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WD 2008/ 074966 PCT/ GB2006/ 004856 1 CRTH2 Ant agoni sts
This invention relates to specific indolizine
w@opouRes which are |igands of the CRTH2 recBpt/GB2006/004856
(Chenpattractant Recept or - honol ogous nol ecul e
expressed on T 5 Helper cells type 2), and their use
in the treatnment oCH{HEAARYohRtHONSI ve to nodul ation
of CRTH2 receptor activity, principally diseases
having a significant inflammatory conponent.

This ﬁ@&h%ﬁ‘i’é'lgféstt@séébﬁlc'|ﬁ‘d’cﬁﬁtde%n%uw8§§vh%ﬁ|a|réIlg?'drﬁjs‘&‘ﬂw to

an | nportant role in al I ¢ and | nmune

CRTH%Q%‘GQ@&Q“W@ tﬁ?cﬁéioé'aﬁ@@o oy AiasEle expressed on T
HelpéF%‘éili‘fyBé% a%H‘%I'?bnﬁ?se"ih%@{Fbé‘t%enlt B84 ks nsive to
I'neS, prostaglandin D2, etc (Boyce; e fy
modu@tonrpé OBFTHtE recemoyactiyiy, Poincigaly. dlsq:ﬂ%ghaynaﬁcﬁlgw foant
mej or metabolite produced by the action
mﬂan(rﬁ ycqnzpdysgtenase on arachadonic acid by mast cells
in response to allergen challenge 15 (Lews et al; J.

BackgfouitPlo the ld@entioh?d, 1627-1631). It has been shown
ion is increased in patients with

Mast §¢ig argikaowa dQ play ap §neortaw belp i alleqgic @rgimmyne regpgnses
througﬁ% re%%e éﬂQQurJﬂﬁQﬂ&f mé&h!at%?é%'sﬁcr'i Bk ﬂis¥dn§né N@Lﬂlo%ién‘és et

Respir. D's 602; Br own

cytokémaprosmgl@ndm@zo¢t§r<§ﬁme A#@r@a Aﬁéﬂ;’ka E:mcg 20019%@% 271303,
Prostéél%ndlﬁ%% (Pé@%% el mﬁL nktalfdh'te%r%}du&ld t%fthb%’ei&@bf ,

ronchi al ast hma Murray et aI
cyclopKygeRgse oy ara&ﬁ@ﬁomq@a@ by nast cglisgn gepponse @ler%ﬁn chagjenge
(Lewng%\f al; Beﬁrﬁhunol Dj g2, 12@9%}&7 1'16&3?!% L REs Bk shomzght @GDQ'
yC||n I mmunol ., 1, 87, 540-548),
prodtmtlpn &anw&%%a@@ye@ﬁ wiih: systemjig F@SWV@PWRO'P ﬁb|En9' J.
Med. 19&?‘0 368, 14@5&46@)1)ane @%lrﬂ%ckmbl@ﬁo et bl; AR, %R/SRééﬁlpw

receptors, receptor (Bole e

1653 060y E0er g o gt Qs HAA S 1B 113, 176-

183; CHSaRAAE 1. 30fe CIrrﬁﬁﬂﬁmbr hrgml QE,CB@ an, Qﬁ@hcﬂ’nél%sthma
exp ressed on (or CRTH2 gata et

(Murqabﬁﬁyﬁb[\l Eng_lgég\ﬂeq6§986l§-}g Lpb%ea}ldﬁm Rev Respir. Dis.,

" 1990P1 o5 t12g! 1P WVRERZdI BEKP L. A@rﬁ?(ﬂhn RGO, Acogls 87 260418548 9and -

urioaigaHeaintet sl b peOsn' S50 B Hbkdh FRp i ociats

it efféc@éifh%L@hf’two R ptvay,@hd 6D J (6t BP) ﬁécfetgtbtr $E;>1d)lé eaaln unmr obkm.,
ar as

1995, 8700 8 BLE and e oo g paeieau enen ek BaolpgRe MOISENe

expr@sgé_ﬁgﬁ Izmtzl(afdzlaﬂmx (INy@altesetcdl mrlnlmmpmggs, 1atazqs12m3nlaags
an e S

o o R T E DR B S0 8B bt

has K&ﬁrposwtwwmtaoag@ﬁs Hag aﬁ’%m@’é theadfestics| PGIDI @it reosptons

these c Hir J.
may have bene?mal eh)écts mg numaber otf dlsease states.

The CRTH2 receptor has been shown to be expressed on cell types associated with
allergic inflammation, such as basophils, eosinophils, and Th2-type immune helper
cells (Hirai et al; J. Exp. Med., 2001, 193, 255-261). The CRTH2 receptor has been
shown to mediate PGD-mediated cell migration in these cell types (Hirai et al; J.
Exp. Med., 2001, 193, 255-261), and also to play a major role in neutrophil and
eosinophil cell recruitment in a model of contact dermatitis (Takeshita et al; Int.
immunol., 2004, 16, 947-959). Ramatroban {(3R)-3-[(4-fluorophenyl)sulphonyl-
amino]-1,2,3,4-tetrahydro-9H-carbazole-9-propanoic acid}, a dual CRTH2 and
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Exp. Med., 2001, 193, 255-261), and also to play a
maj or role in neutrophil and 35 eosinophil cell
wo emBaTeent in a nodel of contact dermatiti s PCT/GB2006/004856
(Takeshita et al; Int. Immnol., 2004, 16, 947-959).
Ramat r oban ((3R)-3-[(4-fluorophenyl)sul phonyl -
throm%ﬁd?‘i%]Aﬁe&ﬁﬁ%ﬁ@%@%\%@%%%@%ﬁ/ﬁ%gﬁe@]u%feoﬁ@@@%'pﬁnses
(Sugirrgip/atBR 0o Bhamwrgsk Exp. That o #BSXa108, 27-8%% dgkeshita et al; op.
cit.). T"ﬁ@ Fa%f’P Sb&ﬁ‘f‘d”eﬁr%’l‘e@ a‘lé’rgfgh ﬁcrnt Q@lﬁducﬁqan
ponses Ugi not o ; ar maco
mﬂamm rgmpnsehas B@@ delramquﬁblnéﬁlcgland s Tramsge)wc mMice
over T e B8 of PRIy B9 eSainohiia and
lncreaﬁe@ieve@rﬁiﬁirfzrcwomes i respenseria allatgen chraltamggéﬁwrtannetel g.
er; h
immuB=208% pfe%zggspg@é@ﬁ)ﬁ@r@# D aRGILIP bR ROEIS A
agomsiyteohamc@sthe allgrgispesnomse wnsettsgém@%ﬂnﬂeﬁgeé J- Fopiunghi
2005, "‘\t74aé703]3708‘) A 'exogee%%gfglasﬁ#gged Viadar ?))ms{srba%gg btion,

exogenousl m ni st agoni st's enhance 't he
pulmoalanee@mph@g (@@h@ OF; agosigh BV 466 mr ad R &®sinist ¢tB@P) siowed
r sly
no eff TRy gl ehali ool T 9bgs, dhp: 956 chibpatiay
obser\éai@nﬁ Gpagest thab GRTAIZEmtagvsts fnaymgwgybl@ rpr@penms for the
p,no effect (Shirashi et al; J.
treat@g?@%%ﬁesmatﬁ&m S605, 312, 952-960). These
observations suggest that CRTH2 antagoni sts may have

our ¥ J@ej éjap%é{faﬁrﬁcﬁéaﬁebe/bbésmt g?a@éé%réRﬁim dheganies

Qur copen l'1catio
compPETISGFTUBIo0sal el Nicxisop GryTRetRS aah balya dhereor:
conmpounds of fornmula (1) and salts, N oxides, hydrates
and solvates thereof: OR&RRR7 CHNR6 (1) R3
R4 X R 5 wherein 20 R1, R3 and R4 each
I ndependently are hydrogen, & -C6alkyl, fully or
partially fluorinaRed 8. | kyl, halo, -S(O, ;Rlo
- SO2N( R10) 2, H O N[(0) 2, -

wherein
R,, R.. R; and R4 each independently are hydrogen, C;-Cgalkyl, fully or partially
fluorinated C4-Cealkyl, halo, -S(0O)qR10, ~SO2N(R1¢)2, -N(R10)2, “C(O)N(R10)2, -
NR1oC(O)Rg, -CO2R;0, -C(O)Rg, -NO,, -CN or -ORy;;
wherein each Ry is independently C;-Csalkyl, aryl, heteroaryl;
Ry, is independently hydrogen, C;-Cealkyl, aryl, or heteroaryl;
Ry, is hydrogen , C;-Cgalkyl, fully or partially fluorinated C4-Cesalkyl or a group
—SO:Rg;
nis0, 1or2;
Rs is C-Cgalkyl, fully or partially fluorinated C,-Cgalkyl, C4-Cgalkenyl, C,-Cgalkynyl,
optionally substituted aryl, or optionally substituted heteroaryl;
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NR1oC(O R9, -CO2R10, -C(OR9, -NO2, -CNor -OR ,;

wherein each RO is independently C, -C6al kyl, aryl,
whedoenoasy| ; RL0 is i ndependently hydrogen, PCT/GB2006/004856

Cl- Coal kyl, aryl, or heteraaryl; 25 R11 is hydrogen ,

Cl-Csal kyl, fully or partially fluorinated Cl-Co6al kyl

R s TR CH B PEF [Ty of Bkl natd G Doy oe! /1
Rz andBs. Whﬁwdenmhmmanw% Cealiggh iob Ralang Fﬁaljgmtherumtkuthe

atom i Oy BB HRPELIAsB s PO L) o ogen,

X is ~CHRE6aB@)h-, MRFSD+ 9r GOHiet Waeren 1 isubrliaid ed
pno@g@%men R .igagﬁgﬁ %rrtﬁefhgpf\glﬁﬂdig'lté ?{Bpfﬁé@g%m,

Rz, Rs\/\ﬁhd:harid@a areaobhalt byshiegert orm a cycl oal kyl group; and X
is -CHR6-, -S(O 1, -NR6S02- or -S02NR6- wherein n is
O, 1 or 2, 15 PROVIDED THAT when Xis -CHZ-, R6 is

Detailgg Descriptidn @3 thainventionr ophenyl , then R, R, R3, R4,
e pfof o i b YCERGRE oo PRSP

scopegf,dayb nof spaeiicalyi djsmﬂeplou ndsothﬂing@pmlqa’ﬁlpn the 10

| PCT/éééBb%ddifzsﬂP%f fgiicaggeli cal Ly di sciosed in our

I ng app |ca I on PCT/ GB2006/ 002341 referred to
above The |nvent| on provides a conpound sel ected from

e irb BRI FURIEP RSO T BRI RleqioR from g IR 085190 1 ndo
izin-1-yl]acetic acid,

- RCF PO 7 | f I
oo, GE AR P4 Thpnesld amabgenisul fanv)
[6-fl uoro-3-(4- nethanesulfonyl 2-trifluoronethyl phenyl

[6-flu &-F-b@?muoro tﬁé}wsbﬁtﬂwg rﬁ:’héh ulfa i)Jz%@ny%o%%H .1 &lg)cenc

esu ony pheny sul fanyl)
acid, yI|nd0I|2|n 1-yl]propionic acid, 25 (S)
2-[6-fluoro-3-(4- nethanesulfonylphenylsulfanyl) 2-meth

ylindolizin-1-yl]propionic
[6-flugrg3((4- mthamwﬁpmﬁym&féﬁwwmgﬂwylt@yk)ﬁua?f@ybﬁ%?wr|

yi] aceﬂéj%h,z' n-1-yl ]acetic acid,

(R) 2-[6-fluoro-3-(4-methanesulfonylphenylsulfanyl)-2-methylindolizin-1-yl]propionic
acid,

(8) 2-[6-fluoro-3-(4-methanesulfonylphenyisulfanyl)-2-methylindolizin-1-yllpropionic
acid,

[3-(4-ethanesulfonylphenylsulfanyl)-6-fluoro-2-methylindolizin-1-yllacetic acid,
ethanesulfonylaminobenzenesulfonyl)-6-fluoro-2-methylindolizin-1-yljacetic acid,

[7-chloro-6-fluoro-3-(4-methanesulfonylphenylsulfanyl)-2-methylindolizin-1-ylJacetic
acid,

