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DI SEASES Field of the Invention This invention relates to a specific
substi t utwo 2810486638- t et r ahydr o- 1Hpyrrol o[ 3, 4-d] pyri m dipaeA26t0disoove
conmpound which is an inhibitor of human neutrophil elastase, and to its use

to the i hvention rimg MERICE? HWP?*W@‘%@SWW 2ekDn serine

pr ot ei nase found inrrfﬁé‘%?zjlhl:o i Fi@faﬁ%ﬁ 0 XE@?E@%ﬁﬁ s. It has a role
in the degradation of a wide range of extracellular matrix proteins,

I ncl udi ng Ff.i Qr ectin,.lamnin, proteoglycans, Type IIl and Type |V

col | agens%ﬁ%&%ti n (Bieth, G In Regulation of Matrix

accunul ation, NdhanverBonPreldtegsio, aAepesiid suBstmited 9Y4,6USRtraAGEo- 2 7- 306) .

HNE has | on en considered to play an inportant role in honeostasis
t hrough r &y PE’T%ﬂtﬂﬁHwagg‘&rZéfd' BWPoUNd sHBIEhy S5 ade JHukRiter | o hyMapne

tissuesst magtpml cRERisel BRd t titsilfseaih&ﬁefa@yeaf&agpimoﬁy%s@ge%ngfinfﬁaféhnst
bacterial invasion by nmeans of degradation of the bacterial Body. In
addi ti on t3gnipistralignect s on matrix tissues, HNE has been inplicated in the
upregul at i J ression and also induces IL-8 release fromthe
epi theli all-:'odgk fouhli 16t |ﬂ@eﬁtﬁﬁ In ani mal nodels of Chronic Cbstructive

Pul nonary Di sedfenamdackephilelasthae (dNEike 32xkda seend prdtemané [foural iecul e

L 1 B b B bl s g bR AR Ly oP e
Care Nbd. raf¥?, of66ext@éH@80; nGthx g, préteirsl ahcludiny JfibrBasgin; . I&midin, Care
et uct | SEOSHAYPANS T Y AR THPP e BB S G8pbfik s SIReten e G opi r at ory
di seases \iwjufation s M| adciidiations MechBRY, 3G IR (E9) CACRRIME Preddldeed, HNE
is believed to play a role in several pul nonary diseases, including chronic
USA 1936, 3/1 7-306). HNE has long been consideréd to play an important role in
homeostasis through repair and disposal of damaged tissues via degradation of
15 the tissue structural proteins. It is also relevant in the defence against bacterial
invasion by means of degradation of the bacterial body. In addition to its effects
on matrix tissues, HNE has been implicated in the upregulation of IL-8 gene
expression and also induces IL-8 release from the epithelial cells of the lung. In
animal models of Chronic Obstructive Pulmonary Disease induced by tobacco
20 smoke exposure both small molecule inhibitors and protein inhibitors of HNE
inhibit the inflammatory response and the development of emphysema (Wright, J.
L. et al. Am. J. Respir. Crit. Care Med. 2002, 166, 954-960; Churg, A. ef al. Am.
J. Respir. Crit. Care Med. 2003, 168, 199-207). Thus, HNE may play a role both
in matrix destruction and in amplifying inflammatory responses in chronic
25  respiratory diseases where neutrophil influx is a characteristic feature. Indeed,
HNE is believed to play a role in several pulmonary diseases, including chronic
obstructive pulmonary disease (COPD), cystic fibrosis (CF), acute respiratory
distress syndrome (ARDS), pulmonary emphysema, pneumonia and lung
fibrosis. It is also implicated in several cardiovascular diseases in which tissue
30 remodelling is involved, for example, in heart failure and the generation of
ischaemic tissue injury following acute myocardial infarction.
COPD is an umbrella term encompassing three different pathological
conditions, all of which contribute to limitation of airflow: chronic bronchitis,

emphysema and small-airway disease. Generally all three will exist to varying



obstructive pul nonary di sease (COPD), cystic fibrosis (CF), acute
respiratory distress syndrone (ARDS), pul nonary enphysema, pneunonia and

| ung fi brwei2e10/086638s al so i nplicated in several cardi ovastgroiodiss®ases i n
which tissue renodelling is involved, %or exanple, in heart failure and the
generation of ischaemc tissue injury follow ng acute nyocardi al

infarction. COPD is an unbrella term enconpassing three different
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15 increasing microvascular permeability and mucus hypersecretion (chronic
bronchitis).
International patent publication WO2007/129060 relates, infer alia, to
homodimeric or heterodimeric compounds of formula M-L-M' wherein L is a
divalent linker radical and M and M are each independently a radical of formula
20 (A)or(B):

R R N
) A 0O 0 A
R~ )1;
N N
A AN A
D N N D
e
R3 R3
wherein
25 A is aryl or heteroaryl;

D is oxygen or sulphur;

R', R? R® and R® are independently each hydrogen, halogen, nitro, cyano,
Ci-Ce-alkyl, Cy-Cg-alkenyl, C,-Cg-alkynyl, hydroxy or C;-Ce-alkoxy or C,-Ce-
alkenyloxy, wherein C,-Cs-alkyl and C4-Ce-alkoxy can be further substituted with



wherein Ais aryl or heteroaryl; Dis oxygen or sulphur; R1, R2, R3 and R5
are i ndependently each hydrogen, hal ogen, nitro, cyano, C C6-alkyl,

C2- C6- al kwoyb10/08263€6- al kynyl , hydroxy or CrC 6-al koxy oPCTA&B2610/@bdeenyl oxy,
wherein Cr C6-al kyl and Cr C6- al koxy can be further substituted wi thone to
three identical or different radicals selected fromthe group consisting of
hal ogen, hydroxy and Cr C4-al koxy; R and R4 each independently represent a

radi cal ofonkabrtier :d[ePﬂudfal [of diffekb it rddidals Skt GrdrX thd lgraip\b&isiitingkof M N, p
and q are |nde8endentl or_1; Alk 1 and Alk 2 each independently

repr esent N3IPIEPt MUHAXY ?“%Gb’:ﬁﬂ"l"ﬁﬂ’%’d Ci -C al kyl ene, or C -Ce al kenyl ene

radi cal which 4 I SEHHA ) t -) or
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-0, -S, [OB([Atb)lq Jsfxdyergin | _S+(RA)-, -N(RA)-, -N+(RA)(RB)-, -C(=O)-

O O S(CR) NRA- , - NRAS( (2

E(RAC% 90) NRO(B:ST( i, Mg‘% m@epeWR%)N% (, _ NREC( =NRD) - (V\/nZarel n RA
RB, RD and RE a#lk' |amdeAHﬁdemH yndqp@bndgm!tly r@r&@taﬁkﬁpttocallmum\l\ﬁwgl Oﬁ.| kyl ,

RA d D and t th th en, to i.ch the
g;e at ?gchégzef%*ﬁne & n‘chK} 8““8’?%?6@ W\IM& ch Ay OBFO I&%O‘?tafm AY M ns V\AYII ch
my cont ﬂ -G, Lthfoteh@rr (fj&fj er mmmrsm@nmledmérecmmr\l,'s Ry dtogerBor gq CGlalkyl;an

t Itute 1.V CyC car [ C r

AP f + i 2 A D St S Lo o Sl A L T
- S(@)io, @(—1@00( 9, @—Ob@iecé-, ,C(ao Nﬁ(‘OQNN'%(-O) ws%@glNRARANR@smgr ogen,

Cl- C6 al kyl -Q or -NH, “and Z is
hydr ogen o ﬁ(‘c@t"f%naﬂ‘r@ Q(uUBtW%t‘e@(ng'ﬁo)N%r' WB)Q(I‘NR ¢ar bocyclic or

heterocyclic ragierah RAVRMIRS A4 RNGrdTRIHRBERdently hydrogen, Ci-Cs alkyl, or
Cs-Cg cycloalkyl, or R* and R® or RP and REF taken together with the nitrogen to
which they are attached form a monocyclic heterocyclic ring of 5 to 7 ring atoms
15 which my contain a further heteroatom selected from N, O and S, or (i) an
optionally substituted divalent mono- or bicyclic carbocyclic or heterocyclic radical
having 3-6 ring members;
X represents -(C=0)-, -S(0y)-, -C(=0)0-, -(C=0)NR"-, or -S(O,)NR"-,
wherein R* is hydrogen, C4-Cg alkyl, or C3-Cg cycloalkyl;
20 X' represents -O-, -S-, or -NH; and
Z is hydrogen or an optionally substituted mono- or bicyclic carbocyclic or
heterocyclic radical having 3-6 ring members.

Brief description of the invention

This invention relates to a compound within the scope of the claims of

25 WO2007/129060 but not specifically disclosed therein. Like the compounds of

WO02007/129060, the present compound is particularly useful for pulmonary

application by inhalation, for treatment of inflammatory disease of the lung and

respiratory tract. However, the present compound has the advantage of a shorter

residence time in the lung, expressed as its half life (T1/2), compared with its

30 closest structural analogue disclosed in WO2007/129060, leading to the
desirable characteristic of earlier clearance on cessation of treatment.

Detailed description of the invention

The present invention provides a compound of formula (l) and

pharmaceutically acceptable salts thereof:



Brief description of the invention This invention relates to a conpound
within the scope of the clainms of WXR007/1 29060 but not specifically

di scl osedwOherodisne3sLi ke t he conpounds of WXR007/1 29060 PCTIGB2pIiASaI2
compound is particularly useful for pulnonary application by inhalation,

for treatnment of inflammatory dlsease bf the |l ung and respiratory tract.
However, the present conpound has the advantage of a shorter residence tine
in the lung, cexpressed as its kalf life (T1l/2), conpared with its cl osest
structural ogue di scl osedy¥n WOR007/1 29060, |eading to the desirable
characteris of earlier cle nce on cessation of treatnent. Detailed
description e inventiof The present invention provides a conpound of
formula (1§Na ceutiygalfl Wracceptlabl e salts thereof: For a review on
salts, see ook oft Phar c&d%mcal Salts: Properties, Selection, and Use
by Stahl an romuth (Wl ey-V Wi nhei m Germany, 2002). Ph

armaceuti ca aecept abl e sal of the conpound of the invention include
acid addition shFts such as“a hydrochl ori de, hydrobrom de, phosphate,

sul fate, acetate, diacetate, furmarate, naleate, tartrate, citrate, oxal ate,
met hanesul f onat e or p tol uenesul fonate. It is expected that the conpound of

the invention r'ga¥ j sol at eﬂ%as ohe @ DI & h dr at e_s or soI vates, and in
single or nultig¥é r@?’%“tﬁn 1 PRI §561 534095 RIeT aeReHRY e N,

i ncl udi ng gdietish2iafiE €S ByNstah? anBONRANDE w:@y ‘O’G'l-PW\ﬁehﬁ\e'irﬁV@éhhgg’y' S
concerned” or "conpound of the invention" "the present conpoun

" conpodnd088)-f Hhrarmaceptjcally nacaeptablg salts |chflh§d@@'“la@1"éi Qﬁdéetlav%fdloﬂs
hydrates, ;g abioh (ﬁ{e h@@u&??%oé”}@ﬁrocﬂmld Cz{ir%lbrgrﬂlﬁgsghggh%% The

term'solvate' iIs use reinto scrlbearm ar conpl onpr’i si ng
t he conposutatef abetateyvetindetateantinearsteoi ardleatet r tactrateounitratd, amxelate, nore

phar maceu a‘?‘mé(s“%ﬁg‘ﬁt"q?dﬁvﬂie?‘ ¥3|Fbtn géol ecul es, for exanple, ethanol. The

term ' hydr Sh-eal§ ol vent is water.
itis expected that the compound of the invention may be isolated as one

10 or more hydrates or solvates, and in single or multiple crystalline polymorphic
forms. Any reference herein, including the claims herein, to “compound with
which the invention is concerned” or “compound of the invention” or “the present
compound”, or “compounds of formula (I)" and the like, includes reference to
salts, hydrates, and solvates of such compounds, and crystal forms thereof.

15 The term ‘solvate’ is used herein to describe a molecular complex
comprising the compound of the invention and a stoichiometric amount of one or
more pharmaceutically acceptable solvent molecules, for example, ethanol. The
term ‘hydrate’ is employed when said solvent is water.

