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CHEM CAL PROCESS AND NEW CRYSTALLI NE FORM The present
invention relates to the preparation of a P2
adrenergic agonist in crystalline salt 5 form 1In
particular the invention relates to preparation of a
crystalline salt of conmpound (1) defined below. Mre
particularly the invention relates to a process for
prepari ng &HEMJGALAPRORESS ADRONG Y @R YS THLLINE EQRM of
conmpound (la) defined below. The invention also
relates to a new crystalline form (pol ynorph) of the
nmonohydrochl ori de salt of conpound (la). 10 02
Thadsresent Bivéntior celates to theg Qnéperationoba iBe edrgnérgiedaganist in crystalline salt
forgr]: ];gbéée &J%Elﬁeq%\slgngié{u}qrﬁgteé rt]cgﬁ};eﬁgﬁhorggfo gﬂggﬁiﬁ@ 's¥li of compound (1)
defindchbetew.y Mdiesastinalafly thel invinkien relgigsda |ad3rme§ﬁ£cmpﬁp§rham crystalline

m&TIRYIrS BT sgﬁ o%n%ﬁﬁ@(l&) de%ﬁé’ooﬁéﬁw AP SdritioR bR AISes to a new

recogni se usef for tre $%§fﬁroﬁnat ure | agour
C%ﬁ"@rf%mb@?h{ﬁ‘?mﬁ' PV“%@F'?FPWF% o FCRRINEIBYi cal

di sorders and cardi ac di sorders. 15 International

Pat ent i cation 01/ 42193 and or,y espondj

B TBITIR e G%D%%W@%O ol EOPGLEL T SIS ATt 5 dhe Teatment of
me'mmuﬂdeaﬁs tsbeh &®asthina gntl)chrobid dbstruative pulmionaryHiiseas#\ (including

W g?\g{sla%n e e%hgéﬁ{a?' %A&Sn %%&Q%}?%oﬁéél ardlal C?o(;e@déqlsed as

usghll riesr tseq@lag trremate gabwp eed e dgtepfallyhesefud rfﬁ*U Fraatmg afjsurological

disordlers ahd cardiac fi6bradks. NN 1 NHCHO H OH (la)  Conpound
(la) may variously be referred to by the chem cal

names N-{2-[4-((R)-2-hydroxy- 25
InfriReny |P§fthA§¢fbﬂi&1M©rmlf4zabmahdl cordspandid USXPateht (NS §576,793

hydr N[3-[(1
d'?@jgasf ”ﬂ?fcﬂ%?i&oﬁgﬁ%’% [C%F’?g 5gﬁ@droxy[z [(1
phenyl et hyl ) am no] phenyl ] et hyl ] am no] et hyl - 6- hydr oxyph
enyl]-formam de agd (a-R)-3-
f or mam do- 4- hydroxy-(a-[[[ p- (N-((2R) hydr oxy- phenet hyl
)) - am no- pheng{ h al cohol . In

CAS f or mat t

NHCHOC 0))

wherein the stereochemistry at *C and **C may be infer alia (R} and (R). This compound
may be more particularly represented by the formula (la):

EogancWie

NHCHO (la)

Compound (la) may variously be referred to by the chemical names N-{2-[4-((R)-2-hydroxy-
2-phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenylethylamine; N-[3-[(1 R)-1-hydroxy-2-[[2-[4-[((2R)-2-hydroxy-2-

1
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N-[ 2- hydroxy-5-[(1

R) - 1- hydroxy-2-[[2-4-[[ (2R) - 2- hydr oxy- 2- phenyl et hyl ] am

ino] 5 phenyl]ethyl]am no]ethyl]phenyl]-formamn de. WO

01/ 42193 and US Patent No. 6,576, 793 di scl ose Conmpound

(la) as a potent [32 adrenergic receptor agonist. 10

WD 01/42193 and US Patent No. 6,576,793 describe the
phengetayieninoipleenyesmioningleghyh§-hudrogphenyitformamide  and  (a-R)-3-

for%%‘?r‘ii &ysgx [E[E%W @ﬁ)—h%&(yﬁdhenéthﬁ))%ﬁcfﬁ%ﬁ %Hib{o]ﬁmbthyl

b%amwf L L G
h;Qir -dill‘iwé) :a;@ ?ﬁzﬂbﬂzmﬁmﬁiﬂz—pﬁﬁmﬂt%mnoﬁn | NH

pthy"f"lYi pindet %n \ NI\ PH\ e

WO 01/42193 and US Patent No. 6,576,793 disclose Compound (la} as a potent B:
adrenergic receptor agonist.

WO 01/42193 and US Patent No. 6,576,793 describe the preparation of compound (la) as a
mixture of stereoisomers, that is, wherein the stereochemistry at *C is (RS) and the
stereochemistry at **C is (RS), according to the following reaction scheme:

Scheme 1

o—2Z
ERE
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Bn NHCHO Bn HO NHCHO OH 5 wherein Bn represents a
benzyl protecting group. US patent application no

10/ 627,555 and correspondi ng I nternational published
application 10 WD 04/011416 describe the crystalline
di hydrochl ori de salt of conpound (la) and nethods for
preparing said salt. In said applications, conpound
(la) is prepared according to the follow ng reaction
schene 2: 3 §dhefe 2 NHa O 1) NaHVDS H 2 N THF, DMPU

2) HO N2 Ol 3ji_NaQH a. OH pTBS YaBDMSCI Br Tdazoel
[ Bro 0 H5YC'a OTBS H \ HJ \ /
R I/ N\ I el I\ 7 FN /Fl Fi
CH K+ "H CH |
NH, Bn
OH IIBn
pg e
Bn N
NHCHO an H

wherein Bn represents a benzyl protecting group.

US patent application no 10/627,555 and comresponding International published application
WO 04/011416 describe the crystalline dihydrochloride salt of compound (Ia) and methods
for preparing said salt. In said applications, compound (ia) is prepared according to the
following reaction scheme 2:




TIIf heat |1l ( 00 4 A TREAT HF THE H\ CH I/ 1/

N\ It ,?/ HN~ HOHNHHOH ethanol OO0 HN 'H FI
) 4 In Scheme 2 the abbreviations
I

H O~I~(C 1 (I 3

used have the f owi ng neani ngs: NaHWVDS: sodi um

hexanet hyl di si | azane THF: tetrahydrofuran 5 DWPU:

1,3-dinmethyl-3,4,5 6-tetrahydro-2(1 H)pyrim di none
ScA&8BCl : tert-butyl dinethylsilylchloride DW:

di met hyl f ormam de DMSO. di net hyl sul phoxi de  TREAT HF:

triethylamne trihydrofluoride 10 The nunbering of
oHpounds in Schene 2 follows that in WO 04/ 011416,
but

it will be coi at ed) Do pript _Sche
equi val ent oxpound a erein. di
011471%, t| hydr ochdyaei de salt of cohpolind 1

Is pr epdr ed by di ssol vigigasionpound 1 in a pol ar”
solvent to forma first sol ut| on and addi ng
hydrochloric acid to forma second solution from
whi ch the di hydrochl oride salt is formed by 2
crystallisation. WD 2004/ 106279 (claimng priority
from US Pat ent Application Serial No. 60/473, 423)

descrgBgs a crystalline form of

N-{2-4 hyglr oxy- 2- phenyl et Afham no) phenyl | et hyl
}-(R- e .

2- hydr Oxy~ 3-fom am do_zl_-qudr OXY] et Ayl am ne
nonohydr oci ord de. WO 2084/ 106279 desCr¥Fbes inter alia

the follow ng nethods for preparing thgycrystalline

1=

LN i PN._ _H oH
heat
T T
4 2 5
TREAT HF
THF
CH
V\@ o ~ L
aihanol o u
HNL _H CH

1 (la)
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nmonohydrochl ori de salt of conpound 1: 25 i) the
addi ti on of between about 0.9 and about 1 nol ar
equi val ent of aqueous hydrochloric acid to the active
conmpound 1 di ssolved in a polar solvent, such as
i sopropanol or water; ii) the addition of a nolar
excess of an aqueous solution of an inorganic chloride
In S¢heemeysH-he Bibbreeittiume nsebhaye 18: fakiRivingy®ERANIMISt 0 t he act i ve
compound 1 dissolved in a polar, water soluble 30
solvent. A suitable source of chloride ions is
NaHMRS$hi ursesiimbhexaeetiigisiazene ¢ abl e pol ar solvent is

THFsopropatggpéh dismiragxanpl e the crystalline nonoHO salt

anp?gp; i d%@%ﬁg-’?ig%@%% %WUH‘M%C#OH de, and

TBEMSDN ngtett#betymhemylslbﬂcmpmest and overni ght at room

rrperat stal I'ine product can be isolated
D“{)Fe %ﬁ‘g@ﬁﬁ‘;@ﬁ@* ied. 35 5 iii) froma water

D erry oql'mﬁmlslé'éh‘?@pondl ng di hydrochl oride salt,

TREATHF: S| tethylaie tigdfoaueRid by the addition of wat er
is added to the dlHO salt of conmpound 1. iv)

recrystallizing a hydrochloride salt of conpound 1
Thi animbgritme biveenpdundsih Schems 2 dollows sthadf in WO/ G 1dAG it will be

apﬂlél: ﬁtggftl? ?Mﬁg 13in sWherPY R &4 g%lgr‘ﬁli@ eorﬁﬁbdnHWI%PNeﬁ'gm

epari ng a nonohydrochl ori de salt of
compound (I) in particular a nonohydrochl oride salt

Aceérdiﬁgrfeowaﬁ 0408 ) 48 Ahe Ry diRERIbRIABAIY of cofpysricalll isnprepared by
nono

drochl.or.ide salt o 0 Q Lt
IsSe LRI B dRoRB SPTe SERG S ec by ardiagbe Happorido ac
to fofrh BiLskesor(dl Solutioe frord edichwioe dieysiyonitride saltie firmed by oarstelisation.
at the carbon atons designated in formula (I) as *C
and **C. References herein to conpounds of formu

WQ | 3004HEP 2 (drwming (Bjorityntiom RYS catenti Anriation Seviat Non 80/473.423)

de§éHBE§ aw@émé fOkh &f mmlep AR M%r&ﬁ,dzJpﬁe@Iathnﬂﬂ@pﬁer@qahyi} -(R)-
ster eochepl‘lost ry at

2 -2 RIS g SRS YRS SRS PE RS

(S), (S) and (R}, or (S) and (S). Hereinafter _
W BATOFER SreBpBIRaIS e TGS et pagana 1 ktatine
mcRREIrbdhedide 281t ditvempoumd &2 fi rst aspect the present

i nvention provides a process (A) for preparing a

i) the addition of between about 0.9 and about 1 molar equivalent of aqueous hydrochloric
acid to the active compound 1 dissolved in a polar solvent, such as isopropanocl or water;

if) the addition of a molar excess of an aqueous solution of an inorganic chloride at a pH of
between about 5 and about 6 to the active compound 1 dissolved in a polar, water soluble
solvent. A suitable source of chloride ions is ammonium chloride and a suitable polar solvent
is isopropanol. For example the crystalline monoHCI salt can be formed by dissolving
compound 1 in isopropanol, adding agueous ammonium chloride, and allowing the solution
to stand overnight at room temperature. The crystalline product can be isolated by filtration
and dried.
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nonohydr ochl oride salt of conmpound (I) which process
conprises the steps of: Aa) contacting a protected
formof conmpound (1), or compound (la) (hereinafter
compound 25 (I1) and (Ila) respectively): oPz I\ p ~~
~I  Plo NHCHO P3 (I1) OPZ P10 | / I nN1L \ NHCHO H OP,
(Ila) 6 wherein P' represents a hydroxyl protecting

ili) Off ol waten dluPR otihe cBBespanding ditiyjveahipside sait, whishrsbueyoay be formed

by%d%a%ﬂﬁ R ofatlr 'F?% YlindPAiRERAGHIoNSERHR, S Wi th a weak

ct i've protonation; Ab) contacting

the product of (a) with a source of chI oride ions to

ef fect ani on exchapge 0 Ac rot ect.i he o
)presaHeNagd & urorireana el erivolnd E BRlhEbarBth 1 46 2 pgualents o
chAfk P& moeldf dompbaid fin of compound (1) or (la) as a

nmonohydrochl oride salt; and optionally Ae)

crystallisation or recrystallisation of conmpound (1)
WE&'haé dow Iduntinard ipprebed mexthoaintoo dpremating t demonohgdrpcidoride salt of

CO%BHWE Bip%i'ug:l,llgég gﬁthchanoHEe Qaflteoq @%@%Jﬁ@ (l:éf) agcg {nog Lﬁreferably a

cnfstalling nepahyatroahioridé sdt@‘roy@pmndu(raé m)nohydrochl ori de of
compound (la). 20 Hydroxyl protecting groups P,

d P3 b | ected f t
W BRAPRPSHER (PRANGIPEEBEO S HE BRPRUIA ST %ﬂ%&ﬁﬁv
as?rhﬁ‘lfaﬂlgfcent@é?iﬁlit@ﬁ atahe t:dnﬁomatdm@ Wydignaedoih Ertiulag]) @s 60 pndPT'C.
ncl u a e n
qugeré&?a g@ tgﬁpg%glmd% oﬁf gr{uﬁg {I? mXiHEJ gotﬁgé)réﬁﬁ éﬁf er@a‘ﬂ{uﬂn&g either in
sugstantjatly \nhiecforroaor ddmixasl Ecany EIlO?OIf(Ile\ﬂ!g dotm e rand **C Thus, the
st%g&‘#lbmsgggt d‘@h&hgq{%ay%& (R’é) $Ad 'tﬁﬁjogm 4R (Rﬁnﬁan&@g hsphnd (R),

exanple a sil group, eg
orf{$iamdK§) sil yI group such as tert-butyl di nethyl sil yI
In one enbodi nent of this invention P1

Hereinafter references to compound (I} should be read as including in particular compound
(1a) unless otherwise specified.

Thus, in a first aspect the present invention provides a process (A) for preparing a
monohydrochloride salt of compound (1) which process comprises the steps of:

Aa) contacting a protected form of compound (1), or compound (la) (hereinafter compound
(1) and (l{a) respectively):

T, 0

NHCHO

(n

@”“‘w@

NHCHO (IEY]
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represents a protecting group and P2 and P3 both
represent hydrogen. \Wiether to enploy a protecting
group and if so the choice of protecting group is
within the remt of the skilled person and may be
achi eved wi t hout undue experinentation. 30 It will be
appreci ated by those skilled in the art that conpounds
(1) and (la) contain two basic nitrogen atons and
t hus have the potential to fromsalts at both In
order to gbtain a nmonohydrochl oride d tl
r eawherein PO rersesepis ya[axyiprefecting |9&)“vai"i r'sé @ﬁF’bF‘d%ye”de“"y
aci @presbittyfi@gen orahydruxyl pretecting gfaupl y contr oI led to
achi eve the correct stoichionetry, and avoid
formati on of eg. a dihydrochloride salt. 35 7 W have
f ounith 4 vask adid, da effectysdlertive piotgpatitnonat i on with a weak
acid such as acetic acid results in selective
protonation of only one nitrogen atom (the pore %

Abhj t ¢Q§@ﬁ#|nmthcm)‘0daﬂfcpf (@)MthGaoHEFe ChrieidednsHa AERe! a0 Sxchange;
formation of a st0|ch|onetr|cally exact
nonohydr ochl ori de sa jocess, of the .

Ac] o QAR otBsng Pt b AR oSty eS8 P

hydrochl oride salt can be 5 prepared vvlthout t he use

adf SRt BShbourl e AFR L Ropcyd el g by 2

parent conpound. In step (Aa) of the present process,

ﬂe&"i fﬁ%gmﬁﬂlloﬁgr ;eelé(.g@dh:@atiﬁh by cd?ﬁpoﬁh&l g? or{RY. be contacted

aci Conveniently this step may be
effected in an organic solvent, for exanple a 10

In KehreRPre8 Lé?fﬁboa&eat et mn?men (ﬁi@l‘ld‘éﬂ sﬁid‘lpl'dcetsofw)the)rpreparatlon of a
e one, Qr _a wa C
SRS ] R SR BRI, rewawe

mdhohydeochigntie obapatpoond @da)i d, 2- net hoxybenzoi ¢ acid or
4- met hoxybenzoi ¢ add, pr efer ably acetic acid. The weak
acid may for exanple have a pKa in the rane4 (Jw ;
Hydnoary) pretocting oraums &hi P3anskP eff‘ﬂéE? glegied ffamsa et '59 wice range o

kn&brﬂﬁl%ié?:ﬂnd ?1:62% g%ilgb" Snncf;:!lh’s walaRlvA iRthedart. ermemtesrcﬁ thienhydroxyl

MLtk W ECNERTRE T T o
pra¥aliciy gtoubs tase negy WeAgrpupsTvhich cdrobe selentipéle rareved ainder epnditions
whbc?ntu%”{%g Gish, FATBEIERP T‘uffsa)eaémé{f. P2%ng PG b8 qor"!x%ﬁmé aSQNFérSup, eg.

agueous sodiumchlori d

rirde” 1ons, 1
a titlkd skl @poumesyclabs tert:lmd%miegwlt fyl. e ope pEVPAMeRt ofginis gvention P
reﬁr@é’&’i?sr é‘bﬂéfe%tlﬁd’%rbtﬂ?aﬁcﬁMdfP“w%&éEerﬁ 5§fdrb§en’:l bateth&E.employ a

his sta

product
Preten SR AT 58 DR AP L AT O 5 P T g the skl
pef&ﬁ@h&dfaQ@blaomue\daﬂ vitabit undiie eperhentatignl1) or (11 a).
This product nmay be obtained in crystalline form |If

necessary
It will be appreciated by those skilled in the art that compounds (1) and (la) contain two basic

nitrogen atoms and thus have the potential to from salts at both. In order to obtain a
monchydrochloride directly, ie. by reaction of compound (Il) or (lla) with hydrochloric acid,
the reaction must be carefully controlled to achieve the correct stoichiometry, and avoid
formation of eg. a dihydrochloride salt.
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crystallisation nmay be facilitated by standard

nmet hods, such as stirring, cooling, scratching or

seedi ng. 25 Deprotection of (I1l1) or (lIla) according to

step (Ac) may be effected by conventional nethods.