[3-(2-chloro-4-methanesulfonylphenylsulfanyl)-7-cyano-2-methylindolizin-1-yljacetic
acid,
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30
et hanesul f onyl am nobenzenesul fonyl ) -6-fl uoro-2-net hyli

wodmkioz4966 1- yl ] acetic acid, PCT/GB2006/004856

[ 7-chl or o- 6-f | uor o- 3- (4- methranesul f onyl phenyl sul f anyl)
-2-nmet hylindolizin-1-yl]acetic acid, 35
[ 3- (2-chl oro- 4- net hanesul f onyl phenyl sul fanyl ) - 7- cyano-
2-methylindolizin-I -yl]Jacetic acid, WO 2008/ 074966
[6-cyaroi3-(ERPethenesd®egibenzyl)-2-methylindolizin- 1-yllacetic acid,
[6 cyano 3- (4- met hanesul f onyl benzyl ) - 2- met hyl i ndol i zi n
yl Jacetic acid,
[3(49@0%We@ﬁﬂdfﬁﬁﬁﬁi&ﬁ¥ﬁwm@¢wﬁ@'QVWﬁﬁhQﬁWﬁdol|Z|n 1-yl] ace
tic acid, 5
ano- 3- (6-fl uoroqui nol i n-2-yl net hyl ) - 2- net hyl i ndo
[6- cyanp,-:hi/ ettlyarpaidraling-goiadhyl)-2-methylindolizin-1-yllacetic acid,
[ 6-fl uoro-3-(4-nmet hoxyphenyl sul f anyl ) - 2- net hyl i ndol i zi
]acetic acid, 10
[6- ﬂqu&érrbefbowmeuwswfamyt)ﬁ mﬁm@@wbmﬁwlmemcawu) 2- et hy
lindolizin-1-yl]acetic acid,
4- bronnphenylsulfanyl)-G fluoro-2-nethylindolizin-
[7- chlggmyé -leeret3-é-meth@xyphenylsulfanyl)-2-methylindolizin-1-yljacetic acid,
[ 3- (4-cycl opropyl sul f anoyl phenyl sul fanyl )-6-fl uor o-2-m
ethylindolizin-1-yl]acetic acid, 15 and salts,
[3-(4- hmmqpaeﬁylsmf@dvlkﬁé ogga-reeshyliaclelizin-erfleestic acishpounds
with which the invention is concerned are CRTH2
receptor antagonists. 20 A second aspect of the
[3-(4-eyelaprenvisivifamodipherisricari-Fdbirrasmaiaiinfelizin diyfiacaic agida
compound of the invention in adm xture with a
phar maceutically acceptable carrier or excipient. A
and sl Njoxidgse Bydigiestand saiwaien hefeof-s a conpound of the
invention for use in therapy. 25 A fourth aspect of
the invention is the use of a conpound of the
Compoypeshyitly which the @veﬁmmnS&@ﬂ@ﬁree%areaCﬁ%H?émr GTERIONIRES.
treatment of a disease in which a CRTH2 antagoni st

can prevent, .inhibit or aneliorate the pathol ogy
A Secaﬁ‘éiﬁ%?e% 9?1‘}5’?(5'??’@["8%@3 piRarmageuiifal e BROSGNIPRRISEYse s

compbid sidBe AvERIdH inEdnRRufe WRSA bﬁéﬁﬁét%uﬁédﬂmé@@éptaﬁb gaator
30 rhinitis, allergic airway syndrone, or allergic

excipieRf nobr onchitis, as well as at opi ¢ and non-at opic
dermatitis, Crohn' s di sease, ulcerative colitis, and
irritabl e bovvel di sease. A fifth asPect of the

A thirg a5Ra6 PLiReiIRveRtiaR SR BOMBPUNG A dRe Iyeian fopEsRnitherapy.
patient in which
A fourth aspect of the invention is the use of a compound of the invention in the
manufacture of a medicament for the treatment of a disease in which a CRTH2
antagonist can prevent, inhibit or ameliorate the pathology and/or symptomatology of
the disease. Such diseases inqlude asthma, chronic obstructive pulmonary disease,
rhinitis, allergic airway syndrome, or allergic rhinobronchitis, as well as atopic and
non-atopic dermatitis, Crohn’s disease, ulcerative colitis, énd irritable bowel disease.

A fifth aspect of the invention is a method for treating a disease in a patient in which
a CRTH2 antagonist can prevent, inhibit or ameliorate the pathology and/or
symptomatology of the disease, which method comprises administering to the patient
a therapeutically effective amount of a compound of the invention.
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a CRTH2 antagoni st can prevent, inhibit or aneliorate

t he pat hol ogy and/ or 35 synptomatol ogy of the disease,
wovkiosk749ed hod conpri ses administering to the pedT/€BR006804856

therapeutically effective amount of a conpound of the

i nvention. WO 2008/ 074966 PCT/ GB2006/ 004856 5 In

particul ar, conpounds with which the invention is

concerned are useful in the treatnent of disease
In parigdlat campaurds Wthevlich thesinyentiends Wncﬁf"t‘i@tad@ Iuﬁﬁféll i top

treatrhEHEOR HisBhse A3BciAfedMifeladdtbd RyEBIABRIsdRmdies %lﬂéozi Sr
Exanpl es of such di seases include asthma, rhinit

one oy MAsp getvednetakglitagtharesve, al | ergi ¢ rhi nobronchi t | s,
bronchltls chroni c obstructive pul nonary di sease

nasal poI%§93|s sarcoi dosis, farmer's |ung,
Exame@rqsﬁacfr disepsesyrAGde asthinaeininitiss Alesaic @irngy gyhdrome,

aIIergmﬂJnBBFotnbM'té 'b‘i@n@ﬁ@Pbﬁroﬁﬁ%b@f?tﬁbt% %Inﬁ‘on‘iﬁ HEbééé ©OPD),
Al zhei mer' s dl sease, ateral scl erosi S,

nasal QopyRosis nikEqiIdPsiH .fajn@z s Iwgnflbwgq @ngscyatl%&%@éls chronic
cougrfjrc@ﬁmé@moat@ IC%G%La%pnb@éMné%ﬁi@)’AlgﬁéT%F b iseyascul ar

enentia, Guillain-Barre syndrome, chronic

amyoiepie laterat $9R§OHSI PSR RCoMARTa HpLingten's dissase.
frontdi@hSoral dERNErHR AL dWy badyeFRE tRY vadtulal HB@nEE |(§‘J|Ifé'$r‘| Barre

encephal or(rjyel Itis, panencephalitis cerebel | a
i98

Syndra@@emrpa@ myawtrea@ekyr%q mumn@ihya@lttf?%mor
neurdﬁbﬂﬁ/a;bl@ﬁopaﬁf ﬁkﬁlplel&léﬂ&@ié”@lﬁd@pﬂaléhﬁ/eﬁﬂst b%er@@bﬂélﬁ‘i%' ng

ylitis, Di sease, bursitis, carpal t unnel

cerob AT HEBRRSTaTON A SRESSPaI RS, BN RGOS SPEGane.
rheunh’ét@n@%@ﬂwhﬂ@ ag@id)élhg? spoﬁt@rhﬁﬁi‘BéH@’é’c%' E:béaseEBbr%Ttﬁ &BPAhIASnNel

myof asci al _pai n,

nar one I a,
SYndGEBoBHRTREITY RoVekSoane: Cib:s bsase, Hearate pelts
derm&obiybsifis, Eh!d?@—lﬂaﬂros fmmiﬁ@ g@aé)“ ABRly¥Ryia Wd%écteu ghm

|8§ sclero rens@%nrorre
osteoptardiz O eslaaeomsisy poaiiasis aphdim Reter LAMIKRTTS §reactive
arthritis)) saamsdl@csslé isBleMNAdAR S 05 oY RBRBndforkE, Hok IR 5T @i8ESse, Still's

Disoaltabat B B TS Kbt SR ar e Ehodimmiontious

* (polyrayositkersinamus obBtEhout, hﬂ%résc(ﬁr@é)@tlms dr9PBiatdstis, systemic

acute and chronlc renal

lupus SRR D S LHPS | Jebsies: forbrn S WEr oG pREH GBS

acutes®Esheanic &ﬁaffllamjréjlébﬁmft ophfialiesaiies, h%ﬂélﬂ%&/m}omﬁl sepsid, N
al | ogr a

eart n a
septiq soREgrcisif 1epREUS G B 1ot aesa reipction ater
transpiomeneis, aibhd gragioepsistist Wistdsesi ch the invention is
concerned are primarily of value for the treatnent of

ast hma, chronic obstructive pul nonary di sease,.
Howetbi, et aosnpcmnlnbe nith (Whlcfh theanvenyionl rmcemred ®|ré pmaﬁly of value
for the {}eé}%%rn 0 epsltl%rlng chronnc oletruc%vé’J1 }agano%a lsease, ﬁnmp is, allergic
airway syndrome, or allergic rhinobronchitis, as well as atopic and non-atopic

dermatitis, Crohn’s disease, ulcerative colitis, and irritable bowel disease. ‘

As used herein the term “salt” includes base addition, acid addition and quaternary
salts. Compounds of the invention which are acidic can form salts, including
pharmaceutically acceptable salts, with bases such as alkali metal hydroxides, e.g.
sodium and potassium hydroxides; alkaline earth metal hydroxides e.g. calcium,
barium and magnesium hydroxides; with organic bases e.g. N-methyl-D-glucamine,
choline iris(hydroxymethyl)amino-methane, L-arginine, L-lysine, N-ethyl piperidine,
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30 dermatitis, Crohn's di sease, ulcerative colitis,
and irritable bowel disease. As used herein the term

w0 s@mb749661cl udes base addition, acid additi on BOTIGB2006/004856

quaternary salts. Conpounds of the invention which
are acidic can formsalts, including pharmaceutically

dlbenaﬁgmwd&hé akd. Spewiit BakasRs bastsn@sdenthls dlehzaMind! calcium,
r oxi des, 35 sod[ um and . otgga um hydr oxi des:

dolarige PR aie ShHiRs Ao U PG REM AR AN
salts. armndséra@ngﬁumdnm&ﬁvérd@a WHMH @rleagf@rajaﬁ f@rﬁﬁ@eﬂtsemaludmg

PharmadECl SR ST N OIS, . yishalic acids

such &s hy@rbﬂﬂond\btﬂiyhtdbr&hi@%[dldisl Q@l hie a2) Btk é&@@r Ehosphonc
am ne and t he

006/.004856 6 dibenz
acid a@ﬁ’é{?gﬁ %% agd Wit qfganic aelde &9 %’EP Gaetic F?é"aﬂ@rﬁzl&t:'ﬁ‘i% fimaric,

malei€ ah&lid/ Balicykt, @itmharf&mﬁhﬁhlﬁep tcﬂueﬁiébﬁl@honﬂ@tkfé‘iﬁb»@m
i ne, sodi,um tromethamn zinc salts. Those
benzeg}?ﬁﬁ

8H'859|BY3"1"F1@Q“HV%'?9 ﬁ“@ﬂdﬂﬁlaccﬁjseﬂng thalfe can form

salts, including pharmaceutically acceptable salts
with inorganic acids, e.g. with hydrohalic acids 5
such as hydrochloric or hydrobrom c acids, sul phuric

Use oaprcdirugy blitiCad@dtersObf d‘dhmfhaé wnh vadintha behiieh isldéﬂcerned
h .or acetig, tartari

ni ¢_ac
s alsS et hing MG B0 g el g Ronaisn brdoneautiblei g,
vivo Uyehétaba&uhmr(eg b hyloleRre FduptieMortoxid2®ibA oG compound of

rormuf i FRESHHEE aws%ierqp?usp)%%?%ta'egura@ﬂorﬁﬁﬁ‘% ey Beo

converHilip Oy Inglarowsishn whoed tHehsaremveoibb0e. SutablRasesreetl i s
nvention neans a Co

I t th ' d " d
compyyidh St (LI o eI B lob e Bs BT A BsFa oo o
maloriaed) yelalateg ssaicylaedsropnatys, Sudcihatdspfumdrates, eaaesnd
xae:gl e an ester

drug of a
ety e S Op BRI A e Solsige ISSheaHe o Ao ogyariates,
methémémphmatgs le\maﬁewlph@nétbﬁ Hé@ﬁ@lﬁgsufﬁhbﬁ&dé q}to‘ﬁkérfeabl e

?ng)?lnsof élorrmlaaé are for exanp
SU'Ph%\f&aéf’%tCé!g'Oh%’fV%“ gaiatgs,and giygates. %4'2&'%%0 eSﬁ%[lRSﬂ%(H@% are
those@atidetiy B.al LEvab&s Dring Mt #ees 198HC®, BAY.6%s used in

N un?ar ates, nml eat es, .
hereinLeiRIATCHR 19,Ne CORPRYIIO A RUPBHE Kb A Leagidn ffsodpeiude the
prodrigfiriasonat es, di-p-toluoyltartrates,
- nmet hanesul phonat es, et hanesul phonat es,

benzenesul phonat es, p-tol uene 20 sulphonates
Cbnuﬁ$ﬁbﬁbexylsulphanates and qui nat es. Exanples of ester

odr t hose esc i nweber,, Dru
s mipant A5 feydsiioungS Wibyion Rbdaientin sngemed are
CRTHzéifeeé;ﬂOC@rﬁag@wlsttﬁ%rmmmmﬁ inthe &:@amwérﬂ of tiseases wraemt
benefit ?ro‘?n ssu%h mgéulllaql%nt Examglzag% ugch c? iseases are %?grﬂ[r)é) totab%ocsa and

include asthma, rhinitis, allergic airway syndrome, and allergic rhinobronchitis.

It will be understood that the specific dose level for any pérticular patient will depend
upon a variety of factors including the activity of the specific compound employed,
the age, body weight, general health, sex, diet, time of administration, route of
administration, rate of excretion, drug combination and the severity of the particular
disease undergoing treatment. Optimum dose levels and frequency of dosing will be
determined by clinical trial, as is required in the pharmaceutical art. In general, the
daily dose range will lie within the range of from about 0.001 mg to about 100 mg per
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As mentioned above, the conpounds with which the
invention is concerned are CRTH2 receptor

w@amioagoset s, and are useful in the treatnent BET/GB2006/004856
di seases which benefit from such nodul ati on. Exanpl es
of such diseases are referred to above, and include

kg boé?Wéfoht of Binftirhrhal, ofédr ®0YnRy t@lawaS(Sde”e@Rg forsgample 0.1
c rhinobronchitis. nder,st ood

to10m9awer349e'rs%@ﬁpr dviga gosss, don fiso ﬁfwaﬁgr?rftﬁyl%necessaw

to usPabdRyek dMdide BEBEMHits MRRMecasasi ety of factors
I ncluding the activity of the specific conpound

enployed the age, body wei ght, general health, sex,
iet, tinme of adm nistration

f
The oQETROHNEE MR B P& e iondk apasaasl Tl be reenased & on

admnﬂ@l‘?aﬂdh%;%ﬂﬁbhfe}boﬂélsﬁehmmmelr@iﬂlhﬂﬁa&ﬁur@hs ertles Orally
under goi ng ‘treatnme ose. | evel

adm“?'?‘é%ﬁl%ﬁ@?‘%?'“%ﬁ?éﬁ%bwnloﬁ e frm %Ig?@% 9%9?“%;? E?W?H?’Eal

grandiéd, @éz»en@és 'I|§|ui’dQﬁl 'gbﬂﬁéparﬁh@r’ﬂ# s@d‘?ﬁéé@@ﬂ%pu@ﬂl oragtérile | n
r]%enera the dai IK) rtanﬁg wi | e \M'tﬁg trqﬁﬂ'\

parerfeahenIuions Qs SHERRgIon ethg 86%%‘%& o1 B3

may 8@9\&4@7&&%@@@5&%3@&’&{ @ﬂég‘f@tco_gté(@ cbmlé)fltlml @hélp@ﬁtsasuch

, often o abou
as bindingeents, for exam %S\ngp&cﬁcwgge'fﬂﬁn sﬁnﬂafgg tﬁpgﬁﬁmﬁ‘ f¥d
polyvﬁ@ﬁﬁﬁrrol@@né hﬂleﬁ&fbﬁéxdﬂﬁﬂ@ lactdse]’f@}gab emaleeemai,waldum use
dosages o%t5|d

