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et al. 15363@1931)1 s Thilch madu b@mt@alppwha@nel BYe @ﬁttim@ﬁyéap@um(g@pnma@m& des
to Kvl.5 e | i tr| al
nyocytes ( es(ré;\éere ?a%g ?@é?@mfﬁlg)cae@ ?uol% %sh%’%gp i ? y’r %eegl‘%ir}gﬁnﬁgglbsoe}
denonst r ataad cbhatolvbtisn (Slﬁelﬁ@laepnoomh:yrmw €360, Mbratslﬁdoﬂicaﬂy(pﬁwlsﬁﬁm and
therefore avoi ds induci 1r;f(r:;%pot ent 'Q%gpy fatal ventricular arrhythma 2

t hrough i rhapedy pucl ehitigile KpdRAmigks ppt KvArparegpvelved im g, ||
et al., 1%@;201&1%60&'35&?4 of Ztﬁ)lgzz)ctloﬁ' ;g/dt%nt af! hhbéa{rﬂlgg ﬁ cl§f{e)s '"I'?le?et b?alssmrnl

fibrillation-type n atrial tes prol onged eactlonptentla
durati on omama:rledulbtypemohml bé‘tmahztsbgﬂaﬁednwnhadalrdla‘izasngdax:yiusesses Codr disornshe et

al - 1999)1ncl$1d1ng lon o Ob%nsghglrgn;[epﬁypaé%t%p Y, é)I;[trelcr:ﬁll albrCH'élrﬁg';tl an atl‘\{al fibrillation,

all of which can cause cardiac failure and fatality (Marban, 2002).

The human delayed rectifier voltage gated potassium channel subunit, Kvl.5, is
25 exclusively expressed in atrial myocytes and is believed to offer therapeutic
opportunities for the management of atrial fibrillation for several different reasons (see
review of Brendel and Peukert, 2002): (i) There is evidence that Kv1.5 underlies the
cardiac ultrarapid delayed rectifier (Kvqy) physiological current in humans due to
similar biophysical and pharmacological properties (Wang et al., 1993; and Fedida et al.,
30 1993). This has been supported with antisense oligonucleotides to Kv1.5 which have
been shown to reduce Kvu) amplitude in human atrial myocytes (Feng et al., 1997). (i1)
electrophysiological recordings have demonstrated that Kv 1s selectively expressed in

atrial myocytes, and therefore avoids inducing potentially fatal ventricular arrhythmia
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t hi eno[ 2, 3-c] pyri m di nes mhlch have a hydrogen chloro hydr azi ne,

het erocyclyl, am no, nethyl, ethyl or phenyl group in the 2-position, an

al kyl am no, al kyl aryl am no, am no, dial kyl am no or hydrazino substituent in
the 4- 30 position, a hydrogen or nethyl group in the 5-position, a

hydr ogen, nethyl acetam de or



phenyl group in the 6-position or a tetranethylene in the 5, 6-position
(@&B7549025), and the lead series of 5-phenyl- and

5, 6-t et r awot2b/BNEY hi eno[ 2, 3-c] pyri m di nes with net hyl @®cCTgBn2050110t he
2-position and al kylam no or arylamno in the 4- position (Konno et al.,
1989) have all been shown to have anti-#icrobial activity.
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t et ramet hyl enet hi en , 3-d rd m di ne both substituted .in.the 2-position
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a substit i = PR |kl | o
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substitution at -positions’and an a n at the 2-position
are cl aomedtitioflipemiatuiny bgdnds Stew amn laosp Wil s T kis asves\o farudnpesieduiverershbhva

treatment of. cardi qvascul ar di seas d.for disturbances in potency
(D1 0104309y infity o G 0s S RGT @it roestles] oy Mo R SRR of
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t he sodi um proton exchanger and useful in the treatnent” of various

car di ovasountlanmdiigr ders, including angi na pectoris and arrhythma (WO
01/27107). 5 4-Rphenyl)am noPhi eno[ 2, 3-c¢/] pyri m di nes bearing a
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30 position, a hydrogen or methyl group in the 5-position, a hydrogen, methyl acetamide or
phenyl group in the 6-position or a tetramethylene in the 5,6-position (GB7549025), and
the lead series of 5-phenyl- and 5,6-tetramethylenethieno[2,3-d[pyrimidines with methyl
or phenyl in the 2-position and alkylamino or arylamino in the 4- position (Konno et al.,

1989) have all been shown to have anti-microbial activity. Tetrahydrobenzothieno[2,3-



15 W2002/ 100825 di scl oses anthranillic acid am des as antiarrhythm cs and
W2002/ 036556 di scl oses acyl am noal kyl benzenesul f onam des as cardi ovascul ar
agents. TWDenppti7a di ne conpounds that are useful as peCagsEomshannel
inhibitors, 20 particularly for inhibiting potassium channels Kvl1.5 or
Kv(ur), WO 2004/111057. DI SCLOSURE OF THE I NVENTION A first aspect of the

i nvention provides a conpound of formula (la) or a pharmaceutically

accept abl Gl]Bm@dl@rWE]ath‘e 2-beg- émollm@ymlmlqmtzymm mmmmemmo@ I n

compound L08R pPrr g ity Blains P Rich B oo L HERRHOERG of

formul a (Ir@yore@nprihses a—cﬁldﬁét@frﬁly@fotfeﬁ@tﬁl@ﬂﬂcz@n@']@yﬂlfm(fl@é’ nulige férbjcicnd
(lIc). I'n a further enbodi nent, the conmpound of forrmula (la corrprlses a
raceni ¢ mitgralyerabenzcibiceaimouliisingdines rih &etb(lcrlb)hYéWGm@J &yfluarepralino, 3-

al ternati v r S an
enant i o%rerfﬁlcfr(g?ygl?sme (ﬁﬁgg%%ﬁm%usngﬁﬁﬁgﬁgﬁﬁg Ifc} %dﬁuln%a[%&cg%lgn %relﬁ&
excess of Sthprdtbcamnyodies o:indf otenuhﬁobérrz))thleﬁno@zaeoﬂmﬁmﬂeﬁt afitH he i2ncent i on
provi des a _phar rracerﬂ&cal conposition COH‘EI‘I si ng tﬁ% | east one of the above

conpounds HHHOOBFIAYGITNY yOr & OH?anH’tS‘PeS‘Hﬁ PRl dlitthe £-pYsitintc p dpgacidal
exci pi ent Sa %Qt Fpﬁmﬁzﬂr‘(’& de@79 r 953'5{] ﬁ‘ﬁﬁdﬂfcst\bﬁh' nlﬂ?&ﬂ%g&ﬂ Iﬂ{” L. g

pot assi um ‘Channe tors t at a L cul arly usefu
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and/or 6- position or alkylene in the 5,6-position have been reported as tick-control

agents (AU 521790).

Elsewhere, tetrahydrobenzo[b]thieno[2,3-d]pyrimidines exhibited anti-tumour activity
15 (Shehata ef al., 1996) and analgesic activity half that of aspirin (Moneer et al., 1994), a
series of thieno[2,3-d]pyrimidines with 4-alkylamino or arylamino, 5-H or 5-methyl, 6-
methyl or 5,6-tetramethylene were shown to have potential as anticytokinins (Jordis et
al., 1986), a seriecs of 5,6-dimethyl-thieno[2,3-d|pyrimidines and  5,6-
tetramethylenethieno[2,3-d]pyrimidines, both substituted in the 2-position with
20 arylamines or heterocyclic amines and in the 4-position with arylamines displayed blood
platelet aggregation inhibiting properties (DD 226893), pyrano- and thiopyrano[3,4-
b]thieno[5,4-d|pyrimidines with the 4-position substituted with amino, butylamine,
aniline, cyclohexylamine, benzylamine, phenethylamine and 2-hydroxyethylamine have
been reported to exhibit anticonvulsive activity (Noravyan et al., 1977), and 4-[(Benzo-
25  2,1,3-thiadiazolyl-4)amino]-5,6,7,8-tetrahydrobenzothieno-(2,3-d)-pyrimidine has been
reported to possess anthelmintic activity in larval alveolar echinococcosis (RU

2116309).

Thieno[2,3-d]pyrimidines with a substituted amino group at the 4-position, hydrogen,
30 alkyl or halo substitution at the 5 and 6-positions and an alkyl chain at the 2-position are
claimed to be inhibitors of phosphodiesterase V and useful in the treatment of

cardiovascular diseases and for disturbances in potency (DE10104802).



7 to treating cardiac arrhythm as, the conpounds al so being useful to treat
di seases which require potassium channel inhibition (e.g. Shieh et al.,
2000; ForwoOen12a1313792002). A third aspect of the inventi @ATIAB2PEIGIHO

provi des a nethod of potassium channel 5 inhibition, conprising

admi ni stering to a subject an effectiveSanount of at |east one conpound or
conposition of the invention. This aspect of the invention further provides
a corrpouncElsﬂwltmmpi)gﬂib’l dlmicad[2 Brédpymimit dSoWithofr pmﬁeaZiirWl m@baﬁsiﬂlﬁnatcﬂharﬂwel

i nhi bition, lln adqlth this pec t% gl \ ntlo I]iurtag gﬁlg es the
use of a dONPSUNE 5 oY co; B, TSR 9 e wdmiRioFel piPangst ot webRENRER, ¢ or

use in potasfheiNoERaNH@ carfibBichlap Bisoddlrs \nliieh il Pectdis 4Rll fiftidhia
pot assi um channel inhibition" and "use in potassium channel inhibition"

i ncl ude meM@@4/2dAuses for treating or preventing a disorder which
respondg to the inhibition of potassium channel function. The disorder may
be arrhythm a. 15 The conpounds of the invention have advant ageous

properti es4Q@bn3tlmﬁﬁo]etﬂﬁembEQ puimrinddines beuripgra $-ctibsteniy Nsubstitientaidpat-ency
and/ or sel ec IVI DETAI LED DESCRI PTI (P\I OF THE .I.NVENTI ON Racem c m xture A
"racem c M Stéa?ﬁtama% foye e Rivrabel ! ycagdrm acnplitosnbst abnecte SRIBHATds of
20 formul "i)h(ahmceﬁﬂga, flgggn%@l')ug:g ).!'n other words, a conpound or conposition
conprising a "racem’c m’xtu o? t he conpounds of formla (I'b) and formul a
(Ic) contains an approximately 1:1, or 50:50, mxture of the conpounds.

Enantiorre c excess 25 A .co und qr conposition conpri si e

enant | Gt eI ABCRONEIIARES da¥p ot DT BPAITD 1 BYCBr YOk hcnbBiiBund of
formul a (l(®&}uneRreY @Ry, nore of that enantiomer than the other (also known
as a scal em c m xtur e? The enantioneric excess is the excess of one
conpound over the other, expr essed as a 30 per centage of the whole. For

i nst ance, 98 t he ound of
st ance, 98] SullbohS ook SoBTRAN SN O RRLR AT S SoBURRL

(1'b). Thusshafidigs. c OTRGUN U 63R HISONMPRElbEdsONS’ - &ﬁlﬂbhﬁthyﬂbd?lﬁﬁnlypﬂ-cﬁﬂﬁbx@@méﬁl se an
enantioneri c excess of the conmpound of formula (Ib) o least . 5 % 10 %
15 % 20 VO20§2/2008261 3disqiomsT/ atipanificoseqido Bnigss ops 3@11%“19511%68 Ay 45
% 50 % SR0Ho0S30s06% 000 n s B BB I 92 o R:igy 100 %
Al t er nat i vagknts. t he corrpounds and conpositions of the |nvent| on may conpri se
an enantioneric excess of the conpound of fornmula (lc) of at least 5 % 10
% 15 % 5 20 % 25 % 30 % 35 9% 40 % 45 % 50 % 55 % 60 % 65 % 70
% 75 % 8o SAYIR0%q QRO ke Lo M0G0 R qRhsSulOTBARLA! Wik USed
herein, the te i somer refers to the two possible enantioners
10 accaodipgiduiartyh doCahhibltmgo lpdtaPsiaino ghsystse ddb pare Ky, tdre tapbeedaini onal
Uni on of PR be%ﬁ')ggl ﬁrﬁﬁied Chem stry (1UPAC). Thus, the conpound of formula
(I'b) is th d “ and the conpound of fornmula (lc) is the "R-isoner".

