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related retroviral infections (and the resulting acquired immune deficiency
syndrome, AIDS), and inflammatory diseases.

The name “chemokine”, is a contraction of “chemotactic cytokines”. The
chemokines comprise a large family of proteins which have in common
important structural features and which have the ability to attract leukocytes.
As leukocyte chemotactic factors, chemokines play an indispensable role in
the atiraction of leukocytes to various tissues of the body, a process which is
essential for both inflammation and the body’s response fo infection. Because
chemokines and their receptors are central to the pathophysioiogy of
inflammatory and infectious diseases, agents which are active in modulating,
preferably antagonising, the activity of chemokines and their receptors, are
useful in the therapeutic treatment of such inflammatory and infectious
diseases.

The chemokine receptor CCR5 is of particular importance in the context
of treating inflammatory and infectious diseases. CCRS5 is a receptor for
chemokines, especially for the macrophage inflammatory proteins (MIP)
designated MiP-1a and MIP-1B, and for a protein which is regulated upon
activation and is normal T-cell expressed and secreted (RANTES).

WOQ 00/38680, WO 01/90106 and WO 03/084954 reference substituted
tropane derivatives which have CCR5 receptor modulator activity for the
treatment, inter alia, of HIV and inflammatory diseases.

We have now found a group of compounds that are both potent and
selective modulators, in particular antagonists, of the CCR5 receptor.

According to a first aspect of the present invention, there is provided a
compound of formula (1)
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have in dSrafigiher embodiment, B™ is methyl, ethyl or i-propyl.

It is to be undersiood that the invention covers all combinations of
embodiments of the invention as described hereinabove, consistent with the
definition of compounds of formula (1).

The'compounds of the invention include compounds of formula (I} and
pharmaceutically acceptable salts, solvates or derivatives thereof (wherein
derivatives include complexes, prodrugs and isotopically-labeliedcompounds,
as well as salis and solvates thereof). In a further embodiment, the
compounds of the invention are the compounds of formula (1) and
pharmaceutically acceptable salts and solvates thereof, in particular the
compounds of formula (I). It is to be understood that the aforementioned
compounds of the invention include polymorphs and isomers thereof.

Pharmaceutically acceptable salts of the compounds of formula (l)
include the acid addition and base salts thereof.

Suitable acid addition salts are formed from acids which form non-toxic
salis. Examples include the acetate, aspariate, benzoate, besylate,
bicarbonate, bisulphaie, borate, bromide, camsylate, carbonate, chloride,
citrate, edisylate, esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexafluorophosphate, hibenzate, hydrobromide, hydrochloride,
hydroiodide, iodide, isethionate, lactate, malate, maleate, malonate, mesylate,
methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,
palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate,
saccharate, stearate, succinate, sulphate, tarirate, tosylate and trifluoroacetate
salis.



important structural features and which have the ability to attract
leukocytes. As leukocyte chemotactic factors, chemokines play an
indispensable role in the attraction of leukocytes to various tissues of the
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response to infection. Because chemokings and their receptors are
central to the pathophysiology of inflammatory and infectious diseases,
agents which are active in modulating, preferably antagonising, the
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means cyclopropyl, cyclobutyl, ctycl_opentyl, cyclohexyl or cyc_:loheptKI.
Il three reactions are fypically carried out in solution. The salt may

precipitate from solution and be collected by filtration or may be recovered by
evaporation of the solvent. The degree of ionisation in the sali may vary from
20 completely ionised to almost non-ionised.

The compounds of the invention may exist in both unsolvated and
solvated forms. The term ‘solvate’ is used herein o describe a molecular
complex comprising the compound of the invention and one or more
pharmaceuticaiiy acdeptabie solvent molebules, for example, ‘ethanol. The

25 term ‘hydrate’ is employed when said solvent is water.

Complexes include clathrates, i.e. drug-host inclusion complexes
wherein, in contrast to the aforementioned solvates, the drug and host are
present in stoichiometric or non-stoichiometric amounts. Also included are
complexes of the pharmaceutical drug which contain two or more organic

30 and/for inorganic components which may be in stoichiometric or non-
stoichiometric amounts. The resulting complexes may be ionised, partially
ionised, or non-ionised. For g review of such complexes, see J Pharm Sci, 64
(8), 1269-1288 by Haleblian (August 1975).

The compounds of the present invention may have the ability to

35 crystallize in more than one form, a characteristic known as polymorphism, and
all such polymorphic forms (“polymorphs”} are encompassed within the scope
of the inveniion. Polymarphism generally can occur as a response o changes



In one embodiment, R' is C1-C4alkyl. 10 In a further embodiment, R' is
methyl. In a further embodiment, R2 is C1-C4alkyl optionally substituted
by CF3. In a further embodiment, R2 is cyclopropyl or cyclobutyl. In a
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that the invention covers all combinations of 15 embodiments of the
invention as described hereinabove, consistent with the definition of
compounds of formula (I). The compounds of the invention include
compounds of formula (I) and pharmaceutically acceptable salts, solvates

or ieiATRBGER R IRILP(AHHEIPTdRRIa RS FA6 RIBCBTPIE LA RGeS in the
andrigattipiatdy-lakelsdcoPppmuish2@as wellkdistisghishad bylvatsus physical

th%ﬁ&f&c Qr%ﬁﬁghﬁﬁlg "!}ﬁ‘ﬂ{etkﬁa H“!?Féé:il’i@'ﬁ éﬁ@rﬂ?’%ﬁlgﬂsﬁﬁﬁﬁﬁﬁa\nor
m s of formu maceu acc
ORGSO T LA e R Mo aTid B e AR gl
understo&?ﬂ@ét'fl erreRR e RAEROEBABL fféfg'&!‘%@ iHMST SRen B little or
pohnpralimatsldstraeectivitietfe s &hasmace utibaty atoapsibleds it afr onto
th%ffé’;HBByn%é Oééﬂv’é‘Hl?H(||)1tt5“%k§ﬁ?pglﬁ18§'%?qgﬁﬁ§l@"(ﬂ W@'Eﬁe desired

thereo

fable aci dition s formed
oA e X VAT 6 S REaE, <o ANES Gl referred fo
begylamoebimrbomh@istmiﬂﬁﬁt@tr%@feﬂmdm@fcﬁ'ﬁa@wa% F&ﬁYbBﬁaffémd in
chFw@eiragsc&@tﬂoedlswawee@sﬁmemmutﬂ fiunasdls, Gioppkiten Series (T

hy dr@ﬂ%ﬁﬂf@%ﬁ? %ﬁ f&ﬁBFQ@Q@?&BQ&%MQ@WEﬁ»@%&@ﬂm'ﬁ@rgamon

ate ate
m (5?%%

dijde, isethigpate, lact
RS A ARSI ATRE e nate,
nltrate oﬁ@%y@&aiﬂteﬁoﬁarﬂﬁm@ yéthoshe, preepiene PRRirolsn example, be
hessiased iy dsparinphasphpita S sacihaitiessieesate, inubeinatepounds of

pﬁ@%g jl%gggl%?% @u“%ﬂggoﬁﬂ%ﬂa@ AL WhiteaPOR/ AR as ‘pro-

le base salts are formed from hase
form%ﬁ%ﬁé gamerisch iR SRR R TagR ey by f"v&"ggaafd
be(Zksthiies, 4R, choline, diethylamine, diolamine, glycine, Iysme

magnesiyrg, MRYIuBRgoatamines ﬁ@tﬁaﬂwm(i)sodmmor@emfnmqndammo
Zmﬁlﬁg‘!tgng’ll@a I—elf'—’l' 8Fésﬁ't§t¥§ Iectlo (?f" g&ﬂ% Qin accordance with

Ph It t Use" b
Wé%ﬁ?ﬂf(%w%i oHid oper Iesereof produced f%? e%&m;ﬁe %y replacement

of hydrogen with (C1 Cm)alkanoy

Further examples of replacement groups in accordance with the
foregoing examples and examples of other prodrug types in accordance with
the invention may be found in the aforementioned references.

Moreover, certain compounds of formula (I} may themselves act as
prodrugs of other compounds of formuila (1).

Also included within the scope of the invention are meiabolites of
compounds of formula (), that is, compounds formed in vivo upon
administration of the drug. Some examples of metabolites in accordance with
the invention include:

)] where the compound of formula () contains a methyl group, an
hydroxymethyl derivative thereof (-CHs -> -CH2OH};

(it  where the compound of formula () contains a tertiary amino group, a
secondary amino derivative thereof (-NR'R? -> -NHR' or -NHR?);

(i)  where the compound of formula (I) contains a secondary amino group, a
primary derivative thereof (-NHR' -> -NHy);



Germany, 2002). Pharmaceutically acceptable salts of compounds of
formula (1) may be prepared by one or more of three methods: io (i) by
reacting the compound of formula (1) with the desired acid; (ii) by removing
wanesdsxnnbase-labile protecting group from a suitable precdrsoeobibes1ss
compound of formula (1) or by ring- openlngsa suitable cyclic precursor, for
example, a lactone or lectern, using the desired acid; or (iii) by converting
one salt of the compound of formula (1) to another by 15 reaction with an
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crystallisation.
Conventional techniques for the preparation/isolation of individual
enantiomers include chiral synthesis from a suitable optically pure precursor or
25 resolution of the racemate (or the racemate of a salt or derivative) using, for
example, chiral high pressure liquid chromatography (HPLC).
Alternatively, the racemate (or a racemic precursor} may be reacted with
a suitable optically active compound, for exampie, an alcohol, or, in the case
where the compound of formula {I} contains an acidic or basic moiety, an acid
30 or base such as tartaric acid or 1-phenylethylamine. The resulting
diastereomeric mixiure may be separated by chromatography and/or fractional
crystallization and one or both of the diasterecisomers converted to the
corresponding pure enantiomer(s) by means well known to a skilled person.
Chiral compounds of the invention (and chiral precursors thereof) may
35 be obtained in enantiomerically-entiched form using chromatography, typically
HPLC, on an asymmetric resin with a mobile phase consisting of a
hydrocarbon, typically heptane or hexane, containing from 0 to 50%



and melting point of the compound are used to distinguish polymorphs. 5
Certain derivatives of compounds of formula (1) which may have little or
no pharmacological activity themselves can, when administered into or
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desired activity, for example, by hydrolytig cleavage. Such derivatives are
referred to as 'prodrugs'. Further information on the use of prodrugs may
be found in 10 'Pro-drugs as Novel Delivery Systems VoI 14, ACS
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compounBXasnisen afa eofopest isuBaRin JandaabEINRd ifh Yigo ¢RIBROUNdS of the
admieistigtionchidbestiopeS amhépdaetesobmetabdlieslifdccarbancsuch as
15 With 3036, iy e‘@OEHEﬁngeﬁﬂbwggr@@ef&gﬁﬁQ?%g é%”"?FﬂaréBme such as
RS oRl et s B o Sl eteRl W ana o
grotipsahsasruely 2T éé‘ﬁ\ﬁifi?@liheﬁ'é@? @F\IRSRZ -> -NHR' or
-NHR2); Bfitiwheteshaibpiabelied ebfopuuiaié) sortaimsla s@;ofatagxample,
o AR %%Wé“%*é%e‘”@ﬁﬁjﬁe‘ O o ypele
(1)“@8H?aﬁ{§t%bp‘ﬂ8ﬂﬁ Hfg?esry ﬁlbé tzve 1sotopes oaT e Barbon-
14, i.e. *C, are particularly useful for this purpose in view of their ease of
incorporation and ready means of detection.

_ Substitution with heavier isotopes such as deuterium, /.e. ®H, may afford
certain therapeutic advantages resulting from greater metabolic stability, for
example, increased in vivo half-life or reduced dosage requirements, and
hence may be preferred in some circumstances.

Substitution with positron emitting isotopes, such as ''C, °F, "0 and
N, can be useful in Positron Emission Topography (PET) studies for
examining substrate receptor occupancy.

Isotopically-labelled compounds of formula (I} can generally be prepared
by conventional techniques known to those skilled in the art or by processes
analogous to those described in the accompanying Examples and
Preparations using an appropriate isotopically-labelled reagent in place of the
non-labelled reagent previously employed.

Pharmaceutically acceptable solvates in accordance with the invention
include those wherein the solvent of crystallization may be isotopically
substituted, e.g. D0, dg-acetone, ds-DMSO.



derivative thereof (-Ph -> -PhOH); and (v) where the compound of formula
(I) contains an amide group, a carboxylic acid derivative thereof (-CONH2
-> COOH). 5 Compounds of formula (I) may contain one or more further
wasysietne carbon atoms and therefore exist as two or moRECT/IB2004/003153
stereoisomers. Imidazole substitution of the tropane ring in compounds of
formula (I) can be in either endo- or exo- configuration, and therefore
geometric cis/trans (or Z/E) isomers are possible. Where the compound
contains, for example, a keto group, 1o tautomeric isomerism
(tautomeR PR SBEGHTH b TR A bIRGIECB IR BRRE A S i Eamples
moteStramd pieutypeefiicalyarsaptablededtovigaly hesseopervetiep ibssent.
inventionarealldREpaissraRsss & thegosppensts eidofolida (IR inglddRkYare as
all Spieal BoTERARAMENL: dpoieis.Aathiguopalc B ASElBS e acid
co%ppun_(fsyex Ibiting more than one I5 type of isomerism, and mixture )

5 of BREVBIHEEAHR BN ASPIERRuel Hrktifzaidininko pRde gaigster-forming
whereip tsecioaatBhigrlis/bpt &lpaaivindoreikatindegDucath s boc; ArLgis
'—'%Slié‘évjﬁb@%%'f hﬁ“&pﬁ%m@_ ‘Pd_ﬁalﬁhﬁfgﬁ%@?@hﬂwgmﬂ%ﬁtdﬂ@iﬂﬁég& as those
substitution, af the tropane ring, in the endq- configurati refer .
e SN W fecé’eééﬁg N6 Drgai IR, NP EBhoR), wiey

knéWPresigise $RABIRARS 2R (REERERIRE RAFBIN RO HREIRIER ©-0- F Cl, Br,

10 fraCiidpabr cDEtafiigatsonbGoryesthmred tdaliitidges éé fodimethylformamide; DCM is
?recﬁé‘ﬁ%@[ﬁ'ﬂt;@lﬂ&q@t_, 'quI” IR vishiahyRInG QH‘,ZQIE 'i%‘#‘%%ﬁﬂ RiphEsiTopriate to

rom. a _suitable opti re. precursor or resolytion of the racemate. ., ...
o B O T SR se R e Jsbes iR iR Ton, o

prégredRfdnenfaRaiegraprynHYLE eransahtineli ding (akftaledod Sutfonic
racgstiespreeItror) weydle, reacteshiaiily a souitableitipteally W8GHI s 1-(3-
oEo AR U SONEIR ol Rl BB
A S ST S e s
mikyecMBepeoliittiate d Pt/ matdg Faphy igind/erenarifarol-1-y-N, N, NN~
crysiadlinatioy aodienchexaitibropbihesgisstereoisomers converted to the

correspondiag U fNANURIICHIREMERNTYIBHENRMA 19 d5HllRE () may be
person. Chjral comﬂounds of the mvep{;)on ﬁg}(éﬁhlral precursors thereof)

20 ey eR8 8@&5@% A %ﬁgm%%é'ﬂc I2EH form using

chromatography, typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typica hx]agmne or hexane,
containing from 0 to 50% N

H,N N N

with a compound of formula (111}

o
81)L z (1)

under conventional carboxylic acid/amine coupling conditions. Conveniently,
the coupling is effected under the conditions described hereinafter in
connection with scheme 1, step (i).
According o a second process (B) compounds of formula () may be
30 prepared by reacting a compound of formula (XV1}

25



WO 2005/033107 PCT/1B2004/003153 6 isopropanol, typically from 2 to
20%, and from O to 5% of an alkylamine, typically 0.1% diethylamine.
Concentration of the eluate affords the enriched mixture. Stereoisomeric
woongionmmates may be separated by conventional 5 techniguesknowsvioss
those skilled in the art - see, for example, .'Stereochemistry of Organic
Compounds" by E. L. Eliel (Wiley, New York, 1994). The present
invention also includes all pharmaceutically acceptable
isotopically-labelled compounds of formula (I) wherein one or more atoms
are 10 replaced by atoms having the same atomic number, but an atomic
mass or mass number different from the atomni S or mass number
usually found in nature. Examples of jgotopes sui or inclusion in the
compounds of tr;:{e inve@tion includ
and 3H, carbon, s as §5 "C;"3C an uch as 36Cl,
fluorine, such as PSC?/iodie, such as 1231 and 1251, nitrogen, such(®¥)
13N and 15N, oxngn, : d4s 150,17 0 and i80, phosphorus, such as
5. Certain isotopically-labelled compounds of
formula (1), for example, those incorporating a radioactive isotope, are
usefithia dargpmaidroddbstrale (YD tissue distribution studies. The
radioactive isotopes tritium, i.e. 3H, agd carbon 14, i.e. 14C , are
particularly useful for this purpose in Miew of their ease of incorporation
and ready means of detection. SEStitutidn wittihieavier isotopes such as

A R S o oy i
or P ERHITGagE raH e EOR o LY o L e B frer in
circonsaiicesviuseiiente  avigtepdditron emitting isotopes, such as '1C,

'8F, '50 andcddfthgan ke tisefubiodesit(@) EovigstamdepwigfaphylgPETmay be
studi S
Is;{%%?gfﬁg-@ﬁeiIe%%?n%ﬁ%%ﬁsfggﬁéa ('can géf?e%gllli ><eDé))repared

10 py conventional techniques knowH to those skilled in the art or by
processes analogous to th® ri in the acci )oanying Examples
and Preparations using an approprigte is&BBically-%a[Eelled reagentin
place of the non-labelled reagént iously employed.

with-an amine of formula (XX)

Me N
\Q:\/ "2
Hwb " Nﬂo (XX)

15
under conventional conditions. Conveniently, reductive amination is effected
under the conditions described hereinafter in connection with scheme 1,
step {g).

