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PURI NE DERI VATI VE This invention relates to new

chem cal conpounds, processes for their preparation,
w@b@smamaut i cal formul ati ons contai ni ng t hem aPdI/EPR2005/005651

their use in therapy. Inflamation is a prinary

response to tissue injury or_mcrobial invasion and is

characterised by | euk38§¥ ¥ BEHESTON to the

endot hel i um di apedesi s and activati on within the

Thf | ﬁﬁgﬁt onL?§§g§ Yb Endt tdnkitfida? Q‘,og\?@uﬁcfss s§e§ R8¢ their p[jeparation,

nera lon Of toxicC oxygen s I es as super oxi
phammptncaaMmumomsacmgelngﬁhagm amhtOethplr uémmtber@ﬁm h as
per oxi dases and proteases). Circulating | eukocytes
i ncl ude neutrophils, eosinophils, basophils, nmonocytes
inflaminatipnpiso @y pemanDiresransat tof gesue druyner anigeabianinvasion and s

ch%ﬂg}ft%lrg&{ 9% e]fu%gﬁé {i?ﬁf@ﬁcﬁ’bﬁfthé %BH&B%I e%@ Q%Hea%tl\llatlon within

el ng regu e profi
the)tﬁssaelh egumymotmaﬂoe capyesitiin éﬂ%aﬁmetqﬁlen@}/ bici QxvaelE BRscies (such

as, eu& le%t anH t]h erefa:’a§ﬁ%?r? r{lﬂ‘? PFddTE(sV(sLHWCJS' toRbases and

es I om i nvadin
prcoie@sﬂs) sﬁscmdatm latskdw@smqh@demﬂwtrpafﬂ'ﬁswaph@d@saphﬂs monocytes

angclirﬁ#kgoé ol nbﬁe‘?&t%{rhgfof‘ﬁkﬁ n?atlﬁﬁrlh\%fveoﬁlff@?@@tty?’pes of infiltrating

I ¢h causes ocal recrultnent
leukecytes, ythespartiatart prefilei being aegubated rWo’(h?Héé’Oﬁ!ﬁf dcaghgsion molecule,

cy{ok‘?‘%%‘l:'\d chSM%e\%}fé %C[O?%&MGE&SRWIH&IE tOfsie! | ed to allow

structron an phagocyt05|s of
forelgn or dead cells, followed by tissue repalr and

Th[e%? w&ﬂg@{d of 18 dcg{egfmaa@éa/d fnBTHokt #éth Svabip Sémérﬂs such as

States, recruitnment is o
batierip mndpparasites. r@pes attissue iis injused @dé&f@%ﬁ?@l%/s%ftﬁﬂ ‘PfofPWe@EF occurs

wh?e?ﬁd?é&% .tﬂgllgéﬁ;r%&wméﬁa&ft Ib%c?%'ésf?&n ttl'\é%h‘@ulat_lon into the affected

B S rUC 1 on ere Is evidence romboth Iin vitro and
tissure. vi hevketylel i resruttmentu isg eentrafindtto caliepo fas dieaerdery dgstruction and

phégfcy%js%qgﬁ_k&&gr ol ﬂ él%r fWoWed{@/Vﬁsﬁl@t :‘epbﬁ‘fdrﬁmbﬂfﬂn of the

1"ons een revi e Cronsteln
inflabg0atpty. infittnate. esH@Me\Ies dhaghsenie, emﬂampﬁmys siglRsyy rgefuiipent is often

lngp?q?&gfa%, rTl"?—:gbl%&‘QI is not adequately controlled and the inflammatory reaction

causes tissue destruction.

There is evidence from both in vitro and in vivo studies to suggest that compounds active
at the adenosine A, receptor will have anti-inflammatory actions. The area has been
reviewed by Cronstein (1994)b. Studies on isolated neutrophils show an A, receptor-
mediated inhibition of superoxide generation, degranulation, aggregation and adherence
(Cronstein et al, 1983 and 1985; Burkey and Webster, 1993; Richter, 1992; Skubitz et al,
1988.). When agents selective for the Asa receptor over the Agg receptor (eg CGS21680)
have been used, the profile of inhibition appears consistent with an action on the A
receptor subtype (Dianzani et al, 1994). Adenosine agonists may also down-regulate
other classes of leucocytes (Elliot and Leonard, 1989; Peachell et al, 1989). Studies on
whole animals have shown the anti-inflammatory effects of methotrexate to be mediated
through adenosine and A, receptor activation (Asako et al, 1993; Cronstein et al, 1993
and 1994). Adenosine itself, and compounds that raise circulating levels of adenosine
also show anti-inflammatory effects in vivo (Green et al, 1991; Rosengren et al, 1995). In
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i nhibition of superoxi de generation, degranul ation,
aggregati on and adherence (Cronstein et al, 1983 and

wa2@s/i1d8sT key and Webster, 1993; Richter, 1992PCBKP190$/@05651
et al, 1988.) Wen agents selective for the A2A

adrdﬁiﬁﬁ PLIQ%]d RYEL df Qﬁcug\% %‘?‘é@&&ﬁe ﬁergarﬁggza]éggﬁ opgd/e%og f&'deaminase

profile Ition a rs consi stent
dafwtehcyarﬁe%wrmmmumsuepmaom gdiesshoin, $9Bype (D anzani
et al, 1994). Adenosine agonists may al so

dovvn-regul ate other classes of |eucocytes (Elliot and
Theguagend invegtion retatge treeampaungs (antosalfy andisatyates thereah avhich inhibit

Ietﬂ&‘)'c |8 cifens tvaf'?orfaé‘ﬁd whf@ﬂ |a"?é’E§tE { Yo it of & qudfnosme A2,

otrexate to medi at ed t hrou en05| ne an
(her@tf@ﬁeb Ao CECGRIPT. orT h@A@C&WU@ds éherefpgfg aycbe o tpotentiat therapeutic

beﬂlaflt ih Prviding p*&%?l on Mﬁﬁ&ﬁb@ﬁehr?cﬁﬁéé tlsﬁfédd&ﬁ%é)w Seases where

raise Circulating | evel adenosli ne

e Ior 7o implinetnd, atthecitesofi lammationgy Bem cempaundsigiohe invention
m&PeH Qéﬁ‘r@séﬂt @Jsaferlﬁ%ﬂatlvb e deiibbQ&roldd! A %’e h?é{tgr{gﬁt 8f inflammatory

circulating adenosine in nan (as a resul enosi ne
digRagas, dwse yises By heyimited by (thelr side-piieat ﬁtﬁﬂﬁﬁpr essi on
(Hi rschom 1993). The present invention relates to
conpounds (and salts and sol vates thereof) which
Furthaf, he CP'@BRW@‘ the dnventioremey ghew &gt impsavegrerafile aXal smpwn Aza-

se%c%@&écﬁﬂits ORa ﬁ&? Ry poBSesdGRBRS hidke bPife (‘JII%Wgn&eré{les

receptor. e” cofrpounds therefore nmay be
potential therapeutic benefit in providing protectlon

frgm | eu%)’é)ﬁﬁé@@“%%lﬁ'ﬁ&k!%eﬂemﬁr AJ) e RRIRMANES Bceptor:

Ieukocytes are inplicated at the site of inflanmmation.
THY) conp@prexinoateyHE0; faldanare salestiie far An QVébW@sfémana‘*zs receptor;

sqﬁgr al t F@&my@ytmwemtm&e%&@we%r A Jv@?thferrﬁﬂdﬁe r;?ceptor

i nfla toré\é I'seases, whose uses nay limte
p

CHBDY 51 coater approximately 9RYrhinding tqm@nm@mrﬁmmﬂ, and
AB?) ' ”Ve'Téés%oﬁ&)hc%ﬂ‘&Efd@d%aééﬂi’ér@fl%@ts?h?fahtcﬁla‘?Yé‘ducEH%ﬂycardua

A- selective agonists in that they rmay possess one
or nore of the followi ng properties: (lI) approximately

THOBr ki) €hriBE %oﬁﬁh&%ﬁ'df %e“n@ﬁt a%ZAgVéHéPfo?@ al'BRB f6%hd on leucocytes
receptor; (I1) proxi mat el y nore sel ective

(egoeosipgphisk and W@Qﬁumﬁmm@tgryr e’llsfe@r mast cells) and activation of these
receptors may have pro-inflammatory effects (Kohno et al, 1996; Van Schaick et al 1996).

It is even considered that the bronchoconstrictor effects of adenosine in asthmatics may
be mediated via the adenosine A; receptor (Kohno et al, 1996). Ags receptors are also
found on mast cells and may thus be implicated in mast cell activation. A, receptors have
a wide tissue distribution and can be found on inter alia heart, adipocytes, respiratory
smooth muscle, neutrophils, kidney, hippocampus and cortex. A, receptor activation may
thus cause decreased lipolysis, diuresis and CNS activation (Fozard J. R., McCarthy C,
Current Opinion in Investigational Drugs 2002 Vol 3. No. 1 p69-77). A compound that
exhibits greater than approximately 90% binding fo human serum albumin, such as about
:95% binding or more, may be expected to have an improved side effect profile. For
example, such compounds may be expected to have less pronounced cardiac effects

such as tachycardia.

Thus according to the invention we provide a compound of formula (1)
2



(1'11) approximately 100 fold nore selective for A2A
over the human A receptor; (IV) greater than
wapsaxioaat el y 90% bi ndi ng to human serum al buP€TYEPZN& 005651
(V) less pronounced cardi ovascul ar effects, in
particul ar reduced tachycardia. This profile can be
consi dered of benefit as A3 receptors are al so found
on | eucocytes (e.g. eosinophils) and

these receptors may have pro-inflanmmt
(Kohno et al, 1996; Van Schaick et al 06). 't J's
even consi dered that the bronghoc nstrd ctor eNFdtts of
adenosi ne in ast hmat'/ via the
adenosi ne A3 recept (l ohno et ) al ). A2B
receptors are al so fpllmd on nas and may thus be
inplicated in masthgeell activatio " Al receptors have
a wde tissue distribution gafd>~N¢dn be found on inter
alia heart, adipocytes, res ory snoot h nuscl e,
neutrophils, kidney, hipggecampds and cortex. Al
receptor activation may thus cause decreased

i polysis, diuresis activat e\ (Fozard J. R,
McCarthy C, Current i fi on/gn | nveqt i get-igpnal Drugs
2002 Vol 3. No. 1 p6 NTANA naxf hat &xhi bits

greater thgp.approxigately 9086 bi nding to human serum
al bugih, such\as apopit 95% bi nding or nore, may be
expecte nproved side effect profile. For
exanpl e, such corypoynds nay be expected to have |ess
pronounced cardpic effiects such as tachycardia. Thus
according to the invention we prog)de a conpound of
formula (l)and salts and sol vates thereof. Conpounds
of formula (1) require absolute stereochem stry about
at&afanbi8nbistadrgdf of uran rings such that the
stereochem stry about each stereocentre in the
tetrahydrofuran ring is as follows: (la)

Compounds of formula (I) require absolute stereochemistry about one of the
tetrahydrofuran rings such that the stereochemistry about each stereocentre in the

tetrahydrofuran ring is as follows:

5.0 A 2isR
2 3isR
4is S
43—+ 3 5isR
N r'd
HO OH
(1a)

However the stereochemistry about each stereocentre in the other tetrahydrofuran ring
need not be fixed. Within this requirement the invention encompasses all stereoisomers
of the compounds of formula () (i.e.- diastereoisomers) whether as individual
stereoisomers isolated such as to be substantially free of the other sterecisomer (i.e.
pure) or as mixtures tﬁereof. An individual stereoisomer isolated such as to be

substantially free of the other stereoisomer (i.e. pure) will be isolated such that less than
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However the stereochem stry about each stereocentre in
the other tetrahydrofuran ring need not be fixed.
waeakitmoshi s requi renent the invention enconpaBSEEPRD$/005651
st ereoi somers of the conpounds of formula (1) (i.e.
8 e r i Vi I
a%u?f‘ltgt/régﬁgaegﬁﬁgﬁé) é(%@b‘]ié'g'gu st%ta r?t/ja lgyf thaﬂ %Fg‘?héq% 'oF the other
steteoisemies isrFesent.. e. pure) or as m xtures thereof. An
i ndi vi dual stereoisoner isolated such as to be
substantially free of the other stereoisoner (i.e.
Compeyndsidf forbwila §binawkich thecsterenanerhistsy abordrizotio of theGetrahydrofuran
r: t
nrgg% |? %g a?egﬁfgsggggr&tﬁ%?\%g :leg}f d o?o?ﬁaﬁ) hﬂ@ ?@%‘& ?sosﬁlo@n above
inflermuld 63)(af¢ preferigd.ch t he stereochem stry about bot h of
the tetrahydrofuran rings is such that each
stereocentre in the tetrahydrofouran ring is fixed as
Alsh insluded aitbini the Soepribfdhe inventioneargralifgeomettic ispraers of the compound
of fonlldféj?I? wilelHk s lnﬁ}nﬁﬁﬂ Réorfidrstd? ?rgkﬂr&nﬁwb%f a"l’f)tj?ltﬂe compound of
geonetric rsonmers of the conpoun f or mul
forniga B in the trangi anmalcomfmlmDs, iorpariiowarntesnst fogme @f further aspect of
thy}H% qe compound of formula (1) in the trans and cis
lguration, in particular trans, forns a further
aspect of the invention. Salts of the conpounds of the

SalfsSSreRd Fblﬂﬁ&mds% thé Ere%legﬁggéu}g H%?é%ﬁ@ éNcB PHSJ é&g\i\nthm the scope

scope O nvent i elr
ofithe mugmtmnn eBecahee obiheis p@fentlhlereonpmsmna;ﬁhe ealisLafahg cgmpound of

fo@ﬁﬁam | ca l@B rﬂ%‘&@%‘t&)&laﬁ)@ %@gléblﬁlagﬁi\%egrlnaany acceptable

accept S can 1 nclu
saltd ¢ap mrudga!quadqummltﬁaé\mharroafcaqylcdtyca@pe@tsble agisi afldition salt can

sk B 384or T Pinp B (e85 0 labd BB or crgae
aciti(suchsae mydspblwuicO tbwdrmblorlhy@rm@hlsulfur&, rﬂtﬁr:mobosphoric, succinic,
mtélglrce réﬁhtréﬂ rp'hf;hahp hé’éefﬁﬁ gf:dgé%ncs ?ﬁd %l‘fancm?nleﬁk&c p-toluenesulfonic,
metaan%ﬂulf@mc @émmtbalepesttb‘pu@re@ml qmmn@"y lmﬁ Mﬁ@bmm\m‘t guch as an
orgémg %%ﬁaéo?\ge:ﬂ'\g;sgﬁ WhidhGL dduan) MdiR8akdr exhmpr Mg dRlition and

ol vent suc
filtration. Thus, a pharmaceutically acceptable acid addition salt of a compound of

formula (I) can be for example a hydrobromide, hydrochloride, formate, sulfate, nitrate,
phosphate, succinate, maleate, phthalate, terephthalate, acetate, fumarate, citrate,
tartrate, benzoate, p-toluenesulfonate, methanesulfonate or naphthalenesulfonate salt.
Other non-pharmaceutically acceptable salts, eg. oxalates or trifluoroacetates, may be
used, for example in the isolation of compounds of the invention, and are included within
the scope of this invention. The invention includes within its scope all possible
stoichiometric and non-stoichiometric forms of the salts of the compounds of formula (1).

Also included within the scope of the invention are all solvates, hydrates, complexes and
polymorphic forms of the compound and salts of the invention.

The compounds of formula (I) or protected derivatives thereof may be prepared according
to a first process (A) by reacting a compound of formula (11)



10

15

organic solvent, to give the salt which is usually
i solated for exanple by crystallisation and

wo pdosnatoBon. Thus, a pharnmaceuti cal |y accept abP@r/aeiods/005651
addition salt of a compound of fornmula (1) can be for
exanpl e a hydrobrom de, hydrgghloride, formate,
sul fate, nitrate, phosphate, ccisnate, nal eate,
pht hal at e, terephthal ate, acet te fuq(pr ate, citrate,
tartrate, benzoate, p-toluene \/CH3
met hanesul f onate or napht hal e egul fo g_.t,\ié salt. O her
non- pharmaceutical ly acceptalfe sglts, 'eg. oxal ates or
trifluoroacetates, nay be us oryexanple in the
i sol ati on of conpounds of the ilvepyion, and are
i ncluded within the scope of Nhi 8T nvention. The
invention includes within its.sc all possible
stoi chionetric and non- st oi tric fornms of the
salts of the conpounds of f a (I). Also included
within the scope of theH ve lon are all sol vates,
hydr ates, conpl exes and phic fornms of the

i

conmpound and salts of tNTé | tion. The conpounds of
formula (1) or protect tives thereof may be
prepared according td"a Nrst process (A) by reacting
a conpound of for rm}“a-N(II)V\h ein L represents a
| eavi ng gr oud"cif:&[/ﬂ{ Ralfogen particularly
chl orine or a protecNed ative thereof , with
[2-(1-nethyl -1Wi m dazol -&=y4)ethyl ] am ne Said
reaction will generall y'IQ nvol®¢ heati ng(ih he reagents
to a tenperature of 500C to 1500C, such as 1000C to
1300C particularly about 1100C to 1200C in the

whereis dncepreserds a feavingsgroup rfor smmhplashihb@a particularly chlorine or a

orits i SBlalEe el Wi EE ARG BB R BB

for an extended period such as 18 to 24 hours. The
conmpound of formula (I1) y be used in a formin

whi ch the hydroxy! group @Gted eg. with
acetoni de or acetyl grou%ul%rly acetyl

groups. A conmpound of)}xg la (I'l) or a protected
derivative thereof ma e prepared by reacting a

Saﬁpgﬁ%ﬂ&q vﬂﬁ gfeﬂéﬂérﬂylr "ﬂw\/owel Métlnb)the reagents to a temperature of 50°C to
150°C, such as 100°C to 130°C particularly about 110°C to 120°C in the presence of an
inert solvent such as DMSO. Alternatively, the reaction can be performed at a lower
temperature for example at approximately 100°C for an extended period such as 18 to 24

hours. The compound of formula (ll) may be used in a form in which the hydroxyl groups
are protected eg. with acetonide or acetyl groups, particularly acetyl groups.

A compound of formula (it) or a protected derivative thereof may be prepared by reacting
a compound of formula (l1I)
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wherein L represents a | eaving group as defined above

or a protected derivative thereof, with
wazebsdi@si nocycl ohexane such as PCT/EP2005/005651

trans- 1, 4-di am nocycl ohexane. This reaction wll

generally be performed in the pyesence of a base such

as an am ne base (eg. diisopropylethylamne in a

sui tabl e solvent such as an a g. isopropanol)

at an el evated tenperature (e§. 5P0CMt o 600C). A

conpound of formula (I'l1) o[ H 0 ted derivative

t hereof and nethods for it\g=preparafion is disclosed

in WD 98/28319. A co forawfa (I11) is

internediate 7 of WD 9 . igfly, a conpound of

formula (I111) may be prepared b acting a conmpound

of formula (1V) (IV) or a prog@‘cted’oﬁerlvatwe t her eof

with 2,6-dichloropurine in a suitable solvent under

inert conditions in the presence @& a Lewis acid such

as trinmethylsilyl triflate. Conpo Hs of formla (ren)
witeEin (Ul NprdBR)itsPs Iéé%ﬁg dr@up"‘aé BéfRedhbabe oF atﬂigteeﬁégrdé?ﬁ%tlve thereof,

roups are protecte h suitabl e protecting group
w@w d.4-dipminogyciahexpar S@?h aé draps- 1g4-6@ﬁ§n°°pjﬁ'ﬁ’h$>@ﬁllear Tl;us “reaction wil
getierdny! b@rﬁé‘r‘ﬁﬁne@qm&éngﬁs@ﬁcé‘ Of Blasé ! dcnmaY 5’@ aming base (eg.

prepared by the nethods disclosed in W8/ 28319 or by
diigpRippyjethylaminen 4 3. sutablgngaiiant] sueh BSrarpEOPPNGY.i v§0pr0panol) at an
elédﬁ&:fﬂéﬁﬁ'ﬂe?ét@reﬁe&%d@@é 19. According to a second

process , a conpound of formula (1) or a protected

der|vat|ve thereof nmay be prepared by reacting a

A %{%{H&HH&‘ &f fofnauﬁutnﬁ) 6¥)a (p\/ateave& haediva@a w&éofoané Gh&ibas for its

as defined herei nabove or a protected derivative
prﬁmfa@m is digglosed ERRQ B82821P. v cenpeyndpf dermulay (g intermediate 7 of

WO 88285, ofpriefipi BA&IREbURRSS RHffa a?l)q%b&ladéjp?eda% By reacting a

acid such as trinmethylsilyl trifla

compound of formula (1V)
N=
/ OH

> ~,
<~ v

HO OH

(V)

or a protected derivative thereof with 2,6-dichloropurine in a suitable solvent under inert
conditions in the presence of a Lewis acid such as trimethylsilyl trifiate.

