposi tion: vent A -
0.1 M phosphat #neX eplumn ERpammaning @ndie ‘ét?‘ébmish amismieam ﬁ9drogen

sulfate 4 o( SR Eher GRAL g@adlé}ﬁ:t 20948 HONaérI 7&5%&@‘2] ent rhe-

Sol vent AW|th 30%rrethano| Ki was determ ne fromthe rate
data as a famidiagedop3 rﬁﬂtchbraf&lw AP 3BRcand AKH.onFheThe results

for several of ééyiddﬁghbbﬁgrﬁééﬁ dég %oﬁﬁéﬁnghgndialyzed against buffer

B + 0.2mM Na2V04 to remove the NaCl. The dialyzed
protein was adjusted to 1.1M potassium phosphate by

15 addition of a 4.0M stock solution and loaded onto a 1.0 x
10 cm HIC (Rainin Hydropore) column previously
equilibrated in Buffer D (10% glycerol, 20mM £3-
glycerophosphate, 2.0mM DTT) + 1.1MK2HPO4. The protein
was eluted with a 20 column volume linear gradient to

20 Buffer D + 50mM K2HPO4. The double phosphorylated p38
eluted as the main peak and was pooled for dialysis
against Buffer B + 0.2mM Na2vQ04. The activated p38 was

stored at -70°C.

25 | EXAMPLE 18
P38 Inhibition Assavs
A. Iinhibition of Phosphorylation of EGEF Receptor
Peptide '
This assay was carried out in the presence of
30 10 mM MgCl2, 25 mM f3-glycerophosphate, 10% glycerol and
100 wmM HEPES buffer at pH 7.6. For a typical IC50

determination, a stock solution was prepared containing
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are depicted

in Tabl e 6 bel ow Tabl e 6

>20 2 15 3
5.0 _ 5 2.9 3
0.4 20 wo 9827098 Gt her p38 inhibitors of this inverddiisofhishs

i nhi bit the ATPase activity of p38. WO 98/ 27098

PCT/ US97/ 2339
Production in

diluted in DNB@efﬁ@wna soluRfomiwas crkiquitttledagnté wearlal

pr epar ed.
an |nh|b|tor

80 [err] M
[err] M 0§28

%L&S- Che abBypL D) %%gghégtéléﬁ& aENEvaL%a %@d Hm&e

Stinul ated P

6

al so

re serially
chlﬁﬂmmhs wer e

SR R BSS of L el 0 B £ VSt 1

serum The 4x afnBMsOt on seackiomorasiStod was innlpBiuted b esmiceritlati ons of

) Ml R LA M SRR LMo sl © 229

The 4x inthIE@F secepsonepepipids, KREL“EﬁmﬁﬁaGEBPBQQE%RJ(alphqdphmryl

h h bl ff
Vacutalner PP PBRteRbone t oX AR R RS aneshioN, B8 el ghena”

enough DPBS witicheath vial to a final concentration of 200 gM. The

10

15

20

25

30

kinase reaction was initiated with ATP (100 M) and the

vials were incubated at 30°C. After 30 minutes, the
reactions were quenched with equal volume of 10%
trifluorcacetic acid (TFA).

The phosphorylated peptide was quantified by
HPLC analysis. Separation of phosphorylated peptide from
the unphosphorylated peptide was achieved on a reverse
phase column (Deltapak, 5 um, C18 100D, part no. 011795)
with a binary gradient of water and acteonitrile, each

containing 0.1% TFA. ICS0 (concentration of inhibitor

oa°

vielding 50% inhibition) was determined by plotting the

activity remaining against inhibitor concentration.

B. Inhibition of ATPase Activity
This assay was carried out in the presence of

10 mM MgCl2, 25 mM f3-glycerophosphate, 10% glycerol and
100 mM HEPES buffer at pH 7.6. For a typical Ki
determination, the Km for ATP in the ATPase activity of
activated p38 reaction was determined in the absence of
inhibitor and in the presence of two concentrations of
inhibitor. A stock solution was prepared containing all
of the above components and activated p38 (60 nM). The
stock solution was aliquotted into wvials. A fixed volume

of DMSO or irhibitor in DMSO (final concentration of DMSO

5)



15 M[err] /Ca[err] to fill the tube) by centrifugation at 1500 x g

for 15 mn. Peripheral blood nononuclear cells (PBMs), | ocated on top
of the gradient in the Vacutainer, were removed and washed twi ce with
RPM 1640 e daphobg %o f et al bovi ne serum PBMCs were CopdpeiRasIsy

centrifugation at 20 500 x g for 10 mn. The total cell nunber was

det er i ned lgs&-@gcelémb@yef 88! waChapbesaaids téae e(\a%Pul %lwemfﬂwsted

to a concentrafion of 4.8 x 10[err] celis/m in cel ture medi um
(RPM 1640 suppkefeinedbafed fo0ol%eMdnubedi ae room t@@mwptuzs The

Al ternatively, .whale Rl Qog ﬁﬁ@la&t@dngys\gdg%% g O%ggfgﬂgfg%g’#g ed

directly in the assay.

suspensi on or wiokheP andbtimed incudackdwet| 3ofc.a Qﬁtwel Boapltutel t e |O| at e.
Then added, 50 [err of the 4x.inhjbitor cktotheclls
Finally, we adﬁgacgbof‘%r‘ﬁﬁl € ey eﬁ‘oﬁbf‘{} %‘gc‘h]arq E‘E‘Pé? 12hg stock
solution (16 ngbﬂbehﬁré}Eidn)CUh:iHJIBe orredtrha)productmogﬂ ys8saafrpasé
concentration of 4 ng/m Sln

PCT/ US97/ 233923Ct1Vitys - e W&Flgé?éyb}(/&f% aBFgYﬁésvehl cle control
was al so adj ust ed tse;m&c[lw bie hypaﬂwbmmﬁo waer khieeed smld ure

medi um The PBMC cel l% Qléq 0 bl oqg wer e Q i ncubat ed over ni ght
(for 12-15 houF§YSHFS37A 6‘%‘?“‘@(}[ PPELFREH Y 5CHbmi di #FPedPR nd¥dhere.
The next dey tbeaeet)Suy\mge aﬂmmrgnsale&a&(ajradlentf BEF Bodilswinges before

centrifugation at 50 5 m nut es cul fure supernatants
ver e hargestedcaﬁaosgt¥°§' Solvent A - 0.1 phosp ate £ fger P

containing 8 mM tetrabutylammonium hydrogen sulfate
{Sigma Chemical Co., catalogue no. T-7158), Solvent B -
Solvent A with 30% methanol.

is Ki was determined from the rate data as a
function of inhibitor and ATP concentrations. The
results for several of the inhibitors of this invention
are depicted in Table & below:

Compound K; (ui)

Table 6

1 >20
2 15
3 5.0
5 2.9
6 0.4

20
ther p38 inhibitors of this invention will

also inhibit the ATPase activity of p38.
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anal yzed by ELISA for levels of IL-1b (R & D Systens, 10 Quantikine kits,