The compound of the invention has two chiral centres indicated by

20  asterisks as follows:

CN
N
Z
O
HN *jilfN/\/\N/\/\N
0N H
F
CF

Preferably the compound of the invention has predominantly the R-R
configuration, (shown in formula (1A)) at those centres, rather than the R-S and/or



The conpound of the invention has two chiral centres indicated by asterisks
as follows: Preferably the conpound of the invention has predomnantly the
R- R conf iworatimm3s(shown in formula (1A)) at those cenPCesgB20BN (56092t han
the R-S and/orS-S configuration. Thus gref erred sanpl es of the conpound of
the invention predom nantly contain the R-R di astereoner. For exanple,
sanpl es of the conpound of the invention may consist of at |east 90%
pref er abl \s-gtcohfig@shti®®% and nore preferably 98%or nore, by weight of the
R-R di astereoner as depicted in of formula (1A), and | ess than 10% 5% or
2% by wei ght respectively of other diastereoners. The conpound of the
invention is ¢Nptended for pul nonarygyadm nistration for the treatnment or
prevention ofl . respiratory tract dikeases in which HNE is inplicated, for
exanpl e chr@ obstructive pul afy di sease (COPD), chronic bronchitis,

| ung fibrosis# prbeurmni a, acutgr iratory distress syndrone (ARDS),

pul monary enphysgma, snoking-induced enphysema or cystic fibrosis, asthm,
and rhinit Y. Thug~congounrds¢f [t h&H nvention may be used in a method of
t herapy, feryhetreatndnt of regt suff€Ming froma respiratory tract

conditi on or
invention id

di sease as defined abgQve. Hence anot her aspect of the
phar maceuti cal corfpogition adapted for pul nonary
adm ni strati vFinhal ati on, Fsi ng the conpound of the invention and
one or nore pharpéceutically ﬁclsept able carriers or excipients. As

expl ai ned above, the pharnmaceutical conpositions of the invention include
t hose wherein the conpound of the invention is predom nantly present as the

AR et B R R R R o Rt L Sk T
| east 90%contairathd RaRtdifstreocnierat ForeasdmB8%sanpker & thg cwphghundodf thee R R
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preferably 98% or more, by weight of the R-R diastereomer as depicted in of
formula (IA), and less than 10%, 5%, or 2% by weight respectively of other
10  diastereomers.
The compound of the invention is intended for pulmonary administration
for the treatment or prevention of respiratory tract diseases in which HNE is
implicated, for example chronic obstructive pulmonary disease (COPD), chronic
bronchitis, lung fibrosis, pneumonia, acute respiratory distress syndrome (ARDS),
15 pulmonary emphysema, smoking-induced emphysema or cystic fibrosis, asthma,
and rhinitis. Thus, compounds of the invention may be used in a method of
therapy, for the treatment of a patient suffering from a respiratory tract condition
or disease as defined above.
Hence another aspect of the invention is a pharmaceutical composition
20 adapted for pulmonary administration by inhalation, comprising the compound of
the invention and one or more pharmaceutically acceptable carriers or excipients.
As explained above, the pharmaceutical compositions of the invention include
those wherein the compound of the invention is predominantly present as the R-
R diastereomer (relative to the S-S and R-S diastereomers). Preferably the
25  compositions of the invention contain the compound of formula (l) as at least
90%, or at least 95%, or at least 98% or more by weight of the R-R diastereomer,
and less than10%, 5% or 2% respectively by weight of other diastereomers.

Compositions suitable for administration by pulmonary inhalation are



Conpositions suitable for adm nistration by pul nonary inhal ati on areknown,
and may include carriers and/or diluents that are known for use in such
conposi t iwa010fises38onposi tion may contain 0.01-99% by wecCghaB2ofo/@einyve
conpound. Preferably, a unit dose conprises the active conpound in an
anount of 1 ng to 10 ng. The nost sui t%bl e dosage | evel may be determ ned
by any suitable nethod known to one skilled in the art. It will be

under st 00GnoWAVENEmay MdlfudeN@reasdrdicr BRRHR! thhPBrekNodRFdr ¢dd Arsupt | ent
wi |l depend upon a variety of factors, incl Udl&g the activity of the

speci fi c COMPOSHANE hatl NPsCeBReLitiamenaiyEontebyd.- WePgHt bydweight qenastie heal th
and sex ofcohyeuRAt iIPp8feraty, Bumi d@s‘!ﬁ&d?ﬁﬁjisregtth@Bcti\yéq@orﬁﬂbﬁrﬁie@faé\ramount

adm nistration, the rate of excretion, the use of any ot ugs, and the
severity of 1tlgtodiOsg@se undergoing treatnent. In general, the daily dose

range will lie-pnithint n fi L.om . . : ng per
kg bod\élI wei ght 1tﬁ‘l Q*O%Jm@fj?@prgg é;iealg%\}y%l d.ﬁgg%n%%fageqé%% tb&ogﬁg'.%étr%&gg, and
nost pr ef enethbg kBowntto ob@ skijlegein thg,art. nit svithgk aindersdood, dedvedes ehat B8 t he

ot her hand, il may be _necessary 1o use dosages qutside these Jints in sone
cases. Forsbaﬁlf'?\?ﬁ%}mgiori ﬂ'P\"éPﬁft%éB r p@ﬁ%nta‘ﬁﬁli‘%é’eggr&ﬂﬁnna Vlaé'eg(r%gf{?%?'y in the
form of midi@nirg thea@ivity bRee smicifieecapiuatalatiy vded atheige, Bbdy Relyat ques,

i ncludi ng spra -drK'bng freeze-drying and mcronisation. By way of exanple,
a conposi & ngénperla eflthy aRd; 5% ofel epAtishb gipe @ dministiaigth dpe iowisrofdel i very
from gonekyahiisistratn, #%e fdte FERERkOH, NN dsb%'aﬂl\%ﬁﬂl’i’é}edrbéé‘,tandf e s%&e.;@' e for

use in a pressurised netered dose inhaler (P Ig. Propel l ants suitable for
use i n a Pihe sisearaoidergringdregknented!npeersral, thedlailndlosgeracge vt lie

HFA- 1342, iy B2TanbBE 8 A6k 81 0% EEALIAR ACHLFR g \aahiiFae) . 10 a

preferred e n the 1 nvention; a conposi 0 ntron is in
dry powdemdroma|, preferatdy iOvidr ;mgutsi atypué S8rmg pentgr and nadst préferb)y. 0Metoy t ypes
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15  to use dosages outside these limits in some cases.

For delivery by inhalation, the active compound is preferably in the form of
microparticles. They may be prepared by a variety of techniques, including
spray-drying, freeze-drying and micronisation.

By way of example, a composition of the invention may be prepared as a

20  suspension for delivery from a nebuliser or as an aerosol in a liquid propellant, for
example for use in a pressurised metered dose inhaler (PMDI). Propellants
suitable for use in a PMDI are known to the skilled person, and include CFC-12,
HFA-134a, HFA-227, HCFC-22 (CCl,F;) and HFA-152 (CH4F, and isobutane).

In a preferred embodiment of the invention, a composition of the invention

25 is in dry powder form, for delivery using a dry powder inhaler (DPI). Many types
of DPI are known.

Microparticles for delivery by inhalation may be formulated with excipients
that aid delivery and release. For example, in a dry powder formulation,
microparticles may be formulated with large carrier particles that aid flow from the

30 DPI into the lung. Suitable carrier particles are known, and include lactose
particles; they may have a mass median aerodynamic diameter of greater than
90 pm.

Aerosol generation can be carried out using, for example, pressure-driven

jet atomizers or ultrasonic atomizers, preferably using propellant-driven metered



that aid delivery and rel ease. For exanple, in a dry powder fornulation,

m croparticles nmay be fornmulated with large carrier particles that aid flow
from t he WBI20ioBes38he | ung. Suitable carrier particles ace/daromwnso@ad

i nclude | actose particles; they may haye a mass nedi an aer odynam c di anet er
of greater than 90 mm Aerosol generation can be carried out using, for
exanpl e, pressure-driven jet atom zers or ultrasonic atom zers, preferably
usi ng propgldsalit oldpiopelantetedy SeRARISARAbS o mibloARel! #tilve fdoRfpoaras Rkt ration

of mcronized active conpounds from for exanple, inhalation capsules or

ot her " dr forsyaale. ighalatialy cansplasarotherhdryRawdes” dolivebusibterd§: be dosed as
descr i bed depengikngci EGRpbiipltly BESeL %@ddeécﬁPgalddérgeﬂamrgooﬁ heeactive

conpounds, the admnistration forrs nay additiona cont ai n~exci prents,
such as, frdalesxsyspgre, ugedopdl laddition (te.the aativgerompounde, thesadministestioned

aer osols r - act | . |.si fier 1] zer
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i nhal er s) Foigeniif tlepaspof ateterefl ladrbsais)astiface-adiveosubdtancesy et Bifiers, poses of
i nhal ati on K | ar ge _nunber ofﬂ s%ste are av(a]]i | abl e vy'bth whiqc{h aer osol s of
opt i mum p&fd 8?&5’31"2%”83%"38(9 gerrEigs: J'SNE BdAFRPe R 1BY CagEi HgParer

i nhal at i omHagsrBNb G ifapphdptatd, Sudigraenvé adpboidst he patient. In addition to
the use of adaptors (s acers,érre‘%é)ianders and &ear-?ha ed containers (e.g.

Nebul at or (r), VO iPRPHERASES,Of 3R Faleree QRIPERST SXttEMSRIeAVAIRRIEr spray

(Aut ohgl ewfith)which QerdEBiseoeshtRRIM pattie sife B beGéndFattd ahBddafsiSteRld, POoWder
I nhal ers, a nunber of technical solutions are available (e Di skhal er(r),

Rot adi sk( UpingTaY inbAkatien (teghrique whichrin gperepriats fastaenprtients Inesisitiondd
composi t1 are 115°' B a0gpRAS 3ePlocht, BEIRRRIN NP oAl R i NP
Li g. ConeNebulaton®,/ Volumatio®), Tand hawomatic odenessh amaiftingF a4. pifer gspragani st er
D chlor Odi(i\bt%%l%%)t, *P@ﬂ%ete'F!eFd %gro%glsgin/ pa(fﬁgulasrt ifi the case of powder inhalers, a
15 number of technical solutions are available (e.g. Diskhaler®, Rotadisk®,
Turbohaler® or the inhalers for example as described EP-A-0505321).

In the case of an aerosol-based formulation, a preferred composition is:

Compound of the invention 24 mg / canister

Lecithin, NF Lig. Conc. 1.2 mg / canister
20 Trichlorofluoromethane, NF 4.025 g/ canister

Dichlorodifluoromethane, NF 12.15 g / canister.

The compound of the invention may be used in combination with other
drugs that are used in the treatment/prevention/suppression or amelioration of
the diseases or conditions for which present compounds are useful. Such other

25 drugs may be administered, by a route and in an amount commonly used
therefore, contemporaneously or sequentially with a compound of the invention.
When a compound of the invention is used contemporaneously with one or more
other drugs, a pharmaceutical composition containing such other drugs in
addition to the compound of the invention is preferred. Accordingly, the

30 pharmaceutical compositions of the present invention include those that also
contain one or more other active ingredients, in addition to the compound of the
invention.

Suitable therapeutic agents for a combination therapy with the compound

of the invention include: (1) a corticosteroid, for example fluticasone or



The conpound of the invention may be used in conbination with other drugs
that are used in the treatnent/prevention/ suppression or anelioration of

t he di seawe=0mvoseeadi tions for which present conpounds ace/Gaefolso09Such

ot her drugs nmay be adm nistered, by a route and in an anount commonly used
t heref ore, contenporaneously or sequeﬁ%ially wi th a conpound of the
invention. \Wen a conpound of the invention is used contenporaneously wth
one or dysig c i ch ot her
rugs. i n ogdrey e (N, (2 B0RNBRASHId BhoREEDRN SARMRTApIc o
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a conbi na‘ahmgohistsr atrnryn %tﬂmtrtobmnmd»mqnnlded (B a tdual museatiniord (M8) redeptofl) a
corticosteroid, exanpl e fl uticasone orbudesoni
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t obramycin and aztreonam_ The invention is further explained in the
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15 A. Synthesis of the compound of the invention

The routes shown in Schemes 1 to 3 describe alternative routes for the
synthesis of Compound (lIA). The Biginelli reaction between 2-bromopyridine-5-
carboxaldehyde, (3-trifluoromethylphenyl)urea and an alkyl or aryl acetoacetate
e.g. methyl acetoacetate, forming compound (1) may be carried out in the

20 presence of a catalyst such as polyphosphoric acid. Replacement of the bromine
atom with a cyano group can be achieved using various standard cyanation
reaction conditions e.g. acetone cyanohydrin with copper catalysis. Chiral
separation of the enantiomers of (2) can be achieved using chiral HPLC.
Bromination of the (R)-enantiomer (3a) using bromine, or other standard

25  brominating reagent, may then provide (4) (Scheme 1).