20 According o a fourth process (D) compounds of formula (1) may be

prepared by reductive amination of a nitrile of formula (XXI)



35 Pharmaceutically acceptable solvates in accordance with the invention

include those wherein the solvent of crystallization may be isotopically

substituted, e.g. D20, d6-acetone, d6-DMSO. WO 2005/033107
wBGIHAB2004/003153 7 Preferred compounds of formula (1) ruchudecth@o3153

compounds of Examples 1-8; and pharm%ceutically acceptable salts,

solvates or derivatives thereof. In the general processes, and schemes,

that follow: R' and R2 are as previously defined unless otherwise stated;

Z is OH, or a carboxylic acid1 5 agtjvating group such as chloro or 1

H-imidazol-1 -yl; EsGp is arﬁ*aiaje@l n dgoup, SBSQ as C1_6 alkyl; Pg

is an amino protecting group, syich ag boc; ArLg is a léaving group

appropriate to aromatic nucleo@hili stitution, such as those disclosed

in Jerry March, Advanced Organic istry (4th edition), Wiley
Interscience, 1992, page 652 (incorporateg herein by reference), e.g. F,
Cl, Br, 10 OMe or OEt; boc is t-butoxycarbonyl; DMF is
N,N-dimethylformamide; DCM is dichloromethane; THE is_ .
tetvetty aofarainel of ioamadai P gransdppropRatieo e aptitensucieepmariently,
sulpsditision, shthatidthrseftistiasadderlireyddadtivikicdie padesedSRereinafter in
5(in88m%ra}89 \Wﬂﬁ%ﬁé’nﬁﬁf?f%@gﬁ)( H]cluding'CI, Br, | and sulfonic esters

(e.g. tosylate, mesylate ar}&t riflate), W%%)DI is 1-(3 1% ula (1) may be
dimethylZHFBAIRSYIR 3% ;ﬁc&’ﬂ’t‘? Affhitte) nSATRRYI e SHERIE ) may
diayieiphead lenaiswiaiieaesio Amisa glyarowierXaneiy strasmepbeiyrmula
1- hydngxybenzotriazole hydrate; HBTU is O-benzotriazol-1-yl-N,N,N',N*
tetramethyluronium hexafluorophosphate. According to a first process (A)
compounds of formula (I) may be 2Q prepared by reacting a compound of
formula (11) N H2N N N\ /RZ FBwijtiVa.ceft ok of fosaayla (1) O 25 Rz
(11} under conventional carboxyligjacid/gmine coupling conditions.
Conveniently, the coupling is effééteg# el- the conditions described
hereinafter in connection with sche tep (). According to a second

4o Process (B) compounds of formula (I) mey b& 30 prepared by reacting a
compound of formula (XVI)

under conventional alkylation conditions. Conveniently, alkylation is effected in
a suitable solvent, such as an haloalkane (e.g. DCM), an alcohol (e.g. ethanol)
or an ether {e.g. THF); optionally in the presence of a base, such as an amine
16 (e.g. triethylamine or N-sthyl-N,N-diisopropylamine); and at from ambient {o .
elevated temperature (e.g. refiux). _ o
According to another process (F) compounds of formula (I) may be
prepared by asymmetric reduction of an enamide of formula (XXIil)

Me __N

1 H N 5
e E/ N e
(XXI1F)
o) 0
F

under conventional reduction conditions. Convenienily, asymmetric reduction
is effected in the presence of a transition metal such as Rh, Ru, Pd, Pt, Ir, or Ti
(e.g. present in 0.001-0.1mol eq.); a chiral ligand such as BINAP (2,2-

20



WO 2005/033107 PCT/1B20041003153 8 Me\N N~ RN N NH (XVI) 0/
F with a compound of formula (V) 0 R2Z (V) 5 under conventional
carboxylic acid/amine coupling conditions. Conveniently, the coupling is
wertmesadueider the conditions described hereinafter in conneCHGBR20i#103153
scheme 1 a, step (i). According to a third pygcess (C) compounds of
formula (I) may be prepared by reductive amination of an aldehyde of
formula (XIX) 10 H R1\/N INI HO (XI1X) O CF with an amine of formula

(XX),Me~-N 'N'{D N-~.( 5 under conv nditions

CoRiRsfiehagy! Rﬁﬂﬁ%} Ogrﬁrﬂamé-'g}ﬁbgted unc(la(é)lf %@@@ﬁdltlons (2,2-bis(di-p-
dedohttbhehiinxftet ihivsephBvtbn with scherfdHESD (g). 20 Accbldinys(2,5-
to RitauttypresspEhoibamewads af fpenl@idsnél P ipkepasadibyebis(endo-

red#*% %%%ﬁ}&aéﬁ&@éﬁgﬁ%@ 535”1 ,S%%Q%W(Q FOWERM-94 0.001-0.2mol
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eq.); a hydrogen donor such as moke u!ar%ydrogen phenylsilane, 2-propanol
or ammonium formate; in a solvent, such as an alcohol (e.g. methanol, ethanol
or 2-propanol), a nitrile (e.g. acetonitrile), an ester (e.g. ethyl acetate), an ether
(e.g. THF), or toluene; at from 0°C to the refiux temperature; and optionally at
an elevated pressure.

According to another process (G) compounds of formula (I) may be
prepared from the amine of formula (Il), or a metal salt thereof (i.e. a
deprotonated form), by reaction with an ester of formula (XXIV)

R'COEsGp  (XXIV)

under conventional conditions. Conveniently, the reaction is effected in the
presence of an excess of a base, such as an amine (e.g. tristhylamine or N-
ethyl-N, N-diisopropylamine); an optional catalyst; in a suitable solvent, such as
a haloalkane (e.g. DCM), an ether {e.g. THF), an ester (e.g. ethyl acetate), or
toluene, with or without water present as a co-solvent. Alternatively, the
reaction is effected in the presence of an enzyme-catalyst; in a suitable solvent
such as a haloalkane (e.g. DCM), an ether (e.g. THF}, an ester (e.g. ethyl
acetate), or toluene, with or without water present as a co-solvent.

Schemes that further illustrate genera[ methods for the preparanon of
compounds of formula (1}, and intermediates thereto, foliow.

It will be appreciated by those skilled in the art that certain of the
procedures described in the schemes for the preparation of compounds of
formula (I} or intermediates thereto may not be applicabie to some of the
possible substituents.

it will be further appreciated by those skilied in the art that it may be
necessary or desirable to carry out the transformations described in the
schemes in a different order from that described, or to modify one or more of
the transiormations, io provide the desired compound of formula (1). '

It will be still further appreciated by those skilled in the art that, as
ilustrated in the schemes that foliow, it may be necessary or desirable at any
stage in the synthesis of compounds of formula (1) to protect one or more
sensitive groups in the molecule so as to prevent undesirable side reactions.



with an amine of formula (XX) under conventional conditions.

Conveniently, reductive amination is effected under the conditions

described hereinafter in 5 connection with scheme 1, step (g). According
wipaogfthspsocess (E) compounds of formula (1) may be preFarp@Bgo4/003153

alkylation of an amine of formula (XX) with,@ compound of formula (XXII)

R\ /N yL9 (XXII) O F 10 under conventional alkylation conditions.

Conveniently, alkylation is effected in a suitable solvent, such as an

haloalkane e.g, DCM), an alcohol (e.g. etha '{I e.q. THF

o RAIH ol pFRRL S LTPBRES, 6 e AP 2D BOubs. The
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redifridectiorffocttbintiinprésensd ofncorpesated r’ﬂ@talns@é’h rgéeranaRy which

gﬂ%‘f% c%@sﬂruﬁbé@r%tﬁé@%ﬁﬂ? iﬁ@q@@io@alg@m)gmgbﬁal ligand such as

bls(dlph(fF]%?pﬁosp% r§ @?ﬁ% r(? %Eﬁgﬁg%bé%)‘ﬁ §(’J| gl ethoxycarbonyl,

to|9@wéwﬁomeiv bﬁ‘ﬁﬁpﬁftlﬂﬁﬁ‘ﬁﬂﬁﬁ% n Bpigis %afa“ f compounds of

10 dirfethyipHGspho iaterediataseherdenn-Phos
(P,P'-1,2-phenylenebis(endo-
2,5-dimethyl-7-phosphabicyclo[2,2,1]heptane) (e.g. present in
0.001-0.2mol 5 eq.); a hydrogen donor such as molecular hydrogen,
phenylsilane, 2-propanol



or ammonium formate; in a solvent, such as an alcohol (e.g. methanol,
ethanol or 2-propanol), a nitrite (e.g. acetonitrile), an ester (e.g. ethyl
acetate), an ether (e.g. THF), or toluene; at from OC to the reflux
wiempgoeature; and optionally at an elevated pressure. 10 AceOmdiiRgpoa/003153
another process (G) compounds of formulqg(l) may be prepared from the
amine of formula (1), or a metal salt thereof (i.e. a deprotonated form), by
reaction with an ester of formula (XX1V) R1LCO2EsGp (XXIV) 15 under
conventional conditions. Conveniently, the reaction is effected in the
presencé&ﬂﬁm@;d;ess of a base, such as an amine (e.qg. triethylamine or
N- ethyl- N, N-di isopropylamine); an optional catalyst; in a suitable
solvent, skr & haloalkane (e.g. DCM), an ether (e.g. THF), an ester
(e.0. eth@ie), or 20 toluene, with or without We resent as a
co-sohgent~Alternatively, the reaction is effected in the nce of an
enzymg@rcatalystyg, a suitable solvent such ag loalkaneie.§'DCM),
an ether (e.g. THEK), angster (e.g. ethyl acetatey,or toluene, with or
without water ;es} t as &ﬁo-solvent. Schémes that further illustrate
generds) ol the preparation of 25 gompounds of I ula (1), and
intermedfates thereto, follow. It will be dPpreciated by those s%lilled in the
art that cprtain of the procedures deggrided in the schemes cuethe[;i
preparation of @ poun%&ﬁ,}a@rmula intermediates thereté?ﬁ y not
be applicablefjo of the possihle nts. 30, It ?a: ? er
appreq@/byt Qieaskillgp in thieharg that it may beenec é%gr %N*Pg
desjrablede carry out the transtetmations destribed in:gﬁré’ chemes in a
diffe?ent(ga;mjer from that describedp#r to modify one or mor&of tT

transformations, to provide the desired compound of formula (1). |twill be
still further appreciated by those skilled in thg art that, as 35 illustrated in
the schemes that followydthnay be necesgg@‘ ar-desit@ble at any stage in
the synthesis of compaop formula (1) to prptect one or more™sensitive
g ple side reactions /W
HCLHS itit may bénecessary  nN—p,
or desiraljle to protect amino groups. The protecting groupsiused in th
f compounds of formula (I) may"bégUsed in conven\}iiignal
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Groups in Organic Synthesis' by Theodora W Green and Peter G M Wuts,
third 5 edition, (John Wiley and Sons, 1999), in particular chapter 7, pages
494-653 ("Protection for the Amino Group"), incorporated herein by
wieberengapwhich also describes methods for the removal oPsToiBraWp3IS3
The amino protecting groups boc, benzyloxycarbonyl, methoxycarbonyl,
benzyl and acetyl are of particular use in the preparation of compounds of
1o formula (1) and intermediates thereto. WO 2005/033107
PCT/IB2004/003153 12 Scheme 1 NH2 iN ,~\ Me -N\ Pg Nom(/J'-~ "\ \
NH (XI) (XIV) NO2\ ArLg Pg N (e) N/ (XV) (e) (d) Me Me \,_ -N N 02N

(Meco)20MitN spegifich IefePeneer doP a¢iTRVD (XiI)tae Xy amsiveralippg dapicted

I~ WerdthRRANDY EHfdi&Y 4BbFoNd?9 ~N- (VII) YF (0) (V) j(h) O (V) Me
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N l(Q)/ H '\él}b%ﬁtution of a leaving group on a nitropyridine of formula (XV}) with an

amine of formula (XIV) is conveniently effected in the presence of a base, such
as an amine (e.g. triethylamine or N-ethyl-N,N-diisopropylamine) or an alkali
metal carbonate (e.g. sodium carbonate or potassium carbonate); in a solvent,
such as an alcohol (e.g. methanol or ethanol), a nitrile (e.g. acetonitrile) or an
amide (e.g. DMF); and at from ambient to elevated temperature {(s.g. up o
about 120°C).

(b)  An imidazopyridine of formula (XII) may be prepared by reduction and
in situ cyclisation of an amino-nitropyridine of formula (Xill). The reduction is
conveniently effected in the presence of a reducing agent, such as iron
powder; a solvent, such as a carboxylic acid (e.g. acetic acid), and at from
ambient temperature up to about 120°%C. Cyclisation of the intermediate
aminc-aminopyridine is conveniently effected by the addition of a acetic
anhydride and at elevated temperature (e.g. about 140°C).

(c)  Reduction of an imidazopyridine of formula (XII) to an imidazopiperidine
of formula (XI) is convenienlly effected by catalytic hydrogenation in the
presence of a suitable catalyst, such as a transition metal catalyst, for instance
a platinum (e.g. platinum oxide} or a palladium (e.g. palladium hydroxide or
palladium on carbon) catalyst; in a solvent, such as a an alcohol {e.g. methanol

or ethanol) or a carboxylic acid (e.g. acetic acid); at ambient to elevated

temperature {e.g. up to 80°C; and at elevated pressure, such as from 150 to
500 kPa of hydrogen (e.g. 400 kPa hydrogen)

(d)  The imidazopiperidine of formula (XI) may be protected by reaction with
an alkyl chloroformate (e.g. methyl chloroformate). The reaction is
conveniently cartied out in a solvent, such as an halocalkane (e.g. BDCM) or an
ether (e.g. THF) using a base such as an amine {e.g. triethylamine or N-ethyl-
N,N-diisopropylamine) at room temperature.

(e) In an alternative to steps (¢} and (d}, an imidazopyridine of formula (Xil)
is treated with a an alkyl chioroformate {e.g. methyichloroformate) and an
amine base (e.g. triethylamine or N-ethyl-N,N-diisopropylamine), o give a
guaternary intermediate, which is reduced under conventional conditions.
Conveniently, methyl chloroformate is added 1o an imidazopyridine of formula
(XIl) in the presence of a solvent, such as an ether {(e.g. THF) or a haloalkane
{e.g. DCM) and at ambient temperature to give a quaternary intermediate,



(IV (/// NHPg (VI)\F FMe_ NOMe ORZ(Ify Np HNRYNNN 112
(K)H2N N "H2 O/ 7() \F\ F WO 2005/033107 PCT/IB2004/003153 13
With specific reference to scheme 1, the transformations depicted therein

wimagokheseftected as follows: (a) Substitution of a leaving grorpDIB2a¢04/003153
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nitropyridine of formula (XV) with an 5 am ne of formula (XIV) is
conveniently effected in the presence of a ll)ase such as an amine (e.g.
triethylamine or N-ethyl-NN-diisopropylamine) or an alkali metal
carbonate (e.g. sodium carbonate or potassium carbonatd)‘ in a solvent,

sudthighdm hieBrefreed meiharaidiiathahan, diike! Jalidtomirieps fithium

an banichad(izlg, DE) canditiofrenf aechieer temipvabdadmpertion (803C). The
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eff ted ition of acet ic anh d at ele,[vated temperature
i e b e D
an Itmmfﬁb@rmeaﬁﬂﬂm @fi@@t@)ﬂ@wﬁ%ﬁl@ﬁﬂw%&w@m@ﬁ@n alkali
10 hyahegd ratirminithée. @0gudisence pbiaseitableyahtatics) siuchnaadld, such as an
trapgy éh'iB%B%‘@'Yﬁb Péﬁ?:ﬁ’é?%@&%t%@%%bﬁtﬂré"%h'&wﬁﬂﬂ&%&éé 400°C.
pal d| n@%ﬂggé)anidlﬁ&ﬁ%ﬁ% ﬁnor%% Iladlum carb %Icata%/gé_I %on of an
sol W 4 é RFREh HJS‘ CRBA
amal@@r@/c&t@ticf@mwiaaﬂ%ménm@n@oatéd ferpeaatiide. gfifarpvamentfy, the
809&:cine &f elenatboupiaskiy ersschoasdram 480, touch as an organic acid (e.g.
acefic acid); in a solvent, such as an ether {e.g. THF) or a haioalkane (e.0.
DCM); using an alkali metal hydride reducing agent, such as sodium
triacetoxyborohydride, sodium cyanoborohydride or sodium borohydride; and
at ambient temperature.
(hy Where protection under step (d) is afforded by means of a
methoxycarbonyl group, its removal is conveniently effected by treaiment with
a base, such as an alkali metal hydroxide (e.g. sodium or potassium hydroxide)
in a solvent, such as an aqueocus alcohol (e.g. H-O/propan-2-ol} at an elevated
temperature (e.g. 100°C).
(i) The acid/amine couplmg is convemently effected usmg an amine of formula
(V1) and an acid chloride of formula (V); an excess of an acid acceptor, such as
triethylamine or N-ethyl-N,N-diisopropylamine; a solvent, such as a haloalkane
{e.g. DCM) or an ether (e.g. THF}; and at ambient temperature.

Alternatively, the acid/amine coupling is effected using an acid of

formula (V) activated by reagents such as WSCD! or DCC and HOBt or HOAL;
an excess of an acid acceptor such as triethylamine or N-ethyl-NN-
diisopropylamine; a solvent, such as a haloalkane {(e.g. DCM) or an ether (e.g.
THF); and at ambient temperature,
i Where the proteciing group is a boc protecting group, its removal is
conveniently effected in the presence of an acid, such as an inorganic acid
{e.g. anhydrous HCI) or trifluoroacetic acid; in a suitable solvent, such as an
gster (e.g. ethyl acetate), haloalkane (e.g. DCMj) or ether (e.g. THF); and from
0°C to ambient temperature.



25 500 kPa of hydrogen (e.g. 400 kPa hydrogen) (d) The
imidazopiperidine of formula (XI) may be protected by reaction with an
alkyl chloroformate (e.g. methyl chloroformate). The reaction is

wepreeniismdaty carried out in a solvent, such as an haloalkanepErgsR¥CMMy 163

an ether (e.g. THF) using a base such as ag amine (e.g. triethylamine or
N-ethyl- 30 N,N-diisopropylamine) at room temperature. (e) In an
alternative to steps (c) and (d), an imidazopyridine of formula (XII) is

tre dw roformate hIoroformate and
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carboxylic acid (e.g. acetic acid); at ambient to elevated temperature (e.g.
up4e48da- {§ Where the protecting group is an acetyl protecting group or
like group, 1ts removal is cagveniently effected by treatment with a base,
such as an alkali 1o metal h?ﬁf ide (e.g. sodium or potassium
hydroxide) or an acid, ¥-al ingrganic acid (e.g. HCI) and at elevated
temperature, $§Jch asf 0-1 . {§) Compounds of formula (VII) are
prepared b§ﬂred ctive amlnatlon of an aldehyde of formula (IX) by an
amine of faima
presence of a
solvent, such asan éther (gyg. THF) qfip hgloalkane (e.g. DCM); using an
alkali metal hydride redugjng agent, such sodium
triacetoxyborohydride, sodium cyanoboﬁ) ydride or sodium borohyd\‘ff
and at ambient tempgf’ . (h) Where_prategtion under step
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ila). Conveniently, the reaction is carried out in the
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Compounds of formula (XX) are of analogous structure to compounds of

formula (I), or intermediates thereto, and may be prepared by analogous
methods.



in a solvent, such as an aqueous alcohol (e.g. H20/propan-2-ol) at an
elevated temperature (e.g. 100C). (i) The acid/amine coupling is
conveniently effected using an amine of formula 25 (VI) and an acid
wontoridsofiformula (V); an excess of an acid acceptor, SuchPES/EB2004/063153
triethylamine or N-ethyl-N,N-diisopropylamige; a solvent, such as a
haloalkane (e.g. DCM) or an ether (e.g. THF); and at ambient
temperature. Alternatively, the acid/amine coupling is effected using an

acid of farmula (V) a ed C D
0Bt or HOREOSE o R il Yol % & ﬁét@%@ flogp and
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effectéd In the presenc an acid a norganic aci
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15 Other conditions that may be treated are those triggered, affected or are
in any other way correlated with T-cell trafficking in different organs. It is
expected that the compounds of this invention may be useful for the treatment
of such conditions and in particular, but not limited to, conditions for which a
correlation with CCR5 or CCR5 chemokines has been established, and more

20 particularly, but not iimited to, the following: multiple sclerosis; arthritis, such as
rheumatoid arthritis, spondyloarthropathies, gouty arthrilis, osteoarthritis,
systemic iupus erythematosus and juvenile arthritis; and graft rejection, in
particular, but not limited to, solid organ transplants, such as heart, Eung, liver,
kidney and pancreas fransplants (e.g. kidney and lung aliografts). Other

25 conditions for which a similar correlation with CCR5 or CCR5 chemokines has
been established include, but are not limited to: inflammatory bowel disease,
including Crohn’s disease and ulcerative colitis; endometriosis; type | diabetes;
renal diseases, such as giomeruiar disease (e.g. glomeruionephritis); fibrosis,
such as liver, pulmonary and renal fibrosis; chronic pancreatitis; inflammatory

30 lung conditions; encephalitis, such as HIV encephalitis; chronic heart failure;
ischaemic heart disease; psoriasis; stroke; cbesity; CNS diseases, such as
AIDS related dementias and Alzheimer's Disease; anaemia; restenosis;
atherosclerotic plaque; atopic dermatitis; chronic pancreatitis; cancer, such as
non-Hodgkin's lymphoma, Kaposi's sarcoma, melanoma and breast cancer;

a5 pain, such as nociceptive pain and neuropathic pain (e.g. peripheral
neuropathic pain); and siress response resulting from surgery, infection, injury
or other traumatic insult.
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Y 7N O fl) O (XVI) F F 15 Compounds of formula (XX) are of analogous

wstneoirs tercompounds of formula (1), or intermediates thensta;iapehsmayiss

be prepared by analogous methods. WO 2005/033107
PCT/IB2004/003153 16 Compounds of formulae (111), (V), (IX); (XV),
(XIX), (XXI), (XXII) and (XXIII) are either known compounds or may be

prepared by conventional chemistry; see, xam
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infegtimpyeiosiically related to HIV, AIDS, and inflammatory diseases.
The compyinds pidbis ingeriipNdnaydasibRedissiisaatmentef despisaines and

disgr (%ﬁékf 'Yl RIYHERRBIA R C{%g%%nsylold‘&o%@\ B, s, The

bron
cy she mokme/chemokme receptor family: potential and progress for therapeutic

Iinus C ron ronchitis, ¢ I’OI’]IC StrUCtIVQ pul'monary

interventiont”, Curr. Opin. Chem. Biol., 4(4), 420-7 (August 2000) .