Compounds of formula (llf) and (IV) may be used in a form in which the hydroxy! groups
are protected with suitable protecting groups e.g. with acetonide or acetyl groups,
particularly acetyl groups.

Compounds of formula (IV) may be prepared by the methods disclosed in W098/28319 or
by analogous methods. A compound of formula (IV) is Intermediate 6 of W0O98/28319.
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A conpound of fornula (V) may be prepared by
deprotecting a conpound of formula (M) (VI)wherein L'

WO 200&/184081 abl e am ne protecting group such as PCT/EP2005/005651

2- tetrahydropyran Deprotection nay typically be

b t [ N
Ag&;} g { %’ g){&%ég%_gégsa'[ n@ﬁ L&d%f%%uﬁ% lg P?% ﬁﬁ%ﬁf;ela derivative
thevaof nray;bekmeparep@veebdnyg ae0tpongd af founqdal(M)d of formula
(M1) (VIl) wherein L and U are as defined above, wth
[2-(1-nethyl -1Hi m dazol yl -4-yl)ethyl am ne. Said
reaction wll generally involve heaE| ng the H eagent s
to a tenperature of 500C t 05
1300C particularly about INOQC to 1200C, [jn whe
presence of an inert sol 'veﬁt such as et hyl ene
gl ycol. An external baseHguch as dipota E'i um hydr ogen
phosphate can al so be used to enh reactivity.

A conpound of fornula (VI1) nmay b¢ ¢par ed by
reacting a conpound of For nul agg¥ VIIl) wherein L
and L' are |l eaving groups as defined above with

1, 4- dlanlnocyclohe , such g N

trans-1, 4- dlaﬁuggpgclghexaneéL%hl ctlon\MII
generally be pérfo ce of a base such
as an am ne base (e.g. diiskdpropyl hylan1ne in a

sui t abl e sol vent such as an al cohol egy isopropanol or

n- butanol) at an el evated tenperature (eg. 600C to

800C). Conpounds of fornmula (VIII) may be prepared
wme@%dipaana ef fohAul l\l)@@sdedﬁé@ﬁérbhdbwé&@ RSt dervative thereof.

TR SRR A oo SRR JBD BN b IRHETed: ok s 2= DEU and a

Léwis aBRsuth b fiheth@sing Bilatecd according to a third
process (C) by deprotecting a protected derivative of

a compound of forrmula (1), for exanple where the
A compound of formula (V) may be prepared by deprotecting a compound of formula (V1)

L
H
N N N
T Y
N XN
H,C NH
e
/=N N)IN\
HSC”N\/)\/\QJ\\Nl \>

(V1)
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hydr oxyl groups on the sugar noiety are protected by
acetyl groups. As described above protected

walesosaatosves of conpounds of the invention or PCT/EP2005/005651
i nternmedi ates for preparing conmpounds of the invention

wiBRink8 gé@ %gﬁatﬁé( QW&@rggcgﬁ% Stogﬁgéggﬁ gg {%@W@r@ﬁ Degrotection

means tTor thelr reno a ene

- may tpigalibe achieved:by Roid herdislysis With xsyiiahie asidraun sis$CI(@) ambient

teM?EEMu@nd Sons, 1991). Suitable hydroxyl protecting
groups 1nclude alkyl (eg. nethyl), acetal (eg.
acetoni de) and acyl (eg. acetyl or benzoyl) which may

A SRBRTRL I A Y B Dot B Kepu iRt el Bhurofitdnkia i
Sui tabl e am ne protecting groups include sul phonyl
(eg. tosyl), acyl eg. benzyl oxycarbonyl or
t - but oxycar bonyl) and aryl al kyl (eg. benzyl) which may
be renoved by hydrol ysis or hydrogenollysis as
appropriate. The potential fpr cgnpounds of fornula

(I') and salts or sol vates therngof \nhi bit |eukocyte
functi on may be denonstrat ed, rl X le, by their
ability to inhibit superoxide YNgeneration from

t

neutrophils stinmulated with che tractants such as

Nf or nyl et hi onyl - | eucyl - phg el ani ne (f MLP).

Accor di ngly, conpounds of la (1) may be of

potential therapeutic keief ™" in providing protection

from | eukocyte-induced tj ssue damage i n di seases where

| eukocytes are inplicaNE NLhe site of inflammation.

Exanpl es of di sease st teJ i n/whi ch conpounds t hat

i nhibit |eukocyte fufctTnn y have potentially

beneficial anti-inflamuatory effects include diseases

of the respiratory tract such™as adult respiratory

di stress syndronme (ARDS), bronchitis (including

chronic bronchitis), cystic fibrosis, asthma

(i ncl udi ng aIIergen-induced(@ﬁ}hnatic reactions),

enphysema, rhinitis and septic shock. O her rel evant

di sease states include diseases of the

0] st nal t AaSc,l Nt inal . i :

wifShioutt Erarel aBS an e LiBF o s fah LB PRI amine.
Saitt oeartion dii emserally inNaber heating thel iepgents to a temperature of 50°C to

15'6%,i SRRARRIoe®YS 956°d Béjrﬂ&ﬁgrly about 110°C to 120°C, in the presence of an

inert solvent such as DMSO or ethylene glycol. An external base such as dipotassium

hydrogen phosphate can also be used to enhance the reactivity.

A compound of formula (Vll) may be prepared by reacting a compound of Formula (VIii)



10

15

20

25

gastritis and intestinal inflammtory di seases

secondary to radiati on exposure or allergen exposure,
w@pwsnom3st er oi dal anti-i nflammatory drug-i nduP€HEP2005/005651

gastropathy. Further diseases may include skin

di seases such as psoriasis, pllergic dermatitis and

hypersensitivity reactions aphd di seases of the centra

nervous system whi ch have g&#~pfiNammatory conponent

e.g. Al zheiner's disease a | tDpl e sclerosis.

Furt her exanpl es of dise atas in which such

conpounds nmay have potentially beheficial effects

i ncl ude cardi ac conditions such ad'peripheral vascul ar

di sease, postischaem c reperfusion injury and

i di opat hi ¢ hyper eosi nophilic syndrone. Yet further,

conpounds which inhibit |ynphocyte function may be

useful as innunosuppressivgnﬂgents and so have use in

the treatment of auto-inndne di seases such as

rheumatoid arthritis and di abetes, and may be useful

in.inhibiting, netastasis. lt. wil] be reci at ed
whelgd 2R o0 4o B St 4% by BER Hefafiefisichexane, such
ast trans-EAdiaminoeydshexang@r ophigl eactorawilvelehertly thee performed in the
{reatnent , of established. colgdi t&eons . X Eﬁrthgul ar . itab
PrEsRner X2 PaSE RECH AEAMBRINC ROt $r UisRKIPRY; ghyamine in a suitable
sohvehhsoch asham alcohg wWgrisopropanbdisdrmusitav) ati srealeeaté¥hYerature (eg.
6 @groﬂ% bronchitis and enphysema in a manmal (e.g.
% ﬁ%§ é‘speci ally asthma and COPD. As nentioned above,
conpounds of fornula (1) and salts and sol vates

t her eqf b ul _ip_human or veteri.n icine, . .
carisdye i dinamita J9h thay e ifiiled g i Bh 8 el apieds Bscrived in
WO08£808 18/ ordigtameslogousumétheds. as gempourid dfifermuls €villl) &intermediate 1
. f formula (1) or a pharnmaceutically
'nm%@' salt or solvate thereof for use in human or

veterinary nedicine, particularly in the treatnent of

atients_with infla tory, conditions o are . .
oot bp Filud AL rRETBHEE o Riare Aok, g anid process (©) by
defoatectidy regpriotectetbtidrivativs piea ticompotiitbof fovraulai(D)nfor iekamplel where the

hyrro(?(\);lI gdrgudpst c?nethlés’s%gé\)llc mgiegyoar}g %lrjoqgctgé by acetyl groups.

S
§

As described above protected derivatives of compounds of the invention or intermediates
for preparing compounds of the invention may be used. Examples of protecting groups
and the means for their removal can be found in T W Greene and P G M Wuts “Protective
Groups in Organic Synthesis” (J Wiley and Sons, 1991). Suitable hydroxyl protecting
groups include alkyl (eg. methyl), acetal (eg. acetonide) and acyl (eg. acetyl or benzoyl)
which may be removed By hydrolysis, and arylalkyl (eg. benzyl) which may be removed by
catalytic hydrogenolysis. Suitable amine protecting groups include sulphonyl (eg. tosyl),
acyl eg. benzyloxycarbonyl or t-butoxycarbonyl) and arylalkyl (eg. benzyl) which may be
removed by hydrolysis or hydrogenolysis as appropriate.

The potential for compounds of formula (I) and salts or solvates thereof to inhibit
leukocyte function may be demonstrated, for example, by their ability to inhibit superoxide
(O2") generation from neutrophils stimulated with chemoattractants such as N-
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formula (1) or a pharmaceutically acceptable salt or
sol vate thereof for the manufacture of a nedi canent

w0 o053t r eat nent of patients wth inflammat oPGI/EP2005/005651
condi tions who are susceptible to | eukocyte-induced

foF&ﬁn%@&ld?@f‘Eg@yl h@nﬁal&#ﬁﬁ% IgtglLszr A%E&r@{n?&é%ﬁg?\ﬁ%?qaf formula (I) may

here I s row
beh ahaetenlal éfﬂﬁrmutmhqn@ﬁt invprevidiag Rretertiamiiesipukastitsrinduaed tissue
d 0h dRehSEOitere Rt yh@é‘gl‘@hﬁ\ph@atnﬁéﬁﬁ@Eh@hﬁaﬁé?nmation.
I eukocyt e-1 nduced tissue damage, nmet ho
conprises adm nistering to said hunman or ani mal

Eﬁ%l@&&f PeeREebd HEWRER EBhpQindR tRATRALE %uﬂécﬁ@rlméhéh may have
or a pharmaceutically acceptable salt or 'sol vate

Pq m;sa&openﬁwal (RRE-inflemppatopy plfects m%@@nérge%ﬁ%t ¢fethgrreseiratory tract
schVSQtédEﬂl AdspirioHA ! distrea8 NbyRirdnd qARDS) A w&ﬁfhﬂﬁCGHélb&%ﬁé chronic

nposi tion. The ‘present i1'nvention thérefore provi d

brPﬂC*'thtlsﬁ ucystisr fB@E@ctasﬂ"ﬁ% alinelding: iaflenoea-didysed t aqjhmatlc reactlons)
erﬁﬂﬂﬂéém%' Mehitfs SRIBEPHBSHBEK. f OfHH ‘réie\fah) di@éas;é states lncILdee diseases of

har maceutically acceptabl e salt or solvate ther

th@;ﬂ@ﬁ@i%@ﬁ‘}ﬂa\l\ﬁ?ﬁ Bish asrintestinal ﬂiﬁ@fﬂ%@ﬁytq'ﬁsﬁij including inflammatory
bt YMeaBE Qe GACrbRA'S d?éléys@roreeﬂﬁérﬂh\%nE§Intls)ThEiellco%cter-pvlon induced

phar maceuti cal conposition can for use in
gastrisigrand intestingl bflammaiMy disrasesotecandans o fagiatioprxpesun or allergen
e)@%&ﬁé' b RRh2tdtoidSP EMALRENRAtoROdilg-fdlted agaétr%aéw Further

and sol vates t hereof and/or the pharmaceut i cal
d'i‘?ﬁ?ﬁ%smﬁyofﬂ‘:&@ﬁt SKiRi rﬁ’g’feﬁﬁ%ﬁnw Bé Reprasisst alesgic fepmatitis and

hyp¥ABRSifvity DR aBRIrRNAR] Blsch&S of fHer @&%P%@woﬁg%%ﬁﬂ%ibﬁ have an
or i ntrarruscul ar), inhaled, nasal, transdernal

infasematonseampanent & 0i ARheimer s diseass and mvli'elaﬁs’@msss ( eg.
ointments or gels). Routes of adm nistration of
particul ar interest include inhaled and intra-nasaf.
qula\ﬁmeéamal?ﬁ] ofi disease siatasnifoviicl Sushi eaMPRES NN3Y rhave opptentially

betn@flélgleeﬁééfégmclﬁ% Jé)’dl@@ E&Won@rsﬁh)’aspﬁéﬁiﬁéré? QEBATAL §i88ase, post-
he conpound of fornula (1) and salts and sol vates

lsqhqu@bqepgrﬁwqﬂ Inﬁﬂéa% idiopathig pypekgosinophilic syndrome.

Yet further, compounds which inhibit lymphocyte function may be useful as
immunosuppressive agents and so have use in the treatment of auto-immune diseases
such as rheumatoid arthritis and diabetes, and may be useful in inhibiting metastasis.

It will be appreciated by those skilled in the art that reference herein to treatment extends
to prophylaxis as well as the treatment of established conditions.

Of particular interest is the treatment and/or prophylaxis of asthma, chronic pulmonary
obstructive disease (COPD), chronic bronchitis and emphysemia in a mammal (e.g.

human) especially asthma and COPD.

As mentioned above, compounds of formula () and salts and solvates thereof may be
useful in human or veterinary medicine, in particular as anti-inflammatory agents.
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conposition may be adm nistered by a controlled or

sust ai ned rel ease fornul ation as described in WO
w@QJ0SAMDbI7 A parenteral conposition can conpri SBCHEP2005/005651

solution or suspension of the compound or

TR TGS Bdeﬁz%'dléé @W@F aleet sAthb lﬁv‘én@?nsé AFhESur?dJHﬁBﬁﬁma ) ora

carrier par ent er al y accep tab rnati ve
P'i!ﬁﬁ@%%ﬂ“&?'iyoﬁc%@fﬁa% sayoghusmvg@dthemé foy otk in @um\an or veterinary

RaicAat tha t
rBERREL b BAPLTIE LA LGOS VR0 PRy ongfons o

susgprtitiestolaykosyte- '@WE@:‘»’FWW#% nasal or inhal ed
adm ni stration may conveniently be fornul ated as
aergsol s, solutions, suspensions, drops, (gel s or dry

Acrsidieg to angthar asgael i she invarlienathieis srowded thesuse of a dompound of
foRRbh AN Af b)bhﬁfrrﬁébe‘i.lh@a"?%béét%le ahit 8P8AN e $I’1§?Eoﬁ§r fhe manufacture of

t hi ckeni ng_agents, buffer salts or acid or alka
aa‘BF@lﬁft‘m?’Hef%Hhel %@tw&.qup%t@pﬁswthgmﬁg@maéory Sonditions who are

sRBEHtDIE t@@éﬂk%cﬂ@ﬂﬁ&fce@h@&% d’é:‘ﬁég\ées- Capsul es and
cartridges of for exanple gelatine, or blisters of for

exanpl e |am nated alum niumfoil, for use in an

n' d"ﬂﬁh&f or%tefrfé‘ﬁ% AN Ehéi@)é ;Q'Swﬁé’é %&ﬁ@djf&% ﬁéélhﬂaﬂt 8f a human

m x of a conpound o he 1 nvention and
org anm&%*bﬁ@m@w [#8s mﬂémswt@y Feditipge ae¢/05t%\'¢fg+p cprditien who is

sd&eﬁib@toﬂé%cﬁ@n&@dq{&% dbRfag8! WRBK iIntdhédH E6mBrises administering
har maceuti cal formul ation whi Ch conprises m xing the

toj 9@@’( Bémames animsl sebigploan effestive amauabpta &ﬁm@pn@@gm@la (hora

pﬁ%aeél}aaéngobceémﬂb%bw 5@ 0ate tHpegrorpOUNd or salt or
solvate of formula (1) is typically in a

particle-size-reduced form and particularly the
Fori &R-ih etk fdéfﬂ'ﬁohﬁd@@f ﬁier}ﬁ’gsé?ft uﬂ)%ﬁérpénel ﬁ‘sJ&My aﬁmlmstered as a

m croni satlon Gener al y the partlc e size of

phgrmpacqulierl ceMPPEtien. ni croni sed) conpound or salt can be
defined by a D50 val ue of about 0.5 to about 10

m crons_ (for exanple as neasured using |aser
The preset invenbon fA@iea‘ﬁsm\@ﬁeﬁun atfuigheas aseeqj a ghermaeaiicalcomposition

&\ﬁb?isfﬂlbsé E:@ltnb&ﬁhd 6RfONAARI(Y 6Ca PhahatidufEallg actkM8ble salt or solvate

suspensi on the active substance in a

th?,qqg@pmg@m waghpm@ord@e@qu@gp@c%@fg@ly@cwtawg garriers and/or excipients.

The pharmaceutical composition can be for use in the treatment and/or prophylaxis of any
of the conditions described herein.

Compounds of formula (l) and salts and solvates thereof and/or the pharmaceutical
composition containing them may be administered, for example, by parenteral (eg.
intravenous, subcutaneous, or intramuscular), inhaled, nasal, transdermal or réctal
administration, or as topical treatments (eg. ointments or gels). Routes of administration of
particular interest include inhaled and intra-nasal. Inhaled administration involves topical
administration to the lung, eg. by aerosol or dry powder composition.

The compound of formula (I) and salts and solvates thereof and/or the pharmaceutical
composition may be administered by a controlled or sustained release formulation as
described in WO 00/50011.
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aqueous sol vent. Aerosol fornulations can be presented
in single or nultidose quantities in sterile formin a

waembaoodont ai ner, which can take the form of BCTI/EP2005/005651

cartridge or refill for use with an atomi sing device

or inhaler. Alternatively the seal ed contai ner may be

a unitary dispensing device such as a single dose

Anparehteral coingosition ananaeonys sk aulissknﬁm;@r suspéretbnibt theacompound or

pﬁ%r?rgd;]c U%:a?fg!ag%p éﬁé zi(lte ﬂ adsqg‘rﬁ% 88 e%HS g%{rger '8? B?riﬁﬁterally acceptable oil.

posal once
Agemativalarthé aacotytlbe eranebeh iyophitised; \the lyophitised] pa@gterélopharmaceutical

CSI%EB&{ oﬁﬁ?anarna r%%r@lﬁlt bvﬁlpgr%ﬁ%ble Eélvg{titfsgh gr tX a%%rlﬁls ratlon

e pro under "pres
conpressed air, carbon d|0X|de or an organlcpropellant

h
CBIRRATRNE AT IOSAE BIATTIE B sopympenty e ormuted o
apipsblgdsoldtions, caueplerfsllqmr cinepshaets, or dry powders with aqueous or non-
I : t han
SR04 PRI 08 Ot 8584 5 LRI Gems, bt
Sﬂt@poraa@dl@r @livad paradjush thel pHl, spfonicly radjusting agemta,nmno‘x'hents and/or
Fb‘%&%ﬁv cdosage fornms can also take the formof a

pun'p atom ser. Optionally, in particular for dry
powder i nhal abl e conpositions, a pharnmaceuti cal

CSE&WQSS bhd Q:Qg |&’5¥1 W%lr oA g[@ gélg r{ tdrorﬁla{ég% oPFor example laminated

cor porate plura ale
a'@ﬁmlwhrfelf dor(usegn QOONnaiermrngsufﬁlmordnyy pe\iofmulated containing a powder

%fpag ﬂo‘&ﬂ oFH\‘é%\Fe%é elgtlh %%g‘tagﬁ% h%w{ijé} bass tsﬂﬁkﬁ'%s (actose or starch.

ninside a suita evice
ontalner is rupturable or peel openabl e on denmand and

TGS 6985 5y B A RO R o v

canBicesmixioe tHeoagredientset ed by d axoSmi t hKl i ne. The
DI SKUS i nhal ati on device is for exanple described in
GB 2242134 A, and in such a device at |east one
Ferremiositions suitablecansiferradaptedtforinhaled apmiistiation,ithe pempeund or sait
t el .
of %’cﬂ\?gg o??orﬁ‘?.ﬁg Q;Fbefypgﬁlgéﬁ\g ﬁagﬁez?lgé ﬁ%d%%?zlj’ dranP 4nd%afticularly the
S'Z%rﬁgiupmi anzl is pbiained artabtainaile by biiwapisationdebéneeally, the particle size

of ARt WBENed MR d TE B0 it oME&) Behbotfd BF &5k &dh be defined by a D50 value of

about 0.5 to about 10 microns (for example as measured using laser diffraction).