Thus where one or both of P2 and P3 represents a silyl
group this may be renoved for  exa

We haygfound thqtﬁffgﬁlng ﬂ%pr@tﬂggqlqpéqu WM | e S Fgg %IIC a0 results in
sel@é’ctvb%\‘&ér{df oh Bf ormdméﬁlwgén \atdrin (tige inoret Hiaerc rﬁﬂigée atoma aath, following

di eth t th
anlh SR AT B 1 AR dad b RERo s e
prdcess afhiyiel rpm‘sentanvenﬁorp alov das thegadyantage th:at treyhydepchipddepsaticcan be
prr-,f %Fede\b(iﬁ\gm tﬂ? Qr% GVQF&Q%%@I 'éP]Q desitdbi B RBid!tAE L4 strong acid as

num-ca %1 conveniently 1 n an
thl%ﬁ@[dﬁ@d:tosi?h@m'ﬁ“m R0t GRTPRHNEY T r ol i done.
Monohydr ochl ori de salt of corrpound (1) or (la)

in P PR SEtB g RBuLe T (1 gt BB e aftetfoa wit
a werkaitidlr Ooreniehtiethisadiép oly becuffpcxamh én ajganigysolyent, for example a
ke%% A NGdal . Iglfté(n?&\gl (Hepﬁla hgfkmol'l%y oPE%&%{Rbﬁaﬁ% | @Na TRdRiRRiscible

eous organic | CU
aicohd @d¢mi-P@v%ﬂlanaﬁ acids arylchmwrbycﬁr@&weemca@e fryexpeple acetic
aciebwé%ﬁﬁtybéﬁz@.m@m @maatr@mhzmc; afid Ceramidbh B@tid acid. The weak

B
a éllglﬁﬂyemahterdetempemhm ferrexemplecahadbmpéra@Cint tbe raxige vionBa@®ut 25°C
toglgci 5@, ghat er and then contacting the resulti ng aqueous
olutionh with further 5 isopropyl alcohol. During
add|t| on of further isopropyl alcohol the tenperature

Stéps( d:onvénli&nil Bk le¥fedtdd Witthut RORENd tHeMredRYfrorh e @Ba). Thus

C an se entl t he .ran about
fmt%‘a@B'Gd'Fe soonbigret.fion b 14 v HeinogeP ShieCiplife o cnirice
iorsplisingég. caqumlsrsﬂ)d(uha()hlmﬂy Feisestdpembre disb posvesieathdbengffected at a

ter?i:?er&[:re ﬂ'ﬁﬁg lré’ﬂrgg 'ag?tﬁ ‘r?gf)cﬁ Lf+1 g{aés‘g geeU 'At &Hﬁls %ta%gl € Hiermediate

Spirit
prodechaag be laOEatesUwﬁlnq epneentioaal Wm@ﬁ to Pmé"qeéa% Wﬂﬁf@/dmc“'or ide salt

of %Hlﬁﬁ’&]?ﬁ' (ﬂf‘ oro(lla§ O s [:f?t'LS}jr Lg?bhay fhe "lﬂﬁdﬁﬁeﬁﬁh%r%lhrﬂ%ﬁ#d Iff r%fcessary

|
eSSBS OB P X PTG R LS o D &toBh g eTatehing o
seédyenti onal manner, eg. with cooling and/ or seeding.
15 In initial experi ments we found that crystalline
conmpound (la) nonohydrochl ori de was obtai ned not only
Deprotedtien ohiile ot flkk acsofdingdo staprifelomalele pifastad kyrgpnventional methods.

Theb %@Fet Shd oF got'h Mo W2 ar%Oﬁ@%ia%aRtQ d gl grduaftﬁ@ rméipséw&hoved for

but also In new cry stalline rm referred ?ﬁ’l é}
RTPIO RS PSSR HUOFERIP ?%SFQ?“Fh%R"ePBFHF't 38, pethap gpiignally n
admixigne vith Refurnshsorehtaath ws disthylketohermethylethylketone or n-butylacstate,

or triethylamine trifluoride in a solvent such as tetrahydrofuran. A protecting group P' may be
removed for example by hydrogenation using a palladium or platinum catalyst eg. Pd/C,
conveniently in an organic solvent such as N-methylpyrrolidone.

Monohydrochloride salt of compound (I} or (la) prepared according to the present Invention

may be isolated by conventional means. Advantageously said monchydrochloride salt of

compound (la) may be cobtained in crystalline form, by precipitation from an agqueous organic
8



than the Form 1 crystals. 20 Mreover, we have found

that a m xture of Form 1l and Form 2 crystal s of

compound (la) rnonohydrochl oride can be converted to

substantially pure Form 2 crystals by slurrying, for

exanpl e by suspending a m xture of Form| and Form 2

crystals in a solvent such as aqueous industri al
solutitrhy Irag axgrtislar embedimest pRiFfalineafie) FPnANYHipghigtide,may be obtained

frofr?é‘ip %frg%hid r<Blutidh E&ﬁpﬁsﬁi@g& rn%&ur& P m—mbmylbyrﬂdﬂﬂbﬁé)arﬂ:bl@blﬂiropylaicohol

(prgfemq% gég %9,"\%@'{!{[&,?%11% $ Qg@atpmggrgﬁ?%w wtr?]ngeyfsdm anLR%O"C to
abb@tNgIECAbddiey Wwyiek iang theBucdntavlind) tesresulingbadueses solotion with further

I.E‘.c%r OV1 glg?ho?‘e fadb: ﬁé%fuﬁ&@&bﬁb%l LiRol the t?mperature is cooled,

ar e cess recrystal
initgeflly tmn@errmghyﬁr@mehqubﬂ pe tos abaut 251 apd gptﬁsgguwﬁy ipdhe range from

abSitfR¢d Ssbubyoesubj ecting a suspension of (Ia)
nonohydrochloride to repeated cycles of heating and

cooling. Heating may be effected at a tenperature in
Rechetallisstisn of renvhyahiebiondd it of caipaundGREmap te effettediby suspending

or ggg?;\rgﬁélgaed f rl‘gégL@g M4 léé ts%lvgﬁt%%g%gglngéétﬁﬁ n@thated spirits or

ter ea
methahob in mmmwlthm@eh gae reryltine guspgawpq ﬁrgsoytlgpgn% gggssary be

heEFeHei%F %ﬁﬁ‘?k &e‘éefeﬁipeﬁéﬁﬁé 8GR » thé HandX Hom Ebéi.rt560?EC{oe§bout 80°C.

F f th t al |
Crﬁ%ﬂl’ﬂﬂ’?ﬂ Benpe H'tﬁ?%h'é\nﬁorwg"t{ﬂngfm 20 F’gﬁe\gﬂ ﬁr&; a)md/or seeding.

Differential Scanning Calorinetry analysis, X-ray
er. . di.ffr a
SISl Bl S i v
obtamedhmjr@mhllrorthajeam%@fﬁwwe fpmrﬁﬁ @Q‘ﬁcﬂ@dnﬁli‘fé characterised in WO
2oblﬂﬁbéﬂ?§>’(ﬂé}€in5ﬁér' %I’Iﬁtﬁbﬂ)lﬁ Addan aFMT&r?staI%eTﬁﬁnPFeﬁéﬁ@Btto herein as

i nventi on thus al so rovi des y%St al | i

Forh e h‘9’8 M’I‘FT fund éh Ffﬁ |2y ,crysi@‘s € BIM9'R éherr%ogyna mically stable form

tha¥- th@ Fbén { cgbtald: hydr oxy- 2- phenyl et hyl am no) phenyl ] et hyl
}-(R) - 2- hydroxy-2-(3- formam do-4-hydroxyphenyl)
et hyl am ne nonohydrochloride) in a form (Form 2) which
Margovee,heg havectolsdthabyp raixigrer dfcrasmt 1 and Eerm Aiorgtals of compound (1a)

@%ﬁn Qf Is by sl f
SFRGETRLE S SETANUED e vony oty s b

exempms@wﬁpﬁmm%ﬁda% Rf Eo@qfén%%d ?fm Fesiyrialy, 2 pyenicsuch s
agé Q@hs&hmtnalﬁﬁtr@aaﬁcb op Mreettianof argd ginirfgi atantemperature in the range

h bout
B e T
imaivihg racrystlammtroumm Gmparatatkdéycingn %Jchumtlma qehrierused to provide
seB OO Firtat&ignt may occur at about 170 C.

Thus, in a particular embodiment of process A recrystallisation of the monohydrochloride salt
obtained may be effected by subjecting a suspension of (la) monohydrochloride to repeated
cycles of heating and cooling. Heating may be effected at a temperature in the range from
about 50°C to about 60°C and cooling in the range from about 15°C to 25°C. The solution or
suspension may be aged after each phase of heating and/or cocling. The heating and
cooling steps may be repeated for several cycles, for exampie 2-5 cycles.
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15 Form 2 crystalline (la) nononhydrochl oride may al so
be characterised by infra red spectroscopy. Thus,
when the infrared absorption spectrum was recorded
over the wavenunber range 4000 to 650 cnml using a
Per ki nEl mer Spectrum One FT-I1R spectroneter equi pped
with a PerkinEl nmer Universal ATR (attenuated total
Forhef hed Foomp ofahe kiysgliine ek songhydrghierige ey featistingaished using

Diffésrs@ '@ca?.h%g[]egtghrﬁétgﬂ%{%é’? 9@ray nﬁévafe?dduﬂﬁé%ﬁ&rptarﬁﬂbr infra-red

't b
SPe@BB oS, de’sqrybed-,r@zplnaﬁggl %8192 grg%g rlr?%éénmg%gygr@%ﬁor%e%as been

fourt8be MRS PomOfhamitdifbtablethdn FdmPd, 1371, 1440, 1520,
1543, 1596, 1659, 3371 and 3552 cm'. Form?2

crystalline (la) nonohydrochl oride may al so be _
TheC pRssantt Brvestid thiys Xalscaprovied ecrystﬂmaji(lﬁ{rmﬂqhmocmmde (namely,
crys?%la}rgﬁle? @r{ﬁg%yﬁﬁox} 23;:1?1% eth?érﬂinﬂ)%%ﬁﬂ]etrhgl\i}l(g-zéﬁ}dr?xy-z-(s-
forniérmd@‘émdlbr(mewl)a?thyiﬂ@tﬁ‘éH?@!?QS‘&‘FW@?'?’H’@) i aJoBR l‘" ich is
cha%{eﬁsé@rbg‘a%ﬁémtgl lQTﬁ'nﬁinQ ééltﬁm’iewnraacgu\bmtmrm:m lap absence of
nmeans crystalline ohydr
dischrsbis SRORBPENE eahr S, 2Rl LA C1 WO PR gk Scmermpio events
bet@den £6¢ 13050 da awmgmn °CSanEFtan gkt of signlmaatm‘ndgtheamc heat flow at
| east 80% suitabl e b
aboyhdgt G- Jfor Smmple;jcﬁa rglngr ?@?’&FW'H%\’?@ ﬁ‘ua? o880 %t Bbouk §8§4C and
at BBBROIBY dCOR RHakbrH£ fuRyT hirorddeiheeric Bvens mag begur Bbatioyt 170 °C.
pure formby controlling the crystallisation or

recrystallisation of the (la) nonohydrochl oride, for
ForBx @plyetailine (&) sbemhyerpcridrideherapr sl s @hamﬁenq;ﬂdebbnﬂfra red

spegfvenéglf On‘glalsn v%%ﬂe{hﬁl W%rgreh Sa&%ﬁg&"f@@@cﬂ'@n QIfldcseFécoFo*éS over the

li fon w I ng as ed
wa\meumbera‘gngﬁet}owm §5Q ¢m au:flmg a ﬁgwinggwépegtﬂgn Bpg ggﬂl{i spectrometer

equ r_;{)b\éﬁ Rith %&klﬁ@lﬁéf' g\ﬂvﬂr@él lﬁl‘ R’(aﬁ@@.ia‘iec( tBiaI fdﬂbcttbhl ganyiling accessory
st al m)noh

dro
Forgefi ﬁ@gaﬂl@q e( )mmhg 0 Fl g@lg BT 7 qg%cf rﬁbﬁgrp&o% specirum with
sig ificant absorption bands at about 663, 698, 747, 764 788 809, 827, 875, 969, 985,

Bt 6 G0 At 2 LT S g o

emét hyl ami ne rmnohydrochl oride in an aqueous orgam c
sol vent, by contacting said rmnohydrochl oride with

said 10 soI vent and heatin m abqut
Formo 2aeRIETRO %) IPORSEFAPECR B 2536 SRACRERO LY gy Powder
difftlegor, &TRR4rApIE e inigused tlamd Xhereipafter. t he range from

about 52C to about 58C; for exanple about 55C, Bc)

Seeding said mxture with Form 2 crystals;
In a yet further embodiment the present invention provides Form 2 crystalline (la)

monohydrochloride in substantially pure form. As used hersin the term ‘substantially pure'
means crystalline (la) monohydrochloride wherein more than 50% by weight in Form 2,
suitably at least 75% by weight is Form 2, for example, at least 80%, suitably at least 85%,
preferably at least 90% by weight.

Form 2 crystalline (la) monohydrochloride may be obtained in substantially pure form by
controlling the crystallisation or recrystallisation of the (la) monohydrochloride, for example in
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15 Bd) cooling said mxture to a tenperature in the
range from about 15C to 25C, Be) heating said m xture
to a tenperature in the range from about 47C to about
52C, for exanple about 50C, Bf) repeating steps Bd)
and Be) to obtain the desired Form2. 20 In step Be)
of the above process the aqueous organic sol vent may
stefp @e)f G the>protebe ofithe prgert invenliorohisl 9eneed s desirablndo effect the

h l . iy ' d irits. On
Rl ey P b TR T m xtur e

should forma solution in the organic solvent. |f
ThURGK 8 95iHeY astecCRE bFentatvehlivnsalsd rgeddsheprooésst (Bpfor niigining Form

clar ed, e filtrati : ' ities. 25
2ol P 5 b e R R

crystalline material prepared as descri bed

h [ f [ ' i -

3 ur Ry NS, R AR HeR p R RRRT LR B dRery et

and/ or(Rbaflern@!-2-T$r@"pé'F"ld9ﬂ"b’f’roé!)qmﬂyihﬁ;hyffé"'?% rm&?‘&%‘ﬁ?@ oride

fr gm QP?Htane?’ié J}géakziﬁ &&vegﬂgﬁtﬂont’écﬁl@ $uidi renofyldeochiedde wigh said

and cool 1 ng steps an e) e r

sever aHO’VSOthé]eg‘é’EQ IR 8rra'%5?aﬁ?ﬂ'? %b%'y%[p@)}é ?g(gﬂt?ﬁﬁﬂ g&feg?mme about

exanplase¢he sol ution or suspension of (la)

CHREVBB e AL S ik RS i e oo

e.g. 682C, focesmmle akwubdST €perature in the range 50C to
?ﬁé}’ es&dfhg%gid miseRA@th FRgiefstils;about 30 ni nutes,

en cool ed over a perjod of abqut 2 .
280 |wolmsmee Byt egeeaes Gt ren oy 23 B asc
MBY) bendagnd esid tmixialote a 3@tberatdre B5he oarigedrard ahp@A7°C to about
10C. 13..1h .

N- ( 2- [é?- %(@S%W;‘Fd?b&}(‘t 3% Cbheny! et hyl ani no) phenyl ] et hy|
) BUR) - 2péatidy sieps Bd] and Be) tuektaid thedesieg iihenyl )

et hyl am ne nonohydrochl ori de enpl oyed as a starting
material for the preparation of Farm

In siega) e thg,ab@yganfgcgs S FVCRR Hn@anlgfsoﬁlleg%éwgg eb& fgb g\);aemple an
aq@oud SlcollBISsiich ke ChguBoMOMBthARA b BGuedsis Thaustriehpethylatedf spirits.  On

formula (1) L] j t torqani
rer s i o) BresisPlo ST il SHouI (o o 06 o RSTorgani
solventp dfunedesskryfardesired gt|this ptagepthe| solufipn may be clarified, eg by fitration to

remove impurities.