#DBL50), TNF-[err] (Bi oSource, #KHC3012), | L-6 (Endogen, #EH2-1L6) and
| L- 8 (Endogen, #EH2-1L8) according to the instructions of the.

manuf act ur evo 9shevs ELI SA data were used to generate desgusesponse
curves fromwhich | C50 val ues were derived. 15 Results for

t he ki nase assgy ("KHAS8 jon of FHbSECHLPN A -ae)rr,-sL-1 and TNF in

LPS-sti nmul at ed PEMeciogekh” Lpgﬂgs by i@ JdNFpd | L-6 in whol e blood
("WB") for various p Inhibitors of this invention are shown in Tabl e

7 bel ow 2Inhibltors Pebe serlﬁi%% diidleld in Dh55>fromhé

3 + N. D. N. D N D.
N. D. N. D. 20Nwﬁ)stochq DAL least 665ermal dllut;pns were+prepared4q D.

g- D. N N. lg Then 4x 1nh1151torNst3cks wNere "brepﬁrgd Ny add:m%l P pl of\l D. N
+ N. D an jplpbitomdplution to 1qml of RPMI164R medlum/;pi) N. D.
N. D. N.D.  fatal bobk . N. D.
19 4+ ++e a +fe seruT The 4§_1nh1b1§8r syo@ksv@?ﬁ%%%ﬁ%@B

PCT/ US97/ 23392inhibitor at cogcemtrations of B0 uM, 32 uM, 12.8| M, N. D.
N. D. 145 2 uM, 2.048%uM, 0.815 um, o, 3204 DM, o.1540 -
15+ 52 1M, 20487, 0,820 e, q 328 b, 0.1300m, 0. Q6D

+ 19+ uM, 0N uM etp.D. The 4x| Prhibitor stpcks were pre- +
N. D. N. D.

warmed Xt 37°C until use.
Fresh human blood buffy cells were separated
from other cells in a Vacutainer CPT from Becton &
Dickinson (containing 4 ml blood and enough DPBS without
15 M92+/Ca2+ to f£fill the tube) by centrifugation at 1500 x g
for 15 min. Peripheral blood mononuclear cells (PBMCs},
located on top of the gradient in the Vacutainer, were
removed and washed twice with RPMI1640 medium/10% fetal
bovine serum. PBMCs were collected by centrifugation at

20 500 x g for 10 min. The total cell number was determined
using a Neubauer Cell Chamber and the cells were adjusted
to a concentration of 4.8 x 10° cells/ml in cell culture
medium (RPMI1640 supplemented with 10% fetal bovine
serum) .

25 Alternatively, whole blood containing an anti-
coagulant was used directly in the assay.

We placed 100 pl of cell suspension or whole
blood in each well of a S6-well cell culture plate. Then
we added 50 pul of the 4x inhibitor stock to the cells.

390 Finally, we added 50 pl of a lipopolysaccharide (LPS)
working stock solution (16 ng/ml in cell culture medium)

to give a final concentration of 4 ng/ml LPS in the

oF
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++ N. D. N. D. N. D. 30 + + +
N. D. incupggped overnight (for 12-15 hours) at437° C/5% €PDin a N D
532 huri{dified atmosphere.++ + + + 33
++ ++ + + + 34 + +
N. D. N. D. The Rept day the 3mllsiwere mixed on a shaker +
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+ from NvHAd.ch ICSN. rlues Weide derived. 49 ++ +++ +
T1s * Results for the kinase assay (“kinase”;
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shown in Table 7 below:
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N. D. ND 3%8p+ ND* ND * 392 ++ + ND + N. D
N. D. N. D. NP+ 3 ++ N. D. N. D. N. D N. D.
N.'D. 394 i+ N. D. ND. N. D. N.D. N D D\ p NB-y p ND. Tagg
4+ N. D. 33N > N. ON.D. N. DN.D. N. DN.D. MB. +++ N.D. N.D
N. D. N. D. . N. D. 397 + N. D. N. D. N. D.
N. D. N. D. B 4+ A * * + *

333 ++ + + N.D. N.D. N.D.

334 + N.D. N.D. N.D. N.D. N.D.

335 ++ + + + + +

336 + N.D. N.D. N.D. N.D. N.D.

337 + N.D. N.D. N.D. N.D. N.D.

338 + N.D. N.D. N.D. N.D. N.D.

339 + N.D. N.D. N.D. N.D. N.D.

340 + N.D. N.D. N.D. N.D. N.D.

341 ++ ++ ++ N.D. N.D. N.D.

342 + N.D. N.D. N.D. N.D. N.D.

343 + N.D. N.D. N.D. N.D. N.D.

344 + N.D. N.D. N.D. N.D. N.D.

345 + N.D. N.D. N.D. N.D. N.D.

346 ++ + + + + +

347 + N.D. N.D. N.D. N.D. N.D.

348 + N.D. N.D. N.D. N.D. N.D.

349 + ++ + + + +

350 + ++ + N.D. N.D. N.D.
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398 N.D. N. D. N. D. N. D. N. D. N. D. 399 +++ N. D.

N. D. N. D. N. D. N. D. 1301 +++ N. D. N. D. N. D.

N. D. N.D. . 401 +++ ++ ++ + + o+

402 . +++ -WO$837098 +++ + + + 408CTrysetz3zez  +++
+++ + . + ++ 404 +++ +++ +++ +

+ VOISR cmpd #  kinase  cellIL-1 cell TNF  WRIL-1  WE TNF WB/i-6 K
++ + ,

N D. N D. IC50  IC50 I1C50 1C50 IC50 Icso

N. D.

++ 410 ++351 + +++ +  +++ +  ++ ND. ++ ND. ++ND. 411
+++ +++ + + 4 N. D.

N. D. vo %ot g ND. "N, i‘ﬁgse | cHPval ves,

"+++" represents ml ++ [er¥] M "++% represehDs bet Wwegpn 0 1MDO| 1.0
[err]M and " +" represen >1.0 [ ]M cel | -1 and TNF
val ues, 5 "+++ 3“7epresents Jgnl [err ' El?é'preseﬁbg betwé‘bﬂ 0.1 and
0.5 [err]M and "355 represents\lm 5 [eN.PM FNDaII WRobHe bl owiD

("WB") assay val R sents <0.25 [err]M "++" resents
bet ween 0. 25 andlﬁq\-} [err]M Q}Irg) +" r esent§'5 >0NSD{err]M in all

assays indicated 387 the table Nim)ve N.D. N.D. N.D. N.D.
358 ++ + + N.D. N.D. N.D.
359 + N.D. N.D. N.D. N.D. N.D.
360 + N.D. N.D. N.D. N.D. N.D.
367 ++ ++ + N.D. N.D. N.D.
362 +++ ++ ++ + + +
363 +++ +++ ++ + + +
364 +++ +++ ++ + + +
365 N.D. N.D. N.D. N.D. N.D. N.D.
366 ~+ N.D. N.D. N.D. N.D. N.D.
367 N.D. N.D. N.D. N.D. N.D. N.D.
368 N.D. N.D. N.D. N.D. N.D. N.D.
369 N.D. N.D. N.D. N.D. N.D. N.D.
370 N.D. N.D. N.D. N.D. N.D. N.D.
371 N.D. N.D. N.D. N.D. N.D. N.D.
372 N.D. N.D. N.D. N.D. N.D. N.D.
373 N.D. N.D. N.D. N.D. N.D. N.D.
374 ++ N.D. N.D. N.D. N.D. N.D.
375 +++ N.D. N.D. N.D. N.D. N.D.
376 +++ N.D. N.D. N.D. N.D. N.D.
377  +++ N.D. N.D. N.D. N.D. N.D.
378 +++ N.D. N.D. N.D. N.D. N.D.
379 +++ N.D. N.D. N.D. N.D. N.D.
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10 "N.D." represents val ue not determ ned.
i nhibitors of this invention wll
t he production of
i n whol e bl ood.

receptor peptide,
IL-8 in
of IL-6 and.-IL-8

Thi s assay was [UddEs

that 50 [err]l
cul ture nmedi um)
stock sol ution.

descri bed above atff arttt yzed BY.DELI SA NR. | eveNsDof | LN&D.