The routes shown in Schenes 1 to 3 describe alternative routes for the
synt hesis of Conpound (I A). The Biginelli reaction between

2- br onopywOdnresee3scar boxal dehyde, (3-trifl uoronet hyl pheaflgBzoezsenvd an

al kyl or aryl acetoacetate e.g. nethyl acetoacetate, form ng conpound (1)
may be carried out in the presence of % catal yst such as pol yphosphoric
aci d. Repl acenent of the bromne atomw th a cyano group can be achieved
usi ng various standard cyanation reaction corditions e.g. acetone
cyanohydrin with copper catalysis. Chiral s ration of the enantioners of
(2) can be aam,eved usi,ng chiral HPLC. Brompdtion of the (f?)-enantioner

(3a) using BPeg ne, orl ot her s} andar @ppromi natifhg redgeft, may then provide
(4) (Scheme 1) i Schend 1Al ermaoiwel-y—-Sc

o )OMa—Bi-g+rel | i reaction
bet ween an es of 5-fornyhpyri di neTdr carggoyyNi ¢ acudpiPaa al kyl or aryl

acet oacet adfg”and ( 3-tr%H9 uor orret hyl phenyl ) a in thBMpresence of a

cat al yst such as pol yphosphoric acid nay be egy Specifically, nethyl
5-fornyl pyridi ne-2- carboxyl ate (5), whieR can be prepared by carbonyl ation
of 2-bronopyridi ne-5- carboxal dehyde in the presence of nethanol, can be
reacted with mmt hyl acetoacetatecand (3-trifl uoronetdwl phenyl) urea to give
conpound (6). nversion to the rboxylic acid (7) “f¢gn be achi eved using

Z
standard hydrollysis conditions &. g. aqueous sodi umiQydr oxi de. Formation of
a di ast ereomer]i c{m xt urg,gf salts treatgent of (7) Wth (+)-cinchonine,
and crystal hN I @veoft-he J{ Ry HNgNt Oerer —pi-ef er e i YMer om et hanol ,

allows the j i on of y{®) afOtJeN reat mem¢cay t h @éi . r the formation of
am de (9), redctions nmay be accaompli shed usichg standard conditions, for
exanpl e treat t of the aci dﬁwith car bonyl di zoI e foll owed by
reaction WFfh™>anméi a. The bk Hat Ben of (8) t&Fgive (19) may be achi eved

using, for_exanple, bromne or L/-bronosuccinimde. Internediate (9) may
alternati @@h?mﬁé converted into internmediate (3), which is useful in the

al ternative patpepativegheshebhe BY a Biginelli reaction between an ester of
5-formylpyridine-2-carboxylic acid, an alkyl or aryl acetoacetate and

5 (3-trifluoromethylphenyl) urea in the presence of a catalyst such as
polyphosphoric acid may be used. Specifically, methyl 5-formylpyridine-2-
carboxylate (5), which can be prepared by carbonylation of 2-bromopyridine-5-
carboxaldehyde in the presence of methanol, can be reacted with methyl
acetoacetate and (3-trifluoromethylphenyl) urea to give compound (6).

10 Conversion to the carboxylic acid (7) can be achieved using standard hydrolysis
conditions e.g. aqueous sodium hydroxide. Formation of a diastereomeric
mixture of salts by treatment of (7) with (+)-cinchonine, and crystallisation of the
(R)-enantiomer preferentially from ethanol, allows the isolation of (8) after
treatment with acid. For the formation of amide (9), reactions may be

15 accomplished using standard conditions, for example treatment of the acid (8)
with carbonyldiimidazole followed by reaction with ammonia. The bromination of

(8) to give (10) may be achieved using, for example, bromine or
N-bromosuccinimide. Intermediate (9) may alternatively be converted into
intermediate (3), which is useful in the alternative pathway (Scheme 1), by

20  dehydration.



dehydrati on. Schene 2 Schene 3 shows that both conpounds (4) and (10) nmay be
converted into conpound (1A). The dinerisation reaction with

bi s- ( 3- amwvoaprogsyd3gam ne may benefit fromthe use of a uriGHB/ISH®E €. g.
triethylamne, NaHCqg 3, DI PEA etc and 19i s- (3-am nopropyl )am ne may be used
in a protected formi.e. the secondary am ne may be protected by e.g.
terf-butyl oxycarbonyl, benzyl oxycarbonyl, etc. with the protecting group
being renoved at a later stage. Conpound ¢oavd), the produminHfromthe
reaction of (10) w th bis-(3-am nopropyl yagi ne may be deh |(lated to give
(1'A) whilstB(4) reacts difeettyonicth bis Oam nopr opyl ) anm ne to give (1A).
Conpound (I@ MENOAsR. Bbtt atsyed as-t'heefr ee| base bynsive@mat ogr

converted iNgro y eat—nﬁﬁ*t—vwﬁH* Ui b|-e—aediHy” cpnjsend.

Al ternativel ('\é%ji":tﬁgb al | i saffffon g uitabl e salt,
e.g. the 4° tcﬂuegmu'brphdhape f mH;\e cpaide dimerisation keaction of (4).
Al of the reactions nmay ke performed in | Ougg sol vent at myst be

conpatible with the reagents used, and may B&scarried out at Coari ous
suitabl e tenperatures, typically 0-800C 1] Bis-(3-anm nopropyl)amn ne

Bi s- (3-am nopr opyl )am ne Et 3N, THF Et 3N, THF Schenme 3 Ceneral Methods
Reactions were not carrf@d out under an in Hat mospher e uf Pids speC|f| ed.
Wher e products Were p ~fi ed by col um chr, t ography on Nca, 'silica

refers to |I|Ccah ¢hr omat ogr aphy, 5 to O. 070 N, 230 to 400
nmesh), and' é&) re ureu)afDmH:rogen o 10B X -orllaccel er at ed
col umm el r epardty on—was—ea edl o a edi S ﬁfr) Si
cartridge, iaie! aut omaO&aNc rorrat"b@f’/oé.‘ﬁmq)w was Lmled ( ash(r)
conpani on) toget her w@\a pre- packed pol pyI ene (Redi (r)) colum
containing silica CF, (8 CF3 © CF, (10)

Scheme 2
Scheme 3 shows that both compounds (4) and (10) may be converted into
compound (lA). The dimerisation reaction with bis-(3-aminopropyl)amine may
5 benefit from the use of a suitable base e.g. triethylamine, NaHCQ;, DIPEA etc
and bis-(3-aminopropyl)amine may be used in a protected form i.e. the secondary
amine may be protected by e.g. tert-butyloxycarbonyl, benzyloxycarbonyl, etc.
with the protecting group being removed at a later stage. Compound (11), the
product from the reaction of (10) with bis-(3-aminopropyl)amine may be
10  dehydrated to give (IA) whilst (4) reacts directly with bis-(3-aminopropyl)amine to
give (IA). Compound (lA) may be obtained as the free base by chromatography
and then converted into a salt by treatment with a suitable acidic compound.
Alternatively, (IA) may be obtained by crystallisation as a suitable salt, e.g. the
4-toluenesulphonate, from the crude dimerisation reaction of (4). All of the
15 reactions may be performed in various solvents that must be compatible with the
reagents used, and may be carried out at various suitable temperatures, typically
0-80°C.



wi th average particle size 35-70 nm (230-400 nesh). All solvents and
commerci al reagents were used as received. Analytical LC- M5 Methods LC M5
Met hod 1 waterstdssr omass ZMD with a Cl18-reverse- phase @OrGB20(08600926 nm
Phenonenex Luna 3 mmparticle size), elution with A water + 0.1%formc
acid; B: methanol + 0.1%formic acid. !&adient: Gadient - Tine flow m/nin
%\ 98 0.00 2.0 95 5 0.50 2.0 95 5 4.50 2.0 595 5.50 2.0 595 6.00 2.0 95 5
Detection - M5, ELS %I\(@OO m split to ESI source withninline Waters 996
DAD det ection) M ionisation nethod - Electrospray (p '.\;i ve and negative
ion) LG M Method 2 @ers M cromass ZMD with a Cl18-réverse-phase col um
(30 4.6 mm Phenonenex?Lgna 3 nmparticle size), elution th A water +
GE%

0.1%formc acid;, Bjacetgptrile + 0.1%form c aci duN peat: G adient -
Time flowm /min %AJBL0.H0 2.0 95 5 0.50 2.0 95 5 AOM 6r5 95 5.50 2.0 5
95 6.00 2.0 95 5 DeteLtion - M5, ELS, UV MS ionisationlpethod -

and negative ion) @i([:
(10) (4) N

Bis-(3-aminopropyl)amine Bis-(3-aminopropyl)amine
Et,N, THF Et,N, THF

O NH,
é‘
-
0
Hi/ﬁN/\/\N/\/\N N“/\NMN
0N H
Qe
g F (11) (1A)
Scheme 3

General Methods

Reactions were not carried out under an inert atmosphere unless

5  specified. Where products were purified by column chromatography on silica,
‘silica’ refers to silica gel for chromatography, 0.035 to 0.070 mm (230 to 400
mesh), and an applied pressure of nitrogen up to 10 p.s.i for accelerated column
elution. Where separation was carried out using a RediSep® Si cartridge, an
automated chromatography system was used (CombiFlash® companion)

10 together with a pre-packed polypropylene (RediSep®) column containing silica
with average particle size 35-70 um (230-400 mesh). All solvents and
commercial reagents were used as received.

Analytical LC-MS Methods
LC-MS Method 1

15 Waters Micromass ZMD with a C18-reverse-phase column (30 x 4.6 mm

Phenomenex Luna 3 um particle size), elution with A: water + 0.1% formic acid;

B: methanol + 0.1% formic acid. Gradient:



LC- M5 Method 3 Waters Quattro Mcro with a C18 LC colum (100 3.0 mm

Hi ggins Cipeus 5 mmparticle size), elution with A. water + 0. 1% formc
aci d; B: wothevisbe3s 0. 1% form c acid. Gadient: G adi enPCI/GB208/dSh@y m / m n
%\ %8 0.00 1.0 85 15 1.00 1.0 85 15 13.00 1.0 5 95 20.00 1.0 5 95 22.00 1.0
85 15 25.00 1.0 85 15 Detection - M5, LS, UV (100 m split to MS with
in-line U/ detector) M ionisation nethod - Electrospray (positive and
negative t ho ?YI% rsoM Cronmassoe 000 with a

C18-reverse- p%ase nl]\%‘ ﬁ?\ﬁ Zﬁl rﬁ%Acqwty/%gﬁ with 1.7 mmparticle size)
mei nt ai ne@.08& 400C, elut@dh with A3water + 8. 1% formic acid; B:
acetonitrbz?%+ 0.1% for (bamd Gggdlent C%adlent - Time flowm/mn %A
%8 0.00 O 9550400 95 5 6.00°0.4 5 95°6.80 0.4 5 95 7.00 0.4 95 5
8.00 0.4 @505 Detection 2.0v5 UV PDB MS ionis@bion nethod - El ectrospray
(positisve/5r)5%gative i on) % ral LC glat hods Ch'béal LC Method 1 (anal ytical)

6.00 2.0 95 5
Detection - MS, ELS, UV (200 ul split to ESI source with inline Waters 996 DAD
detection)

MS ionisation method - Electrospray (positive and negative ion)
10  LC-MS Method 2
Waters Micromass ZMD with a C18-reverse-phase column (30 x 4.6 mm
Phenomenex Luna 3 um patrticle size), elution with A: water + 0.1% formic acid,

B: acetonitrile + 0.1% formic acid. Gradient:

Gradient — Time flow mi/min %A %B
15 0.00 2.0 95 5
0.50 20 95 5
4.50 2.0 5 95
5.50 2.0 5 95
6.00 2.0 95 5

20 Detection - MS, ELS, UV
MS ionisation method - Electrospray (positive and negative ion)
LC-MS Method 3
Waters Quattro Micro with a C18 LC column (100 x 3.0 mm Higgins
Clipeus 5 ym particle size), elution with A: water + 0.1% formic acid; B: methanol
25  + 0.1% formic acid. Gradient:

Gradient — Time flow mi/min %A %B
0.00 1.0 85 15
1.00 1.0 85 15
13.00 1.0 5 95
30 20.00 1.0 5 95
22.00 1.0 85 15
25.00 1.0 85 15

Detection - MS, ELS, UV (100 ul split to MS with in-line UV detector)

MS ionisation method - Electrospray (positive and negative ion)



CH RALPAK(r) IC5 mm- 250 x 4.6 mmeluting with 10% n- heptane, 90% Et OH,
0.1%diethylamne. Flowrate = 0.7 mM/mn. UV detection at 250 nm Chiral
LC Met hoow® 20vesp@ssat i ve) CHI RALPAK(r) I C 20 mm - 250 xPZ&/gBRoslosoiong with
30% n- hept ane, 70% Et OAc, 0.1%di ethylam ne. Flow rate = 270 m/mn. W
detection at 330 nm Chiral LC Method!3 (analytical) CH RALPAK(r) IA 5 nm -
250 4.6 mMmmeluting with 20% | PA, 80% n-heptane, 0.1% TFA. Flow rate =1
m/mn. UWedatagdhed 42t 254 nm Melting Point Determ nation Melting points
were determ ned using a Buchi B-540 apparatus. Optical Rotation [af 0 5

val ues wer e obV¥atasdVisnomasOgiZoaP witht & W tdyrevergemhase Roduno kg & 2.1

pol ari et i I : i : ; »l as were
Fan'i n el TRASHORy BERT WIS £2 d Fidk 309) (ARG, £9', Rhoram 3

dupl i cat ewalarf# @n énformic acdirBi avgtardttier+ 08 for(S&)id DS@ddsur enent s wer e
perforpmed on,.a Mettler Tgl edo, DSC8 equi ppgd,Wwth a Mettler Tol edo TS0801
RO sanf)l eqr%‘ﬂﬁ?t?iﬁ;lﬁneaut oﬁﬁ‘fvéﬁ"@'grrplgé&carouselg‘? Sanpl es were prepared in 40
m al um npwn pans, the sample |idsggere autogatically pierced by the robot
and the anal ysis undertaken between_30 and2500C at 10C/ mn. Typically, 1-3
ng were uSé¥ for anal ysi 84nd the gﬁperi ment Ywas perforned under dry
nitrogen pypoed at 50 mgig/Hn 1 . The instruneny was calibrated for energy
and tenperature using certified indium X-Rav Powder Diffractoneters (XRPD)
System 1 P9 data was coPlected usPng a SienfAs D5000 diffractoneter using
Cu Ka padiafg on (40kV, 4@mp), d-q ggni oneter g di vergence of V20 and
receiving slits, a graphite secondary nonochronator and a scintillation
counter. BHI® 0.4 95 5

Detection - MS, UV PDA
MS ionisation method - Electrospray (positive/negative ion)
Chiral LC Methods
15  Chiral LC Method 1 (analytical)
CHIRALPAK® IC 5 pm - 250 x 4.6 mm eluting with 10% n-heptane, 90%
EtOH, 0.1% diethylamine. Flow rate = 0.7 ml/min. UV detection at 250 nm.
Chiral LC Method 2 (preparative)
CHIRALPAK® IC 20 pm — 250 x 76 mm eluting with 30% n-heptane, 70%
20 EtOAc, 0.1% diethylamine. Flow rate = 270 ml/min. UV detection at 330 nm.
Chiral LC Method 3 (analytical)
CHIRALPAK® IA 5 pm — 250 x 4.6 mm eluting with 20% [PA, 80%
n-heptane, 0.1% TFA. Flow rate = 1 ml/min. UV detection at 254 nm.