Aerosol formulations, e.g. for inhaled administration, can comprise a solution or fine
suspension of the active substance in a pharmaceutically acceptable aqueous or non-
aqueous solvent. Aerosol formulations can be presented in single or multidose quantities
in sterile form in a sealed container, which can take the form of a cartridge or refill for use
with an atomising device or inhaler. Alternatively the sealed container may be a unitary
dispensing device such as a single dose nasal inhaler or an aerosol dispénser fitted with a
metering valve (metered dose inhaler) which is intended for disposal once the contents of
the container have been exhausted. '

Where the dosage form comprises an aerosol dispenser, it preferably contains a suitable
propellant under pressure such as compressed air, carbon dioxide or an organic
12
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one anot her; the device conprises: a neans of defining
an openi ng station for the said container or

w@omvsalqaT s; a nmeans for peeling the nenbers aper/EPBDS/005651
the opening station to open the container; and an

preﬁéliaﬁf sucﬂ%&l&%ﬁu&&%&bﬁﬁ@ o?ﬂﬁ&‘l%ﬁ%agggr%ﬁﬁ-"’% Suitable CFC

user can | r ARCeu
P"@Wﬂéﬁ'@l t i dRcluge powdiehlofastifiwotaneathares op@mhtbrcfhmcaneteane and

dnJHT&o{y‘u‘aﬂn%rBétﬂBné’f t heg Aghisve W%ﬂ%l@h of Ol (19442333

or salt or solvate thereo CONPOST ti OIS’
heptafigpegirrrpang angetit ﬂv%?ﬁfaﬂ‘ﬂpfddbémﬁds The adresqbdesagee farysecan also

t g:fth(g%ml gePr epared but may generally be
a hi n t%ﬁé?gﬂ‘é—g&@?rom 0.001 to 10% by wei ght.

Generally, however for nost types of preparations the

Oﬂfoﬂ@ﬂ’f tin0 'E)aH%ﬁQr Ry &% %\Mﬂér |rﬂ£?abf@%ﬁ1p%§|\$\éﬁé) m,0 ggzgénaceut;cal

% such as 01 to 5% However
Commama@ msnnwed ﬁ@rumfsrtratl%ﬁart be insemonated mﬁo ag:ét@rahmpf sealed dose

cthaH@r@ (4.5 cdndlfiRg e fil'fyO;S'B\nQiéL cBﬁ’i 53/ fio Opl)\ &ﬁﬁéd longitudinally in a strip

fornmul ations are pre erab arr
or b @a'dec?s%méble"lmﬁlatloafdea@ﬁo§' be cgotﬁtnsr isgupitraple oogeel-openable

on”Hem&’GcPEﬁB ‘#?é Ho@@%k‘te £ TP Po gayr rofzorﬁ‘pd‘sﬂ@??ﬁ?\dbé’ administered by

fornul a . Adm ni strati on once
inhalatiopafia herwlqpasucﬁ as the [IRKMS 'Y devigs, marbetes hyi GlexoSmithKline.

THe BR@ S T™ lrﬁ‘?é?dmh Bevice ﬁ f8f e%nﬂﬂé&?scﬁﬁ%ﬂ nbe 2 #%{??4 A,and in such

overall daily dose wth an aeroso
a ql%atllggg;fgqr@o@tgp@f fer thst gharmgwgtcabgmmltlonhe powder form (the
coRtéfierlor c@ﬁiakdér@%?éfer@BQ By HPﬁll?rEﬁg di%%@leqedds\éfﬁ%% s mounted

cap sules and cartrid ges 1n an 1n I NSuU
'Oﬂﬂ'tpﬂ'n@'b’n'ér%ﬂ“j? Yerithenbisedafingd detwasn twermembers peelably secured to

onECHn@%He?ft the %VEE%OWE% 'Hjm(egﬁs 5@5%@13@1% ? !at‘ﬁf)}# %I?art]lgn for the said

t hereof’) and pharnmaceutical fornulations cc ) ]
copiainer QY epntpipArshaymenns fekrpaling MBﬁ@en‘Scﬁpam atihe ppening station to

opbﬁ%é‘@%n@%r :05nd"8h CouRb) &ondni\&j ﬁ With ﬁ%egﬁe%edf&fntamer through
exanpl e sel ectedfromantl-ln tory adent

whigly 3 BeR31 Gandphinle thegeharaacgticel C@mn@slﬂyn ahpcmdermrm fromnpe opened
coffaind® receptor antagonist), b2-adrenoreceptor
agoni sts, antiinfective agents (e.g. antibiotics,
antivirals), or antihistam nes. The invention thus

The proportion of the active compound of formuia (I} or salt or solvate thereof in the
topical compositions according to the invention depends on the precise type of formulation
to be prepared but may generally be within the range of from 0.001 to 10% by weight.
Generally, however for most types of preparations the proportion used may be within the
range of from 0.005 to 1% such as 0.01 to 0.5%. However, in powders for inhalation or
insufflation the proportion used may be within the range of from 0.1 to 5%.

Aerosol formulations are preferably arranged so that each metered dose or “puff’ of
aerosol contains 20pg-2000pg, preferably about 20ug-500ug of a compound of formula
(). Administration may be once daily or several times daily, for example 2, 3, 4 or 8
times, giving for example 1, 2 or 3 doses each time. The overall daily dose with an
aerosol will be within the range 100pg-10mg preferably, 200.g-20001g. The overall daily
dose and the metered dose delivered by capsules and cartridges in an inhaler or

insufflator will generally be double those with aerosol formulations.
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provides, in a further aspect, a conbination
conprising a conpound of fornmula (1) or a
w@basirewaut i cal |y acceptable salt, sol vate or PCT/EP2005/005651
physi ol ogi cal |y functional derivative thereof together
with one or nore other therapeutically active agents
for exanple selected froman anti-inflammtory ent
Thef epmpoxashivresalis eod splyaissdhereef) and aharmsewjcal ’émmu ations according

to WY h@%ﬁ?foh'?ﬁé &ué’&qﬂtcom@lrgaon"‘mtﬁ Bg{n‘éﬁﬁgbﬁé oﬁ%%‘?é dther Merapeutic

antii eCtI aen .0. an antibiotic or
aggnts Vipr aﬂx?mptﬂ sawcmt frﬁmstaamrﬁ@mmﬁ@m aggniy, anticholinergic agents
I AvVigN 0]
CEAPAAASINT 9L IR LR IARRD, RSB Bbtr agonss

artﬁimfecave aghetse(@fg targlétohes, ativirels), or énghigtamines.  The invention thus
) . |
BB SRR Pl B 0014 B85 AL o
pheonacautically anceptablet salt, solate qrmlyap_[ggtqa&y ag@hpsal derivative thereof
to%chér W GAEBF mbfe chgﬁ 'Eh%?éh}e%ﬁéénk ea@ti\'/en?ééh‘?s b1 e}Jﬁ?ﬁle selected from
ot her therape ? 5:

appropriate gredien
amani- nbﬂ;arnme@ry agerti¢for example asearticostefeid gr aaﬂ%llaal an antlcholmerglc

3 . i | o
g%;ﬁ{ d% Lﬁé-ad%ﬁo?%cgﬁgdgt %go%?t %na&}t@g’g&ﬁg | i%?wt :@tée?%cs ’a(?%llrnlotlc or an
andigirad))| mhasar@tﬂusjamlmdra?af’sc)ularocmmbihaﬁcme bhehadtventiby include a

5 7l Yo A B PRITEA B gl oo

withl eateradsa Ba-iadtemimeptoa;agomplr iaatamrchdﬁaergme taapkeutai RDE-4 inhibitor.
Pre%gﬁdl Y nasy%r?gsz(s?e%rﬂpnﬁﬂg 8%' hr)é r@tﬁglethe rél.lthT QgGents

e
conbi nat i on conprising a conpound of fornul a (I) or a

TR ek SRR 5, Bl R LS s

indredieng)mpaye be aisb@ irathecioon e epltsni(e.ggan alkali metal or amine salts or as

acy%clid_; .Oﬁ'f%aﬁ%te Bro%Pua%g %gtg 388% ?ogfépta Ia&t(ejrsbror as solvates (e.g.

“hg a s Lo
hyies) tonbptimiserthe amtivin and/bo istabidityg and/ag ehysical eharacteristics (e.g.

so@)ﬁ%lo&fﬁﬁé V ioaggjgggr}é{rggi %t ptlwﬂi 8% :%% grsloﬁﬁ%f \&féér%l asp)propriate, the
therapewticangredientsinady lumysd:cbna:ptumﬂyepwtee‘omm a single
enantioner, such as the R-enantioner), sal butanol,

fornoterol, sal nefanol,
The invention thus provides, in a further aspect, a combination comprising a compound of

formula (1) or a pharmaceutically acceptable salt or solvate thereof with one or more other
therapeutically active agents, for example, a Bz-adrenoreceptor agonist, an anti-histamine,
an anti-allergic agent, an anti-inflammatory agent (including a steroid or a PDE-4
inhibitor), an anticholinergic agent or an antiinfective agent (eg. antibiotics or antivirals).

Examples of B,-adrenoreceptor agonists include salmeterol (which may be a racemate or
a single enantiomer, such as the R-enantiomer), salbutamol, formoterol, salmefamol,
fenoterol or terbutaline and salts thereof, for example the xinafoate salt of salmeterol, the
sulphate salt or free base of salbutamol or the fumarate salt of formoterol. Long-acting -

adrenoreceptor agonists such as salmeterol or formoterol may be preferred.
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fenoterol or terbutaline and salts thereof, for

exanpl e the xinafoate salt of salneterol, the sul phate
w@2005/10103F r ee base of sal butanol or the funar aP@r/BRL0D5/005651

of fornoterol. Long-acting b2- adrenoreceptor agonists

Oth%P ?df%gaa%ng& &”’ﬁh%n? ec%E;toF %F;B‘RE:% é’?a R 088 des gribed In WWOQp/g6422A,

act orecept o
WQOéZ&I?Od%O t hWQDWﬁ@BBb e WO@B/WZQQBG 64/2993/0\7{539’ 290 03/091204,

8 ol B8 S o2 oA P18 M owoorrs

WONREBO0E, V88 04/0BDZEE) B¢I6G1421800xhH0NODEMA2YEMD 1/ 42193 and
W03/ 042160. Particul ar | ong-acting b2-adrenoreceptor
agoni sts are:

ParBeular-1¢idBadting PRadierioyeteptoy agerids ayelr oxy- 3- (hydr oxymet hy

o (BRI SN 2T A o bty phenstihyarine

hex3l—]c(><3}b[uky7)b(al{u(éliia)sulﬂ>riayrﬂd&)xy- 2- [ 4- hydr oxy- 3- hydr oxynet hyl
h -

R R RE Yoy Bnganamei Y ReAy IRy

amine){h(amwe@};{r{:ﬁyl){b&n{zérﬁsﬁlﬁﬂiaﬂhde}r obenzyl ) oxy] et hoxy} hexyl

eno

R R e A AR Bl

(hydrbwéthﬁ)phan@l 1- hydr o?(yet hyl } - 2-

4-{(1 ﬁi;%ﬁ@%qg—t(%y%ppgnﬁlFs?;k%y%ll?zp)ygg%gﬁgéxy%aln nlta]-@rfygiroxyethyl}-z- ‘

(hygrbeymydtbyliphehalim no] phenyl ] et hyl ] am no] et hyl | phenyl ] form

N- [%H])?ﬁyy %EIEI?) h%?’fyﬁ %tﬂg§§bﬁg¥9ﬁ%% nophenyl ] et hyl } -

pheﬂyllawI]mme]bh(aﬂyl]eﬂdd]amy}o}k(tﬂylﬁ)henyl]formamlde and

b R Y e

quircdinon-6gfetbylamitee. parti cul arly i nhal ed corti costeroids

and their pro-drugs which have anti inflammtory

activity. Exanples of corticosteroids include nethyl
Antigihflhnmatohonagents that may be incorporated in a combination include

corticosteroids particularly inhaled corticosteroids and their pro-drugs which have anti-
inflammatory activity. = Examples of corticosteroids include methyl prednisolone,
prednisolone, dexamethasone, fluticasone propionate, 6a,9a-difluoro-17a-[(2-
furanylcarbonyl)oxy}-11p-hydroxy-16oa-methyl-3-oxo-androsta-1,4-diene-17p-carbothioic
acid S-fluoromethyi ester, 60.,9a-difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-
propionyloxy-androsta-1,4-diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3S-yl)
ester, 60, 9a-difluoro-11p-hydroxy-16a-methyl-17a-(1-methylcylopropylcarbonyl)oxy-3-
oxo-androsta-1,4-diene-17p-carbothioic acid S-fluoromethyl ester, 6o,9a-difluoro-11p-
hydroxy-16a-methyl-3-oxo -170-(2,2,3,3-tetramethylcyclopropylcarbonyl)oxy-androsta-
1,4-diene-17p-carboxylic acid cyanomethyl ester, beclomethasone esters (such as the 17-
propionate ester or the 17,21-dipropionate ester), budesonide, flunisolide, mometasone
esters (such as the furoate ester), triamcinolone acetonide, rofleponide, ciclesonide,
(16a,17-[[(R)-cyclohexylmethylene]bis(oxy)}-11B,21-dihydroxy-pregna-1,4-diene-3,20-
dione), butixocort propionate, RPR-106541, and ST-126. Preferred corticosteroids
include fluticasone propionate, 6a,9a-difluoro-11p-hydroxy-16a-methyl-17a-[(4-methyl-
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predni sol one, dexanet hasone, fluticasone propionate,
6a, 9a-di fluoro-17 a-[(2- furanyl carbonyl)oxy]-1
wabsohgdioaxy- 1 6a- met hyl - 3- oxo- andr ost a- 1 , 4- di BCIEER2005/005651
7b-carbot hioic acid S-fluoronethyl ester
I 17 a-
1 S O o B B R e S
flusrc(nietbydo dsEtrr amgld r 8o, PutrdifluoBB1 Fd-)(2-dgramylcarbonyl)oxyl-11p-hydroxy-16o.-

mgtﬁ%l%ﬁ?,\? i-f | ortgi};ﬁ-é%hg%%%)é{égﬁugg SR ylé—%u&%fn&'hyl ester, more
préféfabRNdr @&tgix &fléordlﬂf&e[ ﬂ.rwmwwaq 1 %y&ow-1 Ga—methyl -3-0X0-

S-f 1 uor onet h ester a, 9a-di fluoro-11 b- hydroxy-1
anggnstasi ,ﬁ;;jlerjp- %Z&;carbothlmc acid S-fluoromethyl ester.

17a- (2 , 3, 3-tetramet hyl cycl opropyl carbonyl ) oxy- andr os

t a- 4- d| ene- 17 b-carboxylic acid cganomst hyl ester,

N%@Pw raweawndssihat may ave gliicopprticold actiityin@wda those covered in

th@stfswommg t fb%teh? ZopliEioRRT AN@08/085827,) | W@M?ﬁﬁ%dewoga/smsg
met asone esters (such as the fur

W@QG/QF)??ZQ ri 8\6@@4{8@%1@ acWQﬂﬁ/Qf@%Wof |W98ﬂ406§429 W003/104195

w@b@)o@ém de,WbbB)@BﬁZéd(R] wmh/@b%@d el fgbHH6] g32s” XWodré/ozses
b2i -di h Q& na i - di ene- S"Qdi one but | xocort

WEPY 3P 66586541 WQOR086R4 06 VYQO4/2G24§,  WOO03/061651,

ngg,bgg-pﬁt er0| ds include fluticasone propionate,
6a, 9a-di fl uoro-11 b- hydroxy-16 a-net hyl -
a-[ (4-nethyl 1, 3-t hi azol e- 5- car bonyl ) oxy] - 3- oxo- andr ost

A= |ﬂflan4m5‘ﬂoﬂ/(;ﬁehts7ﬁ%clﬁéé Iaeﬁlét%.eal%h%fémn%a&rm&gg/éw@ﬁb%

and 6a, 9a | uoro-17a-[ (2-furanyl carbonyl’) oxy] -
b- hydr oxy-16a- net hyl - 3- oxo andr ost a- 1, 4- di ene- 17

Pdésﬁ%r ReAf QI tﬁataﬁi 33 fdsEQriﬁ R BMbirR8bS inchi® 8odium cromoglycate,
preferably 6a,9a-difluoro-1

nedgerpml spgwghyhg%nr@g@ﬂef@,g@yq’m?) inhibitors (for example, theophylline, PDE4

mf%]tohé’ db10XHixe& aPmRihE$- %%&@éoﬁﬁbtréne antagomsts inhibitors of
4-di ene-17b-car bot hi oi c aci d | uor onet hyl

leiiSiiene GYENGse (5 FIBTRIAS MATHRIUkAS). ANV T RIS dPipiass; and clastase

intfisitors, ide¥a-D e aﬁtB st6 QHE a8Endsihe l’éﬁeﬁtgll %g;})ﬂléw oPatt880nists (for
appl i cations 2827, W0O01/10143,

exginple/ o@f?l@gmewéswee@etfb cyiplong oauieganistoiiay (erempte, chemokine

3 8 -
an@ﬁ{sﬂsgi%@ﬁ‘aé/v%gd@%y g\/\)&@? 6@%@\/\@%&0@% %9nthe3|s or 5

lippigenanssipbibitorgooin @Q@§4@du%gy@gm@f synthase inhibitor) is preferably
for oral administration. Other iINOS inhibitors include those disclosed in W093/13055,

WO28/30537, WO02/50021, WQ95/34534 and WO099/62875. Suitable CCR3 inhibitors
include those disclosed in W002/26722.

Phosphodiesterase 4 (PDE4) inhibitors that may be used in a combination include any
compound that is known to inhibit the PDE4 enzyme or which is discovered to act as a
PDE4 inhibitor, and which are only PDE4 inhibitors, not compounds which inhibit other
members of the PDE family, such as PDE3 and PDES, as well as PDEA4.

Compounds include cis-4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-1-
carboxylic acid, 2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-
difluoromethoxyphenyl)cyclohexan-1-one and cis-[4-cyano-4-(3-cyclopropylmethoxy-4-
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W03/ 08277. Anti-inflammatory agents include

non-steroidal anti-inflanmatory drugs (NSAID s).
weomsilidoa7 NSAI D s that may be used in a conbi nBET/BP2005/005651

i ncl ude sodi um cronogl ycat e, nedocrom | sodium

airRRRARIOA PROAERoACE o et dnddoha Y YTieRy is cis-4-cyanos-
[3{gyniopentyioxy)4-methaxyphaenylicyslohaxane-trarbokylisi cicr @lsf known as
c.nérﬁ;géggtéaaenseséwtég?égspr@f gL 8P PR)eal torgﬁ%%gesa@%@ in U.S.

itors ypt as€ an astase 1 n
pafent é@ﬁ?%&msagd dBsIeptemberai9fo his eaneet:@rp:t the cagoupdssit discloses
P=Tnfely adenosi ne 2a agoni sts),
ar%{'/mg‘%:bne ah%@dﬁ?@gbf%w%xanpl e, chenoki ne
ant agoni sts, such as a CCR3 an_t agoni st) or inhibitors
[ [
OtHér F@UEJP#HP Esgilﬁ%% gém?lolg %’Q. AP BIHGP e&?ﬁﬁhfﬁ‘b%itggol)sﬁl EEMC Int
Sympefl\éﬁfta&ljﬁm otSept of- 1adrﬁdmb;t,lf9hitrl , BbsleP.9KIOSAS reference No.