In step Bc) the seeding may be effected with crystalline material prepared as described
hereinbefore. After seeding a suspension forms. The mixture may be aged after each phase
of heating and/or cooling. The period of aging may be for example from about 0.25 hour to
about 3.00 hours. The heating and cooling steps Bd) and Be) may be repeated for several
cycles, for example 2-5 cycles. Thus for example the solution or suspension of (la)
monohydrochloride may be initially heated to a temperature in the range of about 60°C to
about 70°C, e.g. 65+2°C, cooled to a temperature in the range 50°C to 60°C, e.g 5542°C,
seeded, aged for about 30 minutes, then cooled over a pericd of about 2 hours to about
20°C. In subsequent cycles the solution or suspension may be heated to about 50°C and
cocled to about 10°C.
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I i mMPLONHCHO OP T (II1) 10 wherein Pl and P3 are
as defined for conpound (Il) and P2' is a hydroxyl
protecting group. P2, may be sel ected from hydroxyl
protecting groups known in the art, e.g. a silyl group
such as tert-butyldinethylsilyl. It wll be
appreciated that P1, P2, and P3 shoul d be sel ecte

Thes Ws{2- [415?)’:24%@2-2-F@ﬁwl$13¥|@aﬁ°}989WYBﬁfﬁlﬁkbq)c?n@@Fm‘Y'z'(?"f""“am'm"

4-h§§ff9§vgé @B%W]lérﬁ*ﬁe%&ﬁoh @fbctﬂérﬁﬁ EREIBNA & a Wheing Mdkterial for the

pre@@fﬁmfé:ﬁfmﬁ réfvg/r t &%ﬁfp{‘fé F’i‘fﬁ')( 'ecgé\é%ﬁ rﬁﬁﬂﬁ&ﬁ"lﬁfo‘%ftpzé‘%sg]m"’°"e or as

desefigah e obgeMiesuch as nmet hanol, optionally in
adm xture wth a further solvent such as
di et hyl ket one, net hyl et hyl ket one or n-butyl acetate. 20
It wll be understood that when it is desired to

The %rﬁé&m F SRR bf ﬂpagmﬁreﬁpp* Ry PAb&ihGBpresent hydrogen may be

ate I's eS|ra gF ¥?ﬂlnthls stage and
Obtﬁlne@ ﬁ@“@t@@'@@%@@%f’?’ﬁ@?ﬂ-‘"ﬁ@ AR Structures (111)
(I'V) and (V) should therefore be interpreted as
depicting the individual chiral forns as well as
m Xt ures thereofb 25 A conpound (111) may be obtai ned
i ound (IV) 12 P7 Hal Pl o NHCHO

(1'V) wher ' eavi ng p, eg. brono,
and P2, i def|nedfo rrula(l with a
conpoundg, L\ H2N F - 5

NHCHO oF? (1

wherein P' and P® are as defined for compound (ll) and P? is a hydroxyl protecting group.
P? may be selected from hydroxyl protecting groups known in the art, e.g. a silyl group such
as tert-butyldimethylsilyl. 1t will be appreciated that P', P? and P? should be selected such
that P? and P® can be removed under conditions which will not also remove P".

When P? represents a tert-butyldimethylsilyl group this may conveniently be removed using
cesium fluoride, in an organic solvent such as methanol, optionally in admixture with a further
solvent such as diethylketone, methylethylketone or n-butylacetate.

it will be understood that when it is desired to obtain a compound (la) the appropriate chiral
intermediate is desirably employed in this stage and in the stages _described hereinafter.
Structures (1) (IV) and (V) should therefore be interpreted as depicting the individual chirai

forms as well as mixtures thereof.

A compound (lll) may be obtained by reaction of a compound (IV):

12
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20

or a salt thereof, eg a hydrobrom de salt, wherein P3
is as defined for formula (111). The reaction of (1V)
and (V) may conveniently be effected in the presence
of a base, such as 10 potassium carbonate and in a
sol vent such as N, N-di net hyl acetam de or N

nmet hyl pyrrolidi none. Conpounds (1V) and (V) may be
coupled, in a solvent such as N, N-di net hyl acet am de or
di met hyl sul phoxi de, by @gdi ng pot assi um car bonat e and
sodi um hydroxi de or sodijumjpdide 15 and heating to a
tenperature in the | gf about 90C to about 140C to
forma conpound , Which may be further reacted
wi t hout isol atiR¥. The conpound (V) may be obtained by
coupl i ng 2- (4-am nophesyl ) et hyl am néVand styrene
oxide. 20 NH2(CH2)2 | + NHZ 13 It will be

wh%gisﬁ%iisa% ﬁglptéﬁpaa\lqtﬂgtg?ﬁ@f &8 HrSm ounang\}g rég ﬁ%h?e)g fof f¥fmula (II1) with a

congpoohd8d. This may be prepared by enpl oyi ng
(R)-styrene oxide in the above reaction. 5 The am ne,
which is optionally provided as a salt, may first be
reacted with between about 1 and about 1.2
equi val ent sh, e havi ng pKe val ue greater than
about 18, in ord 0 ub ially deprotonate the
4-am no group and~fhef(R¥styfene oxide added to the
product of the am ne reawfion. Useful (Wasi c conpounds
i ncl ude sodi um bi s(trinethylsilyl)am de,
al ter nattj vely known. as sodi um hexanet hyl di si | azane
or g sl ifesest, e9 f H‘i'@'i’ﬁ’@'f@?@@ropyl ani de, 10 and n- butyl
whéreinlP®igais ddiieed fontdrinola (s pref erably conducted In a
sol vent systemincluding a polar aprotic solvent,
such as
Thet regctitinrai {INY pr(VA neygopvanieatly bp effetert iy Hipraresears pfebase, such as
otég}ﬂ:’np) carbbrle t lapdaln exaspléit Qlicrapadt NIN-gifletylasstamiiat sor  N-
I ncl ude di et hyl sul f oxi de, N-nethyl pyrrolidinone, N;
mefyipyRedigre-acet ani de, tetranet hyl et hyl enedi ani ne, and
hexarret hyl phosphoram de. After aqueous extraction, the

Corglip t(|\Bf 'tgg&%k}%' '%ﬂpl{a&’%ﬁtd QJ\!G%?SL'F%V&J R, N di e Iacetamlde or

a’ sal or exa dr oc
drmﬂhylsywhwm!e;ﬂpmgdmpptasswra mar@onay@ a0 aedidm @Mdfﬁlﬂde °r Sodlum iodide

and ﬁé’a‘%& W@mpep&uﬂe fetha PHgk 0P Bodtk 98 QB GBsLtNINGTERNbM & Gompound

agqueous
), whicr%1 may be further reacted without isolation.

The compound (V) may be obtained by coupling 2-(4-aminophenyl)ethylamine and styrene
oxlde.

NHz(CHz)z\‘E:L +
NH

2

13



10

15

20

25

30

35

hydrobrom ¢ acid. The crystallization procedure
efficiently separates the desired product from side
products formed during the reaction. The hydrochl ori de
salt may be redissolved with 10 N aqueous sodlum
hydr oxi de to provide
2-[4-((R) - 2- hydroxy-2- phenyl et hyl am no)
It whiceyadppetciajddatiratte qrmgmwpwyg (la)The mva?tebveﬁ?mof compound
(Vf_ﬁk&uld'@’@ﬁ;ﬁé eﬁa&hﬁ%ésﬂr%ﬂpré;bdr&pw amploying {R)-steerie @ddapn the above

correspondlng (S)” stereoi soner,
regctipn.. ( ( S) - 2- hydr oxy- 2- phenyl et hyl am no) phenyl ]
et hyl am ne, can be prepared by substituting

r%o%w wahigl Ptéo IC}I Erhq&e% a ?Pr%y(ﬁ?‘ét de réd?:tédhﬁth ebween about 1

|s of conpoun

ar@oshouUh@@Qt;Walﬁnis fi pbase v;awm Afe Ve SERAL AP ﬁ%\g dfysin Order to

L{ﬁ@ﬁﬁ‘ﬁﬁll& Beﬁrgﬁné't[etthe IJ%ngé:f u hé@nmb ER)-SAyre AETPXI Bdddd to the product
wher ej n IS ro r

of fhe @Minge 5eq ionys Usgiyy gﬁflc Namp %;%a %ﬁtﬁ'ﬂ gaﬁsg{?i%ﬁﬁ'&lsﬁ\ﬁ)amlde

altgafativel kedwn, aﬁ@:ﬁtjm memeﬁ&s@mma(u\bhll\@ﬁj Ibeiven diiseprapy] amide,

a dhlbélétyld@gglpl b act&'}; tg%l ({f&aﬂ{( %Sﬁdmfe% ? Sl s%s‘?em including a
pcl# 9eprotB55016H8 1§ucb rassf ﬁrdIraeth!l@&.%%iféraaweﬁm@ayﬂﬂﬁd"ﬂﬁ‘e (DMPU).

A?ﬁt‘oﬁglt Namples 48P 8»étic Aor 056104ritd JinclOde UgimBthylsaloxide, N-methyl
roduced '\%/ st andard net hod fort exa &fghyyéfl thel and

mﬁ@mmqr@n of Nk tme%utyduaﬁéfﬁmﬁssu | y|eé??|"l5’5” BERENE )

h@@ﬁe%ﬁ@épﬁ&n@mm aAfer dgpbbis sdrbotion} theuIrdeas of the coupling reaction

it SRR ol PSS SIS o o

sdl\reﬂaatamemtas oéopmp@holnlbYalthQ:@ddm@ﬂ o ﬁfiﬂeéuﬁa‘?ﬁ%ﬂc logg 9§ aqueous
hﬁ%ﬁornlﬂg%m fl'ﬂé cwgiaﬁﬁatﬁ:n(ﬁgce@dfeeéfﬁ’él@rﬂl?@eﬁéra%qnb SesirddSproduct

npr.|1 ses I strat

o S REUCIPTYEAN BB TS, B rec v RsPags saif may be recissoived
withh M@tlﬁl'dqi.létﬁ_us(éoﬂ)unmhv@bxidé o Ipkavided2[4-{(R)-Paydroxy-R-pingnyletiwlamino)

Inv ntlon
PSR (el (L 178 3y B oo s G hep iecty I
theewvertrséepb| e ai rways obstruction such as ast hma,
chroni c obstructive pul nonary di sease (COPD),
respiratory tract infection or u er resglratyi‘%x ,
The acerresipseding:. ($)n HPEOEPTE n&t[fhfr@ THeioy-g-onhgnyigihylamino)phenyl]

@DIQrYﬂn@egarﬁbé; QFdParcdOty ﬁ&il&lnﬁge(sﬁ-b@)enmww (R)twenedexide in the

or use., 10 in ne particularly, for use
abgye PRESHE YIS eB'P"f?%"l‘l'E% Mot a clinical

condition in a mammal, such as a hunan, for which a
(32- adr enor ecept onlst

CB@PPWE hiermiin v e g?)P'EWPf&E??Y E&??fl%%ak%?"{}‘s@rﬁ el 1p Lgr example
armﬁﬁblyrdi eiciainana (¥) fvbereinhié? ip hydriogerariay berpreparedagrdascriped in US

Patgg( Iﬁcﬁ ??%%Sﬁ%géﬁg 'hgﬁéxs il R‘"’?—%H et 8Y rgdnit 1Sr08dds W8é8arch and Development,
1998, 2, 96-89, or using procedures similar to those described by Hong et al., Tetrahedron
Lit., 1994, 35, 6631; or similar to those described in US Patent No. 5,495,084. A protecting
group P? may be introduced by standard methods, for example by the addition of tert-
butydimethyisilylchloride (TBDMS-CI) and dissolved in a suitable solvent such as

dichloromethane.
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chroni c obstructive pul nonary di sease (COPD),
respiratory tract infection or upper 15 respiratory
tract di sease. The present invention also provides the
use of Form 2 crystalline (la) nmonohydrochloride in
t he manufacture of a nedi cament for the prophylaxis or
treatnment of a clinical condition for which a

In 5 fa@heacispavh tecprpsant invedion provides pmethasfardhe praphdsds e teealment

of ad%lﬁf.glsc%{l@}ﬁcﬁﬂﬁ L hdrhm étj%n 20 arh%LH%F\ Sfbrhhtﬂcrﬁé B Y& Enoreceptor agonist

ruction such as ast roni c obstructive

is inslidateshwhigh dorarrisee admigispraon of adiarareutically etfertive ampunt of Bom 2

cry&élllﬁéo(@tﬁrmdl'n%ﬁﬁr&@ﬁdﬁﬂé’ fnrp%@ttcuﬂf IAFesent iGerAiBn provides skaram
crystalli

drochl ori de
g fgk F1ocRreP Mot et & Seeat Sdsprrted Wit Bl plese
obstuttiontsheh fakttma fchativ abstadtied pudmenari é!ssaasj(@@PDmrrgmlratory tract
. 25 t nt .. AR cul ar di sorder or disease
'”fﬁ?%%%kﬁ?%&a@ﬂtég%g'sgﬁnd of the invention may be
adm ni stered by inhalation at a dose of from 0.0005ngy

In t%é’al@ématlvé) rtﬁér@ isaﬁéd/pro@déw FéFh 2 eySlallngia) ntmohyir€dhiige fad use

in mq‘%ﬂ%&wwm%ag”%an% Hb'?‘e aayL)t/I@crlm O bz | Srgg&(@g‘ncﬁl)gondltlon
in dmamBhal Slichdid)a husskimy A vaich b)ﬁz-@dtaﬁdrﬁgeptﬁr(agamﬁﬁsf@dpaled In

)
treatchehtruf atdmeash adsociated With revsrsmieaélmaa@ bb;strtugticm@g@ As agthmags
chrgmg Q HEUEA f n'?tﬁ"ar)f LA gé(bﬁﬂ) ré%ﬁi?e%rg ete] |h‘fectfoh%r phgerent

nve er provides a pharnaceuti cal

respigatery tractidineas®npri sing 35 Form 2 crystalline (la)
nnnohydrochlorlde and a pharmaceutically acceptabl e
carrier or

d ' || o
The, pregprtEPURsAIE Er'oy[ﬁ%sr tod e DE FOrRE2 crytafiRS 8] mBReHdrochiorice in
thet reanufachce of/e madg:amdnefnt therpeephylakie pntrgatmeytsqfaa pllnn:gl gandiion for

| f dg
R e i
reveisinise aswaysapba;rumn ouchl as msthong, cghgniq ohsifugtiven guimonary disease
(céarﬂgfl n? &:j%*act »hfa&roﬁ%%ﬁérresbﬁétb RasiCdidedke. | Ntravenous

ticular lation (including fine
particle dusts or msts which nmay be generated by
Théf%m&&ntoéf el D ¢fysialiine glad imomehyirextiiotios evhichrie gequited d achieve a

the?agxrﬁﬁ ﬁé(ci’( H@ﬁb Sh 'cﬁ%g% e\?&{%\:\ﬂﬁ’ Ll'lﬁef L‘&‘Eeo bf adrgihgﬁ%tﬂ:]n %d%pbject under
treatmentacod | the )padiguian disordat 0o mhsaaseh beig tteﬁhedrmihe sampaindeof the

mvéﬁﬂéh ?’ndéﬁéo%ﬁﬁﬁﬂgreﬁ R nhkfatibe Et 525@5[31# ?roFrh@ 0@95}% td g, éterably

recipient. The fornul
0.004m9 i CchRa. 59, DOOBa SR ACBSi 1 eydpts BBSFE Snu Aimans s ggnerally
froM).0U0BRR 6 0.581 i apfe.d. om@0d0Eds Oviehd pdertavcdnieniently 0.001mg

to 0.05mg per day, e.g. 0.005mg to 0.05mg.

While it is possible for Form 2 crystalline (la) monohydrochleride to be administered alone, it
is preferable to present it as a pharmaceutical formulation.