Melting Point Determination

25 Melting points were determined using a Buchi B-540 apparatus.
Optical Rotation

[o]% values were obtained on an Optical Activity Ltd AA-10R automatic
polarimeter using a 25 mm cell and a sodium lamp as source. Samples were run
in methanol at approximately 1% w/v. Measurements were taken in duplicate.

30  Differential scanning calorimetry (DSC)

DSC measurements were performed on a Mettler Toledo DSC823e
equipped with a Mettler Toledo TS0801R0O sample robot and automated sample
carousel. Samples were prepared in 40 pl aluminium pans, the sample lids were

automatically pierced by the robot and the analysis undertaken between 30 and



i nstrunment was performance checked using a certified Corundum standard
(NI'ST 1976). The software used for data collection was Diffrac Plus XRD
Commanderwo20By/me@ad t he data were anal ysed and present edTGB20m/@0d9Rr ac
Plus EVA v 11.0.0.3. Sanples were run _under anbient conditions as flat

pl at e speci nens usi ng powder as recei Ved. The sanpl e was gently packed into
a cavity cut into polished, zero-background (510) silicon wafer. The sanple

was rotat 9§0°'d"'aﬂ 1 Covtih. p'ﬁ'ﬂﬂé‘alﬁ”“%g%@é%éé forTé]félﬁﬁ’é andVBie &eriffened
between 2 to 42 2Q using a step size of O. 2Qand collection tinme of 4

s.step 1 Bpstprariopmdeuntigr Alnmairegsin pwged aiﬁ%@'@'fBruIIé‘P iDStrEments Was onet er
using Cu Iggp‘%? with a Lynxeye detector
fitted w 'Hrgt%eq%%éﬁf%n&a%%ﬁ erelgﬁégg;%ﬂg%tgqé\ggmperfornané/e c%ecked

usi ng a c&rRay Pewdéobifinaitiomstean G&REDY NI ST 1976). The software used for data
col | ect|o§ was ? ffrac Plus XRD Commander v2.5.0 and the data were anal ysed
and pr se ing Diffrac Plus EVA v 11.0.0.2 or v 13.0.0.2. Sanples are
run under anbi §he datadvdsi collected dding apﬂ;latrensmﬁomem&ramdmgtepm\mgrclas

recei ved. The data was col |l ected bet ween 2 te e:
0. 05 2QanKoaradiatioact40ky. AomM)oR-§ ggniometer, Cfi ergfﬂﬁﬁ’aﬁf gf g‘b‘gr’g‘éﬁﬁ‘ﬁfb‘;: én

(DVS) DVSg mg%ryrgf@hv@ss&%mefy%n%h@n%# 368 YRGB oPiet EMFhé SVB)

DVS-Intrinsic ture sorption anal yser he 1 nstrunent was controlled by
SMS Anal ymsgrusmnt was gferfpemangeDusakad uisingi a cettfied orundunpstandard (NNpRI ysi s of

t he d p S C t dard
Anal yg (?) e{@%%g@ﬂ%}éﬁ%ﬁ 8{3& (?J"Irsﬁ%@ha h? gﬁ%g 'ﬁrglg?](!t@? ﬁeﬁn C and
t he sarrpl eZJ:Bu’madxdt thewdataotveed @edlybgd ranxi p@ssntedansn@fDlﬁ/ac &hs BMA wi trogen

o 2,0t 4 e npl Z0R M B FahACaf9d] Pld pbBaBRRoY o0
(RH)) | ocabmg powaRe dsoretbivedanleesaniple wi girtlydkae itd & bevityamlirtoas a
function %];Ils{@c_il Vz\%?o ﬁgé‘k%tré"&ﬁcl ¥510) silicon wafer. The sample was rotated in its
15 own plane during analysis. The data was collected between 2 to 42 °26, using a
step size of 0.05 °26 and a collection time of 4 s.step”
System 2
The data was collected using a Bruker D8 diffractometer using Cu Ka
radiation (40kV, 40mA), 6-26 goniometer, with a Lynxeye detector fitted with a Ge
20 monochromator. The instrument was performance checked using a certified
Corundum standard (NIST 1976). The software used for data collection was
Diffrac Plus XRD Commander v2.5.0 and the data were analysed and presented
using Diffrac Plus EVA v 11.0.0.2 or v 13.0.0.2. Samples are run under ambient
conditions as flat plate specimens using powder as received. The data was
25  collected between 2 to 42 °20, using a step size: 0.05 °26 and a collection time of
0.5 s.step™.

Dynamic Vapour Sorption (DVS)

DVS analysis was performed on a Surface Measurement Systems (SMS)
DVS-Intrinsic moisture sorption analyser. The instrument was controlled by SMS

30 Analysis Suite software (DVS-Intrinsic Control v1.0.0.30). Analysis of the data
was performed using Microsoft Excel 2007 together DVS Standard Analysis Suite
(v6.0.0.7). Sample temperature was maintained at 25°C and the sample humidity

was obtained by mixing streams of wet and dry nitrogen at a total flow rate of

200 mimin™. The relative humidity was measured using a calibrated Rotronic



nonitored by the mcrobal ance (accuracy 0.005ng). 20 ng of sanple was then
placed in a tared stainless steel nesh basket under anbient conditions. The
sanpl e wawol2ondsas3and unl oaded at 40% RH and 25C (typi caCTGR2M0GOHE2t i ONsS)
and the sanple subjected to a graduated DVS regi ne over 2 cycles using the
paranmeters shown in Table 1. A DVS i sét herm was cal cul ated fromthis data.
Table 1: Method paraneters for DVS experinent Single Crystal X-Rav Single

crystal Xy ¥Sé S 200" MEEHRN MinfRiidk eRHNO M dated RRZE EPttRE | NG
anode sysPFeO%ﬁléf ?cpt%gd Wi taﬁﬁi Br uker-Norlli us R0|o|§1r«7€ canera using Xrays at

0. 71073 am@®pleonthd weiahtskangs agthe spnapdiasa fwpatempbiditd wasmengtandy

col | ected . e C i 0 ' CT
(Hooft, RWA ,etdlggﬁ?*@éﬁ%f’gﬁaé‘%‘?ﬁgcn%ﬁ?&@% %E@b%'q@m n V\gﬁlb&gp%qﬁ%rg 1997)
& COLLECTtheroplated Ry \W Yared 198i8less Stteeloneste baskeit underaardbiest corditions. by SHELX
(Sheldric 2008),. NMVR Spectroneter esfu |t . rian Unity
| nova 20&%35&5@&?’8%?5&&0?”? gﬁﬁé%&\%a%@é %&XQE@BQ %Ezr@%'g%‘t E/ogorrﬁet er.

Abgr evi at b@rﬁtﬁtlidmz@lnbrthém@nm{@e?bj@emgb asg:ztd:uared Dwdmgnlhe: over 2rptlbane DI PEA
= di -i sopropyl et am ne = [V, V-dime ornmanmi de RT = room.tenperature
Rt L 1ot oHERbrine (HRESTRETS Showp IR bl &t & DS SRR ey pls e 0y L

2- Br onopyiiglya@- 5- car boxal dehyde (170.0 g, 913 mmol ),

(3-trifluoronethyl phenyl)-urea (185 g, 906 mmvl) and net hyl acetoacetate
(106 g,

Parameter Setting
Sorption - cycle 1 (%RH) 40-90
Desorption - cycle 1 (%RH) 90-0
Sorption - cycle 2 (%RH) 0-90
Desorption - cycle 2 (%RH) 90-0
Sorption - cycle 3 (%RH) 0-40
Intervals (%RH) 10
dmdt (%min™) 0.002
Sample temperature (°C) 25

10
Table 1: Method parameters for DVS experiment
Single Crystal X-Ray

Single crystal x-ray analysis was performed on a Bruker-Nonius FR591
rotating anode system fitted with a Bruker-Nonius Roper CCD camera using X-
15 rays at 0.71073 angstroms from MoK using a graphite monochromator. Data
was collected at a temperature of 120K. Data collection was using COLLECT
(Hooft, RW.W., 1998), Cell refinement by DENZO (Otwinowski & Minor, 1997) &
COLLECT (Hooft, RW.W., 1998). Structure solution and refinement by SHELX
(Sheldrick, 2008).
20  NMR Spectrometers

NMRs were run on either a Varian Unity Inova 400 MHz spectrometer or a
Bruker Avance DRX 400 MHz spectrometer.
Abbreviations used in the experimental section:
DCM = dichloromethane
25  DIPEA = di-isopropylethylamine



913 mmol ) were added to a stirred suspension of pol yphosphoric acid (500 Q)
in dry THF (1500 m) and the reaction was stirred at reflux for 5 hours.
The sol utworrowesesssol ed to RT and poured into water (2. BCT)GB20tvgdspooduct
was extracted into ethyl acetate and the aqueous |ayer was re-extracted
with ethyl acetate. The conbined organfc |ayers were washed wth water,
then with brine and dried over anhydrous sodi um sul phate. The sol vent was
evapor at e = O XENi whi ch was di ssolved in a m ni num vol une of
di et hyl egweﬁr) %ﬁl@@%@f@ﬂ@?@% lize. The product was a white solid.

Yi el d: 28RTyrqeetgmpetaibe (Method 1): Rt = 3.83 min, mz = 470/ 472 [ M+H] +

| nt er medi tte—‘réte’?\‘ti&l?'ii%ee necked flask was charged with Internediate 1 (128.0
g, 271 mm%) cuprous 1odide (58.2 g, 310 mmol) and DMF (1250 m ). The
reacti on mRAtutriflusamcht@bed with stirring until the internal reaction
tenperatu eached 500C. Acetone cyanohydrin (45 m, 178 mmol) and DI PEA
(83.7 M, KFWS'% dwﬁ@“t hen added and the reaction mxture was allowed to
heat to0l150C and stirred for 6 hours. The solution was cooled to RT and
diluted with DCM (2.5 I) The solution was washed with water (x 3) and brine
(x 1), th&Hemmedidecher anhydrous sodium sul phate. After filtration and
renoval of the solvent under high vacuum the crude material was purified
by flash chr tography on silica gel (230-400 nesh) eluting with diethyl
ether to aftogd the title product as white solid. Yield - 1A 2 g (65%
LCG-Ms (Method Ifj: Rt = 4.06 mn, mz = 417 [MtH + Internedi ate 3a
(f?)-enantiw Meehod 1 Internediate 2 (53.1 g) was separated into two
enant i omergg~Nsitng Chiral LC Method 2. Internediate 3a (R)-enantioner

[ St ereochem gtry determ ned by X-ray
F
F

E
2-Bromopyridine-5-carboxaldehyde (170.0 g, 913 mmol),

10 (3-trifluoromethylphenyl)-urea (185 g, 906 mmol) and methyl acetoacetate (106 g,
913 mmol) were added to a stirred suspension of polyphosphoric acid (500 g) in
dry THF (1500 ml) and the reaction was stirred at reflux for 5 hours. The solution
was cooled to RT and poured into water (2.5 ). The product was extracted into
ethyl acetate and the aqueous layer was re-extracted with ethyl acetate. The

15 combined organic layers were washed with water, then with brine and dried over
anhydrous sodium sulphate. The solvent was evaporated to give an orange gum
which was dissolved in a minimum volume of diethyl ether and left to crystallize.
The product was a white solid.
Yield: 283.3g (66%)