24 5@140? tﬁ@@%ﬁ&e@ﬁ?&&@%ﬁ@@%b%&%ﬁ%) D-4418 from

Chizgsaiensiecamo@ghering-Bloughis a henkediazapings BDEAsiohiber identified as Cl-
1 wa%%guse é:) B%ﬁf? BQ@H%W&&SS b@nf&%@e éiém/'a{?vé & Egoé%aﬁy Kyowa

nbi nat i on I NC
Hakko KhWﬂ?gl‘tﬁ7i6ﬁth34tfofﬂé<YPDE4"95hQ, Yid 1894 pa’hNa@p (Landells, L.J. et

al. gﬁ? Cﬁé‘é&ﬁﬂn&ﬁ BS ﬁeégy% g%%t%tz%r Geﬁﬁ@a)vﬁgﬁr@éae 12 (Suppl.

tors, nds wh

28)5t fest A2 sofbmlaﬁb (PR referenss NoudfA24(-3EB andda pthalazinone
ﬁt]5@§ ! éhsz:: 95:1 -wHiGHTROKEEBy |%L¢$¢§ed bgnyﬁfsrenc:ﬁ) Jrom Byk-

cls cyano- 4- cycl opent yl oxy-4- net
Guiden;- arofyllingr bB develepraent by Almlrall Prodes arma VM554/UM565 from

r c y&l Qp
e SR SO0A ) PV SRSt 109, 200
162), ang 4L2588n0- 4- ( 3- cycl opr opyl nmet hoxy- 4- di f | uor orret hoxy
phenyl ) cycl ohexan-1-o0l]. Another conpound of interest
is c/s-4-cyano-4-

Furter( sgmpewds: e disclasedeir die prblishedc jrierpationah cpaterta mpplication
W@Mb?&?ﬂc' éla(x%' Sé’rohﬁoﬂﬁi) a%D@T/lzfﬁbés’a‘éwee?”geléé bl Ltd) and

esters, I‘O- rugs or Sl ca orms, which Is

PCIéER2G 5484 (ﬁlgxo Group td)

Anticholinergic agents are those compounds that act as antagonists at the muscarinic
receptors, in particular those compounds which are antagonists of the My or M; receptors,
dual antagonists of the M,/M; or M,/M,, receptors or pan-antagonists of the Mi/My/Ms
receptors. Exemplary compounds for administration via inhalation include ipratropium (for
example, as the bromide, CAS 22254-24-6, sold under the name Atrovent), oxitropium
(for example, as the bromide, CAS 30286-75-0) and tiotropium (for example, as the
bromide, CAS 136310-93-5, sold under the name Spiriva). Also of interest are
revatropate (for example, as the hydrobromide, CAS 262586-79-8) and LAS-34273 which
is disclosed in WO01/04118. Exemplary compounds for oral administration include
pirenzepine (for example, CAS 28797-61-7), darifenacin (for example, CAS 133099-04-4,
or CAS 133099-07-7 for the hydrobromide sold under the name Enablex), oxybutynin (for
example, CAS 5633-20-5, sold under the name Ditropan), terodiline (for example, CAS
15793-40-5), tolterodine (for example, CAS 124937-51-5, or CAS 124937-52-6 for the
17
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pat ent 5, 552,438 issued 03 Septenber, 1996; this

patent and the conpounds it discloses are incorporated
weositosh full by reference. O her PDE4 i nhi bP€DEB2005/005651

i nclude AWD-12-281 from El bion (Hofgen, N. etaj. 15th

taﬁeﬁ@ éfat gﬁ%@&g'\‘%&%@ﬁ@f gﬁ&hlu@lé@é ﬁ%%%& browide, CAS 26095-

590, sl yndet ghe AeMe SPRRDMER), HioaPiHaY @tbbrid@sfcsgxampmsm 10405-02-
4)%nﬂ%§feﬁé&ﬂf@éﬁ%§ﬂé OAS QQ??&S?F?%H@ s di?-zlarltge succinate

benzodi azepi ne i nhj |tor i deht
algqrpmownaas7 G908 rednd otd nsigr Be namep‘r/eg@ar?) a benzodi oxol e

derivative disclosed by Kyowa Hakko in W9/ 16766;

K-34 from Kyowa Hakko; V-1 1294A from Napp (Landells,
Othepantisholifierdieggemis dpelude aqinrpunda §f Eumulaegﬁlxscymiqrserpt disclosed in

)Oﬂ&qg 1998, 12 (Suppl. 28): Abst

Ué%%%étaﬁg%WS ast . CAS reference No 162401-32-3) and

a pt haI azi none (WD9/ 47505, the disclosure of which is

her eby i ncor por at ed by reference) from Byk- Gul den;;

arofyl I'i ne under wel optfent yby Al mirall - Prodesfarnma;
VMb54/ UMB65 from Verna‘ﬂi s; or T-440 (Tanabe Seiyaku;
Fuji, K et al. J Phar Exp Ther, 1998, 284(1):

162), and T2585. Fur
t he published internation paf ent application
W004/ 024728 (G axo Group L&d)R*PCT/ EP2003/ 014867
(d axo Group Ltd) and PCT/ ER2004/ 005494 (d axo G oup
Ltd). Anticholinergic agent§ are those conpounds t hat
Mhichdfe preftith&atish of the if 8
B o R i B4 ot e8¢ B Ban Tpa is endo;
tﬁed * e, lneeneé@ép%ﬁgle%géwonameaj@w eensising of atrajghtyar pranched
ch8in lWélNglkylr%@ﬁg ea\ﬁggv breféanR Tt Q%Sé §a:‘%ntaﬁ&n§/'1ﬂ}%aM§l groups

receptors OUI’]S admnistratio

hayving 4rom B & 6i qaetpqm@omsr @\tqlqaﬁwhﬁlkylffmvmsmﬁpi @ carken fms, 2-thienyl,
2-Byrays gﬁenﬁ%e%fl%s%fe@ wiftPAif aAAR6up REVIRGABE in excess of 4 carbon

At rovent oXl
atoms and phenyl substltu ed with an alkoxy group having not in excess of 4 carbon

ounds a()g(l)di sclosed in

atoms;

X represents an anion associated with the positive charge of the N atom. X may be but is
not limited to chloride, bromide, iodide, sulfate, benzene sulfonate, and toluene
sulfonate,including, for example:
(3-endo)-3-(2,2-di-2-thienylethenyl)-8,8-dimethyl-8-azoniabicyclo[3.2. 1]Joctane bromide;
(3-endo)-3-(2,2-diphenylethenyl)-8,8-dimethyl-8-azoniabicyclo[3.2.1]Joctane bromide;
(3-endo)-3-(2,2-diphenylethenyl)-8,8-dimethyl-8-azoniabicyclo[3.2.1]Joctane 4-
methylbenzenesulfonate; ' ’
(3-endo)-8,8-dimethyl-3-[2-phenyl-2-(2-thienyl)ethenyl}-8-azoniabicyclo[3.2. 1]octane
bromide; and/or '
(3-endo)-8,8-dimethyi-3-[2-phenyl-2-(2-pyridinyl)ethenyi]-8-azoniabicyclo[3.2.1]octane
bromide.

Further anticholinergic agents include compounds of formula (XXII) or (XXIII), which are
disclosed in US patent application 60/511009:
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(for exanple, as the brom de, CAS 30286-75-0) and
tiotropium (for exanple, as the brom de, CAS
wa3®310098-5, sold under the name Spiriva). Al BOI/BP2005/005651
interest are revatropate (for exanple, as the
hydrobg om de, CAS 262586-79-8) and LAS-34273 which is
di sejosgd-in ;}201204118. Exenpl ary eompounds for, oral
adm nj tiog i nclude pirenzepine (fo npl CAS
arifenacin (for exanple,
133@99- 04-, or CAS(P8B099-07-7 for theé hyd 5B oni de OO
sol d under( t he g¥tane Enabl ex), oxybutynin (f@r exgwmple,
CAS 5633- 20- sol d under the nane Ditropan),
terodi | i ne_{f or*?exanpl e, CAS 15793-40-5), tqlfewrdine
(for exan‘p'lR CAS 124937-51-5, or CAS 124937-52-6 for
thetartrate, sold under the nane Detrol), otilonium
(for exanple, as the brom de, CAS 26095- 59-0, sold
WheReiBr t he name Spasnonen), trospium chloride (for
th@l‘lad?&h%dlc%@ é%%&%_};o@loﬁ“d solifenacin (for
gxa | e, CAS 242478-3 ,..or CAS 242478-38-2, or the
R'S yeetepeiite an anipn@rsRAated Wilh hepositive shrrge nh de N atemn JRE may be
bu¥§$ n6BliRked & BRforidd! bishidd, N6dige, Cs MR tsenk8%d Yfonate and toluene
conpounds of formul'a (XXI), which aré disclosed in US
Suﬁ%ﬂaé%t application 60/487981 : in which the preferred
R“@’ %h@ R‘?‘%r‘eQﬁHéﬁenHQﬁwaééfédted:ﬂ&h nhélbi@aft%ﬂs@mqg Bfesttdr.gm%%ranched

is endo; R31 are, independent sel’ecte
Chﬁindﬁ‘f"?'r@kﬁ IQMIPSc(Bﬁ‘é'P% tpr@fgr agly fgqrrp i tg rﬁ cagpomn Péﬁi‘ﬁie‘évdoalkyl groups

(h&%ﬁ?@b"ﬁrohp‘ﬁefo 8l Jféfborgra@&m‘?@ @&lbﬁﬂyl%l&f Rhalny o Ecp"ﬂ()lcérﬁorﬁ5 atoms),

on atons, .cy cl oal grou PS aV|n fromb5 t

heterpasioalkylo fBaving) & dal ﬁypa DRvtomaL 3 135 O asaifiorheteroatom,
hetdré éﬁloaﬁyﬁakﬁ Qbféwng?-B I%ﬂ 0 gé/r’bon Bt&ﬁ‘éﬁ'andm‘ P as the heteroatom, aryl,

substitu an al % roup aV| not in excess
én

opapnaily@ah»%ﬁe%@whéﬁe&maary ppfsqmagx Y %P%Qtﬁroawl

R*&| 0% c@HOHBN aMHé NGronpt cbﬁblﬁiﬁ e%fs (EJ‘-C%)éR@ﬁ b@@3-@§2§>éy%;oamy| (Ca
rep resents an ani on associ a oSl t

CUATE R BRI o (Rr-SelsHy(Ge-Cray eyt (5 CrBIYI(ErmErbaterasycloaliyl
rthlhéiéﬂodﬁﬂ (bl; LakGI-alyR A HE,)afkil HeréiBaryd COREN ECALDRONAIF,OH, -CN,

-CF3, -CH20(CO)R46 -CORY,  -CHoNH,, -CH.N(R*)SO,R*, -SO,NR*)}R*®),

CONR")(R*®), -CH:N(R¥)CO(R*), -CH.N(R*™)SO,(R®), -CH.N(R®)COR®), -

CH.N(R*®)CONH(R*);

R* is selected from the group consisting of (C4-Cs)alkyl, (C4-Ce)alkyl(Cs-C2)cycloalkyl,

(C+-Ce)alkyl(Cs-Cy)heterocycloalkyl, (C4-Cg)alkyl-aryl, (C4-Cg)alkyl-heteroaryi;

R* is selected from the group consisting of (C,-Cs)alkyl, (Cs-C1,)cycloalkyl, (Cs-

Cy)heterocycloalkyl, (C4-Cg)alkyl(Cs-Cqo)cycloalkyl, (C+-Cg)alkyl(Cs-Cr)heterocycloalkyl,

aryl, heteroaryl, (C4-Cg)alkyl-aryl, (C4-Cg)alkyl-heteroaryl;

R* and R* are, independently, selected from the group consisting of H, (C,-Cg)alkyl, (Cs-
Ciz)cycloalkyl, (Cs-Cr)heterocycloalkyl, (C4-Ce)alkyl(Cs-Cyz)cycloalkyl, (C4-Cg)alkyl(Cs-
Cr)heterocycloalkyl, (C,-Cg)alkyl-aryl, and (C,-Cg)alkyl-heteroaryl, including, for example:
(Endo)-3-(2-methoxy-2,2-di-thiophen-2-yl-ethyl)-8,8-dimethyl-8-azonia-
bicyclo[3.2.1]octane iodide;
3-((Endo)-8-methyl-8-aza-bicyclo[3.2. 1]oct-3-yl)-2,2-diphenyl-propionitrile;
(Endo)-8-methyl-3-(2,2,2-triphenyl-ethyl)-8-aza-bicyclo[3.2.1]octane;
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sul fonate.including, for exanple:

(3-en00 -3-(2,2-di -2-thienyl ethenyl)-8, 8-di nethyl -8-az
wopoahi®ytl o] 3. 2. 1] oct ane brom de; PCT/EP2005/005651

(3-encfo)-3-(2, 2-di phenyl et henyl ) - 8, 8-di net hyl - 8- azoni

?(?na%%'/ ; @B%Q%H%EB enyﬁ:?%gp] Zr% d;gh%ny(lj Pﬁ)&%am %e azon
3+ K(&bd@)ﬁ:m{l@l -8- az?fbmyahts 214]onte319|5)-|2|t9edmh¢rw$-m_‘dpmm agid;
c2=-( 2 t .
(Endafipihidhels 'éif}ﬁf—:@% 231@) sl e éé?n DL HOGEN iodide;
gokedr(3-eyare; %2ﬂinlﬁ§nﬁ3ﬁfhw9 E[ 8-disrrshyh8-azopia-pigydlald 2yl1gaaree
erWui 8- azoni abi cycl o[ 3. 2. 1] oct ane brom de. Further

antlcholl nergi c agents include conpounds of formula
3-((Krele)y8-methykidarzapicyalal3ch 1lack3-u)-2A-diskenyi-proggniaelent

10 ( ide:
NERAAKS 0 B Aty AR 0. 2 s A0SRy Ao amice;
(EadO)aw%ﬁarbe@gwrwdwhﬂmlﬁthmé grdmthudéi -azeniagkicysio[8 el Joctane
io@gm Rl may be but is not limted to chloride,
rom de, iodide, sulfate, benzene sul fonate and

1-Benaykad3-4endorhmethyRaazarmicyFals. 211 loct ik @ehdiphenyy-propyl]-urea;
1-gﬁlgﬁﬁ-?ﬁﬁgeﬁicglﬁ-ﬁapﬁ»\xeé-%k@ Ef&yag[‘rsszt Hﬁ-ﬁ@ﬁ%ﬂg@é}p ?Fogyl;/ urea;
NA3- ﬂﬁnqo)t&:mtfwham&bmdnﬁ)z 1logic3-wii2id diplgenylrpropyiracttagide;
NFE Ryl 6BauR BBl 1L PR ok Ve
3-(EnderB-aethyk - aaﬁ@lcmcloi?: D Jast-3-Wi-22=didhiophem?-yl-propionitrile;
(ER&%?@%\-I azﬂgeai Mth?c{g'ﬁ% 2 31; t@mﬁ% &4 u.%aarztagial tgéﬂmfé.z.ﬂoctane

as t eter aryl, option
iodjd@istituted aryl, heteroaryl, and opt| onal | y

N-féJ-REB&J)Llé-ﬁl@trl&ﬁ&-%&&%fd{/blb[s.2.1]oct-3-y|)-2,2-dipheny|-propy|]-
benzenesulfonamide;

[3-((Endo)-8-methyl-8-aza-bicyclo[3.2. 1]oct-3-yl)-2,2-diphenyl-propyl]-urea;
N-[3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-yl)-2,2-diphenyl-propyl]-
methanesulfonamide; and/or
(Endo)-3-{2,2-diphenyl-3-[(1-phenyl-methanoyl)-aminoj-propyl}-8,8-dimethyl-8-azonia-
bicyclo[3.2.1]octane bromide.

More preferred compounds useful in the present invention include:
(Endo)-3-(2-methoxy-2,2-di-thiophen-2-yi-ethyl)-8,8-dimethyl-8-azonia-
bicyclo[3.2.1]Joctane iodide;
(Endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2. 1]Joctane iodide;
(Endo)-3-(2-cyano-2,2—diphenyl-ethyl)-8,8-dimethyl-8—azonia-bicyclb[S.2.1]octane
bromide;
(Endo)-3-(2-carbamoyl-2,2-diphenyl-ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2. 1]octane
iodide;

(Endo)-3-(2-cyano-2,2-di-thiophen-2-yl-ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane -

iodide; and/or
(Endo)-3-{2,2-diphenyi-3-[(1-phenyl-methanoyl)-amino}-propyl}-8,8-dimethyl-8-azonia-
bicycio[3.2.1]octane bromide.
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R44 is sleeted fromthe group consisting of (CrC
Jal kyl, (C3-G 2)cycloal kyl, (C3- C7)heterocycl oal kyl,

w@ anSadabkyKCr Chcycl oal kyl, (G -C PCT/EP2005/005651
Jal kyKCs- C*het er ocycl oal kyI aryl, heteroaryl,

E@%—%ﬂ% (%'isé_ﬁéqu tgﬁﬁsaﬁ%eﬁ%éﬁg&%%sm g’rq?%%cﬂyﬁne or more of

the QinAélidls aniBBNSRANPBORRIE inhiBIDRIN(rRISDtdrRA&)d are safe for human use.

Fir?%%?@?%{)ﬁ% N&%@%&% f&a‘q%%ﬁé% Re@bmines, and

alkykimingse dsdaho st diphgnyloysiraoing qiyritagning,  €lemastingg, alckiprpheniramine.

) i i - -
seeaia TRt o 851 it socplf dnclyds gt destratiine
ter{eDadigs) adtemizoles nerivasting, azelagtines leyetaliciviod fexafenading, cetirizine and
efl H_lré consisting of (Cr C6)al kyl, (C3-Cl12)cycl oal kyl,

C7) het erocycl oal kyl, (Ci1- 06) al kyl (C
C12) cycl oal kyl (CrCeJaI kyKCs- C*het er ocycl oal kyl ,
, .heteroaryl, al kyl -ary

Cr Ce

ThG)"éMeR?‘P" fhws eroyigep; | (“ RIMNSHASPRES aéﬁ"@“’%ﬁ‘fﬂ%ﬁ@'ﬁ‘&@ﬂﬂ?ﬁ compound of
forsmilze(} eda bharmacbetlc@"y) apcaptatde salt ogsaifateitherenf tagsgthekwyith a PDE4
inHis#er, G 2) cycl oal kyl , (C3-C7) heterocycl oal kyl, (Cr

C6) al kyl ( C3- C12) cycl oaI kyl, (Cn-CeJal kyKC-r

C7) het er ocycl oal kyl , ;Cr CG al kyl -aryl, and (Cr,
Th@@q@pk% trwétpéq\@)qgsy |n a qﬁ@pﬁgqnepﬁt afC@mbé’}@&% icgmprising a compound of
fortrixited (1) o8 -a( ghampbbentically, Aeabptable saihens@vate-tbetepf Jodeiteerdiith a B.-

ad%%p§fgé&ﬂ§t&b| cycl o[ 3.2.1]octane iodide;
3- ((Endo) met hyl - 8- aza- bi cycl o[ 3. 2.