PSR BeTRRLE GF SHCIFH TEHCTAG MGt 10 SRS B RRR Fisgaie
talc, ;&Bl?é%ﬁj?l@ﬁ'e E;rybol cﬁl@mwlosetlmt@gnams foy exeeniple potato slansh, st ent

heir ar macoki neti c pertiges
acceplaR G P e LIS e iy BBlBhefe” Thtdbidt may be
coatdcPdtcetding tb&ﬂémb%wemmﬁmt B, nor@aWrmCedtmaEmgeme Oral
aratio such, as_ora

| d i.cal
oy g A LS G s AR oA o 0P
solut@ﬁﬁ é?ﬁtﬁleh@Ssyfws D lefkirsadninay depaésemtedlds adyy preduct fomi t

reconsfERBhPC Rt Ot S R e o STITIRL Cyrup,

prep@@ﬁ@isﬂnag ebabinrconsertiohtidddditivea gactaas buspending agents, for

e R 0 L5 g e M BB g

fats; gmysifpiag atgabilsetot examplea bedithimn sorbftam mexaoipbie, nngeee; non-

coseiH5e B b i LR U 5 ¥ SRk B G,

fractnaﬁf;teptcabd)m% \ﬁ&tdllyggtea@amrsasglmrms sogylane ghaoly br ethyl
S ate e tabl ets 0 r
acorbRoR e e S oI B BRRRAS8 d Bor

acid, @nallif ddsirgdicdnyntipaal diavansgmayolering apedsf or m of | f or
exanpl e, aqueous or oily suspensions, solutions,

emul sions, syrups or elixirs, or may be presented as a
For tdplyalramdmronft@the skét dresdiiugumayore mwiath upattora oeami lodon or

omtment rbela% greoqﬁt%{e%t o%gl%ﬁo#ss\'ﬁhic§%a@ tgé Sé@dqor the drug are

conventional formulations well known in the art, for example as described in standard

“textbooks of pharmaceutics such as the British Pharmacopoeia.

The drug may also be formulated for inhalation, for example as a nasal spray, or dry
powder or aerosol inhalers. 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. Aerosol
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20 preparations may contain conventional additives
such as suspendi ng agents, for exanple sorbitol,

waeysp749eet hyl cel | ul ose, gl ucose syrup, gel atPaT/GB2006/004856

hydrogenated edible fats; s&nulsifying agents, for
exanpl e lecithin, sorbitan nonool eate, or acacia; non-

generatwmme/ﬁm@& B6t UsHY, £t eRBYIpleNBlcddigreattivih fot @'tdrﬁl):ersfo@r
al mond oil, fractionat ed cocon?gam [, oil

U”fas%‘% g’r%g"%"i‘j% tPreierafily baing Ropsiagyah@elired aprosgls ast hyI
prope%t%@%ﬂﬁhmsﬂ%tﬁ)ﬁ% YiaéroMiesd aétve coKpBRhEs MBNor eRdmple,
g%g%/ P dﬁ_droxybenzoat e or sorbic acid, and i f
inhala REYIESSHPNRN 8 ROMIeR\AsliYS Y §YP™E0l our i ng agent s.
For top| cal application to the skin, the drug may be
into a Cr%?n%d lotion or oi ntrrent Cream or

The a@ivﬁt’?@ﬁﬁ'eﬁb’f“ﬁﬁ plsei iRsterechrarenierally a2 st Medirg

Deperﬂfrﬁg &@tr@%%ﬁ:m b adnceatraidnalise@Nhie\elid cdietribe subended
r l e as descrl bed I n st andard t ext books -

or d'Sﬂve&Hﬁg'?Faexangt%d@mﬂge%s ¥ (REIUATSi YR BR ArlRcR! GpBeTiactic,

preserVAgvelintDbiryinglageneah Dertidsaived i fie Jehltdd. at i on, for
exanpl e as a nasal spray, or dry powder or aer osol

i nhal ers. For delivery by inhalation, the active
Other ¢6MPOUITSE maY B c@mfr@aahﬂmcompohh@s Bpthrél iffention for the

m cropartic The repared by_a vari et
prove R AR RALT e o PR Rl R BipeGH les9eon b Bieyeapmind
inventi®ngs Qlégg;gg?@rﬁe% é\gh Qiméb@uﬁcfm%ﬁﬁéﬁﬁ&s for prevetatmg e%nd
ner a on Ca rrjl e ou
treating | Gigr MR O dnsARes CoTBesls & RTPORIcRLY SR Sarbink! a

compcbdridrommmemtmm@, orii&rb e |tb’er§§¢=ln@ agents. lslwtable f
el | ant ree

eIIan -dr ed aeroso or
therarie FpST oG b A L B CoT peoey 08 veRTis
includé ousut %X@ﬁ@tl Ignited tah(a h abricsbieraps Usieh R fludithsine, Bidesonide or
cuclescg'p del i ver stenms. 5 The acflve | redl ent may

4% (%)eﬁ%aﬁﬁenp éP Ba%%{F%ﬁ»tsé‘F asypa ”Puetﬁroét tMetercheidi um

mdacd@@r@e N9) 180k Rflerd @ odRiors, SoraixdmpRIEEKdtFierd @ﬂayﬁm&s sbiéteas
an either be susgeended or di iuol ved. I'n

mo“te\}&ﬁgfc?fepra'ﬂ%%sﬁtoé@é’lﬁ%? bigaynilenit Bhiiiers suehas) %‘EH"IO” or

BAY- @owquhgﬁﬁahonn@gi@%@émlt fio¥ exangie idcarinio® @agrscepan be
1N t eh 1 Cl e

antag%#sﬁHelaawmﬁora Qe & PPW%‘OSIW@%%Q?%W&Z?EWebe

mhlblt@tfsek!@m aidflamiadtior aildreinist; 96) mm%ta'm.ha@ dbﬂei&?ﬁblé%@ldctlve
Thus t he rﬁgesen invention is al

nistarip 4P RO RPIOR AP e CTHen a1 OBERB &F AP R ()
antitugsheVajents) guaids codened bﬁ@x&%mr ) ednHSHRUFESOX-1 /

cox& TRy e b Bop RS b b S S B ATBIE o222
celecdxiteailﬁpmdombagm)RB.A-ZSamtaQ@hﬁs, such as those described in
WQ97/03094 and W097/02289; (11) TNF-¢: inhibitors, for example anti-TNF
monoclonal antibodies, such as Remicade and CDP-870 and TNF receptor
immunoglobulin molecules, such as Enbrel; (12) inhibitors of matrix metalloprotease
(MMP), for example MMP8, 9 and 12; (13) human neutrophil elastase inhibitors, such
as those described in WO2005/026124 and W02003/053930; (14) Adenosine A2a
agonists such as those described in EP1052264 and EP1241176 (15) Adenosine
A2b antagonists such as those described in W02002/42298; (16) modulators of
chemokine receptor function, for example antagonists of CCR3 and CCRS; (17)
compounds which modulate the action of other prostanoid receptors, for example a
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t herapeutic agents for a conbination therapy with
conpounds of the invention include, but are not

wo povseded 0: (1) corticosteroids, such as fl utPCBEBI®E/004856

budesoni de or cicl esonide;9 (2) (32-adrenoreceptor
agoni sts, such as salneterol, forneterol or
PGD2 Bﬁﬁf‘e% Pémtaé&%nst'cﬁléktﬁﬁdn#t%aanmglahmg@h@t ahar(18xanpl e
otr ene a gonl sts such as 20 ? tel ukast or
compq@nda whichsrodsate SR denatiepdonesEiRie HE R aBAMESi t or s such
as Zileuton or BAY-x1005; (4) anti chol i nergi c agents,
for exanple nuscarinic-3 (M3) receptor —antagoni st
datedey

The weigbtratie ot ihetcoapiouns! Bt @m'ra@ntl%so BRSEFABALE
may bk Bﬁ%ﬁed %d wlll'?%gghcﬁ QhSn theusecRe doeklofBb@migratiient. Generally,

ant1 hi stam nes, for exanple selective
an effdutive dasaef- GBCDIM') be geept or ant agoni sts, such as
| oratidine or astenmi zole; (7) 25 antitussive agents,
such as codei ne or dextranorphan; (8) non-selective

Biolog@kMethods COX- 2 i nhi bitors, such as ibuprofen or
COmpBS’idp%Défgﬁﬁ?weét% c‘é%e%eétea 'uQi'n%g@lﬁéSfolléwmb bASio nc@nt@mxetbods
ecoxli b agoni st s

to deteresing theisd@bility tO\ﬂkﬂPﬁQ%i‘@ 2 Eﬁ%l D ST 612! §9ept?rﬂ’jd$fﬁﬂlg‘

| ablhty't@?ht%g&‘ﬂéétheffeﬁ tharsR i tHGO Nt thdTORTEI2aBEdptor in a whole

di es suc as Rem cade and CDP-870 and TNF
cell systeempt or 30 i munogl obul i n nol ecul es, such as Enbrel;
(12) inhibitors of matrix mstalloprotease (Mw), for

exanpl e MVP8, 9 and 12; (13) human neutrophil el astase
RadioliganidBinding Assath as. t hose described in W2005/ 026124

br
o S48 i g ol oy
[10 MRS & @-4).A mMEDPZHo P ST\ MagANeRe GHiY: i aPﬂ 1
nM [3l¥f€|2@92 A%gl%ﬁam(él@cué'ﬁé@é”m [atp Lejandb aehedadd inessaceyfteor

fron, for exarrpeanta ni st s
cortaipiEya carsiags AMeST b AHSROAE B §OLE) LT RUR RO i by mined
usingf Cﬁ%ﬂﬁin‘?’e éﬂﬁlﬂsmh%ssé§lﬁuf@ﬁ ang |n©n<’$pb$\£ihaBﬁhﬂir@ﬂé@é’@rmmed

2006/ 004856 t
usingd Ot @ﬁ%&%ﬁ*%d R&D; 4Pl ‘smaéﬁﬁ' Okr'%an b\/hl ch

memtSFEHéé udhptaafgi the CHTRR exepit are lﬁwﬁata:gwmm StSsmg The

oo ot 1 cerpeutd, e e Loueol B e

Ltd) a%@ﬁﬁ@%uﬂmnnédb@te%ffbsghbm 1 essm témparature rBpuedi [BtPGD, is
Cener al gA an effective

eac d.
dotectacoreig & Micrmoring O HEBERaET iAo RRa ey LT EHE e
Comé&ﬁ&j@?so%ltﬁgs Edﬁi%rrﬁmlegwn@@ @poinogmlceajespgsﬁe crrvé inuplidaoe
o determ ne r. abi ac
with aCRerRiE08 GoERPRS Giof apritn i SalyBRpdS Sieporg ibhdtxce
and € \A}]I\ﬁlb'fd)%bit)o aAd teé (406 & @edRERRRMIrees KREHHZe foz deptest i n
compound using the Cheng-Prusoff equation.

Functional Assay

Calcium mobilisation (flux) assay

Stable CHO-K1 cells co-expressing the CRTH2 receptor and the G-protein Ga16 are
seeded (40,000 cells per well in a plating volume of 75 yL in F-12 Hams
supplemented with 1 % foetal bovine serum) into collagen-coated 96-well plates 24
hours prior to the assay. The cells are then loaded with a fluorescence-imaging plate
reader (FLIPR) calcium kit dye (Calcium 3 kit, Molecular Devices Ltd) containing 5
mM final concentration of probenecid and incubated at 37 °C for 1 hour in a 5 % COx
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cell system Radioligand Binding Assay 15 The receptor

bi nding assay is perfornmed in a final volunme of 200 pL
wmrndiongebuf fer [10 mM BES (pH 7.4), 1 nmM EDTECT/E820ubM004856

manganese chloride, 0.01 %8SA] and 1 nM [ 3H] - PGD2

(Amer sham Bi osci ences UK Ltd). Ligands are added in

atmo%?%?é’ TRPQI[JS;;escé?%? el?r'n%&gc&éﬁ dﬁ[‘%}ﬁ?ﬂuﬁ%@%‘élcﬂ% rﬁgﬁ@as /3
ehcnembyvtbe BeD.af troNERY HA recepioy lsadeteanlnadm with @rFl@@ntatfonc
venctfle oy R GRS oS o el RipbenaL A IR
To defek:t Bnjagpnietsind sistampineneonGRDFE ICeceptpounds @re predipatizaded

o v foby Bl VP ARO N g aetd b
prior witk¢ additiomefitbaagehistat itS BiauvaluatCangownte apd agonisieare
acso e e PEPRal S bt 0563 ABIA
The fi@otpwl respbisOvahsdsifor eachdeelbansi qaddiaied h}g_Slabt@cpog tite kisak
respohlgé ﬁ?‘?@ﬁe gélé’r%sb&is%sgge%ﬁl?st §r|e act\é(?c'ﬁrét@d e rjngor mﬂﬂ%ﬂ@

ons are per usi ng
wells Bgiog [Exceirashd XL fiit (Mi¢ndsoitosoft), and this value is used
to determine a Ki value for the test conpound using
t he Cheng-Prusoff equation. 30 Functional Assay
The f@iningienamyiiéd dasatibe the(Preprpation shgonfaainte cOHe-irvendien] s
co-expressing the CRTH2 receptor and the G protein
Gal6 are seeded (40,000 cells per well in a plating
Exampiésine of 75 pL in F-12 Hans supplenented with 1 %

'H NMﬁ%&J@&traﬁ&&'@?@ﬁ&@éé’ 0 arhBleft %%41‘?&8% Q’aﬂgn %Ml Inova

ours prior tot he cel
(400Mihe)rsneotaweatemwﬁrm aannile nRAOSEDeS b & m@erﬁyestr@métew @ia%i@rcal

shifts %eér Ef&)es%@ d;? 'pErW Blativd Yc?teérgﬁ',e%)/fﬂaﬁ Mire tolRhiRG Hb&rewa}mns

ontal nin concentration o
have peebesrit: bds ardoacheingat. §d= singlel de d@yblet, dhadopbleglogbleg, t

-—tnp% %M%QM&@&G{DCT/ GB2006/ 004856 10 at nosphere.

uorescence em ssion caused by intracellul ar
cal ci um nobi li zation elicited by the PG2 at the

Mass%@éﬁoﬁ%ﬁ? @.(%S é(p‘é%%rn@ ’E&%té\%r‘ib %té:rhgﬁ%hﬁés' 4MY associated

anni 'ng integrated fluid transfer
mass\mwer@tnedsfﬁrm%u@e@mfommaé%eth@%ﬂ To det ect
ant agoni sts and determ ne conpound | C53, conpounds are
pre-incubated 5 at varying concentrations with the
Method Adexpesialents were Pesormedpe g Micragnase, PlatfapnddT spesitiogieter

with %%ltﬁ/@ ‘?onaggétF 39&y‘%fndt§}?glé%%l%hgﬁtuv 084 RBdbt¥@lonusing a
ound agoni st are ‘
Higgins C||peus C18 5 um 100 x 3.0 mm column and a 2 mL / minute flow rate. The
initial solvent system was 95 % water containing 0.1 % formic acid (solvent A) and 5
% acetonitrile containing 0.1 % formic acid (solvent B) for the first minute followed by
a gradient up to 5 % solvent A and 95 % solvent B over the next 14 minutes. The

final solvent system was held constant for a further 2 minutes.