DISCLOSURE OF THE INVENTION

A first aspect of the invention provides a compound of formula (Ia)

25

(Ia)

or a pharmaceutically acceptable ester or salt thereof.



Pharmaceutically acceptable ester or salt thereof 15 The term
"pharmaceutically acceptable ester” includes conpounds of the invention in
whi ch t hewbydragesrvat om of the al cohol group may be replPaF&B202/S0TIM an
ester (e.g. the hydrogen atom may be replaced by -C(0)Cl_6al kyl). The
term "pharmaceutically acceptable salt"6includes a salt prepared from 20
phar maceutical |y acceptabl e non-toxic acids or bases including inorganic or
organi ¢ aci ds and bases. Pharnmaceutically acceptable acid addition salts of

t he conpounds of .the inyention incl u re not limted to, those of
inorganic%ﬁgwﬁgmgﬂgﬁw Q%%vaFﬂﬁ&PQS“gggﬁgﬁfiﬂﬁ. 25 hydrochl oric, hydrobromc

and hydroiodic acid), sulfuric acid (tric acid, and phosphoric acids. In
addi tion, pharmaceutically acceptablle acid addition salts of the conpounds
of the invention include, bute not¥limited to, those of organic acids

such as aliphatic, aromatic, poxylh ¢ and sul fonic classes of organic
aci ds, exanpl es of which incl i phati c nonocarboxylic acids such as
formc acid, acetic acid, propigriesggid 30 pr Hyric acid; aliphatic
hydr oxy acids such as lactic a d,lqégfic adjd,|tartaric acid or malic
aci d; dicarboxylic acids such a$ nakeiw”acyd gf succinic acid; aronatic
carboxylic acids such as benzoic acid, - | of'obenzoi ¢ acid, phenyl aceti c
aci d, diphenylacetic acid or triphenylacetic acid; aromati c hydroxyl acids
such as o-hydroxybenzoic acid, p- WO @p)jl2/131379PCT/ GB2012/050710 9

hydr oxybenzo icacid,1 -hydroxynapht hal ene-2- carboxylicaci dO 3-

hydr oxyRapht hal ene- 2- car boxyl i ¢ acid; and sul fonic acids such as

net hanesuIﬂl%ﬁ{'ﬁ%ep&hﬁbdiﬁ%}a@l@%Hh%ggﬁ&gilslgﬁﬁng% {@nzenesul fonic acid. O her

phar maceutically accept abl e aci of the compounds of the
invention include, but are not Iim to, those of 5 glycolic acid,

gl ucuronic acid, furoic acid, gluta 'gNacid, anthranilic acid, salicylic
acid, mandelic acid, enbonic i c)Yacid, pantothenic acid, stearic acid,

d acturonic acid. Pharnmaceutically
npBlinds of the invention include, but 10

s al kgl i al or alkaline earth
netal salts (e.g. sodium pota hy¢hpgnestn1 r calciumsalts) and zinc
or aluminiumsalts. In addition,S phtrn§ce 'icﬁ | y acceptabl e basic salts of
t he conpounds of the invention include,\buwt are not |limted to, salts
formed wth ammoni a or pharmaceutically acceptabl e organic am nes or
het erocycl i ¢ bases such as et hanol am nds).(e. g. 15 di et hanol am ne),
benzyl am nes, N-nethyl-glucam ne, am no acids (e.g. lysine) or pyridine.
WD 2012/ 131379PCT/ GB2012/ 050710

10 In another embodiment, the compound of formula (Ia) comprises a mixture of the

sulfanilic acid, algenic aci
acceptabl e basic salts of the
are not limted to, netal salts

compounds of formulae (Ib) and (Ic). In a further embodiment, the compound of
formula (Ia) comprises a racemic mixture of the compounds of formulae (Ib) and (Ic). In
an alternative further embodiment, the compound of formula (Ia) comprises an
enantiomeric excess of the compound of formula (Ib) or an enantiomeric excess of the

15 compound of formula (Ic).

A second aspect of the invention provides a pharmaceutical composition comprising at
least one of the above compounds and, optionally, one or more pharmaceutically
acceptable excipients.

20
The compounds and compositions of the invention are potassium channel inhibitors that
are particularly useful for inhibiting potassium channels Kv1.5 or Kv) for the treatment

of cardiac arrhythmia in the atria such as atrial fibrillation. This invention is not limited



10 Synthesis Conpounds of formula (1) may be prepared as the racemate, as a
scalem c mxture, or as a chirally pure enantioner using routes described
in the soworme1213ldsPow. Thi s i ncludes the preparati on of PCHGRRORASITD
formula (1) using the "linear route" anal ogous to the synthetic route

di scl osed in W2004/ 111057 from conpounds of formula (I1) and ami noet hanol .
Typically, this reaction is carried out using a coupling 10 reagent such as
1- et hyl - 3-t¢ Zediirgeedndilaa pithybmogsy lb@@mﬂ@oddis shhalbeipEDSuloo treaf Fiseasas which

(atyy ot e ekt B R ) S ek S e eOB TR art suen

as reaction in solvent such as tetrahydrofuran acetonitrile or

di ret hyl formam de at a range of tenperatures from ambient to refl ux

t enper at ur/e. thisgl tasperat ofy Geyinversippo theeporst Progidat|aa methodnal pp@spvepeftegacl1 s
from conpqynds; af S%HHLQ‘ a(i%n:l&%teg%f ‘?%%F’Au% e%F%Hteffé}u%‘gmgu&th$f°§]t°1e§§{bo%t I tuent
with a conpoun8 of rmut a it he pr sence o suc

N, N- di i sopoappued bytanpasgion\WDtiZ0ih2érk Dh3 THRCGEH B0 1l 100 Tida fﬂﬁhﬁa@dosad@ol vent

such as N-nethyl pyrrolidinone with caonventi onal heatln@1 é;omave

i rradiati GrcomBPUHH9S GAIROGHOTY %frthﬁll%vem@l} Qrayye BePYreHER £pnn, Bhp8und of
Formul a (1d4kioRY %%ief%f?% , nfid}E AP pR &de%ut@iétdsé%%ni cé!‘f‘n{o&leélOS'P‘T’E{eC' ally
avai | abl e ni pecotic id, in e presence of a base such

N, N-di i fsopnvqmlylbetfbuyﬂharrhmfea;nde af sohadecament ¢dr ws iNposhyth qhymrebhnlnbmmme with

t | di at ‘d f .mul
(1 dte it Joriihn o B BBS v SBADGOIIS HTUPRUPES (P Thpogvah -

nucl eophi | dhgn &Y RsHibitioht RRIUHE REHASRR aWll LifesZo AFENRERY: BYdvRYTIhHh BRordePWhRMal | Y
in the presence of a solvent and a base, and optionally at el evated

t enper at urrespendsite hthei mhibwenre oif rpogabisaii shantel diagtisl y thee disordee mmay( it
present) |s gHlalcohol preferably ethanol and the base is a hindered

ni t rogen BASE "CUen as triethylam ne. The reaction is carried out at ambient
tenmperatures. 20 C (I1V)

15 The compounds of the invention have advantageous properties over those of the prior

art, in particular in terms of potency and/or selectivity.
DETAILED DESCRIPTION OF THE INVENTION

Racemic mixture

A “racemic mixture” contains approximately equal amounts of the compounds of
20 formula (Ib) and formula (Ic). In other words, a compound or composition comprising a
“racemic mixture” of the compounds of formula (Ib) and formula (Ic) contains an

approximately 1:1, or 50:50, mixture of the compounds.

Enantiomeric excess

25 A compound or composition comprising an “enantiomeric excess” of the compound of
formula (Ib) or of the compound of formula (Ic) comprises more of that enantiomer than

the other (also known as a scalemic mixture).

The enantiomeric excess is the excess of one compound over the other, expressed as a
30 percentage of the whole. For instance, a 98:2 mixture of the compound of formula (Ib)
to the compound of formula (Ic) has a 96 % enantiomeric excess of the compound of
formula (Ib). Thus, the compounds and compositions of the invention may comprise an

enantiomeric excess of the compound of formula (Ib) of at least 5 %, 10 %, 15 %, 20 %,



WO 2012/ 131379PCT/ G3B2012/ 050710 12 A conpound of forrmula (I1V) may be
synt hesi sed by reaction of a conpound of formula 5 (V) with a chlorinating
reagent swiorzorsi3pivenyl phosphoni ¢ di chl ori de or phosphor @as/Geeyilseriode. 10
Compounds of fornmula (V) may be synthesised by the reaction of a conpound

of formula (VI) with an alkali netal cy&nate, preferably potassium cyanate.

A conmpound of fornula (VI) can be prepared by the "Gewal d reaction” in

whi ch a coldpburtl %ef 35 br. 0l ‘e, ¢¥%,)50 %, 5éd6t 6@ Yurfieto, FASP.c7T tndi0t YooRs “and i n

Iy
be an

a suitabl | vent 20 suc $, et hanol ,. wi th powdered, sul r..Prefer

Fhe bace. 0% B80S HE B 2atha  aniome g RES" G o i Odkseighy Ffi

al cohol , pheikpr abtetnahRpNehe cotsbunBeaiEehpdRions of @i inGehtRMtmBLEMSIke25 and
65C. 25 VI | 13 presence of an acid and ammoni um acetate in a suitable

sol vent su@renastiometieesrcesopt therramppund oh femads (lehpEatnlgesrs Yerdval 15 %,
o ot | OF Lt . L Thie o |' ’
ref erah yzot%e%@g)ﬁgsdz%,,%%%' G0 3E1 45 o, *Sbs%gsy%,éj‘%, gkf)i%é’%ﬁs%?@é’ gSt er

as a pair of {

10

15

20

25

30

geonetric I'soférs.”’
85 %, 90 %, 95 % or up to 100 %.

R and S nomenclature

As used herein, the term “R” or “S” isomer refers to the two possible enantiomers
according to the Cahn-Ingold-Prelog system adopted by the International Union of Pure
and Applied Chemistry (IUPAC). Thus, the compound of formula (Ib) is the “S-isomer”

and the compound of formula (Ic) is the “R-isomer”.

Pharmaceutically acceptable ester or salt thereof

The term “pharmaceutically acceptable ester” includes compounds of the invention in
which the hydrogen atom of the alcohol group may be replaced to form an ester (e.g. the

hydrogen atom may be replaced by —C(O)C,;salkyl).

The term “pharmaceutically acceptable salt” includes a salt prepared from
pharmaceutically acceptable non-toxic acids or bases including inorganic or organic

acids and bases.