Accordingly, in another aspect the invention provides a compound of
formula () or a pharmaceutically acceptable salt, solvate or derivative thereof
for use as a medicament.

in another aspect the invention provides a compound of formula (I) or a
pharmaceutically acceptable salt, solvate or derivative thereof, for the
treatment of a disorder in which the modulation of CCRS receplors is
implicated.

in another aspect the invention provides a compound of formula (I) or a
pharmaceutically acceptable salt, solvate or derivative thereoi, for the
treatment of HIV, a retroviral infection genetically related to HIV, AIDS, or an
inflammatory disease.

In another aspect the invention provides a compound of formula (I} or a

~ pharmaceutically acceptable salt, solvate or derivative thereof, for the

treatment of a respiratory disorder mcluding adull respiratory distress
syndrome (ARDS), bronchitis, chronic bronchitis, chronic obstructive
pulmonary disease, cystic fibrosis, asthma, emphysema, rhinitis or chronic
sinusitis.

in another aspect the invention provides a compound of formuta (i} or a
pharmaceutically acceptable salt, solvate or derivative thereof, for the
treatment of multiple sclerosis, rheumatoid arthritis or graft rejection.

In another aspect the invention provides a compound of formula (I) or a
oharmaceutically acceptable salt, solvate or derivative thereof, for the
freatment of inflammatory bowel disease; endometriosis; type | diabetes; renal
diseases; fibrosis; chronic pancreatitis; inflammatory lung conditions;
encephalitis; chronic heart failure; ischaemic heart disease; psoriasis; stroke;
obesity; CNS diseases; anaemia; restenosis; atherosclerotic plaque; atopic



fibrosis, asthma, emphysema, rhinitis and chronic sinusitis. 15 Other
conditions that may be treated are those triggered, affected or are in any
other way correlated with T-cell trafficking in different organs. It is
wexpedtastthiat the compounds of this invention may be useficfofisRe4/003153
treatment of such conditions and in particqgar, but not limited to,
conditions for. which a correlation with CCR5 or CCR5 chemokines has
been established, and more 20 particularly, but not limited to, the
following: multiple sclerosis; arthritis, such as rheumatoid arthritis
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20 hodg(Big Hﬁﬁ% prgﬂymﬁ Rgg%nd chemokine receptor blockers

see Cascl@eyMIRY &edSisvinifseras Sormher cieftsrhiartioaigiihene or more
reeepiordamiyupateatizhanthasagoessfdntiberapeiuionl evithieswentiomipre other

 CUit,QPIR: GaRY Bttt 40sfal ¢ c3M, they will be administered as
a formulation in association with one or more pharmaceutically acceptable

25 excipients. The term “excipient” is used herein io describe any ingredient other
than the compound(s) of the invention. The choice of excipient will to a large
extent depend on factors such as the particular mode of administration, the
effect of the excipient on solubility and stability, and the nature of the dosage
form.

30 Pharmaceutical compositions suitable for the delivery of compounds of
the invention and methods for their preparation will be readily apparent to
those skilled in the art. Such compositions and methods for their preparation
may be found, for exampie, in ‘Remington’s Pharmaceutical Sciences’, 19th
Edition (Mack Publishing Company, 1995).

35 The compounds of the invention may be administered orally. Oral
administration may invoive swallowing, so that the compound enters the



Accordingly, in another aspect the invention provides a compound of
formula (I) or a pharmaceutically acceptable salt, solvate or derivative
thereof for use as a medicament. In another aspect the invention provides
wa campssaed of formula (1) or a 15 pharmaceutically accepdiasaiis/c03153
solvate or derivative thereof, for the treatment of a disorder in which the
modulation of CCR5 receptors is implicatéa. In another aspect the
invention provides a compound of formula (1) or a pharmaceutically
acceptable salt, solvate or derivative thereof, for the 20 treatment of HIV,
a reasiviialéstiwionagenetibalbzatlatenbingis! RADSnist whonframnisanployed
diggAgRidh BNOHIAESHSE HRR IS VRS HRSLBroVEEs AiRSETP s Bidormua
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the treatment Or a respiratory disorder including adult respiratory distress
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5 pu{imonaipglizraddiliedtichibmesis st amd nempipss towa dangisiaradidagution,
sinyiienia angier agRakIAG INVRRHOLREANASS agveeROUBg Al OMAER liquid

(1)f Qra lggarr}rgaceutically acceptable salt, solvate or derivative thereof, for
thé BBt adiMent of multiple sclerosis, rheumatoid arthritis or graft

rejection HiSfotAEPRIGHEREHIRCHIBNBEPPERSIRTES KRGHRBUNYY BIRSrAfHac!Xirs.
(1) Boeh pbarzdieuntc atisyabee prableysalt asofilkes dn deoivadivedhe rembsides and

10 theyHieafipephalistam @iy howsksigsassvardoBRHIRIISHBIPSHyIene giycol,

N e e T e
pseruimiviigRECTHE NG OC RIS RRESHYD 30sRke nligyiskiarpy|gtions may also be
atheegeniddic thiasees mstipitol/ 6F 20050 I8 L exdr plé] B2a04/6a31&3 18
dermatitiss Qi RRMCIE HIF S ANRSTHARIMLY SIeSSETRIASH "BWERolving,
ST T ) T
actBptapreulig P atanite ok @Bri08HBHhEYddRIerand &eed#RBhl-of HBV,
HCV, plague tpbkevitesatgx dplasnasise miag bactetsg), titey phogsemalmake up
PREUMAN IR WRECYESEQHIOH @?@QW ASREL S, RY R IRBRI VRS 5 wivh
the ol compound of Tl () o SLaRDS RGeSy, ASERRE Y neraly
20 contain a disintegrant. Examples of disintegrants include sodium starch
giycolate, sodium carboxymethyl celiulose, calcium carboxymethy! cellulose,
croscarmeliose sodium, crospovidone, polyvinylpyrrolidone, methyl cellulose,
_microcrystaliine cellulose, lower alkyl-substituted hydroxypropyl celiulose,.
starch, pregelatinised starch and sodium alginate. Generally, the disintegrant
25 will comprise from 0.1 wi% to 25 wi%, more typically from 0.5 wi% to 20 wi%,
such as 1 wit% to 15 wi%, of the dosage form.

Binders are generally used to impart cohesive qualities to a tablet
formulation.  Suitable binders include microcrystalline celiuiose, gelatin,
sugars, polyethylene glycol, natural and synthetic gums, polyvinylpyrrolidone,

30 pregelatinised  starch, hydroxypropyl cellulose and  hydroxypropyl
methylcellulose.  Tablets may also contain diluents, such as laclose
“(monohydrate, spray-dried monohydrate, anhydrous and the like), mannitol,
xylitol, dexirose, sucrose, sorbitol, microcrystalline cellulose, starch, calcium
carbonate and dibasic calcium phosphate dihydrate.

35 Tablets may also optionally comprise surface active agents, such as
sodium laury! sulfate and polysorbate 80, and glidants such as silicon dioxide
and talc. When present, surface aclive agents may comprise from 0.2 wi% to



thereof, for the manufacture of a medicament for the treatment of a
disorder in io which the modulation of CCR5 receptors is implicated. In
another aspect the invention provides a method of treatment of a

wimamsrealiarm disorder in which the modulation of CCR5 receptorasse04/003153
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implicated which comprises treating said gpgammal with an effective
amount of a compound of formula (I) or with a pharmaceutically
acceptable salt, solvate or 15 derivative thereof. The compounds of the
invention m%be administered as crystalline or amorphous products.
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Solid formulations for oral administration may be formulated to be
immediate and/or modified release. Modified release formulations inciude
delayed-, sustained-, pu}sed- controlled-, targeted and programmed release.

Suitable modified release formulations for the purposes of the invention
are described in US Patent No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and osmotic and coated
particles are o be found in Verma &f al, Pharmaceutical Technology On-line,
25(2), 1-14 (2001). The use of chewing gum to achieve controlled release is
described in WO 00/35298.

The compounds of the invention may also be adminisiered directly into
the blood stream, into muscle, or into an internal organ. Suitable means for
parenteral administration include infravenous, intraarterial, intraperitoneal,
intrathecal, intraventricular, intraursthral, intrasternal, intracranial,
inframuscular and  subcutaneous. Suitable devices for parenteral
administration include needle (including microneedie) injectors, needle-free
injectors and infusion technigues.



formulations. Liquid formulations include suspensions, solutions, syrups
and elixirs. Such formulations may be employed as fillers in soft or hard
capsules and 10 typically comprise a carrier, for example, water, ethanol,
wpadlyethylesre glycol, propylene glycol, methylcellulose, or a suitam®@iko3153
and one or more emulsifying agents and/o,suspending agents. Liquid
formulations may also be prepared by the reconstitution of a solid, for
example, from a sachet. The compounds of the invention may also be

used in fast-dissolving, 15 fast-disintegratjng dosage forms such as thos%
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2005/033 / PCT/IBZO 4/003153 20.5 wt% of the t blet and Ida
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may comprise FGRY2 S T LPTHE ~°t° ??é”é ?
coﬁmrsmmam@@%ht@l@wa@ﬁ@mw stdspagdermally. Typical fo rmulaﬂons for
this purpose include gels, hydrogels, lotions, solutions, creams, ointments,

dusting powders, dressings, foams, films, skin patches,_wafers, Vim_plafn’_ts‘,_
| s}aénges, fibréé, bahdagés and microemulsions. Liposomes may also be used.
25 Typical carriers include alcohol, water, mineral oil, liquid petrolatum, white
petrolatum, glycerin, polyethylene glycol and propylene glycol. Penetration
enhancers may be incorporated - see, for example, J Pharm Sci, 88 (10), 955-
958 by Finnin and Morgan (October 1999).

Other means of topical administration include delivery by
30 electroporation, iontophoresis, phonophoresis, sonophoresis and microneedte

or needie-free {e.g. Powderject™, Bioject™, efc.) injection.

Formulations for topical administration may be formulated to be
immediate and/or modified release. Modified release formulations include
delayed-, sustained-, pulsed-, controlled-, targeted and programmed release.

35 The compounds of the invention can aiso be administered intranasally
or by inhalation, typically in the form of a dry powder (either alone, as a
mixture, for example, in a dry blend with laciose, or as a mixed component
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calcium stearate, zinc stearate, sodium stearyl fumarate, and mixtures of

5 magnesium stearate with sodium lauryl sulphate. Lubricants generally

comprise from 0.25 wt% to 10 wt%, preferably from 0.5 wt% to 3 wt% of
wiheodsbdetnDther possible ingredients include anti-oxidants, RUlaBraMLE3153

flavours, preservatives and taste-masking agents. 10 Exemplary tablets

contain up to about 80% drug, from about 70 wt% to about 90 wi%

binder, from about 0 wt% to about 85 wt% diluent, from about 1 wt% to

about 10 wt% disintegrant, and from about 0.25 wt% to about 10 wt% .
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20 cartridges for use in an inhaler or insufflator may be formulated to contain a
powder mix of the compound of the invention, a suitable powder base such as
factose or starch and a performance modifier such as Heucing, mannitol, or
_magnesium stearate, The lactose may be anhydrous or in the form of the
monohydrate, preferably the latter. Other suitable excipients include dextran,

25 glucose, maltose, sorbitol, xylitol, fructose, sucrose and trehalose.

A suitable solution formulation for use in an atomiser using
electrohydrodynamics to produce a fine mist may contain from 1pg to 20mg of
the compound of the invention per actuation and the actuation volume may
vary from 1yl to 100pl. A fypical formulation may comprise a compound of the

30 invention, propylene glycol, sterile water, ethano! and ‘sodium chioride.
Alternative solvents which may be used instead of propylene glycol include
glycerol and polyethyiene glycol.

Suitable flavours, such as menthol and levomenthol, or sweeteners,
such as saccharin or saccharin sodium, may be added to those formulations of

35 the invention intended for inhaled/intranasal administration.

Formulations for inhaled/intranasal administration may be formulated to

be immediate and/or modified release using, for example, poly(Pl-lactic-
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Parenteral formulations are typically agueous solutions which may
contain excipients such as salts, carbohydrates and buffering agents
(preferably to a pH of from 3 to 9), but, for some applications, they may be

wimanessuiably formulated as a sterile non-aqueous solution ecagEeerieds153
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form 5 to be used in conjunction with a suitable vehicle such as sterile,
pyrogen-free water. The preparation of pazr%nteral formulations under

sterile conditions, for example, by lyophilisation, may readily be

accomplished using standard pharmaceutical techniques well known to
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COmPANRES Qfihe-invention capdisohe-agnainisterpd inliapaspbsnss bkuch as

InRalatons Y RICHIM I thesform of2 At ROWHEL{AINSLARRGSP Solyacrylic acid,
polyvinylalcohol, hyaluronic acid, a cellulcsic polymer, for example,
hydroxypropyimethyicellulose, hydroxyethylceliulose, or methyl celiulose, or a
heteropolysaccharide polymer, for example, gelan gum, may be incorporated
together with a preservative, such as benzalkonium chloride.  Such
formulations may aiso be delivered by iontophoresis.

Formulations for ocular/faural adminisiration may be formulated to be
immediate and/or modified release. Modified release formulations include
delayed-, sustained-, pulsed-, controlled-, targeted, or programmed release.

The compounds of the invention may be combined with solubie
macromolecular entities, such as cyclodextrin and suitable derivatives thereof
or polyethylene glycol-containing polymers, in order to improve their solubility,
dissolution rate, taste-masking, bicavailability and/or stability for use in any of

the aforementioned modes of administration.



mixture, for example, in a dry blend with lactose, or as a mixed component
CVO 2005/033107 PCT/IB2004/003153 22 particle, for example, mixed
with phospholipids, such as phosphatidylcholine) from a dry powder

wiphadesyies an aerosol spray from a pressurised container pQBRoRRNBYS3
atomiser (preferably an atomiser using electrohydrodynamics to produce

a fine mist), or nebuliser, with or without tfé use of a suitable 5 propellant,
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. compositions at different dosage intervals, or for iitraling the separate
compositions against one another. To assist compliance, the kit typically
25 comprises directions for administration and may be provided with a so-called

memory aid.

For administration to human patients, having a weight of about 65 to
70kg, the total daily dose of a compound of the invention is typically in the
range 1 to 10,000mg, such as 10 to 1,000mg, for example 25 to 500mg,

30 depending, of course, on the mode of administration, the age, condition and
weight of the patient, and will in any case be at the ultimate discretion of the
physician. The fotal daily dose may be administered in single or divided doses.

Accordingly in another aspect the invention provides a pharmaceutical
composition including a compound of formula (I} or a pharmaceutically

35 accepiable salt, solvate or derivative thereof together with one or more
pharmaceutically acceptable excipients, diluents or carriers.



such as saccharin or saccharin sodium, may be added to those
formulations of 35 the invention intended for inhaled/intranasal
administration. Formulations for inhaled/intranasal administration may be

wibonsledegto be immediate and/or modified release using, farragamplesiss
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poly(DL-lactic WO 2005/033107 PCT/1B2QQ4/003153 23 coglycolic acid)
(PGLA). Modified release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed release. In the case of dry
powder inhalers and aerosols, the dosage unit is, determined by means of
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forgaviationmineltfien to a compound of the invention, one or more additional
therapeutic agents. Such multiple drug regimens, often referred to as
combination therapy, may be used in the treatment and prevention of ariy of
the diseases or conditions mediated by or associated with CCRS5 chemokine
receptor modulation, particularly infection by human immunodeficiency virus,
HIV. The use of such combination therapy is especially pertinent with respect
to the treatment and prevention of infection and multiplication of the human
immunodeficiency virus, HIV, and related pathogenic retroviruses within a
patient in need of treatment or one at risk of becoming such a patient. The
ability of such retroviral pathogens to evolve within a relatively short period of
time into strains resistant to any monotherapy which has been administered to
said patient is well known in the literature. A recommended treatment for HIV
is a combination drug treatment called Highly Active Anti-Retroviral Therapy, or
HAART. HAART combines three or more HIV drugs. Thus, the methods of
treatment and pharmaceutical compositions of the present invention may
employ a compound of the invention in the form of monotherapy, but said



delayed-, sustained-, pulsed-, controlled-, targeted, or programmed
release. The compounds of the invention may be combined with soluble
macromolecular entities, such as cyclodextrin and suitable derivatives

wihereafsorpolyethylene glycol-containing polymers, in orde P pree 3153
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their solubility, 35 dissolution rate, taste-mgasking, bioavailability and/or

stability for use in any of the aforementioned modes of administration.
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methyl 1-endo-{8-[(38)-3-(acetylamino)-3-(3-flucrophenyl)propyl}-8-
azabicyclo[3.2.1]oct-3-yl}-2-methyi-4,5,6,7-tetrahydro-1H-imidazo{4,5-
clpyridine-5-carboxylate or pharmaceutically acceptable salts, solvates or
derivatives thereof,

methyl 3-endo-{8-[(35)-3-{acetamido)-3-(3-flucrophenyl)propyl}-8-
azabicyclo[3.2.1]Joct-3-yl}-2-methyl-4,5,6,7-tetrahydro-3 H-imidazof4,5-
c]pyrid‘ine-S-carboxylate or pharmaceutically acceptable salts, solvaies or
derivatives thereof,

gthyl 1-endo-{8-{(38)-3-(acetylamino)-3-(3-flucrophenyl)propyl}-8-
azabicyclo[3.2.1]oct-3-y(}-2-methyl-4,5,8,7-tetrahydro-1 H-imidazo[4,5-
clpyridine-5-carboxylate or pharmaceutically acceptable salts, solvates or
derivatives thereof,

Sch D, ONO4128, GW873140, AMD-887 and CMPD-167; agents which inhibit
the interaction of gp120 with CD4, including but not limited to BMS806, BMS-



range 1 to 10,000mg, such as 10 to 1,000mg, for example 25 to 500mg,

30 depending, of course, on the mode of administration, the age, condition
and weight of the patient, and will in any case be at the ultimate discretion
waof the/phwsician. The total daily dose may be administered mUsinglenovo3153

divided doses. Accordingly in another asp%(}t the invention provides a
pharmaceutical composition including a compound of formula (I) or a
pharmaceutically 35 acceptable salt, solvate or derivative thereof together
with one or more pharmaceutically acceptable excipients, diluents or
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Agents which influence (in particular down reguiate) CCR5 receptor
expression include immunosupressants, such as calcineurin inhibitors
30 (e.g.tacrolimus and cyclosporin A), steroids; agents which interfere with
cytokine production or signalling, such as Janus Kinase (JAK) inhibitors
{e.g. JAK-3 inhibitors, including 3-{(3R,4R}-4-methyl-3-Imethyi-(7H-pyrroio[2,3-
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pharmaceutically acceptable salis, solvates or derivatives thereof; cytokine
35 antibodies (e.g. antibodies that inhibit the interleukin-2 (IL-2) receptor, including
basiliximab and daclizumab); and agents which interfere with cell activation or

cell cyeling, such as rapamycin,
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HIV. The use of such combination therapy is especially pertinent with

respect to the treatment and prevention of infection and multiplication of

the human immunodeficiency virus, HIV, and related pathogenic
wiekowissmes within a 30 patient in need of treatment or one aCigewh4/003153

becoming such a patient. The ability of su%w retroviral pathogens to

evolve within a relatively short period of time into strains resistant to any

monotherapy which has been administered to said patient is well known

in the literature. A recommended treatment for HIV is a combination drug
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antegtinistativrclosingabodmitifiativedrtayNo§(hprise a compound of the invention
]so>étg%@-§iésepmqﬂ;gmq%nxgr@%@&éﬁwaﬂa%xbpﬁaoagaiqiw@mm and
o ph%ﬁ%uﬁgﬁ%y@t@%ﬁé %dgﬂsa Egééﬁe%%ér eriv%t%i@#u%?ég%nd S0 on.
in addition to the requirement of therapeutic efficacy, which may
25 necessitate the use of therapeutic agents in addition to the compounds of the
invention, there may be additional rationales which compel or highly
recommend the use of a combination of a compound of the invention and
another therapeutic agent, such as in the treatment of diseases or conditions
which directly result from or indirectly accompany the basic or underlying
30 CCR5 chemokine receptor modulated disease or condition. For'exa.mple,
where the basic CCR5 chemokine receptor modulated disease or condition is
HIV infection and multiplication it may be necessary or at least desirable to
treat Hepatitis C Virus (HCV), Hepatitis B Virus (HBV), Human Papillomavirus
(HPV), opportunistic infections (including bacterial and fungal infections),
35 neoplasms, and other conditions which occur as the result of the immune-
compromised state of the patient being treated. Other therapeutic agents may
be used with the compounds of the invention, e.g., in order to provide immune



methyl 1-endo-{8-[(3S)-3-(acetylamino)-3-(3-fluorophenyl)propyl]-8- 25
azabicyclo[3.2.1 ]Joct-3-yl}-2-methyl-4,5,6,7-tetrahydro-1 H-imidazo[4,5-
c]pyridine-5-carboxylate or pharmaceutically acceptable salts, solvates or

waesivatiyesthereof, methyl PCT/IB2004/003153
3-endo-{8-[(3S)-3-(acetamido)-3-(3-fluorophenyl)propyl]-8-
azabicyclo[3.2.1 Joct-3-yl}-2-methyl-4,5,6, Fetrahydro-3H-imidazo[4,5 30
c]pyridine-5-carboxylate or pharmaceutically acceptable salts, solvates or
derivatives thereof, ethyl