#EH2- 1 L6) and | L-fgf Endlogen, #EHR- 1L
o0

and

of the manufacturer.

PCT/ US97/ 23392

from which |1 C50 v%édJesﬂv_\@re deﬁ bved.
i nhi bitor conpoun )

IL-6 .

#inase

iC50

The

JB4H0 ++

385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
1301
401
402
403
404
405
406
407
408

++
3+
+
4+

++

++
++
++
+++
+++

+++

N.D.

4+
+++
+++
+++
+++
+44
bt
++

++

++4

6 are shown™
N.D.

N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

++
+++
++4
++4
ot
++

++

+++

WOPSRHW8 nul at ed PBMCs or
Production in

N
cali -1

1C50

a

her p38

al so inhibit phosphorylation of EGF
IL-1, TNF and IL-6, as well as
15 POT/US91/28892bi t i on

IC50

cell TNF

WwBiL-:

1C50

| L-1-Sti nul at ed PBMCs
WEBE TN

1C50

IC50

( BhBogen

VeBiL-6 A

8) ac di ng the i ructions
SIND oo 2 KRB NS NI Ne T RED! |
382 EIt3A dat N.Bere usbDio geNddate dbs-respdi®e curves

i N1 e
N.D.

N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
+
+++
+++
+++

+4

++

8Ng%lowfeﬁ§5%2b

| LNED. N.D.
N.D: N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
+ +
+ +
+ +
+ +
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.

fo 38
| e
ONGD.

N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
+

+
++
+
N.D.
N.D.
N.D.
N.D.
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E. I nhi bition of LPS-Induced Prost agl andi n Endoper oxi de

Synt hase- 2 (PGHS-2, or COX-2) Induction In PBMCs 10

Human peri pher.al nononucl ear cells (PBMCs) were i solated from fresh
human bl oosvdmsifrigescoat s by centrifugation in a Vacutmrmess72is: (Bect on
& Di cki nson). : We seeded 15 x 10[err] cells in a 6-well tissue culture

di sh ol - npa it fimase  ceilii-d  coll TNF WEBIL-1  WiB INF  WE IL-G
serum 50U ni )

L- gl ut ani ne. IC50 IC50 1050 159 icso . rcso G
final concentr

concentration of 499ng/4#+ t 0 | RésiCe enzyme €xpressi#on. The $+nal culture’
vol unme was 10 m /el l .+++20 e fter overnight jincubation at

37[err]C, 5% CO , the cel I's % e harlest ed bV scr api“‘r'fg and
subsequent Gt ri+hegat | oRg+t hen td4ua supersat ant was renowed, and the
cells were washed, tw in ice-cold DPBS (Dul begco's phosphat e

buffered saline, ‘ﬁizovﬁpt aker&-D-The cé\'-as ver ¥-Bs Iy%@-on i ddBor 10 min
in 50 [err]l cOTra Tysrs DuUTTEr (20 1™ TTS-FC,  pH 7.2, Io0 mvrNad, 1%
Triton-X-100, 1% deoxycholic acid, 0.1% SDS, 1 nM EDTA, 2% aprotinin
(Sigma), 10 [err]g/ m pep3%¥ dtinpselFCEEr vryres . | ipéprERTegeRfF >0. PVBF, 1
MM benzami di ne M, FVLWTEL, cOMAINIHAGweeh®S 1 land 1.0 uM, and “+~
107 WO 98/ 27098 PCT/ US97/ 23392
Benzonase ( DNASE@PHeSRRNEr ek)C KMrhe Fprofel hukamndémlr anfoENF valggseach

sanpl e was get arj),nedeysbgnt e BEALRSSAYr represents between 0.1 and

0.5 uM, and “+” represents <0.5 uM. For all whole blood

(“WB”) assay values, “+++” represents >0.25 uM, “++”

represents between 0.25 and 0.5 uM, and “+” represents

<0.5 uM. In all assays indicated in the table above,
10 “N.D.” represents value not determined.

Other p38 inhibitors of this invention will
also inhibit phosphorylation of EGF receptor pepti&e, and
the production of IL-1, TNF and IL-6, as well as IL-8 in
LPS-stimulated PBMCs or in whole blood.

15 D. Inhibition of IL-6 and IL-8
Production in IL-1-Stimulated PBMCs
This assay was carried out on PBMCs exactly the
same as above except that 50 pl of an IL-1b working stock
solution (2 ng/ml in cell culture medium) was added to
20 the assay instead of the (LPS) working stock solution.
Cell culture supernatants were harvested as
described above and analyzed by ELISA for levels of IL-6
(Endogen, #EH2-IL6) and IL-8 (Endogen, #EH2-IL8)

according to the instructions of the manufacturer. The
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(Pierce) and bovine serum al bumn as a standard. Then the protein
concentration of each sanple was adjusted to 5 1 ng/m wth cold lysis

buffer. To-100 [err]l lysate an equal vol une of 2xSDS PACE | cadi ng
buf fer was M4 %hd the sanple was boiled for 5 nin. FOTBISETHI9Y 30
[err] g/l ane) were size-fractionated on 4-20% SDS PACE gradi ent gels

(Novex) and subBetfferftatp wezgstepfelo R TARS Gose-yrepens® cwevds ane by

el ectrophoreti ce RN fQ 1250005 3udl JOP Mariveq.i N Towbin transfer buffer
(25 MM Tris, 192 mM gl yci ne) cont ai ni 20% net hanol . The nmenbrane was
pretreat ed for 1 ho&esﬁﬂtﬁoéﬁ?t@?&eﬁ&@gﬂém chmppundi 6 gabrufsheawr 5%
non- fat dry sddde ign RPBR.suppl emented with 0.1% Tween-20) and 15
washed 3 tines Tn DPBS/ 0. 1% Tween-20. The nenbrane was I ncubat ed
overni ght ats 4[Ealkdac8ith a 1: 250 di | ution of nmonocl onal anti - COX- 2
anti body (Transduction ' Rinsunaaeel Uf f 1. After 3
washes in DPBS/ 0. 1% Tween ubated with a 20

1: 1000 dilution of horseradi sh peg sheep antiserumto-
nouse I g (Anersham) in bl ocking buf f er roomtenperature.