Pharmaceutically acceptable acid addition salts of the compounds of the invention
include, but are not limited to, those of inorganic acids such as hydrohalic acids (e.g.
hydrochloric, hydrobromic and hydroiodic acid), sulfuric acid, nitric acid, and
phosphoric acids. In addition, pharmaceutically acceptable acid addition salts of the
compounds of the invention include, but are not limited to, those of organic acids such as
aliphatic, aromatic, carboxylic and sulfonic classes of organic acids, examples of which
include: aliphatic monocarboxylic acids such as formic acid, acetic acid, propionic acid
or butyric acid; aliphatic hydroxy acids such as lactic acid, citric acid, tartaric acid or
malic acid; dicarboxylic acids such as maleic acid or succinic acid; aromatic carboxylic
acids such as benzoic acid, p-chlorobenzoic acid, phenylacetic acid, diphenylacetic acid

or triphenylacetic acid; aromatic hydroxyl acids such as o-hydroxybenzoic acid, p-



Compound of formula (I1X) may be prepared from conmpound of forrmula (X) by
hydrol ysis of the t-butyl carbamate (BOC) protecting group with a strong
acid in aweabwest37guch as di chl oronet hane. Typically th@CasgiRL0i2#050710
trifluoroacetic acid. 20 0 ON,i'Pl.1VWOH H (X) 25 Conpound of formula (X)
may be prepared froma conpound of formila (Xl) and am noet hanol .
Typically, this reaction is carried out using a coupling reagent such as 1-

et hy1- 3- ( 3wdraxgbéngoioni newidopy 1)-hydiopetiphthabbec CERGyoxytic  acid  or  3-

2-(7-aza- 1Hbenztriazo le-1: -1.4, 3,3-tet.ramet hyl uroni.um . .

necat | wor JBRGST AL e oy bt ecati o SHH AT M PR Reay ol s6idse
skilled i nethdesiMohicS & @SbdrRasdsi@ehit NckO @Bt phatelcagichBy rad ueian, 30
acetonitrile or dinethylfornmam de at a range OP t enperatures from anbi ent

to refl ux addijsersakueethe compowids/of shainyptonareloda/tus areret {imityd 19, thosaad
...... " gt XL 5 ceut i : NYe) I SG d I N4t he
corrpounas %¥00§1 ea)nldh EIE |OE)H;C agﬁé fﬁ@(lla %ﬁqgﬁ&% ]hltlac ?ardéa F%lgéﬁ]?ﬁgg a\8/’asra:ﬂ§%1§d abid,
condi t i onsmanbblis ,acidnentbesen@amspg cicidyfpahtoehenitv i, sttarfyr asid dedfaailic acid,

phar maceut i cal, conpogition or formul ation conprising at | east one conpound
of the i mASRIGHIhIE] 8pRFYIRIG 3€Gne or nore phar maceutical |y acceptabl e
exci pients. 10 Typical pharmaceutically acceptabl e excipients include:
diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, cellul ose
and/ or gl yRhameaceutically accéptihle basit saltseofithe sbipoandstcdl tbeimvestieamictudacbat, its

magnesi um or cal.ci.um salt and/or 15pol yethyl enegl ycol ; i nders, e.g.
Tagnost tm:St G HEHED: Br bl oty Spedn iy aFe Mese) S kST gt s sans™ (&
met hyl cel |yahRse, peidivam FRAERAMMIESNYAIGEM gmg Sfdap@e Ofr aluminium salts. In
pol yvi nyl pyrrolidone; ‘disintegrants, e.g. starches, agar, alginic acid or

i ts sodi uradddion, pbarmetéwioaly aeedptabils tbasie saltned/the compalsisr dathesinvedioor ant s,

and/ or sweet,eners., The c ositions . of .the invention may b resent in
unit dose 1*1%1},1% ﬁ%tn e I'Iilloﬁ gpr%fed to, Salts’ forméd it i 20 n TP ¥ p%apmaceutlca y

acceptable organic amines or heterocyclic bases such as ecthanolamines (e.g.
15 diecthanolamine), benzylamines, N-methyl-glucamine, amino acids (e.g. lysine) or

pyridine.



predet ermi ned anmount of each active ingredient per dose. Such a unit may be
adapted to provide 5-100ng/day of the conmpound, preferably either
5-15ng/ daw 200/130379/ day, 25- 25 50ny/ day 40-80ng/ day or PEO/GR0IHS0HY. For
conpounds of the invention, doses in the range 100-1000ng/ day are provided,
preferably either 100-400ny/day, 300-600ny/ day or 500-1000ng/ day. Such
doses can be provided in a single dose or as a nunber of discrete doses.
The ul ti mafvet/dose will depend on the condition being treated, the route of
adm ni str gt ; ' it f ' n ill be
at the do?%ﬁ&s}ﬁ ggogﬁg%lra%t Dol)g@ gggreﬁﬁgd%gﬁ%o%l&ét?ﬁ%ﬁsasgg g%lﬁlgﬁdl I(rfli\{/kt(at\lrllrt%i %nélglrray be
adapt ed f archadiy pustanatticonerhgingngu@ppesopbedainghe sabeme Iftmtovexanpl e by t he

oral (including buccal or sublingual), rectal, nasal, topical (including
buccal , sublingual or transdermal), vaginal or parenteral (including

subcut aneous, intranuscular, intravenous orQtradermal) route. Such
formul ati ong may 5 be pre gnown in the art of pharmacy,
for exanple bri nging i n&e
carrier(s) or &xgipient(s). Brafmaceutica

ations adapted for oral
s~aHdCch as capsul es or

tabl ets; powders or granules; solutions or suspensions 10 in aqueous or
non- aqueous |iquids; edible foans or whips; or oil-in-water liquid

emul sions or water-in-oil liquid enulsions. Pharmaceuticaf Tprmulations
adapted for trsapnsdermal admnis tion may be presented as.dliscrete patches
intended to in inintimte act with the epi is of the 15

reci pient for 4 pr@ '

3 tHNe active

i ngredi ent may al s esksS as generally
described in PRadgackutical Resedtch, 3(6), 3I8 [1986]. ‘Egarnaceutical
formul ati ons adiptPd Por topical &mMis€ration my be Tarfutated as 20
oi nt ment s, Creans, suspensi ons, |otjons, powders, solutions, pastes, gels,
sprays, aerosols’or oils. For appl htions to the eyéJ%% ot her external
tissues, for exanple the mouth and skin, the foryul ations are preferably
applied as a topical ointnment or creahneahen rmul at ed Wﬁngﬂén oi nt ment,
the active ingredient may be enpl oyed roud’ I ther a pargfPMfic or a
wat er-m sci bl e oi ntment base. Alternati y, the active ingredient may be
fornmulated in a creamwtihan oil-i ter cream bgseyor a water-in-oil
base. Phar maceut i cal mul ati o adapted for topigal admnistration to
t he eye include O drlops wherein the actj i ngreedient is dissolved or
suspended in a suktgblenTarrier, especially anzquedus solvent. WO
wl ations adapted for
|uth i ncl ude | oZe ge§f past?lles and nout h

j ons adapt ed fo n@%ﬂ yikstQHat i on may
s or enemas. Pharmaceutilcall fofnmul ations
ion wherein the carr@er is a

t opi cal admi ni stratdo ‘ﬂ;the
washes. Phar maceutsirtal

be presented as 5 suppositori
adapt ed sf or nasal admpni str

This includes the preparation of compounds of formula (I) using the “linear route”
analogous to the synthetic route disclosed in W02004/111057 from compounds of
formula (II) and aminoethanol. Typically, this reaction is carried out using a coupling
10 reagent such as 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC) or 2-(7-aza-1H-
benztriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU) utilising
standard methods familiar to those skilled in the art such as reaction in solvent such as
tetrahydrofuran, acetonitrile or dimethylformamide at a range of temperatures from
ambient to reflux temperature. Alternatively, compounds of formula (I) may be prepared
15 from compounds of formula (IIT) by displacement of the 2-chloro substituent with a

compound of formula (IX) in the presence of a base such as N,N-diisopropylethylamine



solid include a coarse powder having a particle size for exanple in the

range 20 to 500 mcrons which is admnistered in the manner in which snuff

i s taken,wpD.2e12/139379api d 10 i nhal ati on t hrough the nasal PpagERge/dsoam a

contai ner of the powder held close up to the nose. Suitable formnulations

wherein the carrier is a liquid, for addinistration as a nasal spray or as

nasal drops, include aqueous or oil solutions of the active ingredient.

Phar maceutandal sol vantnghedx asoNsmetliglppyatblidorona dvitncetvieattiongh hiatingrdranereveayve

i ncl ude fi.ne .1 ]Particle dusts or msts which nay be generated by neans of

vari ous tﬁﬁggwéﬁ‘netered dose pressurised aerosols, nebulizers or

i nsufflators. Pharmaceutical for ations adapted for vagi nal

adnmi ni stration may be presented |as pessaries, tanpons, creans, gels,

pastes, foans or spray foati . 20 Pharmaceutical formul ati ons adapt ed
y

for parenteral adm nistra i nclude aqueous and non-aqueous sterile

i njection solutions which s gnt ai n anti-oxidants, buffers, bacteriostats
and sol utes which render the gyl ationyisotonic with the blood of the
intended recipient; and aqu€ougs apd non-jaqueous sterile suspensions which
may i nclude 25 suspendi ng ag&€ntw amd thi ni ng agents. The fornmul ati ons
may be presented in unit-dose or nukti-dose containers, for exanple seal ed
anpoul es and vials, and may be stored in a freddd-dried (l'yophilized)
condition requiring only the addition of the sterile liquid carrier, for
exanpl e water for injections, imediately prior to use. Extenporaneous

i nj ecti 6n Gohpiunds f dncngag(blesioibs pregardk fone pacaapound mfsfoemilae(Idpwger s,
granul es apd,30 taplgets. 2012/.131379PCT/ GB2012/ 05Q710 17 It should be
nder st ood HHaEETIERt SEHE P et oA g B S Bt RUF ripesi Fofet
above, theanf Qrdtuh@t bORDaiRYu SON,Nildsifopy 1BRYIaAHRN LR GOMIEM is@flRhs N1 t he
art having regard to the type of fornulation in question, for exanple those
sui t abl e froethplrairodidmont sithappumtionghdyatingensrdwagduadiadoragent s. MODES FOR
CARRYI NG QUT THE | NVENTI ON The foll ow ng protocol s describe preparation
of : - 101. racemate nmade using "convergent route" (Exanples 1 to 6) 2.

enanti aer s made using "convergent route" (Exanples 1 to 5 and 7 to 12) 3.
enanti oners nade using "linear r " (Exanples 1 to 5 and 13 to 16)

Synt hesi s and determ nati on of epantli omers 15 The desired enantionerically
pure conpound was obt ai ne t he~éaref ul sel ection of reagents and the use
of appropriate experinent ndi th ons and sequence in particular with
regard to steps formng t hi rdal center and subsequent reaction. It was
determ ned during the course)of nthesis that the "linear route"” was |ess
prone to racem sation as th fiinal\ am de form ng bond could be carried out
at | ower tenperature as oppos he 20 “"convergent route" which provided
better yields but with detectable racenid®ion. For the "linear route”,
pure enantionmers of the nipecotic acid were obtai ned by cl assi cal

resol ution of cheap commercially avail abl e racem c ni pecotic acid using

1- (S) - canpb@npounds of formula (IIT) are readily synthesised from compounds of formula (IV) by

15 a nucleophilic substitution reaction with 2-aminomethylpyridine, optionally in the
presence of a solvent and a base, and optionally at elevated temperature or with
microwave irradiation. Preferably the solvent (if present) is an alcohol, preferably
cthanol and the base is a hindered nitrogen base such as triethylamine. The reaction is

carried out at ambient temperatures.