Method B: experiments were performed on a Micromass Platform LC spectrometer
with positive and negative ion electrospray and ELS / Diode array detection using a
Phenomenex Luna C18(2) 30 x 4.6 mm column and a 2 mL / minute flow rate. The
solvent system was 95 % solvent A and 5 % solvent B for the first 0.50 minutes
followed by a gradient up t0 5 % solvent A and 95 % solvent B over the next 4
minutes. The final solvent system was held constant for a further 0.50 minutes
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added i n Hanks bal anced salt solution containing 20 mM
HEPES and 0.1 % BSA). The fractional response val ues
w0 oooseabs Wwel | are cal cul ated by subtracti ng tPer/oasmb/004856
response fromthe peak response. Results are
calcul ated as the nean of triplicate 10 wells using
Excel and XLfit (Mcrosoft). The foll ow ng exanpl es
descri be the preparatio c un
Micro e e SR BB £8P RPRE SR EEOMAT BB e

ynthé’élzeﬁfﬂb'\/\ﬂ?ﬁ% as@medrr@élh@d@sema@or\émc@naw ﬁeudltmw@ both of
ectroneter wt a r esona

VHz)
which @rV@Uép@sée'Bwtymeqomr@hqEﬁﬁneawaturgﬁifrPffs4Qa?%0 pﬁe@stseed in

achnedéﬁ”hﬁ@b@s‘sbﬁ%s"opué@IZ@B&{&%W&# ﬂe@ﬂﬁ’ed e thedd ewiarare
bbreviati ons have been used: br s = broad singlet, s

avalla@esfpfn@ﬁe}%roc‘ﬂssor Qo Pavl apd2:0-348uBk-e doublet, t =
triplet, q quartet m= multiplet. 20 MasS
Spectronetry éex perinments to determ ne retention

Reverﬁ@ﬁﬁ@%ﬁ@%@&% HELEPUriiigations yyRee ke ied i HeingLEeFsIsng

mncroﬂi e1d BOARY dNda SRiiBRSKS phbBE PEbIKFNE 1D @A IRBER GhWRHR cm
erformed on a Mcronass Pl atform L(gT q|%ect¥rorreter 25
mtern%Gt@rnﬁf@g.Fhe\;eotp"smhéﬁ%es%waﬁ Fxtyres dasgieaitiaan

~ (both !ste}é& mnmodﬁ%a% trlﬂUor‘dﬁbé‘lﬁb @c.d)wmgga Ew EhieRH 1D lﬁllfbef)rri’ﬁute

mm col mnuteflowrat% The
0

and typma{ gr@p@@ﬁ Qfé@tm@Qs/P @fﬁ%n&‘smgélfl% RHRS WotMezi St 1RG0, 1 %

mmuté@ IFYA&ioAS icEntamMguBe Pecf&re@ Hoduch Geémifict by ILe- Wh@alwué)g
1 %formc acid (sol vent for the flrst mnute

were IPQH'%\KB%OW”'Ca{fagF%feéfﬂﬂveﬁ'&Yt agotRfiog; ©ACHRYYE o
aque&@lfre%ﬂbn BopNifsed, BEgite Hie tifhl pioautes. The 30 fi nal
sol vent system was hel d constant for a further 2
m nutes. Method B: experinents were perforned on a
Examié 1 Of@4-Bichldrophemfs Gip&ityjl)-64TRior6-2-etHylipeRilizinee and
negative on el ectrospray and ELS / D ode array
yllacejig aeith on using a Phenonenex Luna C18(2) 30 x 4.6 nmm
colu and a 2 nL / mnute flow rate. The 35 sol vent
was 95 % solvent A and 5 % solvent B for the
t 6"50 minutes followed by a gradient up to 5 %
A and 95 % sol vent B over the next 4 mnutes.
F e\fi sol vent system was held constant for a
furﬁ’ri}%) m nut es WD 2008/ 074966 PCT/ GB2006/ 004856
ve experinments were carried out using a
Pers8nal Chemistry Smith Synthesizer, which uses a
si ngl e-node resonator and dynamic field tuning, both

PropaYBliRth S el R o DAL BHropopig papLetn Sidr

A solution of 3-ethoxy-3-oxopropylzinc bromide in tetrahydrofuran (0.5 M, 630 mL)
was added dropwise to a mixture of 2-bromo-5-fluoropyridine (50 g),
tetrakis(triphenylphosphine)palladium(0), (5.5 g) and toluene (350 mL) at room
temperature. The resulting mixture was stirred at room temperature for 24 hours and
then concentrated under reduced pressure. The residue was diluted with ethyl
acetate, filtered through hyfio and the filtrate washed with saturated aqueous sodium
chloride solution and dried over magnesium sulfate. The solvent was removed under
reduced pressure and the residue purified by column chromatography on silica gel,
eluting with a mixture of pentane and ethyl acetate (9:1 by volume) to afford title
compound as a yellow oil, 35 g.
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I 5 achi eved, and pressures of up to 20 bar can be

reached. Two types of vial are available for this
w@emses®es, 0.5-2.0 nL and 2.0-5.0 nL. Rever sep@ihaBe006/004856

preparative HPLC purificatiidns were carried out using

Genesis 7 mcron C 18 bonded sili.ca stationary phase

in colums 10 cmin Iength and 2 cm 10 internal

"HNMER BOBRE #1165 ok e 186 Dok Kot ok AR h 1 od 57

Hz, 2@: 'zﬁ'd{@qf@ae/e{ He, A9 dpowbia,y 2414, 8y MAtR)07.30 QL =80, 8.4
and épl cal gradients of 40 to 90 % or gani c
Hz, 1'1’%&9{5 (QrJr— -over 30 to 40 minutes. Fractions

cont ai ni ng the reqw red product (identified by LC M
anal y snz% wer e pool ed, the or anlc fi{b}'t on renpved

Prepajgtiosn B 6¢-Huerers- mﬁm"ﬁdﬁ’gz'?énﬂ 1a¢ H‘Qa‘i'g 8Y8S fraction

| yophilised, to give the final product Exanpl e 1:

3-(2, dlchloro henyl sul f an uo
A mixiiz g b5 RERTL O bteRPriS RO iEvhestiny Biof agg abgghitie
(90 mEz ﬁ%bﬁﬁ tbﬁiﬂ)eﬂéiure?wva(sﬁréakémmdfsbmﬁlan 2f Yoygmepropai-2-oaei(te
ester A solution of 3-e % é:?gx‘%f ?glyvéa@l] nc
) in TS B ) Sethiie reTAnS P PRFIea S8 LK Tovadhdlfiand
then 191;’( %P%‘l‘aﬁtﬁ g% fbgﬁwl iS&ﬁHet : rﬁtﬁrg%r 6o ho @ DI fnl’ie'ze H{;Xﬂmglthrﬂﬁwﬁﬁo
pyricig (3L 6rd st MEUrsae Semot Aatpapt Bt s otk
to roorn’?{%ﬁllﬁéré‘lﬂ rdThpid theR c@ﬁé‘enﬁ’étefdﬁﬁ@eatedméﬂptmr Fhe residuer
hours and then con&é/ntrattedaé_@n ? educed

was ddw@w?%ethwr?@etaé%uvﬁéﬂe ah yyatel sl SaA G&WFOU%%%de%{Pe
hyergbhtcﬁroﬂae EBILasEAndWEddPovan i’heidm@sﬁh'i émfatee Twesbiedniwidsh

Sat ur at ed aqueous sodi ori dﬁ ut| on and dri ed

remoRbHNGas gpdiGed rﬂr%siﬁ'l-‘feazl"@ tw?ﬁ%s'g‘bq Ried YLy ed under

chron%’é%o@:%w ed smbggélu él@m@mtm Bemikese duleername Anceethphacetziteirm
ut| V\Athamxture

(19163NV;9&W939¥ BH(de tﬂl?t??[“pg qgféy(ago‘ﬂ (9I uma) to afford

title conmpound as a yeIIow oil,

W NIGBHEDSH: 812545 I3 7.1 Fizoaih. 2. é%é%ﬁa 5 & %52%'5 st (=
Hz, 28 6.881rh) 1HB 7H (bF 5, 1H)77.264m, 1H), 7.70 (d, J = 3.4 Hz, 1H)

Preparation 1c: [3-(2,4-dichlorophenylsulfanyl)-6-fluoro-2-methylindolizin-1-yljacetic
acid ethyl ester

A mixture of (6-fluoro-2-methylindolizin-1-yl)acetic acid ethyl ester (0.10 g) and
toluene (20 mL) was treated with 2,4-dichlorobenzenesulfonyl chloride (0.16 g) and
aluminium chloride (0.010 g) and the resulting mixture was heated at reflux for 24
hours. The mixture was cooled to room temperature, concentrated under reduced
pressure and the residue diluted with a mixture of ethy! acetate and water. The
mixture was filtered through hyflo and the organic filtrate dried over magnesium
sulfate. The solvent was removed under reduced pressure and the residue purified
by column chromatography on silica gel, eluting with a mixture of pentane and ethyl
acetate (19:1 by volume) tb afford title compdund as a light brown oil, 0.052 g.
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Hz, 21-1), 4.10 (q, J = 7.1 Hz, 2H), 7.20 (dd, J =
4.4, 8.4 Hz, 1 H, 7.30 (dt, J =3.0, 8.4 Hz, 1 H,
wW@2850f66 J = 2.6 Hz, 1 H). 5 Preparation 1 b:PCT/GB2006/004856
(6-fluoro-2-nethyli ndol i zi n3 1- yl)acetic acid ethyl
ester A mxture of 3-(5-fluoropyridin-2-yl)propionic
' NWS@D@EP%H £540] = TL2HE)aANAa8¢E I .76 & 2H) PR 1BYq M A1

erature vvastreate a sol rB g;
Hz, 2Hp8. 6ﬂ1fﬁero=p&ﬁl'ZZdh6 §.86 (m.1tH)g - gpr(dabetzohﬁtz’rw 7@8ddrd =)
2.1 H% Ayt P80 &?‘d'i 5,20 ?‘HQHH? deRiRdato 1 & 2 Hex1fpr 24
ou s an t'hen t'd st’and at roomtenperature for
60 hours. The mxture was treated with pyridine (35
AgisiManl /i etuers-2hRathpmhdalizinat Ibllfetlc
Prepa{fétl fouf3 L%ﬁp@ﬁ%%oﬁr‘e 95;ut owr)'oom t enper a?ure and t }}]
acid concentrated under reduced pressure. The residue vvas
diluted with ethyl acetate, washed with water and
saturat ed aqueous sodi um 15 hydrogen chl ori de sol ution

A mixine ofi3H@ct- @no@lroronivaglméguh‘@wlkétftuans2 Ty iggpizi -Wiagetc acid
ethyl E%PQ()?‘%&U@ &Hé’r?cﬁ Q% BIAS SiHsCrediet Wike 1 rOﬂﬂ'a@u@ous lithium

puri romat ogr aphy on silica

hydroaldataohtyowaﬂﬂ tbae r@iswtm @D@Wep/éﬁﬁ %t'ﬁfé‘fdéﬂ\’ﬁ goup Fsmp%rgw%t% 2

' hours! +ﬁ ?‘rgﬁg \%éJEB?‘)ceﬁt‘?at@& fuﬁﬂé’r rtagilﬁée%i &@gﬂi’.@é' rﬁﬂlufé'ii ﬁth/@étbpahd

Hz,
acndlf@a)by the ggg ifien ofgw M gqt@g,)u§ @yd@pb‘nlorlq aq@ {'Iae mjxtwewaf Hz |

extra%E% eswtﬁ gﬁ:ﬂl&gﬂwgﬂﬂah@ and tﬂé)oc.(rﬁéméd exirddls dr?ed2c5ve(r Maghesiuim

reparatio
sulfatp @n@lzhmsc@lvem rePeyseEites mqvﬁﬁsi P5Qp36wie| TB? 63320'%%%/ Pyriigd
by pr%%ér?ﬁ' e rlél/é@é ‘;tr)ghge H?’EC%S@HW@&%%V&%%W@SW %c@ff)mtrlle

l'indolizin-1-yl)acetic ac et
in waiss (0 910 957 ORaalc Mt D FARHT HRS FoRERDT] &5F atilesple
0.03 22?_4 di chl or obenzenesul fonyl chloride (0.16 g) and
af um nium chloride (0.010 g) and the resulting m xture
was heated at reflux for 24 hours. The m xture was

H N@gct j 65205 5 @8'@ ta@ﬂp@@@w%) G@O‘%@UH etaeldz um;ee 80w\u¢|epl

ure and resi due’ m xture of
6.90 éﬁtohyl— Ztd-ati, é'ribl 7v?§t @ J =The HZm‘I '5& Jr"é) %S1H i BLRAY J =

1.9, é@mugﬁ hyflo and the organic filtrate dried over
magnesi um sul fate. The sol vent was renpved under

MS: E@d&&@)dwlﬂ’f‘@y%ﬁ)r 884 (M-+theRetestion M 49 M by col um

chromat ography on silica gel, eluting with a m xture
of pentane and ethyl acetate (19:1 by volune) to
afford title conmpound as a |ight brown oil, 0.052 g.