Then the menbrane was washefé-&gain 3 times 0.86 DPBS/ 0. 1% Tween- 20 and an
ECL det ecti on syst em ( SuperSrgmatterr—€C=HRP-Stbstrat e System 25
Pierce) was used to determne the | evels of expression of COX- 2.

Resul ts of the mboveniemtitdnadofisERy- Imiliazak e that conmpound 6 inhibits
LPS i nduced PGHS- 2 erarseagilandin Endopdidiisle 3¢nthase-2 Wil e we have
her ei nbef ore present(@bHS-aunberCox-2) dindwdrdadnnent BBMEst his i nvention, it

i s apparent that our 108 WO

98/ 27098 10 Human peripheral mononucP&3ar USOYL33FHMCs) were

isolated from fresh human blocod buffy coats by

centrifugation in a Vacutainer CPT (Becton & Dickinson).
We seeded 15 x 10° cells in a 6-well tissue culture dish
containing RPMI 1640 supplemented with 10% fetal bovine

15 serum, 50U/ml penicillin, 50 pg/ml streptomycin, and 2 mM
L-glutamine. Compound & {above) was added at 0.2, 2.0
and 20 pM final concentrations in DMSO. Then we added
LPS at a final concentration of 4 ng/ml to induce enzyme
expression. The final culture volume was 10 ml/well.

20 After overnight incubation at 37°C, 5% CO2, the
cells were harvested by scraping and subseguent
centrifugation, then the supernatant was removed, and the
cells were washed twice in ice-cold DPBS (Dulbecco's
phosphate buffered saline, BioWhittaker). The cells were

25 lysed on ice for 10 min in 50 pl cold lysis buffer (20 mM
Tris-HCL, pd 7.2, 150 mM NaCl, 1% Triton-X-100, 1%
deoxycholic acid, 0.1% SDS, 1 mM EDTA, 2% aprotinin
{(sigma), 10 ug/ml pepstatin, 10 pg/ml leupeptin, 2 mM
PMSF, 1 mM benzamidine, 1 mM NTT) containing 1 ul
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basi ¢ construction can be altered to provide other enbodi nments whi ch
utilize the methods of this invention.

REPLACEMENT - SHEETS  SG : 110 -
CLAK VS "WO 98727008 1. A conpound of the formil a: PCT/USITR3392 R
R R [err] wher ei n: each of Jerr] and Qerr] are

i ndependent | y sRFREeRAFS rGHPS=6 AR %Ak )ar ofitei Brebebocseidentoration
heterocyclic rigg sy &lfnpl1Qr wls 18 PRARERIRA R EUCLLE BdA%L SY) ens

consisting of aromatic carbocyclic rings, aromafic or non-aromatic
het erocyclic ri hke%sela aaenBPNARE PPN A DamdRafp ca calrdrodand i ¢ Themg and an

b i e gR YRAERLEEl ot IS R e o AL R,
Clerr]-derd alkyd/wptwigharpyd Lydbs inufifed.wi Th NW [ek rlysa®® anCO err] R
or (O NR [err]eq@y ik GEChkine pAYEMoalRhEOBRE £ WS UL th
NR [err], OR, err|]R or
the sample was boiled for 5 min. Proteins (30 ug/lane)
were size-fractionated on 4-20% SDS PAGE gradient gels
(Novex} and subsequently transferred onto nitrocellulose
10 membrane by electrophoretic means for 2 hours at 100 mA
in Towbin transfer buffer (25 mM Tris, 192 mM glycine)
containing 20% methanol. The membrane was pretreated for
1 hour at room temperature with blocking buffer (5% non-
fat dry milk in DPBS supplemented with 0.1% Tween-20) and
15 washed 3 times in DPBS/0.1% Tween-20. The membrane was
incubated overnight at 4°C with a 1: 250 dilution of

monoclonal anti-CO0X-2 antibody (Transduction
Laboratories) in blocking buffer. After 3 washes in
DPBS/0.1% Tween-20, the membrane was incubated with a

20 1:1000 dilution of horseradish peroxidase-conjugated
sheep antiserum to mouse Ig (Amersham) in blocking buffer
for 1 n at room temperature. Then the membrane was
washed‘again 3 times in DPBS/0.1% Tween-20 and an ECL
detection system (SuperSignal™ CL-HRP Substrate System,

25 Pierce) was used to determine the levels of expression of
CoX-2.

Results of the above mentioned assay indicate
that compound 6 inhibits LPS induced PGHS-2 expression in
PBMCs.

30 While we have hereinbefore presented a number

of embodiments of this invention, it is apparent that our
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C(CONR [err]; NR[err]; OCF[err]; CFlerr]; NJerr]; Cderr]R; C(ONR;
SR; S(gerr])N(R)[err]; SCFlerr]; CN. N(R)C(ORerr]; N(R)(OORerr];
N(R)COCAORerr]; NR)S(Qerr]) Rerr]; N(R)Rerr]; N(Rerr])ferr];
OR[err]; OVOPERINEr]; OP (Oferr]lHerr]; -N=CNR)[err];PCTUS97/23392
-NHC(O-OCHerr]-4-pyridine; -NHC (OCHerr]-pyrrolidine; -NHC

(O CH err]-nor phméime:;oné\lime(:ﬁ)):ﬁ]—l[:mrﬁe e 1o, pebvidk SEK3LH err] A ;

and @ is onal ubtl ith up.tq 4 _supstituents,

i ndependent | y s%'%g%# ti’%??‘?’ t{[:é?‘?}%}éﬁ é?eft]hc’%s of 'this ipventian.or
branched al kyl optionally substltuted with NRJ[err], OR, CJerr]R,
S(Jerr])N(R )[err], -N=CNR)[err], Rerr], -N(R')R[err] or

CCONR [err]; O(Cerr]-Cerr])-alkyl optionally substituted with

NR [err], OR, CJerr]R, S(dJerr]) N(R)[err], N=CNUR)[err], Rerr], or
C(ONR [err]; NR[err]; OCF[err]; CF[err]; NJerr]; CJerr]R; CCONR;
Rlerr]; ORferr]; -N(HRerr]; SRerr]; C(ORerr]; (ONR)Rerr];
CCOORerr]; SR; S(derr]) N(R)[err]; SCF[err]; -N=CGCNR)J[err]; CN
-CH err]-NHC(=NH)-NH err]; -NHC(=NH)-NH err]; -CH err]-NHim dazoline;
-CH err]-pyrrolidine; -CH err]-piperazine; -CH=-NOH, -CH(O;

-CH err]OCH err]OCH err]; -N(R)C(OOR[err]; and (OR ;

wherein R is selected fromhydrogen, ((err]-Cerr])- al kyl ;

(C2-C3) -al kenyl or al kynyl; phenyl or phenyl substituted with 1 to 3
substituents independently sel ected from hal o, nmethoxy, cyano, nitro,
am no,
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hydr oxy, nethyl or ethyl; R3 is selected froma 5-6 nenbered
aromatic carbocyclic or heterocyclic ring system and
Rlerr] is (CJerr]-Cferr])-alkyl optionally substituted with
N(R:)[err] Woms27088) err]R, C(ONR )[err], or SQerr]N(RPe‘r/U]Ss)')?BSQZ] or a