1-ethahodERiG(8 B)- B (Hreatytzinina) B i(BHinorahanyhisloggi@npany the initial and
azghigyrield4- p.u}@%fgd{]};@ methyl-4,5,6, 7 -tetrahydro-1 H-imidazo[4,5-
c]pyridine-5-carboxyla harmaceuti c
R erivae A, Lot UNb/As S, AMBCERET= i e
cmmmemdagéﬁwwl@ﬂl}mtthﬁﬁ miaraaf&v%s%'m%ﬂmaéwaﬂs solvates
5 IndhdlngibWatmdﬁmt@fédo BiBEe6, RMISTRVGn200PMARAIeT interferons  (e.g.
S) 5! %@%4%9&0&10@3257M |ﬁfé(4eron alfa- 2bt) lamivudine, ribavirin and
z -2:0X
etff 3 3%/ %%FD By acm% aé%ef eSaEilC a ﬂuconazole
S)fesft QFQM@@]ZOW@%@#@JBplp@WszQYWPQ gyl @U@ikég‘éﬁ‘i@g@} such as
3-mstheatiirmatiy | dentaondeiothetatmotsyistnohibitite dotoyutficin, and
10 HFQ%E!H%‘?@? f@f%&%&%ﬁﬁ”&g R%QOHIQ’(E@OIKQFRQW@'&'M&% cidofovir,
PRO 140; mte&}r&si inhibitor mc‘%ng gut ngt limited o t of
@B’@ﬁ?%nd QSRAILEY inHAMIF: \ﬁ*hel% B Hud ?n e fent o
sc@:ﬂ@ﬁh@@i@ém (GMMtigatindéenbinations of a compound of formula (1),
or a pharragriticallyisieetipiableolo sal sabvateipgdesvabive imeatibn include
%‘BPHS ‘?KHBrPB? Qféamﬁo%‘éft@ﬁ%ﬁ% g t'&r%%f’ﬂﬁ@@@%@“&ccepﬁb!e

m the group con stln roI tar
15 hyRRBxparual {o, AR AR BrE éd@ﬁ' <§ 138 8%@7&%&9%8 BX-471; a
colmig suiraratagtorageniatisuseap §a@%t@r@;+,nm):ora@mmm rageptel such
Megtiaosnéptopilidattadonisis hartyaitoUsenas aldifianiraistan wiuscarinic

'mgﬁf‘%r%o%f?% walves el %ﬂgﬁ&%@e PO AR BIRAO S omilast o

i t ts which substan
RIS o TR0 S 1SR ASBH B A VAREAR e an

20 inkilpiterL afake (igansk iptdnabgaknpeiiaten wegabaiis gabedaréyarispy, such
fagiorresentsawhich substabiatninhiter disiopt @5 20 TReredsta inhibitor (e.g.
trap éﬁ?&?&tﬂne L7 IIREE REURINFRRIESSCGHPYHRS VIHRANEY I DI statin (e.g.

atorvastatin}; or an immunosuppressant, such as cyclosperin or a macrolide
such as tacrolimus.

25 In the above-described combinations, the compound of formula () or a
pharmaceutically acceptabie salt, solvate or derivative thereof and other
therapeutic ageni(s) may be administered, in terms of dosage forms, either
separately or in conjunction with each other; and in terms of their time of
administration, either simultaneously or sequentially. Thus, the administration

30 of one component agent may be prior to, concurrent with, or subsequent to the
administration of the other component ageni(s).

Accordingly, in a further aspect the invention provides a pharmaceutical
composition comprising a compound of formula (I) or a pharmaceutically
acceptable salt, solvate or derivative thereof and one or more additional

35 therapeutic agents.

it is to be appreciated that all references herein io treatment inciude
curative, paliiative and prophylactic treatment.



but not limited to, down regulation of protein expression or antagonism of
one or more proteins) other than reverse transcriptase, such as Tat or
Net;; agents which influence, in particular down regulate, CCR5 receptor
wexpresson; chemokines that induce CCR5 receptor internadicatiBmsLeis153
MIP-1 a, MIP-10, 25 RANTES and derivatives thereof; and other agents
that inhibit viral infection or improve the cSRdition or outcome of
HIV-infected individuals through different mechanisms. Agents which
influence (in particular down regulate) CCR5 receptor expression include

immunosTbecksamiosisillustciethburiharivimuing Joeap!escrorhitigparations
ang GHalgs RS foAdiniter fidsicretnis vhihintesie e wisbdytokine
prﬂdu%ﬁ? or signalling, such as Janus Kinase (JAK) inhibitors (e.g.
JAK-3 Inhibitors, including 3-{(3R,4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-
d]W"rdeH”&“ﬁ) -amino]-piperidin-1-yl}-3-oxo-propionitrile) and

5 phaRiR eUtivaligsabcimabResapgaioitates or derivatives thereof;

cyqum@% b@mg@]gnagél@g@@mmat inhibit the interieukin-2 (IL-2)
reﬁp&r in %% ﬁ%ﬂfg}%l g@lﬂ rlﬁ] Bévmﬁ%ﬂﬂf’ agents which
e el

interfere with ¢ |vat| naor c ng such as rapamycin. WO

2065)833 SlerisespiBReH’n 53 28 There is also included within the
scbméﬁhemremmagﬂaimewmbmtlons of a compound of formula (1),
10 ori%p_hg{mwmmg piphie salt, solvate or derivative thereof,
her W|£n Tne or more addltlonal therapeutic agents which slow down
f‘eq}P tabolism of the compound 5 of the invention, thereby leading
to increased exposure in patients. Increasing the exposure in such a
dhrgniigeknown as boosting. This has the benefit of increasing the
e pasyHidhe %@Q&%@f@@maﬁmmns% r;ef&twwe@ fpsenitREdIed 10

achjeve fhe samg efficac b ted. rb .u

15 0 VI 2 - Sz bl ) Igé@mlde

Compothas oTin
1o P450 (CYP450) enzymes, partlcularly CYP 3A4 and conjugatlon by
UDP glucuronosyl transferase and sulphatl nzymes. Thus, among the
agents that may be uged t ncrease t XpQ of a patient to a
compound of the preseﬁpf QIS Wﬁ@‘é act as inhibitors of
at least one isoform of tBe cyfochro 0 (CYP450Q) enaymes. The
isoforms of CYP450 that ry v be beneficially inhibitedfinclude, but are
not limited to, CYP1A2, CYR2[6, CYP2C9, CYP2C1 9@nd CYP3AA4.

Suitable agents that may be use# to inhibit CYP 3A4 include, but are not
I|m|ted to, ritonavir, saqumawr or ketoconazole

To a st:rred solutlon of the amine N—{(TS) -3-{3- endo-(z Methyl 45 6 7-
20 tetrahydro-1H-imidazo[4,5-clpyridin-1-yl)-8-azabicyclo[3.2. 1Joct-8-yI]-1-(3-
fluorophenylpropyllacetamide (94mg, 0.21mmol) in dichloromethane (5ml), at
room temperature, was added acetyl chioride (18ul, 0.26mmol} followed by
N, N-diiso-propylethylamine (45ui, 0.26mmol). After 15 hours the reaction
mixture was diluted with dichloromethane (5mi) and water (5mi) and then
25 passed through a phase separation cariridge. The organic component was
concentrated by passing a stream of nitrogen over the solution and the
resulting mixture was purified using a Mega Bond Elut™" Si cartridge (10g,
Varian) eluting with dichioromethane:methanol:concentrated  aqueous
ammonia (95:5:0.5, by volume) to give the title compound as a white foam
30 (80mg, 79%).
LRMS (electrospray): m/z [M+Na'] 504, [MH'] 482




It will be appreciated by a person skilled in the art, that a combination

drug treatment, as described herein above, may comprise two or more 20

compounds having the same, or different, mechanism of action. Thus, by
wwayeehikustration only, a combination may comprise a comppavias whie31s3

invention and: one or more NRTIs; one or more NRTIs and a PI; one or

more NRTIs and another CCRS antagonigﬁ; a Pl; a Pl, and an NNRTI; an

NNRTI; and so on. In addition to the requirement of therapeutic efficacy,

which may 25 necessitate the use of therapeutic agents in addition to the

cofpanuds 6888; Mveagon, the gy Hestldbiforabr&ildelaepiigs C. 63.03;

compel-@r highly sgecommend the use of a combination of a compound of

the invel g twér utic agent, such as in the treatment of
diggggegigfzg% %ﬁmﬁﬁc (ﬁfpeﬁctly result from or indirectly accompany

the basic or underlying 30 CCR5 chemokine receptor modulated disease
50r Ecmdiides £@& example, where the basic CCR5 chemokine receptor

mogylaied ingass w&@gﬁméﬁ EiYohrfistian madmesiinlicriioniicmayove for
be necessa e
Hegﬁﬂ%o % B u
infeBiEPlthEnetMg BactafaP At G Rfeddon

ry of at lea itn :
Virus (HB‘(%, man Papillomavirus

S'r%—@f%}!{i&:@t Qﬁﬂﬁ%gﬁ@g%?? §Ftéuc,;zi%%téahydro-1 -
Sy, iedplasms, and

othiercropHisinypvapghooetamiiottande sl cbtiespanding- compestndsad formula

wi

1@29“/&'1]%@1’@@&&%@&&%@&9@@ihﬁ@éﬁlaﬂrapeutic agents may be used
t

he compounds of the invention, e.g., in order to provide immune WO

2005/033107 PCT/1B2004{003153 29 stimulation or to treaf pain and
infEXeMRRR which accompany the initial andRMRa&MeHET HRAhfection.
Accordingly, therapeutl\t.l,e%g%nts for use in cdfobimayrEwitH the, 7.74; N, 12.94,

coride urﬁjs of fog?ﬂpdé”n their pharmaceytigalbtaes.eniaplg saltequires C,
solvatés Srand_dgrivafivesralsq inclyde: interferans, peqylated.interferons
(e.g. pegidterferon alfa-2a erronégrz&h, ?gré/ﬁii\/ﬁdi}l%,srﬁ%\/irin

and em
fluconazo

@ abine for the treatmegt of hepatlfidy a%@iﬁ%ﬁ)ﬂ%&ﬁ/ﬁ"é@ MeOH) -

e, dosfluconazole, itraconazole, and voriconazole; antibacterials

such as azithromycin and clarithromycin; interferons, daunorubicin,
doxorubicin, and 1o paclitaxel for the treatment of AIDS related Kaposi's

Sa

cidofovir, fomivirsen, foscarné@ﬁ/&?’r 6 chte for

the treatment of cytoméetfaloyirus (CMV) retimitisid-GrtBér T3inthiA i, fde.23.

15

‘u
formuld (1
Q

ing to thecivenfiominclude comiinatioFREe campPewms! flquires C,
rom3 d%%e ' i‘;%’tab'ge 26; H, 7.67; N, 13.32%
i N - b ¥ . H ] . 4
- , . . [dlp ~20.5° {2.38mg/ml in.MeOH)

O

Examplie 4
N-£{1 8)-3-[3-ando-(5-Isobutyryi-2-methvl-4.5 6.7 -tetrahydro-1 H-imidazol4 5-

covridin-1-vl-8-azabicvclo]3.2. 1]oct-8-yi]-1-(3-fluorophenyl}propyllacetamide

To a stirred solution of amine N-{(15)-3-[3-endo-(2-Methyl-4,5,8,7-tetrahydro-
1 H-imidazol[4,5-clpyridin-1-yf)-8-azabicycio[3.2.1}joct-8-yl]-1-(3-



15 salt, solvate or derivative thereof with a CCR1 antagonist, such as
BX-471; a beta adrenoceptor agonist, such as salmeterol; a corticosteroid
agonist, such fluticasone propionate; a LTD4 antagonist, such as
wpnsaekast; a muscarinic antagonist, such as tiotropium brofigede /003153
PDE4 inhibitor, such as cilomilast or roflumilast; a COX-2 inhibitor, such
as celecoxib, valdecoxib or rofecoxib; an 26 alpha-2-delta ligand, such as
gabapentin or pregabalin; a beta-interferon, such as REBIF; a TNF
receptor modulator, such as a TNF-alpha inhibitor (e.g. adalimumab), a

HNG @pAcediperdlatitimideuctPdga $&HNEY kﬁ‘to"ﬁﬁé@?ﬁfl‘ﬁﬁ?ﬁéﬁﬁh (500ml)
IMEPA QSRR esSRtanyaB 33.OMeloSPTINNesIR lfrwcwbdd:))sutrbm@se addition of

tacroh é@r! c%l%}%%%? STﬁHﬁf SHEDNRUORS, é@@o‘?ﬁf‘ﬁ?ﬁ?ﬂ@ﬁ &f isobutyryl

forjﬁw aceutic

table salt, s A éd riva i
(h GBI ARSI IO ) i) B AT B, Umifecton
5 dosdge formess mmmemmmt@y&ﬂpmxmﬂ&n&ﬁ%’ﬂh@ﬁtrﬁﬂtbﬁ'@ﬁ%’(ﬁ@nﬁ?@@m')

te%%&@%@ t'mqfeéﬁmmlﬁtme@ Wb ey simedtanes U y0aee4ODiakpiution
#’Eﬁh? ad |stlrﬁt|on %Be%f %%@‘é’ou%@t QT@M bﬁrﬂf 105 {Bacted with

or subse uen € administration of the

combﬂﬁéﬁtaage(ﬁf@;n&car&%lﬁwnﬁ gqmw%ﬁé/&ﬂﬁecmv%m% washed with
provides toph) izl (el Cajravusitioncentiptesingtl compbil@@ibivas obtained

m{ﬁfﬁm@(ﬂa&f ﬁ:@h@ia}?é‘&qéiciam?é%aﬁbl¢r$@ltwe%q&z@tﬁfmmarmm in ethyl
ereog r more, addi e , ,
apﬁ?gé?g?e%%q{gll?gger%%%gs #geﬁéhtrea%r%&én@%%zv%u%%%a fo the hot

pairltiiernAathiBpHYIKELE s AL ¢ Kl ggehie room temperature. The
PC}JT&@Q@@W%%IIBB@'@&M\?MWLSwmﬂ’temiemtky diieviotioalimlg (50mi) and

89%%‘ s ?é@ﬁéé@“%'ﬁéséﬂﬁ@his gﬁ% fellowing Buthes @kipraviationsite solid
U

= hour min = minute 5 LRMS = low resolution mass
S = high resolution mass spectrum APCI+ = atmospheric
préﬁm%(fh@rﬂi@dﬁ&i@atlon ESI+ = electrospray ionisation NMR =
nuSleanFRIeaNHes GRe@B ) 6:1it. 23rTh3ayd He mpriat@gfaphy e ra), 7.05-7.07

metyl ) 6.92-6.97 (1H, m), 5.13-5.17 (1H, m), 4.52-4.63 (1H, m), 4.43-4.44

(2H, m), 2.78-3.89 (2H, m), 3.31-3.40 (2H, m), 2.90-3.06 (1H, m), 2.77-2.84

20 and 2.69-2.75 (2H, 2xm), 2.39-2.51 (2H, m), 2.36 and 2.35 (3H, 2xs), 2.20-
230 (2H, m), 2.03-2.13 (2H, m), 1.95 (3H, s), 1.84-1.90 (2H, m), 1.55-1.65
(4H, m), 1.08-1.11 and 1.04-1.06 (6H, 2xm). Rotamers.

- Found C, 66.94;.H, 7.92; N, 13.47. CogkaoFN5Os. 0.5 Ho0.

requires C, 67.16; H, 7.97; N, 13.50.

25  [alp —23.4° (1.84mg/m! in MeOH)

Exarﬁgies 5-7
These examples were prepared according to method described above for

Example 1 using N-{{18)-3-[3-endo-{2-Msthyl-4,5,6,7-tetrahydro-1 H-

30  imidazo[4,5-clpyridin-1-yl)-8-azabicyclo[3.2.1]oct-8-yl]-1-(3-
fluorophenyljpropyllacetamide and the corresponding compound of formula
(V). All LRMS was electrospray, except for Ex 6, which was atmospheric
pressure chemical ionisation.

35



Example 1 WO S)-3-[3-endo-(5-Acetyl-2-methyl-4,5,6,7-tetrahvdro-1
H-imidazo[4,5 15
clpyridin-1-yl)-8-azabicyclo[3.2.1loct-8-yll-1-(3-fluorophenyl)propyl}acetami

woeobdasbdesH NN N O tN,,,Me O F To a stirred solution ofPthemmmim®3133

N-{(1 S)-3-[3-endo-(2-Methyl-4,5,6,7- 20 tetrahydro-1
H-imidazo[4,5-c]pyridin- -yI)-8-azabicyclo[332.1 Joct-8-yl]--(3-

fluorophenyl)propyllacetamide (94mg, 0.21mmol) in dichloromethane

(5ml), at room temperature, was added acetyl chloride (18I, 0.26mmol)

follExard iy 8N, N-diiso-propylethylamine (451,.BMBimaI# 9 dHY hours
the reaction mixture wadediluted with dlchlorp@m@m@%cﬁmﬁ Bng waied, 14.06.

organigcoqpanen rated by pas % stream of hitrdge

over the sdlutioi a e resulti ture aShiidd: Js? ﬁiMégg%S%
Bond E ash Si cartridge (109, %Weu[umg—wms" (2. OOmg/mi in MeOH)

dichlorotsethane:methanol:concentated aquRAKS ey (8Pthel:ah BYend)

(5mpkk ancithen 25 ’\p@g ugh a phase s&gﬂa n @rtr@?g ]l:PE) requires

volume) to giVe the title compound as a white foam 30 (80mg, 79%).

fluorop

LRMS (electrospray): m/z [M+Na+] 504, [MHI 482 WO 2005/033107

Jeuy] 003153 31 Found C, 63.35; H, %325 Mad339Na 510 MH
e J !

2, 0.5 CIgeClI2 requires C, 63.
-21.7 (2.§2mg/ml in MeOgin5 Examples 2- %zﬁ‘fé‘geééxé‘gl‘h%eg T% ’_13'06‘
prepa ccordi od descrlbeo(bbﬁmé:ﬁanExamﬁTb@. (Revdres C,
6,(-teyi@hydmel HH, 8.02; N, 13.27%.

c]pyridin-1-yl)-8= za icyclo[3.2. ($4 ml in MeOH
ropyl}acetamide afd the corre][srf gsng c?mpgﬁ%/ d of )

formula 10 (V). All LRMS was electrospray ionisation. Example 2 LRMS:

10

m/z [MH+] 522 Me Found C, 67.01; H, 7.74; N, 12.94. Me H

Example 7 LRMS (electrospray) 546 [M+Na'],
524 [MH"]
Found C, 65.50; H, 7.93; N, 12.45.

Me
H
v et
O&\, % CsoH42FN502. 0.15 Hgo feCI[UiTGS
F

Me

C, 65.43; H, 8.24; N, 12.72%.
[a]p —28.2° (2.08mg/mi in MeOH)

Example 5 NMR

N={(1 8)-3-[3-endo-{2-Methyl-5-propionyi-4.5.6, 7-tetrahydro-1 H-imidazol4 5-
clovridin-1-yI)-8-azabicyclol3.2, 1Joct-8-yil-1-(3-fluorophenyl)propyliacetamide
'H NMR (400MHz, CD,OD): &: 7.31-7.37 (1H, ), 7.14-7.16 (1H, d}, 7.06-7.10
(1H, m), 6.94-6.99 (1H, m), 5.14-5.21 (1H, m), 4.56-4.63 (1H, m), 4.40 and
4.45 (2H, 2 x 8), 3.81-3.89 (1H, m), 3.75-3.80 (1H, m), 3.33-3.41 (2H, m), 2.78-
2.86 (1H, m), 2.70-2.76 (1H, m), 2.40-2.54 (4H, m), 2.37 and 2.38 (8H, 2 x s),
2.23-2.30 (2H, m), 2.07-2.14 (2H, m), 1.98 {3H, s}, 1.86-1.93 (2H, m), 1.57-
1.87 (4H, m), 1.07-1.17 (3H, m). Rotamers.