Exalﬁglé/@: feLde L8 (208 S2aHhéRanEs Hrdhyigeriyls @fanyd)-2-13

methylindolizin-1-yl]acetic acid

Preparation 2a: 1,2-difluoro-4-methanesulfonylbenzene
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'"H NMR (CDCI3): 6 1.25 (t, J = 7.1 Hz, 3H), 2.35 (s,
3H), 3.75 (s, 2H), 4.15 (q, J = 7.1 Hz, 2H) 6.00 (d,

wWa20088746d1z, 1 H), 6.80 (m 1 H), 6.90 (d, J =PCr/&Bkwe6/004856

1H, 7.35 (d, J = 2.1 H41 H), 7.40 (dd, J = 5.2,
9.7 Hz, 1 H, 800 (dd, J =2.1, 5.2 Hz, 1 H 5

S-ChIGlBARhAbLOE ki (10 9) was adoed posionuigp lo 2 soyion of 12
dlfluoq’oz4ﬁle1hy9qqumélver@eng@ 4 ahimdlighlgiometiane (100 mL) at room

If
e B PO S Bl g gy
mlxtur(eON%\zza@j)edamtm mrﬁ@ﬁicﬂquegws qmmgsulflatmcwtm arhi 1.0 M
satu reﬂé‘&' ﬁﬁﬁ%ug bRy ldy Y9 8 s GGl dH &rRNnBA Arib i Bver
ting mxture s stirred at roomtenperature for
magnQSIthﬂt@‘ateTﬁl@e #oIvani wasaor et tedrrradungd preksure tedaftnsd title
th water and acidified by the
compBﬁﬁf%‘%ﬁmg?‘sJil %/I%ﬂqueous hydrochl oric acid. The
m xture was extracted with dichl oromet hane and t he

W NRECRCRE 04 F a0 AT LR AR The

resi due was purlfled 15 by preparatlve reverse- phase

Prepef R AHE bRfe e A9 ERpn S 8P§§%'59€“§%°2$‘¥f?f& o At tord

title conpound as a white solid, 0.032 g. 'H NWR

A mlx@%b difﬁjﬁfo 3 Zné %aqe%m(inx&s&geé% (?Bg 5%)’3 ggprpg;(o%%e]rfulﬂde

(11 g)ars! methylnﬂyrohding?pr(ec(C%OJnl:) viasGstirted at 861)'C f@r. 9m{mytesiand

ven g sy eTigly et fhes Vi 6 )

acndmgq @mﬂnega ition of concentrated hydrochloric acid and then extracted with

et g it SR e Rt e BT R ARy

solventgrmoreUIBRr Frdtisad aressureadhe residue was crystallised from toluene

oA B Py bncer o, 2000 07t

g) was added portionwi se to a solution of 1,2-

- mis: B g (et *M'ﬁN/lJrgLydzégt@ﬁhﬁ]gﬁnné 8:44n@) 1N

ronet ne (100

Preparation 2c: [6-fluoro-3-(2-fluoro-4-methanesulfonylphenylsulfanyl)-2-
methylindolizin-1-yllacetic acid ethyl ester

Sulfuryl chloride (0.066 mL) was added to a mixture of bis(2-fluoro-4-
methanesulfonylbenzene)disulfide (0.39 g) and dichloroethane (5.0 mL) at 0 °C and
the resulting mixture was stirred at room temperature for 30 minutes. A solution of (6-
fluoro-2-methylindolizin-1-yl)acetic acid ethyl ester (0.15 g) in dichloroethane (5.0
mL) was added and the resulting mixture stirred at room temperature overnight. The
mixture was concentrated under reduced pressure and the residue purified by
column chromatography on silica gel, eluting with mixture of toluene,
dichloromethane and ethyl acetate (1:4:0 to 0:1:0 to 0:9:1 by volume) to afford title
compound as a yellow solid, 0.25 g.

MS: ESI (+ve) (Method B): 440 (M+H)*, Retention time 4.1 min.
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tenperature and the resulting m xture was stirred at

roomtenperature overnight. The m xture was washed
wowdkos@tar at ed aqueous sodi um t hi osul fate sol etT/GB2@6M04856

1 5 saturated aqueous sodi usn hydr ogen carbonate

solution and then dried over magnesiumsulfate. The

sol vent was renoved under reduced pressure to afford

title 0 e sol |
Prepdreg a9 S0 B2 Ao fyerarpautdrvidefytianih e
methyliNbolizik@-yRaeqieragid on 2b:

bi s(2-fl uoro-4-net hanesul f onyl benzene) di sul fide A"

m xture of 1,2-difl uoro-4-nethanesul fonyl benzene (2.8
A mix@re o$Q&iﬂwm-m(ﬁﬁmgm%uiétlhai@suﬁd@l@)angdmdfanyl)-zmethylindolizin-

reafe e pVASe Gl & Ghenison QAL Al B albectd ©

lithiurd hgdrvixgletsolufibe (310 XiLY measveaigred ial tttoadtewi;ielratmt fer 3(d0rsiThe

teteat Iz e EROUsH it St e iprembry P Deet dhe f ' ©
adjuswﬁi’itbléthmdthemﬁﬁﬂﬁl? of s@iigm gihyelct)gemph%smgmfhel msuwnbagl_ E

R t he ol vent.. I enpove un eguce SSure. e
precifihls s cole DAL g ARl SREE C2E et oru (1t e

conpound as creamcrystals, 1.4 g. 20 Ms: ESI (+ve)

H N%b%ﬁé}‘ 2%:]13,( Mo BeLGN S A 2B 630t ol J'= 7.5, 8.1

Hz, 1H§-1.00 m otHD; gzsf(djauolr£4 43|— Bﬁmameﬁw.f?om,ﬁhieaﬁl 8.8|HzaNH))
-2- et byl 1L ndo] iz, 1- acef | cig,ethyl ester 25
7.85 %@I’T’ﬁrvg’ %ciﬂérilé?eb?sél@éé m%){’\ﬁ;%ﬁé’dﬂ-@d to a m xture of
MS: BSIq¢-2e)f (MathioakA): 4 nee{MaiHE sBREefeatign trmaZ8r@erihi. sul fi de (0. 39

g) and dichl oroethane (5.0 ni-) at 0 C and the

resulting mxture was stirred at roomtenperature for
30 m nutes. Asol ution of (6-

crar ¥ 3 R o P2 G s

methyhadolmnmylmmcncwe stirred at roomtenperature
overnight. The m xture was concentrated under reduced
pressure and the residue purified by colum

ography on silica gel, eluting with m xture of
di chl oronet hane and ethyl acetate (1:4:0 to

0 to 0:9:1 by volune) to afford title conpound as

ow solid, 0.25 g. 35 Ms: ESI (+ve) (Method B):

)+, JRetention time 4.1 mn. WO 21)1)81074966

QU6 /11114 8 5 6

Preparation 3a: 1-fluoro-4-methylsulfanyl-2-trifluoromethylbenzene

A mixture of dimethyl disulfide (2.0 mL), 4-fluoro-3-trifluoromethylphenylamine (2.0 g)
and acetonitrile (50 mL) at room temperature was treated dropwise with isopentyl
nitrite (2.0 mL) and the resulting mixture was stirred at 60 °C for 16 hours. The
mixture was cooled to room temperature, diluted with water and extracted with ethyl
acetate. The combined extracts were dried over magnesium sulfate and the solvent
was removed under reduced pressure to afford title compound, 0.67 g.
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15 Preparation 2d:
6-fl uoro-3-(2-fl uoro-4-net hanesul f onyl phenyl sul f anyl ) -

w@2008@t499d | ndol i zin-1-ylJacetic acid 5 A m xt up€r/GB2006/004856

[6-fluoro-3-(2-fluoro-4-netthanesul f onyl phenyl sul fanyl)
-2-methylindolizin- 1-yl]acetic acid ethyl ester (0.25
H NIR,(CDE) 252 8008, WHB7 .68 (1A, THY) 7a4rmd7rﬁ50 )@mMHﬁUGOUS

['ithium hydroxide solution (3.0 -) was stirred at
roomtenperature for 3 hours. The tetrahydrofuran was

Prepdr8fiGly 88 1NGH6-4LREHEREEURDRR-DUFRUGDfetHYbeREERY t he
residue adjusted to 4 by the addition of sodium

di hydr ogenphosphate. The resulting 10 precipitate was
collected by filtration to afford title conmpound, O0.22

3-ChiBropefbXiBn2dRVEY (02 g) wadaddéd patibnwide &a 68lutichBf, 1-BuotB-4-
(s, 2 6.40 (dd, J = 7.5 8,1 Hz, 1. H, 7,00 (m 1
methwﬁglfaﬁ;%g-trcfa@,rorgetlyllierg,eng_(133|q§ In @cWrom;e_t%e((ég mlyat room
temp&rature ¥nd th resﬂ;ltih‘% mixtdreSPad dtilreddt Fodm Semperbiur for B Hdurs.
8.35 (dd, J =2.1 5.5 Hz, é %15 MS:  ESI $H+vec?,
The migkire $@s Aijtereg epd thg HiratedpaasaRe iR sgiyiaied §agegussodium
thios%‘?%rl@él@tié’h %nd zatura’{eﬁ aqueOllJ? soditljm chtlori_dlglsolution a?% ’thlenhdriedI
-fluoro- 3- (4-net hanesul fonyl - 2-tri or Qe e
over SgEnETYSHa B SRR Be P ADIEd e apdBoR Brer U 6 2Nery
title cBHPound,SI.SEF ~/ p F Preparation 3a:
1-fluoro-4-nethylsul fanyl -2-trifl uoronethyl benzene 25

A nixture of dinethyl disulfide (2.0 nl),
'H NARfCpEi9- $3tr (23f5 %M%V.Q?Qg Pxé @By hai 120 (B, THYB.25aRF 1H).

acetonitrile roomtenperature was treated
dropwi se with isopentyl nitrite (2.0 nL) and the
resulting mxture was stirred at 6

> . C for 16 _hours.
Prepargion ﬁ?iﬁ'ﬂ?éf'f\'/%’éorﬁ%tb}"edd"PB“%“S%W?W&’&EF%&G&?'%S“% | ut ed
wth water and extracted with ethyl acetate. The
_conbi ned extracts were dried over nesi u | fat.e
A A R T g T
hydrdgenadifi@s (4.6 gy hed ¢-aE solifin@ofe (8®nA)ANsQTi4RE Gt 80 °C for
CT/ (3B211116 /11114 8 6 . . .
2 hours and then at room temperature overnight. The mixture was diluted with water,
washed with ethyl acetate and the aqueous phase acidified by the addition of
concentrated hydrochloric acid. The mixture was extracted with ethyl acetate and the
combined extracts dried over magnesium sulfate and the solvent removed under
reduced pressure. The residue was triturated with ethyl acetate to afford title

compound, 0.94 g.

Preparation 3d: [6-fluoro-3-(2-trifluoromethyl-4-methanesulfonylphenylsulfanyl)-2-
methylindolizin-1-yllacetic acid ethyl ester

Sulfuryl chloride (0.060 mL) was added to a mixture of bis(2-trifluoromethyl-4-
methanesulfonylbenzene)disulfide (0.45 g) and dichloroethane (10 mL) at 0 °C and
the resulting mixture was stirred at room temperature for 30 minutes and then at 60
°C for 4 hours. A solution of (6-fluoro-2-methylindolizin-1-yl)acetic acid ethyl ester
(0.15 g) in dichloroethane (5.0 mL) was added and the resulting mixture stirred 60 °C
overnight. The mixture was concentrated under reduced pressure and the residue
purified by column chromatography on silica gel, eluting with mixture of cyclohexane,
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"H NWMR (CDC13): 5 2.50 (s, 3H), 7.15 (m 1 H),
7.40-7.50 (m 2H). Preparation 3b:

wd 200800196 4- met hanesul fonyl - 2-tri fl uor onet hyl btzeB2006/004856

3- Chl or oper oxybenzoic acidi1{2.4 g) was added
portionwi se to a solution of 1-fluoro-4-
dichioiGhétibes! bﬁ@ewyr ectate {1 :u@rioetdy bpeoimmep Rutthdr girification by

di chl or onet r oom

properaiSaIreYare HGRe B waBngla Gl B ELE o el

water350 941098 %wag'arm wogifiae gabeé hﬂleecm'dpcarmd etsfaayéliohvtsdad,e@iow
washed with saturated aqueous sodium thiosulfate

9- solution and saturated aqueous sodi um chl ori de
solution and then dried 10 over magnesi um sul fate. The
sol vent s I der reduced essure to afford

MS: ESiree) éU‘:ﬁ‘Aﬁ”&?r@nB%‘?&"é% RPIRAR %ﬁ ing' 5 1 (s, 3H),
7.45 (t, J = 9.3 Hz, 820(m1H),8.25(m1
H. 15 Preparation 30