Accordingly, the present invention further provides a pharmaceutical formulation comprising
Form 2 crystalline (la) monohydrochloride and a pharmaceutically acceptable carrier or

excipient, and optionally one or more other therapeutic ingredients.
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the art of pharmacy. Al nmethods Include the step of
bringing the active ingredient into association with
the carrier which constitutes one or nore accessory
ingredients. In general the fornulations are prepared
by uniformly and intimately bringing into association
the active 15 ingredient with liquid carriers or
finely divided solid carriers or both and then, if

He%%ﬁézs HeVterm %S’é iﬁ@reréﬁt" Plcafs Form lchstahife (dla‘ﬁmwﬁydrochlonde ar
fornul ation. ﬁi ?ai'l ti,ons for topical
a foren qf gampoyng ({Eﬂée’l“’ﬁﬂé’owa e ™ my, for exanpl e,
be presented in capsules and cartridges of for

exfﬁﬁtiﬁ%i £ Qﬁ%’hﬁ?{ thas Qun1a§lteefo$ &k fﬁrerﬁé‘rﬁpﬁhardﬁ& subcutaneous,

for useé
intraderoa, |nateanuscumammvmogﬁ and @ﬁmrha@la@n@h@%twer(mc|uylng fine particle

du&ﬁ Y A Rts2wWRRHREy Bh Xan@Fatédn B rddng Nof O\farl’bﬁﬁe tpRE NI URetefld dose

pregesaiops EpEpls PLISESRA NG BN B s fgmel, buceal,

sulﬂihg&HI ah® In}faﬁamhadmnﬁteﬁatba g@lthough tHeanest s?ltabtmuh)mayua@end upon
ctose referre e

for rapPeoft s el o eary” s BR0SRIh Hhe 1A AR cAfkrionty

be prasented implrdt dosbgoiboimead may aa@eemateé by@ny af @ﬁé@ﬁt%adé wel| kown in

the?art OF pHERRRS! Y ﬁlﬁfﬁ@&@?ﬂ%lueé tﬁ@%@}a Con?iﬂé ahe actv@GRgredient into

sul'e or tcartri ener al arn bet\%?
aswgiwrowwmqaﬁﬁr%tcwe"ﬁtwgﬁw ' pEGesERYY (gredipnts. In general
the?f@ﬁi‘ﬂ]lé(}i&h‘s ar %ﬂaﬁéie@ﬁpﬁrﬁﬁrmw Iaa?] mistelycringing drtd avepciation the active
. ingredient. Aternativ t he nou .
norsitief 6 Mot ot B e i B SRR ol o, i necossary
shdtangdhe proglucifinto tre @Birédiommiationon nay be suitable for

unit dose or nulti-dose delivery. In the case of
mul ti-dose delivery, the fornmul ation can be

Dry, pewdes campesitjasg feriopial deldeiysto tag bRy ieetion mayfor example, be
prgahted tin cél@éillesﬁarﬁﬁearﬁﬁées bt B @xdhPle duldiing, a6Disters of for example

8o LI UE v, LD 4 Bl Bt

gefer8iR50RGH)a powdes it fodinhalaticsef theegmpeundof he ipvendibeAnd a suitable

poﬁ@& bgg g%%ild@]fggj&ckﬂa%t g.?o\é{aﬁ s?@ﬁ' 8¢ antﬁé* bitor Héy%@&&%ﬁées (eg.
lackase £ slaech). (g%of@tmgfg@@er@ﬁd O der bl ugrlpptfbrrqo@eiionse \Anlag/ also contam

a téma93geMGlich 348 sﬁba‘i lebter, gt dRAMPIE QAIOBRYL 6EtaSERIEE, 0B @Stearate such
el on%ate str|$) @, med froma 16 base sheet havi ng a
5 ¥R

as flEgpeRyY steare BLsted®ed along its length and a

lid sheet hernetically but peelably sealed thereto to

Eaﬁggéﬂgﬁle?oﬁgélﬂ{dﬁla 'rﬁa}f{gg %rgﬁmgﬁ{a or nueﬁ'naﬁ&gclﬁ ﬂdtf glﬁaracti\ae ingredient

Opmllwen tampinadipe nith mnether therapedtisaty aclive vgredienict Hlematively, the
corﬁf)&fn@ralbmé m‘:&ﬁloﬁtﬂhélgﬁ bbsprﬁétfrftéoc '\Aﬁﬁ%dtye)&‘pﬁ%tsb' e Pta@kel@ﬁ\g of the

sheet and l?\){‘ﬁ sheet
forwp@f'@“r H@V;Petﬁ&%b'F é%ﬂ%gﬂc’é%&r oo el i e camso milticose
defRA), &t foPmaatdonaan bbgre-metiral (eg Iaeasnlsansa s6é GENE242484] US Patent
No'g.e%‘gﬁg%ggn 8 6B0414,08873 36" N3 'S 40T bP Dknbt, AR B! 2178065,
2129691 and 2169265, US Patent No.s 4,778,054, 4,811,731, 5,035,237) or metered in use
(eg as In Turbuhaler, see EP 68715 or in the devices described in US Patents No.
6,321,747). An example of a unit-dose device is Rotahaler (see GB 2064336 and US Patent
No. 4,353,656). The Diskus inhalation device comprises an elongate strip formed from a
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Al so, preferably the hernetic seal between the base
and |lid sheets extends over their whole wdth. The
lid sheet may preferably be peeled fromthe base sheet
In a longitudinal direction froma first end of the
sai d base sheet. Alternatively, the fornul ation may be
presented if 10 desired together with one or nor
basetshest Hating apiualitcofageasses spacedalongts lengtd Andia ¢ é'@e" hermetically

but ggﬁ{aﬁp Q?aréégfhe (MrfeInY QH@' ﬁl Tt@@ﬁéﬁnlé?ne@ﬂ RBES c@itdiner having therein

Si rru t aneou are stored se at
an (ihalahiofarpulgtiony sentpipingt e '%?AA?% PPl CompipRL wili éctose
Pre?é? riﬁé REY) sufﬁcu&atly'fféxi‘él@ﬁarbatv&bmh antomcrellt iThallid sheet and base

she@é 83%@@3!9 "%E%aég?g%ap‘%g?’ﬁf g’n %ﬁ fag‘%) ﬁ% éeg M\Qo ge? another and at
lea$t@nt lvethesall lbgdingérad driians lsmgnstrmtecbtjampﬁt@cw toa wmdlng means.

Alsé egrégé}al@&q@s ﬁ?r\r/r%?‘é gé’%i Sofidbh tHeARe Bha Y §iﬁ&ﬁ§é>@é}§js%eratﬁe|r whole

rom pressurised packs,

it Gredd o8 aray APy b AeFIep RO IBE Pate Shest n epragudinal Birection
fror!n 'aqﬁ’r§tf érr@idofnﬁ@ aﬁh lbagé shedhe msmbtm@nmtmmmnsuay b presented if

desgrgp Lﬂgegﬁr \gﬁla oneg BT’I@PEﬁ ?tserégﬂ?%q%ﬁg %ﬁ%’?sgﬁ alg)n\r; Jnn ha%?"e 8eV|ce wherein
theomvmmatrie;apemm:agmtsrme iadminisitrable ammﬂtheeomuéauap@lﬁtﬁlréé separately
(or %JQIP cl \éﬁl ngf?t%fqu tr% 165G LR F hatats PRdhmAgeutical

uorPoc ﬁg cont al ni ng
corapestiiond, FQI@P‘%J‘OH? séﬂewb RWMP O3/0BheA%eof , particul arly
hydrofluoroalkanes dlchlorodlfluoronethane

Spik FEERRFIS 1t°a't°§a$e§mf*? gild Bﬁﬁ%ehhﬁnha;ﬁﬁ °r%id Faarpi v
forrhuldted a8, agueoLs-dohtibad b emso ivered fsom pressurise
. %uhetel? aaéﬁ‘h@t@%d Qﬁsgxuﬁgg;"aqugga:s LH[:‘ts le&b&aﬁqﬁﬁé/d propeliant.
Pa F's% Cg'e use ﬁa

rope he aeroso nposi t
Aeivagl @&pp@tlmcstﬁa@ﬁtforfm%%atbﬁ qaﬁ)Peoﬁﬂ“thﬂaﬂ“FRP"é!BHt%%SO'U“"“ and

gerislly lcoRBml thé Qétﬂ?é| riedl?ié‘ntE?;o‘éﬁtbrl@ul[5'a Mt ol atiork WithvanatRert therapeutically
art “such as surf agﬁants e&s EI c acid or, lecithin and

actlyg Jufredoft SN P BYIRAIROPTOPHRRSRGP (28 U RN SR epntaining
chigefgeiredarbonbe or et aibxterds | nthareofini pérticuldryy dwdwmfluorpalkanes, e.g.

dic@ag)idﬁt %%’9"8&' edtn‘éﬁl[) Mgthé(ﬁe ( ecﬂcﬂg)rg@frﬁﬁb&getHa?Heve)espeually

'o an ac provid
1 1rm2:teh'pﬂmthame, N/édlu,%a,ﬁé%ma@taﬂmromnﬁngtqraﬁ mbrurg,thereof. Carbon

dlokIHQ ot @ﬁ'néroih:tgﬂé 'g‘éé‘maYr AR el %Btpl‘dﬂehaﬁﬁ TR ddrdof csthpcRition may
timumparticle sjze % |onlnt?sZ q@f,ﬂwmthe

be B?‘%%’H ,frgp ogpay gmqnglly@gglq @;Id lOﬁ_qj ?rég)g:tﬁi weliknown

art Fé‘wbﬂi Iaelﬁﬁaditmts g oleisi skl ablevinir?@nd a:nhgmtseegileltrwnblo@ressunsed

g A ) g 66 i o B B gl s v

valm:teg\aemtarg'rgs@ivehanch@ed o a a@tuatﬁraqrowdsw#@ medtheiees- by

conventional neans eg by mi cronisation. The desired 35

MesicaPHg ForE BT RN IR oY (NEIsyaR Pl s p voled paridl Sko. The

opﬁ'ﬁl)fﬁ bé\*tublé 8Re fofrsHalalion BXCing bmt:msus@kteis bmﬂpss-a 0jus, preferably 2-
S| Z

ener al | e particle
5»@2@?# enbadia g Sie aﬁ%r?rbgfr@%{? aPRarAliof Sk Whell e to each the
smERGireayse o séHidvienthbdee partiels esides i the quattictms. of the active ingredient as
produced may be size reduced by conventionai means eg by micronisation. The desired
fraction may be separated out by air classification or sieving. Preferably, the particles will be

crystalline. When an excipient such as lactose is employed, generally, the particle size of the
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When the excipient is lactose it will typically be

present as mlled | actose, wherein not nore than 85%

of lactose particles will have a MVD of 60-90m and not

| ess than 15% w |l have a MWD of |less than 15m 5

I ntranasal sprays may be fornul ated with aqueous or

non- aqueous vehicles with the addition of agents such
exdigertthiilt bermud ergatat thanithé ﬁrmalegamcﬁcawnhwtamdge a¥eegnt invention,
Wﬁeﬂ tﬁéjb*&&er{t Fgela[?tbge H Wﬂlt t?ﬂbéilytb)é pr&@hﬂﬁ CALEN %ﬁtﬁb Swifdrein not more

t - oxXl dants Ions for inhal ati

thendBth %ftlaqwsermyﬂcb?é wihaveiadTiR PRA0HR 284, 4 0606 D 55p it have &
M,\{)b?heg}ﬁa n #ghtion of agents such as acid or alkali,
u

fer salts, isotonicity adjusting agents or
antlmcrobl als They may be sterilised by filtration

IR SRS 2 p ot steg s Ay e B R Efs i with the sditon
of fgentadiuah iaetisckening herste, huffar sits bnacidior @kdlide tadmet thie pH, isotonicity
adjﬁﬁtm:%earg?htgk&fgrﬂ[]&da% cited, or an appropriate fraction

e actlive |ngred|ent. It should be
understood that In addition to the ingredients

Sol%éﬁé fSMhﬁélJt:ﬂbn rﬂ?rhbbmm t rrr]ﬁmmed \ﬁmr{ éﬁJéquebmﬂ?gmie with the
adliiIPICIJrf q)flélgérgt? sI ‘g\ﬁsnﬁder u O Es ﬁ?g)en y 88@{% %g'er%‘ %;'

anfirbicroblaist iThay may el stehi;sced byfﬁmatmrxaxrtpa’mgtlh 88 autodiavea bl presented
asfa%ron-%[e?i‘e.lpﬁgcmcp' stration may include flavouring
agent’s.

e conpound and pharnmaceutical formul ations
according to the Invention nay be used in combination

Pré%rfréh it didéﬁ é‘ﬁ?m@ﬁﬂor@rarmc%e%h\lﬁmlnb@fmﬁd doseg e hereinbefore
for exa nf | atmTat or

it & SHRIOP DD B oh MBS PURRar Ty o ML

M2, ML/M2 or MB receptor antagonist), other

It J%%Ellﬁ%req{ﬁ%gfogg tﬂ‘i‘e[t Irﬁg&ﬂ?cﬁ:}té thealﬂgﬂealﬁﬁﬁ?tah’éﬁlaﬁ}g ﬁﬁhﬁ’on@@ aYove, the

formulatiens @fihis inventionvaydeauds giher agants kenveatignatin, th%art having regard

to TR é‘é’?tfbrﬁﬂ:latl&t@ Tmﬁde&tdig fdr @kample Bioxs satdbleer blaBdministration may
nonQ %%‘UWE or| de together with one or nore other

incjudg fl NS active agents, for exanple sel ected
froman anti-inflamatory agent (for 30 exanple a

The b h&%%lta%rd ad %rrﬂéceﬁpca%ﬁ?ghong ?&ahglﬂé) Her]ﬁ\Feglpgn thg BE used in

anot renor ece antiinfectl
comgk;a!on(»wthgar ingtudgene or moracotb@r t@ma%ﬁwc 299, Yor expmplg selected from

anﬁlmﬂ!arl?thﬁ%oﬂ'% ts aﬂfoﬁﬁl%l‘gﬁ‘@ag‘éﬁ% (ﬁél'ﬂallé}@tdnw M;OI'C'IPML §r| M@receptor
Form 2 crys i ne monohydr ochl ori d oget h

aniagemsth OB i @aa@ctrwt‘&p 08 nBYRRNSS n 2BRTEELYE)| PH@%@ éﬂg antibiotics,

anfiialsP for antiidanfinéd) NTHY ihantiorPngé ﬁfoﬁiﬁds ire @ Miihe AkspeBts a ab@bination

coptggnsslr?g rr;%? rﬂ grlyglgllmn?la?rmgnmﬁyo%ch?orndg hcoge eeru\}vfth o%g tr%ore other
therapeutically active agents, for example selected from an anti-inflammatory agent (for

example a corticosteroid or an NSAID), an anticholinergic agent, another Bz-adrenoreceptor
agonist, an antiinfective agent (e.g. an antibiotic or an antiviral}, or an antihistamine.
Preferred are combinations comprising Form 2 crystalline (la) monohydrochloride together
with a corticosteroid, and/or an anticholinergic, and/for a PDE-4 inhibitor. Preferred
combinations are those comprising one or two other therapeutic agents.
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18 It will be clear to a person skilled in the art
that, where appropriate, the other therapeutic
ingredient(s) my be used In the formof salts, (e.g.
as alkali nmetal or amine salts or as add addition
salts), or prodrugs, or as esters (e.g. lower alkyl
esters), or as solvates . édrates) to optim s

It wilhge albi 10 & )bembd/smnedshatbe |arttt§zataw grerapprapgaigqthe other thefapeutlc

lngreﬂnapg .tfﬁ#t B ':’ﬁ%% il ﬁeg’%m'?oﬁé'lté‘ R i Ae/aikaif méthieortahdhesiits or @s acld

| ear a so t
addifippr salts), aareprodiigs, AR SHETE (89 i IPNRTe g?&é rﬁmslgﬂ%?' 58 ghglps o
hydréle%pgi %ﬁlﬂjnitée Pe ?acftlﬁfymanﬁgt Is%dbmfyi andret ehysicay e;mmlsactenstlcs (e.g.
e corticosteroi ef er [
solpqqu)uqetheftpﬂgp%igg%erﬁ?% nglté & QRlaf Blsh AL aiBropriate, the
theff%g&&:ﬁﬂgréﬂlfﬂémlagbé&smﬂmﬁwm@reﬁwhyl 17a- [ (4-nethyl -
t hi azol e-

5- car bonyl ) ox 3-oxo-androsta-|, 4-di ene-1713-c¢c
An’dﬂnﬂammw)lfss) agqﬁ]@( dm}qu| cog@gprogiﬁd referred corticos ero?c}s lnclude

ﬂut%%so%% Bulnéloﬂ&li%‘)’a&b@ Jlffu%rcf waarﬂmm%b@métﬁmm-m “relryhy Brtbiazole-

0X0- andr ost a-

5- odrb@md)OMF%O@aaﬂsimSFﬁ-bf‘@'e&eﬂaﬂsa’PPW&'%r?&dhﬁ"ﬂ"&?"é?thy' nFig" and
ea@&?difﬁ;B @é ?&ra‘?@rcgébfahwakﬂ 1By dirbRs-160-methyl-3-oxo-androsta-1,4-

oy 4arbRipoKD ACHo S ArDIIE BXl0 Sl TB oETpTerably B Sa-difuoro-t7ar{(2-

ARRAY-ABQifettRFB@xo-Sndrbstar eniériey! 7persirtarthioic acid
furi'éﬂ%n%ﬁ O’L(ﬁlgrrrrna\torgl agent@:al so i nclude non-steroidal
S-favrametivl peiEf Rt ory drugs (NSAID s). NSAID s include

sodi um cr onog| ycat e, nhedocrom | sodium

Al F@%Eﬂ% clrr? ?éger I:?@doe Qrb L‘QI’J{(@ Sanﬁ u?i’Fa cﬁ’ugs (NSAID's).

ors or m xed PDE31P DE
Nsmmsb:nnlode;)sodnunemmlmﬁ dredagremil soglium, nPP%PE‘QE’r'%S“-‘tS?Se (PDE)

|| Spama" 8BS AnG ! SDETRMBASS TS e oo oo )
odbotiane aTIRgTR ORI P EPE S D TRLT AL ekt NOS
inlﬁgt%FH Sthyptae and %&@&Bétiﬁhlblfdw mta-ﬁplnagriadaﬂmnrsts 2pd adenosine
re %E%)ﬁ sgﬁ¥%ta§¢n?s§§§ egc%r%ﬁiesgéeno%?a %é@lﬂﬁ%)ﬁlc%t?kme antagonists
(for ekarbple octerakine antagomiss, seh @R @sPGR3 @ptagoquﬂg e&pagf\qg of cytokine
syntﬂgé?'o‘iﬁﬁ@ﬁgﬁéné%e?%‘ho%?ec' fic inhibitor may be any

is known to Inhibit the PDE4 enzyne or
Whl ch is discovered to act as a PDE4 inhibitor, and