1] oct - 3- gw)é 2, 2 d| phenyl -propionitrile;
Themugaiiors &3, (pa furthet aspesb ﬁwontbuwpm cgmprging acpEpound of
foriula ) Jdrcwtpaaﬂnaceutlcally acceptable salt or solvate thereof together with an
anﬁclﬁ@}gf&) 8- met hyl - 8-aza- bi cycl o[ 3. 2. 1] oct - 3-yl ) -2, 2-d
nyl - propi onam de;
3((Endo) 8- met hyl - 8-aza-bicyclo[ 3. 2. 1] oct-3-yl)-2,2-d
Thepmention fhus prevides, inca turther aspect, a combination comprising a compound of

fortriongl Q1) -03- 4 Phapraaeulically diqebptalle- sdlhyt soRafd- theradfhtghetBeawith an

dd cycl o[ 3. 2. 1] oct ane i odi de;
a“ﬁ@%ﬁ} 3- (2- cyano- 2, 2- di phenyl - et hyl ) - 8, 8- di met hyl - 8- a

zoni a- bi cycl o[ 3. 2. 1] oct ane brom de;
The combinations referred to above may conveniently be presented for use in the form of

a pharmaceutical formulation and thus pharmaceutical formulations comprising a
combination as defined above together with a pharmaceutically acceptable diluent or
carrier represent a further aspect of the invention.

The individual compounds of such combinations may be administered either sequentially
or simultaneously in separate or combined pharmaceutical formulations. Preferably, the
individual compounds will be administered simultaneously in a combined pharmaceutical
formulation. Appropriate doses of known therapeutic agents will be readily appreciated by
those skilled in the art.

The compounds of formula (I) and salts and solvates thereof may be prepared by the
methodology described hereinafter, constituting a further aspect of this invention.

The combinations referred to above may conveniently be presented for use in the form of
a pharmaceutical composition and thus a pharmaceutical composition comprising a
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S-"EndoJ- S- net hyl - d- aza- bi cycl ol S*. 1| oct-S-yO**-di phen
yl - propan-i-ol;

wa@.200B@M0y1 - 3- (( endo) - 8- net hyl - 8- aza- bi cycl o[ 3. PCWEPDS/®5651
-yl) -2, 2-di phenyl - pr opi onami de; ‘

) -3 2 -2, 2- di - | ) - - di "
coipiilon’as R 3PV, ol TR, Gk Gr ik Bhafldcouicaly
actePableydardsr and/peexhipier8s naprésent 8 further bspaot bttha ivebliott

-3-yl)-2, 2-di phenyl -propyl]-urea; i-Ethyl-S S endo
- d- net hyl - d- aza- bi cycl of S*. *oct - S-yO*~-di phenyl - pr opyl
The ndiviglual compounds of such combinations may be administered either sequentially
8- - 8= ey : w3yl ) -2
oyl COEUIM SR By b SRt fod oBhRGLch
W[ 3- (( Endo) - 8- net hyl - 8- aza- bi cycl o[ 3. 2. 1] oct- 3-yl ) - 2,

oA AP <0588 A% imay 5yp afueaopset rengenon

i -t hi ophen-2-yl-propionitrile; _
Mg g g Eeter ey TRERIS e G e ici ShlBivageous
properties: (meledefficatiovst hshovegeeatertrielagtvity] Bave fowsert side pffpcts; have a

- di I - I i de: .
g PR B0 L ISR AT 8 (A o svtomi
adJivityr when administered by inhalation; and/or have other more desirable properties than

doh s 3 - t hyl -d-aza-bi cycl o[ 3. 2. 1]oct-3-yl)-2
S"{"%’d‘%ﬁﬁ’é?@ﬁ‘%‘r"g"pﬁ] - met hanesul f onam de; and/ or
(Endo) - 3-{2, 2-di phenyl - 3-[ (1- phenyl - met hanoyl ) - am no] -
o g di ° L : o
ettt cBBol Y ol AGHLR MDY e Ml foropfet #R%u, receptor
shome gesateri saleglivio fiori thel Ade receptor subtype over other adenosine receptor

s@%?@%ﬁ_&%ﬂﬁ%&ﬂ{%@% fo% {ré’d?p%? if?gigﬁékaéaél/dgg%gf?’ﬁém& high§ bound to

azoni abl c

ht(n@rmggrum @Ipummj_eat,eg_ﬂmrpal@mmm,mﬂry'c@rly_ gre_ater than about 95%),
arfr sl %) Ssitde &2 5HBhAurtte ¥l dcbrfectsitRSt HRES R compounds.

Compounds of the invention may be tested for_in_vitro and in_vivo biological activity in

accordance with the following or similar assays/models.

1) In Vitro: Agonist activity against adenosine A;, Az, Azp and Az receptors.

The agonist potency and selectivity of compounds against human adenosine receptors is
determined using Chinese hamster ovary (CHO) cells or yeast cells transfected with the
gene for the relevant receptor.

(a) CHO cells

Two methods may be used in the CHO cells. (i) For the SPAP assay, cells are also
transfected with cyclic AMP (cAMP) response elements promoting the gene for secreted
placental alkaline phosphatase (SPAP). Changes in cAMP are measured as changes in
the levels of SPAP. (ii) The DiscoveRx assay is an enzyme complementation assay that
involves two fragments of f-galactosidase, enzyme acceptor (EA) and enzyme donor
(ED). Following the production of cAMP EA binds to ED, active enzyme is produced and a
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(Endo) - 3- (2- cyano- 2, 2-di phenyl -et hyl ) -
d, 8- di net hyl - 8-azoni a- bi cycl o[ 3. 2. 1] oct ane brom de;

W@ BEnd)6037 ( 2- car banoyl - 2, 2- di phenyl - et hyl ) - 8, 8PCii/RR10hy005651
- 8-azoni a- bicyclo[3 2. 1] octane i odi de;

Iu%ﬁgg&)né %réd%lc{: | ned fo'll?{gm%mf? I%Gﬂﬂo@ oy g@%@l’é )Fog /bgpg Héﬂ"lods the

azonla ctane 10
offoBhufdpstBorToRAds [sisigine by thelveffprisrmat basablehyls @FCAMP- (Az and

Azg&@ﬁg})rsknlr?%rm ﬁ@é@XAM% AZQM ABi cycl o[ 3.2.1]octane

am nes aiso referred to as
Hl-receptor antagonists) include any one or nore of
he yu4 s antagoni sts known whi ch inhi bit
(bLl recgﬁég'rgs and are safe for human use. First
Fogdhe yaastassant regentps simulaiiel orlsed eactivationvaisa ggporter gene, namely

FLRd ’pa[&ih 7! yl{iﬁ@ n BiB¥ing rb?&dﬁp&ﬁ]ﬁlﬁrch ) s@nﬁé(l At diegtowtt YRast cells

ram ne, am ne enast | ne,
are nuktnrp% improaith mediuse ins mg dustidinat ama%tm‘g@frﬁ tast compoutd causes

hls?{g?}egﬁg%\ftﬁgmﬁhr@? in!t0)! éfffiﬁllét% adil g’i ﬁ/gq T‘ﬁr@ﬂe%éﬂéeqé Weasured from

: astem zol e, acrivas azel asti
the predoetianraf shenexciotiscanase @heazyme seqreted m@n@munvely by yeast cells.
efletirizine. Theinventionthus provides, in a

In faH' of tMe'in ?ﬁﬁ%&ay@th@%ﬁ ga&u 'tégﬂ c T i98x eg&‘;&;e%‘é‘ thtRfto that of

or mu or a pharnaceut | ca accept abl
the awa@f@cttm@d@aesm% w&h@f agpnist, M- aﬂntaarbﬁmrmﬂ@ @ﬂenqsmga (NECA).
invention thus provides, in a further aspect, a

In GRIER IR BinilaP aQéw'Q kheSfoRfatd saf Wﬁ@%@n@%uﬁ@fwf%hﬁulé k) W% shown to be
phar maceutical 'y acceptabl e salt or sol vate thereof

h!mgé%'ﬂ@wevm heing,gneater Aoare et toldbpors selgeiyeder Azihan A1, Az and As.
POtENeS Bk ?g\gw% 5REMK FERECAY aRd gehéBfy aeR 0®2: (EWIR vs NECA).

conbi na n conprising a compound of fornuia (1)
phar maceutical ly acceptable salt or solvate thereof

__t_@/ézeqrﬂégﬂqmmﬁtoghagomst activity

LPS model:

Test compound was administered to male CD albino rats prior to exposure to LPS.
Compound (or vehicle) was injected in a 200ul volume into the trachea , via a cannula
placed trans-orally, whilst the animals were under isoflurane anaesthesia. After a recovery
period of 30 min, rats were placed in a chamber and exposed to an aerosol of E. Coli-
derived LPS for 15 min. Four hours after LPS challenge the rats were killed, the lungs
lavaged, and both total and differential cell counts determined. The dose of test
compound giving a 50% reduction in neutrophil accumulation (ED50) was determined.

In this or a similar assay the formate salt of the compound of formula (1) gave greater than
50% reduction in neutrophil accumulation at a dose of 30ug/kg or less.

3) Therapeutic index (TI)

Cardiovascular model:

23



10

15

20

25

30

anticholinergic. The invention thus provides, in a
further aspect, a conbination conprising a conpound of

wo coosuk@311) or a pharnaceutical ly accept abl e BEI/EPN5/005651
sol vate thereof together with an anti hi stam ne. The

SR TRRF 48t SR A RURERE e oir v

left oarvtid attegynarahtiadhHeaswerb zanmdated | T:laé anfterralmhmljla)m&s connected to a

e ol ST RLE HaglieBab FLAPET nAREUR g Heel Thie, ompound

(or eghicle)ewhs adimisteesd imfpthet traxthet lire ai T00Rholame, &he the dose of test

coilafd Yha ol oPtc Meucdnch by PieRlb ey TRéntfry (5p20) wes

deterpunesit e or conbi ned phar maceuti cal fornul ations.

Preferably, the individual conpounds will be
T dﬁr@g %tet%tl o (JFEHEH?PSI?ME el é&gth@ rS{?cI“Bt {he O%%% mo¥he car d| vascular

mod@cappanedowthgbelﬁﬁ5mm thedPS made!] y appreciated by
those skilled in the art. The corrpounds of formula (1)

Tr%nc?%s%aﬂ:qt §et§ﬂ'@n§&’ lf&f%g? rH%?é §Q{ er Aﬁ'ﬁﬁ? %E ?&nma Iﬁﬁs this or a

eecribed herer na

similartnhasiel wsﬁeb@utaﬂlgtml s invention. The conbi nat| ons

referred to above nay conveniently be presented for

use in the formof a pharmaceutical conposition and
(4} hudSA bindingaceut i cal conposition conpri sing

aconbi nati on as defined above optionally together wth

one or nore pharnmaceutically acceptable carriers
Instrugitent: AgileniiRhtQ) HRLE instrnmentsiwere beed tsqugboubf t he
S B SN B G LRI oMLl g purcnased
frapm Cbrqmeemmmbirq UK. separ at e or i n combi ned

Mt@tﬁ@{f{ﬁ?ﬁ% ghﬁ %}ecﬁgﬁrﬁ%' ﬂnblﬂfé t%ﬁ%? gb %\ﬁ %ﬁmémum acetate

erel n my form asp ect of 't
soiuﬁoe,n&/mi@nnomhepfmmﬁ)m@lg Fttbparm!e (HPhG gtatbn Ruagorhai). ohlee mobile

ph%e W?at@ e{sh138 fnﬂ)r‘)aﬁ""l’ﬂ@cdﬁ%ﬁ@rﬁ&?&u% was kept at 30 °C. The gradient

profile and run time were the same with each column, the linear gradient from 0 o 30% 2-
propanol was applied from 0 to 3 minutes. From 3 to 10 minutes, the mobile phase
composition was constant 30% 2-propanol and 70% 50-mM ammonium acetate. From 10
min to 10.5 min the mobile phase composition was change to 100% ammonium acetate
buffer only and remained the same until the end of the run. Each separation was stopped
after 15 minutes.

Detection: Chromatograms were recorded at 230 and 254 nm by a diode array UV
absorption detector at room temperature.

Calibration of the protein columns: The column performance check and the calibration
have been performed before the analysis of every 96 well plate. The compounds used for
the column calibrations were dissolved separately in 0.5 mg/ml concentration in 50% 2-
propanol and 50% pH 7.4 ammonium acetate solution mixtures. The calibration set of
compounds their literature % piasma protein binding and its linear conversion value (logK
lit), as well as typicai retention times, their logarithmic values, log K derived from the
calibration curve and % binding data are listed in Table 1.
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properties: nore efficacious; show greater

selectivity; have fewer side effects; have a | onger
waleooatiies? of action; be nore bioavail abl e by tPEI/EP2005/005651

preferred route; show | ess system' c activity when

m by i l.ation oy have other
TR, LB Bforp et s oPhafigs bty ek ol Rl Buf cebioql, measured
crpamtatogtdpdnrc ddia obtanredumtﬂstheﬂ-ismeolumne(rhtteraturamlytatmere obtained from
re? |y potent at the A2A receptor, show greater
gctivity for the A2A receptor subtype over other
aden05| ne receptor subtypes (espeC| al | y the Al and A3
""" 'ﬁcrll ki rbound 6]
R (opeiifer WHASKAIAAK oY)  SAHSA
i ’ ut 95%) |measdi® measure
ifac effelgts thal hithgrto

W Bg&tx&corrpbundsgaﬂ Q nas, @y The, Eaven Jngﬂet Vodl3 .

Cotl TU 1T Ul LR AN "2 III VIVU T UT Uy \.a T V1 U

Nizatidir@lancel wi t h3bhe Q ; or @284 | 5r0.35 31.1
Bawsagpamodel s. 60 1129 |troo1Agon|r$t17act|0.BBy agal.apt
5

Cé‘r@ﬁﬁﬁﬁé ﬁe AL, Azél f\dg andp 4 LeC&géorjogge agpgle
setegt K of rpourt sl ilncu 0 1;[:“2”

ary 945(02.788| | s @45l east.18lel | s1.40hnsf 836

INthidibind'e gene f g5l sheglr el ery.sgp regogtor.41.68) CHeye lhls
e erts T e
g&ﬁﬁ%‘ssa", cetd:6 gge tHrahste geﬂ ‘"14"é 3cyc 3 AvP
lnd@mmhacmes onse%8 608 ti nb69 he g’bﬁé f or99.5
Dﬁ;mrebed pl acegg.8ll Sbial i n@.? hosphetlase {.8PAP) . 99.5

Changes Tnh cAVP are neasured as changes 1n the Tevels

of SPAP. The Di scoveRx assay iS an enz
T%Wﬁfaé‘ffﬁn% ?P%@O&gem'@ﬁ@@ Values vee eqnarerf?%&rm'@ear free energy

refitéPlogk vaRies A6 §aritRinZY BBpare AeMirity coRéantf 06ing e/ fBRoWAAE @b uation.
(ED) . QFoI I ovvr@ng t he pragguctl onrmgf cAI\/P@EA gl nds to gDﬁ
active enzynme is produced and al um nescent product is
fornmed fol I(p\f,g'gi:-g the addition of substrate. For both

haods th
Lorgrye = ogS [ LS - [Plasma Protein]

(101 - % PPB)

The formate salt of the compound of formula (1) in this or a similar assay showed greater
than about 90% binding to HSA.

The various aspects of the invention will now be described by reference to the following
Examples. These Examples are merely illustrative and are not to be construed as a
limitation of the scope of the present invention.

General Experimental Details

All reactions were carried out under an atmosphere of nitrogen unless specified otherwise
All temperatures are given in degrees centigrade.

Where products were purified by column chromatography, 'flash silica' refers to silica gel
for chromatography, 0.035 to 0.070mm (220 to 440mesh) (e.g. Fluka silica gel 60), where

column elution was accelerated by an applied pressure of nitrogen at up to 10 p.s.i.
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effect of test conpounds is determ ned by their
effects on basal |evels of cAMP (A2A and A2B) or on
wo 200skhodoBn enhanced cAMP (Al and A3) . (b) YeaRCT/ER1005005651
For the yeast assay, receptor stinulation causes
YA Sl BRI OEAR bR T Bl pi i v
plates tmacallvg% ®OHem eiiga et en ladureinigmcioll tpiates] with agﬂmwent indicator
(2‘539?11}1 3% gaﬁllﬁkg 8oL Bi Bgidz@% re%@%ffggbéc'kgﬁ‘ sﬁé% @elt(%ﬂTridges containing

causes hi'st

KetSllnvnmféasbew cgrqmtmramw moﬂ@lgpﬁﬁbchhgsqrE&%@m@d (fSPEmcolumns
artegkﬁ {bheﬁ&t%a .dgés 352% ?X@%Fﬁé@%ﬂﬁﬁ@ah?@ n%ﬂﬁéllwetixrﬁ:%?/rvtgéxgﬁn These
argogiRercinlly @(ﬁ"ﬁb’ﬁtfﬁmb‘f/a'ﬂ%‘s SCQorfviiidass e lorfxebange IRE columns
wherbdhd QtahQnérﬂ Bhasd |std?ﬁy RBERL&S SURNRARRP T'HBSe are used to isolate

receptor agohi st, N-eth car boxam de adenosi ne
apReEA). In these or simlar assays the formate salt of

t he conpound of fornula (1) was shown to be highly

sel ective - being greater than 100 fold nore sel ective

They H-poRspectia were reeerdgd AR Briar diNAP0a 0RIReFRiing<at, 400MHz or a
B%%DV‘P? Mera?ﬁ% 2V DBEIR YO, BMEO WaDAséFMR é’o“{vé}ﬁ%ess stated

o0 anti-inflTfammtory agonist activity LPS nod
othiernise: dafsamathylaianevas vsesk asrisigrnabsigadardcD al bi no rat S
prior to exposure to LPS. Conmpound (or vehicle) was

injected in a 20Qul volume into the trachea , via a
L.@!Ai:ﬁaﬁﬁ_ie_l‘pﬁaced trans-orally, whilst the aninmals were
Tg{ésggidm%gtgggﬁ mzﬂ/%%§t§b%§ﬂr&§coﬁf Lems n%é@é%&%@%e@e“ od

re placed I n chanber and exposed
to an aerosol of E. Coliderived LPS for 15 mn. Four

¢M§f§ys?érﬁ edeAE’§ m%EaJéJnQE&Sd tohes Sﬁb&cmf LGCKBiilﬁIQJS tcBrémn (3.3cm x

l avag differenti al

4 650miDS ewmrwﬁm@a % HzOdbaed ap%wm@awﬁbmatgm wagera(solvent A)
@g%d@/ﬁ 4%09-7‘ 590 Rt P RREonRGE USHIVELt B)) ($riP Phe WBOWIng elution

term ned
gradient 0.0-7 min 0%B, 0.7-4.2 min 100%B, 4.2-5.3 min 100%B, 5.3-5.5min 0%B at a
flow rate of 3mL/min. The mass spectra were recorded on a Fisons VG Platform

spectrometer using electro spray positive and negative mode (ES+ve and ES-ve).

Preparative HPLC conditions

Where products were purified by preparative HPLC, this was carried out on a C18-
reverse-phase column (10 x 2.1cm i.d. Genesis column with 7um particle size), eluting
first isocratically with 10% acetonitrile phase then with a gradient of acetonitrile
(containing 0.1% trifluoroacetic acid) in water (containing 0.1% trifluoroacetic acid) at a
flow rate of 5Smi/min. The gradient was started at 10% acetonitrile and was increased at a
rate of 1% per minute. UV detection at 230nm was used unless otherwise stated.