5-6 menber ed carbocyclic or heterocycl Ic ring system optlonally
substituted with N(R)[err], OR, CJerr]R, C(O)N(R)[err] or
SJerr]N(Rerr])[err]; Xis sele rom-S-, - GOy h§,(t Je‘lﬁep,laced
-S(Q-, -S(derr])-N(Rerr])-, -N(Rerrt5eqerr])-

-0 g O-NRerr]), -O-, -{QO, -09-, -¢O- N(R[ r])

-C(0), -N (Rler#d)elainG(Rlerr])[err]-, -C(ORerr])[err]-

each R is-independently sel ected from hydrogen, -Rerr] -N(R[err])[err]
-OR[err], SRerr], -C(O-NR Srid e ger N(Rerr])[err], or
-C(O-ORerr], wherein tho a il"é gé‘? gﬂ’é”l)ﬂfbound to one anot her
and, together with eaclp Y tORV\:hICh they are

112 respectively bound) for/ma 4-8 menbered car bocycll or /heterocycl iC
ring; Rerr] is ©gl ect ed=f om hydgggen, “(Cferr] - Q:[err])vai-vkyl or
(C[err] Cerr])- a | ; xe'ﬁtlonally substitu th N(R')[err],

o N—(A)n

Ry R,

(Ia) or (Ib) ,

wherein:

each of Q; and Q; are independently selected '
from 5-6 membered aromatic carbocyclic or heterocyclic
ring systems, or 8-10 membered bicyclic ring systems
consisting of aromatic carbocyclic rings, aromatic
heterocyclic rings or a combination of an aromatic -
carbocyclic ring and an aromatic heterocyclic ring;

wherein:

Q, is substituted with 1 to 4 substituents,
independently selected from halo; C;-C; alkyl optionally
substituted with NR’,, OR’', CO3R’ or CONR’‘;; O-({C;-C3) -
alkyl optionally substituted with NR‘,, OR’, CO;R’ or
CONR'3; NR’;; OCF3; CF3; NO;; COzR’; CONR'; SR';
S(O2)N(R')2; SCF3; CN; N(R’)C(O)R*; N(R’)C(O)OR*;
N(R’)C(O)C(O)R*; N(R')S(0.)R*; N(R’)R*; N(R*).; OR*;
OC(O)R*; OP(0)s;Hz; or N=C-N(R'),; and

Q> is optionally substituted with up to 4
substitusnts, independently selected from halo; C;-C;

straight or branched alkyl optionally substituted with

REPLACED SHEETS SG i iO
] Description : paged ....... 10 paged ...

B o e o AR R
7] Drawing(s) : . paged .o topaizd........: RN 00
[ Abstract paged ... 10 paged oo




nis 0 or 1; and err from hydr ogen,

(err]-C 27Ky, OH, -CJerr]) -alkyl. PCT/US97/23392 2. A
conmpound of- t he forrrula [err] wherein A, err], Qerr],
R R, X Y anHanarQR’defqonEd,|$\(<t>ﬁé1(RSa\ﬁeWas,sﬁ fopr tOONROE ;

ds of f I I d |lb; | ected f hyd
Gl GBIt i SR T D

-F’O[err]H[e”]con' S(Oze_zN(R)z, »f\ccmo?' lf' bRech Y &y, ocry; R

CF5y; NO;; CO,R’; CONR’; R’; 0R3,- NR?; Ssr®; c(o)R®;

SR, -C(O-NR)[err], -S(%ESKF}:Q xd#qﬂ} -C(O -OR, or Rerr].
Yis selected from N or ; \“ml ent is sel ected fromN or CR ;
err

C(O)N(R’)Ra; C(O)OR3; SR’; S(0O3)N(R')3; SCF;; N=C-N(R');;
oxr CN;
wherein R’ is selected from hydrogen, (C;-C3)-
alkyl; (C,-C3)-alkenyl or alkyn&l; phenyl or phenyl
substituted with 1 to 3 substituents independently
selected from halo, methoxy, c¢yano, nitro, amino,
hydroxy, methyl or ethyl;
R’ is selected from a 5-6 membered aromatic
carbocyclic or heterocyclic ring system; and
R* is (C1-C4) ~alkyl optionally substituted with
N(R’')2, OR’, COzR', CON(R’);, or SO;,N{(R®);; or a 5-6
membered carbocyclic or heterocyclic ring system
optionally substituted with N{(R’)., OR’, COiR’,
CON(R')2, or SO;N(R?),;

X is selected from -5-, -0-, -8(0;3)-, -8(0)-,
-8(0,) -N(R?) -, -N{R?®)-5(0;)-, -N{R®)-C(0)O-, -O-C{O)-N(R?),
-c{0)-, -C(0)0-, -0-C(0)-, -C(O)-N(R®) -, -N(R?*) -C(O)-
-N(R%*) -, -C(R?)2-, -C(OR%);~;

each R is independently selected from hydrogen, -R?,

-N(R%),, -OR?, SR®, -C(O)-N(R*), -§(0z)-N(R%),, or
-C(0) -OR?, wherein two adjacent R are optionally bound to

one ancother and, together with each Y to which they are
respectively bound, form a 4-8 membered carbocyclic or

heterocyclic ring;

11l
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carbocyclic'or het erocyclic ri an 8-10 nmenbered bicyclic ring
system co |S|n arorratic carb arorratlc het er oc clrc ri ngs
or a conbif f an aromatic car ocycl Ic ring and an a%?gl\é

het er ocycli-c rlng, wherein Jerr] is substituted with 1 to 4 substituents,
each of which RS imdeplantedt fyomehpdregen s oif:h&hb;alBharr oxC(el £§3) al kyl

t || bstj tut ed thNR' R (O NR
Sicerr) et ;«%ﬁiyl . F»miiybéﬁpmc&caé MR ) G

GO SR St ert TN ‘%éﬁ?{é TR SETRCRR o BF e 1. cHerri

N(F?)C(O)OR[err] N(fFﬁs):CééI)eG(t@)dR[fem]N BER)S(Qerr])Rerr]; NR)Rerr]; |
N rr rr rr O R H rr N=CN R)2; an
A,( R[(Jeer]r“eq ]err] & L{ poqs an(’js gﬁ?&)%# {Fé%‘ 5 ]CEFB.I (R)2 8

n is O or 1; and

113 [err] wher ei n: Th;sSheetﬁ@emEplgceé 5-6 nmenbered aromatic

R, is selected from hydrogen, (C;-C3)-alkyl, OH, or
0-{C;-C3) -alkyl.

2. A compound of the formula:

Q4 R Q

r t f
(o) N Y§Y _R OWY\\Y _R
R°N N. yk Q, R°N N =
( A)n )( Y
R ' R Q

or

——

(Ic) (I1d)
wherein A, Q;, Qz: R, R’, X, Y and n are defined in the
same manner as set forth for compounds of formulae Ia and
Ib; and

R® is selected from hydrogen, -CR’,0H, -C(O)}R%,
~-C(O)OR*, -CR’,0PO3;H; and -PO;H,.