20 LC-MS (Method 1): Rt = 3.83 min, m/z = 470/472 [M+H]"

Intermediate 2

A three necked flask was charged with Intermediate 1 (128.0 g,



crystal |l ography of brom nation product (Internediate 4)] Recovery = 26.0 g
(4999 HPLC (Chiral LC Method 1): 5.8 min (>98.6%ee) Optical rotation [afD
5 -12.8 Iwbermads@Be 3b (S)-enantionmer al so recovered ReCOIGB29102050828 ¢
(45% HPLC (Chiral LC Method 1): 10.0 min (>99.5%ee) Optical rotation [afD
s +10.6 Method 2 Intermediate 9 (140 Af, 0.32 mol) was dissolved in DCM (
1 .5mM) and DM (0.05 m, catalytic) was added, followed by phosphorus

oxychl of 981 %&h@#pr&%oml(bg%f%ﬁ‘rﬁﬁwﬂ ean\ﬁeéMkE{%sé I)St?f'?léje% {gﬂ_ for 3

days, then quenche hwat er th pro uct extracte I nto acet at e.
The or ganimixthzeywas iestadhwite dstinirnghuntittee intefrah redationbemperatnee t:hacbdd over

hyd i ul phate, Th d L

Sl on S e MEpERarSAnehy APy | HaTHiR AREPIEA RS 7E N pur i 11 e
b?/ onta ReteSemér %ad&?d Ca’i{dt tHed gactish ﬂﬁlr);g.@e W/ca%\hefdli éa?gﬁaﬁitteﬂwm gn@ az t
el uen rrate racti ons were CO ined to I e e.r ul r roduc
as a pal esg @%sﬁforﬁ apyrs. 1thergolptongvap coptsd( F@ﬁdﬂ"vtﬁ Wﬂhiﬂ%M <§i5n' mz =
417.29 [ Myh+ cﬁmdnCWaerBé‘ﬁéd)'ﬂvn[ha@anﬁ(x’ 3P.0d SRy ?QQPG%&‘F rdYeGQNe'rr”Ed as

(R by conparison with Internmedi ate 3a prepared by M . Internediate 4
A sol ut i oanbydrpus aediem( spiphade g Afteslitratien and fﬁm%\r%robﬂlﬁrﬁ?ﬁ“(em@nﬁ?')h'%s added

dropwi se Q¥&N O Gub8 Maihial W&Y pRfhidt b9h dHbRaBTARLorillcd Akl 9:

(230-400 mesh) eluting with diethyl ether to afford the title product as white solid.
10 Yield = 74.2 g (65%)

LC-MS (Method 1); Rt = 4.06 min, m/z = 417 [M+H]"
Intermediate 3a (R)-enantiomer

CN

)

o]

Hﬁl\&/ﬂi”\OMe
O" N

E
£ F
Method 1
15 Intermediate 2 (53.1 g) was separated into two enantiomers using Chiral
LC Method 2.

Intermediate 3a (R)-enantiomer [Stereochemistry determined by X-ray

crystallography of bromination product (Intermediate 4)]
Recovery = 26.0 g (49%)
20  HPLC (Chiral LC Method 1): 5.8 min (>98.6% ee)
Optical rotation [a]T -12.8°
Intermediate 3b (S)-enantiomer also recovered
Recovery = 23.8 g (45%)
HPLC (Chiral LC Method 1): 10.0 min (>99.5% ee)
25 Optical rotation [a]s +10.6°
Method 2
Intermediate 9 (140 mg, 0.32 mmol) was dissolved in DCM (1.5 ml) and
DMF (0.05 ml, catalytic) was added, followed by phosphorus oxychloride (0.3 ml,
3.2 mmol). The mixture was left to stand at RT for 3 days, then quenched with



250 mmol ) in chloroform( 1 1) containing solid potassium carbonate (74.0
g, 530 mmol ). After stirring for 1 h, the suspension was filtered and the
sol vent wa® 208mmB9@d under reduced pressure to | eave a paCa/GB2bionsdeam
This was dissolved in a mninumvolunme of ethyl acetate and diluted with

di ethyl ether. The product crystalli z&84 as a white solid, which was
filtered off, washed with 10% ethyl acetate/diethyl ether and dried in
vacuo. Yi ghthrSamft 1k gﬁé‘a@ct EXtRREANGhtS ' QRyIDEGRERE TR Bidink YerondS% LC- VB
(Method 2): Rt = 4.19 mn, mz = 495/497 [ MtHf The stereochem stry was
conf i r medwashgdryvithywatehghen avitiskrine xod gyied royet anhydjeupisedinm BulghaiSace group
P 1triclipi R f r,Qf (€9 F t (sd +
0.007) S e vt F@r%g‘?re‘“{a&rﬁ'ge.rg@e]?%(gd § %Sgg‘%) "l%ﬁ%ﬁg@‘?@{% & dfindés

2- Br onopyyieltingea broan foaral dEy deas pdrifie@ebyypn BOBedifep® Ghasartiidgsolisiegl i n a
m xture o anol, (1Q d 1 {El | am_n 4 m, 20
nmol ) %Sg%‘ggé% et%gl %‘ﬁefqgteé‘%ﬁrﬁ%eo%u(sengdgg@%@ﬁf%ﬁ?ﬁ% I\Iﬁgea‘%ogﬁé?geds( 56 ng,
0. 25 mol jo yiad the teduireddirptest ks phesiplfoame) f errocene (0.28 g, 0.5 mmol ). The
m xture “’?Ségﬂe asszg 023/ bubbl i ng t hrough carbon nonoxi de gas and was then
kept under’ 284 hé e of carbon rmonoxide at at nospheric pressure using a

bal | oon. ThausiMctdd MRt RepdLehiRtmB5041 7,29 (M8HTour s, then poured into
wat er and extracted with et% acetate (100 m). The ogrgani c phase was

washed with waBticglx rotptiemdlobyr i 118-03nd $ieeaprchemisinoveentianes o U&) sBdi um
sul phate. The dryi fi f ol t he sol ution was evapor at ed
to dr%esgory%‘ﬁ%%n‘gﬁ?iﬂg%ﬁ(edsﬁ\%ﬁﬁaAr%’ﬁ%rggb sM%ﬁ§§f1i' ed by chromat ography on a
Redi Sep( r )nt&imexhaiterd dge using 0-40% et hyl acetate in DCM as el uent.
Appropri ate actions were conbined to yield the required product as a pale
pink solid. Yield = 750 ng (45% 1H NMR (400 MHz, CDCI3) d = 4.06 (s, 3H),
8.32 (m 2 ,\/N9.20 (m 1H), 10.22 (s, 1H

70

H/El\ﬁiOMe
07 N Br

F
F

A solution of bromine (41.6 g, 260 mmol) in chloroform (200 ml) was
added dropwise over 30 min to a stirred solution of Intermediate 3a (104 g,
15 250 mmol) in chloroform (1 1) containing solid potassium carbonate (74.0 g,
530 mmol). After stirring for 1 h, the suspension was filtered and the solvent was
removed under reduced pressure to leave a pale yellow foam. This was
dissolved in a minimum volume of ethyl acetate and diluted with diethyl ether.
The product crystallized as a white solid, which was filtered off, washed with 10%
20 ethyl acetate/diethyl ether and dried in vacuo.
Yield = 54 g (44%). A second crop brought the yield up to 85%
LC-MS (Method 2): Rt = 4.19 min, m/z = 495/497 [M+H]"
The stereochemistry was confirmed as (R) by single crystal X-ray
crystallography with a space group P1 triclinic, R factor of 0.0518, GOF 1.038,
25  Flack parameter 0.042 (sd + 0.007) and Hooft Parameter 0.083 (sd + 0.007).



Internediate 6 To a solution of polyphosphoric acid (2.9 g) in THF (20 m)
was added Internediate 5 (0.85 g, 5.15 mmol ), (3-trifluoronethyl phenyl)urea
( 1 .05 gyvoxomdsmesel ) and met hyl acetoacetate (0.60 g, PCIKGBmMDIOS009The

m xture was heated under reflux for 6 hours, then cooled to RT and the

sol vent renoved under reduced pressuré9. The residue was partitioned between
et hyl acet ate and water. The organic |ayer was separated and washed with

wat er, Blleiddie 5and finally dried over anhydrous sodi um sul phate. The
drying ag Was tered offand the filtrate was evaporated to dryness

yi el di ng a §02Me yeI | ow foam Purification was achi eved by chromat ography on
a Redi Sep@ Si cartridge using ethyl acetate as eluent. Appropriate
fractions e conbined to yield the requi red product as a col ourless foam

Yield = 1 g (53% LC-Ms (Method 1): Rt 4.02 min, mz = 450.35 [ MtH] +
Intermedi te°7 To a sol ution of |nternedi ate 6 (1.2g9g, 2.67 mol) in THF
(30 M) was adggio&uwbymh@méwﬂ@mme}@dsqh 186i 91 003nMhotyl was3diesstvad jn.a The

| ut t for 4 h Th | vent d to hal f
Vol e antodnenphBERRBR (1T ah WNe P aapse elistte Ghes <8 ut i on
vas exsragp st WasXdded3 'Pb ffis %Ihtl&ﬂd«a‘s%déérﬁéﬂla@idnﬁﬁbra%@ieﬁe‘(ﬁ’ fgnashed

with water, then brine and finally dried over (3/ rous_ sodi um sul phat e
anhydr ous 0-28h@m)y BAg 1ab@rﬁ(dtm/a@nsflmhqs¢sh@e)faﬁacqn¢e( 28td -8 mEsDeviPRrated to

R 23 op M 8 L8R A A7 BLARE (W edlbdn Ichofide a0 b VRS R g,
2.52 m"rDI yemndw(a)anmtnmlsphuerneof(chnl@orrrgw,ongxee ahabnpspherie RIESSIIE WSig hot
cthanol ) ind e RPL WS o067 5255 B, A6 BB, 16 O BUSHR] ler2nd €1
10 and extracted with ethyl acetate (100 ml). The organic phase was washed with
water (x 2) and brine and then dried over anhydrous sodium sulphate. The
drying agent was filtered off and the solution was evaporated to dryness yielding
a dark solid. This was purified by chromatography on a RediSep® Si cartridge
using 0-40% ethyl acetate in DCM as eluent. Appropriate fractions were
15 combined to yield the required product as a pale pink solid.
Yield = 750 mg (45%)
1H NMR (400 MHz, CDClI;) & = 4.06 (s, 3H), 8.32 (m, 2H), 9.20 (m, 1H), 10.22 (s,
1H)

Intermediate 6
COOMe

20 F
To a solution of polyphosphoric acid (2.9 g) in THF (20 ml) was added
Intermediate 5 (0.85 g, 5.15 mmol), (3-trifluoromethylphenyljurea (1.05 g,
5.15 mmol) and methyl acetoacetate (0.60 g, 5.15 mmol). The mixture was
heated under reflux for 6 hours, then cooled to RT and the solvent removed
25 under reduced pressure. The residue was partitioned between ethyl acetate and
water. The organic layer was separated and washed with water, then brine, and

finally dried over anhydrous sodium sulphate. The drying agent was filtered off



was suspended in 1IN HCl (20 m) and extracted into ethyl acetate (3 x 20
m ). The conbined extracts were dried over magnesium sul fate, filtered
andevaporwiDedinmssgg8ve a white foam Yield = 370 ng (67%pCHRIB20(0@sMal LC
Method 3): Rt = 24.5 min. This corresgonded with the second eluting

enanti oner when conpared with the racéhic mixture (Rt = 15 nin and 24.5
mn) Stereochem stry confirnmed by conversion into Internediate 3a via

| ntermedi gh@ Re mrra?é Wﬁﬁ'é aé\?ap%rétga efd%@s@ ielding2a gpalg }eli’omé% was

di ssolved in THF , 1- carbon di i m dazol g, 4.22 mol)
was addedPurifiqatios dVQﬁt a@hewa:isby éhltormasom\pgy an @Reﬂtﬁep@ ﬁoga%ﬂdgeh'eﬁtngas%

agueous a pi 0 e red for
a further aﬁeé‘?éq% ﬂﬁ&& &ked%%e?er%?‘y%ngﬁrgm%@gl &eto\gz%mtshﬁeé pr oduct
was extracetqaalﬂedtprcm@t hyla betrigse foame or gani ¢ phase was washed with water
(x 2), r and dried over anhydrous sodi um sul phate. The drying
agent ?Nas%elﬂ éhze (%%) and the solution was evaporated to dryness yielding
a col our | eesMEgmEthod Bt &t = 00BAn,(MHR% 43038BM#Athod 2): Rt = 3.90 min, nfz
= 435 [I\/HrE!+ St ereolchem' stry confirmed by conversion into Internediate 3a.

I nt er medi Igt rmediate 9 (0.84 g, 1.93 mol) was dissolved in
chloroform ¢osol ution of bromne (0.48 g, 3.48 mml) in chloroform (2 nl)
was added toxjhestirred suspension over 10 min, and then the mxture was
left to sti t RT for 30 mn. The solvent was renoved by evaporation under
reduced pressurje and the residue was partitioned between ethyl acetate and
10% aqueous ppt a@ds um car bonat e sol ution. The organi c phase was washed with
wat er, th@rf* h brine and finally dried over anhydrous sodi um sul phate.

The dryi ng ent was filtered
F
F

F

To a solution of Intermediate 6 (1.2 g, 2.67 mmol) in THF (30 ml) was

10 added 1M sodium hydroxide solution (3.0 ml, 3.0 mmol). The solution was stirred

at RT for 4 hours. The solvent was reduced to half volume and 1M hydrochloric

acid solution (12 ml) was added. The solution was extracted with DCM (3 x

50 ml) and the combined extracts were washed with water, then brine and finally

dried over anhydrous sodium sulphate anhydrous. The drying agent was filtered
15 and the filtrate was evaporated to dryness yielding a colourless foam.