Mass Directed Auto Prep (MDAP) HPLC conditions
Preparative mass directed HPLC was conducted on a Waters FractionLynx system

comprising of a Waters 600 pump with extended pump heads, Waters 2700 autosampler,

Waters 996 diode array and Gilson 202 fraction collector on a 10 cm X 2.54 cm ill ABZ+

column, eluting with 0.1 % formic acid in water (solvent A) and 0.1 % formic acid in
26
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In this or a simlar assay the formate salt of the
conpound of formula (1) gave greater than 50%

WO e@aatdodn i n neutrophil accunul ation at a doseCDEP2005/005651
30nmg/ kg or less. 3) Therapeutic index (TI)

ac%hﬁﬂue\(&ﬁﬁém%) UQH&lthé\/ﬁJuSwM‘b%hﬁronfga‘&&emebQ) 1.0 min 15%B 1.0-10.0
anaest heti sed | oral ose/ ent obar bi tone and t

mip p§#ER 10T H5 "I"%199°/%Bar16t5r‘tﬁ %W%F’%%ﬁn & Briachedn 0@&5 "W a flow rate

of AN @fd detectingt & 260-322 AMULR robAS t&ﬁﬁ@fﬁﬁﬁé’degs 8pectra were
transducer for the continuous neasurenent of bl ood

regrdeds e MigTamaes r4MP sass SheRERINEE[ diSinge FleciTa) sR{gy Positive and
ne@ﬁﬁﬂenﬂnsa@rﬁsémaié @chie Theasit@ard Osetl WO WMaséymR .5 aitll OpenLynx
f of test conpound giving a 20% i ncrease in
a”ﬂl 6%‘3’06 WeQiaSnd heart rate (ED20) was det er ni ned.
The Tl for a test conpound is calculated as the ratio
t he ED20 i n the cardi ovascul a ar wth
XFHR BBiES, & ool BatayiRs: Corfb o SEoaTNgeRe flwgror simiar
métheddisgyrat e salt of the conpound of fornul a (1) in
this or a simlar nodel was about 7rrg/ kg (4) HSA
e e T cuemout o] EANeEs -ane Natande T ©
I rrmEJ_MT_QEd_HSA_HELQ_c_oJ_unmXQ??WPr@ nm was pu[chased
f r pDiffedvteméteciygeCheshi re, URY.1850bi | e phase and
def 6id %deThe nmobi | e phas¢ 4 was 50 mM pH 7.4
g[l e avb_.cl letb i lgl U::L..r )ﬁl'lcgﬁiq’gfs:\l’llé'\:)l i _T_hgh;;;i !Bevv;l;ase
f1 plirAlpiiad wavelength @) mi n. THE4439unn t enper at ure was
kepRatdn APnd¢:2 The gradi ent opoebo! e and run tinme were

t h nx\é LR each col um, (?P ‘vlgqf\r gradl ent fromO
to L upaIIUI wWas appl i rony 0—to—3nrnutes:
Froﬁﬁ@,ﬂ\ﬂ_ﬂﬂﬁlﬂ m nutes, the up&ﬁﬂg__ggg_i%n

Generator voltage (kV) 40

Tube Current (mA) 45

Detector X’celerator

Data Angle range (°26) 2.000-40.000

Scan type Continuous

Scan step size 0.0167

Scan step time (seconds) 31.76

Sample preparation Flush Silicon wafer

XRPD analysis was performed on a PANalytical X'Pert Pro X-ray powder diffractometer,
model X’ Pert Pro PW3040/60, serial number DY 1850 using an X'Celerator detector. The
acquisition conditions were: radiation: Cu K, generator tension: 40 kV, generator current:
45 mA, start angle: 2.000°26, end angle: 40.000 °26, step size: 0.0167 , time per step:
31.75 seconds. The sample was prepared using flush Silicon wafer.

Abbreviations used in the experimental section
IPA = isopropanol

DCM = dichloromethane

THF = tetrahydofuran

MeOH = methanol

DMF = dimethylformamide
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conposition was constant 30% 2- propanol and 70% 50- niv
ammoni um acetate. From 10 mn to 10.5 mn the nobile
w@b@sa1@anposi ti on was change to 100% amoni unPEEPADE005651
buffer only and remai ned the same until the end of the
=ha j was stopped after 15 m nutes.
Dr&%c??%ﬁpl%éﬂr@f)%ngg? ans were recorded at 230 and 254
EtAwy ethytrestiear ray UV absorption detector at room
AERMSEAS e Calibration of the protein colums: The
col um pertormance check and the calibration have been
CHErT eclh@x®g ore the anal ysis of every 96 well plate.
5 DIRO SamaIsdphs&s: for the colum calibrations were
di ssol ved separately in 0.5 ng/m concentration in 50%
R} = igp@damperaiife 50% pH 7. 4 amrmoni um acetate sol ution

DRIAP L4 Rffmethii8nfiRipyRdiaé | on set of conpounds their
literature % pl asima Erotei n binding and its |inear

HaEHV & r QtlérizahearotiiazegkyDiN. i, N' Ak tetrametiydurprigine hpxafiuorophosphate.

NBS=aQbrsthoducB®indd hei r | ogarithm c val ues, 1 og K
derived fromthe calibration curve and % bi ndi ng data

10 IMj 3 industrighmethyielggd spift Tabl e 1. Cali bration set of

TE ArPBHG6Hoaddtichacidei r literature and typical neasured
ch_[ona%_orgraphi c data obtained with the HSA col um.

Beq T &5 LianiPUYIYSamRePY obt ai ned fromref. 16.) The

R{ Er&epfighndo PPB (bound in pl asma) val ues were
-\c}ggpverted to the linear free energy related | ogK

h\puEs (l ogarithm of apparent affinity constant) using

15  minhfid@ékpw ng equation. % PPB Log K =1log [ ]- [Plasma
Prot.ein 01 - % PP e mate salt of the
F'eﬂwlmi' bord Mer {%W% O3Sl og! Tsters fo ek ART No. 7734

showed greater than about 90% bi nding to HSA
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The various aspects of the invention will now be

descri bed by reference to the foll ow ng Exanpl es.
wab@saidazanpl es are nerely illustrative and arBCTBP2008005651

be construed as a |limtation of the scope of the

inreafile { Nvention. General Experinental Details All
“Teactrons were carried out under an atnosphere of
Transriegeyclohpxanediybisiiming(2seheroP Houpine-6, &b AR AFRAR, 5R)-5-(2-

i ' [ ; ucts were

e R e U A R L P PO

refers to silica gel for chro tograp{l’y, ch@B5 to

0.070nm (220 to 440mesh) (e. g, Fl4kd $ulica gel 60),

where colum el ution was accel er \by an applied

pressure of nitrogen at up Ct'\q’/ .SNNMWBere thin

| ayer chromat ography (TLC) h& en used, it refers to

silica gel TLC using plates.tywically 4 x 10 cmsilica

gel on alum niumfoil pl at_@)\;\:'at h a fluorescent

i ndi cator (254nn), (e.gMFdka 60778). Biotage refers

to prepacked si‘ﬂ*bca g

run on flash 12':&N hro

RTri dges contai ning KP-Sil
adtaphy modul e. Solid Phase
Extraction (SPE)™ s are pre-packed caRTri dges
used in parallel § i_gations, nornmally under vacuum
These are commergi al ly asHail abl e from Vari an. SCX
caRTri dges are_lon Exchange SPE col unms where the
Ast BtXtRar yof ph &R SR ey Ade Plighiang ShPubiniSrBhp-¢2-gHy2h-tetrazol-5-

YRR dRGanSAdP diagelafd @intiinediste 7hia WOIBISRBECLIFBg, 5mmol),
were recorded on a Bruker AV400 400 operati

traftsolvz, JBMINPCKF RerANBHRIomg. BEEMAN Aol IPEAGRAEOML) in IPA (30mL)

wiP stideOatid hetitel tht 9°6 G §9 bh URKS Soofitdd 661t WAS Yérided in vacuo.
Tetr anet hyl si | ane was internal standard. LC/

.used £ ) VS .
Crydereagtion@iyrg Wap aﬁfﬂftﬁ#a?%gfaéﬁr@"%@'%éew%6’19;9) eluted in a
grabiichMibis ¥dieHExabs BrougRNG S¥herane/dthfYnctiste cABItS e to neat

a Supel cosi.l. LCABZ+PLUS col unm, (3. 3cm Xx
etﬁ;r/]acetatepﬁppropriate ractl?ons were combll'lned a(nd upon removal of solvent in vacuo,

the title compound was obtained as a white solid (1.46g).
LC/MS R; 3.58min m/z 983 [MH]"

Intermediate 2
Trans-N,N'-bis[2-chloro-9-(tetrahydro-2H-pyran-2-yl)-9H-purin-6-yl}-1,4-
cyclohexanediamine

Ch N Ng?
e,
N ,O“\NH
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4.6m D) eluting wwth 0.1 % HCO2H and 0. 01M anmoni um
acetate in water (solvent A and 0.05% HCO2H 5% wat er
WO pooagetosni tril e (solvent B), using the foll oweEP2005/005651
elution gradient 0.0-7 mn 0%B, 0.7-4.2 mn 10098,
4.2-5.3 mn 10098, 5.3-5.5min 0%B at a flow rate of
ded gn a Fi sons VG

3nL/mn. The SS_spectr rere .
A BiZed SHsneDson St &%@@5’0@-&%%@!\&?-%8’-%?% Vepidne dpigrmediate
1 ieYR03/@80ed AL (MBS 8 mnwleESiny ép-prepansh (0 wapitreated with trans-
1,4-@iEthihbcyeohdkariee (B16g¢ uBt.Smimeled) parid fdiedpropyipihglatid | (18ml) was
hddddat A93CSoMEpuEar ri ed out on a C18- reverse-phase

0 cmi . d. LS. ith 7 .
A rréf*ss:ﬂéﬁé*@%ﬁl%ﬂ?ﬁ?E@bizsﬁ%ﬁig?egﬁw?? 399FH anggpeating was
coptipyeshior PifP%h%h%QU&She‘ﬁfqﬂh@hpamgv Shtramg 1 4rdiaminocyclohexane (0.9g;
7.ametotas) wais| addedoartdahenting v@asl eortinuéd dor @ fother G bavirs gt B6°C. The
suspéRdion wWasbAdwed B Socl 16 hfbidnt &nasetafute” aRd Was afibwed td Stéhd. The
sog{@te\ﬁ%sorﬁltt?rg}i/e 6}?% d s %gﬁ%ﬁ@ng@é—@é%?g%n?&iéﬂ) ; ther then was
suke . dbqui?‘@éﬁgig>awa§mﬁsoaaé BoLucen, Rifis Bestate and saturated
agyleres gpdiemdicarbenata/pelytin. r Ee agrenys phepse pnd RojisPyassen@rated and
wan agtrdcteanhwitiPethytacatate, e Undissolvid edlidewlasfteCetvand partitioned between
crgcgeﬁﬁﬁta?fgj ?iur%tééﬁis@di&n ﬁfic?a%?(r?é@éé@%ti&ﬁSt'l'ﬁﬁ‘e&gfﬂﬂ{édsétngrggic extracts
wefl Bietl vt Sl Bl and (B8 SGRERCwaS ?%gf%{%t&% ¥, f8stitant foam
wagysusnendeqd Hhetyl peetater topgive a18rligm Whe selentwas evaggyated and the
resideiwas telutated githi etherOtolgive & sold evhivbi wlas filtaxed ff, was washed with
ethéradndeds dedad drévide ﬁfeft?kﬁdmﬁﬁiﬁii ?ﬁ?mk@ abnc{j k1e.e:;,g).
, (0] ow ng el ution gradlent:
Lé{%—%‘%ﬁr@h 'ﬂ)g%a%fb@mi 0 min 5598, 10.0-14.5 min
9998, 14.5-14.9 min 9998, 14.9-15.0 min 1598 at a flow

rate of 20 mM/mn and detecting at 200-320 nm at room
Infeempdintetdir e. Mass spectra were recorded on M cronmass

NIZNRUFERSS1, SR GEOhBRE iy IBRIRB LS IY1-1 PLiaNd 2311441 )eRnyAT19-

UGk B P SRR SR onlyn opti one.

e
N N NS N
<y T;L>
/N 3 N
H,C N

e
N N)IN\
MO N\Q\/\L}/k\”l g

A mixture of Intermediate 2 (10g; 17.0mmoles) and N-methylhistamine (25.4g; from 100g
bistosylate, 203mmoles) in anhydrous dimethylsulphoxide (20ml) was heated at 115°C for
24hours. The dark solution was allowed to cool to ambient temperature then was diluted
slowly with water (400ml) followed by ethyl acetate (75ml). The mixture was stirred
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XRPD anal ysis of certain salts was carried out

according to the followng or simlar nethodol ogy.
wWXRPBD1am0at ysi s was perforned on a PANal ytical PCPEP1005/005651

Pro X-ray powder diffractoneter, nodel X Pert Pro

G BUPLER the §idd 1uRHEREE SBIAAR0MPLAReR N X THe! &id Wik fi
V'%D\e/r\?'gsc)?gr ﬂ:f%e'ak? lui é%l op con |?i S a/erg‘ f’h ion_ﬂltered of,
was whehedaiiitywaig shiLyas fed e ne dilizsomieund (220 45
LGS Bt 208miarmiz883KMaeHYdl", €HMHRgl e: 40. 000 2Q step

size: 0.0167 , tinme per step: 3 1.75 seconds. The
%mbigtevx@.s prepargd using flush Silicon wafer.

ons, used | ' I ' I =

N s v elipSang bR R ARGk i an
pwing2.6-diamingtol DVF = di net hyl f or mani deDl PEA =
di -i sopropyl et hyl am ne Et OAc = ethyl acetate ACN =
acetonitrile = cycl ghexane DVBO =

di net hyl sgi fioxt deTRT)E Koom tenperature DVAP =
4- di met hylam nopyr iNgy TU =
O(7-Az nzotri azol MiL-yI )-N, N, N, N -tetranet hyl uroni u

m hexaf | uor opho t'e. NBS = N-bronosucci ni nde | M5 =
i ndustrial net ed spirit

HN
/=N NP SN
”3°’N\)\/\ﬁ/<IN>

A solution of Intermediate 3 (11.8g; 15.4mmoles) in methanol (100ml) was treated with
2M hydrochloric acid (25ml) and was stirred at ambient temperature for 4hours. The
mixture was concentrated to remove methanol then was diluted with water (50ml).
Saturated aqueous sodium bicarbonate solution (70ml) was added and the mixture was
stirred for 1 hour. The solid was filtered off and was washed with water and dried. The
solid was stirred with water for 15mins. Suspension was mixed with chloroform and
water. Methanol was added and the mixture was shaken. The mixture was concentrated
in vacuo, methanol was added and evaporated. This was done three times to furnish a
solid. The solid was titurated with ether filtered off and dried in vacuo at 35°C to give the
title compound (8.2g).

LC/MS R, 1.73min m/z 299 [(M+2H)/2]*, 597 [MH]"

Intermediate 5
Trans-1,4-cyclohexanediylbis[imino(2-{[2-(1-methyl-1H-imidazol-4-yl)ethyljamino}-
9H-purine-6,9-diyl)(2R,3R,4R,5R)-5-(2-ethyl-2H-tetrazol-5-yl)tetrahydrofuran-2,3,4-
triyl] tetraacetate
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TF A = trifluoroacetic acid Boc =

t eRTi ary. butyl oxycarbonyl Rt = retention tinme h:
whews(is3ni n: m nute(s) Flash silica gel referBCT/BP2005/005651

Merck ART No. 9385; silica gel refers to Merck ART No.

77341 ntermedi ate 1 o

rrans-1, 4-cycl ohexanedig/| bi &fgm no( 2- chl or o- 9H puri ne-

6, 9-diyl) (2f? 3/7?, 4R, 5f H-B- (¢

ethyl -2/ 7-tetrazol -5-yl Ytetratiydrofuran-2, 3, 4-triyl]te

traacetate A m xture of o ZA T

(2R, 3R, 4R 5R) - 2- (2, %- di chl pro-9 ri §99-yl)-5-(2-ethy

| -2h-tetr azg)“jz\y*'j drof uran- 3, 4-diyl diacetate
(I ntermedi ake I7 in Wips/ksz19), (2.36g, Smmol),
trans-1, 4- dr am nocycl exane (630my, 5.5nmmol) and

DI PEA (0. db ) i PAN 3071L) was stirred and heated
at 600C for 19. ter cool i ng sol vent was renoved

i n vacuo. Crudewfeaction m xture was purified on Flash

Silica |soluye @artridge (50g) eluted in a gradient
from cycl ohéxajpe

hr ough) T, _cycl ohexane/ et hyl acetate
(1:3 to 1:1)w %&;W H

cetate. Appropriate
f racpi&rl@ e cont ned and upon renmoval of solvent in
HGacuo, itle conpound was obtained as a white

solidN(1.M6f). T MS Rt 3.58min nmfz 983 [MH +

I nter Fat &,

rran’yV, / V- bi sY 2- chl or o- 9- (t et rahydr o- 2H pyran-2-yl ) -

9H purin-6-yll-1,4- cycl ohexanedi am neA stirred
ASH%PeenSi < Io{ iate 9. es) in e agptate was treated

FUBREOR Ur 8%"‘??8& r%ﬁ?fgi;'o- EWBW 5?1-"2- g‘g} agpts p@loml?e
with Atseiyiien; oftel-Acstic aNth3REaMBagxVAR-2-cthy!-BHiskeazek§-y)rietrahydro-
furameB Ry ogsierolinteG0Ekte BrafsVMOO84288d9)\i(1h4g,r 2th2mmoles) in ethyl acetate
(50mf}- ShcrWaBOSIHIdL e Y20 DBUSE.54m); 23TBMiASIEsPMds added followed by
trime{h@%ﬁ%omﬂaﬁet W%ﬂm:;” %2.(%%!293)\!\’5‘3%9 reaction was stirred at ambient
temperature for 4.5hours then was heated at 50°C for 3hours. The reaction was allowed
to cool then was left standing overnight. Water was added followed by saturated agueous
sodium bicarbonate solution. After stirring three phases were obtained. The aqueous
phase and oil were separated and were extracted with chioroform (x3). The combined
organic extracts (chloroform and ethylacetate) were dried over sodium sulphate and the
solvent was evaporated. The residue was chromatographed down a column of silica
(Merck ART 9385 600ml) eluted with chloroform (400ml) followed by
chloroform/methanol/0.88 aqueous ammonia solution (95:5:0.4). Appropriate fractions
were combined and the solvent was evaporated to give the title compound (9.5g, 4.2g
of 90% pure product approximately).
LC/MS R; 2.33min m/z 581 [(M+2H)/2]"
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heated at 75C for hours. Additional trans-
, 4- di am nocycl ohexane (0.9g; 7.9muvl es) was added and

wheasiing3nas conti nued for a further 1lbhours. PRCT/EP10h&605651

portion of trans- ,4-diam nocycl ohexane (0. 9g;
7. 9rT Ies) was added and heat i ng was continued for a

B, s IR AR R AR SRS fied (o ctand.

cmmhedlyﬁas[lmidd(MM1ehétmndHViaﬁdmh%d)emyl]‘ammo} -9H-purine-

SP- I I b ucked dry.

R e T e T s R e L
acetate and saturated aqueous sodi um bi carbonat e
sol ution. The aqueows pbase and solid was separated
and was extracted w t/<et hyl acetate. Undi ssol ved solid
was flltered and par%r;hﬁg bet ween chl or of or m and
sat ufa Mo rbonake spl ution. The conbi ned
or gani c trac?ﬁ%;EﬁE dried over sodi um sul phat e and
the sol vent was gvaporated. The resultant foam was
suspended in ' acetate to give a solid. The

sol vent was .. orated and the residue was triturated
with ether'Nlto give a solid which was filtered off, was

rwvashed Net her andCHwas dried to provide the t|t| e

0 oI|d(16 39). LOMS R 3.33mn
%’ MH] Nnterrredlate 30 i
"Ytrans- L, 4- cycl ohexaned| yl bi s[/V2-[2-(1 -nethyl -

t f i d@zol 4-yl fethyl ] - 9-
(tetrahydro-2//-pygan-2-yl)-9Wpurine-2, 6-di am ne] A
m xture of Internediate 2 (10g; 17.0mm!es) and

N- net hyl hi stam ne (25.4g; from 100g bi stosyl at e,
203mmol es) i n anhydrous di nmet hyl sul phoxi de (20m ) was
heated at 115C for 24hours. The dark sol ution was

[2A4|-methbitignidazsl-4 yhethmiaraine (7@3mpar BAmM wreRdged to Intermediate 1
(3d®r¥1 tesh rﬁﬂ/lgms!éol%d i MRl Grous HRASD k5 ! ér@"’lﬁg sQMtt@ﬁ %4 stirred under

ace ate e mXxture was stirredvi gorously

nitgegen ak Fléo & |f)E‘k§1'I‘ uffd tha alyvediiq iceal- é/H@Febr(%‘P('éh was added and
pradipitste| wak iteredl lotreVifictPfvlas purified by mass-directed autoprep HPLC.