20
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sul fonic acid as the resolving agent, determ ning ee analysis after formng
a BOC 25 derivative of a sanple. The enantioneric purity was determ ned by
Chiral HRrG20@s137i cal met hods 30 Proton nmagnetic resoRramaB20RHSNIR)
spectra were recorded on a Varian 400MHz Mercury Plus spectroneter. Al
spectra were determned in dnso-d6 unl d¥s ot herw se stated and chenica
shifts are reported in (sigm) units dowmfield fromthe internal standard
tetramet hyl silane (TMS) and interproton coupling constants are reported in
WO 2012/ 131379PCT/ GB2012/ 050710 18 Hertz (Hz), splitting paterns are
designated as follows: s, singlet; d, doublet; t, triplet; g, quartet; m
mul ti pl et :Aspmpeynskef foeaia (B, map bp pethesiscd bylseastion @f a capppiied obformplap| et :
bs, broad sginglet; : u R t I ] on a
per ki n ol e "ENE R oHhingtBU 3tk enCluck B BB BRER LRGUALE SEBHRCRGR 1" 0
Agi | ent 63kQchloridé.rap i nstrument. HPLC anal ysis (nethod (a)) was carried
out on a Waters 2695 system using ZORBAX SB C-18 (4.6 x 50m) col um;
Mobi | e phase: A: 0.05%FA (AQ) B: 0.05% TFA (MeCN); T98: 0/20, 5/90, 8/90,
8.1/20; flowrate 1.0nL/mn;,_10 Chiral colum: Chiral pak 1 C (4.6X250m) 5u,
nobi | e phase: A: Hexane, L OH (70:30); flowrate 0.8m/mn run over 40
m nutes. Melting points we zetQ5n1ned on an EX-Melt instrunent (Model:
MPAI 20) . Al ternatively, HPLC janal ysis (nethod (b)) was carried out
with: Waters 616 fluid 15 handling stem Waters 996 phot odi ode array
detector. Chiral colum: DaiééH Chiral pak AD-H (Chiral technol ogies)
reporting chiral purity at 244, il e phase 80%Jexanes: 20%t OH;, fl ow
rate 0.8ml/mn; tenp 40 C. Mass swectra( re determ ned on an Agilent 1100
serieslbnstrunent (Model : Gl946C). 20 Using the information outlined herein
the follTow ng compounds can be synthesi sed which are given by way of
exanple o . The p macol Qgi cal profile. of .coppounds. of -t he present
Crvent o Gimpeuide o BB QAL ST B, S St ST TR AR e ArerBRE Wout i ne
exper i mentfatrh@n (VHUCith asalRéldaReil cematt) fref@eblRipataesiuml dybisdts.at ed herein and
described in detail in Ford et al., 2002. 25 Exanple 1

(2) - 2- Cyano- 3- phenyl -but-2-enoic_acid ethyl ester (VIl) 19

@]
N
74 | O

s
15 NH, V1)

A compound of formula (VI) can be prepared by the “Gewald reaction” in which a
compound of formula (VII) is reacted under basic conditions and in a suitable solvent
20 such as ethanol, with powdered sulphur. Preferably the base is diisopropylethylamine
(Hiinig’s base) and the solvent may be an alcohol, preferably ethanol, and the reaction is

carried out between 25 and 65°C.

CO,Et

CN (VID)
25

Compounds of formula (VII) can be prepared by the Knoevenagel condensation reaction

by heating compound of formula (VIII) with ethylcyanoacetate (NCCH,CO,Et) in the



A stirred m xture of acetophenone (VII1) (180g, 1.5nol), ethyl cyanoacetate
(170g, 1.3nol), ammonium acetate (23.1g), acetic acid (72g) and tol uene
(300m) waie 2heaBexfounder reflux for 18 hours whil e wat ePClaEB20E050Ad from
the reaction by azeotropic distillation. The m xture was allowed to cool to
anbi ent tenperature, toluene (100ml) 5 Mas added, then the m xture was
washed with water (3 x 100ml). The conbi ned aqueous washi ngs were shaken
with tol umﬁese(leﬂ:mri)an @c}iéranﬁhmnan@detwl epesustablat sodyrant weele aertiomngver
nmagnesi um te |tered and the S. removed .in va

resi dual pllfllog\g i ?qtmén WatgF TS i%&e%;abgé c aCthgD ac\?gc 1A ThR: glV

2- cyano- 3-tﬁ@@myhdéﬁ@tcy2m @E@laQa@Qh@f? hiyd ngéoemetﬁ@maﬂle@ll (309g) which was
used wi thout further purification 0 Exanple 2

2- Ami no- 4 phenyl -t hi ophene- 3-carboxylic acid ethyl ester (VI) 15

2- Cyano- >3- phenyl - but - 2-enoi ¢ acid ethyl ester (513.25g, 2.3npbl) was added
at anbi ent tenperature to a vigéfopsly-stirred suspensi on of powdered

sul fur (76g, 2.3nopl) in ethanol 00mly. Diethylam ne (200ml) was added in
portions over 20 mnutes, during 20 Yhich time the tenperature of the
reaction rose to 62C. The mixture was all gwer)to cool to 36C, then it was
heated to 50C and stirring at that tenperature was continued for | hr. After
this time, stirring was discontinued, the hot solution was renoved by
decantation fromunreacted sulfur, then it was allowed to cool to anbient
tenperature. The resulting solid was collected by filtration, washed with a
little cold ethanol and dried 25 in vacuo to give

2- am no- 4- phenyl t hi ophene- 3- carboxylk§ acid ethyl ester as an orange solid
(195g) which was used w thout further]jpurification. 20 Exanple 3

5- Phenyl - 1H-t hi eno[ 2, 3-d] pyri nj, ~Medior€H(V) 5

2- Am no- 4- phenyl -t hi ophene- 3- ca boxylid acid ethyl ester (2.0g, 8.1mmol),
and Pot assi um Cyanate (Al drich, g, 24.3mmol ) were added to gl acial
acetic acid (WWR, 20mL) and stirred at amnbi ent Qgﬁperature for 18h. The
reaction was diluted with water 10 (50nl) and the resultant precipitate
filtered, washed with water and dried to a danp cake. The solid was
suspended in water (100nl) and made al kaline to pH 12-14 by the addition of
concentrauaﬁmﬁﬁﬁHUGﬁdeﬁm%KﬁE)nEWEbéq&q@&aﬂ&h&m&m@q&hﬂm(Mﬁﬁnﬂﬁﬁteﬂ)&@ 100C
for 2h with stirrin then coogled to anbient tenperature and acidified by
the additilydrdysiy Péghﬁ‘ar ba%yétcafbaa@red(BQﬁé PFISEHINgG] WQUB OV ity aviong ik ét &d by

filtrati Ons ih%ﬂ %égﬂﬂg{r&b&ﬁ&&r "ﬁ@gcfﬂg't dcf'ls‘{ﬁﬁ{f&o%enégﬁdt 0 give

5- Pheny1- 1 eno pyrim di lone as a white solid. Yield =
(1.1g, %6%. Exanple 4 - Di chl or o- 5- phenyl -t hi eno[ 2, 3-d] pyri m di ne (1V)
20

Ll
%JLUL”NOH
X)

25 Compound of formula (X) may be prepared from a compound of formula (XI) and

aminoethanol. Typically, this reaction is carried out using a coupling reagent such as 1-
ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC) or 2-(7-aza-1H-benztriazole-1-
yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU) utilising standard methods
familiar to those skilled in the art such as reaction in solvent such as tetrahydrofuran,
30 acetonitrile or dimethylformamide at a range of temperatures from ambient to reflux

temperature.



Cl Astirred mxture of 5-Phenyl-1H-thieno[ 2, 3-d] pyri m di ne-2, 4-di one
(1.07g, 4.39mvol) 25 and phenyl phosphonic dichloride (A drich, 10mi,
excess) WO 2bpa3exf9at 150C for 7h then all owed to standPam/GBzbi2eN30710
tenperature for 18hrs. The resulting dark solution was 21 poured into
ice-water and extracted with DCM (3 x 180ml). The conbi ned extracts were
washed with saturated sodi um hydrogen carbonate solution (150nml) and dried
(MgS™). The sol vent was renoved ij\vacuo nd the oily residue triturated
wi th 40-60C petrol eum et her t

2, 4- Di chl or o- 5- phenyl -t hi eno[ 2, -Od] pyri mjdi ndHas a pal e yellow 5 solid.
Yield = (0.82g, 66% . Exanple 5

(2- Chl or o- 5- phenyl -t hi eno[ 2, 3-d] pyri m di n-4-y15XByri di n- 2-yl net hyl - am ne
(rrr) 10 A mxture of 2,4-Dichl oro-5-phenyl -thieno[ 2, 3-d] pyrimdine
(1.779, 6.3mml), 2- am nonethyl pyridine (A drich, 782'11, 7.6mmol), and
triethylamne (VWR, 1.06nl, 7.63 15 mop 1 ) were refluxed in ethanol (30nl)
for 3 hrs. On cooling, the reaction was poured into water (300ml) and
stirred for 1 hr. The resulting precipitate was filtered, washed with water
(2 x 30m) i yacuum at 40C to give

(2-¢Cnhl o?&-%@gﬂgnﬁltg llcléb%ﬁ%ng%g] pyrimdin-4-yl)-pyridin-2-yl nmethyl-am ne as
a pal e- yelAodisseispdl hergin| e composady, of7 §wg) invetiom areRass@reinethe teastnent gaint
route Exanpl.e 6 Racem-¢) 1- 15- Phenyl- 4. ridin-2-vylnethyl)-amn

b enot 2. rdpor R B e SRR of YD RO QY pha AR bl

(2- hydr oxycogtpayitibn a5Fi fdemfllaidn Tomprising at least one compound of the invention and

optionally one or more pharmaceutically acceptable excipients.

10
Typical pharmaceutically acceptable excipients include:
e diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or
glycine;
e lubricants, e.g. silica, talcum, stearic acid, its magnesium or calcium salt and/or
15 polyethyleneglycol;
e Dbinders, e.g. magnesium aluminum silicate, starch paste, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose and/or polyvinylpyrrolidone;
e disintegrants, e.g. starches, agar, alginic acid or its sodium salt, or effervescent
mixtures; and/or
20 e absorbants, colorants, and/or sweeteners.

The compositions of the invention may be presented in unit dose forms containing a
predetermined amount of each active ingredient per dose. Such a unit may be adapted to
provide 5-100mg/day of the compound, preferably either 5-15mg/day, 10-30mg/day, 25-
25 50mg/day 40-80mg/day or 60-100mg/day. For compounds of the invention, doses in the
range 100-1000mg/day are provided, preferably either 100-400mg/day, 300-600mg/day
or 500-1000mg/day. Such doses can be provided in a single dose or as a number of
discrete doses. The ultimate dose will depend on the condition being treated, the route of
administration and the age, weight and condition of the patient and will be at the doctor’s

30 discretion.