Prepé?raﬁerSé r[es filoror® einkiHandsutish e eglubfonelihyherengisafahyiea-f |

re  of
meth&fd'nﬂ@i}m oYHRSRICRIbs ul f onyl - 2-tri f1 uor omet hyl benzene
(1.4 g), sodium hydrogensul fide (4.6 g) and
1-nmet hyl pyrrolidin-2-one (6.0 nL) was stirred at 80 C
The tfilelcompobindings phsharéabby tite metbou beRepaEtion @dasingr{bgluoro-3-

ture .
euierymeiaeulrrrerye i en ol EROR sl by
esteraddi tion of concentrated hydrochloric acid. The

m xture was extracted with ethyl acetate and the
conmbi ned extracts dried over nmagnesium sul fate and the

'H NSl (DRIBO-HeTRvERLSs (5)de)), 3.28 (k) GE PBER(ES aHp.6.90 6, JesB.b iz,
i, S5t ot Gt R e b0 S8, P B4 L B, 020

(d, J E61-d Heorte); 8:2202n, riH) )| 1202@ (e shy). 4- net hanesul f onyl phenyl
sul fanyl)-2- nethylindolizin-1-yl]acetic acid ethyl
ester Sulfuryl chloride (0.060 m-) was added to a

MS: E!BP(ﬁUé)e(Mb‘théﬂ A): 26 r(iME-H)O Retatiby timné 1301 min.

anesul f onyl benzene) di sul fide (0.45 g) and
di chl oroethane (10 mM-) at 0 C and the resulting
meMevmsstHredatroomtemmrMUreforSOrﬁnMes

Exalrlg%fﬂt %f Bié'f ?1§I'(f49r8ti'1 P%&H? m&ﬂ)qé“ehI %ul?a[h Cl d et hyl

metiB8ihdoliziad-Hipwpionicdicich| or oet hane (5.0 m -) was added
and the resulting mxture stirred 60 C overnight. The
m xture was concentrated under reduced pressure and
the regidue 35 purified by colum chromatography on

[ el, eluting wwth m xture of cycl ohexane, WD
4966 PCT/GB2 0 0 6 /11114 8 5 6 17

onet hane and ethyl acetate (1:4:0 to 0:19:1 by

F S\@grother purification by
S
‘ i

o

81

Preparation 4a: (R)-3-(5-fluoropyridin-2-yl)-2-methylpropionic acid methyl ester

A solution of (S)-3-methoxy-2-methyl-3-oxopropylzinc bromide in tetrahydrofuran (0.5
M, 20 mL) was added dropwise to a mixture of 2-bromo-5-fluoropyridine (1.0 9),
tetrakis(triphenylphosphine)palladium(0), (0.14 g) and toluene (20 mL) at room
temperature. The resulting mixture was stirred at room temperature for 6. hours and
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preparative reverse-phase HPLC using a gradi ent over

20 m nutes of acetonitrile in water (50 %to 98 % of
woe@anioedodi fi er) gave title conpound as a yePdDWB2006/004856

solid, 0.030 g IS Ms: ESI 1§+ve) (Method B): 490

(MtH) ', Retention tinme 4.3 mn. Preparation 3e:

then [e§16 Istéme%rt fodnf temihatngs sl draghi,. TRe Wikifileuvsemidaytraleany!
)-2- meth I|nd0I|Z|n 1%%a cetic a

undeg rqdluee Bfr?ﬁ%ldfﬁ@”ﬂé g By tegyit MR R e@}yﬁacetate and
watef TRB }hiRiuteONa g ftcisd ﬂﬂm[ug?T Pﬁ)}ﬂ@‘%{n@-tﬁe organic filirate washed with
on

(2-f1 uoro-4-net hanesul hen | sul fanylfi[’ é met hyl i nd
watepnd:$aiurgtes agueaus éo%lemd:h&rﬁwsou Q7 apd fign

magr{é%)m&@)ce T&e%o%n( was hoved: uhdef duddd }_ye@s@@ 48l th@H)

reSld&e gugned’g)ygcqh@nn ghrgy\atqgrg@wy(%smqg(ggl,lelgt ggwigh 1a.|£n|>(<tfrq_9f
penté-%ezéhd diflyl a&et?atel (991 Wvol&mszeto éifo?@tn‘iéfd:orﬂpckd)nd @%72@ (br
(+ve) (Method A): 462 ( H)
Retentlontlrre 111mn 20 Exanpl e 4:
H NI(/IR)(E%JCEIQ -§ h vora; p=h Hﬁté}@nzgel(é@wi Blaew *7344& fmyﬁ Do ?m
|nd0|2|n1-l_$ |on|caC|
1H), QQOddcﬂqr@pgﬁaﬂaaﬁ—lmd (s 3H), 7. 15(dd J= 44 85 Hz 1H) 730

est er ution of
(S) - 3- met hoxy- 2- net hyl - 3- oxopr opyl zi nc brom de in
Prepét%'ﬂf)ﬁQMd(rFszu(%ﬁﬂjoﬁé}Q%etﬁﬁm%hz?rQ1 %brd%n@é@@ %é?ﬂlﬁ RWicp e
a mxture of br ono-5-f | uoropyridi ne (1.
tetrakl s(tri phenyl phosphi ne) pal | adi un(0), (O 14 g) and
The hﬂd e&nsodr%owa@)pr@iaré@gmmé RHEISEAbUP Rspatdt®n! A Ubihg N8)-3-(5-

ture was stirred at roomtenperature for 6, hours

fluor@vﬂdm - apenyprepisicesid apshyhestes /11114 8 5 6 18
then Ieft to stand at room tenperature overnight. The
was concentrated under reduced pressure and

MS: Eﬁb(*r‘/é)sﬁ'\ﬁﬁiBOQjB) @86 M D'h ReteRtion ime Bf Mphy| acet at e

and

(dt, J(=Ri.9?’i3‘55-1£‘ |1H9r83@()’f ‘3'—“23)% rR- et hyl propi oni ¢ aci d
‘ met hy

Preparation 4c: bis[4-(methylsulfonyl)phenyl]disulfide

A mixture of 1-fluoro-4-methanesulfonylbenzene (32 g), sodium hydrogensulfide (64
g) and 1-methylpyrrolidin-2-one (100 mL) was stirred at 80 °C for 60 minutes and
then at room temperature for 60 minutes. The mixture was diluted with water, filtered
and the filtrate acidified by the addition of concentrated hydrochloric acid. The
resulting precipitate was collected by filtration, washed with water and dried to afford
titte compound as a white solid, 15 g.

MS: ESI (+ve) (Method B): 375 (M+H)*, Retention time 3.3 min.

Preparation 4d: (R)-2-[6-fluoro-3-(4-methanesulfonylphenylsulfanyl)-2-
methylindolizin-1-yllpropionic acid methyl ester

The title compound was prepared by the method of Preparation 2¢ using (R)-3-(5-
fluoropyridin-2-yl)-2-methylpropionic acid methyl ester and bis[4-
(methylsulfonyl)phenyl]disulfide.
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water. The m xture was filtered through hyflo and the
organic filtrate washed wwth water and saturated

waeneenuesodi um chl ori de sol ution and then driBCI/GBe06/504856

magnesi um sul fate. The sol ¥gnt was renoved under
reduced pressure and the residue purified by colum
chromat ography on silica gel, eluting with a m xture

e d acetate volune) to

MS: %‘f(BYegwﬁmoga@ ‘ﬁ%‘o&%‘d") 3’5%*?”@0”(“% ﬁ%'{‘cm 33 8 1.20

=7OHz 3H) 285(de 6.6, 13.7 Hz, 1 H),

¢ (d = 7.6, 13.7 Hz, 1 H),

Prepetgaf@m ‘2% (Rki?i)[S'f|V°f953 %‘H‘?thjm%s%fOHY'P'S‘?rB"%HH?“Si')'?I) , 7.30

meth;ﬁuﬂ&chzﬂn ?—yﬁpr%ploﬁlc%cﬁéz 1H, 840 (d, J =29 H, 1H.
Prepar ati'on ;

(R)-2-(6- fluoro 2-nmet hylindoli zin-1-yl)propionic acid

The tlﬁgtcﬁ%hoﬁﬁd @ES éé Zn,fd tﬁ) ﬁﬁwb%&tﬁé@’mp’é\@?om 8RR Ae-[bhe

usin
fluorof3- u@mmaneauif@nzlpyeoylwlia@vlh?ﬂmtbwmlﬁiu@n aoilgrapiaris acid
meth;ﬁ%‘s{eerr Ms: ESI (+ve) (Method B): . 236 (MtH)}, Retention
I'me 3. . 20 Preparation 4c:
bi s[ 4- (net hyl sul fonyl ) phenyl ] di sul fide A m xture of

i =f -4z nesul,f dj -

H N (CBEIR T BB S SR 8 D38 e o0s, phh ¥l 0 -

7.1 He104), 618D (wad Hy,t6.90 & Jat 8.801zC2H) 7. BD(ddh dert%e8, Qndiz, dHbn

e r 60 m nutes. The m xture was

770@tlju?é;§1|42 ?ﬁ)es‘?l{dl{n? 11Haltered 25 and the filtrate

MS: ESli (avé)i (Veihog A)hd0& (M+itl) oRetshtigotieiOrdamied hydr ochl ori ¢
acid. The resulting precipitate was coll ected by
filtration, washed with water and dried to afford
title conpound as a white solid, 15 g. MS: ESI (+ve)

Exan%%gfgﬁz%fﬁaﬁgzéuIfWﬁean%l)@flth@Zﬁn&hWiﬁdoliﬁﬂ-1-

yllacéW® agid 6- f | uor o- 3- (4- net hanesul f onyl phenyl sul f anyl ) - 2-
met hyl i ndol i zi n-1-yl ] propionic acid nethyl ester The
title conpound was prepared by the nethod of
Preparati on 2c using (R)-3-(5- 35

i di n-2-yl)-2-nmethyl propionic acid net hyl

and bi s[4- (nmethylsul fonyl)phenyl]disulfide. WO

074966 PCT/GB2 0 0 6 /11114 8 5 6 19 Ms: ESI

F ) thgd B): 422 (M+H)', Retention time 4.0 min.

(R) - 2- -fl“uoro 3- (4- met hanesul f onyl phenyl sul fanyl ) - 2-
5 methyllndollzm 1-yl]propionic acid The title
compound was prepared by the nethod of Preparation 1 d

Prep&3tif954:R-efykBiranyl-4-fluorobenzene

A mixture of diethyl disulfide (11 mL), 4-fluorophenylamine (5.0 g) and
dichloromethane (50 mL) at room temperature was treated dropwise with tert-butyl
nitrite (7.7 mL) and the resulting mixture stirred at 50 °C for 56 minutes and then at
room temperature for 3 hours. The mixture was washed with water and 1.0 M
aqueous hydrochloric acid and then dried over magnesium sulfate. The solvent was
removed under reduced pressure and the residue purified by column
chromatography on silica gel, eluting with cyclohexane to afford title compound, 3.5

g.
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fl uor o- 3- (4- net hanesul f onyl phenyl sul f anyl ) - 2- m et hyl
i ndolizin-1-yl]propionic acid nethyl ester 10 "H NWR

W@ 8o03pe6 6 1.60 (d, J = 7.1 Hz, 3H), 2.35 (s,PGHEB2006/004856

3.00 (s, 31-1), 4.10 (q, J2¢& 7.1 Hz, 1 H), 6.80 (m 1

H, 6.90 (d, J =8.6 Hz, 2H), 7.50 (dd, J = 5.3, 9.7
'H NN (CBCH):5 1.25 (10U £9.3 Hz%rﬁ, £.907g, PHy.3 lazaziH ) M00XmiHRH),

M5 ESI (+ve) (Method A): 408 ? Retentl on tine

7.35 (m21r')m n. 15 Exanple 5:

[3-(4- et hanesul fonyl phenyl sul fanyl)-6-fl uoro-2-net hyl i

ndol i zi acetic acid 0 OH FN_ SO 20
Prepapa@tp@a‘s}thﬂ, @Ha%‘J'f‘iﬂy@ﬂﬁWP@FPzﬁﬂﬂ 4-f1 uor obenzene A

m xture of diethyl disulfide (11 nli),

sl oA o SR ok P U 7

room ie@ﬁéerﬁﬂké’ lvas WeberEvﬁthgchﬁoﬂ@beaox%%zbféQad' (U0 b & the

m xture stirred C for m nutes and t en at

resulting RkiUERBEE SHitipeal rgpm3emparadure prermightt Thamdye Weshed

washéfu Wihh \é@ﬁﬁé’teé@aué‘ou@ sibiup MoEb&§ed @élUﬁora@ndd 06k
then dried over magnesi um sul fate. The sol vent f_\r/vagltme

magnegiHe\edfalmand the éél'l‘l@@d epoxed Hpder ARANGERPrPEsIT §lipeatio

‘ compBitid,f4.®¢g. by colum 30 chromat ography on silica gel,

eluting with cycl ohexane to afford title corrpound 3.5
g WD 21)1) 81074966 PCT/ GB2006/ 004856 20 'H NWR
'H Nl\ﬁﬁ@%@o dé) %12ﬁ3&tJ #eﬂ—xi 331%&30%5% 2.399z, W), 7,56 (h; 8H),
(m Prepar ati on 5b:
8.00 (![ﬂ,@ﬁﬁanesul fonyl 4- fI uorobenzene A soI ution of
1- et hyl sul fanyl - 4-fl uorobenzene (3.5 g) in
di chl oromet hane (20 nl) at roomtenperature was
Preparation &4 Qﬁ(‘ﬂﬁ”@néwlféf‘ﬂﬁ%‘?@k‘?w&f&% acid (6.0 g) and
the resulting mxture was stirred at roomtenperature

~overnight. The m xture was _ .
A mixture of 1-ethanesulfonyl-4-fluorobenzene (1.0 g), sodium hydrogensulfide (4.4

g) and 1-methylpyrrolidin-2-one (4.0 mL) was stirred at 80 °C for 2 hours and then at
room temperature overnight. The mixture was diluted with water, washed with ethyl

" acetate and the agueous phase acidified by the addition of 1.0 M aqueous

hydrochloric acid. The mixture was extracted with ethyl acetate and the combined
extracts dried over magnesium sulfate and the solvent removed under reduced
pressure to afford title compound, 0.80 g.