A BPBESGRpAdifR ifmbior Ridlz e lany bdrjcung thahstknoen tqjomhiuﬁwe\ﬂﬂﬁﬁrﬁnzyme or
I_nhi b| t ot her, ne R

wl-ﬁ%lsgb@vergg to A%} s QSP%EW@E'D%SB E}Jgﬂlﬂ%hégreow ﬁt@gﬁe@tﬁabm not

conipolLmdiewlitts inbibitycives -rdenii@rs ptihe fiR r@h{yswh as PDE3 and PDES, as

EH%E\/ henyl ) cycl ohexan- 1- car boxylic acid,
w'geacs onet hoxy- 4- cyano- 4- ( 3-

cycl opropyl net hoxy- 4-di f | uor omet hoxyphenyl ) cycl ohexan-
chm@ifagnd cigs- [ 4- Gamet 4- (3include cis-4-cyano-4-(3-cyclopentyloxy-4-

methoxyphenyl)cyclohexan-1-carboxylic acid, 2-carbomethoxy-4-cyano-4-(3-
cyclopropylmethoxy—4—diﬂuoromethoxyphenyl)cyclohexan—1-one and cis-[4-cyano-4-(3-
cyclopropylmethoxy-4-diﬂuoromethoxyphenyl)cyclohexan-1-o[]. Another compound of
interest is cis-4-cyano—4-[3~(cyclopentyloxy)-4-methoxyphenyl]cyclohexane-1-carboxylic acid
(also known as cilomilast) and its salts, esters, pro-drugs or physical forms, which Is
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cycl opropyl nmet hoxy- 4-di f 1 uor onet hoxyphenyl ) cycl ohexan-

| -ol]. Another conmpound of interest is

ci s-4-cyano-4-[ 3-(cycl opent yl oxy) - 4- net hoxyphenyl ] cycl

ohexane- 1-carboxylic acid 35 (al so known as

cilomlast) and its salts, esters, pro-drugs or

physical fornB which is 19 described in U S. patent
des&iba2n 48 Eﬁuﬁtt $1652,4381p Buittebs compouride raf Suterestargi dediessddn the

t he, hed | te aI [
publ%q/ o % L@f: wR b /@Bk7OP /(Gﬁ% Qffoup  Ltd),

/ EP2003
chfavzoawmaﬁrp(qtmpraumup ﬂﬁﬂ?%@@éﬂt 4@l %ﬂe&f@’wﬂ)

Ltd). 5 Anticholinergic agents of interest are those

conpounds that act as an oni st s nUS ¢
AntCRBoTBis 39er¥n o JHRL P MOTR SRTRIRRS helergint L ATy s ot the
mustafme fiteplofs, @1‘ pérh@lé\/lthdse chBpounels eyitiahr are aitagbnists of the M, or Mz

AR e Y I AR s o
1fM§fMpaenammor Exelmplans cpapousds ok ﬁ%’éiﬁé?t“%n‘"? righagfion” include
|praygé@r'nr(g3p 'egéﬂw Eoécf R BFRhIGe, OAS imhﬂ%d@ un@éﬁhe name Atrovent),

oxiteppium (9N er@las unde;néiteh §§gtqg28€%%mvglgj %Ium (for example, as

the BRbATES, ﬁﬂaeamgs-spgddmdunméhmnespmm)l e, as the
br om de CAS 136310-93-5, sold under the name

Spiriva). Antihistam nes of interest (also referred to
Antatstdﬁimesem’epbcest Eatsoangtanied tte ps iHicECRRIOTANjageRists) inclugp @gy one or

1% umé?@fs%ggﬂigé%&hﬂvﬁmﬂf MR H’Iﬂ'b@é})tér@ Ndrldigke safe for human
1-rec

ept of are safe i Dy s. Sthishediamines
useg elffest a@n%ﬁloarﬂrﬁ@@ms& incluge, E?W&E"eee? eghanplpades; sthy !
anoebikﬁaﬁ|n681 B@éh a@td‘bﬂeﬁﬂﬁﬂiraﬂhmeﬁynlmde atltybstingn eslprpbenjizmine.

Secpﬂp &egﬁrgﬁ%/r} 3¥ﬁah€n%tg %gt&@%é ﬁé}ﬂe tl%qan aé %ﬁatldlne desloratidine,
terfeiradirte, astemizola; mdﬁtlnﬂgﬁzelﬁﬂmﬁdﬂ‘@cbﬂﬂzﬁﬁ fgp;qf@adine and cetirizine.

desl orati dine, terfenadine, asteni zole, acrivastine,
azel astine, levocetirizine fexofegadlne

and
Thesigysniipe thys provisiesHa ajTwiher BsReRt: AR Bﬁm @géonsmﬁ Fgrm 2 crystaliine
(la)f Méﬂoh?droéﬂ&%tto e’hé?@ﬂhlanlabE@mhmmrp rRrsflerayly-tierin@ntion provides a

:op ﬁﬂﬁnBrlﬁlr&% J:O'br g?:&?tg gﬁohgt\?/rg%rﬁl onq%etmrgﬁthaa preferred
PDE4)rT‘mI1tatbr oas cdeguribed nlgerﬁoahwe, cegstm-ﬂ-lcwoa Ey(cyclopentyloxy)-4-

meﬁﬁﬁfb@ Wolgmh%gér% I{,ﬁgﬁ&,ﬂggc.am th a preferred PDE4

r-as descr rel nabove, e.g.
Cci s-4-cyano-4-[ 3-(cycl opentyl oxy) - 4-
ThéBLEHBSY BB Hydvidey Cih @lTerin asgect; arcbmbmbtmw cohpising Foffin e crystalline

I nvention thus vi des e
(la)craﬁ?ﬂhﬁgrf’gﬁ?{' o‘ﬂ’g?tﬁ % %s?rﬂ? 95? S{I}’g%f? }S( ﬁ‘\%lm ntion provides a
commmby dompiiing Foren 2 og!ehlhee (- mmmy@ropnlcr&@stp@etmrdwth a preferred

ﬁ‘Le :g tgsytﬂ tcntr?nedlzﬂgrgfﬂ%&ﬁ B O\ﬁ% Sork RFc%mb@atﬁ'a%-dlﬂuoro-MB-

Crys drochl ori de
hydro)g'e‘tsb.enetvwlﬂrﬂad(%mthﬂﬂrﬁetﬁlaz@@ﬁqamvlwiﬂowa@é@@-1 Arlpne-

17;%%@&9@ & seﬂu%icérﬁétﬁ% SRS UG Y RRLIARL§70-[(2-furanylcarbonyljoxy)-

uoro
11p-hydroxy-16a-methyl-3-oxo-androsta-1,4-diene-17p-carbothioic acid S-fluoromethyl ester.

The invention thus provides, in a further aspect, a combination comprising Form 2 crystalline
(la) monohydrochloride together with an anticholinergic. Preferably, the invention provides a
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30 hydroxy- 16a- et hyl - |

7a-[ (4-methyl -1, 3-thi azol e- 5- car bonyl ) oxy] - 3- oxo- andr o

sta-1,4-diene- 17p-carbothioic acid S-fluoronethyl

ester and 6a, 9a-difluoro-17a-[(2-furanyl carbonyl)oxy] -

11p- hydr oxy- 16a- net hyl - 3- oxo- andr ost a- 1, 4- di ene- 17p-ca

rbothioic acid S-fluoromethyl ester. The invention
cotrbiatip eompdisimg Form 2 drystaliver (I spwebydrechiogde tagsthepith a preferred

risi . - ld.& ilr)oxitropi tiotropium
anf BB B AP P e o A e o P
Preferably, the invention provides a 20 conbination
Tht%m?{ﬁo?i tHos ;tErﬁbiHéQ, irfl‘? ﬁﬁ’ﬁ@ltj ésipea{é bﬂﬁ?mm legohprisiing Barimo2 crystalline
ogether wt, eferre nt.i : : :
2y axepnsierhioeie fagalngy aith an prif S, bIAGry, 7 Inventon provides a
cotribpiatierptamprising Homu endryssallirehiia) muonobydiieshiorife tegether wite @ preferred
ec [ ' GRPrising Form 2 crystalline 5
anﬁﬁgtf"ﬁpgn%hc%grogﬂﬂéﬂre?‘%g together with an anti hi stami ne.
Preferably, the invention provides a conbination

Trftéqm%méd s provites irC? m‘r&mag éépaett, éb@httainﬁmrmdmsihg Boid2 crystalline
oge er . ererre I ALST A r

() GRogroReRor s fodeiel, S OB it 18 8 EoRBodrafi! plefdany, the
iNRBPET iprovities caTisbmBINAtIm Camprisingi ﬁgrrFermaatmﬁahmqnn@fdrochloride
to&egﬂérlbﬁtrérggﬁgﬁé%@ G tiﬂfé{aqfnet %gt Jé‘géref@'nﬁb‘ &riddsthroid as described

a corticosterol eferably, the
herginaové.on provi des a comnbi nation conprising Form 2
crystalline (la) nonohydrochloride together with a

referred antihi stam_ne and referred [ :
bt g les f T8 BoRibed. BBh oA EBRHHAREL 2\
(1) hebhoBRBochlofidatdgeththeith arsaréicholinergicamtd iarP2RE-6 inhibitor. Preferably, the
. conpri si Far ' . '
B! i B 247) £ ARk o ARSI i
prefettet PDE# inhibiter andzgopreferred antichpinerals asresprifed feeeinabove.
conmbi nation Form 2 crystalline (la) nonohydrochl oride

t oget her with ferred PDE4 inhibit :
T GRBREAEA O PRI VLI Bp ool el e of

ph'Ehﬂacﬁémthé tt?mhlaﬁm sref os pﬂamracabi?aldonm:jatiomwmrEhgil?c%@bination
L&sent [ s t érdﬁlﬁé-ﬁ%'cﬁ r represent a

a‘irjg?efﬁrl}lﬁ?a%f"éen%gﬁ%gfw{ﬁ ap@?‘&@é%ﬁ' i%%?p?%r nmul at i ons P

fugbermspext pttha invemtionnat i on as defined above toget her

with a physiol ogically acceptable diluent or carrier
represent a further asdpect of the invention e@’ier-ggguentially or

of
ThenBeiyideR| Lomesss o ducrofomiiRator, MY RS APTIISTES
sifdidriRioadieinam perateh@T corbinize phamidcyutizal fosnulationan dppropyaté doses of

i Thi . g
ok oA SAL AL el b ey 885, |
readi |y appreciated by those skilled in the art. Brief

B8 3L Bldrodt v arbiifgd” @wi ngs 30

Figure 1 shows an x-ray powder diffraction pattern of Form 2 crystalline N-{2-[4-((R)-2-
hydroxy-2-phenylethylamino)phenyl]ethyl}-{R)-2-hydroxy-2-(3-formamido—4-hydroxyphenyl)
ethylamine monochydrochloride  (Compound (la) monohydrochloride) corresponding to
Example 1(iv).
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Figure 1 shows an x-ray powder diffraction pattern of
Form 2 crystalline N{2-[4-((R)-2- hyd
r oxy- 2- phenyl et hyl am no) phenyl ] et hyl } - (R) - 2- hydr oxy- 2-
(3-f or mam do- 4- hydr oxyphenyl ) et hyl am ne
rmnohydroghl ori de (Con'pound (l'a) nonohydrochl oride)
corresponding to le 1(iv). 35 21 Figure 2 s
Figare 2-shaws oy mwder QS'H’(‘ B of %‘?’mF%?WS?“'”e N2
hy cﬁﬁ)grsé érgléﬁh H‘n{lﬁd)ﬁr{’enfn{eﬁiyf}%?)-z -hydroxy-2-(3-formamido-4-hydroxyphenyl)
[ ox pheaﬁl et h hg E lrJ\pj Eyl ) - (R) - 2- hydr oxy
ethy oyng. 'T“Eﬂqli'ﬁﬁ’FP Rrigdey Hrrea‘?&"a %/ YRyl ami ne
nonohydr ochl ori de corresponding to Exanple 3. 5 Figure

3 shows a DSC trace for Forr_rnng_1 Czrycws:j}allllr'aeneN{2—[4-((R)-2—hydroxy—2—

Fionge( 23 [ 2bqyaR) 2 21 m

phertytettylasning)paariyies thyeioRy Y3+ qqra@'dﬂyh'?yéfa%yahec“@') f gihypmine
monohydiccohioriyel ranrgsrivading jo Exanydledi Acerieppionipen @nsethermigevents are
sedrPAHOVE RBOEH 128 “Co Thefnmrkendothérmisewithesnsefs ah1ﬂﬁxr':’ °C (event 1) 149.3

°C él}éﬂf ﬂ? 11§00 8%eNErBE THESIS follBWey By alppg8r chdSthémm witlesareonset of
otherms with onsets of 135.7 C (event 1) 149.3

(%vent 2) and 170.3 C (event 3). Th| s is followed by
a larger endothermw th an onset of 10 227, 2C For a
better understandin f the invention, the fol
ForR hepprenderiaTs B! B IE)Hey e (aldpg ExpRies oo SRRy way of
iudibyt i cal met hods XRPD anal ysis shown in Figure 1 was
performsd on a Bruker X-ray powder diffractoneter,

Anl e‘ q% fdvance, serial nunmber RCE 2357. The net hod '

X [1 @ Qe‘g{«ﬁ?ﬁer?onngﬁ‘%t'iaa BY'UT(Q )@-rs@ pokdier diffractometer,
de ep sl ze and seco

Mocehigs Nvmhsgﬁéﬂum%ﬂ% 2567 2" wﬂaﬁ e PR Fop degrees 2-

Thétéxpﬁﬁ)a AoRis)Hegfoe Gt THRIDSTHY az@ar(os:h @8bcant cBliegtioretingd atwash step.
perfornmed on a PANal ytical X Pert Pro powder

di ffractoneter, nodel PWB040/60, seri al nunmber DY1850
Tha SX-ray pmwdér@ﬁifractmho@(ﬁﬂ’él) canalysis ofhiexampdguids(shpwm In Figure 2) was

peﬁ%ﬂ%@t srPASp A& % \t‘?‘)m::alr ﬁ%ﬁt Fer Z%owr?% d#ﬁ?‘act&ﬁé?&r l"fﬂdBEIBPgJ@gh@@G serial

gener a curr , Start
ubepDY15H EMGAX FolElor deieroTy e AeBS YD eI BRR Hae: radiation:

CuTRE SRS 1R U A ﬁgnér‘&lbﬂ&rﬁan94§ AN s& gl | 3.0 °20 step size
di anet er gl ass capi | I'7a Characteristic XRPD ang| e

0.044 3294 -tig|oarer stpp: 9408 sp@qngipd Zhe sMAte pas prepared using a 0.5 i external

diameter glass capillary, Characteristic XRPD angles and d-spacings are recorded in Table
1.

The infrared absorption spectrum was recorded over the wavenumber range 4000 to 650cm™
using a PerkinElmer Spectrum One FT-IR spectrometer equipped with a PerkinElmer
Universal ATR (attenuated total reflection) sampling accessory.