H (2- Chl or o- 5- phenyl -thieno [2, 3

-d] pyri mdin-4-yl)-pyridin-2-yl methyl -am ne(44ng, 10 0. 124mvol),

Pi peri di rwo2eraBidyryl i ¢ aci d( 2- hydr oxyet hyl ) am de ( Fl uoPOTeB2p12330110
0.188mml, 1.5eq) and N, N-diisopropyl ethylam ne (A drich, 0.188mmopl) were
di ssolved in N-Methyl Pyrrolidinone (1.13nl) in a Biotage mcrowave tube and
heated to 200C and maintained at this tenperature for 30 min. On cooling,

t he sol venths asemesitienpoktic inventenmay Phadamed thuedwaystrationhyangdppiophia®CM
(2x10m) and the extracts 15 ¢ i he oncentrated and rified by prep
Tee. (ol venbitzodsvectirieny (6 V@ iing FEGGED: BT DY sfl: SRR ow
sol i di fi eqifeMudeig@rslicod, t ubfin¥@y of Olrhrbderhit®), Waying0lord pamitche ¢iabNeinged to
a free-flowi ng powder by stirring in diethyl ether for 1-2h (0.5g in 10m).
Yi el d=18. 3HPYLBDDYS, AotrERgsH apniBiravenogp v Bigdermaloigute. Byelimtreiations may

(S)-3-(2- = - RI 1 di - ' La -put yl
ster 06 O NREPESFbaphpRIcAT kbl dh 3R TP okl X IFEY BrbEhb R Y o
(500nyg, 2.a2sovidtion thdAddtlvE 8B3edient wAththohnricaRdordxeipsmpisppy! et hyl am ne (761
ilL, 4.4mol) were stirred in dry DCM (10ml) in an ice bath for 5 mn, then
at roomtenperature for 5 mn. Ethanolamne (198 ilL, 3.28mmvl) was added
and the r aaHhaRuALYT oM RliohOYBMHEIMSE A Salbfiiaril Smal e, Préserghign vas
di |l uted V\llqtqﬁl DCI\/Iu?40mlO) , uvvalgﬁe% Vét wat er ?SOmB, 1t;lilemellj\é\ll I §§/esr separ at ed
and dri ed disvpSOthitandhcsrepslesairdgbletfhpowdss dueranalss;coluione dr empsidiorsa ( 209
isolute). .Eluti n]ggz MeOH DCM 0- 5% 3CV, .MeOH DCM 5% 5% 10CV, .MeOH 121 10%
5CV. TLE VISP Dot iR 1911 SPPE Ry AE PrBYut K e dHUE |
(327ng) . IGnBliohd @l dteBSiPERRGERHIsidRsanpl e 8 _ _
(R) - 3-(2- Hydr oxy- et hyl car banbyl) - pi peri di ne- 1-carboxylic acid tert-butyl
ester Exanple 9 15 (S)-Piperidine-3-carboxylic acid
(2-hydr OX)ﬁh%%nqgc!ehﬁg‘amfodr%m?ations adapted for transdermal administration may be presented as

discrete patches intended to remain in intimate contact with the epidermis of the

15 recipient for a prolonged period of time. For example, the active ingredient may be
delivered from the patch by iontophoresis as generally described in Pharmaceutical

Research, 3(6), 318 (1986).

Pharmaceutical formulations adapted for topical administration may be formulated as
20 ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays, acrosols

or oils.

For applications to the eye or other external tissues, for example the mouth and skin, the
formulations are preferably applied as a topical ointment or cream. When formulated in
25 an ointment, the active ingredient may be employed with either a paraffinic or a water-
miscible ointment base. Alternatively, the active ingredient may be formulated in a

cream with an oil-in-water cream base or a water-in-oil base.

Pharmaceutical formulations adapted for topical administration to the eye include eye
30 drops wherein the active ingredient is dissolved or suspended in a suitable carrier,

especially an aqueous solvent.



HNNOH H \/ The product of the above reaction was stirred in 1:1 TFA/ DCM f or
2hrs then 20 concentrated in vacuo to an oil. This was dissolved in MeOH
(5m) andwbaatédinato a 5g SCX cartridge. The cartri dgeP@asBBANSH7104 t h
MeOH (10ml), then the product eluted with 2M NH3/ MeOH (10nl). The fraction
was concentrated to give a white solid.l6Yield = 260ny. 25 Sinilarly was
prepared: Exanple 10 (R)-Piperidine-3-car box(ill ic acid '
( 2- hydr oxyPhatrhgdeytieati faemuladorexedaptod b1 togis)l- adnfipispery [in 4he mouth include
[ (pyridin-2-ylnethyl)-amnolthieno [2,3-d] pyrimdin-2-yl}-
pi peri di né‘-’%*%éaﬁ»B%%%)e?%ﬁga Pbtth(‘ﬁals S4r oxy- et hyl )-ami de (1b) 5
(S)-Piperidine-3-carboxylic acid (2-hydroxy-ethyl)-am de was reacted with
(2- Chl oro-5- phenyl -t hi eno{Z, 3-d] pyrim di n-4- l);gyti di n- 2-yl net hyl - am ne
as in Ex arﬁha@n@eg @\}efot’l@l:l]@ oizs ecg?p.t@_ fqgrmmeqqi;@ng flth.Il may be presenfed as
[(pyri disn-Zoul etV @00l ~thieno [2,3 - dlpyri mi din-2-y1} -
pi peri di ne- B oxyl1c acid (2-hydroxy-ethyl)-am de as a yell ow foam
(188ng). 10 Simlarly was prepared: Exanple 12
(R) - 1- 15- Phenyl -4--%‘p ridin-2-y] methyl)-am nopt.hi eno[ 2, 3-d] pyri m din-2-y1l}-
pi peri di ndMIBageH4 |f¥em&eﬁm15(azi-aagﬁar%wwﬂ RYMNistEEtiea ‘(’]ilfif?lnlt%e EAHMTiDders -
|1 near T oUfiq Vi dXRED) dek Bhyil RGLLLUIC sBE 1S &Shi ohstllongtaosal t
Chi r al resoFut]%lon o} (é Hl\ﬁf)ecot?]l?gagfad fr(S)m conner(?%{m’?ace ec m xt ure
H 1\ 1 O 20microns which is administered in the manner in which snuff is taken, i.e. by rapid

10 inhalation through the nasal passage from a container of the powder held close up to the

nose. Suitable formulations wherein the carrier is a liquid, for administration as a nasal

spray or as nasal drops, include aqueous or oil solutions of the active ingredient.

Pharmaceutical formulations adapted for administration by inhalation include fine
15 particle dusts or mists which may be generated by means of various types of metered

dose pressurised acrosols, nebulizers or insufflators.

Pharmaceutical formulations adapted for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations.
20
Pharmaceutical formulations adapted for parenteral administration include aqueous and
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which may include
25 suspending agents and thickening agents. The formulations may be presented in unit-
dose or multi-dose containers, for example sealed ampoules and vials, and may be stored
in a freeze-dried (lyophilized) condition requiring only the addition of the sterile liquid
carrier, for example water for injections, immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared from sterile powders, granules and

30 tablets.

Preferred unit dosage formulations are those containing a daily dose or sub-dose, as

herein above recited, or an appropriate fraction thereof, of an active ingredient.



\/ To a solution of (S)-canphorsulfonic acid (18kg, 77nol) in acetone
(127kg) at 55- 58 C, a solution of (R, S)-nipecotic acid (10kg, 77nol) in
wat er (20W0)r0w#as1379i ckly charged. The m xture was nai nt ChaB2at2/687158 C
until all solids were dissolved. The 25 solution was slowy cooled to
20-25 Cto precipitate the salt, then dt/irred overnight, and isolated. To
further increase the diastereoneric purity, the resulting salt was
recrystallized fromacetone (16kg) and water (4kg) at 55-58 C. Again, the

hot sol uti cooled to.,.20-25 stifred overnight nd isolated to give
the pur 11608 of FREpb 1P ueR g b BiesPliT bl ue 20 fren RO ve o

('S) - Pi per itfé Rembiadiods efhoeyinckidaetidr dgdid borlVehtidnaest B (r2MGng FgardBl ) Was
slurried in acetic acid (189kg) and cooled to 15 C. An excess of hydrogen

chl ori de d¢he tyrs. Ekigymuagor ia ABsHORN©T SrpMPpledthessy suitablsdar eral gdevmpiraioa
deprotecgti . I solated and filter-cake rinsed with acetic
acid (ngr%%{%%g@??%$éﬁﬁﬁg%%€?kcake was then vacuum 15 dried to obtain
product (14.4kg). Exanple 15 (S)-1-{5-Phenyl-4-

[ (pyridin-2-ylnethyl)-amnopthieno [2,3-d] pyrimdin-2-yl}-

pi peri di neMODIES FOR/ CARRYING QUT THE INVENTION
(2-Ch|oro-5-%hgnyl-thieno[§,3:g]pyrinidin14-y1)-pyridin-2-y|nethy|-anine(5.
9kg, 16. 7n0)OEAHINEBYORPYEETEIRS BEP#EHYUPThl ori de (4. 15kg, 25. 1npl) were
di ssolved in butyrolnitrile (13.9kg). An excess of diisopropylethylam ne
(8.6kg, 66.9m0l) was added 25 and the m xture heated to 110 C for 24 to 48
hours tl® conpl eremaaciilonsindV¢dnvergapd rong” (omphdesel (0<% ni pecoti ¢ aci d

remai ni ng), the reaction s .coqled to room.t erature. 2 nd. .wat er
(29Kg) veb charGREOTHIS M Eripe B G et BTERE: L heth7 Bobaqueous
sodi um hydr o3 d@aftorids} nﬁﬂé’u&iﬁg“hﬁééﬁc%t&e%&ﬁﬁh;ﬁg-l tdBanRNgdses) aqueous | ayer
was extracted twice with ethyl acetate (15.9L) then nethylene chloride

(23.5kg) was added to the aqueous |ayer and the pH adjusted to -2.5 with

concentrated hydrochloric acid
‘S%/nthesyis ang determination of enantiomers

15 The desired enantiomerically pure compound was obtained by the careful selection of
reagents and the use of appropriate experimental conditions and sequence in particular
with regard to steps forming the chiral center and subsequent reaction. It was determined
during the course of synthesis that the “linear route” was less prone to racemisation as
the final amide forming bond could be carried out at lower temperature as opposed to the

20 “‘convergent route” which provided better yields but with detectable racemisation.

For the “linear route”, pure enantiomers of the nipecotic acid were obtained by classical
resolution of cheap commercially available racemic nipecotic acid using 1-(S)-camphor
sulfonic acid as the resolving agent, determining eec analysis after forming a BOC

25 derivative of a sample.

The enantiomeric purity was determined by Chiral HPLC.