'H NMR (DMSO-d6): & 1.10 (, J = 7.4 Hz, 6H), 3.30 (q, J = 7.4 Hz, 4H), 7.80-7.90
(m, 8H).

Preparation 5d: [3-(4-ethanesulfonylphenylsulfanyl)-6-fluoro-2-methylindolizin-1-
yllacetic acid ethyl ester

The title compound was prepared by the method of Preparation 2¢ using (6-fluoro-2-
methylindolizin-1-yl)acetic acid ethyl ester and bis(4-ethanesulfonylbenzene)disulfide.

MS: ESI (+ve) (Method B): 436 (M+H)*, Retention time 4.1 min.
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30

washed with saturated aqueous sodi um hydrogen
carbonate solution, dried over 10 nagnesium sul fate
wapshheesol vent renmoved under reduced pressurBCT/GB2006/004856

afford title conpound, 4.31g. '"H NVR (DVSO-d6): 5

1.10 (t, J =7.3 Hz, 3H), 3.30 (q, J = 7.3 Hz, 2H),
Prepatatiin $en[3-¢Hpihaneswionyipherdtduiianys)-Gflepraramiethylisdolizin-1-

' et hanesul f onyl benzene) di sul fide A m xture of |
yl]ac&h%&;%esul fonyl - 4-fl uor obenzene (1.0 g), sodium

hydrogensul fide (4.4 g) and 1 -nethyl pyrrolidin-2-one

A sols.&tgm ofgé 1% e%ﬁe%{li’gb@ﬁ@er@ﬁsuﬁgrﬁﬂ:} é%or% né:@;éf (Ielﬁ(ﬁmlgié%myl&efgee’ac
acid athy! lesteai{@n 4 g\)vasﬂatrelhynlr@fhraet(ﬁ@l mL)awas Wiealed mithtarsoldignebus

lithiurﬁtﬂg&%x%ﬁi‘;gjo&b ?gljrg\xat%ﬂg(i@nm? Eh&’ fheor]:as&tl Ml%%ésﬂlrred at

ydroc rc ure was ext
room é¢rhpératre faxt lehaundThehmixtuwerian edidifiedtoydbe edditiordf d\0eW

cou TR 50 1 B9 AR g

concéﬂﬂaw@r(dBIVML@G)presuna Toe fesidue waszpunﬂqﬂ bMDa@tI@ (q,

overfesbitie e ol e oo B EoRo

as a greeh sglldw011203m ylJacetic acid ethyl ester The title
conpound was prepared by the nethod of Preparation 2c
using (6-fluoro-2- methylindolizin-1-yl)acetic acid

'H NMRHED:@B):ef 1.48 @, Bi=s1.3 Het 3id)n 830 (5 03ty), BelfZané Fdi-5 Hizf 2Hd)e.

a7 & o T B g e B o W P B b

2H), &16 (dR 1 P2 dpsddia, dil)5e:

4- n L +65 Ll uoro-2- et hyl
ws: ey RS, BHIIE LA
[ 3- (4- et hanesul f onyl phenyl sul fanyl ) -6-fl uor o- 2- et hyl i
ndoli zin-1-yl]acetic 5 acid ethyl ester (0.14 g) in
tetrahydrofuran (6.0 nL) was treated with a sol ution
Exanydle 6t {$)F2-[Grfluguh-3%4-thethanasaifogylphenytsdianyb-20 nl) and

AN loHidL&§gnas stirred at roomtenperature
meth&ﬁﬁdﬁl?ﬁ@ar*lfﬁﬁ@ﬁ lf:“gire was acidified by the addition
of 1.0 M aqueous hydrochloric acid, extracted with
et hyl @cetate and the conbi ned extracts concentrated

unde educe pressure. The residue was purified by
r epar aHi ve

L
F X o
o
7

O

Preparation 6a: (S)-3-(5-fluoropyridin-2-yl)-2-methylpropionic acid methyl ester

Thé title corhpound was prepared by the method of Preparation 4a using (R)-3-
methoxy-2-methyl-3-oxopropylzinc bromide and 2-bromo-5-fluoropyridine.

MS: ESI (+ve) (Method B): 198 (M+H)*, Retention time 2.6 min.

Preparation 6b: (S)-2-(6-fluoro-2-methylindolizin-1-yl)propionic acid methyl ester
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10 reverse-phase HPLC using a gradient of acetonitrile

in water to afford title conpound as a green solid,
wW®208074966 1H NVR (CD30D): 6 1.15 (t, J = 7.5 HxCT/8B2006/004856

2.30 (s, 3H) 3.10 (q, J =27.5 Hz, 2H), 3.75 (s, 2H),

6.85 (m 1 H, 7.00 (d, J =8.7 Hz, 2H), 7.55 (m 1

The tlﬂb co?nﬂ&m(jdmas] Fep8red bz the ﬂa@t(h%/g?og Fgre%)ra(lgrg gbi]ﬁm ($-3-(5-
+ve 0
oo W2 TSRy RiapSiao MRS

(S)-2-[6-f]uoro-3- (4 met hanesul fonyl phenyl sul f anyl ) - 2-

MS: !:‘Zé)l (]q\?c%h(p}el ndoll%plt I%I%t?] )“] Retehtion time %C?' r%in(.) H NFSP

(S)-3-(5- fI uoropyridin-2-yl)-2-nmet hyI propi oni c acid
net hyl e 25 The title co repared by
PropaTRLOT 5 NS48 HSTa A oS QB Rp Tal 2
methWﬁBBW1 P’wptuhhcé’m@mmyp@stém nc brom de and
br ono- | uoropyridine. Ms: ESI (+ve) (Method B):

198(MH—I) Retention time 2.6 min. 30 Preparation

The ti@@co(n%buﬂd (Nﬁsfpk lféu fmetrﬂéthom&mﬂepam@nxelc)u@r msx)lral(s-
mf § 2162C 81074966 PCT/ 2
ﬂuorOramw'@d '26‘ 1'2’ PrPRION(C; e repared by

metHylt@Iiompaen@fdisdpar at i on Ib usi ng (S) 3-(5-
( rgyl uor opyri cep 2-yl)-2-nmet hyl propi onic acid nethyl

ester. Ms: ESI (+ve) (Method B): 236 (M+H)+, Retention

MS: ESINBve). (Kiefidd. B): 422 fMeRpT Réteftiorbime 4.0 min.
(S)-2-[6-fluoro-3-(4-nmet hanesul f onyl phenyl sul fanyl ) - 2-

nmet hyl i ndol i zi n-1-yl ] propionic acid nethyl ester The

Prepéraﬁdreequpngumss -@- m@waadsmmnylbﬁemdm@dwaz
methY'!"QE'?ZJ‘ati n‘ﬂ%fﬂ”f%(? I'”%%Y' gst%q ) pr op| oni ¢ aci d net hyl
ester and bi s[ 4-
A mixture of (S)-2-[6-fluoro-3-(4-methanesulfonylphenylsulfanyl)-2-methylindolizin-1-
yllpropionic-acid methyl ester (0.25 g), methanol (10 mL) and 1.0 M aqueous lithium
hydroxide solution (3.0 mL) was stirred at 65 °C for 8 hours. The mixture was
concentrated under reduced pressure, diluted with water and washed with
dichloromethane. The aqueous phase was acidified by the addition of glacial acetic
acid, extracted with dichloromethane and the combined extracts dried over
magnesium sulfate. The solvent was removed under reduced pressure and the
residue purified by preparative reverse-phase HPLC using a gradient over 30
minutes of acetonitrile in water (50 % to 98 % of organic modifier) to afford title
compound as a pale green solid, 0.17 g.

"H NMR (CDCls): & 1.60 (d, J = 7.4 Hz, 3H), 2.35 (s, 3H), 3.00 (s, 3H), 4.05 (q, J =
7.4 Hz, 1H), 6.75 (m, 1H), 6.90 (d, J = 8.6 Hz, 2H), 7.50 (dd, J = 5.3, 9.7 Hz; 1H),
7.70 (d, J = 8.6 Hz, 2H), 8.80 (dd, J = 2.0, 4.5 Hz, 1H).

MS: ESI (+ve) (Method A): 408 (M+H)*, Retention time 10.6 min.

' Example 7: ethanesulfonylaminobenzenesulfonyl)-6-fluoro-2-methylindolizin-1-

yl]acetic acid
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15

20

25

(met hyl sul fonyl ) phenyl ] di sul fide. MS: ESI (+ve)
(Method B): 422 (MtH)+, Retention tinme 4.0 mn. 15

wae@par4tdi on 6d: PCT/GB2006/004856

(S)-2-[6-fluoro-3-(4-net hangsul f onyl phenyl sul f anyl ) - 2-
met hyl i ndol i zi n-1-yl ] propi onic acid nethyl ester A
m xt upe of
g- f1 uoro-3- (4-net hanesul f onyl phenyl sul fanyl ) - 2-
' indolizin-1- yl]propionicacid nmethyl ester (0.25
hanol (10 nmL) and 1.0 M aqueous lithium 20
F ydsgﬁlde solution (3.0 nL) was stirred at 65 C for 8
hoRit The m xture was concentrated under reduced
pre e, diluted with water and. washed wth
di c onet hane. The aqueous phase was acidified by
the_a tion of glacial acetic acid, extracted with
d|cﬁkﬁronethane and the conbi ned extracts dried over
nmegres? um sul fate. The sol vent was renoved under
reduced pressure and the 25 residue purified by
preparative reverse-phase HPLC using a gradi ent over
Prepai@tiomTa etresesdlfonedaih[4-¢41 e i n water (50 %to 98 % of

eman&e,@g%yga&.n%ohfeaﬁgx,u@any@pﬁ%wg fldscr a5 3 60 (d, 9 e
4Hz 3H, 2.35 (s, 3H), 3.00 (s, 3H), 4.05 (g, J =
w sordfylor g tiarbier e iy Bhcrfrgfebdnede oot Sl
adde® dfophitse 13k solflioB®f Gdamindptiendt @sulfdd (2 g) dndHrietiyBimiESl4.5
mL) Ié glcEEgg%B@t hOd(z'%) mL) 3846 MéLH)nd theRreetSSI Eg (r)nrl]xthre wasl\s)varmé]a {c])

room @éfpaasie board @éﬂoﬂaﬂm%bfrmnwi’é wés fMagbsdwrRh et Iblyl i

oo LA g BSTIAR s E aR  e

of 1. d?meméaﬁs hy@irﬂ@ﬂoretdwawihfetj rikttacted dnth iyl acetate. The

combmed ex?%gtsfvyel?g dﬁen(lj O\Ve()rpﬁae&"}/els%n% guL” érjl Ql¥d gcﬁvenqyrel]nove under

reduced pressure to afford title compound as a white solid, 2.0 g.

'H NMR (DMSO-d6): § 1.15 (t, J = 7.4 Hz, 6H), 310(q,J 7.4 Hz, 4H) 7.20 (m, 4H),
7.45 (m, 4H), 9.85 (br s, 2H).

Preparation 7b: [3-(4-ethanesulfonylaminophenylisulfanyl)-6-fluoro-2-methylindolizin-
1-yllacetic acid ethyl ester

The title compound was prepared by the method of Preparation 2¢ using (6-fluoro-2-
methylindolizin-1-yl)acetic acid ethyl ester and ethanesulfonic acid [4-(4-
ethanesulfonylaminophenyldisulfanyl)phenyljamide..

'"H NMR (CDCly): 8 1.25 (t, J = 7.2 Hz, 3H), 1.35 (t, J = 7.2 Hz, 3H), 2.35 (s, 3H), 3.05
(@, J = 7.2 Hz, 2H), 8.75 (s, 2H), 4.15 (q, J = 7.2 Hz, 2H), 6.25 (s, 1H), 6.75 (m, 1H),
6.80 (d, J = 8.7 Hz, 2H), 7.05 (d, J = 8.7 Hz, 2H), 7.40 (dd, J = 5.1, 9.8 Hz, 1H), 8.1
(dd, J = 2.1, 5.1 Hz, 1H).
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5 A solution of ethanesul fonyl chloride (1.9 m-) in

di chl oronethane (5.0 m-) was added dropwi se to a
wE2losn7466 of 4-am nophenyl disulfide (2.0 g) aPdI/GB2006/004856

triethylamne (4.5 nlL) in2dichloronmethane (20 nL) at

-40 C and the resulting mxture was warned to room

Prepbﬁﬂiéﬁrﬁt E@ﬁ @Néﬁ{esaf&ﬁfa'nﬁﬁoﬁnzéné@}%ﬁ%) -8BofBL Xt ure was

washed aqueous sodi um'hydroxi de sol ution
methylirdqligia- ktﬁ'ﬂ?@@%aﬁ%a@@yééﬁérf. ed by the addition of
1 O M aqueous hydrochl or| c acid and then extracted
et hyl acetate. onbi ned extracts were dried

A m%ivs?r Ofriﬁdﬁ@éh%ﬁ’ﬁ@@nvlam@%h@nﬁwwm) 6risipperaunethdimdolizin-1-
yuacéﬁ@a@@d;tmﬂ 8&@#(@&)32)%) ad- Ems%ﬁtérd%se%wga G0 @) WBia Qum

carbcpﬁate éq').|992 q9) z%@;:i rpathagol-wa;s ezprqqgl at 4<pq)m te;mmya@nqz fcm ﬁ)hoursz ng
mlxtdrglwa‘é"@oncgntga'iecf Qrﬁde‘ﬁ reo@ﬁ)ed Pé's%B?é’ %Ir lgt@@ wh wat?r and extracted