Yield = 1.11 g (95%)

LC-MS (Method 1): Rt = 3.90 min, m/z = 436.33 [M+H]"

Intermediate 8
CO.H

20 Intermediate 7 (1.1g, 2.52 mmol) and (+)-cinchonine (740 mg, 2.52 mmol)
were dissolved in hot ethanol (6.5 ml). The solution was allowed to cool to RT
overnight and the crystalline solid filtered off (0.78 g, 84% of theory). This salt
was suspended in 1N HCI (20 ml) and extracted into ethyl acetate (3 x 20 ml).

The combined extracts were dried over magnesium sulfate, filtered and



off and the filtrate was evaporated to dryness. Yield = 0.93 g (94% LC M5
(Method 2): R = 3.61 min, mz = 513/515 [ MtHf Internediate 11 Internedi ate
10 (0. 93 wyop 201088663801 ) was di ssolved in THF (15 m) andPCTiGE2b1/@mRe ( 1
.0m, 7.24 mol) was added, followed by bis-(3- am nopropyl)am ne (0.25
m, 1.81 nmol). The nixture was left b stand at RT for 24 hours, then the
sol vent was renoved and the residue was purified by chromatography using a
Redi Sep(rév%orﬁt%ﬁttf)i €a Wﬂﬂe‘?c?ﬁ];ﬁ% 2M ammoni a i n net hanol / DCM as el uent. The
appropriate Tractions were conbined to yield the required product as a pale
f oam i elvield 2870myg (B0%) LC-Ms (Method 2): Rt = 2.30 min, mz = 932. 34

[ MFH + Co . sal £\s »1-5 d.T ol ut | of. I diate 4
(54.0 g, %@#ﬁf'{aﬁ'ﬁa@gﬂ“’?’e@o Rr}ﬂ") 248 R T o °y"lldg?ng’ﬂteh {"235.@?8{#? 436
mol ) andeiutieg Selantiber sthenr conpdred Y@thuthderacemio gexture (Rt = 15 min and

Bi s- ( 3- am'ag%pr ogyl Jamne (14.3 g, 2.28 m, 109 mmvol) was di ssolved in THF
(50 n1§ and>did to the solution in one portion. The mixture was then

stirred at 2506tdrebchemiBayr SonflFAfedr @3CtdoAters@nUtintdn |H@FmEEiEtECe3h i ia Vol une
to ca.150 nl and partitioned between ethyl acetate ( 1 1) and water (500

m). The Igeredigie’® separated and the aqueous |ayer was re-extracted with
ethyl acejatgndid@ g1 ). The conbined organic |layers were washed with water
(500 M) anda brine (500 m) and then dried over sodium sul phate. The
sol ution wasfPVtered and the filtrate evaporated to dryness yielding 53.0
g of a pal e@am The foam was di ssolved in 10% MeOH Et CAc (500 m) and a
sol ution of ~4¢ 4 ol uenesul phoni ¢ aci d nonohydrate ( 11.0 g, 58 mml) in 10%
MeOH Et OAc, (50 '2/' was added. The clear solution was stirred for 2 hours,
duri ng whi'éi i me“e

0N

O

E
10 Intermediate 8 (0.92 g, 2.11 mmol) was dissolved in THF (10 ml) and 1,1-
carbonyl diimidazole (0.69 g, 4.22 mmol) was added. This solution was left to stir
at RT for 2 hours, then 33% aqueous ammonia solution (10 ml) was added and
the mixture was stirred for a further 30 min. After this time, water (25 ml) was
added and the product was extracted into ethyl acetate. The organic phase was
15 washed with water (x 2), then with brine and dried over anhydrous sodium
sulphate. The drying agent was filtered off and the solution was evaporated to
dryness yielding a colourless foam.
Yield = 0.84g (93%)
LC-MS (Method 2): Rt = 3.90 min, m/z = 435 [M+H]’
20  Stereochemistry confirmed by conversion into Intermediate 3a.

Intermediate 10
CONH,

Intermediate 9 (0.84 g, 1.93 mmol) was dissolved in chloroform. A

solution of bromine (0.48 g, 3.48 mmol) in chloroform (2 ml) was added to the



the tosylate salt (Salt 1) was precipitated as a colourless crystalline
solid. This was then filtered off, washed well with 10% MeOH Et OAc and
dri ed at 8Orzbawosai3s45C. Vi el d 37.35 g (64% The salt @ECGB20WAS0092
re-crystallised from MeOH and the white crystalline product was filtered,
washed with a little cold MeOH and dried in vacuo at 4500C Recovery = 10 g
mp. = 188-190C LC-Ms5 (Method 3): Rt = 7.46 min, nlz 896.39 [MtH + and Rt
3.26, Mgrey y%en%@n[&%qm]fﬁn'\lyﬁd (tl@pthMT'ﬁlxtLﬂ@Vﬂ@@h tQ sﬁr at RY f6t”330 4aH) ,
2 96 (s, 3H), : 4H) , 5 (d, 2H),
7.06 (m BW)., Thespl qmtv\@rsbrempvg@by ee/@ppmtloemdevre}iz.lcegrprgssuzwpnd1h696 8. 09
(m 4H), ( o R4 [afD 5
-58.3 St efrgee(?ﬁﬁegnggt 55})““0 d|2(r2)r?e lé%%' aﬂ%éfbbéd%(drzg%l) crylg::éa S trrt%tg"tu&?e of
| nt er medi aarbodate ddfgfiars cdpe @lrgqmchbasqawaewva(schledngléﬁ wateratien(With brinef @ 25C

about  assend e o Gie B iae Sl Suifale Rt BRAICAbIMEERIBE. i ng

t he hi ghesff andltie¢ fiNrate Wbeﬁsamora&)d tofdryfe’s XRPD di ffracti on pattern
char act er SI ng Q@ 2 7 al l'i ne 4-met hyl benzenesul phonate salt of conpound
| A are, |De g @/ et ween6. 15 and 6. 25; between 18.59 and 18. 69;
bet ween 1[@5@Sqmtﬁgd HIRt e L aiin, J,a/zaosmyg1ggm4|q]7 bet ween 16. 70 and 16. 80;
bet ween 24.90 and 25.00; between 2 1.67 and 7; and between 13.55 and
13. 65. | nlnteimediateddsnent the peaks were at (degrees 2Q) 6.20, 18. 64,
17.64, 12.35¢coNi§. 75, 24.95, 2 donig, and 13.60.
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Intermediate 10 (0.93 g, 1.81 mmol) was dissolved in THF (15 ml) and
triethylamine (1.0 ml, 7.24 mmol) was added, followed by bis-(3-

10

aminopropyl)amine (0.25 ml, 1.81 mmol). The mixture was left to stand at RT for
24 hours, then the solvent was removed and the residue was purified by
15 chromatography using a RediSep® Si cartridge and 0-15% 2M ammonia in
methanol/DCM as eluent. The appropriate fractions were combined to yield the
required product as a pale foam.
Yield: 420 mg (50%)
LC-MS (Method 2): Rt = 2.30 min, m/z = 932.34 [M+H]"
20 Compound (IA) and salts 1-5

CN CN
N N7
P X
: o Q
N/\/\N/\/\N
Method 1

To a solution of Intermediate 4 (54.0 g, 109 mmol) in THF (650 ml) was
added triethylamine (43.7 ml, 436 mmol) and the solution stirred at 25°C under



Method 2 Internediate 11 (420 ng, 0.45 mmol) was dissolved in DVF (6 nl)
and the solution cooled to 0-50C in an ice bath. Phosphorus oxychl oride
(0.2 m, wOoR41omsed3y was added dropwi se and the sol uti onpralfiGBret/d50093t i r at
0-5 Cfor 15 mn. The solution was then poured into a m xture of ice and
water and allowed to warmup to RT. Th pH was adjusted to 8-9 with dilute
pot assi um car bonate solution and the solid product was filtered off, washed
wel | W'thn%béﬁ std(adéan%gwbw)am (rw@bdz 56 1451 08 {6 vab Gi¥BIvEleS hod 2)
Rt 2. roduct fromthis reaction (185 ny)
was di ssoTblEd(ﬁonmi)O%dTéﬂﬁ%é@ ﬂh@ ﬁylutlaeema:tn@ portign.) Hredmixtuis wandBen phoni c
acid (40 ST at RT
over ni ght g%ﬁéjl?ﬁ%se@géﬁlglbt at e%j sa t%%/gs&%i%_{@?@&u% @Jﬁé@ﬁgﬁfo'ﬂn‘i % ittle
10% et hanmhb@tmlyanchpettmbaed betivemi eltiyl acetaleud htan80Qaer WQﬂ ohl)= Qﬁe rrg (44%

LC M5 8 f 3
St er eothel 8t Wit e 2ng Toikackybys abghils reRktiten bR or epar e
by Met hod(zt)o S8l t The condbireal argadiculayery wespeashed with whter amain(l)ladd

eqw val en dded a sol A (100

| 0.5 nm d
a2 bt 50T Fitt BB < S brht SpdErSyPoRen The Refiat aotisd r oo
vere stirpgd td rmt@&@éﬁurgﬁa toH??néis%' ;I.emgfsd @%e pURsiogsh. Wrhé feans el |
Sor

anount of cold solvent, and dried tion gchange i n mass
(% - ref WEBOARIPIVES| tino 10% MeOH/EtOAc (500 ml) and a so

10  toluenesulphonic acid monohydrate (11.0 g, 58 mmol) in 10% MeOH/EtOAc

ution of 4-

(50 ml) was added. The clear solution was stirred for 2 hours, during which time
the tosylate salt (Salt 1) was precipitated as a colourless crystalline solid. This
was then filtered off, washed well with 10% MeOH/EtOAc and dried at 3 mbar at
45°C.

15 Yield = 37.35 g (64%)

The salt (15 g) was re-crystallised from MeOH and the white crystalline
product was filtered, washed with a little cold MeOH and dried in vacuo at 45°°C.
Recovery =10g
m.p. = 188-190°C

20 LC-MS (Method 3): Rt = 7.46 min, m/z = 896.39 [M+H]" and Rt = 3.26, m/z =
171.10 [TsO]
1H NMR (400 MHz, ds-DMSQ) & = 1.59 (m, 4H), 2.96 (s, 3H), 2.65 (m, 4H), 3.09-
3.27 (m, 4H), 3.78 (m, 4H), 5.55 (d, 2H), 7.06 (m, 2H), 7.42 (m, 2H), 7.65-7.80
(m, 6H), 7.92 (br s, 2H), 7.96-8.09 (m, 4H), 8.13 (dd, 2H), 8.20 (d, 2H), 8.84 (d,
25 2H)
Optical rotation [a]> -58.3°
Stereochemistry confirmed as (R, R) by X-ray crystal structure of
Intermediate 4.
Hygroscopicity
30 Desorption (change in mass (%) - ref @ 25°C and 80% RH) =
DSC analysis - Single melting endotherm onsetting at about 185°C.
XRPD (System 1). The eight major peaks (defined as those having the highest
relative intensities) of the XRPD diffraction pattern characterising the crystalline

4-methylbenzenesulphonate salt of compound A are, in degrees 28: between



1H NVR (400 MHz, d6-DMSO) d = 1.59 (m 4H), 2.65 (m 4H), 3.09-3.27 (m
4H), 3.78 (m 4H), 5.55 (d, 2H), 7.65-7.80 (m 6H), 7.92 (br s, 2H),

7. 96- 8. 09WOrmp10Miss6388. 13 (dd, 2H), 8.20 (d, 2H), 8.84 (dpCZigB2DBO5009DI d not
melt before deconposition at approxi rrg} ely 240 0OC. XRPD (System 2) -The

ei ght maj or peaks (defined as those having the highest relative
intensities) of the XRPD diffraction pattern characterising the crystalline

hydr ogen gulsphad & 23 Betwée@qwadd 114 .69 %et@vae.daqrsmanam tety@arBe®. 38 and
6.48; between 17.78 and 17. - between 13.95 and 05; bet ween 19. 36 and

19. 46; beﬂ%é@rﬁf@ﬂ%é‘)ah%twﬁ%@ 7%@9%@@01@99&6%%4 @Q apd 25.0&thatwReR0. 18 and
20. 28; an§1%‘?téﬂﬁ)eﬁ1 773} Q?Idadb‘i\/v% 3!@ 55I é‘nci hB%SaW%%%@ésénh‘&wtﬁﬁéﬁa\Q@re at

(degrees 2Q) 6.43, 17.83, : .86, 20.23 and 22.08.
Salt 3 1memat(4iagrema229)@62®|v§@4 675411395(ﬂ@ 75&34 93%. $572.,and419.60.3. 09- 3. 27
(m 4 eﬁoo( 5.55 (d, 2H), 7.23-7.30 (m 3H), 7.52-7.57 (m 2H)),
7.65- 7 92 (br s, 2H), 7.96-8.09 (m 4H), 8.13 (dd, 2H), 8.20

(d, 2H) 8. (d 2H) DSC -Single nelting endot herm onsetting at about
1600C. XRPD-(Rystem 2) - The ht maj or peaks (defined as those having the
hi ghest rel'at¥ve intensities) the XRPD diffraction pattern

characterisi Ag fhe crystal linelbenzenesul fonate salt of conpound | A are, in
degr ees ZG’A\b tweer Bn23and 6. §3; between 17.63 and 17.73; between 2 1.65
and 2 1.7% Wetlween 17.01 and Ol 1; and between 18.94 and 19. 04; between
22.10 and 2 0; between 19.5 nd 19.69; and between 25.20 and 25.30. In
this assess the peaks t (degrees 2Q 6.28, 17.68, 2 1.70, 17.06,
18.99, 22.15, F64 and 25FZ5.Salt 4 1H NWR (400 MHz, d6-DVBO) d = 1.59 (m
4H), 2.65 (m 4H), 3.09-3.27 (m 4H), 3.78 (m 4H), 5.55 (d, 2H), 6.43 (d,
1H), 6.59 (dd, Intehmediat®dl 1(@201k§,,0.45 mmol) was dissolved in DMF (6 ml) and the

solution cooled to 0-5°C in an ice bath. Phosphorus oxychloride (0.2 mi, 2.14
mmol) was added dropwise and the solution aliowed to stir at 0-5°
10 C for 15 min. The solution was then poured into a mixture of ice and water and
allowed to warm up to RT. The pH was adjusted to 8-9 with dilute potassium
carbonate solution and the solid product was filtered off, washed well with water
and dried in vacuo.
Yield = 185 mg (46%)
15 LC-MS (Method 2): Rt = 2.51 min, m/z = 896.53 [M+H]"
The product from this reaction (185 mg) was dissolved in 10%
methanol/ethyl acetate (2 ml) and 4-toluenesulphonic acid (40 mg, 1.02
equivalents) was added. The solution was stirred at RT overnight and the
precipitated salt was filtered off, washed with a little 10% methanol/ethyl acetate,
20  and dried in vacuo at 50°C.