1H NMR spectra were acquired on a 400MHz Bruker DPX400 spectrometer at 300K. Sample

was dissolved in CDCI3 or dmso-d6 and chemical shifts were reported in ppm relative to the
TMS signal at 0 ppm.
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The Infrared absorption spectrumwas recorded over the

wavenunber range 4000 to 650cm 1 30 using a

Per ki nEl mer Spectrum One FT-1R spectroneter equi pped

with a PerkinEl ner Universal ATR (attenuated total

refl ection) sanpling accessory. 1 H NVR spectra vvere

acqui red on a 400MHz Bruker DPX400 spectroneter
The’id?ﬁéfentﬁasﬂah&mg walsrirdetysanialyeld farExamete 3 (v Wasgljalned yﬁ'aa Perkin

it .%@ént%d%i@in@gr SahiRg %?&wéi@hémmora&toahicmré Sluiniium pan,

ﬁ The dlffer€ tbﬁ' scan(rrfgrg
an glainipiunmist mlycedrmtygpst ?ﬁm@a%%"%eﬁsﬁ A PRI
aludinfdi é’oveﬁ{ﬁg% Placdd dfﬁb% gftﬁé bamam searmd elsinPyrinivetsal Besg e smpty
were weighed into a i o
pany QAT YRS TN %8 SETBA SRS peS st f 86 - afneated
at W&%ﬁrﬁﬂe W 4 Brpefé 6f 3000C. A?he aistmmamtuwasmted/asng indium,
| aced on top of the pan and seal ed using a universal

t'"ﬂ?%'@%ds"ﬂi'f’aé‘ilﬁpty 5 pan, lid and cover serving as a
ref erence. San'pl es were equil abrated at 30 C and

Thq-ﬁgcetﬁsc? 3k ik r&jd%?Ef aﬂ‘gﬁee? ¥s&h@wﬁ W@ﬂ@tfyé&l ﬂEs 8M\Binkd using a

CUNEM WS - c 3 using 'ndjum tin. and
TAlestrdrents 1008 salorhmetepSENE $aade wWes wﬂlgh?)q B aIqunlum pan, a pan

fid Qé o&ahéug’rkl?%béa WitHB U salfngthél pav STHeDd:pbITaeht wak monducted
I nstTunments QLOOO cal orineter. The sanple was
US[V@?QﬁQ‘tﬂ'Ql"?FF@féQ] @M ni um pan, a pan lid placed on

top and lightly crinped without sealing the pan. The
experjnment was conducted using a heating rate of 10 C
Abhﬁ’f‘atm“ﬁ\bbr eviations 15 TBDVS-Cl :

TBDMSt-CIbm&rybndyldIBtetnylsdyl icibridehl ori de  DCM di chl or onet hane
Dcm I r@%ﬁ hyl acet am de MEK: 2- But anone

Ctlﬁ”? etone) NWP:. N-nethyl pyrrolidone 20 | PA:
DM%OMMQWG&{W@@H@WQ% industrial methylated spirit (in

Méwez_ggghm(ﬁﬂt@[é&gyp&@@ egonposition of I M5 was Ethanol
met hanol 25 Reference Exanples (preparation
NIM: 'ﬂ'l"}%'?y VT’PWé’"?la) nmonohydr ochl ori de as Per

IPANROSHANEMNEPL a) Synthesis of
IM%‘ph-'gHgt %ﬁ)meﬁ QFQ{QJ gﬁiﬁt <(i§)tlﬁg‘f3mav ﬁd %ﬂsﬁgs%mpositlm of IMS was Ethanol -

96%, methanol 4%)

Reference Examples _ (preparation of crystalline (la) monohydrochloride as per
WOQ2004/106279)

a) Syntheéis of 2-[4-((R)-2-hydroxy-2-phenylethylamino )phenyl]ethylamine (2)

To a 1000 mL 3-neck flask was added 10 g (74 mmol) of 2-(4-aminophenyl)ethylamine and
15 mL of 1,3-dimethy}-3,4,5,6-tetrahydro- 2(1H)pyrimdinone (DMPU). The reaction flask was
fitted with an overhead stirrer, a 125 mL addition funnel and a thermometer. The reaction

flask was purged with nitrogen and placed in a cold water bath. The addition funnel was
charged with 83 mL (83 mmol) of 1.0 M sodium bis(trimethylsilyl)amide In tetrahydrofuran.
The sodium bis(trimethyisilyl)amide solution was added dropwise over 30 min with vigorous
stirring.  The addition funnel was removed and replaced with a rubber septum. {R)-styrene
oxide (8.4 mlL, 74 mmol) was added dropwise by syringe over 10 minutes. The rate of
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To a 1000 nL 3-neck flask was added 10 g (74 mol ) of
2- (4- am nophenyl ) et hyl am ne and 15 nL of
1,3-dinmethyl-3,4,5,6-tetrahydro- 2(1 H)pyrindi none
(DMPU). The reaction flask was 30 fitted with an
overhead stirrer, a 125 nL addition funnel and a

thernmoneter. The reaction flask was %)Jrged W th .
ad@ilisr @ae cormdlleddioanaivtainra empetatiredelew 39aCh. Aferd hadlep reRglpen was

f unnel s .ch ' )miffurelw8s tansferred ¢
ety by RLAIBY oL W Vetlly T BTt o
seffratoroiinneh BluECLwiltnes T 1s9RroRY) aratele 08 RPe Wi &4 iy gt
aqg%ﬁ?%ﬁ‘ﬁmﬁﬁﬁ]‘gf* OTﬁg;@?gewg%?ézﬁ vgﬁrvmshed 2 secandiigne Vithe LI.rtl;lipxttma of 84
mlSwBlel A PRyTIS SHERE 2SO0 SRy ety SR f 4P Shturated
aqgmggdiﬂﬁmﬂkﬁiﬂe-byhsnganig@yewas eancantraigdunder macuugy cThgfresidue

3addi L] CRLh it i t S eeAt kRsolved |
o B P B R it s
iscprapanpl{285mt) anddieatsd te Z0TH Willkgtising. ﬁfém?'&%i'gﬁl‘%e@ r B?E'%?% (3.
R e B a1 B o
BR85S0 oo DR AL vEF ileted py firaton and
wabBsd Wis Begtoparmtamhisopropybaceitaté 'ﬁhmﬁ)mdl@gt yag)ﬁinmuryemacuum for 3 h
an\ﬁﬁﬁ%‘r (iligs% ve?ﬁn égim%%r%ﬁﬁﬁaﬁsgm SRPbBrE RUnfEll dpripdl acetate

W saturate aq(ueous sodi uml chl ori
t

(6T el )onngand ON | asyerusnerdive iy @irRKFa &% TindtHl OBl e Tedes. The
s r%idﬂyﬁj_nn&%sts\r%&t&\ drRIGRe gﬁa"sbg l@é;%gatfeﬂ.om_\é s@anio maow?s( &iied over
L portions) an en redi,ssoly [ 1
ot g R ey <P ok 55 PYEFRD 4 SR ERRRRRRn it o 4
mgE 59% 5 IngE:i[¥ +cke’] daléd.Br C1HElN.0 28D2rfnend) 287 added over
two mnutes. The m xture was allowed to cool to room

10 tenperature and stirred for 14 h. The_precipitated
bip swmesismz-urgmpa(ﬁba-twbvmqimaﬂwtﬁiﬁoz\wag?*\fﬁ’maugw“‘t h

b%-r&?g,ggmbeﬁgqemopropyl acetate. The product was

d 3 h d.t hen,. di ' 6
e o b P 9l 09 525
w%éiﬂlﬁtﬂég lin & RL atnsethggﬁmam«)e. dmitiaz6le I‘B-agu%mlmoﬁ eafl um _

r.oxj. de. L, _ . .
e e S e o Ve
nifFogeno raaespberieayerr 7dal. drAditiopyle imidazals, O Fh Quléf)'.gt pmgfgand
btg(gglﬁ%gfy[gﬁgléﬁorfdg (9.%3% ?.r 8 3trhRolpiverdunided a)id & raaction was stirred for an

rown oil , .44 l,.599%. . Z. +
agitiond) 70 e peasryiel idod iR iseas b ey phodielied mi and
h&lanes (27 mL) and transferred to a separatory funnel. The organic layer was twice
2-bronp- (R).-.1-tert - butyl di j ida-
wsheg Wi é gig%rﬁe yuﬁe)tgrt (%’Znng.)zgj\;dr%gﬁétla&”é&u?ou(s%oﬁﬂmrﬂg @7 ml)
foflEyecbyB Gmad wastf @ith satwateddeuacusERIVMBAFHR fR7] ek HAErganic layer
L B L& ). Qi geR 23T W) and HeRénedi(5 ALY Rereiadd@band the
LA B A S B i o
SUSPBORIYN Wes BTy fes 10 miaies | @%“{"ﬁ? e re%?"ﬁ%‘{wlf‘e
catearhted DRdes Abtlium NTHERsELUG wasdrystatlized from hexanes (45 mL) to afford
8.85 g (19 mmol, 68 %) of intermediate 4 as a white solid. m/z: [M + H"] calcd for
CoH:oNO3SIBr 464.1, 466.1; found 464.2, 466.4.

c) Synthesis of N-{Z-{4((R)-2-hydroxy-z-phenyiethylamlno)phenyl]ethyl}(R)-2-tert-
butyldimethyisiloxy-2-(3-formamido-4- benzyloxyphenyl)ethylamine (5)
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ni trogen atnosphere for 72 h. Additional im dazole
(0.39 g, 5.7 mol) and t- butyldinmethylsilylchioride
(0.64 g, 4.3 mol) were added and the reaction was
stirred for an 25 additional 20 h. The reaction was
diluted with a m xture of isopropyl acetate (53 nL)
and hexanes (27 nlL) and transferred to a separa y
Intefroeate 4 (F0a, df gamely interyediatee (3 aw.cH mugYnang Wﬁwy*aui oxide (10 -

mL)r(h%%z gnbﬂnf ggﬁ‘tae;oo( %% Blidd S&Qnﬁﬁ'éswa’a\‘besiw@q 46 R 5<hdmug@neous

| 'owed b
solutian. uPataéaumq@&?ugtedé& suﬁ‘ﬁﬂﬁ%‘? PEFL @’f" r‘rcf_djsc;Ea (\'Io‘nl‘?teg'o1r1g'gﬁli°8 were
adde@¥Rd theWrBactigh nidure\eis Heatiduom sarct alhe re&itibn oxtigrelwaé 2@aiained

TR oo Al M e e e
isoprepybweetatoy(2Bi ik affhe rtemﬂdn was stimed runtileal é@'lﬁ’é&%ﬁ%’?écﬁ"d then
trarﬁ%q%& i %ﬂéﬁ@%ﬁﬁeﬁ toF ¥@§nlE rlé&%F %Jalsl\ﬁﬁﬁeﬁ AR water (17 mL)

follqweldémﬁ.fétaéﬁt it 5% oot 68 123 Wt 9% Szodiwqetﬁ? B kel m water,
fou&e’e”e“l@ NGBiGinBhic4rBdnate sélafhonl (5% audn Adder? 17 46E). fbllowed by

satlﬂppg a[q?é? SOQL'W&L'BQQF é1 W&hyl@? aa{}lrc]: hag g% dI" Of“’le.] odium
sulféﬁ)anacbmehtratbdltwéfﬁhrdmtelnlylbd;atb@eﬁ-azar@&ﬂ pejat l@l 47 09. mmol,

>0 F)”@)i’) %P{ﬁe@dd)rﬁlém-l qmwgnéd 42140uh@3cﬁ58“9d' ate 4 (5.0

nt er nedr 4 mol ), and
dlnethylsquOX|de (10 nL) mere conblned in a 100 nL

d) SQMBQSIB%" qu[ék(ﬂ?ﬁ;;@agb)gtz-p?amdmy:émrmso?dnwf?méﬁhb

[ na nmo an
hY‘L’B’éN X F%maaﬁgﬁ I6XypRERY F%““&%’P @ided and t he
Inter@adiate (512 o tBut mmod svasatissotied b tewagdrolten 26k asd triethylamine
tnhﬂ&r&ﬁu‘dé&i (3 gy i was %&deh“oﬁné 96lut3:91 \%Q stifd¥efor 20 h. The

roorh tenperature and dil uted

reanﬁon)wa;menp@gmy(ﬂgmtlog@éwgteé (7( ® g\L,}d‘_c)llowqq] gy f gg\éﬁ ﬁgq‘uéégdromde
(3.8L! SEfma! iaktedd nirk M r@éctﬁ)h&%@d\{@tdd it isoppyl acetate (20 mL) and

transferred to a, se funne
o s BB, Tl R s 0Bl MRl s
filteladf theiugli bsfite/fovremoet irdisaclivet] scma% Thefilisale waﬁr%tw@etétt:ea separatory

funhe!cagﬁ%f grgeﬁélfasbyw t?ergﬁra q}g We) orPQr“: %?@rdn@’wmti With a mixture of 9

mLfwateroarst iyl setustad, a@ue@els sedien lasiga;felloned | byr %%I gL g saturated
aqubblis sodilfn SXIGRMRI ahb AbgnicWaer Had @tbdver scﬁiilﬂi sUifatesamnd fcaheentrated

and concentrated to aff rd nt at
to B e ieics 8196 pPwaEeoNa TG (-2 ad0 M) Soel M + 1
cal€iior O3 HRN 0, X043 aod 526.640. 4; f ound 640 6. d)

Synt hesi s of

N-(2-]4- yd henyl et hyl h t hyl
e) py((ﬂm)agig o(f N2~ [4-((R)-2[hoydy roxy- f pl?gnyle%hylam?rlrcr)])glggngl]gtw;l}-]-(l%) -2 y

hy&%ﬂj} Q%h’-f&-nfa%i&@-& &@hénﬁwérﬁm nyl)ethyl am ne

Intq(r@@pllg{%g :(gggé g}hg (rg@glgﬁr’asaﬂipo{vlegm 5&? ﬁf e{hanc(ﬂl é/n%dtréé?ed with
activaiel YHErodd| UDdrtel6-601(1 £5m)., Tige Suspension wassstiordd eti50°THer 20 min and
then qjltgrteld W removest% rﬂa(?go f% tlgeof Inate-u;ﬁ added 10% palladium on activated
carbon {250 mg) and the suspension placed on a Parr shaker. The reaction was shaken for
10 h under 30 psi hydrogen gas. The reaction was flltered through celite and concentrated
under vacuum to afford compound 1 as a brown gelatinous solid (1.9 g, 4.3 mmol, 81%}.
THNMR (300 MHz, DMSO-ds) & 2.40-2.68 {m, 6H), 2.92-3.18 (m, 2H), 4.35-4.45 (m, 1H),
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reacti on was quenched by addition of water (7.6 ml-)
foll owed by 10.0 N sodi um hydroxide (3.8 niL, 38
nol ). After 3 min, the reaction was diluted with
i sopropyl acetate (20 m-) and 20 transferred to a
separatory funnel. The m xture was shaken and the
bi phasic m xture was filtered through celite to
4.60-8[60V(®, WAY 5326 302(h, 9 bi), 6B (5,THY, 6.85 (5, AHD 648<6. 8%(mtr4rh‘l%d7 12-7.36

(m % SR80 P 1.4 HERYaPd HEL RROR MO 2 N3E M Edkicd for

With a mxture of 9
CstﬁNe%‘ﬁiﬁcE Qamt_l4§fé1{4urat ed aqueous sodi um chl ori de.
foll owed by 15 nL of saturated aqueous sodi um

0 corvsplisaar o6 RaRHHIRLERSErRg2 s f BEhoB Afteli ety -2
hydtoby-awmaiamldm-@luBycb*okyme@ﬂ)@hgameonqmwrmmw 7
In %%q Wgrg%)undclfoltt&ql fagli c%%k@t%'\?@ﬁz 326t SmnioBUie fBidd irf187.9 mL

isoptopyl ajcahd] With sthring al48%G - Sopmiet, JissoliiPa WA ggrbefygﬂ Wtj'\ @ﬁﬁyrplnutes
Th%ﬂécﬁﬁ)wa% then charged with a solution contaln!ng 1.0 N HCI (11 3 mL, 11.3 mmol, 0.95

eq. ggnq hlg% ,(;%é f“c!r') %nggt%mdmasy S eﬁﬁﬂﬁ rW%érgaLac\( g)'g'{aﬂﬁ%é dNer several

hous.O After 6, trt divastald wanedsctlatedib}eﬁltmmmrandamshediwéld15 mL Ice-cold 15%
har.coal

vy P55y BEEP o) e o 15 T HRRTTIA, 18 crysas were

drigchender heuse vRGUWh éor {12+ 18y itocafipes the darnehydsoshipside Sait g ound 1

(3.85£5) s’gtrﬁﬂol ?@%%ﬂh @%@waht;aﬁgd HPbe) sysmntalmtaulnacmdd Water

k
coriont 52 o MRG0 MHErPYSG 0o A PATBIG B GRS 13 (- dFDpos ers,
1H§ farsau(ﬁhs cRl)i §.27 ANAHCONCE)IE. & gid1a5.1=ura$¢r7 ¥RTA0 (M §H), 6.86-6.94

e T T e

1HY, 1. 7053424 (B, &2} FEladexita) arzifis (41 30 micqgor(%mmgm HGIEC, 63.62; H,
6. 4@ Iggé ?tagfb?f(ﬂ fo]ag e, e§4gzﬁ56 ) rxf,%lmlclH} 786 82 (s, 1 H),

6 (m .36 (m 5H),
795(d1,J—14Hz)819(s 1I—I) 9.49 (br s, 1
H. mz: [M+ Ht] calcd for C25H29N304 436.2; found
436,4, 5 f) Crystallization of

——N"—"{?—M4 ((R) - 2- hydr oxy- 2- phenyl et hyl am no) phenyl ] et hyt
-(R)-2- hydroxy-2-(3-formam do- 4-

i ég%ﬁd[]ng&ggm&w Qﬁg%&m@ﬁomemﬂmm %gl&yﬁh&%efﬁane

ound

5
A spiution P ERPYIS-C1 6, o0, 9126 m@UaP&M&?aﬁ ’Eg)rﬂﬁs afided tad %l'l‘rﬁ g
m@&zdf@&@ 86@_‘?5@!2 Alof aptt %R)Oi-bllbh@m m&mﬁld@#&dnmtﬂtﬂph&nﬂl&thano!