3. A compound of the formula:

R\Y Y/R R Y/R .
Q - Q Q —
3 j \>_. )( 2 1\N _</ \>__x 2
o N=(Aln °=< N=(A)
NH, NH,
(Ie) ' (zf),
112
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1 4, The conpoissleana@eet gt any one of clains 1 to 3,

Wﬁerein Qerr] is selected fro ridyl containing 1 to 3
substituents i.ndependently se | oro, fluoro, bromo, -CHerr],
err], - err])[err] CH exaryusoniizez r |,

-OCH err] , wa»4/27098CF[ err], -
3, 4-net hyl enedi oxy, -N(CHerr])[err], -NHS(OT[err]-phenyl,
-NI—l-C(O)OCH[err]-4-pyF5idi neR-NH-C(O)CH[err]- nmor phol i ne,
-NI—I-C(O)CI—I[err]-ngCI—I[er\r\]_L[(Err], -NH-C(O CH err]-pi parazi pB, -NHC
(O CH err]-pyrrol ¥ N -,

ne, /- C(O C(O - norphol i neQ,\
114 -NH-C(O C(O) - pi ' -NH-C(O C(O) - pyrrol FGMH- C(OCHerr]d,
-OC(OCHerr]- rr], or -O-(CHerr rrj- err])[err] and
wherein at |east ongHPf sai¥, substituents is in %ﬁ orthoNgosi tion.

5. The conpound according t8 clai m4, ,waerein érr] confains at |east

two substituents, both of V\gﬂich are in the ortho position. 6.

The conpound accordi ng t &) ai m4, wherein err] is sel ett¥d from
wherein:

Q; is a 5-6 membered aromatic carbocyclic or
heterocyclic ring system; or an 8-1d membered bicyclic
ring system comprising aromatic carbocyclic rings,
aromatic heterocyclic rings or a combination of an
aromatic carbocyclic ring and an aromatic heterocyclic
ring; wherein Q3 is substituted with 1 to 4 substituents,
each of which is independently selected from halo; C1-C;
alkyl optionally substituted with NR’;, OR‘, COR’ or
CONR’,; O-(C;-C3)-alkyl optionally substituted with NR‘,,
OR’, CO,R’ or CONR’,; NR’,; OCF;; CFi; NOy; COsR’; CONR';
SR’; S(0;)N(R’)32; SCF3; CN; N(R’)C(O)R*; N{(R’)C(O)OR*;
N(R’)C{O)C(O)R*; N(R")S(0;)R*; N(R’)R*; N(R*);; OR*;
OC(0)R*; OP(0)3H;; or N=C-N(R’),; and

A, Q, 02, R, R', X, ¥ and n are defined as in claim

4. The compound according to any one of
claims 1 to 3, wherein Q; is selected from phenyl or
pyridyl containing 1 to 3 substituents independently
selected from chloro, fluoro, bromo, -CH,, -OCH;, -OH, -
CF;, -OCF;, -0(CH,)2CH;, NH,, 3,4-methylenedioxy, -N(CHj)a,
-NH-S (0) ;-phenyl, -NH-C(O)O-CH;-4-pyridine, -NH-C{O)CH;-
morpholine,

-NH-C (0) CH,-N(CHi),, -NH-C(C)CH,-piperazine,

1
] A



[err]
[err]

115 OCH3 [eﬂiﬁﬂwﬂPMSBunRelm: ' 116

LT

-NH-C (0O) CH;-pyrrolidine, -NH-C(O)C(0O)-morpholine,
-NH-C(0)C(0) -piperazine, -NH-C(0)C(0)-pyrrolidine,
-0-C(0)CH,-N(CHi)2, or -O-(CH:).-N(CH;)2 and wherein at

least one of said substituents is in the ortho position.

PCT/US97/23392

5. The compound according to claim 4, wherein
Q; contains at least two substituents, both of which are

in the ortho position.

6. The compound according to c¢laim 4, wherein

Q1 is selected from:

OCH,

OCHz3
OCH;
F Haco/@\ OCHs OCH;, Faclg

L 14 r

Br H3{©\CH3 CH3 C'Q\CI

4

5

HoN
Cl
NH,
Ha{qocm Hs OCHs ol

’ ’ :

(14
‘R 00 R



7. The conpound according to cl a| m6, wherein Qerr] is selected from
2-fluoro-6-trifluoronethyl pheryi s Be s¢ ophenyl , 2,

6- di chl or ophenyl , 2-chl oro- 4 h mﬁ E i 2-chl or 0- 4- ani nophenyl. 2,
6- di-chl or o- W-°935?ﬂ9ﬁophenyl m nophenyl , ermmbwl -4-

117
OCH;
Hchocns @\ Q\; OCHs
NH;
NH; OH
Cl Cl a"@:a o]
NH>
Hs CHy Hs CHs Haggcm

15
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hydr oxyphenyl, 2-net hoxy- 3, 5-di ¢hl 9L.Q14 Q¥ked 2- chloro-4,5

nmet hyl enedi oxy phenyl, or 2-chl o hol i no- acet am do) phenyl .

8. The conpound accor di ng to an ﬂ [lm m 1 to 3, wherein Qerr] is
sel ected fro@APAEIGI or pyri dyl opti onal | ypcomssxizas2up to 3
substituents, each of which is independentl y selected fromchloro, fluoro,

bronmo, nethyl, ethyl, isopropyl, -, OCH3, -OH -NH2, -CF3, OCF[err]
-SCH err], OCH[err] -C(QOH - (O OCH3, -CH2NH2, “N(CH3) 2,
- CHz2- pyrrol i di ne, -CH[ err]- azine, -CH ]NO—I -CH eré] N H)
-NH2, -NHC (=NH) -NH2 oand - NH- i mi azolﬁw\
corrpound accordi ng toN V\/ner |s sel egt [err]
118 [err]
C!Q Q
| o | o |
—~N O/U\/N\ N Ne_

Ci y ; ) /E P\
Cl Ci ci cl
0]
Ci Cl Ci Ci
0 O - o
Cli Ci Cli Ci Cl
or

7. The compound according to claim 6, wherein
0, is selected from 2-fluoro-6-trifluoromethylphenyl,
2,6-difluorophenyl, 2,6-dichlorophenyl, 2-chloro-4-
hydroxyphenyl, 2-chloro-4-aminophenyl, 2,6-dichloro-4-
aminophenyl, 2,6-dichloro-3-aminophenyl, 2,6-dimethyl-4-

(6
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[err]
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PCT/USY7/23392
hydroxyphenyl, 2-methoxy-3,5-dichloro-4-pyridyl, 2-

chloro-4,5 methylenedioxy phenyl, or 2-chloro-4- (N-2-

morpholino-acetamido) phenyl.

8. The compound according to any one of
claims 1 to 3, wherein Q; is selected from phenyl or
pyridyl and wherein Q, optionally contains up to 3
substituents, each of which is independently selected
from chloro, fluoro, bromo, methyl, ethyl, isopropyl, -
OCH;, -OH, -NH,, -CF;, -OCF;, -SCH,, -OCH;, -C(O)OH, -

C(O)OCH;, -CH;NH,, -N(CHi3),, -CH~pyrrolidine and -CH,0H.