~-N ~N C30H40FN502. 0.1 H20 requires C, NO '6N Il 66.77; H, 7.84; N,
12.93%. O [a]o -20.9 (2.04mg/ml in MeOH) F Example 3 LRMS: m/z
[MH+] 508 Me Found C, 66.53; H, 7.59; N, 13.23. Me H/N N ~N

Wwo2063885M602. 0.1 H20 requires C, N~7 ~ N~ 66.26; H, 7.6¢1A%2004/003153

5

10

15

20

25

30

13.32%. [a]p -20.5 (2.38mg/ml in. MeOH) O F Example 4 N-{(1
S)-3-[3-endo-(5-isobutyryl-2-methyl-4 5 6. P4etrahydro-1 H-imidazo[4 5-
clpyridin-1 -yi)-8-azabicyclo[3.2.1]oct-8-yll-1-
3-fluorophenyl)propyl}acetamide 15 Me Me HNrNN Me ONNMe OF
ToxatmperiSolution of amine N-{(1

S)T@ﬂaﬁ’ﬂ@Qd?e%hﬁLﬂ&rﬁﬂﬁy @Wﬂuéro—promonvl) 4 5.6.7-tetrahydro-1H-

v L

: ylpropyifacetamide
(1984 RS kB H {lacelRldduran (500m1) was added triethylamine
(7.0ml, 50. Ommol) foIIowed by dropwse'ﬂ |trﬁn of isobutyryl chloride

(5.3m1, 50.mmol). Aite qour a sec portion of isobutyryl chloride
was added dropwise (0 5b’ W@ﬁ’er r the reaction 5
mixture was concentraféd ta{approxi ly 300m1 @ Hﬁ@Lhéi{;lcetate
(200m1) was added. The gtion mixture was wash 20% aq.

K2CO3 solution (200m1;3a l . The aqueous phase Wes separated and
extracted with ethylacetate (10?)'ml) The organic components were

combinedypnasheshmiibn of 3,3,3-trifluoropropionic acid (15u, 1.71mmol) in
dichloromethane (2ml) was added O-benzotriazol-1-yI-N,N,N,N*-
tetramethyluronium hexafluorophosphate (65mg, 1.71mmol), triethylamine
(47ul, 3.41mmol) followed by the amine N-{(15)-3-[3-endo-(2-Methyl-4,5,6,7-
tetrahydro-1 H-imidazo[4,5-c]pyridin-1-yl)-8-azabicyclo[3.2.1}oct-8-yi]-1-(3-
fluorophenyl)propyllacetamide (50mg, 1.14mmol). The reaction mixture was
heated at 30°C for 15 hours, concenirated by passing a stream of nitrogen
over the solution, and purified by preparative HPLC (Phenomenex G5 15 x 10
cm 10um column, 20 mi/min flow rate, 225 nm delection, mobile phase
gradient 95:5 to 5:95 A:B, (A: 0.1% diethylamine in HxO, B: MeCN})) to give the
title compound as a gum (20mg}.
LRMS (electrospray) 550 [MHT]
HRMS (electrospray). Found 550.2800. CasHaeNsF4O2 (MHY, requires
550.2800. - | B




brine (100ml), dried (MgS0O4) and concentrated until a mobile oil was
obtained 1o which had just started to form a foam. The residue was
dissolved in ethyl acetate (100ml) and heated to 90C. Water (0.5ml) was

waddeshtzitre hot solution and the mixture was allowed to slewlyiBemitms1s3

5

10

15

20

25

room temperature. The precipitate was coélgcted by filtration, washed with
ethyl acetate (50m1) and dried under reduced pressure to give the title
compound as a white solid 15 (20.9g, 90%). LRMS: m/z [MHJ 510 'H

NMR (400MHz, CD30D): 8: 7.29-7.35 (1 H, m), 7.12-7.14 (1 H, m),
7.@@noe® H, m), 6.92-6.97 (1 H,.m), 5.13-5.17 (1 H, m), 4.52-4.63 (1

H, R{#S An{H 5Rg o BulB-3-291(8tH 2] 1Thi-Br0a3618, 5-

(“Z'* 9id€1-717n' ; Nk ¥ad8tamide
angd Z. ) ~2.20- 2. . m), 2.03-2. m), 1. . S),
1 i%—% ¥H, m), 1.55-1.65 (4H, m), 1.08-1.11 and 1.04-1.06 (6H, 2xm).

Rotamers. Found C, 66.94;H, 7.92; N, 13.47. C29H40FN502. 0.5 H20-

requires C, 67.16; H, 7.97; N, 13.50. 25 [d§23.4 (1.64mg/ml in MeOH)
Examples 5-7 These Mﬁr%g(]es were ar,%c:i: cording to method
xampl ' 1

described above for E Me

S)-3-[3-endo-(2-Methyl-45 64 .

imidazo[4,5-c]pyridin-1-yl) nabicyclo[3.2.1 ]Joct-8- -1-?%

fluorophenyl)propyl}acetamtd d the corresponding compound of

formula (V). All LRMS was electrospray, except for Ex & which was

atmospheric pressure chemical ionisation. 3%t 07

PCT/IB2004/003153 33 Example 5 LRMS:-m/z 496 [MH] Found C, 67.47;

H, 7.75; N, 14.06. Me Me N ,- H N NNIT" C28H33FN502 0.15 H20

requires NOd C, 67.49; H, 7.75; N, 14.05%. / Me [a]D -21.5 (2.00mg/ml

in VeQHpdiNibR dzita/fol{0W)B-{Bectaddd Biebbhtyryl-2-methyi-4,5,6,7-tetrahydro-
1 H-imidazo[4,5-c]pyridin-1-yi)-8-azabicyclo[3.2. 1joct-8-yi]-1-(3-
fluorophenyl)propyllacetamide (300mg, 0.52mmol) in tetrahydrofuran (2ml) at
reflux was added a solution of fumaric acid (68mg, 0.58mmol) in hot ethanol
(2ml) dropwise. After 48 hours tetrahydrofuran (2ml} was added and after a 48
hours the crystals were collected by filtration, washed with tetrahydrofuran
(2ml) and air dried to give the title compound as a white powder (110 mg,
30%).
Found C, 62.04; H, 7.26; N, 10.70. CaaHasFNsOs. 0.75 HpO

- requires C, 62.00; H, 7.17; N, 10.86. .

-tetrahydro-1 HL30.N

Example 19
N-I(18)-3-[3-ando-(5-lschutyrvl-2-methvi-4,5 8. 7-tetrahvdro-1 H-imidazol4,5-

Spvridin-1-v-8-azabicvelol3.2.1]oct-8-vI1-1-{8-fluorophenyhpropyllacetamide

Me
H =N
)/N N N\ﬁj e
9]
N
j e
O
F

N-{{18)-3-[3-endo-(2-Methyl-4,5,6,7-tetrahydro-1H-imidazo{4,5-clpyridin-1-yl)-
8-azabicyclo[3.2.1]oct-8-yi]-1-(3-fluorophenyl)propyllacetamide (264.44,

Me



Example 6 LRMS 532 [M+NaJ, 510 [MHI Me Me H N Found C, 65.69; H,

7.97; N, 13.06. yN N, C29H40FN502. 0.1 H20 requires C, O d N Me

66.01; H, 8.02; N, 13.27%. / o [a]D -25.5 (2.14mg/ml in MeOH) F
wBxanpls W1 RMS (electrospray) 546 [M+Nal, Me 524 [MH'|He/EH2bb MM 3

Me Found C, 65.50; H, 7.93; N, 12.45. N =N C30H42FN502. 0.15 H20

requires Me 0 C, 65.43; H, 8.24; N, 12.72%. [a]D -28.2 (2.06mg/mi in

MeOH) Example 5 NMR N-10 S)-3-[3-endo-(2-Methyl-5-propionyl-4

5,6,7-tetrahydro-1 H-imidazo[4,5 5 clpvridin-1-y[)-8-azabicyclo[3.2 1

lost-80/el1wasfiaddeshienprerapylddiafvde AIRWAY @oerigssium carbonate

COB82RY; 5.67.3bly &vd(titd, rmgull. Wds7 cbelgkHod) 570 6sp-EutyTyHeride (87.8g,

6 YhiFR s HeR MicA e Bnthafisd Gl 446r3p6hchtd below
(zzfég%a%%?&%%%%&?f i b a8 pgassium

5 (atbeiel (2672292 IBOM@IE (R)40L0 asihepnadded andghgresylting 2 phases
1.863=92431 Thanhqliddus BYdAaminbd Bdukckal iitmptRdtacetee (2.67L)

W%ﬁ%gQﬁéo%%WﬁTcé@@%@/Q%Fé%gs%&f(Wlesﬁtb'r‘é(éd aqueous sodium
S)-3-13-endo-(2-Methyl-5- 3-triflu ro-%%ﬁ)lon )- 4.5, 7-tetrghrydro-1 H

” iATHSEOR &gt ale” dSERBI, e SPNseriARd yader’ vacaum. The

fluoesishenyiypidipstbdcettimadieyiviecargeH (R OFRL) -ang~¢oxcar@ted again under

10 vacuum. This redilution and concentration step was repeated and the resuiting

residue was freated with ethyl acetate until a total volume of 1.07L had been

reached. This was cooled to 0-5°C, stirred for 2 hours, filtered and washed with

cold ethyl acetate (2 x 130mL). The solid product was then dried in a vacuum

oven at 50°C to give the fitle compound (269.8g, 0.53mol, 88.0%).

15

Example 11
N-{{18)-3-[3-endo-(5-Isobutyryl-2-methvi-4,5,6,7-tetrahvdro-1 H-imidazo[4 .5-

Clpyridin-1-yl)-8-azabicyclof3.2. 1Joct-8-vil-1-(3-fluorophenylpropyllacetamide
fumarate

20

Me
Me H >_N
7]/ N/@/N 2 Mo
Me
9]
F 0

o

N-{{15)-8-[8-endo-(5-Isobutyryl-2-methyl-4,5,6,7-tetrahydro-1H-imidazo[4,5-

clpyridin-1-yl)-8-azabicyciof3.2. 1]oct-8-yl]-1-(3-fluorophenyl)propyl}acetamide
25  (554.0g, 1.08mol) was added to propan-2-ol (13.85L}, followed by fumaric acid

(126.2g, 1.09mol) and the result was warmed to reflux and stirred for 20

minutes. This solution was then clarified by filtration at this temperature, before

being concentrated under vacuum to a solvent volume of 4ml/g based on

starting N-{(18)-3-[3-endo-({5-Isobutyryl-2-methyl-4,5,8,7-tetrahydro-1 H-
30 imidazo[4,5-Clpyridin-1-yl}-8-azabicyclo[3.2.1]oct-8-yl}-1-(3-



O 5 F To a stirred solution of 3,3,3-trifluoropropionic acid (15I, 1.71 mmol)
in dichloromethane (2ml) was added O-benzotriazol-1-yl-N,N,N,N'
tetramethyluronium hexafluorophosphate (65mg, 1.71mmol), triethylamine

w3 Zdo3/0334d7 mmol) followed by the amine N-{(1 PCT/IB2004/003153
S)-3-[3-endo-(2-Methyl-4,5,6,7 10 tetrahydro-1
H-imidazo[4,5-c]pyridin-1-yl)-8-azabicyclo[3/2. 1]oct-8-yi]-1-(3-
fluorophenyl)propyl}acetamide (50mg, 1.14mmol). The reaction mixture
was heated at 30C for 15 hours, concentrated by passing a stream of
nitﬁ@gyﬁpbe@w&wwﬁﬁ@ﬁaaﬂa%uﬁhsd\fb@spfﬁegéﬁﬁtt@eﬂﬁé& stirred for 2 hours,
(Pheesteasd @ashko wih @i Itapesldnun (20 raEorirjlovheats2Rbroduct was

deteeionymehile Phasedm wasient %%Otéf%?\éi%éﬁﬁt{él%mpound (495.9g,
diethylamine in H20, B: MeCN)) to give the title compound as a gum
(Zd?régﬂq*ﬁvlég(g%&rospray) 550 [MH+] HRMS (electrospray). Found
$550.2800. C28H36N5F402 (MH+), requires 550.2800. 20 25 30 WO
20@5/A3310 1P CT/1B2004/003153 35 Example 9 N-{(1

S)-3-f3-endo-(5-Isobutyryl-2-methyl-4 5.6.7-tetrahvdro-1 H-imidazof4,5-

i A o T e e S TR RS

\AQeiraDyBocaddlimidazs{ N S(dipyridin-1-yl)-8-azabicyclo[3.2.1]oct-8-yl}-1-(3-

10S)FobSiishiBrssRuipdi 2nmeshiled, plegdritrBYEEding to method described

above for the fumarate salt of Example 9 using N-{(15)-3-[3-endo-(5-Isobutyry!-
2-methyl-4,5,8,7-tetrahydro-~1 H-imidazo[4,5-c]pyridin-1-yl)-8-
azabicyclo[3.2.1]oct-8-yi]-1-(3-fluorophenyl)propyljacetamide and D-tartaric
acid. The PXRD peak data are provided hereinbelow.

15

Preparation 1
8-Benzvi-8-azabicyclo]3.2.1loctan-3-one

sV

A solution of 2,5-dimethoxytetrahydrofuran (50 g, 378 mmol) in hydrochloric
20 acid (0.025 N, 160 ml) was cooled to 0°C for 18 hours. Benzylamine
. hydrochloride (65 g, 453 mmol), ketomalonic acid (55 g, 377 mmol) and an
aqueous solution of sodium aceiate (300 ml, 0.69 M) were added and the
reaction stirred at room temperature for one hour. The mixiure was heated to
50°C for further 90 minutes, then cooled in an ice bath and basified to pH12
25 with 2N sodium hydroxide solution. The layers were separated and the
aqueous phase extracted with ethyl acetate (3 x 300 mi). The combined
organic exiracts were washed with water, dried (MgSO,), filtered and
evaporated under reduced pressure. The residual brown oil was distilled under
reduced pressure (126° / 3 mmHg) to afford the fitle compound as an off-white
30 solid (37.81 g).
LRMS: m/z  216.3 (MH").




1 H-imidazo[4,5-c]pyridin-1-yi)-8-azabicyclo[3.2.1 ]oct-8-yi]-1-(3 10

fluorophenyl)propyl}acetamide (300mg, 0.59mmol) in tetrahydrofuran

(2m1l) at reflux was added a solution of fumaric acid (68mg, 0.59mmol) in
wioteasitaaol? (2m1) dropwise. After 48 hours tetrahydrofuranKniBRovas03153

added and after a 48 hours the crystals were collected by filtration, -

washed with tetrahydrofuran (2m1) and afttdried to give the title

compound as a white powder (110 mg, 15 30%). Found C, 62.04; H,

7.26; N, 10.70. C33H44FN506. 0.75 H20 requires C, 62.00; H, 7.17; N,

10 P@pEraiinplé 10 20 N-{(1

S) %@M%@x!ﬁg%ﬁb{b&m@tm%cﬁa&%lﬁamaﬁ H-imidazo[4,5-

clpyridin-1-vl)-8-azabicyclo[3.2.110ct- -y -1-(3-flyorophenyl)propyliaceta

mide Me MeN~ N=N heO ™

S)-3-[3-endo-(2-Methyl-4,5,6,7-t§ dr@- idazo[4,5-c]pyridin-1-yl)-

8-azabicyclo[3.2.1 ]Joct-8-yi]-1-(3- fluor henyl)propyl}acetamlde (264.4q,

WO 2005/033107 PCT/IB2004/003153°36 0.60mol) was added to

pr%@ﬁo&t@b(@f@%ﬁﬁupwﬂe@@@%ﬂlmmﬂapﬂaiﬁe(%i'i@ §. &BuTothmol), di-

Wasf?u gdétlcg%d%)g‘%i% ﬁ]tér)uz}t%é ) Wé SRR Wri aﬂmolérdr oxide

malntaln:{%va temperat

@R BB VB oA ForT Ind BB GRS BB dudiotRoct room
carieonmea(d6y Buyjdn ava’ﬁn(@spb&ﬂ@fs%@@@l@ai 28 HRaestiiengixiure was
phﬁ&@%{%&?%@&d Q\Tfrj]@o@wQﬂ@st@@oW@ﬁtthemexﬁaolﬁfdiwitt’eeltméd pressure.
te /L) and the It u
IS T R i
10un@@#"iﬁﬁbtﬁ§ﬁ¢'ﬁ‘ﬁe°fe§ﬁﬂ?é‘?\/as%ﬁ§{eé Rith: e@h);Pa Brate@. 0PLRHR ‘ine lille
coreenraied agaitolodeess vioudich Fysiaticitation statdiogodf@gin
StefH\fIEe eﬁhHﬂdcﬂmgwtlmmgqsrdug)wawaa@@i(mm ey .00-2.11 (2H,

?c?%%% %%tr#%é%?ljv nrbse%tergélgnd WZshe vﬁt%?igﬂ cgtc;ﬁ:-:-e((jz

x 130mL). The solid product was then dried in a vacuum oven at 50C to
150ivEeatiditoeoBpound (269.8g, 0.53mo1l, 88.0%).

teri-Butyl 3-{benzylamino}-endo-8-azabicyclo[3.2. 1Joctane-8-carboxylate
O

O

Me

A solution of z‘en‘mbuty! 3-oxo-8-azab§cyclo[3.2.1]octan~8-carboxy§ate (10.0 g,

44.4 mmol), benzylamine (4.85 mi, 49.7 mmol) and sodium
20 triacetoxyborohydride (14.11 g, 66.6 mmol) was stirred for 16 hours at room

temperature in a mixture of glacial acetic acid : dichloromethane (1:9 v/v, 290

ml). The solvents were evaporated under reduced pressure and the residue

dissolved in ethyl acetate (200 ml), then washed with saturated agueous

sodium carbonate solution (50 ml) and water (50 mi). The organic solution was
o5 dried (MgSQy), filtered and evaporated under reduced pressure. The residue

was purified by column chromatography on silica gel using an eluent of

dichloromethane : methanol : concenirated aqueous ammonia

(98 : 2 : 0.25) to afford the title compound as a white solid (7.00 g).

'H NMR (400 MHz, CDCla): §: 1.42-1.48 (11H, m), 1.52-1.61 (2H, m), 1.85-
30 2.19 (5H, m), 2.85-3.03 (1H, m), 3.74 (2H, s), 4.03-4.23 (2H, m), 7.20-7.26

- (1H, m), 7.26-7.32 (4H, m) ppm. :




15 Example 11 N-III S)-3-(3-endo-(5-Isobutyryl-2-methyl-4
5.6,7-tetrahydro-1 H-imidazof4,5-
c]pyridin-1-yi)-8-azabicyclo(3.2.1loct-8-yll-1-(3-fluorophenyl)propvilacetam
wideodsinsareite 20 Me N Me HMe N Me O F O HO, "-KOHrQThBE{4/003153
S)-3-[3-endo-(5-Isobutyryl-2-methyl-4,5,6 g tetrahydro-1 H-imidazo[4,5-
c]pyridin-I-yl)-8-azabicyclo[3.2.1
Joct-8-yl]-1-(3-fluorophenyl)propyl}acetamide 25 (554.0g, 1.08mol) was
added to propan-2-ol (13.85L), followed by fumaric acid (126.2g, 1.09mol)
and the result was warmed to reflux and stirred for 20 minutes. This
o) Mpmaﬁhen clarified by filtration at this temperature, before being

CORGRBIA | BONSAL Y alliRe Bapggkon

std ) -Isobutyryl-2smethy -tetra ydro-1 H-
30 |m|dazo[4 5-c]pyridin-1 -yl)- W&? \ 2. ]oct 8 -yl]-1-(3 WO
2005/033107 PCT/IBZOO4/OO31§F% 9 nyl)propyl}acetamlde

This was cooled to 0-5C, stirred urs, flltered and washed with cold
propan-2-ol (2 x 550mL) The solid prqgluct was then dried in a vacuum

;oven at 5%%3%% g{ve%t %J?B%Wéﬁ-ﬁéo?%ngozgrﬁ%% idcfo® 25 Joctane-8-

Sg am Iéx e (D
S)@BoxMiabe(5Hsd tﬁy%ﬁ-i mEtRl-25reonise ApKaale (7.00 g, 111 mmol) and

H-oRianoid, Betlpyitdiniyyip e asicyarbi3n2(0 R tg-yi- bifgnol (200 mi) was
f'Uﬁ@)ﬁ@@%‘%@@y'}ﬁﬁ@@a@lc@:waﬁdwm@ewacw@@gd@anmme was filtered

) P0an AR, S S TERCHREE ot REUetd pressure. The
10 H- r@m@[\a@ﬂwﬁgﬂqb}/)gylgrggamgéeigfggqphy on silica gel using an elution

Joajr8eliint 68 flookaphestyibpeopyiitbeateohidmacehbeadasigueous ammonia (98 :
2:0.251t0 955 : 0.5) to afford the title compound as a colourless oil (4.70 g).