Appropriate fractions were combined and evaporated to afford the title compound

(36mg) as an off-white solid.
MDAP LC/MS R; 2.39min m/z 993.7[MH]*

"Hnmr: 250MHZz"

Shift (ppm) Multiplicity Integral
8.15 s 2H
' 7.80 s br 2H
7.40 s 2H
6.80 s 2H
6.30 s br 2H
6.00 d 2H
5.85 s br 2H
5.20 d 2H
4.82 m 4H
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was washed with water and was dried to give the title
conpound (12.2g). LOMS Rt 2.08mn mz 383[( M2H)/ 2] +,

wWQ 8®pMH037 | nt er medi ate 4 L/ 6, PCT/EP2005/005651

61 - fraps-1, 4-cycl ohexanedi yl bi s{\2-[2- (1-nmethyl -1Him
da2 gl -4-yytyet nth 3Wpuri ne- 2, 6- difam nej sorutijon
of I nt er nediate——{131-8¢—315- '-rmlr'JS) H—et-hanol
(100m ) queﬁﬂgd witH 2M 89Hrochloric AdHid (25m)
and was sltirred3.gd anbi @nt tesperatlure foeH4hours.| The
m xture was conggptrateq to ggmove |met hangh then vas
di l ut ed V\vrrnwvaé% 50my) .  Sajurated aquegps sodigm
bi car bonate—sel-ttHeon—{+gr)r—was—added—and—the—m>¢tur e
was stirrled for2.88hour. |The dbrid as fil#Bred off and
was washegd w thipater arld drtivgd. The sol i thHvas stijrred
wth water for 15mns. Suspension was m xed wth

chI qrgform and water. Methanol was added and the

e was shaken. The m xture was concentrated in

zmos,smwmwswmamwam mmmadduyMsmmz {[2-(1-

mefE b gl A ey ok b e Sy ater - Riiar-tetrazor

5-ghtedafydmo-gdfardritioll i t | e conpound (8.29). LOMS R1

H,C

1.73min mz 299 [(M2H)/ 2]+, 597 [MH + Internedi ate 5
Trans-1, 4-cycl ohexanedi yl bi s[i mno(2-{[2-(1

- met hyl - 1H-i mi dazol - 4-yl )R, hylgHam no} -

9H purine-6,9-diyl)(2/?,3/7, ?,j\/’P) 5-(2-ethyl-2/y-te
trazol -5-yl)tetrahydrofura NN ]

tetraacet at eA suspensi on I nt di at®e 4 (5. 5¢g
922mm|es)<)" e (50m) was treated W|tha
sol ution of - Acet ing_

4R, 5-di ac gxy 2R-(2-e hyI 2Htetrazol -5-yl)-tetrahydr
of uran- 3Ryl est k¥t ernedi ate 6 of WD08/28319),
(11. 49, 33.2mol @n et hyl acetate

Ii D

\/N/
Y

0
W

HO OH

A solution of Intermediate 5 (18.1g; 15.6mmoles) in methanol (150ml) was treated with

sodium methoxide (1g; 18.5mmoles). After 30minutes Dowex 50 [H'] was added to

neutralise the solution and additional methanol (100ml) was added. The resin was filtered

off and the filtrate was evaporated to leave the title compound as a foam/gum (13.3g).
LC/MS R; 2.06min m/z 497 [(M+2H)/2]".

THnmr: 400MHz
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20

(50mM ) and was cooled to 00C. DBU (3.54m ;
was added followed by trinethylsilyl

W@ 2009/mOBES) .

The reaction was stirred at ambi

triflate (1

23. 6rmol es)

5.4m ;

BCI/EP2005/005651

tenperature for 4.5hours then was heated at 500C for

3hours.
st andi ng

The reaction was all owed to cool
overni ght.

WAt er was_adde

t hen wa
fol | owed by

s |eft

saturated aqepigppedi umh Muttgliogatie solntegein. Af {er

tﬁree @Q@ses wer e obg al ned.

The gqueous

phase

stirring
and oil were 33}
chl or of or{m<{ xa\

ated 3

he—conbi nedl

Td Wl:‘ E?Xl l acted

lll
cts

(chl or of arm and7 47

T Trco—ot

hyl acet at e)® were

dr| ed blder o)

di um

sul phat e j[and t heos

ol vent

wass Bvaporat ed. Fihe resi

lue

was chronat ogra@‘gga dowp a cad um

ﬁ)ﬁSl I 153 (Mer

ck ART

9385 600r
chl or of or

(95: 5:0.4) . Apph-8p

et

wrth

8Briate|fract

chi-oggf orm(406mt ! fott+owed by

ons Wwer e co?ii ned

and

t he sol vgnt wass py

apor atjed t®bmgi ve

the tigle conmp

bund

(9.5qg, 4. Zg of g

Jopure

DLN [

produrt approxi

TTELgT Y] -

CC/ MS

Rt 2. 33mm——ntz—58t
{2R 3R 43,5R 2R

(S R4 9

Lo
e |vrr¢‘|—|)—r§5?:xanpfc —+orme—=a

414t ranc.zh'l 4-

etd -

cycl ohexdnedi yl 468

[irrin()(2 {[qz (1-nrethyl

-4WV i ni d

arol -

-yl) et hylil] am not g8

H pur ijne-

s br

2H

6,9-diyl)

1 YOI ST oL 2= eThyT=

ZWSI etraj

ol -5-yL)retra

nydr o-

3,4-fura
[2-(]-met

UIUIJ

hyl -1 l—é

=. J.}

#4i dazal

- 4-yI" et hyl

1 ani ne#i763ny,

6. 1mMV) wds " addeai72

o Inteérneditate 1

(300rmy4HO. 31

m

di ssol ved

i n anhyﬁl

rous Odg n)

and thgysol ut

i on

was stirre

UHUFT T tTo

en 172U

C——for ﬁ"rr a

t hen al | owed—teo
preci pitate was fi

60

\I\ +gr )
Cr—(2Zot—y

|tered off,

W o and
WaS—aaaet—aha

whi ch was purified by

Saasepatati®@ct ed aut oprep HPLC. Appropriate fractions
evaporated to afford the title
an off-white solid.

i i i

Compound as free base (300mg) was dissolved in ethanol (4.4mi, 14.7vols) at 75°C.
Maleic acid (35.9mg, 1.05 equivs) was dissolved in ethanol (1ml,
temperature. The maleic acid solution was added portion wise to the compound/ethanol
solution with seeding with heating to 75°C as appropriate. The resulting suspension was
aged at 75°C for 30 mins before cooling to room temperature over 2hours and then aged
at room temperature for a further hour.
with ethanol (1ml) and dried at room temperature overnight under vacuum. The yield was

84.9%. The XRPD trace is shown in Figure 1.

Mono terephthlate salt

Compound as free base (300mg) and terephthalic acid (49.2mg, 1.05 equivs) were
suspended in ethanol (5.4ml, 18vols). The suspension was heated to 75°C for 30 mins,
then cooled to 40°C and left to temperature cycle between 0-40°C overnight with magnetic-
stirring. The product was isolated by filtration, washed with ethanol'(3 X 2ml) and dried at
60°C overnight under vacuum. The yield was 71.3%. The XRPD trace is shown in Figure

2.

35

3.3vols) at room

The product was isolated by filtration, washed
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MDAP LC/MS Rt 2.39mn mz 993. 7[ MH + 1Hnnr:
250MHz+Exanmpl e 2 (2/7?,3/?,4S,5/7?
WQ@200318087, 41 S, 51 /?) -2, 2l -{frans- 1, 4- cycl ohexaPedEp10b$/a05651
[i m' no(2 {[2-(1-
yl - 1Wi m dazol )ethyl]am no}-9W puri ne-6
In a3y a[gt?rypl)\ﬂe}rmatg[)g Il'(eztegqq)g‘ry',latg salf was geappred as follows:

The-domgdoahd @B YeObabedf g)r mdls@lsbe:ﬂeaoh @tnamm @h ml, 80 vols) and was

B P T o A ek B 1 e

to et soluiBdmontidnesisBowexa périgded 7 hamsa‘ﬂimbaeluﬁp@nﬂeutv\raal there cooled to

ro%rﬂgtéeg@ br%nfcﬁngvoa%‘g&§'\9iﬂ\al e{ﬁkﬁa%ﬂrm@l% 5”\)/? tra?n left at room

e resin was [tere
teraperpiyeferd 3t dayse withoythanyt mageetico sieRind The Brofeinvgs m;o'ated by

filthalion, 3gdshel WitdSetRarRol OB Bmi)l aﬁwd4&7ed[ (Ve 5&& dhder Jédaxmn The yield
Salt preparation Mono nal eate hydrate salt
Waé%??%;%nd as free base (300ng) was dissol ved in ethanol
(4.4m , 14.7vols) at 750C. Maleic acid (35.9ng, 1.05
Maguphthalateasaltli ssol ved in et hanol (1m, 3.3vols) at

L ut i ded .
RPN ke SRBER. Bl L GRS P vere
suspeadedin efhaholGatrilngBvoats).7 TOE saspesinnopas beated ThE5°C for 30 mins,
whrgﬁf‘ ﬁ“vHug%lofcllﬂﬁgﬁ %Séo(ﬁﬂlows]'h%gr%gc fgn rz%?e (A% c%gle'&nt 8°C and left to

efore C to rooni tenperature over Ifours
teroparatusey evjclatbetmﬂn 00 memtght fvoth magmattchsirmrbg)ur"r heTreduct was
lsopa{tﬁdj Bgtrltm§n \fogéﬁéé:egm%d{énoi 2”‘;('299) al\‘\%r%g?% ra‘é“G%)S% rovernhc‘tht under
VawmrTh@waldmaST&QEO%l é]hdmﬁac@%shd'\he infRPpDet3.ace i s
shown in Figure 1. Mono terephthlate salt Conpound as

free base (300ng) and terephthalic acid (49.2ng, 1.05
Seedsiimay) beyproduced by conventional methods using the desired acid (for example,

maleic acid, hydrochloric acid, terephthalic acid, and phthalic acid) and by the methods
described herein. The resultant seeds may then be used in subsequent salt preparations
of typically the same salt but may also be used in the preparation of different salts, to
improve the crystallinity of the salt product.

Example 3

Further preparations of (2R,3R,4S,5R,2'R,3'R,4'S,5'R)-2,2'-{trans-1,4-
cyclohexanediylbis[imino(2-{[2-(1-methyl-1H-imidazol-4-yl)ethyllamino}-9H-purine-
6,9-diyl)1}bis[5-(2-ethyl-2H-tetrazol-5-yl)tetrahydro-3,4-furandiol}] by process A

Stage 1:

Acetic acid, 4R-acetoxy-2R-(2,6-dichloro-purin-9-yl)-5R-(2-ethyl-2H-tetrazol-5-yl)-
tetrahydro-furan-3R-y! ester (Intermediate 7 of W098/28319)
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suspended in ethanol (5.4m, 18vols). The suspension
was heated to 750C for 30 m ns, then cooled to 400C
w@eeshefos7t o tenperature cycl e between 0-400C PUBEPI0g$005651
with magnetic stirring. The product was isolated by
filtration, washed with ethanol ¢ 3 x 2m ) and dried at
6Q0C overni ght under vacuum The neld was 71. 3% The
XRPD trace is shown in Figure)Z\ n/}a@ alternative
nmet hod the terephthlate ¥&{t frepared as foll ows:
The conpound as free b §M) was suspended in
et hanol (80 m, 80 vol's) andwas heated at 800C to
forma solution. The ter ep@al‘}%naci d (123ng, 1.05
eq) was then added to the at portion w se over a
period of 7 hours. The suspension was then cooled to
roomtenperature for two days with magnetic stirring

Trmh% [ ﬁlh@f@lﬂeﬁfénegﬁlfdn‘émzb@'ﬁpgﬁ@b WirRol} Qs 3d88Y f a suspension of
wi t hout any netic stirrer. product was | sol ated

2 BichOTAUER® b, 1 AndsRE Mineh Ineawmme((%‘o'@( mirang stkedden ARminutes.

THéY\eéf So1G4¥n &W@ﬁAcét@%mRmaéét&Jyohm@etﬁgl%H Mol -5-yl)-tetrahydro-
ht hal ate salt free base

fur}?ﬁt%}"l Q,St%fc@'ae@@'aéﬁgf’ O&V\@Sé%ﬁm)sﬂ?@e?r Y g&iﬁéﬂ'@@ﬂ in geetonitrile
(580 Cf'ﬂhs @@déd"*bver]&i’ AHistes. THBe THRRAD Wa@ %tlH@& ah%ﬁ*bﬁ%t t@mperature

750C for 30 mn ere it virtually

OVERIght thah q“ﬁﬁ'éh?%%'ﬂ VG290 ERILfoRA "8!6'8?%&"9 Sercertuates aqueous

soHEnH bk@rbbﬁ&ﬁe(ﬂ & W eTrey chﬁoﬂﬁﬂé’\ﬁﬁﬂ ePapt?iied AvartAe G@éultmg aqueous
netlc stirrin roduct_was |solate

W"ﬁ ?’E“ia&{el opith W&Q'ﬁé‘?ﬁ“ﬁw‘g?@ & K1t mP2 Thexermbineg qun&jeﬁfacts was

wRAEE Witk efaflirstet aqndsus Yl fBlcaTMa)é glod rﬁ@s:va&er @0 rﬁiy edned over
XRPD trace i s nFlgqure

e TRl T TSI B Ao e e U AR BLYRGH  TPA (1) at
50803 2Ea\R) tolEbloat 42U hld sBYEHHOAHY Qfdldété&l Oooling"vNédHlihiiéd to about

thal ic acid hads desc i bed
2638 S A0SR 20k ) 20 Aot il ey The Fixture was
coaléb&eoamt 25%0 tfiltlereRl) aWahe® With IPA (3x170 ml) and dried to give the title
compound (111.5g).

Stage 2:

Trans-1,4-cyclohexanediylbis[imino(2-chloro-9H-purine-6,9-diy)(2R,3R,4R,5R)-5-(2-ethyl-
2H-tetrazol-5-yl)tetrahydrofuran-2,3 4-triyljtetraacetate (Intermediate 1)
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of typically the sane salt but may al so be used in the
preparation of different salts, to inprove the
w@eaostiadoBT nity of the salt product. Exanpl e 3 PFUF/ERBN5/005651
preparations of (2/?,3/7?,45,5 ,2>/7?,3>
)4>S,5>/3)-2,2>-{frafis-1,
cycl ohexanedl yl bi s[i mo_njg(f{[ 2- (1J nmet hyl - 1Wi m dazol -4
-yl)ethyl]am no}-9 -purime- Ny
6, 9-diyl)]}bis[5-(2-ethyl @—Két,[;azol 5-yl)tetrahydro-

3,4-furandiol] by process gge 1: Acetic acid,

4/ ?- acet oxy- 2f ?- ( 2, 6-di & \nlo purin-9-yl)-5R-(2-ethyl -
2Htetrazol -5-yl) - hyd7 o- f ur an- 3R-yl ester
(Internediate 7 of V\098/ 9Tr|msthyIS|IyI '
trifluromethanesul fonate (200 900.9 mmol ) was added
to a suspension of 2,6-dichl orep arfne (85.1 g, 450.5

nol) in acetonitrile (850 m) ajgwqtlrred for 45

m nutes. Then a solution of rely=Ace acid
4R, 5- di acet oxy- 2R- ( 2- et hy;hs azo 5-yl)-tetrahydr
ofuran- 3R-yl ester (In e 6 of W098/28319)

(123.2 g, 360.4 mol) in acet ltrile (510 m) was
added over 55 minutes. The nPxt@re was stirred at

anbi ent tenperature overni ghij\;h guenched with water
(200 m) for 10 m nutes and then saturated aqueous
sodi um bi car bonate (1.6 L). The acetonitrile was

R AL Rl 8 .5 45 2P eSSl (1602 o,
14W yamal), Qﬂ-'isfo lemwamwae Hé2R.2irbih 7626 unmibh carglgise-puspancl (550 mi)

wis, Be ot o B crd, ot b ratrd LB Ao idesthe e 08 o), o

/saprbpyléfhﬁamirie (6etsmi)ivesscidded and heBtng cohtihuext fob@A&ther 24 hours. The

miile §5n cBoRRE o8 ‘Goalife uBESAREm B PRI Rl nerttf 10 - for

hoads Tag emr@tw&then 4006ied fto arribﬁbmiemsperétbfe filtered ramdweasshed with ethyl

algﬁ?)%ll %gtrﬁpﬁgﬁ gq%g% I l %Pﬁeg V@ls&ﬁ)q a‘%o‘h%l HDS'% n(ll}z g‘ ;Q °C for 1

hour, cooled to ambient temperature (about 30°C), filtered and washed with ethy! alcohol

(250 ml). The wet cake was reslurried with ethyl alcohol (550 ml) and water (110 ml) at
78 °C for 1 hour, cooled to ambient temperature, filtered, washed with 5:1 ethyl alcohol /
water (240 ml) and ethyl alcohol (250 ml) then dried to give the title compound (77.9 g).