9. The compound according to claim 8,

wherein, Q,; is selected from:

EOH c; O,H o; CH; : ~CF3

F CHs
F F CHs
F
/©/ Ha NH; OCHs

IEs

g



unsubstituted 2-pyridyl or unsubstituted phen

120 10. The conpound acdbP e@ wherein Qerr] is
sel ected fron1ghen , 2- |sopropylpheny ‘ hylphenyl
2- et hyl phenyWO827%0%8,or ophenyl, 2- net h | or o- 4- lqumnyl
3-chl orophenyl, 2- carbonethoxylphenyl 2- car boxyphenyl , 2-nethyl -

chl or ophenyl , 2-bronqnhenyl, 2-p ridyI, 2- nethylenehydroxyphenyl,

4-fl uorophenyl, 2-nmethyl-4- fluofophenyl, 2-chloro-4-fluorphenyl,

2, 4-di fl uor ophenyl ]

fl uor ophenyl .
to 3, wherein X j
-C(Rerr])- or -C(O
wherein X is S

(O)-1 -NR-1
jng to claiml0,

Lo Y
e

cl ( 8 (E (E/
Hz N(CHa), NH

U '

z T

N(CHa)z

) ’

[13
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claims 1 to 3, wherein nis 1 and Ais N 14. The conpound
according to any one of clai mepl shQt P peaRephiRdeach Y is C 15.
The conpound according to cl ai ach R attached to Y is

i ndependens¥goszmbssct ed from hy%ﬂm ﬂlM ﬁ PCTIBSY7T/A3382
conmpound according to claim1 onpound is selected from any
one of conpounds 2 to 3, or 5 to 53, depicted in Table 1.

121 17. The conpound according to claim Flein said
conmpound is conpo depi ct eghd n.CGlabl e 1 F 18. The conpound
according to clai wherei n sfg conmpound Sel ect Om any one of

conpounds 101 t 9. The conpound
according to claim3, wherein Jerr] substituted with 2 to swbstituents,
wherein at | east on e g.,;mld subs '6Hents is P &gent in the ort position
relative to the point of "attachnment of QJerr] to the rest of~the,

i nhi bitor.
F F Cli
E 5 H VNH H

2 HaoN Ho

NH%%Q

NH H N COoH

F Cl
Ci
NH NH NH
HNAkN HN4§N HM/L‘\N
COzH L/ \__/ L/

o F F F
jeileliodie:
CH, a F oL

r

unsubstituted 2-pyridyl or unsubstituted phenyl.

|19
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20. The conpound according to clai; g,%em/ggggegkepidaaih ‘ortho positions are

occupi ed by one of said independen bstituents.

21. The conmpound according to clai wm%@tm derr] is a nmonocyclic
car hocycl i cWPIg09&nd each of sai d uents on EXEHUSY23392

I ndependently selected fromhalo or nethyl. 22. The conpound
according to claim20, wheretTheGenpdundridicifiihgl @c2c3ubfmt bl URRESein
addition to said . ort ho substituents, sai d addi ti onal substituents being

i ndependent | y 9 d&t 881FF AR NEF qRRHEDRYRR | 'G&DEFPPY@Phwl NRIC(ORerr];
N(R ) C(O ORf er rdmé‘é(@%ﬁ%&ﬁ%@ Rgl?ﬁﬁ';iphé}l(ﬁ ) 53(-9:1 %:F[eﬁgi szN( R)Rerr];
err

N(Rerr])[err]; OR err [err] N(R)[err]
122 H’i’én&’énp%) Iypnap Inarﬂm 3;-chherepheryl d 2-
conpound is a I _% ’ﬁ?’ ted._ ny_one of
conpounds 201 or 203 to 2 Eﬁé%(ﬁf ozfth I n d %59% 2 &éQH}f 1 24. The

conmpound accor(ﬂhi‘g?@h@l’%lm% bm@mherméal @-pyrpdyidd 2s a conpound of

formiby 19 and deninAleneholr-aAam 00 AlciRERANgds 206LéRj1-£02 10 399
fluorophenyl, 2—chloro-4—fluorpheny;, 2,4-difluorophenyl,
2-hydroxy-4-fluorphenyl or 2-methylenehydroxy-4-

fluorophenyl.

11. The compound according to any one of

claims 1 to 3, wherein
X is selected from -8-, -0-, -S(03)-, -8(0)-, -NR-, -~

C(Rz) - or -C(O)-.

12. The compound according to claim 10,

wherein X is S. ~-

13. The compound according to any one of

claims 1 to 3, wherein n is 1 and A is N.

14. The compound according to any one of

claims 1 to 3, wherein each Y is C.

15. The compound according to claim 14,
wherein each R attached to Y is independently selected
from hydrogen or methyl.

16. The compound according to claim 1, wherein

said compound is selected from any one of compounds 2 to

3, or 5 to 53, depicted in Table 1.

12,0
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set forth in Table 4. 25. The conmpound according to claim 3,

wherein said conpound is a conpo f.formula . lh and is selected from any
one of conpounds 401 to 412, set L{?}Qs e DU placgd. 26. A
phar maceut i O¥P 9¥B®Posi ti on conpri sﬂ zﬂmH

[

Rﬂ of a conpourci/esseesxzng to
any one of clains 1 to 3 effective 8, and a pharnmaceutically

acceptable carrier. 27. A pharnmaceutical conposition according
to claim 26, wherein said co und is conpound 53, depicted in Table 1.

28. A use of a conpositi o#acc edicr?ﬁ‘ptobmg})g?:ﬁ?ﬁgl’a? *2‘91 TG e ﬁ&?&led'é‘t ure
of a nedi canent shad togpbumd iy gelevertl figomnNihpAntid 5 HnGRASKSS, 101

aut oi mmune di seaseizmdestr ctive bgnag di gsorders, proliferative disorders,

i nfectious di sek8es*>nBito eratieCdPseases, allergies,
reperfusion/ischema in stroke, heart attacks; angi ogenic disorders, organ
hypoxi a, vascul ar hyperpl asi a,_,cardi ac _hypertroph t hr i n-i nduced ,

123 platel et aggregation or &?dicf’fngﬁgnésgfiﬁ?’é&e%é Wit ﬁ%ﬁlﬂbgagﬁg‘ﬁaﬁﬁn
endoper oxi dase g@ynélmsei-tAitied §iphAt 2ebd.4 substituents?9whébeinsst ateaseli ng

to claim28, for the manuéactbure of a nmedi canent. for treati or preventing

an one of said substituents is present in the ort position

relative to the point of attachment of Q; to the rest of

the inhibitor.

19. The compound according to claim 18,
wherein both ortho positions are occupied by one of said

independently selected substituents.

20. The compound according to claim 19,
wherein Q3 is a monocyclic carbocyclic ring; and each of
sald ortho substituents on Q; are independently selected

from halo or methyl.