LRMS: m/z  227.2 (MH™).

15 Preparation 5

teri-Butyl 3-ando-| (3-nitro-4-pyridinyDaminol-8-azabigyclo[3.2. 1joctane-8-
carboxylate
ON_~
N

HNT X
. Me ° NE# -
Me\\/
Me \ﬂ;

tert-Butyl 3-amino-endo-8-azabicyclo[3.2.1]Joctane-8-carboxylate (3.0 g, 13.2

20  mmol), 4-ethoxy-3-nitropyridine hydrochloride (2.7 g, 13.2 mmol) and N-ethyi-

N, N-diisopropylamine (1.89 g, 14.6 mmol) were dissolved in 1-methyl-2-

pyrrolidinone (5 ml) and heated at 120 °C for 18 hours. The cooled reaction

mixture was diluted with eihyt acetate (150 mi) and washed with water (3 x 50

mi), saturated aqueous sodium hydrogen carbonate solution (50 mi) and brine

25 (30 ml). The organic layer was dried (MgSO,) and the solvent removed by

evaporation under reduced pressure. This residue was triturated with diethyl

ether and filtered to afford the title compound as a yellow solid (1.5 g).
LRMS: m/z 349 (MH").

30



acid. The PXRD peak data are provided hereinbelow. 15 Preparation 1
8-Benzyl-8-azabicyclo[3.2.1 loctan-3-one / 1 N~e A solution of
2,5-dimethoxytetrahydrofuran (50 g, 378 mmol) in hydrochloric 20 acid

w(D20850b51060 ml) was cooled to OC for 16 hours. Benzylamiter/182004/003153

10

15

20

25

hydrochloride (65 g, 453 mmol), ketomalonjc acid (55 g, 377 mmol) and
an aqueous solution of sodium acetate (300 ml, 0.69 M) were added and
the reaction stirred at room temperature for one hour. The mixture was
heated to 50C for further 90 minutes, then cooled in an ice bath and
b&éiedraiiphi €2 25 with 2N sodium hydroxide solution. The layers were
sepaiaied stk the-sarebiey dbEase, eXnded) Ritn et Hiodtaisa@ it 3B0
m é ! gg ﬁ%mbined organic extracts were washed with water, dried

(M Itered and evaporated under r ressure. The residual
brown oil was distilled under reduced ur (12 / 3 mmHgQ) to afford
the title compound as an off-white 3 so ). LRMS: m/z 216.3
(MH"). WO 2005/033107 PCT/1B2004/p03 53 38 Preparation 2 tent
Butyl 3-oxo-8-azabicyclo[3.2“;ré]oct oxvlate MM-/Me\l/O O__ ~N
0 A mixture of 8-benzyl-8-azabicyglo[3.2.1]octan-3-one (15.0 g, 69.7
mmol), di- 5 tent-butyl dicarbona (18 2 g, 83.4 mmol) and 20% w/w

lla d i
CCRELEAI nours SP Bk e A TS S AL B o ootane &
atC2EORFYRTHE ke arﬁs”ﬁﬂ@ﬂeérﬁﬁrdf@éh Rerdeel(® bhdsu%?s%y TP were
remge@dem&egr@ﬂabempneasmesm md) rersititne wasipierifiedipg EpRNT. for two

togl%%li% %@%Qe A reivtionerrdisatiabhexanes heated to

R Syl AR oM T8 5 t't'feﬂr?ﬁﬁ;”eé‘ﬂ&%%%ﬁ*@@%%ﬁriéﬁ@ 2 pad of

1 Aol nd. 60l4esk \EELampYE donder (eAucky, PreRsYra, (bR MRpjdue was

2.#8rBtfA 62Ho 8WvebRSHEAR (@ e mampnR(G Mipardtieaidr (200 ml) and the
mixture adjusted to pH 9 with 2 N agueous sodium hydroxide solution. The
mixture was again filtered through a pad of Arbocel® and the organic phase
separated. The agueous layer was extracted with dichloromethane (100 mi)
and the combined organic extracts dried (MgSQs). Solvent was evaporated
under reduced pressure and the residue triturated with ethyl acetate, filtered
and dried (MgS0,) to give the title compound as a white soiid (3.27 g).
LRMS: m/z 285 (MH").

Preparation 7
1-endo-(8-Acetyl-8-azabicyclol3.2. 11loct-3-yl}-5-benzyi-2-methyl-4.5.6.7-

tetrahvdro-1H-imidazo[4,5-clpyridine

Riope
s

O
Benzyl bromide (1.78 g, 10.4 mmol) was added to a solution of 1-endo-(8-
acety!-8-azabicyclo[3.2.1]oct-3-yl)-2-methyl-1 H-imidazo[4 5-c]pyridine  (2.47 g,
8.7 mmol) in ethanol (20 mi) and the mixture stirred at room temperature for 48
hours. The reaction mixture was then cooled to -70 °C and sodium
borohydride (0.33 g, 8.7 mmol) added portionwise over ten minutes. After one




tent-Butyl 3-(benzvlamino)-endo-8-azabicyclo[3.2.1 loctane-8-carboxvlate
HN I~ X Me Me O__ ~N O A solution of tert-butyl
3-0x0-8-azabicyclo[3.2.1]octan-8-carboxylate (10.0 g, 44.4 mmol),
wioenzyissiote (4.85 ml, 49.7 mmol) and sodium 20 triacetoxyboneycvide 153
(14.11 g, 66.6 mmol) was stirred for 16 hours at room temperature in a
mixture of glacial acetic acid : dichloromethane (2:9 viv, 290 ml). The
solvents were evaporated under reduced pressure and the residue

dissolved in ethyl acetate (200 ml), then washed with saturated a i_C%§](e)zous
sddiumatarBOnitdhelrrRHion0 MiXre waserlowesl)orH@BRglhicAsoikriliien re-

Was@Balied tgBQM fiteliest andievearathyiitie (0RR e frensun. added.
T*lﬁ%‘?%‘#%a@ﬂ%ﬁéﬁﬁ% by colymm GhremABaraPY-eresiied eeld #adreaction

an eluent omethane : methanol : concen

ted
o TR QEWd MBI P EA e S & AT o8 ppperated
5 g)uttdMMReAABNH2ISBEGS): 101.4bel 48qaapHsm) raskiue 6 BXPRGIRY, with

1. Qéhﬁﬂ&ﬁe%r(ﬁhb Mg, %-35348 (LhemiomBh&HoR)aAi0e4RRARHvaTY, dried

Pé\?gﬁﬁ 17'5!053@%@ Bééﬁ%ﬁ%?ﬁ LK \é@@@%ﬁé@ééﬂ@ The residue was

3- aﬁa&eanﬂﬁoﬂssgk&mewb[@Wﬁ%@@éﬁefyéa?bﬂlé%t%efwﬂ?}'% Wil qugolvent
Ograliieft 5f fethidtaetafieertiatiianol : diethylamine (100 : 0 @ 2, by volume,

10 3 Qﬂ% \%‘6‘ gendn-8:878bicyH o[ 32; 1i?Ctﬂnﬁr§u&rb@mdﬁfﬁh@7f%§Ons were
o

f
pa‘?la%ﬁﬁ rj {%ﬁﬁgﬁ% gﬁ@?ng?élgg‘d% anof%gg% ?Was heated to
533Nl SEURAR deased. The cooled mixture was filtered through

Arbocel(r) and the filtrate evaporated under reduced pressure. The 10

regj,q#%m spyrified by column chromatography on silica gel using an

15 SO AL Lo elang  slnateh: GG aIRc A0HERYBro-1 1+

O-5)toartora the ttie compouric

d@!ﬁm&ﬁﬂm@w_mhﬂs miz 227.2 (MH+).
SLCh®
e
HN

1-endo-(8-Acetyl-8-azabicyclof3.2.1]oct-3-yl)-5-benzyl-2-methyl-4,5,6,7-
tetrahydro-1 H-imidazo[4,5-clpyridine (2.23 g, 5.89 mmol) was dissolved in 6N
20 - - aqueous hydrochloric acid (30 ml) and heated under refiux for.18 hours. The
cooled reaction mixture was adjusted to pH10 by the addition of 2N aqueous
sodium hydroxide solution and extracted with dichioromethane (2 x 50 mi).
The combined organic exiracts were dried (MgSQ,) and solvent evaporated
under reduced pressure. The residue was purified by flash column
25 chromatography on silica gel eluting with a solvent gradient of dichloromethane
- methanol : diethylamine (100 : 0 : 0.5, by volume, changing to €3 :7 : 1).
Product containing fractions were evaporated to afford the litle compound as a
white foam (1.47 g).
LRMS (electrospray) : m/z [M+H]" 337.

30



15 Preparation 5 tert-Butyl 3-endo-[(3-nitro-4-pyrid inyl)am i
nol-8-azabicyclo[3.2.1 Joctane-8- carboxylate \ O2N~N HN Me . Me_0O
yN Me (O tert-Butyl

w8-anmneserndo-8-azabicyclo[3.2.1]Joctane-8-carboxylate (3.0R§;ILBRA02003153
mmol), 4-ethoxy-3-nitropyridine hydrochlo[de (2.7 g, 13.2 mmol) and
N-ethyl- N,N-diisopropylamine (1.89 g, 14.6 mmol) were dissolved in
1-methyl-2- pyrrolidinone (5 ml) and heated at 120 C for 18 hours. The
cooled reaction mixture was diluted with ethyl acetate (150 ml) and
wakhpdratigh\ater (3 x 50 ml), saturated aqueous sodium hydrogen
cadiepaie| 39 ution EsLm etnehbiling-@%o(80pulbaTbecadmnic layer was
dried (MgSO4) and the solvent removed by evaporation under reduced
pressure. This residue was trituggted with diethyl ether and filtered to
afford the title compound as #(1.5 g). LRMS: m/z 349 (MH+).
30 WO 2005/033107 PCT/1IB2004/003153 40 Preparation 6
1-endo-(8-Acetyl-8-azabicyclo[3 loCt-3yyl)-2sAfethyl-1 H-imidazo(4,5- ¢
ridine N Me-</ MeyN O 5 tent-Butyl H
3-endo-[(3-nitro-4-pyridinyl)amino]-8-az§ £lo[3.2.1 Joctane-8
carboxylate (4.40 g, 12.6 mmol) and iroR_powder (2.11 g, 37.8 mmol) were
dissolved in glacial acetic acid (50 ml) and the mixture heated to 60 C for

5 WDiibelus/ Agaiinianhygide s mywaslibbloaddethand, te miktdie mmol) was

he@&Sf%&O 1040881 18 haised NG GRS teastigBImistires wastlereb)-s-{(tert
through a pad of 10 Arbﬁge(gr} and s%leve t%asar%mﬁ)e\/ed Wbé %%%%d 060
prES AR RO AT REE Al R DM SR DA rom et ane% r‘gl& ’
anrepREtiI0 Mijfd GiE. Rmed dudisiare e amt PRy akods ©- The
SORliHBNGY Iraxige aiUieBOTmutes at ~78°C, then methanol (50 mi, pre-cooled
10 to —78°C) was added. The reaction was stirred for 30minutes, then 2 N
hydrochloric acid (250 ml) added. The bi-phasic mixture was allowed to warm
up to room temperature, the layers were separated, and the organic layer was
dried (MgSO,), filtered and evaporated under reduced pressure {0 afford the
titie compound as a clear, colourless oil, 4.8 g.
15  LRMS: m/z 268.1 (MH").

Preparation 10
 fert-Butyl (18)-3-[3-endo-(5-benzyl-2-methyl-4.5.6.7-tetrahydro-1H-imidazol4.5-
clpvridin-1-yl)-8-azabicyclol3.2. 11oct-8-yil-1-(3-fluorophenyhpropyicarbamate

2 o N
Y
Me O

F
Acetic-acid (0.38 g, 6.4 mmol) was added to a stirred solution of 1-endo-(8-
azabicyclo[3.2.1 loct-3-y1)-5-benzyl-2-methyl-4,5,6,7-tetrahydro-1H-imidazo[4,5-
dpyridine  (2.16 g, 6.4 mmol) and teri-butyl (18)-1-(3-fluorophenyl) -3-
oxopropylcarbamaie (2.06 g, 7.7 mmol) dissolved in dichloromethane (25 mi)
25 under nitrogen at room temperature. Sodium triacetoxyborohydride (1.63 g,
7.7 mmol) was then added and the reaction was held at room temperature for

20



mixture was again filtered through a pad of Arbocel(r) and the organic
phase separated. The agueous layer was extracted with dichloromethane
(100 ml) 15 and the combined organic extracts dried (MgSO4). Solvent

wwaseewaporated under reduced pressure and the residue tritrzxezbadith3153
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ethyl acetate, filtered and dried (MgSO4) tg give the title compound as a

white solid (3.27 g). LRMS: m/z 285 (MH+‘5.3 20 Preparation 7
1-endo-(8-Acetyl-8-azabicyclor3 2.1loct-3-vD-5-benzyl-2-methyl-4 5.6,7-
tetrahydro-1 H-imidazor4,5-clpyridine _< INN /110 Me Me Nm O Benzyl
bréniderel. 78 kg reapmm)mtaseawaédﬂ@r&t%teﬂo%we%@@i&fa@si agqueous

acgadrm B ﬁb&&é&@@e%otl)t@mamw Fanﬂldecﬁr@Wr(éo mi). The
(2.87.9, r?é”bo'w L&20 B a‘ﬂ%”ﬁ‘? SHHES 4Q0Washed with
f:urg (0} ure was

tem r48 our e reactign mi hen cooled t

anaE%QereH@Bﬁﬁﬁd@ p.33§, %M OHH’FF:‘ RS Bbﬁﬁﬁﬁ/v%%r%\f%ﬁé)r&gso“)
mianteshé elvend W& 2005035xD LIET 18POtRIODEEERIa.] Hdig &sitye was
78519’5%0 HonpidusiYas atewadiywpny th-4llicathen stuthapledttioa solvent

Jgits 1o 1530 06 Turtaeh l%fghggttﬁ[ S" h%éﬂ?@ﬁ%@a@eﬁt?&@é@aﬁﬁ%%ﬁs Aflhda (99 :

hOUI’ at was added and t eaction, mixture

alldwét! t&W&ﬁW%oSH@R&W&%&ﬁe e B droRiekcataBiagffastions were
undmmeweddmséksﬂrétamt@mm@sa@amteiﬂaﬁtéa i)
8iBaRssEray 2 oMl {heipaseRined organic extracts were dried
(MgSO4) and solvent evaporated under reduced pressure. The residue
was purified by flash column chromatography on silica gel eluting with a
somﬁ@@%ﬁeﬂ of ethyI acetate methanol dlethylamlne (100 0 2, by
¢ kd ( - lakahd

(2. VIST m/z +). Preparatlon 8 15r€l-
2 1Ioct 3 vll-5-benzvl-2-methyl-4,5.6,7- tetrahyg@_@

5-clpyridine Me _C I~ IN/ N
Me H N%t

A mixture of terf-butyl (18)-3-[3-endo-(5-benzyl-2-methyl-4,5,6,7-tetrahydro-1H-
_ imidazo{4,5-clpyridin-1-yl)-8-azabicyclo[3.2.1]oct-8-yl}-1-(3-

fluorophenyl)propylcarbamate (2.55 g, 4.34 mmol), ammonium formate (2. 73
g, 43.4 mmol) and 20% w/w palladium hydroxide on carbon {0.25 g} in ethanol
(35 ml) was heated o 80°C. After one hour additional ammonium formate
(0.63 g, 10.1 mmol) was added and heating continued at 60 °C for a further
two hours. The cooled reaction mixture was then filtered through Arbocel® and
the filtrate evaporated under reduced pressure. The residue was partitioned
between dichioromethane (100 ml) and saturated aqueous sodium
hydrogencarbonate solution (50 ml), the organic phase separated and washed
with .water (30 ml). The organic layer was dried (MgSQO,) and solvent
evaporated under reduced pressure. The residue was purified by flash column
chromatography on silica gel eluting with a solvent gradient of dichloromethane
: methano! : concenirated agueous ammonia (99 : 1: 0.1 changingto 83 : 7:
1) to afford the fitle compound as a white foam (1.50 g).

LRMS (electrospray) : m/z [M+H]" 498.
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HN ~/ 1-endo-(8-Acetyl-8-azabicyclo[3.2.1 Joct-3-yi)-5-benzyl-2-methyl-4,
5,6,7- tetrahydro-1 H-imidazo[4,5-c]pyridine (2.23 g, 5.89 mmol) was
dissolved in 6N 20 aqueous hydrochloric acid (30 ml) and heated under
wietlonsAeBib8. hours. The cooled reaction mixture was adjustecitspidd folss
the addition of 2N aqueous sodium hydrOX|de solution and extracted with
dichloromethane (2 x 50 ml). The combinéd organic extracts were dried

M

gS04) and solvent evaporated under reduced pressure. The residue

was purified by flash column 25 chromatography on silica gel eluting with
a solvent gradient of dichloromethane : methanol : diethylamine (100: O :
0.5p Ry MAluBe ghanging to 93 @ 7 : 1) Product containing fractions were

ﬁ’@@%ﬂé 8& d gt TR, 1618 (K47 9)- LRMS

Dusobutylalumlnlum hydrlde (1 M in dlchloromethane 39 mjl, 39 mmol)
was cooled to -78C and added dropwise to a so

10
(3S)-3-[(tert- butoxycarbonyl)amino]-3-(3- fluuafe@he] yhp opanoate
(W00039125, p60, preparation 12) (5.4 g, ES .2 ¥imol-in dichloromethane

(100m!) at -78C. The yLeaction,was stirred
methanol (50 ml, gy

minutes at -78C, then

Was atlded. The reaction was

stirred for 30m|nutes tﬁen 2N hdrochlorlc acid (250 ml) added. The

bi-

layers were separated, and the

an

-phasic mixture was Howdd teiva

ym up to room temperature, the
ic layer was dried (MgSO4), filtered
d evaporated under reduced préssufre to afford the title compound as a

3
cll

C|e@'fetﬁ@}Qﬂﬂ@@cﬁHnét@ ©.167.R MFBWm@ﬁ&MM&H@d Rrepsuhtion b0 ter-butyl
ter t -3 vl)-8-
—\écﬁa éogla? nicHIy: b:f'éz'yf @ﬁﬁ%ﬁ@w&%@m@ﬂﬁridm -1-y1)-8

||o&2§%)ﬁyf Ph3

Sﬁhé ]) RS fé%%%ﬁﬁgy propylcarbamate  (0.80 g, 1.60

mmol) in dichloromethane (10 ml) under nitrogen at room temperature. The
reaction was stirred at room temperature for 1.5 hours and then washed with
saturated agueous sodium hydrogencarbonate solution (10 ml). The organic
phase was removed and the aqueous layer exiracied with more
dichloromethane (2 x 10 ml). The combined dichloromethane extracts were
dried (MgSQy) and the solvent was removed under reduced pressure. The

_residue was purified by flash column chromatography on silica gel eluting with

a solvent mixture of dichloromethane : methanol : concenirated aqueous
ammonia (99 : 1 : 0.1 changing to 93 : 7 : 1) 1o afford the litle compound as a
white foam (0.84 g}.

LRMS (electrospray) : m/z [M+H]" 556.