('MC%Q 69 %I 'H@l) Iix‘?}éhﬂ&s_ﬁém ﬂe_zr erﬁ;‘r_wﬁ Qggwmgfrg wgs %@L#&B% §ours
Tha Féhch&ﬁvés?@eﬁchdd)mth'ﬂmers{wmmucandmaq;.tepus laeraras exdirected with

DC{&L gﬂ'ubcl]i’i >Tha anlbfnér?BC&VI?ye@@g ﬁ%tilledqﬁ gﬁfer‘ic%re@“ure toa

aI S were washed
volwme pf % 112 mile £reesiolingy gp;gntqq@plé? cryﬂauis@(tjglp gwrre% Isqogigne (750 mL)

was alisdd &Bp\(ﬂ@é bared ninutdsd THe skifry WaR RbSIBY to T aritcthe sdiide were

col!ec}/ed by flﬁratlon then washed with 9:1 v/v isooctane:DCM (3 x 75 mL) and dried in vacuo

to give the title compound as a colourless solid (89.65 g, 90%th). "H NMR In accord with

structure (400 MHz, CDCls) 8(ppm): -0.08 (3H) s; 0.11(3H) s; *0.12 (3H) s; *0.89 (8H) s;

0.90 (SH) s; *3.38-3.48 (2H) m; 4.78-4.87 (1H) m; *5.09 (2H) s; 5.10 (2H) s; 6.96 (1H) d,

J=8.6Hz; *7.06 (1H) d of d, J=8.3, 2.0Hz; 7.11 (1H) d of d, J =8.3Hz, 2.0Hz; 7.25-7.27 (1H)
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dri ed under house vacuumfor 12-16 h to afford the
nmonohydr ochl ori de salt of conpound 1 (3.92 g, 8.3

nmmol , 70% vyield, 98.89%purity by HPLC) as a white
crystalline solid. Water 15 content 0.2 % 1H NWR (300
MHz, DVSO-d6): 8 (ppm 10.13 (s, 1H) 9 62 (m 1H),

8.93 (br s, 1H), 8.66 (br s, 9};?

m) 28645 (58) 3™ 1.0 (1M, Jy&iOHg)T? 1;!15-,83@(1(-!)“:! Jgﬂ)OHz, 8.42 (1H) d,

6 , 6.57 (d, 2H, J=8.52), 6.05 (d,
SRR O S W e0 (m 1 W) 4 70

(m 1H), 2.70-3.24 (m 8H). Elenental analysis (Wt %

. SRR Sorr6@nfe H  6.41; N, 8.90;
g%,%ﬁgaﬁé)&ufound%%(g?ﬁ%m b 654 N 8.81. O, 7.78

20 Exanple 1 i) 2-Bromp-(R)-1-tert
but yl di met hyl si | oxy-1-(3-for mam do- 4- benzyl oxyphenyl ) e

I ST i Mo
fc(rﬂfanﬁﬁo-é-b@zﬂﬁxmﬂeﬁyl& athylamine monohydrochloride

25 i PR DB i st
inTweter {80t Mk {gQRroRY!iacetate (16P rQLz) "I’ﬂ?Lﬁ%ded Wstiming 875 viv aqueous
s¥EEM w@eﬁbeéom@mm\m L) ﬂé@@dd‘éd)w:mlﬁlrﬁdgeo\@q ganinstes.aTae organic

Va R ae e Lo B B Sefidiar aVpsBRER SRR g roume of

ca.0l0unte of ca. 110 nL. On cooli ng, spont aneous

Th éﬁ‘ $ bHidnSids éya(e)@ gw&g,@ %Lr{ 'f&B\%EI (Frﬁél(ﬂ?)tf —39:1—5&@% lmethylsuoxy-

ded dropw se urry was, cool ed

1@ famemigiedt-penzyigwipheryaaee (?@osll |@cm6@')wdfmrqs§lam Ggponate (7.44
gl BE£ &S here WiktlreOwdk Neated m*@ml HWtérﬁpéﬁatﬁ&) #dr) 17aRslirs then

oy b0 i B s o bt SRR S e o o
tenigehaturst MEX (150 rik)0GasNddeed W)f@)lam@ya@e seporae@. (The)organic layer
wgs %%ﬁ%w@h 15Qt é% (v?‘m f%%(;: %c ngguo? cétate%@at& @80 ollowed by
28%1\@'V(33[J90L§ sogluggcrelqnqq)so@tlon 19 wh Iae7 owgmeiayqu wWgs cgqqluted with
MEK @513 and HiiZdistifedLdt dtn’hoﬁ': ssﬂhre th a%olahi of &a Bzl followed
by aggtqmlofdpére Igglfggf T'[b_» egmgcg.ur? &va,s_l)hegaed thgzgqgandgg fﬂutlon of
céslurhifiuatide (8.4, 5HB;mmd) i Tﬁ@fne(tﬂarid) (100 mL) was a8titxl. Hedloghk 37 °C was
ﬁtf‘%&tjﬁ) %%ﬂ?ﬁ’ﬁgﬁ%ﬁ%@&t}% ﬁ%e Bl ofé %%Cn o-p%h e'aétlo W chluenChEd
with (4Rye wivh gaaMasKy -PRtasguMy wmﬁiedﬁplwtobeﬂ 99|rweaycmﬁiewy § (20 mL) was
aGdedy I TREI RGanfBIBREN Wk QRBhEY WIBHE29% w/v aqueous sodium chloride solution (100
Wim&w(tq‘e%w%%ﬁ b6 (5 1LY BED AP TR mistue g agened wih 20%
w/v aqueous sodium chioride solution (100 mL) followed by 6% w/v aqueous sodium chloride
solution (3 x 100 mL).

The solution was diluted with MEK (100 mL.) then distilled to a volume of ca 120 mL. MEK
(80 mL) was added and the mixture was seeded” with title compound. The mixture was
distilled again to a volume of ca. 140 mL. More MEK (60 mL) was added and the mixture was
cooled to room temperature. The sollds were collected by filtration, washed with MEK (3 x
20 mL) and dried in vacuo to give the title compound as a colouress solid (18.64 g, 77%th),
'H NMR in accord of structure (400 MHz, DMSO-dg) 8(ppm): 2.70-2.89 (2H} m; 2.95 (1H) m;
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10 in water (80 nlL). Isopropyl acetate (100 niL) was
added with stirring. 32% w v aqueous sodi um hydroxi de
solution (17.2 m-) was added with stirring over 8

m nutes. The organic |ayer was washed with water (100
m.) then distilled at atnospheric pressure to a voI urre
of ca. 70 nL. To this solution was

3.0 &, 1400 imb§. 19-3198 ¢ ) . 7 L CHH A 4@ut(w)dT‘vrT§t1ﬁ)ﬂ"§ % é>?§* ("i)as
5.4% {p}%dc gfr-] y ot%%asm ﬁfnmigbgwnhem%d ek b:sgqezm)imga .343 6.94 (2H) d,
=z 1B (N Hah B0 008 T2 (B o it Arie g TRy Loy o o
m; ilr?e.etvowd @H) REN.50 ¢2H9lde 0=71.8HE 8. 26(1W)£d dr2.0H5®. 301 Hds)=1.7Hz;
* n € r room

o BARLs 3o e e L BoAR er e gL 4 8E RS [ Ve <

were separated. The organic |ayer was washed wth
. 40 t at t 100

o Febfbla (SR e 20 o

s&nlls masyde OPtEdl'@druEb’lg ifﬁféefbia@aﬁ?f@"bwe V8liluted with

I\/EK (50 nmL) and then distilled at atnospheric pressure
a vol une of c%

0 faql d L]

i) %{2&4@%%%@%; -Pheﬂﬂé%aﬁﬁ?’ﬁ“@@@leﬁﬁé‘?@ﬁhﬂ*ﬁ?@?ﬁd
fortnamtitoligdraxyphesd) ethythmire mdeoly@irdchioridsl. 6 nmol ) in

t hanal ' 0.(3
A TR B N te-TRL2 19808 Bfen Rttty Benilfothynlg 2 hyarony-2-3
forgemiio-4rbanzyloawhenyh etaxdarqne regnebydrachigride (40s).apd\S% F’dfC Catalyst
(Erﬁé’%@fﬁ'@%%% Witk Wﬁk@gﬁ%;%ﬂiﬁ“(mnﬁlﬂ-@&‘ $tired @nder hydrogen at

te - he aorganic | a
224886y, T SR TEPd INDEBIZE TR AN WhoT,fehGss by elp stection at
226rirﬁ>)o of tﬁb}eéoh&ﬂniﬁtﬁéfsﬁ&wéﬁ tms%qe,t hreapofi tle 6@irting Mhateral (Boduct of

- Ex 0 T e el e e e vl A ire i NAgr K 1 OB

aqueous sodi um chl ori de soI ution (3 x 100 nL). 30 The

08 2ot s Sl i %) Bl e o
(100me) wascaddes! atos rate dioi dhainfeinkd tﬂilﬁt teawp@mngMcﬁgtm Seed crystals

(0. %@%Sd%‘g;&d%gﬁ b g%&g&f‘é\% eﬂ’n ﬁ?l yhereRbitifPmidtd was stirred

he m xture was

forcakoried 78ty 1P Q"e'?-'rﬂ@ﬁ dbefy addegtipveg BP‘PLHSZ Ker &he 6‘??”@'89 Slyrry was
alldWed th cbd 3loWRNo 2085 Bemhd \hifrdl AYEs {ePpératd® fdflch 18Ad dri ed

I'n vacuo to'give the title conpound as a col ourl ess
solid (18.64 g, 77%h). 35 HNWR in accord of

Thétréswmhg fsﬁm{;% dMlsIéd tOVERO itrpPa) thi2temPeiB fr2H) The slumry

wag ﬂ%&re% tlpﬁ cg!legfd (sf%lwa,? w,agl"ef;gue%%slvg@ v\gélzl%i{v%‘ké_» (SHH) (80mf)

and IS (160mb) The sdlidiwddriecburser yacubin atca G010 to divajheditle compound
J=3_2Hz: (21-1) d, J=8.3Hz; 6.94 (2H) d,

asj‘:"‘é‘.“%ﬁ%'!d@?'g “(1H d of d, J=8.6, 2.0Hz: 7.12 (1H) d,
J=8.6Hz: 7.25 (1 H m 7.30-7.36 (3H)

Yield: 88%th, 74%wiw

NMR: (400 MHz, DMSO-ds) 8(ppm): 2.73-2.89 (2H) m; 2.95 (1H} m; 3.01-3.14 (4H) m;

3.15-3.24 (1H) m; 4.72 (1H) m; 4.82 (1H} m; 5.46 (1H) d, J = 4.7Hz; 5.48 (1H) m;

6.03 (1H) d, J=3.4Hz; 6.59 (2H) d, J=8.6Hz; 6.89 (1H) d, J=8.1Hz; 6.91-6.98 (3H) m;

*7.01 (1H) d, J=8.6Hz; *7.14 (1H) s; 7.25 (1H) t, J=7.3Hz; 7.33 (2H) t, J=7.3, 7.6Hz;
28
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6-7.42 (4H) m 7.50 (2H) d, J=7.3Hz; 8.26 (1 H)
5 (1H) d, J=1.7Hz; 5 *8.54(1H) d, J=1
; 8. 63 (2H) br oad res; *9.64 (1H m 9.67 (1 H)
* Peaks are due to ca 11.5Mbof the mnor rotaner.
seeds may be obtai ned using the nethods descri bed
her ei nabove 10 111)

730l & Fanz &wnmo;, 3=z DRSH9Hc 4 TR
o S G S B (i JLFLBEPOBOYN ;002 (1

Sl\k%ggg (éR) 2- hydr oxy- 2- phenyl et hyl am no) phenyl ] et hyl
hydr oxy-2-(3- formam do-4-benzyl oxyphenyl)
et hyl am ne nonohydrochl ori de (40g) and 5% Pd/ C

* { | »Gf 1 mirkh YotaRierwi th water) (200ng)
ﬁ@é%&dufﬂtﬁﬁ% ﬁam?stl rngtlj under rl;ydrogen at 15 222C.

The m xture was filtered (Whatman G-/ F filter) when
anal ysi's, by hplc (detection at 220nm), of the

v qfﬁ%ﬁﬁ‘iﬂl Son dry- E’kg%@ﬁazzﬁyd?f{% %f:h?Hf\%y%ﬁh&?h?nynethyl}-(m-z-
hyxdriogy-2(8-fovaEngdo-whydraxyphanyly ethyamipgmanehydroehiqridg
T‘egg%%r&?ngegdr%‘mﬁh@ gg)f wh %@%ﬁﬁdé@ﬂrﬁa&déoﬁé Geiustfigl Metiyated spirit

(I8 621 B¥S:watep{7@-5Mip a,.pgpw! EURd gottqme %tf?ﬁjﬁeﬁéﬁ ﬁl&b)r%tuas warmed to
7693( give 8UcISdrYsaiuBbis  ThiS. 4y filtkpdds vakHed thrdn.@h WifDaduecus dMS (2:1

T A i S P e
}H@r tﬁf)omfrat%n% Tﬁ&&ehﬁ@r@ttﬁé ngas| atjusfedras 6540 mtmeld sbeded with
cool an StIirr erat u
mogpsEpCRTide BBmahol TRIEY WEF GO A1 SF-GRSC RGOl t) Bapoooied o
2@-@5"(55116 §tﬁ@gaeﬁ tﬁfﬂtleﬁn % rf&: 14 Bour9 THsuspbrsict] was philled to 0-5°C
was filtere an C ecte SO
o, Deldsa D) (PrPLEIT o) SaPae ( 108 Poefigbfiny IR, v, fivatin, and
whdHEINbih aqUieoussIMS (2: WLS: dvatezd2 Xrdkm) e themliM (3 X 59T) taogive the
the tjLl
SN SV T UG 20
2.73-2.89 (2H) m 2.95 (1 H m 3.01-3.14 (4H m
o 7L 1H) M 4. 82( 1 5. 46( 1H) d, J=4. THz;
Egpekge(“%’rﬁé%yﬁmggﬁ H)m J= 3(4|I:D|zm6 59 H?) d,

J=8.6Hz; 6.89 (1 H ,J81HZ 691698(3H)m.35

The Xﬁi‘-‘D(phtthn dﬂthfs]prSdLﬁiﬁ shéwn Fidute h) s; 7.25 (1 H) t,
J27.3Hz: 7.33 (2H) t, J=7.3, 7.6Hz: 28 7.39 (2H) d

J=7.6Hz: 8.13 (1 H) d, J=1.5Hz; 8.29 (1 H) d, J=1.7Hz:
ThE d[ﬁ@re(nﬁai tgeanhing chldtiine@yitrace fob thlsgpapguc(t gpgwsoarbg@ep@% of discernable

e&%otﬁ%méclfe e@; belowt abddiid 252, Qith (Hindd erdlotheni@ dvénts hvind onsets at

about 133 °C, a ut151 °C and at about 170 °C.

Example 2

Alternative preparation of

N{2-[4-({R)-2-hydroxy-2-phenylethylamino)phenyf]ethyi}-(R)-2-hydroxy-2-(3-

formamido-4-benzyloxyphenyl) ethylamine monohydrochloride

2-Bromo-(R)-1-tert-butyldimethylsiloxy-1-(3-formamido-4-benzyloxyphenyl)ethane (100 g,

215 mmol), 2-[4-{(R)-2-Hydroxy-2-phenylethylamino) phenyllethylamine bis-hydrobromide
29
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5 * Peaks are due to ca 11 Mbof the m nor rotaner.
iv) Recrystallisation of
N-{2-[4-((R)-2-Hydroxy-2-phenyl et hyl anm no) phenyl ] et hyl
}-(R).2- hydroxy-2-(3-forman do- 4- hydr oxyphenyl )

et hyl am ne nonohydrochioride 10 The title
nmononydr ochl ori de (5g) was suspended i n aqueous

salf (A9ust 237ammai) ayd actessiypicarbonate) (V&) o 861 mmg) wefepharged fo a
reaZt%r S nIa O%L])Q\QJ? actied BAd BRIMIRRIwES Rédted 3he10M P5t°Cr for 5 hours

I I t
then;opples 4150 e MEAPT(RITTIENY RiAeE JRIGEE oY esepigng! (500 HET ana the
mitlve Wt ebled dutiek ko odth tehmeiatuqemjs 35@)avhendhd @y&8 Were separated.

di I th
Th% %rg(abns gybe\[fewafh\gasﬁagpng@ e@\f)\ggﬁ fE’IS’Iévth dé'% ép@@ agﬁbg:us sodium
ohletmcmwtlmmtwolﬁ.)nonohydr ochl ori de (10rrg) The m xture

Toé@ég@‘éhl@ !%Ier %seaigeﬁ %Eetr% ARUR lﬂD%ﬁW‘ﬁnﬂm@)q@ﬂcﬁ.@dtw a solution of

stirred at that te erat re for ho o
cosiie TRQTHS A0 VBrEolL R matiamot GOOMbG Theaien Hes feaea: 55 °C for
4 HoBrsp errat rda&tioh WasJudAcHed. mtﬁm'%pwmbomsotasﬁdnecarbmm solution

b o8 p B PS8 BB AP iy 1 i
aqmwb esodnunpdumrdieasnllaiommtbn'&blﬂﬁeﬂl tregied withasetin a@@l (8.5 mL 324

% % 2 x 500
SRS PRS0 Boly rodinBheRed e 2o

[ eI
LIIS shown I'n Fi gure 1. 25 The differential scanning
Thé sbiidnWisIdilufel 4B 1fpéhtahbll($ L sestisa twith hlﬂd\ﬁorapibl.lab S2grenddged
sgerna ndot at ures
for P i P EVRGE P R B She S oraT e e Bt 4 e e
mixi@8 was catled:to rb&h i€nperatue szb saltds ﬂv‘ﬁoe ®Ile®ed bx fifrplion, washed with

1- FI[%I' QBIII%I(' ﬁ Zf‘o‘ﬂ@\k&nt lIQpéIh state IISCIO mL) and dried {!{I vacuo to glve the

A e e,

MHB! bhﬁs@mg bmﬁtm@@ PO F: 095 (‘IH)m 3.01-3. 1*&&7)m,3 .14-3.23 (1H) m;
e

7 R b 7 R Y B DY A R S LR SR .10

(11D d, d=3 2HR); 659HgMy d) %8 2HRB9A/(LH) dyi=83Hap7.03 (1H) d of d, J=8.6, 2.0Hz;