21. The compound according to claim 19,
wherein Q3 contains 1 to 2 substituents in addition to
said ortho substituents, said additional substituents
being independently selected from NR‘,, OR’, CO;R’ CN,
N(R")C(O)R*; N(R')C(O)OR*; N(R’)C{O)C(O)R*; N(R’)S(03)}R*;
N(R’)R*; N(R*),; OR%; OC(O)R*; OP(0)3H;; or N=C-N(R'),.

22. The compound according to claim 3, wherein
said compound is a compound of formula Ie and is selected
from any one of compounds 201 or 203 to 209, set forth in

Table 3.
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i nfl anmat ory di sease sel ect ed fh@ﬂmaﬁmﬂ@mp&w@m@at i'tis, chronic
pancreatitis,

ast hma, aIIergles
30. The use .according to clalm
treating orWora8Qensi |

|ratory di stress syndrone.
ufacture of a nedi cament fo
sease sel ect ed fr onPCT/USS7/23392

ing an aut0|nnune

gl onerul onephritis, rheumatoid arthritis, system c |upus erythematosus,

scl er oder ma,

di abet es, [ n it e qleytropeni a,
thronbocytopenla atoplc é¥§n%t$t?§%§°%§oﬁ$% %C%Ila li3pSB|t|§ SG2StHeni a
mul ti pl Ereulanpsire, dfnthbapmatds y202{(#l1 dixdease, 3abcesativ@icoliti s,

gravis,

Crohn's dlseases€ggﬂ&} sg%._%glgrgft vs. host di sease. 31. The
use according to cl 2 6

aut OI

chroni c t hyradi.di tthe, cGnpyesd akceading awt elaiwng, galsérein s,

hé  manuf acture of a nmedi canent for treati

or preventing a destructive bone di sorders sel ected fron1osteoarthr|t|s

ost eoporosi s or

rel at ed, bone dj.s

mul tiple
use according to claim quy h‘éo?{%‘ﬁﬁ%&‘iﬁ%r%ﬁgagﬁeﬁ}ﬁb%%t “fll'ﬁrﬁlrneatl
or preventing asgﬂdﬂcdmpuﬂwdvésdaseampoumﬂenﬂeﬁbﬁhulﬁlahuaﬂdnyglsgmﬂunéﬁ

| eukem a,

shock,

or

chronic nyelo enous | eukem t gst t|c | a , Ka 0
sarcoma, or nul TTPF Ny qingnﬁ cSmpsunds 401 To 312 St Porth i %JPM
33. The use accdrding to claim?28, for the manuf act ure of a nmedi cament fo

treating or preventing an infectious disease selected fromsepsis, septic

25. A pharmaceutical composition comprising an
amount of a compound according to any one of claims 1 to
3 effective to inhibit p38, and a pharmaceutically

acceptable carrier.

26. A method of treating or preventing
inflammatory diseases, autoimmune diseases, destructive
bone disorders, proliferative disorders, infectious
diseases, neurcdegenerative diseases, allergies,
reperfusion/ischemia in stroke, heart attacks, angiogenic
disorders, organ hypoxia, wvascular hyperplasia, cardiac
hypertrophy, thrombin-induced platelet aggregation or
conditions associated with prostaglandin endoperoxidase
synthase-2 in a patient, said method comprising
administering to said patient a composition according to

claim 25.

27. The method according to claim 26, wherein
said method is used to treat or preven:z an inflammatory
disease selected from acute pancreatitis, chronic
pancreatitis, asthma, allergies, or adult respiratory

distress syndrome.

|22
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Shi gel | osi s. 34. The use according to claim28, for the
manuf acture of a nedi canent faor.tr ' eventing a viral disease
sel ected from acute hepatitisrh“l’s AL SR lcpdlrnfection or CW retinitis.

35. .The useWwWsBer¢Bng to clai j‘m E Haﬂlu nuf act ure of XCKBESPERAELNt for
treating or .preventing a neur | sease sel ected from

Al zhei nmer' s di sease, Parkinson's disease, cerebral ischem a or

neur odegenerati ve di sease _caused by traumatic_jnjury. . 36. The
use according to claim2&8-f oFg‘Fhé‘eﬁg‘ﬁaf 3‘6??1?%“&]! %fg/r%tﬁ%r?ént whgFeifeat i ng
or preventing isshemelieparf usedn tontgbaoker Obrdpaaral audoiahanea, renal

i schem a, heart _attacks, or%%%h2¥poxi or thronhi n- induced pl atel et
aggregation.  disease seleg 0 92 0B6F Ut PRER g /mXPgumesPifne

manuf acture of areRei CoErystemitr gapuBJedyt ERUIEIL)0 st 1eadek-nan
associated wth grostaq%gndLn,endoperoxidg nt hase-2 sel ected from edens,
fever, anal gesi E%PPR iyroiditis, Graygs R 2 WY o cl ai m 37,

for the manuf acgaserpiis, FEALeREBNt auvbehfine SHkbIRA IR anetghect ed from

neur omuscul ar pai n, headache, cancer pajin, dental pain or arthritis pain.
125 autoimmune neutropenia, thrombocytopenia, atopic

dermatitis, chronic active hepatitis, myasthenia gravis,
multiple sclerosis, inflammatory bowel disease,
ulcerative colitis, Crohn’s disease, psoriasis, or graft

vs. host disease.

29. The method according to claim 26, wherein
said method is used to treat or prevent a destructive
bone discrders selected from ostecarthritis, osteoporosis

or multiple myeloma-related bone disorder.

30. The method according to claim 26, wherein
said method is used to treat or prevent a proliferative
disease selected from acute myelogenous leukemia, chronic
myelogenous leukemia, metastatic melanoma, Kaposi’s

sarcoma, or multiple myeloma.

31. The method according to claim 26, wherein
said method is used to treat or prevent an infectious
disease selected from sepsis, septic shock, or

Shigellosis.

32. The method according to c¢laim 26, wherein

said method is used to treat or prevent a viral disease

23
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39. The use according to claim28, for the manufacture of a nmedi canent for

treating or preventing an angiogé (Fehaad epasedact'ed from solid tunors,
ocul ar neovascul i zation, or infanti [ S. --
X WO 98/27098 PCT/US97/23392

selected from acute hepatitis infection, HIV infection or

CMV retinitis.

33. The method according to claim 26, wherein
said method is used to treat or prevent a
neurodegenerative disease selected from Alzheimer’s
disease, Parkinson’s disease, cerebral ischemia or

neurodegenerative disease caused by traumatic injury.

34. The method according to claim 26, wherein
said method is used to treat or prevent
ischemia/reperfusion in stroke or myocardial ischemia,
renal ischemia, heart attacks, organ hypoxia or thrombin-

induced platelet aggregation.

35. The method according to claim 26, wherein
said method is used to treat or prevent a condition
asgociated with prostaglandin endoperoxide synthase-2

selected from edema, fever, analgesia or pain.

36. The method according to claim 35, wherein
said pain is selected from neuromuscular pain, headache,

cancer pain, dental pain or arthritis pain.
37. The method according to claim 26, wherein
said method is used to treat or prevent an angiogenic

disorder selected from solid tumors, ocular

neovasculization, or infantile haemangiomas.
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