NN Me-</ N Me ON N Me--~Y Me 02 F 20 Acetic acid (0.39 g, 6.4
mmol) was added to a stirred solution of 1-endo-(8- azabicyclo[3.2.1
Joct-3-yl)-5-benzyl-2-methyl-4,5,6,7-tetrahydro-1 H-imidazo[4,5- c]pyridine

w2 2b65@361¢ mmol) and tert-butyl (1S)-1-(3-fluorophenyl) -3- pcT/1B2004/003153

IN MeOF
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oxopropylcarbamate (2.06 g, 7.7 mmol) dissolved in dichloromethane (25
ml) 25 under nitrogen at room temperature. Sodium triacetoxyborohydride
(1.63 g, 7.7 mmol) was then added and the reaction was held at room
temperature for WO 2005/033107 PCT/IB2004/003153 43 2 hours. The

reaé%fﬁ%ﬁké.%vas partitioned between saturated aqueous sodium

hy dviztievicharara (8-S Shidna(Biho}-ikd ubchidrenybthrape![E0 ml). The
OrganiGRDARAIVAS FRIONRM-aRE (hA. A4S GURRRASE WA IRIGSELIMIE.

dichloromethane EO ). The combined,organic phases were dried
(Mé:‘ s e-%- ‘ oxmlz;t 1wa¥‘evap0radter% 8roct:11[on &€d under redyced pressure. The

residue was purified by flash column chromatography: on silica gel eluting
with a solvent gradient ofdichloromethagg‘. etha ol *@esncentrated
agqueous ammonia (99 : 1: 0.1, by voltfiie, cHanging to 96 : 4 : 0.4).
Product containing fractions were evaporated to afford the title compound
as a white foam (2.56 g%' LRMS ( pray) : m/z [M+H]+ 588.
Preparation 11 tert-Butyl -37(3-endo-(2-methyl-4 5 6 7-tetrahydro-1
H-imidazof4,5-clpyridin- 1-yJ}:8-azabicyclof3 2 -3 HC!
1Ioct—8-v|I-1-(3-f|uorophen pylcarbamate M1 0O H -~~ N H Me--~oyN\

F

Hydrogen chioride gas was bubbled through a solution of methyl 1-endo-(8-
{(38)-3~[({tert-butoxycarbonyl)amino}-3-(3-fluorophenyl)propyl}-8-
azabicyclo[3.2.1]oct-3-yl)-2-methyl-4,5,6,7-tetrahydro-1 H-imidazo[4,5-
clpyridine-5-carboxylate {(0.83 g, 1.50 mmol} in dichloromethane (15 mi) at O
°C until the solution was saturated. The reaction mixiure was then allowed to
warm to room temperature and stirred for one hour. Solvent was evaporated
under reduced pressure and the residue suspended in dichloromethane (10
mi}. This process was repeated three limes to give the fitle compound as a
white solid (0.82 g).

LRMS (electrospray) : m/z [M+H]" 456.

Preparation 14

Methyt 1-endo-{8-[(35)-3-(acetylamine)-3-(3-fluorophenypropyl]-8-
azabicyclo[3.2.1]oct-3-y[}-2-methvi-4.5.6 7-tetrahvdro-1 H-imidazol4.5-
clpyridine-5-carboxyiate

8]
— N/“\OMe
@f)
N

Acety! chloride (€.062 g, 0.79 mmol) was added to a solution of methyl 1-endo-
{8-[(38)-3-amino-3-(3-fluorophenyl)propyl]-8-azabicyclo[3.2. 1]oct-3-yl}-2-
methylk-4,5,8,7-tetrahydro-1H-imidazo[4,5-clpyridine-5-carboxylate




1

5 A mixture of tent-butyl (1

S)-3-[3-endo-(5-benzyl-2-methyl-4,5,6,7-tetrahydro-1 H-

ir

rmidazo[4,5-c]pyrdin-1 -yl)-8-azabicyclo[3.2.1 Joct-8-yl]-1-(3-

witumepheryl)propylcarbamate (2.55 g, 4.34 mmol), ammoniRaT idwates3153
(2.73 g, 43.4 mmol) and 20% wi/w palladiym hydroxide on carbon (0.25 g)
in ethanol 20 (35 ml) was heated to 60C. After one hour additional

a

mmonium formate (0.63 g, 10.1 mmol) was added and heating

continued at 60 C for a further two hours. The cooled reacti

mixture
washuerpahisraeth (B Atb S rnanel) tﬁ@%l’ff%‘%@%%?afgdgﬁn%? 25 mmol)
re@imﬁV@tESSuiﬁemBF@meﬂldue Vs pdrtithaleechitiegeert disifotempeiaiue and
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120MB3thyl Eredu@t(@z{(@@p@g(ﬁé@ﬁmxv&amomwﬁtﬂ% 8- “atiord the litle
i0 flug Iégrgpﬁ{}tg-fmblgyglm@z lloct-3-vl)-2-methyl-4,5,6
a§?éf’ec§r&s’€r idazold p-el &lggwe -5-carboxylate 0 Me NN OMe
e

~-~0yN 0 Methyl ¢ oroformate (0.167 g, 1.76 mmol) was

added to a solution of tent butyl (1

S

)B:fpanation2gnethyl-4,5,6,7-tetrahydro-1

H- 'NIM@MJ@ d@d@@mmeﬂwazs@ammiamar@]@et-aaw_b_om 5-clpyridin-1-yi)-
-(3zfluor 9
dlc?'rl%rcr S

reaction was stlrred at room temperature for 1.5 hours and then washed

with saturated aqueous sodium hydrogencgihonatg sobition (10 ml). The

organic phase was removed and the aquepus | racted with more

Me ﬁ N
\[r&
o]

- To a sfired solution of Methyl 1endo~{8 (38) -3- (acetylammo) -3~ (3»

fluarophenyl)propyi] -8- azab1cyclo[8 2.1loct-3-yi}-2- methy]~4 5,8,7- teirahydro-

1 H-imidazo[4,5-clpyridine-5-carboxylate  (18.27g, 26.7mmol) in propan-2- ol
(80ml) was added 2M aqueous sodium hydroxide solution (120mi) and the
mixture was heated at reflux for 48 hours. After cooling to room temperature
the mixiure was extracted with ethyl acetate (2 x 200ml). The combined
organic components were washed with brine (150ml), dried (MgSQ,) and
concentrated under reduced pressure. The crude product mixture was purified
by flash column chromatography eluting with
dichloromethane:methanol:concentrated agueous ammonia (90:10:1 then
80:20:1, by volume) to give the title compound as a white foam (8.54g, 73%).
LRMS (atmospheric pressure chemical ionisation): m/z [MH'] 440




dichloromethane (2 x 10 ml). The combined dichloromethane extracts
were 15 dried (MgSO4) and the solvent was removed under reduced
pressure. The residue was purified by flash column chromatography on

weilmasgsbealuting with a solvent mixture of dichloromethane ptethemoh603153

5 dichloromethane (10 ml). This p
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concentrated aqueous ammonia (99 : 1 .6[ changingto 93:7 1) to
afford the title compound as a white foamg( 84 g). 20 LRMS
(electrospray) : mfz [M+H]+ 556. WO 2005/033107 PCT/1B20041003153
45 Preparation 13 Methyl

1-EhepRi@BsIB-amino-3-(3-fluoropheny{)propyll-8-
aZmw&ﬁﬁ&ém&WﬁmeﬂﬁcBﬂ%@m&ﬂdefmdﬂani#tiézgmgﬁdln 1-vi)-

clpyridiz , Mpren MeibimtdeN\ N .3
H [ fo]s through a solution of methyl

1-endo-(8-
{(38) -3-[(tert- butoxycarbonyl)amino] -3- (3 fu@eragﬁ pyl}-8-
H-imidazo[4,5-
c]pyridine-5- carboxylate\}\?o 83 <B 1.50 m chloromethane (15 ml) at
0 10 C until the solution P ction mixture was then

allowed to warm to room tempe Iture and stirred for one hour. Solvent

was evaporated under reducef ssure and the residue suspended in
0CESS was repeated three times to give
the title compound as a white solid (0.82 g). 15 ARMS (electrospray) :

mgﬂ%\{ymaggf 3 I(D(E ta;/ r@#.gzgl @g acet amilnol) ﬁ QuorophenyI)propyi
azaBRiyeusRRB 2iddect- §r}%mmym%er éﬁHﬁOM%DIWm@éZGﬂﬁ 20
clpyiptintirz-Gacheoigietd KLNAOME: M@/ ND3/084954, Example 46) (898g,

1.39mol) was added to dichloromethane (4.5L) and water (4.5L). Aqueous
sodium hydroxide (10M, 450mL) was then added and the result was stirred for
15 minuies. The two phases were separated and the agqueous layer was
extracted with further dichloromethane (2.25L). The combined organics were
then concentrated and the resulting oil was dissolved in propan-2-o0l (4.5L).
Aqueous sodium hydroxide (2M, 6.93L, 13.9mol) was then added and the
biphasic mixtiure was heated at reflux for 65 hours. Afier cooling to room
temperature, the phases were separated and the agueous layer was extracted
with ethyl acetate (4.5L). The combined organics were then washed wﬁh
saturated aqueous sodium chioride (4.5L) and concentrated under vacuum.
The residue was diluted with ethyl acetate (9L) and concentrated once again
under vacuum. Finally, more ethyl acetate (4.5L) was added and the resulting
slurry was stirred at 0-5°C for 1 hour, filtered and washed with cold ethyl
acetate (2 x 450mL). The solid product was then dried in a vacuum oven at
40°C to afford the title compound (547.2g, 1.24mol, 89.8%). The LRMS data
for the title compound was identical to the title compound of Preparation 15.

Biological Data
The ability of the compounds of formula (I} and their pharmaceutically

acceptable salts, solvates and derivatives to modulate chemokine receptor
activity is demonstrated by methodology known in the art, such as by using the
assay for CCRS5 binding following procedures disclosed in Combadiere et al., J.
Leukoc. Biol.,, 60, 147-52 (1996); and/or by using the intracellular cailcium



00 ~ 1 ~ F Acetyl chloride (0.062 g, 0.79 mmol) was added to a solution

of methyl 1-endo-

{8-[(3S)-3-amino-3-(3-fluorophenyl)propyl]-8-azabicyclo[3.2.1 Joct-3-yl}-2-
wimethyhabs 6, 7-tetrahydro-1 H-imidazo[4,5-c]pyridine-5-carbpgylaeovy@r3153

2005/033107 PCT/IB2004/003153 46 trihydrochloride (0.409 g, 0.72

mmol) and triethylamine (0.33 g, 3.25 mmol) dissolved in

dichloromethane (10 ml) under nitrogen at room temperature and the

reaction mixture stirred for 2 hours. The solution was then washed with

warstiisatin pssavriRmORSaHbRaLYHGR(1® AYINGR bRl (PR xpressing

Thed rexgaiisr phaseralsisedpdedtiess alrietl (MySR@eanthgdhenerepiovetich as
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ven adle
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5 0.HB§-28@me, changing to 97 : 3 : 0.3). Product containing fractions
were evappeatashipaifior b trExtiieplie contpunestecavshite floarnggef4igy. CCRS

LR RIeSEosFAY o e i EkE A 98- P Iy atien 1&a Nr&flies of 7.5nM (MIP-
s@%@g ﬁ%lﬂ‘ -4 5 6 7-1et ; H-imidazo?2.5-| idin-I ~yl)-
151§‘-)az7a§[b@c g}% o cigjnﬁ(@%ﬁfgi %?ényl)propyllace(t:a%ircljemN Nyl—z

Me 7N NEh& @ompaystraidtseingie 5fo%QﬁyTBS’E@d using the assay for CCR5

10 1-@ntHg-HBsordigoriybuniba}idreS-et al had 1Cs values of 2.7nM (MIP-1a),
flugrep _@{flﬁfﬁﬁ}’%ﬁ'?wm@ﬁ?@é.

Joct-3-y methyl-4,5,6,7-tetrahydrg 20 1 . . .
H-imidazéﬂh,@f&]é&ﬁmﬂﬁ%- XORIRS (195 o @95Rn by iIrss ey galcium
(sonob)lisaticaddecbriingdadouribadiein Ri@idnd yaigidPtaroaiagsaists with
thecixiR yas féggt%ﬁt'ﬂ@{jhm (mm&m,urs. After cooling to-room

15 LEMperatye, é?ﬁa%&&?o{ﬁﬁél SRR d 8%&8\/@@1@%??%&39}?@@-am their

The combined  organic cdmponents were was ,6150m1 !

driﬁamé‘ﬂ%‘% ZB%Q&Wﬁatéaiﬁndéﬂ‘é%ﬁﬁéed%s%@. FhERrulfe further

praiduconsixates waipuaifgel ay fdsicadloatirceliriraiogaphy Kutatpimne the

diqhigy Ynetnee frtbanAbscagaRNRIAY A0 HRAYS. AR iR (D iR EEell-cell
fusion assay uses a Hel.a P4 cell line and a CHO-Tat10 cell line.

20 The Hela P4 cell line expresses CCR5 and CD4 and has been
transfected with HIV-1 LTR-B-Galactosidase. The media for this cell line is
Dulbecco modified eagle’s medium(D-MEM) (without L-glutamine) containing

10% foetal calf serum (FCS), 2mM L-glutamine penicillin/streptomycin
(Pen/Strep; 100U/mL penicilin + 10mg/mL streptomycin), and 1pg/mi

25 puromycin.

The CHO cell line is a Tat (franscriptional trans activator)-expressing
clone from a CHO JRR17.1 cell line that has been transfected with pTat puro
plasmid. The media for this cell line is rich medium for mammaiian cell culture
originally developed at Roswell Park Memorial Institute RPMI1640 (without L-

30 glutamine) containing 10% FCS, 2mM L-glutamine, 0.5 mg/ml Hygromycin B
and 12pg/mi puromycin. The CHO JRR17.1 line expresses gp160 (JRFL) and
is a clone that has been selected for its ability to fuse with a CCR5/CD4
expressing cell line.

Upon celi fusion, Tat present in the CHO cell is able to transactivate the

35 HIV-1 long terminal repeat (LTR) present in the Hela cell leading to the
expression of the f-Galactosidase enzyme. This expression is then measured
using a Fluor Ace™ B-Galactosidase reporter assay kit (Bio-Rad cat no. 170-



80:20:1, by volume) to give the title compound as a white foam (8.54q,
73%). LRMS (atmospheric pressure chemical ionisation): m/z [MH+] 440
30 WO 2005/033107 PCT/1B2004/003153 47 Preparation 16 N-{(1
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Me%N 7N O F 5 Methyl
1-endo-{8-[(3S)-3-(acetylamino)-3-(3-fluorophenyl)propyl]-8-
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10S0dim ghloride (4.5L) and concentrated under vacuum. 20 The residue
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at 40C to afford the title compound (547.2g, 1.24mol, 89.8%). The LRMS

|gth|caI to the title compound of
&bty of the compounds of formula

() and their pharmaceutlcally acceptable salts, solvates and derivatives
to mPGHAEP ghamalkdnesrceptioctd30 aotivitiisideniitdtaeovier Diffractometer

MeDOARa%Y KRGS At g8UED 25 RYHSING.MB8step size. The specimen was
rotated whilst being irradiated with copper K-alphai X-rays (Wavelength =
1.5046 Angstroms) filtlered with a graphite monochromator (A = 0.15405nm)
with the X-ray tube operated at 40 kV/40mA. The diffractometer was calibrated
with a standard quartz sample before and after the data collection for each

sample.. -

The main peaks (in degrees 2-theta) of the PXRD patterns for Examples 10, 11
and 12 are illustrated in the following tabies:

Table 1: The PXRD peak data for N-{(15)-3-[3-endo-(5-1sobutyryl-2-methyl-
4,5,6,7-tetrahydro-1H-imidazo[4,5-cjpyridin-1-yi)-8-azabicycio[3.2. 1joct-8-yl}-1-

30 (3-fluorophenyl)propyljacetamide.

Angle intensity Angle Intensity Angle Intensity
{° 2-theta) (%) (7 2-theta) (%) {* 2-theta) (%)

8.1 80.5 17.0 49.6 24.1 35.8

9,0 20.9 17.8 807 24.8 285

9.8 12.8 18.3 67.4 25.4 38.0
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assay for CCR5 binding following procedures disclosed in Combadiere et

at, J. Leukoc. Biol.,

60, 147-52 (1996); and/or by using the intracellular

calcium WO 2005/033107 PCT/IB2004/003153 48 mobilisation assays as
wdescsthedasy the same authors. Cell lines expressing the reeqt®eook/ 003153
interest include those naturally expressmgg@e receptor, such as PM-1, or
IL-2 stimulated peripheral blood lymphocytes (PBL), or a cell engineered
to express a recombinant receptor, such as CHO, 300.19, L1.2 or 5
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thié,éea,ﬁﬁetr@m@l@ewdmm%@@éfﬁﬁe&wmmaw%@&%dﬂocw yi] -1-

L-ghuaminpheamiaripgh desafariakealbrgaim (FCS), 2mM L-glutamine
penlcnlln/streptomycm (Pen/Strep, 1000/mL penicillin + 10mg/mL

St eptomycin);gnd-tgfmi—2 SThe CHOTelttine s a Tat :
(tref¥stiptional| RS Bctivat f)”@%pressm INQBHY from| &WHO JRRLFIPrSHY
celidipentiat hasiiapen transtectthatdih pTétpuro plagnffid:ifidia) medisefor
this cell line is tich medium for mammalign cell culture| originally
dgvéloped at Roswell Park \/Ierqorlal Institut 1% RPMI164Q5 %wnhout L :’?99
glutamine)-eontathihg-10%-FES2mvt= |uta||||||c O- b grmi-Hygromiycin
B |48 12pg/m| fftomycin. THEECHO JRRA781 line expfddses. gpl6d0.
(JRfoly and is aselene that hag been selected for its abiiy to fuse with.&
C(’%{SJCDA' 36.2 20.6 65.2 28.3 241
10.9 16.2 20.8 234 28.6 13.6
12.8 1131 21.1 42.3 29.0 - 10.1
13.8 10.1 22.2 20.2 29.7 19.0
18.7 100.0 22.8 244 30.0 12.8
17.0 16.1 22.9 37.0 31.0 11.0
17.8 32.0 23.4 12.3 33.0 15.2
18.2 31.1 24.8 14.3 34.6 13.2
18.4 77.8




expressing cell line. Upon cell fusion, Tat present in the CHO cell is able
to transactivate the 35 HIV-1 long terminal repeat (LTR) present in the
HelLa cell leading to the expression of the (3-Galactosidase enzyme. This

wexpneagin’is then measured using a Fluor AceTM (3-GalaBfosigag/003153
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reporter assay kit (Bio-Rad cat no. 170 W@ 2005/033107
PCT/IB2004/003153 49 3150). This kit is a quantitative fluorescent assay
that determines the level of expression of 0-galactosidase using

4-methylumbelliferul-galactopyranosid egi/IUfa) as uet%s_ rate. - i

(o BB PR AP AL B SRR ety

of 4t 6l Teiesaieydnodlbcuks azoidusypdintroneSarabicElb e tlashdsyl-1-
of @-_WWWW@W}%@{B@M@QWME@@ a fluorometer using an
excitation wavelength of 360nm and emission wavelength of 460nm.

C at-ihibit-fustorrwittgive risetoareducgd signatand, )
follaveiag solubjilisiat®® in ar] ApPfopriate SBIgBHVand it in cultudesy
editiiet:a doseesponse Curgentag)each{zpmpound cér-Petabed fd%)
calculate ICSO| 1o values. All the compounds of the Examples of the
invention fave{TC50 values| according t the above m d, of less than
10%M-The comisclnds-of-Elifnples1-and b-have: |::§§;0?,tivciy, ix.“,r';:;tgé1
valeds of 130 a58.620 pm. 15Powder XiR8&Diff ractiBI-{PXRD) DARAN ]
PX&RP patterns yweye collecteggon a Brukegd)5000 Poyweter Diffractoraeeer

over the 2-theta arbgular rangg 2 - 55 wit15%8.025tep Sizee The specimgn
was—rotated-whitStbeing-irraditated-withrgopper K-atphal X-rays
(WaRelength =988 5046 AndR#oms) filteFéd with-a-grasHite 21.0
moymghromatar{s= 0.1540909m) with the3®ray tubejoperated at 40
K /14L mIA. rThe qgtqaqom_eterag\_/@s calibrateds with a standard quartz
sampre-beforefand after thefdata collection for each sample.. 25 The
maks: i RP-patterns-for-Examptes 1
11 1amd 12 arejiftagtrated in ti2é.2ollowing tébRs: Tablg 1: The PXRD peak
data,fer N-{(1 $);3+3-endo-{5{spbutyryl-Psmethyl- 4,5,6,7-tetrahydro-1

H{imidazo[4,5-C]pyridin-1-yl}-8-azabicyclp[3.2.1 Joct-8+yl]-1- 30
(3144 1 SPpain Ly gpazadicyelp g & 1 loc- 8yl

fldorephenybpropytiacets fetntensity Angie

R

grees 2-tHetaPof the-P

Intggity (2-theda3(%) (2-thésd .(O/n) (2-tABfh) (%) 8.1 90.517.0.49-6
24.135.8

A PXRD pattern simulation for N-{(1 S)-3-[3-endo-{5-1sobutyryl-2-methyl-
4.5 8,7-tetrahydro-1 H-imidazo[4,5-clpyridin-1-yi)-8-azabicyclo[3.2. 1]oct-8-yl}-1-
- (3-flucrophenyl)propyljacetamide fumarate involving 2-theta angles, d spacings
and relative intensities was calculated from its single crystal structure using the
“Reflex Powder Diffraction” module of Accelrys Materials Studio™ [version 2.2].