Analytical methods

30 Proton magnetic resonance (‘'H NMR) spectra were recorded on a Varian 400MHz
Mercury Plus spectrometer. All spectra were determined in dmso-d6 unless otherwise
stated and chemical shifts are reported in (sigma) units downfield from the internal

standard tetramethylsilane (TMS) and interproton coupling constants are reported in



5 (6.3kg). The layers were separated and the aqueous | ayer re-extracted
with nmethylene chloride (2 x 15.7kg). The nethyl ene chloride | ayers were
conbi ned wodowashed with water (18kg) then dried over sa@dirgneiydsatie
(5.9kg) and product solution was held for processing in next step (Exanple

16). 10 Exanple 16 18
(S) 1-15- Pheny14[ pyridin-2-yl met hyl)-am noPt hi eno[ 2, kgrlmdanyl}-
pi peri di néd@tzL; ttmg reagdros $2-deyignany ae fohlphvys: arﬂltﬁet(qlbbo t; (tSyripiet;

e i et B S i Tet JF bt nc T R0 aoubll P gl dJOWPE%PE%pPélls;

was cool ethrbs Singleiang, dbubRepf eam ne (4.51kg, 35nol) and et hanol am ne
(2.03kg, 33.3mpl) were added. Mai ntai ning the reaction tenperature bel ow 10
C, bezotr|IBzS@P§traWerterdﬁwemwﬂ@n@rﬁqﬁlﬁfl@mm(Smtyym(@nealv@gtrurmeltsrrm) was char ged
in portiso tirr yas conplete. The
reacti on g\g gcﬁ&m‘gére%%teag@{l%?%g& gﬁﬂrégr%gggn%%#%kgg@ts'and washed with
wat er (22. H!PIM)? andlgik omvedob Ya)) wars wasfvdouniohln Wiatdrs 26%Csydtcd0 diingZRIBAXI de
buf fer aqueous sol ution SpH 5) (2.88kg, 15nol), and finally with a brine
sol ution (Mb§: %&&’éé?ﬂ@ﬁ’t C9lumhe i xt ure was charged with butyronitrile
(17.4L) andoRds bhat! X BldshPREA (k0 PECRIdhY AFe, HASCH)AT S QIR /60 PHOEUCT
The slurry \?vas fZ) l? hered to r(e?bp ?I asteremkso ﬁ? the”’ fl?(%rates
stripped ful/beflow ate 10mvoinyme. To the m x hept anes (30 4L) was charged to

hae 111 ber g roliGin GRirPHe I Al BRIy, R it near s Pobtdtn
pr oduct (ﬂ(7élsg) ﬂowZI%t&(R%mﬂ/mu{ﬁmd%feewhnfﬂutes[(pyrl di n- 2- yl met hyl ) - ani no]

-thieno [2,3 -d] pyrimdin-2-yl1l} - piperidine-3-carboxylic acid

(2- hydr oxyMeltlhgmmaSrW@re deteeingd pnige Fov-dpadtr iestrensov(Miodgl: MP/al20put e anal ogous
to Exanples 13 to 16. Exanple 17 Analytical data for the conpounds
represent ed by t he above exarrpl es are shown in the tabl e bel ow. Ex NWR

e hod (s, HEAE Prgalsis rpehed (5) e Sprbi routav e Mot 410 hila C

15 handling system, Waters 996 photodiode array detector.

Chiral column: Daicel Chiralpak AD-H (Chiral technologies) reporting chiral purity at
244nm; mobile phase 80%Hexanes:20%EtOH; flow rate 0.8ml/min; temp 40 °C.

Mass spectra were determined on an Agilent 1100 series instrument (Model: G1946C).

20 Using the information outlined herein the following compounds can be synthesised
which are given by way of example only. The pharmacological profile of compounds of
the present invention can readily be assessed by those skilled in the art using routine
experimentation, such as procedures and techniques illustrated herein and described in
detail in Ford ef al., 2002.

25

Example 1
(Z)-2-Cyano-3-phenyl-but-2-enoic acid ethyl ester (VII)

30



(2H,q), 6. 15(1H,  (99.5% s)7.3 (5H, m 3 6.67(1H,s),7.3 (uplc) 245
WO 2012/131379 PCT/GB2012/050710

19

A stirred mixture of acetophenone (VII) (180g, 1.5mol), ethyl cyanoacetate (170g,
1.3mol), ammonium acetate (23.1g), acetic acid (72g) and toluene (300ml) was heated
under reflux for 18 hours while water was removed from the reaction by azeotropic
distillation. The mixture was allowed to cool to ambient temperature, toluene (100ml)
5 was added, then the mixture was washed with water (3 x 100ml). The combined
aqueous washings were shaken with toluene (50ml), then the combined toluene solutions
were dried over magnesium sulphate, filtered and the solvent was removed in vacuo.
The residual oil was distilled under reduced pressure to give 2-cyano-3-phenyl-but-2-

enoic acid ethyl ester as an oil (309g) which was used without further purification.

10

Example 2

2-Amino-4-phenyl-thiophene-3-carboxylic acid ethyl ester (VI)

@]
—
@)
/ \
S NH,

15

2-Cyano-3-phenyl-but-2-enoic acid ethyl ester (513.25g, 2.3mol) was added at ambient
temperature to a vigorously-stirred suspension of powdered sulfur (76g, 2.3mol) in
cthanol (500ml). Diethylamine (200ml) was added in portions over 20 minutes, during
20 which time the temperature of the reaction rose to 62°C. The mixture was allowed to
cool to 36°C, then it was heated to 50°C and stirring at that temperature was continued
for 1hr. After this time, stirring was discontinued, the hot solution was removed by
decantation from unreacted sulfur, then it was allowed to cool to ambient temperature.
The resulting solid was collected by filtration, washed with a little cold ethanol and dried
25 in vacuo to give 2-amino-4-phenylthiophene-3-carboxylic acid ethyl ester as an orange

solid (195g) which was used without further purification.



(3H, m,
(1H, s)
5
10
15
20
25

7.47 (2H, (98.9% m 4 7.51(5H, m,7.99 (uplc) 282
(92%
WO 2012/131379 PCT/GB2012/050710
20
Example 3

5-Phenyl-1H-thieno[2,3-d]|pyrimidine-2,4-dione (V)

2-Amino-4-phenyl-thiophene-3-carboxylic acid ethyl ester (2.0g, 8.1mmol), and
Potassium Cyanate (Aldrich, 2.0g, 24.3mmol) were added to glacial acetic acid (VWR,
20ml) and stirred at ambient temperature for 18h. The reaction was diluted with water
(50ml) and the resultant precipitate filtered, washed with water and dried to a damp cake.
The solid was suspended in water (100ml) and made alkaline to pH 12-14 by the
addition of concentrated sodium hydroxide. The resultant suspension was heated at
100°C for 2h with stirring, then cooled to ambient temperature and acidified by the
addition of glacial acetic acid. The resulting solid was collected by filtration, washed
with water and dried in vacuo at 40°C to give 5-Phenyl-1H-thieno[2,3-d]pyrimidine-2,4-
dione as a white solid. Yield = (1.1g, 56%).

Example 4
2,4-Dichloro-5-phenyl-thieno[2,3-d]pyrimidine (IV)

A stirred mixture of 5-Phenyl-1H-thieno[2,3-d]pyrimidine-2,4-dione (1.07g, 4.39mmol)
and phenyl phosphonic dichloride (Aldrich, 10ml, excess) was heated at 150°C for 7h

then allowed to stand at ambient temperature for 18hrs. The resulting dark solution was



5 4.64(2H,s),7.07 (uplc 353 (1H, m,7.23 (1H, 1.75) (97.6% m,

(1H, d),

10

15

20

7.55 (6H, m, 7.75(1H,
WO 2012/131379 PCT/GB2012/050710
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poured into ice-water and extracted with DCM (3 x 150ml). The combined extracts were
washed with saturated sodium hydrogen carbonate solution (150ml) and dried (MgSOQO.).
The solvent was removed in vacuo and the oily residue triturated with 40-60°C
petroleum ether to give 2,4-Dichloro-5-phenyl-thieno[2,3-d]pyrimidine as a pale yellow
solid. Yield = (0.82g, 66%).

Example 5
(2-Chloro-5-phenyl-thieno|[2,3-d]pyrimidin-4-yl)-pyridin-2-ylmethyl-amine (IIT)

AN
~N
HN
4 |\N
S N/)\CI

A mixture of 2,4-Dichloro-5-phenyl-thieno[2,3-d]pyrimidine (1.77g, 6.3mmol), 2-
aminomethylpyridine (Aldrich, 782ul, 7.6mmol), and triethylamine (VWR, 1.06ml, 7.63
mmol ) were refluxed in ethanol (30ml) for 3 hrs. On cooling, the reaction was poured
into water (300ml) and stirred for 1 hr. The resulting precipitate was filtered, washed
with water (2 x 30ml) and dried under vacuum at 40°C to give (2-Chloro-5-phenyl-
thieno[2,3-d]pyrimidin-4-yl)-pyridin-2-ylmethyl-amine as a pale-yellow solid. Yield =
(1.55g, 70%).

7.



2.3 190-
WO 2012/131379 PCT/GB2012/050710

dt), 8.21 (1H m 6 1.3 (1H, m, 1.6 (2H, 3338,3298, n), 1.8 (1H,
m

22

Racemate — convergent route

Example 6

(Racemic)  1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino|-thieno[2,3-d]|pyrimidin-2-
yl}-piperidine-3carboxylic acid (2-hydroxy-ethyl)-amide (Ia)

HN
i |\N o]
‘ N/ANO)LHNOH

(2-Chloro-5-phenyl-thieno[2,3-d]pyrimidin-4-yl)-pyridin-2-ylmethyl-amine (44mg,

10 0.124mmol), Piperidine-3-carboxylic acid(2-hydroxyethyl)amide (Fluorochem, 32mg,
0.188mmol, 1.5¢q) and N,N-diisopropylethylamine (Aldrich, 0.188mmol) were
dissolved in N-Methyl Pyrrolidinone (1.5ml) in a Biotage microwave tube and heated to
200°C and maintained at this temperature for 30 min. On cooling, the solvents were
removed in vacuo. The residue was triturated with DCM (2x10ml) and the extracts

15 combined, concentrated and purified by prep TLC (eluent 10% MeOH/DCM) to give the
product as a yellow oil, which slowly solidified on standing to a waxy solid. The waxy
solid may be converted to a free-flowing powder by stirring in diethyl ether for 1-2h
(0.5g in 10ml). Yield=18.3mg (30%)

20 Enantiomers — convergent route

Example 7
(S)-3-(2-Hydroxy-ethylcarbamoyl)-piperidine-1-carboxylic acid tert-butyl ester

/%oinO)OLN/\/O

25
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(8)-Piperidine-1,3-dicarboxylic acid 1-tert-butyl ester (500mg, 2.2mmol), HATU (833
mg, 2.2mmol) and Di-isopropylethylamine (761 pL, 4.4mmol) were stirred in dry DCM
(10ml) in an ice bath for 5 min, then at room temperature for 5 min. Ethanolamine (198
uL, 3.28mmol) was added and the reaction stirred at room temperature for 3 hrs. The
reaction was diluted with DCM (40ml), washed with water (50ml), the DCM layer
separated and dried (MgSQ4) and concentrated. The residue was columned on silica (20g
isolute). Eluting: MeOH/DCM 0-5% 5CV, MeOH/DCM 5%-5% 10CV, MeOH/DCM 5-
10% 5CV. TLC visualized with KMnOy. This yielded the product as a clear oil (327mg).

Similarly was prepared:

Example 8
(R)-3-(2-Hydroxy-ethylcarbamoyl)-piperidine-1-carboxylic acid tert-butyl ester

Example 9
(S)-Piperidine-3-carboxylic acid (2-hydroxy-ethyl)-amide

O

N/\/OH

HN N

The product of the above reaction was stirred in 1:1 TFA/DCM for 2hrs then
concentrated in vacuo to an oil. This was dissolved in MeOH (5ml) and loaded onto a 5g
SCX cartridge. The cartridge was washed with MeOH (10ml), then the product eluted
with 2M NH3/MeOH (10ml). The fraction was concentrated to give a white solid. Yield
= 260mg.