] 37
7 RN NEb SN A it 1 HERBR A Goo P im0 @
J=T Bidz; §ef (d U) & J=2 QHer H3S (1RIP HG@ZM&5§4(M§I d-deIéH"Zaﬁéi"t(?I‘@
brcIEH Lkee)BE) heateydi@ts 110- 115 C for 5 hours then
oled to 5CI Water (900 m -) was added foll owed by
1 pent anol (500 m-) and the m xture was cool ed

flr bBges aI'é’dLEéJBIBatﬁ'Eﬂ‘P/E 8ftH& RirloP rotatker, When the |ayers

wer e separ at ed

Example 3

Recrystallisation of N-{2-[4-{(R)-2-Hydroxy-2-phenylethylamino)phenyl]ethyl}-(R)-2-
hydroxy-2-{3-formamido-4-hydroxyphenyl} ethylamine monohydrochloride

The title mononydrochloride (30g) was suspended in agueous methanol (2:1 methanol:water,
600mi) in a 1L reactor, The mixture was warmed to 64°C to give a clear solution. This was
filtered and the liquor re-warmed o re-dissolve the solid that precipitated during the filtration.
The temperature was adjusted to 56°C and seeded with tittle compound” (0.6g). The mixture
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15

5 The organic | ayer was washed with water (500 ml-)

foll owed by 2% w/ v aqueous sodium chloride solution

(500 nL.). To the organic |ayer was added acetic acid

(20 m., 350 mml) followed by a solution of cesium
fluoride (39 g, 257 mmol) in nmethanol (500 mL). The

m xture was heated at 55 C for 4 hours. The reaction
wigBeld 362G dot 30i rhihutas Smavhen agplahios20p0 pved' hawrs: dFMecuspansion was

ot P el i PR B, s Bl o

ovan 2c8 hales. STheususpangidrO®astheadted todid T oeert ang rwur Bndbeit iat 50°C for 1

acigd (18.5 L 324 L
855008 DR A< 22B B ot o491 G Tey R SRR ot ToCTfr ¥ dire. The
proti)ct wk eolipoled tviadiiiraties, autidlwasket! witht aﬂugolpﬁemefaaml (2:1 mejhanol: water,
| I d
R G el
at\mgw%wawmmemhtand the mixture was cooled to
vieRom%@Perature. The solids were collected by

I oasiien 55 2eBihgs hatiiahore) 6 Shlsert ah PR b g byt 603

698) 797 VB4, 168, 809; B2Y, BFBPpea) 99551024 056N D& S1100/) 1242, 1294, 1371,

e ol SRR L 2L (0

3.01-3.14 (4H m 3.14-3.23 (1 H m204711 m

4 ra e ¢ ov& igure
Cl?ﬁ'zgteépﬂ 3 Fﬂ wgﬁe:énggﬁ-;)g}_ﬂgs&re Fﬂgfdg‘tf@ (i% "5 "gid:g ¢

J=8, 6, 6Hz; 7 25 (1 H m
#eegemwe OP%ed MS'"Q ﬂseemertha% E%q;'b?ﬂ herewoc'% H d,
J=7.3Hz; 8.26 (1 H d, J=2.0Hz; 8.35 (1 H) d, J=1.7Hz;
*8.54(1 H) d, J=11. OHz; 8.63 (ZFD broad res; *9.64
(1H m 9.67 (1H) s. 25 Peaks are due to ca 11. 5Mhb of
the minor rotamer. Exanple 3 30 Recrystallisation of
N-(2-[4-((R)-2-Hydroxy-2-phenyl et hyl am no) phenyl ] et hyl
}-(R)-2- hydroxy-2-(3-formam do-4- hydr oxyphenyl)
et hyl am ne nonohydrochl oride The title
nonohydr ochl ori de (30g) was suspended in aqueous
met hanol (2:1 nethanol :water, 600ml) in a IL reactor.
The m xture was warned to 64C to give a clear
solution. This was filtered and the |iquor re-warned
to re-dissolve the solid that precipitated during the
filtration. 35 The tenperature was adjusted to 56C and
seeded with title conpound' (0.6g). The m xture 30

31
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was held at 56C for 30 m nutes and then cooled to 20C
over 2 hours. The suspension was heated to 50C over
one hour and held at 50C for 1 hour. The m xture was
cooled to 20C over 2.5 hours. The suspension was
heated to 50C over one hour and held at 50C for 1
hour. The m xture was cooled to 10C over 2.5 hours and
hel d at 10C for 8 hours. The 5 product was coll ected

Thb i Siiarane tbERHE Rpblds aRIURMRIR SOy (o

give the title conpound as a white solid, which was
dried at 40CTweader ThetdiuthspeiPdi ght. Yield: 76%h IR
(measured as (Hegyri bed hetAi nabove) gave significant
absor ption bands atg about 66323 10 698, 747, 764, 788, -
809, 827, 875, 96@,5 995, 1024481056, 1081, 1101, 1212,
1294, 1371, 14404,1520, 1543,,1596, 1659, 3371 and
3552 cnml The X-ra}/'ﬁovvder di é action (XRPD) anal ysis
of the product is %Pown in Fi%lre 2. Characteristic
XRPD angl es and d!&®aci ngs are* recorded in Table 1. 15
'seeds nmay be obt#.ded using &%he nethods descri bed

her ei nabove 31 Tahge 1. Charm®teristic XRPD peak
angl es and d-spacings Two Thetsa d-spacing (deg)* (A
4.0 22.3 6.0 14.8,,8.0 11.1540.0 8.9 12.0 7.4 16.0
5.5 16.8 5.3 17TP75'2 17.%5@.1 17.7 5.0 18.1 4.9

18.1 49
18.3 4.8
19.0 4.7
19.3 4.6
18.5 4.5
19.8 4.5
20.3 4.4
20.6 4.3
21.0 4.2
214 4.2
21.9 4.1
226 3.9
23.9 3.7
241 3.7
24.4 3.6
24.6 3.6
247 3.6
25.1 3.5
254 3.5
25.7 3.5
26.2 3.4
26.4 3.4
26.8 3.3
28.2 3.2
29.9 3.0

* For copper Ka radiation.
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18.3 4.8 19.0 4.7 19.3 4.6 19.5 4.5 19.8 4.5 20.3
4.4 20.6 4.3 21.0 4.2 21.4 4.2 21.9 4.1 22.6 3.9
23.9 3.7 24.1 3.7 24.4 3.6 24.6 3.6 24.7 3.6 25.1
3.5 25.4 3.5 25.7 3.5 26.2 3.4 26.4 3.4 26.8 3.3
28.2 3.2 29.9 3.0 5 * For copper Ka radiation. 32

CLAIMS 1. A process for preparing a nonohydrochl oride

ClLaift® of conpound (1) OH HO

A pracess for preparing a monohydrochloride salt of compound (1)

NHCHO ()]

wherein *C and **C denote asymmetric carbon atoms,
which process comprises the steps of.

a) contacting a compound of formula (lI):

oP?

0, 0

NHCHO oF®
(m

wherein P! represents a hydroxyl protecting group, and P? and P* each independently

represents hydrogen or a protecting group;

with a weak acid, to effect selective protonation;

b} contacting the product of (a) with a source of chloride ions, to effect anion exchange;

¢) deprotection to remove P!, and where necessary P? and P%,
d)} isolation of compound (l) as the monohydrochloride; and optionally

e) crystallisation or recrystallisation of compound (}).
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NHCHO OH (1) 5 wherein *C and **C denote asynmetric
carbon atons, which process conprises the steps of:
a) contacting a conpound of formula (11): 10 OPZ P,0
i i g NHCHO OP3 (I 1) wherein P1 represents a

hydr oxyl protecting group, and P2 and P3 each

i ndependently represents hydrogen or a protecting
group; 15 with a weak acid, to effect selective

. Pr oﬂoﬁ}%éfsgc'cicgr}iingoﬁ_t asid 19 Wherei ftUebmpdundadt minblla XI) is the

source o ori de ions, to effect ani on exchange; c)
deptampogtd 8@t o renpve P1, and where necessary P2 and
P3; 20 d) isolation of compound (I) as the

nonohydrochl oride; and optionally e) crystallisation
or recrystalli.:tiwn of caonpound (1)..33 2. A process
accor di ng Y

3 3 . hn the cgfipound of formul a
[ onpound (| Q NHGHO 'OH (l1a) 5 and
t he caopotfid of formula (™) RS tWe cOnpound (Ila): H

hoo N\ NHCHO H OH (| PH) (12)

and the compound of formula (I} is the compound (lla):

/Q/E/H

N\/\©\

P'O N° :
H OH

NHCHO (Ita)

wherein P! is as defined in claim 1.

A process according to claim 1 or claim 2 wherein the weak acid is acetic acid.
A process according to any of claims 1 to 3 wherein the group P' represents benzyl.

A process according to any of claims 1 to 4 wherein the source of chloride ions is
sodium chloride.

A proctess according to any of clalms 1 to 5 for the preparation of a crystaliine
monohydrochloride salt of the compound of formula (la).

A process according to claim 6 wherein the product of sald process is characterised

by an x-ray powder diffraction pattern in which the peak positions are substantially in
accordance with the peak positions of the pattern shown in Fig. 1.
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10 wherein P1 is as defined in claim1l. 3. A process
according to claiml or claim2 wherein the weak acid
is acetic acid. 15 4. A process according to any of
clainms 1 to 3 wherein the group P1 represents benzyl.
5. A process according to any of clains 1 to 4 wherein
the source of chloride ions is sodiumchloride. 20 6.
A process according to any of clains 1 to 5 for the
preparation of a crystalline nonohydrochloride salt
of the compound of formula (la). 7. A process
according to claim®6 wherein the product of said

pr ot essFIr@ 2¢sstaliog dip) reenghydmrenigiide, v ay powder
diffraction pattern in which the peak positions are
substantially_ in 5gaccordance wth the peak

posi ti ons of P in FigZFS 34 8. Form 2
. monohydr ride tiQ @r ¢ T NHCHO
ich is charactertsedi’ byya drfferenti al

Crystallin
OH (Il a)

scanni ng cal oscsetry trace which sRdws an absepge of

di scernabl e endotherm c features bel ow aboutl 25C. 9.
Form 2 Crystalline (la) nonohydrochloride according to
claim i ' . [ A s i

scann U Sder O BB AT e B gy

race
di Scer rARBNES ShsissTRbA APolesE [FABSS BEPSAPABBETC. 105C.  and

an onset of significant endothermc heat flow at

abqut  328(> chalif® (4 nonSHydREfbdde Becokdito claim 8 which is
nmonohydr ochl ori ge 3§cor d|I n% to cllal.m or cl ahnhg

whi ch i ReERETAEPLF PURENYR) Senpine FAPARPTIATAcE MAIHhiSHgHs an

cal or i rabsenge of discernghlecindetherviic faptureg belew gkoupfi25°C, and an onset

di scer nabbeficaRtaubRsfichebEpl af AButzedgw about 125C, two
or nore mnor endothernic events between about 130C

and about 180C and an onset of significant
enddt hdom 2 Chystelling|(@hmatchybwpgblogdea.conding thglaim 2 or claim 9

% .\/\SA’L alinidA9s a&aﬁs}aeﬁ%%bx@m@@md oh apgcmﬁga%tﬁmslm@cet \ﬁhic%h' SAbWA an
ereln sal m r oL, rmdc vent s a ,
about  F550o0 o fissaanip endothepmis features baigue dhott 57 g dr morg minor
For m 2 eadojhemmait eYents (Hedweenprebauty di38th ket | aheulcB8rGland) an

t o any offet 6f AhAMicafit drlotiekmicheat BbPSBAI ALY pure form

1. Form 2 Crystalline (la) monohydrochloride according to claim 10 wherein
said minor endothermic events occur at about 133°C, at about 151°C and at about
170°C.

12. Form 2 crystalline (la} mononhydrochioride according to any of claims 8to 11 in
substantially pure form.

13. A process for obtaining Form 2 crystalline (la) monohydrochloride as defined in
any of claims 8 to 12 in substantially pure form which process comprises:

Ba) Forming a mixture of N{244<((R)-2-hydroxy-2-
phenylethylamino)phenyllethyl}-(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl) ethylamine monohydrochloride in an aqueous organic
solvent, by contacting said monohydrochloride with said solvent and
heating in a range from about 60°C to about 70°C, for example
about 65°C;
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13. A process for obtaining Form 2 crystalline (la)
nmonohydrochl ori de as defined in any of clains 8 to 12
in substantially pure formwhich process conpri ses:

Ba) Forming a m xture of N-{244-((R)-2-hydroxy-2-
phenyl et hyI am no) phenyl ] et hyl ) - (R) - 2- hydr oxy- 2 (3-form

am do- 4- dr oxyphen et h dr oc oc
in an aq us A@Fg'&%*‘% t%we@wre\f’gﬁ?'gmﬁ@%d'bﬁgﬁc?u hg' asbga§2
nonohydr ochl otdaleut®@°€h sai d sol vent and heating in a

range fr azg) ab@yéding S4kmikiore aNOEm Z 0gstaliihe (la) exaainpdreshiodb out
65C, 35 Bb) Adj g.ing the tenperature of said m xture

inth ' 52C to about 58C: in
Isgi d ren:(ta%ﬂ: V&O?lﬁgﬁggml r%I,OflerﬁPe%atgr% s?ﬁ§%n9§ﬁ3m§ﬁcﬁﬁh£‘%to

nmonohydr ochl ord® crystals; Bd) cooling said mxture
to a tenpsd)at Wedling Ehid rhﬁtufeaﬂgﬁerrfﬂeﬁmr@bmtraﬁb'é framtabout 2B°C; to

Be) heati ng sal tg étf‘w? ngpgeﬁo@géreer ature in the range

from about 47¢ or exanpl e abo t 50C
Bf ) reped] ng f@?@b%ﬂ%)edb%‘é Bl obtajn B fegirey ’f‘ﬂ@ B'é‘%'?wngd
Form 2 cr yst al(lk) nu@ohyflioetoritein elbgantatyduerferae | n
substantially pure form 14. Form 2 crystalline (la)

o r"? hy QL QACHL- ki of ﬁ’loﬁiﬁ%dr&ﬁlgnde%s 88edR Sny@he &lcRINIB td1 2 16r
12 tor yedlifs Brelithi ycal therapy. 15. The use of Form 2

crystalline (Ia) nmonohydrochl ori de as defined in any
one of clains to 12 in the manufacture o

- a .
meli canBBsy ijomp{y%%) an@y%)chp?t@eﬁs ﬁ%rﬁteé i gnyone of claims
cl i ni cad to 12 ek nbanafactdre of awddcimeant oetheproihylexis or treatment of a dinical

PZ- adr eRQkifRA FPHAEh ASRANSS, -ddfonbrBstheAdgikt is kaicatéy.

pharmaceuti cal fornulation conprising Form 2
crystalline (la) nonohydrochloride as defined in any

ongs, Of AGh@mBBeuikaliemdidion Bsinpasify FRMARCrgsikling @) mpnohydrochloride as
aC cept %Qﬂng%ﬁ aky cﬁ@ bf c%\‘ms &8 52 &M %rbéarm%%cgl?tab&ﬁ@blé YanRP6r

nor e I C I ngredi ent @
conbi n SR s EBIa At 1R L Py
nmonohydrochl oride as defined in any one of clains 8
t2° #2 ANEmBRRioPEomRing Ferhdiystalled (RP@sHohyirochigkie 8d defried in any

one of claims 8 to 12 and one or more other therapeutic ingredients.

18. A combination according to claim 17 wherein the other therapeutic ingredient is a PDE4
inhibitor or an anticholinergic or a corticosteroid.

19. A combination according fo either of claims 17 or 18 comprising Form 2 crystalline
(la) menohydrochloride as defined in any one of claims 8 to 12 and
6o, See-difluoro-17a-{(2-furanylcarbonyljoxy] -11 B
-hydroxy-160-methyl-3-oxo-androsta-1,4-diene -17B-carbothioic acid S-flucromethyl ester.
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18. A conbination according to claim 17 wherein the

ot her therapeutic ingredient is a PDE4 inhibitor or
an anticholinergic or a corticosteroid. 19. A

conbi nation according to either of clainms 17 or 18
conprising Form 2 crystalline (la) nonohydrochloride
as defined in any one of clains 8 to 12 and

6a, 9a-di fl uoro-17a-[ (2-furanyl carbonyl )oxyl -11 (3

- hgolr oxtycokbmatiatdiydrdidg ethervd tlaigisas br 48 cingnising Form 2
el canAnkinL @é)%&\%ﬂrc’%ﬁlglllqlé%ﬁer OPYA iy Thebr cigirds 02 afl

conbi nation_accord

conpr i $PPGHEHPR;128 'E'&S%‘f o Ve 7y [(ﬁﬂf?ﬂﬁﬂ/ﬁgochl oride
as def ithizxblet fcaaop!)onyd 3-oko-gidadstes1,8-dtepe-128 sadpothioic acide

6a, 9a- ¢k eﬂ‘gﬂé’sﬂer hydr oxy-16a -net hyl -17a
-[ (4- et hyl -

t hi azol e- 5- car bonl ) oxy] - 3- oxo- androst a- 1, 4- di ene-17p
-carbothioic acide S-fluoronethyl ester. 37
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