Yield = 95 mg (44%)

LC-MS (Method 4): Rt = 3.56 min, m/z = 896.35

Optical rotation [a]> -55.3°

Stereochemistry confirmed as (R, R) by comparison with compound |A prepared
25 by Method 1.

Salts 2 -5

To a solution/suspension of the acid (1.1 equivalents) in solvent (0.5 ml)
was added a solution of compound IA (100 mg, 0.11 mmol) in the same solvent

(1 ml) with stirring. The mixtures were stirred at RT overnight. The salt was



7.65-7.80 (m 6H), 7.92 (br s, 2H), 7.96-8.09 (m 4H), 8.13 (dd, 2H), 8.20
(d, 2H) 8.84 (d, 2H) DSC - single nelting endot herm onset at about 178C.
XRPD ( Syswerm)osecBhe ei ght maj or peaks (defined as thoseChaB2y/ash®2hi ghest
relative intensities) of the XRPD diffraction pattern characterising the
crystalline 2,5-di hydroxybenzoat e sal £ of conpound | A are, in degrees 2Q
bet ween 22. 70 and 22.80; between 11.26 and 11.36; between 16.46 and 16. 56;
bet veen 2fileréd, ﬁﬁ%e% V]ﬂﬂgésnbﬁﬁé,fﬁ@lfht%?’Cél@ s8Véne BndQiriclgh Wagiy. 18. 63 and

18. 73; between 16 and 17.06; and between 20.64 and 20.74. In this
assessnent the peaks wer e at (degrees 2Q 22.75, 11.31 . 16 51, 2 1.79,
23.21 , 18.68, T i 2069 Halt 5 IH MR {490 A3 M5O d = 1.59 (m
4H), 2.65 (m 4H§f"h’ 00-3 27 ary, 3.5 wa{'%s% it DH), 6. 42 (s,
2H), 7.65-7.80[(n2 6H), 7&2pl(nhncs 2H) , MéC86- 8. 09 (n7.84H), 8] 13 (dd, 2H),
8.20 (d, 2H), 884 bS S-nghel-doybl-e rrelting enﬂm‘h rmonsetting
at about 176C. |XRPD Sy??@?ﬁrﬁw'fo"\*ﬁe el gF}T 'ﬁaj aor peakg (defined as those

havi ng the hi ghesg re|285 Dwg,dyﬂyggﬁid,bes) BhiFthe XRPD grffraction pattern
characterising|the crystalline fumaratle salt of conpound 1A are, in degrees

2Q between 23.685and 23. 7Bumsstween 22. BECAhd |22. 61 3.0pet ween 5. 76 and
5.86; bet 1—75 d- 185 —betvwernkd, 0 and—10-260-—between 20. 32 and
20. 42; bet LSk Yo (GANge I 51ass (40) Nl @STRREN"24 64 and 24.74. In this
assessnmenBattlze peaks were (degrees 2Q) 23 73, 22.56, 5.81 , 11.80, 10.15,
20.37, 2 B. | B i np 18 of
Wo20077 1 %b’éﬁ'@%@?%ﬂ"e“s‘?ﬁ%@%&g 2965 48‘5 %O?ﬁ 5@1’ Jlug)rs in
structur e3f7rao(rm caHmp eLeTl(d( RH) of . 6517e80 (meesH) qnod (brtshaH) CY.e63.030A] 41yt ed

hnlrn re_presen n (Il) whereas cyano-substituted
phenyl rings, ahe Rl 50, ) (4 b) (hsyeas cyano-substitu

DSC - Did not melt before decomposition at approximately 240°C.

XRPD (System 2) -The eight major peaks (defined as those having the
10 highest relative intensities) of the XRPD diffraction pattern characterising the
crystalline hydrogen suiphate salt of compound 1A are, in degrees 26: between
6.38 and 6.48; between 17.78 and 17.88; between 13.95 and 14.05; between
19.36 and 19.46; between 17.29 and 17.39; between 12.81 and 12.91; between
20.18 and 20.28; and between 22.03 and 22.13. In this assessment the peaks
15 were at (degrees 26) 6.43, 17.83, 14.00, 19.41, 17.34, 12.86, 20.23 and 22.08.
Salt 3

1H NMR (400 MHz, dg-DMSO) & = 1.59 (m, 4H), 2.65 (m, 4H), 3.09-3.27
(m, 4H), 3.78 (m, 4H), 5.55 (d, 2H), 7.23-7.30 (m, 3H), 7.52-7.57 (m, 2H), 7.65-
7.80 (m, 6H), 7.92 (br s, 2H), 7.96-8.09 (m, 4H), 8.13 (dd, 2H), 8.20 (d, 2H), 8.84

20 (d, 2H)
DSC -Single melting endotherm onsetting at about 160°C.

XRPD (System 2) - The eight major peaks (defined as those having the
highest relative intensities) of the XRPD diffraction pattern characterising the
crystalline benzenesulfonate salt of compound IA are, in degrees 26: between

25  6.23 and 6.33; between 17.63 and 17.73; between 21.65 and 21.75; between
17.01 and 17.11; and between 18.94 and 19.04; between 22.10 and 22.20;
between 19.59 and 19.69; and between 25.20 and 25.30. In this assessment the
peaks were at (degrees 26) 6.28, 17.68, 21.70, 17.06, 18.99, 22.15, 19.64 and
25.25.



pyridyl rings are present in (l). Conpound (Il) was prepared as in Exanple
18 of WO2007/1 29060 and was tested al ongsi de the conmpound (1A of the

i nvent i orwOreotos6438l | owi ng assays. Both conpounds were PeStGROBEHNS00Y free
base: Enzyne inhibition assays Using Fluorescent peptide substrate Assays
were perforned in 96-well plates at a’fot al assay volune of 100 ml . The
final concentration of the enzynme (human | eukocyte el astase, Signma E8140)
was 0. 000gGtuni ts/well. A peptide substrate (MO Suc- Al a- Al a- Pro- Val AMC,
Cal bi ochenT;‘c':f”3‘24745&1{l was used, at the final concentration of 100 mM The
final concentrdtily R)f4Q9I\MUZV\ﬁ$DM§@}15Fnb585(§‘a>ﬂ|"ﬁu?1’5§r(n(O‘”@5I@I0ﬁ3 87HCI, pH

7.5, 0.1 MNaGh o Bl SA02es  08A0% b - 33), o BGaenTTE: b depgy ] on vas
i ] T bt

started by thee e enzymati'c reaction was "at RT
and after 73i§ TrBﬂs{msﬁbbpéeﬂﬁlyr adh)ng. 9503 a9 (mogbpdh13 (g 2H), 8|§lﬁ|(bl 2y, (Sigma
T-9003 a?@ £ Qﬁk/oconcentrati on of 50 ng/well. Fluorescence was read on
the FL a (gn (Mol ecul ar Devi ces) using 380 nmexcitation and 460 nm

em ssion filteDSC Thiagleaheltiny eatiothbem oaspratradsutzs det er mi ned from a

concentration ries.of 10_cancentrations in range from 1000 nMto 0.051
nM The resul tz(%f!r%?ﬁié%tﬁg‘ %)foﬂlﬁo hggﬁé‘?{d%?ﬂ Se@ﬁg?‘ﬁr@ﬁt 0S& éﬁ‘“ﬂéﬁ?or med in
dupl i cat ehjghst F&istild mtansitids asrsthel XReD Uﬂﬁ@&mdﬁﬁﬂterﬂxé}ﬂirhé@ﬂélﬁ? tgach
performed in dupI i cate. The | C50S of Corrgounds (IA and (11) he above

%

assay wer &nstalingvi2airdihydroxyRenzaase,salti ¢BIGPMAGYRD] HyATBd I LIRETAER M r hage i n
the rap | BéMéejnaﬁz ?@ b ﬁ@?rbéi%éﬁ 99@6' 58S Set(n)‘é'@ﬁ)m 2 Anbi 6, 36‘”‘9
causes acute | ung danage e extent of t Is injury can be assessed by
measuri ng bptw@nh%fbmranﬁa@em between 23.16 and 23.26; between 18.63 and 18.73;
between 16.96 and 17.06; and between 20.64 and 20.74. In this assessment the
peaks were at (degrees 20) 22.75, 11.31, 16.51, 21.79, 23.21, 18.68, 17.01,
20.69.
15 Salts
1H NMR (400 MHz, de-DMSQ) & = 1.59 (m, 4H), 2.65 (m, 4H), 3.09-3.27
(m, 4H), 3.78 (m, 4H), 5.55 (d, 2H), 6.42 (s, 2H), 7.65-7.80 (m, 6H), 7.92 (br s,
2H), 7.96-8.09 (m, 4H), 8.13 (dd, 2H), 8.20 (d, 2H), 8.84 (d, 2H)
DSC - Single/double melting endotherm onsetting at about 176°C.

20 XRPD (System 2) - The eight major peaks (defined as those having the
highest relative intensities) of the XRPD diffraction pattern characterising the
crystalline fumarate salt of compound IA are, in degrees 26: between 23.68 and
23.78; between 22.51 and 22.61; between 5.76 and 5.86; between 11.75 and
11.85; between 10.10 and 10.20; between 20.32 and 20.42; between 21.17 and

25  21.27; and between 24.64 and 24.74. In this assessment the peaks were
(degrees 26) 23.73, 22.56, 5.81, 11.80, 10.15, 20.37, 21.22, 24.69.

B. Biological Assays
The compound of Example 18 of W02007/129060 has the structural
formula (I1).

30



Mal e Sprague Dawl ey rats (175-220 g) were obtained fromHarlan UK Ltd.,
full barrier-bred and certified free fromspecified m cro-organi sns on
recei pt. woinels6aser e wei ghed and randonm y assi gned to PCEaiBRBINOSHIOUPS
(7-12 animal s per group). The vehicle _ysed was 1% DVSQ Sal i ne. Inhibitors
were dissolved in 1% DVSO before the gtzdi tion of 0.9%saline. Animals in
each study used to determne the efficacy of the elastase inhibitors
delivered locpdly to the lung by a vayiety of routes. Rats were

anaest heti sedl|wi th the inhal ed anaestllhetic |soflurane (4% when the dose
was given from 30 mnutes to 6h prior| to human neutrophil el astase (HNE)
adm ni strati r termnally anaest@tiysed with hypnorm hypnovel :water ( 1
.5:1 :2 at 2 /1 kg) when the predese’was given at |ess than 30 m nutes
prior to HNE adm i@ stration and dbsedfeither intratracheal™ (i.t.) by
transor al ration using a Repa~gamtury m crosprayer or intranasally
(i.n.) by dr opph|n§N(}/\NMNo tlhe |nar es. (Bhi nal s either received

vehi cl e orO d at a dose vol U 0T 0. 5 m /kg. Animals that had been
al lowed to regover after dosing were termnally anaesthetised with

hypnor m hyp water (1 .5:1:2 .7 m/kg). Once sufficiently

anaest heti s INEFR 600 units/nhp erile saline was adm ni stered by
transoral trachegl™A nstillation a volune of 100 m wusing a Penn Century
m crosprayer. Ani'mals were kept rmin a tenperature controlled box and

i t d t.
anacet hesi & unGr PG IS ih RS Rl SIS GO I sodi um
pent obar b|thaimg)anmseb$tduhedpmanyHNEgscamI presegre.in Thewhe@abeganasubstipaeedd and a

smal | inci &(qu made etvveeQ tr\o tracheal rings allowing a cannula (10
gauge, O BYNO {H9%A€ PGPERY L( d.) to be inserted approximately 2 cminto

the trachea to@ungsounde(ll) wig prEphfed as in Example 18 of W02007/129060 and

was tested alongside the compound (lA) of the invention in the following assays.