Stage 3:

(3R,4S,5R,3'R,4'S,5'R)-2,2'-{trans-cyclohexane-1,4-diylbisfimino(2-chloro-9H-purine-6,9-
diyl)]}bis[5-(2-ethyl-2H-tetrazol-5-yl)tetrahydrofuran-3,4-diol}
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conpound (11 1.5g). Stage 2:
rrans- 1, 4- cycl ohexanedi yl bi s[i m no(2-chl oro-9W puri ne-
wW®G2®sdiepB) (2/ 2,3/ :?,4/:7?,5({?)-5-(2-ethyl - PCT/EP2005/005651
2H~tetrazol -5-yl )tetrahydrofuran-2,3,4-triyl]tetraacet
ate (Internediate 1)A m'xtuge of $tage 1 ( 1 10.3 g,
234.2 mmol ), 1, 4-frans-dba noqwn ohexane (16.02 g,
140.5 mol ), di-/sopropyl gt mine (122.2 m, 702.6
mml ) and /so-propanol (559°m Mwas heated at 82 0C
for 20 hours. Extra 1, 4-frans-di am nocyl cohexane (0.8
g), di- /sopropylet hy(l;,a,@ niert& 1 mM) was added and
heati ng continued for an r 24 hours. The m xture
was cooled to 50 OC, diluted h ethyl al cohol (250
m ) and heated at 50 OC for H The slurry was
then cool ed to anbi ent tenperatur \Nfi |tered and
washed with ethyl al cohol (250/ ./)Ihle wet cake was
reslurried with ethyl al cghol Nl § at 78 OC for 1
hour, cool ed to anbi ent/4be ure (about 300,
filtered and washed w t/h e'fhy: al cohol (250 ml). The
wet cake was reslurried w thoetfyl alcohol (550 m)
and water (110 m) at 78 OC for 1 hour, cooled to
anbi ent tenperature, filtered, washed wth 5:1 ethyl
Sadicmhokthbxidat(0:163(401. Frimmalh dvast ddded atb cao shirry (&5Stage )3 (77 g, 78.2

m&{yfﬂn g{eltl%ﬁj afcgh&i(yﬁ) }nrl}eantdi s&il'rgd ?09%%%{}9& ('Fh7e' s%rg} Waé? tfif’ilec"r(c-%d, washed
witlBmethyEalsst 3 (3J0anip abll [diied B dive thertitlescaypdwitb(Glikg)l, 4- d

KO R BURRS 508 B B DI RBIAGHE ) 1 890307 e P14 H. br

sy, 3. 544150 1(2 Sheh)AGBHEOIBAY, ite) ( 8.6631.8R (614, M), 8122 |2 MAS), 5.86 (4 H, br

eSS kol B4od w17 Brmst M (B A4t ek ™ ieates non-

wisble intggralzsiukitd they mrdsenwestfiestametsh net hyl al cohol (380
m) and dried to give the title conmpound (61 .4 g). 1H
NVR (d6- DMSO 400 MHz) d 1.45-1.68 (10 H, m),

Sthg83: 2. 07 (4 HL m), 4.03 (1.4 H, br s)*, 4.54-4.59 (2

(2#23@3, gf-’eﬁ%,_ 3(5!%4%4%2,[ '-@aﬁs-é_f‘%g\ﬁ%o%&g%(eg?yﬁﬁ's[m%o(25{15-31 -methyl-
118 irBidagol 37y YethyHamirio}- 98- pliné B, 9y B} bis[B- (& tHyl-2HHistragol-5*
yljt&péh‘flallongﬂt?%%igh thaleate hydrate salt
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integrals due to the presence of rotamers. Stage 4:

(2R, 3/?,4S,5RI21/? 31f?,41S,51f?)-2,2"-{frans-1
weh2@ypalobexanedi yl bi s[i m no(2-{[2-(1-nmethyl - PCT/EP2005/005651

1Wim dazol -4-yl)ethyl ] am no} 9f / -purine-6,9-diyl)]}bi

Sffu?(uée{- Pg 2455%#,{16'?’;4; I N-n‘letha/ hlshanamgt(g4s7a  §74 mmol) and
anhy;{[qqs @hmthﬂtsytj@x@e (B8 rgl) \ngs heatedsit 100 LsB faeihi§lhours. The mixture
w£§ é&@@a ﬂ?aé@ﬂm? téinpé%rﬂﬂaé C?QBQ o@@nhxg rﬂpéteg tg%&é?é(ﬂ (1.4 1). The

f oxi de

Slwauwas stirred for #6 ml@utﬁasﬂlféfﬂsﬂ washes witbwaier (2 xm9rmab a@ne dried. The
5 crh@@ Proadetedo ?%al@ﬁ JBIJ‘W @Saﬁoomléﬁﬁneélcc(h%i @Bda) mI)-WH?s heated at 65 °C

SUI‘I‘ was stirred m nut es [ tered

for, P9 mmﬁﬁ%rcoe@d%oﬁ@o Qﬁawd aerfiedr thep cogied te ﬁmmerﬁrt@aeenature (20-25
d) @Qdcs}lrremdr@ocmmté% ( ?hé!)sluﬁvdva%&mlabéd Wasﬁémbvmé %ﬁé?h a)cohol (110

heated at 65 0OC for m nut es, cool ed

m&ﬁadga%fa@oswq “‘@ﬁ'tl?o%'%@‘!'lﬂ @B Ynt  t enper at ur e (20 25
"HoGMRa@ELMEOH, fzﬁfé N‘nﬂé) §Q 3@11155 e5H, %261 ék@wg ¥89-2.21 (4 H, m), 2.92

filtered, wash al co

10 (Adhith @ Gdlddinih 3t7h1e(6th9r)e4 @6&%&%8)(3@024@ a 14—&%@3\"‘ brs), 4.89 (2

H (t%?)'\/é@ti (2443%&"\6”69 (?Hldﬁ%(z% (%ﬁ-l e;rgs E%H %1) gdsf 2!'“,3%)?7%.08 (2 H,

S)(ésnna'sqbscweé@y B br s), 4.70 (4 H, q), 4.80 (2 H,
br s), 4.89 (2 H, br s)*, 530(2 H d), 6.09 (2 H,
d), 6.24 (2 H s), 7.08 (2 H s), 806 (2 H s), 8.08

4s). * signal obscured by HOD Exanpl e 4 Further

15 Futifh ré@ér)aﬂoﬁfof {ﬁ@sk'ﬂs“ﬁ? WA@RQ §,5'R)-2,2"-{trans-1,4-

cv&!meaﬁe&%@dﬁ[wm{%% iﬁ%r(ﬂw%hy{ tH-imidagehdyDethyilamingl,9H-purine-

6,9k }Zl-ﬁ{é‘tfhlibl tetrahydro-3,4-furandiol] by process B
99"3 Iyl J}bl 5-(2- ethy?@}Wtetyrazo 5- yI)tétryaphydro

3 4-furandiol] by process B Stage 1: rrans-
Stbbehf bIS[2 chl oro-9- (tetrahydro-2H pyran-2-yl)-9Ay- pu

20 Trans—N N% J[Z-chIoro-Q-(tetrahydro~2H-pyran-2-yI) -9H-purin-6-yl]-1,4-
cyclohexanediamine (Intermediate 2)

mfig

25 A stirred suspension of 2,6-dichloro-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (Intermediate
1 in WOO03/080613) (1.14 kg) in n-butanol (1.7 L) was treated with trans-1,4-
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cycl ohexanedi amine (Internediate 2) A stirred
suspensi on of

WQ2@5d160B1 or o- 9- (t et r ahydr o- 2H pyr an- 2- yl ) - 9H- PCI/EPI®05/005651
(Internmediate 1 in W03/080613) (1.14 kg) in n-butanol

(1. t 1 . = i i °
d'%é@é?@% g (79122 ol e Ly elnflrtihg 2.8 19 e REAR@H St 75°C for
Theaured The spsrersian was allawed. toTiee! toLrieRi tempaziurg| fillefedl washed
wi}rpn-w@holt@ xfngﬁ’L?gﬁd 4GSPRNALM Sve0fid %%\%ihemfggj%&%da (0.9 kg).

7- but anol x 2.3 L) and dried in vacuo at

give the title conpound (0.9 kg). Stage 2:
SheP2: -tr ans-i ,4-cycl ohexanedi yl bis{ L/ 2-[2-(1

é”r};‘et hyl - 1H i m dazol .-4-_yIa%et hyl]-3/-/-purine-2, 6- )
NV afrahed 4cqyglobexanedittis{By-T2a( ety tH-snidagoldeyptiyed Hpurine-2,6-
diShinéPntBFddiatel4) - et hyl hi stam ne (50.5 g; 400 mmol es),

di pot assi um hydr ogen phosphate (35.1 g, 200 mmol) in

et hyl ene glycol (60 m) was heated at 120 OC for 8
days. The m xtur e albl oned to cool to anbient

t enper at uy Ma‘l& gous hydrochloric acid (245 nl)
i s added W.th ice @ﬁ;\(g for 50 m nutes. Methanol
(296 m ), was added fpl | owed by di-isopropyl ethyl am ne
(246 nl) *added gropwitse over 30 minutes and the

sol uti on was h to 60 OC for 1 hour. Water (178
m) was sl owy” attdled at 60 C over 30 mi nutes then
stirred overpighty at 25 0C. The resulting slurry was
ng.%\/gimt}vG 0 a?)d water (160 m) was added dropw se.
TheMETwrTyn@s-cupl ed to ambi ent tenperature,

filtered, Ywashed With water (120 m), 1:2 nethyl
al cohol / water (120 m ), nethyl alcohol (120 m) and
A Ghiikiatk oh Stagia @0.349; A00tmmei)y al-aciqiniztamingd U80.5( ¢:8480 mmoles),

s AR piehot D B AIB b S SIS 50 i s
heaBddl & 190 *Cfag® ddys. The mixture was allowed to cool to ambient temperature
th%%%&ég%tﬁe%g%i’}fyl)dgc?cﬁﬁi? Zaﬁ;:rc% kgﬂ%:l[n}) i Qbéa Widh itd 'crcggﬁnhgy bor B8 minutes.
Methanol (296 ml) was added followed by di-isopropylethylamine (246 ml) added
dropwise over 30 minutes and the solution was heated to 60 °C for 1 hour. Water (178
mi) was slowly added at 60 °C over 30 minutes then stirred overnight at 25 °C. The
resulting slurry was heated to 60 °C and water (160 mi) was added dropwise. The slurry

was cooled to ambient temperature, filtered, washed with water (120 ml), 1:2 methyl

~ alcohol / water (120 ml), methyl alcohol (120 ml) and dried in vacuo at 40 °C to give a

damp product (48.8 g). The damp product (40.8 g) was dried further in vacuo at 60 °C for
2 days to give the title compound (38.9 g).

Stage 3:
Trans-1,4-cyclohexanediylbis[imino(2-{{2-(1-methyl-1H-imidazol-4-yl)ethyllamino}-9H-
purine-6,9-diyl)(2R,3R,4R,5R)-5-(2-ethyl-2H-tetrazol-5-yl)tetrahydrofuran-2,3,4-iriyl]
tetraacetate (Intermediate 5)
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purine-6,9-diyl) (2R 3R 4R 5R)-5-(2-ethyl -2Htetrazol -5
-yl)tetrahydrofuran-2,3 14-triyl] tetraacetate

W@ bovserqeedi at e 5) Tri net hyl sil yl PCT/EP2005/005651
trifluoronethanesul fonate (30.3 m, 167 mml) was
added to a suspension of Stageo2 (20 g, 33.9 mmol) in
acetonitrile (200 m) tden I'reéted at 50 OC for 30
m nutes. Then a solutio , rel-Acetic acid

4R, 5- di acet oxy- 2R- ( 2- et hyl - tetNr azol 5-yl)-tetrahydr
ofuran- 3Ryl ester (Inter
W8/ 28319) (28.7 gH84 etoﬁlatrlle (200 m)

was added o (;lgnd stl rred for 20 hours.

The reactio xtureN ol ed to anbi ent tenperature
and quenched wi th vvate 50 m) for 35 mnutes then 5M
aqueous hydr ochl o a’éh'd (2 x 50 mM) for 90 m nutes.
The m xture was p ti oned between di chl or onet hane

(250 M) and a saturated sodi um bi carbonate (700
m ) and the i ronmet hane | ayer was allowed to stand
at anbi ent ereEE ure o’},\p_l ht. The organic portion
was then ext a aqu%ous hydrochl oric acid
Q(mp)g\l 0 m)]. The dtidic extracts were neutralised

Ha LN saturated sodi um bi carbonate (750 nl)
t hen "gxt edowi t h di chl oronethane (2 x 200 m ). The

conbi Sdi ¢ romet hane extracts was washed w th
brine (100 m),* dried over anhydrous nagnesi um

TP RIE SRR Ptk s SLER3H Suspensin
of C2AYe3R(2053,533.9 mmol) in acetonitrile (200 mi) then heated at 50 °C for 30 minutes.
Th%k%( g&ﬁo‘zﬁ'cﬁ 2R %% 4k 4R Scetory-IR2-ORGEARE L LR 5 kB anydro-
furapk3Ryyldester] (Jntelgnhethbﬁ PRWOAS/28300)(28.V roe -84, rarhl)yih )dcktoingrile (200
i o 2084 Y S BLAER A0 st for 20 hopee, Tgyreagton iture was coolec
to @a®iedt Qﬁmmaturﬁaamﬂqlkmhedi yith wates (5Qumd)| for FELBinvitgs thes 5M aqueous
hyg{?%ﬁfoﬁg tégisat hZ ?:g?% L{ﬁg"f&t B )ﬁlé‘@ te%0 4’6%%lxtijur A amér}m{n%gnbetween
dighlorgméthane (st o)) ard eQuelodJSgﬁatts'alBQ Soafvin) b:cAfttoeateSGOO ml) and the
PUERERR e et it 3o R0 of GBI OhaS o, The
orgamic pertipomasdien extracted with 1M aqueous hydrochloric acid (2 x 300 mif). The
acidic extracts were neutralised with aqueous saturated sodium bicarbonate (750 ml) then
exiracted with dichloromethane (2 x 200 ml). Thé combined dichloromethane extracts
was washed with brine (100 ml), dried over anhydrous magnesium sulphate and

concentrated to give the title compound (28.9 g) that was used without purification.

Stage 4:
(2R,3R,4S,5R,2'R,3'R,4'S,5'R)-2,2'-{trans-1,4-cyclohexanediylbis[imino(2-{[2-(1-methyl-
1H-imidazol-4-yl)ethyllamino}-9H-purine-6,9-diyl)]}bis[5-(2-ethyl-2 H-tetrazol-5-
yl)tetrahydro-3,4-furandiol]
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to l eave the title Conmpound as a foam (24 g). Stage 5:
Mono nmal eate hydrate salt A solution of maleic acid

W@ 0025137 2.1 1 mol ) in nmethanol (2 nl) was aPdBHEP1005/605651
solution of (2R 3R 4S,5R
12" R 3IR 4t S, 51 f?)-2, 2] - {fiansg
, 4- cycl ohexanedi yl bi s[| mn N[ 2-(1 -net hyl -
1Wi m dazol - 4- yl ) et hyl ] am o} )pHr,l\ne 6,9-diyl)]}bis
[5-(2-ethyl -2Htetrgzol -5-J © = O
yl)tetrahydr @ 3.4 M.Ea/,nl ] (2 N2. 01 mol ) in
nmet hanol (8<’m at 65 0 a@d stlrred for 1 hour. The
m xture was Fool ed t

Nent tenperature (seeded at
40 00 the'T'bCStl rre fq novernight, filtered, washed

wi t h et hanol m) and dried in vacuo at 55C.
The solid was f recrystallised (twce) from
nmet hanol (2 5 olunes) to give the naleate salt (0.
6 g). Referenc s\NAsako Wl f, RE, Granger, DN
(1993), Gas C“pp 31-37; Bedford CD1
Hovvdj%, ey ,HM I ler A Nolen HWIII, Kenley RA
Haﬁgf gt erle JS (1986), J. Med. Chem 29,

174- 2283 /Bur key TH, Webster, ROL (1993), Bi ochem
B| ophys RC 1175, pp 312-318; Castanon M), Spevak W
(1994), HY octEm B ophys Res. Conmmun. 198, pp 626-631;
Cronstein BN, Kranmer SB, Wi ssmann G Hirschhorn R

SRR o1 QBR (ennd  Paols EE e vestod i

sddiuns o’fdﬂwxcit:irecxo 441888} 3 ndinat) Nr‘gg rﬁmaftés bSﬁi:e %Egmg ?’tgzratead with a further
on el.n Na : +
peforof g e, 4 95 83, Mo A 0 SRIPUR AR, 50 [H] was

addgtiac nEutrdlite 3He soldiibn. Thepresihivghs flierdd off St theffiltratd wvab evaporated
to leave the title Compound as a foam (24 g).

Stage 5:
Mono maleate hydrate salt

A solution of maleic acid (0.25 g, 2.11 mmol) in methanol (2 ml) was added to a solution
of (2R,3R,4S,5R,2'R,3'R,4'S,5'R)-2,2'-{trans-1,4-cyclohexanediylbis[imino(2-{[2-(1-methyl-
1H-imidazol-4-yl)ethyllamino}-9H-purine-6,9-diyl)]}bis[5-(2-ethyl-2H-tetrazol-5-

yhtetrahydro-3,4-furandiol] (2 g, 2.01 mmol) in methanol (8 ml) at 65 °C and stirred for 1
hour. The mixture was cooled to ambient temperature (seeded at 40 °C) then stirred for
overnight, filtered, washed with methanol (2 x 2 ml) and dried in vacuo at 55°C. The solid
was further recrystallised (twice) from methanol (2 x 5 volumes) to give the maleate salt

(0.6 g).
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3.
Claim 2 or a pharmaceutically acceptable salt or solvate thereof optionally with one or

4,
salt or solvate thereof for use in therapy.

5.
salt or solvate thereof for use in the treatment of inflammatory diseases.

Al'l publications, including but not limted to patents
and patent applications, cited in this specification

wa@e@sheal n i ncor porated by reference. CLAI M5 1PCT/RPR05/005651

3R 4S,5R 2IR 3l 41S,5IR)-2,2l-{frans-1

cLAmMs/ cl ohexanedi yl bi s[im no(2-{[2-(1-
nmet hyl - 1f/ -i m da2ql - 4-yl ) et hyl ] am no} - 9Ay- puri ne-6, 9-d
iyl)]}bis[5-(2-ethyl-2/-/-tetrazol - 5-

1y1) t @R, 3RUEER, BRB R WSHHH)-012]-{trnd- 158k dtorxEnSay IBRLiRMo(2-{[2-(1-

f.. 2. . .
mtggg’-@%mug?g%,@lﬁtryuQ’nmoé,gy-wa_ng,-szg-g{yppaiﬁgs:@-ethyl-zH-tetrazol-s-
ytétrahyatoshasramadiol| bi s[i m no(2-{[2-(1 -

nmet hyl - 1Hi m dazol - 4-yl) et hyl ] am no} - 9H purine-6, 9-di y
[)]}bis[5-(2-ethyl-2Htetrazol - 5-

yl )tetrahydro-3,4-furandiol] inHChe fa@hn of a
pharmaceutically acceptable salt. 8- phar maceut i cal
conposition conprising a conpound /as {efiNed in Caim
1 or Aaim2 or a pharnmaceutically @Cce (ab}\'é%@ht or
sol vate thereof optionalHy with e or nee=g :

phar maceut i caI:eN R /’ﬂ' ts or carriers. 4. A
conmpound as deKindd in da m]jor/SC'aimZ or a

phar maceut i cal |/9' accept abl Nor sol vate thereof
for use in thgecapy. 5. A conpound as defined in Caim
1 or daim2 or a pharpeCs léally acceptable salt or
sol vate thereof for usp the treatment of

i nfl ammat ory di seaggg 6 Adse of a conpound as defi ned
in Caiml or Caimp or a pharmaceutically acceptable
salt or sol vateh in the ufacture of a

medi canent for <fhe|t re t% lagmatory di seases.
7. A method of e NOTNRrOpRy| axi $ of

i nfl agpyiory di peases whiich conprises admnistering to
HE pat! e anceffective anount of a conpound of fornula
(N Miedyin laiml or Caim2 or a

phar maceut i [y acceptable salt or solvate thereof.

8. Apro X f Gyt he preparation of a conmpound of
formula (1) as defined in @ m1

and salts and solvates thereof.

2. (2R,3R,4AS,5R,2'R,3'R 4'S,5'R)-2,2'-{trans-1,4-cyclohexanediylbis[imino(2-{[2-(1-

methyl-1H-imidazol-4-yl)ethyllamino}-9H-purine-6,9-diyl)]}bis[5-(2-ethyl-2 H-tetrazol-5-

yhtetrahydro-3,4-furandiol] in the form of a pharmaceuticaily acceptable salt.

more pharmaceutically acceptable diluents or carriers.
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A pharmaceutical composition comprising a compound as defined in Claim 1 or

A compound as defined in Claim 1 or Claim 2 or a pharmaceutically acceptable

A compound as defined in Claim 1 or Claim 2 or a pharmaceutically acceptable



whi ch conprises: (A) reacting a conmpound of formula
(I'l) wherein L represents a | eaving group, or a
w@e@wsaotat derivative thereof with [2-(1-nmethyPCET/EP2005/005651
1H i m dazol -4-yl)ethylJam ne; or (B) reacting a
conmpound of Formula (V)(V) with a conpound of Fornul a
(1v): (I\Q or a protected derivative thereof; or (C _
Belepr Msecefi AFonRouBE s defingdr invalaine! o Glaisp #pourdpldrmaceutically

abespialia st or solvate thereof in the manufacture of a medicament for the treatment of
inflammatory diseases.

5
7. A method of treatment or prophylaxis of inflammatory diseases which comprises
administering to a patient an effective amount of a compound of formula (I) as defined in
Claim 1 or Claim 2 or a pharmaceutically acceptable salt or solvate thereof.
10 8. A process for the preparation of a compound of formula (I) as defined in Claim 1
which comprises:
(A)  reacting a compound of formula (I1)
HO OH
N
74 ~
o N Nen,
N=N
N N\ L
X
N 2
HN
2 N
O
X
L N
}\j:
HaC\/N\ P o)
N
15 HO  OH (I

wherein L represents a leaving group, or a protected derivative thereof with [2-(1-methyl-
1H-imidazol-4-yl)ethyllamine; or

20 (B) reacting a compound of Formula (V)
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H
N N /N N
RS
HC /O/NH
HN
/=N NéﬁiN\
”SC”N\/)\/\Q/KN L

V)
with a compound of Formula (1V):
N=
/ OH
\/N\ /s O
N
HO  OH
(v)

5 or a protected derivative thereof;
or

(C)  deprotecting a protected derivative of a compound of Formula (1).
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