Pertinent simulation parameters were:

Wavelength = 1.540562 A (Cu Ke)
Polarisation Factor = 0.5
Pseudo-Voigt Profile (U = 0.01, V =-0.001, W = 0.002)

The main peaks (in degrees 2-theta} of the simulated PXRD pattem for N-
{(18)-3-[3-endo-(5-isobutyryl-2-methyl-4,5,8,7-tetrahydro-1 H-imidazo[4,5-
cJpyridin-1-y})-8-azabicyclo[3.2. 1]oct-8-yl]-1 -{3-fluorophenyljpropyllacetamide
fumarate are listed in table 4.



9.020.917.880.7 24.8 29.5 9.8 12.8 18.367.4 1 25.4 38.0 WO
2005/033107 PCT/IB2004/003153 50 10.7 89.1 18.6 43.6 25.6 34.6 11.3
39.8 18.9 48.3 26.2 43.0 12.3 100.0 19.9 39.2 27.0 21.3 13.1 24.2 20.5
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24.6 15.855.422.551.430.021.7 16.3 45%.9 23.146.1 35.918.9 16.6

48.5 23.3 54.9 Table 2: The PXRD peak data for N-{(1
S)-3-[3-endo-(5-Isobutyryl-2-methyl- 4,5,6,7-tetrahydro-1
H-imidazo[4,5-c]pyridin-1-yl)-8-azabicyclo[3.2.1 ]Joct-8-yl]-1-

(3 T SRS T Bl P PR STeN  S RERaRy Alpe pry-2
IntersitylAgIe, Taleinsityd (2-ithtajd@spid Statnsidin) 1 P)tleaappiey @of3.2.1]oct-

38@@%%&%&0@%@1&%@;&%@!%&%@5 fufhdma®el0.1 10.217.7 20.1
10.2°26.7°'17.6 10.4 36.2 20.6 65.2 28.3 24.1 10.9 16.2 20.8 23.4 28.6
13.6 12.8 13:124:1-42-3-29:0-10:1~13:6r16:122:2-26;2-29.719:016.7
100.0 22.6 24.1 880 12.8 17te1e 22.9 87 31.0 11.0te19%6 32.0 23.4
12.3 33.0 15.2 | 1612n3thyl 24.8:14.3 34.6 1821yt 77,8240 WO
2005/033107 RCT/IB2004/003153 51 Table 3: The PXRD peak data for
N-{(1 S)-3-[3-endo-(5-Tsobutyryl-Z-methyt- 4,5,6, 7-t€tranydro-1
H-imidazo[4,5-cfb{xidin-1 y)%%%abieyekof%%.l}cct 8 yﬁ%’f

10.0 64.5 20.6 58.8

10.5 67.7 211 45.1

11.0 28.8 222 13.8

12.8 12.7 225 16.1

13.6 17.0 229 39.1

16.7 93.8 23.4 10.0

17.0 18.6 26.8 11.2

17.7 32.3 28.3 15.5

18.2 30.0 28.6 10.8

18.5 100.0 20.7 14.1

19.1 15.4 30.0 11.6

Differential Scanning Calorimetry Dala

- -All DSC data were collected on a -Perkin Eimer PYRIS Diamond DSC with
autosampler, with a gas flow of nitrogen. Sampies were placed in 50ul
aluminium pans with holes and lids and heated from 10-300°C at a rate of
20°C min”.

N-{{1 8)-3-[3-endo-(5-1sobutyryl-2-methyl-4 .5 6.7-tetrahydro-1 H-imidazo[4 5-
clpvridin-1-yN-8-azabicyclo]3.2. 1loct-8-vl]- 1-(3-flucrophenyl)propyliacetamide

Sampie size 3.016mg
Endotherm peak at 118°C - melt



(3-fluorophenyl)propyl}acetamide (D)-tartrate. Angie intensity Angle
Intensity Angle Intensity ( 2-theta) (%) ( 2-theta) (%) ( 2-theta) (%) 5.0
12.516.6 42.428.021.2 6.959.6 17.1 100.0 29.1 25.7 9.0 17.1 18.0
weR20020371271.6 9.2 10.9 18.550.0 30.9 17.2 10.0 14.6 19.0pR7/1IB2R4/003153
21.0 10.417.319.523.911.015.120.031,5 12.414.520.830.6 13.6
12.521.242.2 14.413.721.439.0 14.8 101 22.541.6 16.4 41.3 25.0
15.8 5 A PXRD pattern simulation for N-{(1
S)-3-[3-endo-(5-Isobutyryl-2- meth |- 4 5,6, 7 tetrahydro-1
H-ifvitih S2-EStandadbrisaaviyrybe . daegaiydro-1 H-imidazol4,5-
(3- ﬁw@ﬂhmyl)mmdmmmkamatﬁ»MV@lﬂmmrﬁaﬁm’ealleBB}a:betam1de
spaGiRgs,iand relative intensities was calculated from its single crystal
structure using the 10 "Reflex Powder Diffraction” module of Accelrys
Materials Studios™ [version 2.2]. Pertinent simulation parameters were:
5\ AxepigtRiZe REHEEBY A (Cu Ka) Polarisation Factor = 0.5 15
Pseudoteigt Psakliat(® 5°€0Insi= -0.001, W = 0.002) The main peaks
(in degraes 2 thrla) of sagstmulated PXRD pattern for N- {(1
8[83 -endo- %Isob /I-2-methyl-4,5,6,7-tetrahydro-1 H-imidazo[4,5-
ey R Ao 2.1

Joct-8-yl]-1-(3-fluorophenyl)propyllacetamide 20 fumarate are listed in
otabﬁ@{ﬁ BYQ-2REp R LSO PGB0 55, Baciring droSiruaiesol4.5-

rF:w 71y %%%&c@?@i%%@%%@%%é’ &Bhenylpropyliacetamide
H- v HE ’-c]pyrldin-l-yl)-8-azab|cyclo[321]oct-

8-yl]-I-(3- fIuorophenyl)propyl}acetam|de fumarate. Angle Intensity Angle
Intengiyie dZbetarbiny( 2-theta) (%)
15 Endotherm peak at 217°C - melt



6.7 59.4 19.6 98.3 10.064.5 20.6 56.8 10.567.7 21.1 45.1 11.0 28.8
22.213.8 12.812.722.516.1 13.617.022.939.1 16.7 93.8 23.4 10.0
17.019.6 26.8 11.2 17.7 32.3 28.3 15.5 18.2 30.0 28.6 10.8 18.5100.0

WRRMI4311079.1 15.4 30.0 11.6 5 Differential ScanningCaloriG@&ty2ie e 383
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DSC data were collected on a -Perkin EImer PYRIS Diamond DSC with
autosampler, with a gas flow of nitrogen. Samples were placed in 501 to
aluminium pans with holes and lids and heated from 10-300C at a rate of
20C mint. N-((1 S)-3-(3-endo-(5-I sobutyryl-2-methyl-4.5,6,7-tetrahydro-1
H-irliiE¥ot4,5-
clpyridin-Byp@raratn ayfdiofdala idet-B-yll-1-(3-fluorophenyl)propyl}acetam
ide 15 Sample size 3.016mg Endotherm peak at 118C - melt 20 WO
2005/033107 PCT/IB2004/003153 53 N-d{a
S)-3-(3-endo-(5-isobutyryl-2-methyl-@A,5.6,7-te
clpyridin-1-y-8- azabchcIo[B 2.1 loc phenyl

propel}acetam f 2.905i1g ENdothetm peak at
219C - melt End herm vent at 228C Exotherm evént aff 246C 1q;N-((1
S)-3- [3 -endo-(5-ispbu @I methyl-4,5,6,7-tetrahydro-1 Himidazo(4,5-

i [ 2.1
loct-8-y11-1-(3-fluoropheryl)propyitacetamide (D)-tartrate

ro-1 H-imidazo(4,5-

or a pharmaceutically acceptable salt, solvaie or derivative thereof wherein:
R'is C1.Cs alkyl; and
R® is C1.Cs alkyl or Ca.C; cycloalkyl, wherein said alkyl is optionally
substituied by CFa.

2. A compound as claimed in claim 1 wherein R' is Cs-Caalkyl.
3. A compound as claimed in claim 1 or 2 wherein R' is methyl,
4. A compound as claimed in any of claims 1 to 3 wherein R® is C1-Cjalky!

oplionally substituted by CFa.

- 5. . A compound as claimed in any preceding -claim wherein R® is methyl,
ethyi or i-propyl.

6. A compound as claimed in any of claims 1 to 3 wherein R? is cyclopropyl
or cyclobutyl.

7. A compound as claimed in claim 1 which is selected from:

N-{(1 5)-3-[3-endo-(5-Acetyl-2-methyl-4,5,6,7-tetrahydro-1 H-imidazo[4,5-
Cipyridin-1-y}-8-azabicyclo[3.2.1]oct-8-yi}-1-(3-fluorophenyl)propyllacetamide;
N-{(15)-3-[3-endo-(5-Cyclobutanecarbonyl-2-methyl-4,5,8,7-tetrahydro-1 H-
imidazol4,5-c]pyridin-1-yl)-8-azabicyciof3.2.1joct-8-yl]-1-(3-
fluorophenyl)propyllacetamide;
N-{{18)-3-[3-endo-{5-Cyclopropanecarbonyl-2-mathyi-4,5,6,7-tetrahydro-1 H-
imidazo[4,5-c]pyridin-1-yl}-8-azabicyclo[3.2.1]oct-8-yI}-1-(3-
fluorophenyl)propyllacetamide;



Sample size 2.979mg 15 Endotherm peak at 217C - melt WO
2005/033107 PCT/1B2004/003153 54 Claims 1. A compound of formula
(D MeN N~ R\N 7N ~'NYR~ ~I!(fIl O/'\F O 5 or a pharmaceutically
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me1m)@Amﬂmw@e 25| [atndeviint AByfaforiaimenl o @ piireinaRide;
n{ESIS i ReRRi B 5@? efyARAgndas spiraec
eceding- clalm erein. R2’is me ethyl’or 1-propyl
%%‘ﬁo&ﬂ@%ﬁ%&ﬂﬂé rfy GPEt a%ﬁ%/éht AR RRPRY R EPYISRFSIRIM G
N- SpiBugenda-(RrAviEihndia@aitimedthy Elaiopbmijel# 5 ScTetstra fiyatr-1 H-
zm%%i\bws%y E%ﬁnqi%g?%m& %\2I+Féc@§xpﬁtrﬁwdro -1

| az ridin-1-yl)-8-azabicyclo[3.2.1
ﬂ“?deP )ﬂ@?éﬁ ropyl}acetamide; N-{(1

N—&)S){@ Eheoqe-CyblebutkhdSatbbhiyilaonsefiprion\8)7 - tedah Gafdatnahydro-
1 Hrwﬂaé%}@sctﬂwﬂm nL ) rBeazaRreR £ 24 1psétBwWdIr=(3-
ﬂug}mrp[g er?ggl) @gé etagwlde 30 N-{(1

yC opropahecarbonyl -2-methyl-4,5,6,7-tetrahydro-1 H-
imidazo[4,5- c]pyrldln 1-yl)-8-azabicyclo[3.2.1 Joct-8-yl]-1-(3-
anfiyshapheog)pitely pastptabldesalts, solvates or derivatives thereof.

8. A compound as claimed in claim 1 which is N-{(1S)-3-[3-endo-(5-
Isobutyryl-2-methyl-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridine-1-yl)-8-
azabicyclo{3.2.1]oct-8-yl}-1-(3-flucrophenyl)propyllacetamide fumarate.

9, A pharmaceutical composition including a compound of formula (i) or a
pharmaceutically acceptabie salt, solvate or derivative thereof, according to
any preceding claim, together with one or more pharmaceutically acceptable
excipients, diluents or carriers.

10. A pharmaceutical composition according to claim ¢ including one or
more additional therapeutic agents.

11. A compound of formula (I) or a pharmaceufically acceptable salt,
solvate or derivative thereof according to any of claims 1 to 8 for use as a
medicament.

12. A compound of formula (I) or a pharmaceutically acceptable salf,
solvate or derivative thereof according to any of claims 1 to 8 for use in the
treatment of a disorder in which the modulation of CCR5 receptors is
implicated.

13. A compound according to claim 12 wherein the disorder is HIV, a
retroviral infection genetically related to HIV, AIDS, or an inflammatory
disease.

14. A compound according to claim 12 wherein the disorder is muitiple
sclerosis, rheumatoid arthritis, or graft rejection.



55 N-{(1 S)-3-[3-endo-(5-Isobutyryl-2-methyl-4,5,6,7-tetrahydro-1

H-imidazo[4,5- c]pyrid in-1-yl)-8-azabicyclo[3.2.1

Joct-8-yl]-1-(3- fIuorophenyl)propyl}aé@tamlde N-{(1
15S)-3A3-endp@uMietadcomtiopionyl-4claifh 7-1@trakyemsinl HReiddizopded- is
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N-{(1S)-3-[3-endo-(2-Methyl-5-(3,3,3-trifluoro- proplonyl)
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or clamspdrdiolsign 1 which is N-{(1S)-3-[3-endo-(5-
Isobutyryl-2- methyl -4,5,6,7-tetrahydro-1 H-imidazo[4,5-c]pyridine-1-yi)-8-

azabicycl 1 Joct-8-yl]-1-(3- qu henyl pyltacetamide fumarate. 9
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sabhamlmat&ancwiwabueﬁﬂa@leofaa@wdm tor dovivenivetladasog ddeoBdingthe
méﬁu%&@%ﬁ%%&l%rﬁ%ﬁtw YHH‘ t@@&tﬁféﬁ@@ Rhangweriticalvhich the
cFCIe entsé %lluents ar e rs 10. A pharmaceutical
compé)snltl%n a cordler?g RS RIR O ER ng one or more additional
therapeutic agents. 11. A compound of formula (I) or a pharmaceutically
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armaceutically acceptable salt, so v’ate or derivative ?h reo ccordlng
: to any of claims 1 to 8 for use in the treatment of a disorder in which the
19maodl adicesef ICCREpadepter £ @npoplichteddht3fokeombundasalt diotyate

IhSIRHE ke ORRE IDE, (B ARL S 4506 RPN 999%%"1‘5%5 1

rela ed to HIV, AIDS, or an inflammatory disease. 14. A Compound
to gc 6?5“8%%512 wherein the disorder is multiple sclerosis,
rheumatoid arthritis, or graft rejection. 56

(A) reacting a compound of formula (1)
Mew{—_w
N7
H,N N NYRZ

with a compound of formula (1)

"



15, A compound according to claim 12 wherein the disorder is
inflammatory bowel disease; endometriosis; type | diabetes; renal
diseases; fibrosis; chronic pancreatitis; inflammatory lung conditions;

wernmephelits; chronic heart failure; ischaemic heart diseasePOS0BaBISNG3153
stroke; obesity; CNS diseases; anaemia; ggstenosis; atherosclerotic
plaque; atopic dermatitis; chronic pancreatitis; cancer; pain; or stress
response resulting from surgery, infection, injury or other traumatic insult.
16. A compound according to claim 1z wherein the disorder is HBV, HCV,
plague, pox virus, toxoplasmosis, mygobacterium, trypanosomal,
pneumonia, or cytosporidiosis. 1Z:4se-gf a copppound of formula (1) or of
a pharmaceutically acceptable salt, solvate or derivative thereof
actbirn§eovanienal seergryic ag HapitR RGNS
medicament for the treatment of a disorder in which the modulation of
CCR5re iS4 IW . ramgsto claim 17 wherein the
disorder &Bﬁﬁ%r a reirgviral in?i?ti#n?rﬁreﬁ;\ﬁegt?cgﬁg/gr)elated to HIV, AIDS, or

San inflammatory disease. 19. A process for preparing a compound of the
formula (I) or a salt, solvate or pharmaceuticall ptable derivative
thereof according to any of claims 1 '.Q tses: (A) reacting a
compound of forglula (K. N _H ' F wighy a compound
of formula (l1I) WO 5/033107 PCP/1B2004/0031 70 R, 'K Z(Qvlnl)
under conventional ¢ acid/amine coupling conditions; (B)

la (XVI) 5 Me\N N RyN N NH (XVI) O/

with a compound of formula (V)
0

RE/H\Z )

under conventional carboxylic acid/amine coupling conditions;

10
(C) Reductive amination of an aldehyde of formula (XIX)

CHO (XIX)

15 with an amine of formula (XX)

Me /N .
WO
HN O (XX)

under conventional conditions;
20
(D) reductive amination of a nitrile of formula (XXI)



\ F with a compound of formula (V) 0 R2AZ (V) under conventional
carboxylic acid/amine coupling conditions; 10 (C) Reductive amination of
an aldehyde of formula (XIX) R\ NH ?1 I( CHO (XIX) O\ 15 with an

waningesiermula (XX) Me~N Rz HN4/' 0 (XX) under converdtiomsion4/603153
conditions; 20 (D) reductive amination of a njtrile of formula (XXI) WO
200510331.07 PCTI1B2004/003153 58 \'N IxI CN (XXI) O/\F with
an amine of formula (XX) under conventional conditions; 5 (E) alkylation of
an amine of formula (XX) or a salt,thereof with a compound of formula

(XXI) R /N 7L9 (XXII) 0 F Ab 6 F ﬁ“ional a@ﬂTtion conditions;
namide of formula (XXIll) Me~N N 2 R

(F) asymmetric reduction of an i
~~I{O (XXII) O/ \F

with an amine of formula (XX) under conventional conditions;

5 (E) alkylation of an amine of formula (XX) or a salt thereof with a
compound of formula (XXII)

. H
RYN S o)
s}
F

10 under conventional alkylation conditions;
(F) asymmetric reduction of an enamide of formula (XX}

Me N

o N/
. R# N 72 N- & . N R® .
Yﬁ/ mo/ (XXH)
O
F

15
under conventional reduction conditions; or
(G) reacting the amine of formula (il), or a metal salt thereof (i.e. a
deprotonated form) with an ester of formula (XXIV)
20

R'COEsGp  (XXIV)

under conventional conditions;



15 under conventional reduction conditions; or (G) reacting the amine of
formula (Il), or a metal salt thereof (i.e. a deprotonated form) with an ester
of formula (XXIV) 20 R'C02EsGp (XX1V) under conventional conditions;
59 wherein R1 and R2 are as defined in claim 1 for a compound of
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is aplvaterthereaidyeenpination with one or more additional therapeutic
agents. 21. A combination according to claim 20 wherein the additional

h | ' I df ful
2o B I B T e
acrepdptie saitivatohae . therenfbimawenbacaticdingitd claénop mehe @iidifienal

itiopal t§ eutic agent, or therapeutic agents, are selected from
th séealgﬂs(?e? ﬁé\?ﬁﬁe treatment of HIV. 23. A combination according to any

of claims 20 to 22 wherein the additional therapeutic agent, or therapeutic
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transcriptase ibitors, nucteosi nucleotide reverse transcrip zfsqg}’fﬁgﬁhc

agimibhothesaraulc RGe aitaghiseieeiganteowhitiosshiksethe imthadtientoent
it ther inpiait ' cell,
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to claim 20 wherein the additional therapeutic agent is a CY3A4 inhibitor.

22. A combination according to claim 21 wherein the additional therapeutic
agent, or therapeutic agents, are selected from those useful in the treatment
of HIV.

23. A combination according to any of claims 20 to 22 wherein the
additional therapeutic agent, or therapeutic agents are selected from HIV
protease inhibitors, non nucleoside reverse transcriptase inhibitors,
nucleoside/nucleotide reverse franscriptase inhibitors, other CCRS5
antagonists, agents which inhibit the interaction of gp120 with CD4, other
agents that inhibit entry of HIV into the target cell, integrase inhibitors and
RNaseH inhibitors.

24. A combination according fo claim 20 wherein the additional therapeutic
agent is a CY3A4 inhibitor.