Similarly was prepared:

Example 10
(R)-Piperidine-3-carboxylic acid (2-hydroxy-ethyl)-amide

3.4
3



1484,1438, (1H $),7.2-7.3(2H, 1386, 1321, WD
2012/ 131379PCT/ G(B2012/ 050710 28 m, 7.5 (5H, m, 7.7 (1H m, 7.9 (1H, m,
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Example 11
(S)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]-thieno[2,3-d]pyrimidin-2-yl}-
piperidine-3-carboxylic acid (2-hydroxy-ethyl)-amide (Ib)

/ | N o]
S N/J\I\EJ)LH/\/OH

5 (S)-Piperidine-3-carboxylic acid (2-hydroxy-ethyl)-amide was reacted with (2-Chloro-5-
phenyl-thieno[2,3-d]pyrimidin-4-yl)-pyridin-2-ylmethyl-amine as in Example 6 above to
give (S)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]-thieno[2,3-d]pyrimidin-2-yl} -
piperidine-3-carboxylic acid (2-hydroxy-ethyl)-amide as a yellow foam (188mg).

10 Similarly was prepared:
Example 12
(R)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]-thieno[2,3-d]pyrimidin-2-yl}-
piperidine-3-carboxylic acid (2-hydroxy-ethyl)-amide (Ic)

15 Enantiomers — linear route via

Example 13
(S)-Nipecotic acid-(S)-Camphorsulfonate salt

Chiral resolution of (S) Nipecotic acid from commercial racemic mixture

20

To a solution of (S)-camphorsulfonic acid (18kg, 77mol) in acetone (127kg) at 55—
58 °C, a solution of (R,S)-nipecotic acid (10kg, 77mol) in water (20kg) was quickly

charged. The mixture was maintained at 55-58 °C until all solids were dissolved. The
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(S) m), 1.8 (1H, n), 2.3 - 489.3 RT=18.4 61- 3426, 3357,
(1H M, 2.

8(2H, min 65 1649 m), 3.2 (2H, ), 3.4
WO 2012/131379 PCT/GB2012/050710
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solution was slowly cooled to 20-25 °C to precipitate the salt, then stirred overnight, and
isolated. To further increase the diastercomeric purity, the resulting salt was re-
crystallized from acetone (16kg) and water (4kg) at 55-58 °C. Again, the hot solution
was cooled to 20-25 °C, stirred overnight, and isolated to give the purified (S)-nipecotic

acid-(S)-camphorsulfonate salt (14kg).

Example 14
(S)-Piperidine-3-carboxylic acid hydrochloride
e o
H
HN OH

(8)-Piperidine-1,3-dicarboxylic acid 1-tert-butyl ester (20kg, 87.2mol) was slurried in
acetic acid (189kg) and cooled to 15 °C. An excess of hydrogen chloride gas (9.6kg)
was charged and stirred for ~4 hours to complete deprotection. The slurry was isolated
and filter-cake rinsed with acetic acid (2 x 31.5kg). The filter cake was then vacuum

dried to obtain product (14.4kg).

Example 15
(S)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]-thieno[2,3-d]pyrimidin-2-yl}-

piperidine-3-carboxylic acid

/ | N 0
S N/)\D)LOH

(2-Chloro-5-phenyl-thieno[2,3-d]pyrimidin-4-yl)-pyridin-2-ylmethyl-amine (5.9kg,
16.7mol) and (S)-nipecotic acid hydrochloride (4.15kg, 25.1mol) were dissolved in
butyrolnitrile (13.9kg). An excess of diisopropylethylamine (8.6kg, 66.9mol) was added
and the mixture heated to 110 °C for 24 to 48 hours to complete reaction. With coupling

complete (<2% nipecotic acid remaining), the reaction was cooled to room temperature



(2H, M), 4. 6(5H, m, 6.3 (1H, t), 6.95 (1H, $), 7.2 (1H dd),
7.3 (1H, d), 7.5 (5H,
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and water (29kg) was charged. The mixture pH was adjusted to ~10 with 25% aqueous
sodium hydroxide (4.5L) and the layers separated. The product aqueous layer was
extracted twice with ethyl acetate (15.9L) then methylene chloride (23.5kg) was added to
the aqueous layer and the pH adjusted to ~2.5 with concentrated hydrochloric acid
5 (6.3kg). The layers were separated and the aqueous layer re-extracted with methylene
chloride (2 x 15.7kg). The methylene chloride layers were combined and washed with
water (18kg) then dried over sodium sulfate (5.9kg) and product solution was held for

processing in next step (Example 16).

10 Example 16
(S)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]-thieno[2,3-d]pyrimidin-2-yl}-
piperidine-3-carboxylic acid (2-hydroxy-ethyl)-amide (Ib)

/ | N o]
S N/J\I\EJ)LH/\/OH

15 (S)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]-thieno[2,3-d]pyrimidin-2-yl}-
piperidine-3-carboxylic acid solution (7.4kg, 16.63mol) (from Example 15) was cooled
to 0 °C and diisopropylamine (4.51kg, 35mol) and ethanolamine (2.03kg, 33.3mol) were
added. Maintaining the reaction temperature below 10 °C, bezotriazolyl
tetramethyluronium-BF4 (TBTU) (5.9kg, 18.3mol) was charged in portions then stirred

20 at ~5 C until the coupling was complete. The reaction solution was then filtered to
remove TBTU salts and washed with water (22.2 L), followed by two washes with citric
acid/sodium hydroxide buffer aqueous solution (pH ~5) (2.88kg, 15mol), and finally
with a brine solution (4L). Subsequently, the mixture was charged with butyronitrile
(17.4L) and partially stripped to precipitate the diastereomeric product. The slurry was

25 filtered to remove diastercoisomer and the filtrates stripped further to ~1/2 volume. To
the mix heptanes (30.4L) was charged to precipitate product and the slurry cooled to
room temperature. The slurry was filtered, rinsed with heptanes (10.1L), and vacuum

dried to obtain product (4.1kg).
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(R)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]-thieno[2,3-d]pyrimidin-2-yl} -
piperidine-3-carboxylic acid (2-hydroxy-ethyl)-amide (Ic) may be prepared according to

a route analogous to Examples 13 to 16.

Example 17
Analytical data for the compounds represented by the above examples are shown in the
table below.
Chiral
NMR spectrum 'H HPLC Mass HPLC MP FT-IR
B (400MHz; dmso-d6) | (RT) (SI\P;(;) (method | (°C) | Amax (cm™)
mins ()
2 1091 (3H, t), 3.96 |48 248
(2H,q), 6.15 (1H, (99.5%)
$)7.3 (5H, m)
3 |16.67 (1H, s), 7.3 | (uplec) | 245
(3H, m), 7.47 (2H, (98.9%)
m)
4 |7.51 (5H, m), 7.99 | (uplc) | 282
(1H, s) (92%

5 |4.64 (2H, s), 7.07 | (uple | 353
(1H, m), 7.23 (1H, | 1.75) | (97.6%)
m), 7.4 (1H, d), 7.55
(6H, m), 7.75 (1H,
dt), 8.21 (1H, m)

6 |13 (1H, m), 1.6 (24, 3338, 3298,
m), 1.8 (1H, m), 2.3 190- | 3098, 3009,
(1H, m), 2.8 (2H,|2.67 |489 194 |2931, 2847,
m), 3.1 (2H, m), 3.4 | (uple | (99.8%) 1642, 1556,
(H, m), 4.6 (5H,|0.91) 1517, 1504,
m), 6.3 (1H,m), 6.95 1484, 1438,

(1H,s), 7.2-7.3 (2H, 1386, 1321,

1.

6
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489.3 RT= 71- 3425, 3352,
m,

(

(2H m,

1H, m,
4.6 (5H
PCT/GB2012/050710

2.8 (2H,

m), 7.5 (5H, m), 7.7
(1H, m), 7.9 (IH,
m), 8.3 (1H, m)

1300, 1255,
1220, 1203,
1139, 1062

11
(S)

1.3 (1H, m), 1.6 (2H,
m), 1.8 (1H, m), 2.3
(1H, m), 2.8 (2H,
m), 3.2 (2H, m), 3.4
(2H, m), 4.6 (SH,
m), 6.3 (1H, t), 6.95
(1H,s), 7.2 (1H, dd),
7.3 (1H, d), 7.5 (5H,
m), 7.7 (1H, dd), 7.9
(1H, m), 8.3 (1H, m)

489.3

98.3%
RT=18.4

min

61-
65

3426,
1649

3357,

12
(R)

1.3 (IH, m), 1.6 (2H,
m), 1.8 (1H, m), 2.3
(1H, m), 2.8 (2H,
m), 3.2 (2H, m), 3.4
(2H, m), 4.6 (5H,
m), 6.3 (1H, t), 6.95
(1H,s), 7.2 (1H, dd),
7.3 (1H, d), 7.5 (5H,
m), 7.7 (1H, dd), 7.9
(1H, m), 8.3 (1H, m)

489.3

97.6%
RT=
14.87
MIN

71-
76

3425,
1649

3352,

Example 18
Kv1.5 Electrophysiology Method

The ability of the compounds of the invention to inhibit the Kv1.5 potassium channel

5 was measured in an electrophysiology experiment, using recombinant cells expressing

the channel of interest in a whole cell patch clamp experiment.

The external bathing solution contained (in mM): 150 NaCl, 10 KCl, 3 MgCl,, 1 CaCl,,

10 HEPES, pH 7.4. Patch pipettes were filled with an electrode solution of composition
10 (in mM): 160 KCI, 0.5 MgCl,, 10 HEPES, 1 EGTA, pH 7.2 with KOH.
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Compounds were dissolved in DMSO (100 %) and freshly made up in the external
bather at the desired concentration (final DMSO concentration = 0.1%). All experiments

were conducted at room temperature.

For whole-cell patch-clamp studies cells (CHO stably transfected with hKv1.5) were
seeded onto glass coverslips before recordings were made. Cells were seeded in sterile
30 mm Petri dishes at a density to enable isolated cells to be selected for patch clamp
experiments. The dishes were stored in a humidified, gassed (5 % CO;) incubator at

37 °C until use.

Whole-cell patch-clamp recordings of membrane currents were made following gigaohm
scal formation between the patch electrode and the cell using HEKA EPC-9/10
amplifiers controlled by Pulse Software (Ver8.5x/8.6x, HEKA, Germany). Coverslips
seeded with cells were placed in a recording chamber mounted on the stage of an
inverted microscope. During the experiment the cell of interest was continuously
superfused with bather solution delivered via a cannula placed in close proximity to the
cell to enable control of the extracellular solution environment. Only those cells with a
current >500pA were used for experiments. During experiments total series resistance
did not exceed 10 MQ and was compensated by a minimum of 70 %. Leak subtraction

was performed online using a P/n protocol in Pulse.