Both compounds were tested as the free base:

Enzyme inhibition assays

Using Fluorescent peptide substrate
10 Assays were performed in 96-well plates at a total assay volume of 100 pl.
The final concentration of the enzyme (human leukocyte elastase, Sigma E8140)
was 0.00036 units/well. A peptide substrate (MeO-Suc-Ala-Ala-Pro-ValAMC,
Calbiochem #324745) was used, at the final concentration of 100 uM. The final
concentration of DMSO was 1% in the assay buffer (0.05M Tris. HCI, pH 7.5,
15 0.1M NacCl; 0.1M CaCl2; 0.0005% brij-35).
The enzymatic reaction was started by adding the enzyme. The
enzymatic reaction was performed at RT and after 30 mins stopped by adding
50 yl soybean trypsin inhibitor (Sigma T-9003) at a final concentration of
S0 pg/well.  Fluorescence was read on the FLEXstation (Molecular Devices)
20 using 380 nm excitation and 460 nm emission filters. The potency of the
compounds was determined from a concentration series of 10 concentrations in
range from 1000 nM to 0.051 nM. The results are means of two independent
experiments, each performed in duplicate.
The results are means of two independent experiments, each performed
25  in duplicate.



was secured into place with a cotton ligature. The lungs were then

| avaged(BAL) three tines with fresh 4m aliquots of heparinised (10

uni t s/ m )wphospisetse buffered saline (PBS). The resul t anPCBAHZ0WAS0G92pt oON
ice until it was centrifuged. The BALE_was centrifuged at 1000 r.p.m for
10 mnutes in a centrifuge cooled to B8t ween 4 and 100C. The super nat ant
was di scarded and the cell pellet resuspended in 1 m 0.1% CETAB/ PBS to

| yse the cel | s.TheaCkys! ofCdrBSouRIsgIA) M) nthelabohe sEAPRRFOSBLIN @nanal ysi s
for blood content could be nade. Standards were prepared by making
sol ut i ons 2of "hEIsPertel] ood in 0. 1% CETAB/ PBS. Once defrosted 100m of

each | ysegygellqu ebs \ Rl Besddint o a separate well of a 96 wel |
flat bottoned pluate. | | sanpl egrsélwerertested in duplicate and 100 m 0. 1%

CETAB/ PBS was ilniillatieuobhumae neutiophibelastabe 4rNE) Tite raDuog dabeesaeitent s of

h | t e t I
Govi cod) RS gaRREY *Ind o SIS iy AP BE REREABY PR EEY 89415 g
of differ daemomhageat rati ons 011: E: ood in 0. 1;’1@ CETAB{ PBS (|30, 10|, 7, 3, 1,
0.3, 001 mM/nmn T 00 ach experi men S e S
cal cul ated by Mﬂ%gﬁrggﬁgt a“ﬁﬁ% rgttsaﬂaé{}@%cﬁ)r V’?.rglﬂé’ltad“%se?@rq %@'aﬁn@?ysed as
bel ow. 1) Lihefuirdainidibrédandwettifiedties wea spatifed aiied-athadibeis\oil reeeipr the

bl ank was subtracted fromth vegl ueﬂbfor al] other sanples 3) Data were

. ) .
assessed tOBYSRIEMIREhRFEN PSHPRY fopiRaE N eWp dfrd2@veland (11)

showedga gpephtcrph.cal ly significant reduction in haenorrhage of 95% and 88%

respectively relative to control when adninistered at 100 lkg i.t, 6
hours prior to TAREehmpaed ¥@s B QMEORAlne jlpbibitprs were CI'&F‘;%VQﬁf int He

conpound gimBdEreant LagiidRdr b/¥s saline.
Animals in each study used to determine the efficacy of the elastase
inhibitors delivered locally to the lung by a variety of routes. Rats were

15 anaesthetised with the inhaled anaesthetic Isoflurane (4%) when the dose was
given from 30 minutes to 6h prior to human neutrophil elastase (HNE)
administration or terminally anaesthetised with hypnorm:hypnovel:water (1.5:1:2
at 2.7 mi/kg) when the predose was given at less than 30 minutes prior to HNE
administration and dosed either intratracheally (i.t.) by transoral administration

20 using a Penn Century microsprayer or intranasally (i.n.) by dropping the fluid on
to the nares. Animals either received vehicle or compound at a dose volume of
0.5 mi/kg.

Animals that had been allowed to recover after dosing were terminally
anaesthetised with hypnorm:hypnovel:water (1.5:1:2 at 2.7 ml/kg). Once

25  sufficiently anaesthetised, HNE (600 units/ml) or sterile saline was administered
by transoral tracheal instillation at a volume of 100 ul using a Penn Century
microsprayer. Animals were kept warm in a temperature controlled box and
given top up doses of anaesthetic as required to ensure continuous anaesthesia
until termination.

30 Animals were sacrificed (0.5ml to 1ml sodium pentobarbitone) one hour
post HNE challenge. The trachea was exposed and a small incision made
between two tracheal rings allowing a cannula (10 gauge, O.D. 2-10 mm, Portex
Ltd.) to be inserted approximately 2 cm into the trachea towards the lung. This

was secured into place with a cotton ligature. The lungs were then lavaged



conpound of Exanple 18 of WR007/1 29060 PK Assay Test material was
formulated at 20 ng/nL in 0.2% Tween 80 in saline. Solutions were sonicated
and war mewsioi2n10208e&38er bath at 400C prior to dosing. Ml eCurRguUaSDEM ey
rats received a single intra-tracheal _adm nistration of the test materi al
via a Penn-Century dosing needl e at t Hé nominal dose |evel of 10 ng/ Kg.
After dosing five rats fromeach group were termnally anaesthetizedw th
sodi um pegRbathkdd Qm@saﬁlthlfre% 4n111all t28f hdgarisbd8 NGifsim und (1A
(free basg gﬁﬂg 9%'0 168, F5*2)864 an @33%“ Sorr)?(})‘ggﬁggg (rn)
(free bas8yffejgdt 3@'5?13 (PﬁfsbodT\Rﬁsr%élﬁ@mtegpﬁ—f:omatshﬁe@tapﬂ {gei {ntilf 8] Wagi ng

whi ch thecg,lgnﬁﬁjg gas opened, the ani mal exangui nated by perfusion and the

| ungs renove snap frozen. After collection the blood sanples were
centrifuged (1@0@03(@-F wasi eerdifuges) at POES rw.Maforr Hhovedesarinl ab@irﬂrifsger ed

frozen at ho 0 g|ve a
ratio of foéggtq Dl%ﬁ%’eggn&an&e{%t e'rm?vw’) p%ﬁ%}&é@o\&% %rs‘{a?d;edo }'%acgh
honogenat peuﬁsem@tpeadeem ymisitivet CENABIPED @ lyke dloetells. tCell Qsateat\m'rai ng an
anal yti cal_internal st rd Foll o or m _Xxi n tr|f gation
(To0D0xg. i2sh L] sRacRBRReGimeiE arelyat o bhbgernafan caud Tomadiod with
50 nmL wat srtandar@s |v¢élVeVpid¢>ﬁBed-®yVhi§kmgTheluﬁ@ﬁ@|@Swﬂﬁl’eeréthQIOQUQW 9.1 xed and
assayed for st corrpounds by LCVMSMS agai nst a series of matrix matched
calibrati &ET /§8Sst andar ds, prepared by spiking control rat |ung
horogepat e and cekr @sitdsiel 4660 Sied /484 SceHSd UiPeh&ibn Ri pthcdgShfol Red for

t he sanpl es above. Test material was anal ysed on a triple quadrupol e mass

spect r onesepargrB WSl ek aAPP \gelbdipt Piottewgdwplate. L Alpaapplasdwars detegier
(Rel i ancey E}l-lé%%é afBRId ‘ o\af Cﬂ:—ﬁ: ! ASPRS Wis F?ﬁ’?ucﬁéd’@ tﬂlgld'@geasTHrﬂ?%IJ on

Spray. Ana tical separ tlon St materia a ated on
rever se- pAaseO01 &f 5thm~rcamtah§st ot edacbowelimwasinggasised Giti gébispmS0sivg 3a mm)

using a nm % orm acid, water and acetonitrile at a flow
rate of 1° E{%?tﬁrﬁ:?x an'%leﬂa %\8?1 tions consisted of 0.5%

15 A standard curve was constructed by measuring the OD (at 415 nm) of
different concentrations of blood in 0.1% CETAB/PBS (30, 10, 7, 3, 1, 0.3,
0.1 pl/mil).

The amount of blood in each experimental sample was calculated by
comparison to the standard curve. Data were then analysed as below:
20 1) The mean OD for duplicates was calculated
2) The value for the blank was subtracted from the value for all other
samples
3) Data were assessed to evaluate the normality of distribution.
Compound (lA) and (ll) showed a statistically significant reduction in
25 haemorrhage of 95% and 88% respectively relative to control when administered
at 100 ug/kg i.t, 6 hours prior to HNE.
Comparison of the half lives in the lung of the compound of the invention and the
compound of Example 18 of WO2007/129060
PK Assay

30 Test material was formulated at 20 yg/mL in 0.2% Tween 80 in saline.

Solutions were sonicated and warmed in a water bath at 40°C prior to dosing.
Male Sprague-Dawley rats received a single intra-tracheal administration of the
test material via a Penn-Century dosing needle at the nominal dose level of

10 ug/Kg. After dosing five rats from each group were terminally anaesthetized



formc acid in 90% water, 10% acetonitrile which were held for 1 mnute
prior initiating a |inear gradient. The water content of the nobile phase
decr easedwOao@Bee8er 2 mnutes with a concomtant i ncr ®@a3a&B2010/050092
acetonitrile. The final conditions were held for a further 1 mnute before
returning to initial conditions. The observed terninal |l ung Xy of the
conpound (1 A) of the invention was 37 h with 80% confi dence interval of

31-46 h. Wiihssotiim Pediitiarisitoniel 3t 151204t 81 24 MANaid 66 GRNPATdr CefpeRAR QL) d

Exanpl e 18 of WXR007/1 29060, which had a terminal lung Xy of 94 h'wth 80%
conf i dencéT¢Pasoapad dr %o 13k 12, @BailR8: 284 andc 3% ERImeorBpPoYnsH i @eer) or a
phar maceutphsay post ¥6§EPBRILWSAAmblRa R tfheztail/v)e&?fﬁlfa i \"r?rﬁilcﬁltg?é Bﬁé’sé' n claim
1 wherein the R-R stereoconfigu ration, shown in fornmulma (1'A)) predom nates
over the R&S epafedr the gnigwhiexguguinated byperfusisitaamt twtungal remorpd sindi on,
adapted f LYErY : 14N, | C o S und as
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1 or cl ai ®f atrix matched calibration curve standards, prepared by spiking control rat
lung homogenate and extracting 1000 pL aliquots using the method described for
15 the samples above.
Test material was analysed on a triple quadrupole mass spectrometer (AB
Sciex API 3000) fitted with LC pump and autosampler (Reliance). Test material
was detected in positive ion mode Turbo lon Spray. Analytical separation of test
material was facilitated on a reverse-phase C18 5 um analytical column (Higgins,
20 Clipeus, 50 x 3 mm) using a mobile phase of 0.5% formic acid, water and
acetonitrile at a flow rate of 1 mL/min. The initial conditions consisted of 0.5%
formic acid in 90% water, 10% acetonitrile which were held for 1 minute prior
initiating a linear gradient. The water content of the mobile phase decreased to
10% over 2 minutes with a concomitant increase in acetonitrile. The final
25 conditions were held for a further 1 minute before returning to initial conditions.
The observed terminal lung ty; of the compound (lA) of the invention was
37 h with 80% confidence interval of 31-46 h. This was significantly shorter than
the comparison compound Example 18 of W02007/129060, which had a terminal

lung t;, of 94 h with 80% confidence intervals of 85-104 h.
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Claims:

1. A compound of formula (l) or a pharmaceutically acceptable salt thereof:

2. A compound as claimed in claim 1 wherein the R-R stereoconfiguration,

shown in formula (I1A)) predominates over the R-S and/or S-S configuration:
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3. A pharmaceutical composition, adapted for delivery to the lungs by

inhalation, comprising a compound as claimed in claim 1 or claim 2 and one or
more pharmaceutically acceptable carriers or excipients.

4. Use of a compound as claimed in claim 1 or claim 2 for treatment by
inhalation of, or for the manufacture of an inhalable composition for treatment of,
chronic obstructive pulmonary disease (COPD), chronic bronchitis, lung fibrosis,
pneumonia, acute respiratory distress syndrome (ARDS), pulmonary
emphysema, smoking-induced emphysema or cystic fibrosis.

5. A method of treatment of a disease selected from chronic obstructive
pulmonary disease (COPD), chronic bronchitis, lung fibrosis, pneumonia, acute
respiratory distress syndrome (ARDS), pulmonary emphysema, smoking-induced
emphysema and cystic fibrosis in a subject suffering from such disease, which
method comprises administering to the subject by pulmonary inhalation an

effective amount of a compound as claimed in claim 1 or claim 2.