Electrophysiology voltage-step protocols and analysis of data was performed as follows.
Data was sampled at SkHz, and filtered with a -3 dB bandwidth of 2.5kHz. Cells were
held at a voltage of —-80mV. Currents were evoked by a depolarising voltage step to 0mV
(900ms) before repolarisation first to -40mV (100ms) before returning to -80mV. The
command waveform as repeatedly applied every 5s throughout the experiment. Mean
currents during 75-95% of the depolarising step to OmV were analysed using Pulsefit
software (v8.x, HEKA, Germany). The voltage protocol was applied a achieve a stable
current baseline in bather before the test substance was superfused via the cannula; fluid
exchange took approximately 15 s. The test substance was allowed to equilibrate during

which time voltage protocol was repeatedly applied and recorded. Percentage inhibition

t), 6.95 (1H'$), 7.2 (1H dd), 7.3 (1H, d), 7.

5
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vere di ssolved I'fi DVSO (100 % and freshly made up in the external bat her
at the desired concentration (final DVMSO concentration = 0.1%. All
experinments were conducted at roomtenperature. 5 For whol e-cell

pat ch-cl anp studies cells (CHO stably transfected with hKvl.5) were seeded

onto gl ass coverslips before recor di¥gROUWEr e made. CelIs weKdlddbded in
sterile 30 nm Petri dishes at a density to enabl e isol ated gg\hjs to be
sel ected for patch|clanp experinments. The dishes were stored Iih a
hum di fi eRacgmawed | ( 5{59BHE0R)-44[ (pyuibmt Dy Inadthyliradithol-thieho[2,3us €. 9
d]pyrimidin-2-yl}-piperidine-3carboxylic ~ acid  (2-
hydroxy-ethyl)-amide
(S) (S)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]- 27
enantiomer | thieno[2,3-d]pyrimidin-2-yl}-piperidine-3-carboxylic
(Ib) acid (2-hydroxy-ethyl)-amide
(R) (R)-1-{5-Phenyl-4-[(pyridin-2-ylmethyl)-amino]- 5
enantiomer | thieno[2,3-d]pyrimidin-2-yl}-piperidine-3-carboxylic
(Ic) acid (2-hydroxy-ethyl)-amide

Example 19

Selectivity screening
A compound of the invention and a comparative compound were screened in the
following assays:

10 1. Navl.5; screened on the Sophion QPatch using CHO cells expressing hNavl.5
currents, stably transfected with heterologous hNav1.5 cDNA.

2. Kv4.3; screened by manual whole cell patch clamp using CHO cells expressing

hKv4.3 currents, stably transfected with heterologous Kv4.3 cDNA.

3. hERG; screened by manual whole cell patch clamp using HEK293 cells expressing
15 hERG currents, stably transfected with heterologous hERG cDNA.

4. Kir3.1/3.4; screened by manual whole cell patch clamp using HEK293 cells
expressing rKir3.1/3.4 currents, stably transfected with heterologous rKir3.1 and rKir3.4
cDNA.

5. KCNQI; screened by manual whole cell patch clamp using CHO cells expressing
20 hKCNQI/hmink currents, stably transfected with heterologous hKCNQ1/hmink ¢cDNA.
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EPC- 9/ 10 wopbhiZi3e37’8 control | ed by Pul se Software (Ver 8. BXT&BERR12/UMEKA,
Germany). Coverslips 15 seeded with cells were placed in a recording
chanber nmounted on the stage of an inverlted microscope. During the
experinent the cell of interest was continuously superfused w th bather

sol ution del Kidrledcrg¢redabycramamul avlpllca@@bpa;t@h choweispreol ER2PY cels edpecssmigl to

win o ool Shatin RN AGSate Sl BB ET AR oper { ments total
20 d
seri o= es shanes, 20,00 0 OEBr S e kDR TR pFgem s RCBYh Seapiin |

Pul se. El %@Jm}pggyﬁé&ed@gyhy@}&@égﬁsﬁtgﬂ Pepiecol s and anal ysis of data was
perfornmed as follows. Data was sanpled at 5kHz, and filtered with a -3 dB

bandw dih 'ﬁie s%le@ﬁbgy ﬁg& {”o? I&ﬂréea%c% Gl BihPanhob Sglflel rg?( owfrBElLGAL S

wer e evoke rnl si ng VO e St ep to ore
| 1 | | I G UITNV ﬁl. ul || IIN. Ihﬁ
o mad woRPBds" Lo satBatd aDRF révc?nﬁ%r y 8“‘??{? e He exmor i ent

Mean CurrenLS r|||r| ng 75 Q504 of th rlnnnl ar nocot nn to O/ were anal\sed

LEAEA = A~ A=) MII\J UiV VALZ arfary

usi ng Pul JegY 145 softvvare%é@’?x, HEKA, Gernany ﬁﬂ’fe vol t age protocol was
appl i ed achieve a stable 30 current baselihe in bather before the test

subst anceg Kek3 super f usedd09a the cannul a; flul'& exchange t ook approxi mately
15 s. The test substance was allowed to equilibrate during which tinme
vol t age pridiRde¢ol was repeatedly applied and r&borded. Percentage inhihition
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Kir2.1 >400x >1245x
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Example 20

Inhibition of the Ik, current in dissociated human atrial myocytes

Isolation of human atrial myocytes

10 Specimens of human atrial appendage (either right or left) were obtained from patients
undergoing a range of cardiac surgical procedures. Tissue was obtained from consenting
patients from Papworth Hospital NHS Trust, Cambs. UK. following approval from the
Local Research FEthical Approval Committee. The mechano-enzymatic isolation of
myocytes was performed using a modified protocol as described by Wang ef al. (1993)

15 and Dobrev et al. (2005). Isolated myocytes were suspended in a modified ‘Krafte-

briihe’ (KB) solution until use.
Recording system

Myocytes were placed into a small-volume recording chamber with a glass-coverslip
base, mounted on the stage of an inverted microscope. During the experiment, the cell of
20 interest was constantly superfused with bather solution delivered via a cannula placed in

close proximity to the cell to enable control of the extracellular solution environment.
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CODNA. VWO 20J4h %Ze%ﬁg TGRaRhal O ination from other ionic currents, experimental
solutions contained 10 mM tetracthylammonium chloride (Ix), 100 nM atropine (Ix ach),

10 200 uM CdCl; (Icar; and leica), 0.5 mM BaCl, (Ix; and Ikacn). Blockers were used at a
concentration that would not be expected to affect Ixy. The sodium current (In,) was

suppressed by using a choline chloride based bather. Depolarising voltage-step were

applied every 10s to elicit an outward potassium current composed of a transient and

sustained component. The sustained current sensitive to 300 pM 4-AP was defined as the

15 ultra-rapid delayed rectifier current, Iy

Ionic current Compound of the invention Comparative compound
hlky 11 nM 154 nM
Abbreviations
HGNC HUGO Gene Nomenclature Committee
Kvaun Cardiac Ultrarapid Delayed Rectifier

20 CHO Chinese Hamster Ovary Cells
1P3 Inositol Triphosphate
CRAC Ca’"-Release-Activated-Ca®* Current
DMEM Dulbecco’s Modified Eagle media
DMSO Dimethyl sulphoxide

25 FCS Fetal Calf Serum
EBSS Earls Balanced Salt Solution
WCPC Whole-Cell Patch-Clamp

HEK293 Human Embryonic Kidney 293 Cells



31 6. Kir2.1; screened by manual whole cell patch clanp using HEK293 cells
expressing hKir2l. currents, stably transfected wth heterologous hKir2.1
cDNA.  7.wQav/131379cr eened usi ng GH3 cel l's or HEK293 celPC3/GBepr2#saiing
hCavl. 2 currents, stably transfected with heterol ogous hCavl.2 cDNA. 5 The
selectivity ratios for Kvl.5 as conpared to the above ion channels are
shown bel ow. 1on Channel Conpound of the invention Conparative conpound
Navl. 5 >3RKFERENCEY4. 3 -500x 17x hERG -275x 54x Kir3.1/3.4 -265x -42x
KCNQL -1200x -300x Kir2.1 >400x >1245x
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(la) or a pharmaceutically accept@ble’ester or salt thereof. 10 2. The
conmpound of claim1, wherein the conpqund is of foswula (Ib) N WO

2012/ 131379PCT/ GB2012/ 050710 39 & The\conmpoufid df claim 1, wherein the
conpound of fornmula (la) conprises—a y-t he conpounds of fornul ae
(I'b) and (lc). 5. The compound of claim4, wherein the conmpound of
formul as(la) conprises a 5racem c m xture™>0f the conpounds of fornulae (IDb)
and (1c). 6. The conpound of claim4, wﬁg{ein t he conpound of fornula (1a)
conprises an enantioneric excess of the cgnpound of formula (Ib). 10 7. The
compound of claim4, wherein the conmpound of fornula (la) conprises an
enantioneric excess of the c ound of rmul.a (Ic). 8. A pharmaceuti cal
conposi ti ¢t *d %@Wﬁ&“ﬁ@cggﬁgﬁ3ﬁﬁ%cﬁéﬂéﬁﬁﬁﬁfas claimed in any one of

claims 1 to 7 and, optionally, one or nore pharnaceutically acceptable

10 2. The compound of claim 1, wherein the compound is of formula (Ib)

(Ib).

3. The compound of claim 1, wherein the compound is of formula (Ic)
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15exci pients. 9. A conmpound or conposition as clainmed in any one of clains
1 to 8 for use in therapy. 20 10. A nethod of potassi um channel inhibition,
conpri si yoadryiiyPeri ng to a subject an effective anouRCTaiB2at2/156H8t one
conpound or conposition as claimed in any one of clainms 1 to 8. 11. The
met hod of claim 10, wherein the nmethod 39 for treating or preventing
25arrhythma. 12. A conpound or conposition as clainmed in any one of clains
1 to 8 for4. uskhei eprppavadséfuetaihdndieréintthdicompaund W formula (Ia) comprises a

2012/ 131379PCT/ (B2012/ 050710 A0 .14. The use a conmpound as clained in any
one of clainﬁnﬁgggO%&?SPH?R%mﬁ%%é?%%ﬂﬁﬁ%bd?mgﬂﬁedicanent for use in

pot assi um channel i nhibition. 15. The use of claim 14 wherein the

medi canment is for use in the treatnment or 5prevention of arrhythm a.
5. The compound of claim 4, wherein the compound of formula (Ia) Comprises a

5 racemic mixture of the compounds of formulae (Ib) and (I¢).

6. The compound of claim 4, wherein the compound of formula (Ia) comprises an

enantiomeric excess of the compound of formula (Ib).

10 7. The compound of claim 4, wherein the compound of formula (Ia) comprises an

enantiomeric excess of the compound of formula (Ic).

8. A pharmaceutical composition comprising at least one compound as claimed in any
one of claims 1 to 7 and, optionally, one or more pharmaceutically acceptable

15 excipients.

9. A compound or composition as claimed in any one of claims 1 to 8 for use in

therapy.

20 10. A method of potassium channel inhibition, comprising administering to a subject an
effective amount of at least one compound or composition as claimed in any one of

claims 1 to 8.

11. The method of claim 10, wherein the method is for treating or preventing

25 arrhythmia.

12. A compound or composition as claimed in any one of claims 1 to 8 for use in

potassium channel inhibition.

30 13. The compound or composition as claimed in claim 12, wherein the compound or

composition is for use in the treatment or prevention of arrhythmia.
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14. The use of a compound as claimed in any one of claims 1 to 7 for the manufacture

of a medicament for use in potassium channel inhibition.

15. The use of claim 14 wherein the medicament is for use in the treatment or

prevention of arrhythmia.