- (4- et hanesul f }[/) am nop a/ | uor o-
with fi'ﬁp!omra@hha@ﬁ» Jhefo ]n&@@txnactﬁdvaﬁe seshyed wih sptupded-paueous

sodidrh tchl’%‘m@@ EBRHA d%@o%rqg%r% iy s&lféﬁe HR& BRAdMent removed

Preparation 2c usin | uor o- 2-
undeErAper miRisEA ta-affo t'&d‘@ﬂ@“ﬁ@id ethyl ester and
et hanesul fonic acid [4- (4 et hanesu Ifonyl am
i_n EJhen dlsufany)El | ]am de. 25 'H NMR (CDCl 3):
MS: §Sh ) {iflethgd B): A69 (Mt )3ﬁ)e enfioggime3.3mie. 7.2 Hz, 3H),
2.35 (s, 3H), 305 (q, J:72Hz 2H) 375(s 2H)
4.1_5%%,%—72 5 (m
Preppﬁatlon 56t @aesujowlq;nn7|op§nzegp§ulfoynyb§-f(@ro 3- metgylmdp&zm -1-
yl]ac@tllzBaC|a40(dd J =51 9.8 H, 1 H, 81 (dd, J =
.1, 5.1 Hz, 1H). V\D2008/074966 PCT/ GB2006/ 004856 24
Pr eparation 7c:

The ﬂ}tﬁr &&mmmW@@%rémya BYHIORBTHERANS Wb ieadn Tcﬁué.hgl(y @- 2-
| indol Z|n 13{ ]acetic acid pethyl ester
etharllﬁ ép)éalgfno enzenesulfonyl)-6-fluoro-2-methylindolizin-1- yl]acetlc acid ethyl
este 3- (4- et hanesul f onyl am nophenyl sul fanyl ) - 6-f 1 uor o- 2- ne
thylindolizin-I- ' 5 yl]acetic acid ethyl ester (0.030
g), 3-chl oroperoxybenzoic acid (0.090 g), potassium
MS: Earmeatmth@d BR258 MRS, FRtdHiBARkiMes 1 $iihr red at room

ms: ES[PS ?@@g}g% BL 4§§ 2’@#5 Eieft%nﬂg{antﬁ L ¢ was concentrat ed

extracted wth dichloromethane. The conbi ned extracts
were washed with saturated aqueous sodium chloride
solution, dried over nmagnesium sul fate and the sol vent

Exampies: qm-chcbrum;lmuomeﬂwﬁﬁtmmoaytmewyfmﬁnwu— e
methy?‘ngopzm ~1-yljacetic acid

OH
Cl A

P

T

(0]

Preparation 8a: [7-chloro-6-fluoro-3-(4-methanesulfonylphenylsulfanyl)-2-
methylindolizin-1-yfjacetic acid ethy! ester
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M5: ESI (+ve) (Method B): 469 (MtH)+, Retention tine
3.3 min. Preparation 7d:

webkdhanedsd f onyl ani nobenzenesul f onyl ) - 6- f | uor o- BeTreBOb004856

ndolizin-1- 15 yljacetic aesd The title conpound was
prepared by the nethod of Preparation 1l d using [3-(4-
et hanesul f onyl am nobenzenesul fonyl ) -6-fl uoro-2-net hyli

SRS £l B, 25,

(metlygsu E&yl)pham'j]dlﬁumwbw B) andigibhipidntéthane_R@Dentt)i =010 °C 4re the

’es“f“”& SPire,was ATPADE tor s minves and e ey inPays for
90 minutegyéh egdumqm@f |(P4loroi12- me}mmmiolmnat yladatic atid@thyi Msfer (1.0

o) inchclorpethang (& p ifl) WegRAGEN LR utSesviing piwe et smaum

tempezatpmet Pugrighlo IThe mixtdreywdsadiletddowisic dndhletdmyéth@ﬁ aﬁd éﬁﬂlrated

aque%gg %é@lprﬁf@&agggw dp%}%% Qoqﬁfo 6@&%%&%@{ é‘uase was was%ed
with wﬁtqrwri:satqraiﬁy lappérusydopitins cthlbridkesqldtidh g)d taael dried over
mag R SRS, P Sl b oo Na il et SHip aeiflea
residug mm@d@bﬁqtjmn@hf@matsgr_aﬁhmm siiies gelpelmthgivition mikture of
vkt PRI RIE (PER) 530 bk yibh R 6 ofiof A Bt
and the resulting mxture sti rred at- room tenperature

MS: BYF +r\‘/b9mleth% 'Hsé M[l- t)“"@%téﬂéloH %e%t Y

di chl or onet arate Modi um hydr ogen
car bonat e sol ut| on and the or ganl c phase vvas washed

f
Prepgfgltt IE?;&gnP;Cr@& tghen g:; E“?)é\?g gﬁ(@g‘%eﬁmﬁ )fzgt e. The
methyndebizn- iwdlacethesiéd under reduced pressure and the
residue purified by colum chronat ography on silica
eluting with a m xture of cyclohexane and et hyl
The tg@éioﬁﬂ@u(‘g westRiessed By e methodw)f Prepasdtionr i asing E7-chioro-6-

fluor&Qf(@%ﬁ’anesuIfonylphenylsuIfanyl) 2-methylindolizin- 1-yl]acetic acid ethyl
ester.

'H NMR (CDCly): & 2.30 (s, 3H), 3.00 (s, 3H), 3.75 (s, 2H), 6.90 (d, J = 8.6 Hz, 2H),
7.45 (d, J = 7.0 Hz, 1H), 7.70 (d, J = 8.6 Hz, 2H), 8.05 (d, J = 4.8 Hz, 1H).

MS: ESI (+ve) (Method A): 428 (M+H)*, Retention time 11.8 min.

MS: ESI (+ve) (Method B): 428 (M+H)*, Retention time 3.6 min.

Example 9: [3-(2-chioro-4-methanesulfonylphenylsulfanyl)-7-cyano-2-
methylindolizin-1-yl]Jacetic acid
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M5: ESI (+ve) (Method B): 456 (MtH)+, Retention tine
4.3 mn. 15 Preparation 8b:

W@ Z008kt4960- 6- f | uor o- 3- (4- net hanesul f onyl pheny| But/Gamob)04856

-2- nethylindolizin-1-yl]acetic acid The title
conmpound was prepared by the nethod of Preparation 1d
using [7-chloro-6- 20

fl uoro- 3- (4- met hanesul f onyl phen él sul fanyl )-2-net hylind
Preparation Pa-2-chibjcat- 8uore-hamiethappsiifionyleeizenNe ' H NVR (CDCI 3) :

32.30 (s, 3H), 3.00 (s, 3H), 375(3 2H), 6.90 (d, J
= 8.6 Hz, 2H), 7.45

d 7.70 (d, J
A solutmrSostdeIzqm g]mte B7@ |r(y(yateg (15 rnL)gwqt%adcdej opg@e lggm( &g
penodl(\}é rﬁ%gfelg% QQﬁlx tﬁﬁﬂuér%eﬁhaﬁ@é&f@hﬂ@ﬁe@léﬁmé11@g)}ﬂ n.

conceﬁtrdieakhy\droaxlam)a@d @30 mL) and water {90 n'j?_) at ORet %8t JFhe solutlon
was a(gc?’ 0(3% Cﬂ)ﬁfr? oflgcgﬁfel? @Hl%ﬁd’é([)qw B @5‘ any b@h&é‘n&’@%d) hyﬁr@l&fﬂn@-

I C aCI
acid (SMnQD@tBJ Wag@meneﬁwwmmre h/egtfﬂfa 48 §f8r 1%"nutes e

Pr
temperature, flltered and the filtrate extracted with
mixturs M%Eacrog - Bfrﬁé’m _p_ met hanesul f onyl benzene A

| ut
dichlomimetatiay ﬁﬁhmcpmbtr@d(%tractg)wenr% drigd @Yer(MIINeE) U%@%@%‘%e
solverg r?rﬁ?ﬂ‘('/ecﬁeu ??ecﬁ:g ? Gf%?ﬂﬂeoﬁuﬂﬁ:aﬂbﬁ‘ ot B8 rbﬁdae By sblurm@ of

uor o- b- net onyl phenyl am ne

chrometogcapttyrert sitbargabraletingoriinca mestere @i tr!nens, déﬁ'?g}r%?@@n? gpd
ethyl %reta?ctegé 3k ?) t%%)l ‘gtr) It%_ g?o&%Wduﬂﬂe) PR 16 dempoana asxihitee

and concentr at ed
solid, Bydg.ochl oric acid (30 nL) at 0 C and the resulting

m xture heated at 40 C for 10 m nutes. The m xture
was cooled to roomtenperature, filtered and the
filtrate extracted with 10 di chl oronet
'H NME)I(\@DGE):I 56303 s BE) kB (Lol F Sef e@e*vH)nag%’éE( 05 e =
02.6 fﬂ_@ sol vent renoved under reduced pressure.
ur|’f| ation of the residue by colum chromat ography
on silica gel, eluting with a m xture of toluene,

Prop A1 BRE BRRR SR AR b0 to 0110 to
solid, 3.7 g. 15

A mixture of 2-chloro-1-fluoro-4-methanesulfonylbenzene (1.0 g), sodium

hydrogensulfide (3.6 g) and 1-methylpyrrolidin-2-one (5.0 mL) was stirred at 80 °C for

90 minutes and then at room temperature for 4 hours. The mixture was diluted with

water (40 mL) and acidified by the addition of concentrated hydrochloric acid. The

resulting precipitate was collected by filtration, washed with water and ethanol and

then crystallised from toluene to give title compound as a white solid, 0.61 g.

'H NMR (DMSO-d6): & 3.30 (s, 6H), 7.80 (d, J = 8.3 Hz, 2H), 7.90 (dd, J = 1.5, 8.3
Hz, 2H), 8.10 (br s, 2H).
MS: ESI (+ve) (Method B): 443 (M+H)*, Retention time 3.8 min.

Preparation 9c: [3-(2-chloro-4-methanesulfonylphenylsulfanyl)-7-cyano-2-
methylindolizin-1-yllacetic acid ethyl ester
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'"H NMR (CDCI3): 5 3.05 (s, 3H), 7.35 (t, J = 8.4 Hz, 1
H, 7.85 (m 1 H, 8.05(dd, J = 2.2, 6.6 Hz, 1 H).

wde@parf@té on 9b: PCT/GB2006/004856

bi s(2- chl or o- 4- met hanesul f anyl benzene) di sul fide 20 A
m xture of 2-chloro-|-fluoro-4-nethanesul fonyl benzene
The tifla comgpuncswds prepateddryoihe mwihdd ofePrefarétia) 2ansing (7-cyano-2-

- s, stirred at 80 C
meth;?nggglg% &Mééet?es?g,édnne&@ re;%r%?dgbsﬁ%wéﬁpdér ature for 4
methdrmsuonykiepzenejdigulédevas diluted with water (40 nmL) and

acidified by the addition of concentrated hydrochloric

acid. The 25 resulting precipitate was coll ected by
MS: HSII(+vat(Method\s4ai(Nhi-H ), Reteetiordinge 8i7vainol and  t hen

crystallised fromtoluene to give title conmpound as a

white solid, 0.61 g. 1H NVR (DM5O-d6): 6 3.30 (s, 6H),
Prepara®d gti [3-L-chl@o34- mzeiha:ﬁd)sulfoﬁy%e'@ﬂwlfaﬂy»—-ﬂcyano&- 3 Hz,

30 Ms: ESI (+ve) (Method B): 443
meth;{tﬁé%z% Jr&é%é%&g%gnrq ti rre 3.8 mn. Preparation 9c:

[ 3- (2-chl oro- 4- net hanesul f onyl phenyl sul fanyl ) - 7- cyano-

Aoy PO SRt AGEL SRS 3L or YO

methyliadoljzire paljaxttib peidrethyresten (0.027 &), SpaiaigueouLithiugi mgiroxide

solutl&z &5@9}9&%@’:@9@%'_{]9&& %H%'t ﬁ%lnr?mﬁc\%s' éxtinaé%ia(iI rgcgrﬂyl

er- an or O-
temp@rauuré tom it Hoain i@am)udtw;el Was iadigifieti Dy atlior{ efvglacidiMertiod

acid, g%liceﬁﬁg’te& %Egrﬁedtﬁ?etde&'égﬂne %hg?negregidms ?)artitigﬁ %@%eaew water
(5.0 nﬁQ%(nZ-&th acejaié- (e rian€iseibiganigl qdnheawlas Lairiédnyéo MIAGrRsAMD -

outaf-pAFEERAHA LR LTRSS il ol AU ) Seble
reverge-phaseyPLiGdeing aigiadient qvac 80 minwes df memmtn@n avat¢rQ46 24
oos St S NERRAMMBERIE 51 B L0270, 2

room tenperature for 1 hour. The m xture was

H N]\ﬁﬁéﬁmfs'oe )bXZ% 8t ég uce oéH)gssur@I a C%t I5C(dr‘2%:83%'élz’

centra d the
1H), §8% (ddt U el Gl,e’ft ‘Wélem M&at?e% (tg, Q 5.100,/.4 HantHe 800 (dad et 19 iz,

T a §p§]§\ 0 magnesi um
1H), és%(? daa‘f_zé Oc%?cgn fgiiig @’gr d%ce@giﬁrﬁ’g ure and the
MS: Er&‘diwﬁ)Wp@pdﬂ)ww-ﬁﬂ)épaatamlwetlme d0&rmeie- phase HPLC

using a gradient over 30 mnutes of acetonitrile in

water (45 % to 95 %of organic nodifier) to afford
title conpound, 0.019 g.

Example 10: [6-cyano-3-(4-methanesulfonylbenzyl)-2-methylindolizin-1-
yllacetic acid

- OH
Za—
S N7

Preparation 10a: 3-(5-cyanopyridin-2-yl)propionic acid ethyl ester
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20 'H NMR (DMBO-d6): 5 2.20 (s,

3 5 (s, 3H),
3.80 (s, 2H), 6.15 (d, J = 8.6 Hz,
0

H, 3.
H, 6.85 (dd, J =
wd2@s/0749d6 Hz, 1 H), 7.55 (dd, J 1. 8
8.00 (d, J =1.9 Hz, 1 H288.20 (dd, J = 0.9, 7.1 Hz,
1 H, 835 (dd, J =0.9, 1.6 Hz, 1H). MB: ESI (+ve)

(Method A): 435 (MtH)', Retention tinme 10.7 mn. 25

Ex I 0: ) o
A SOIT’[B:’?‘(:“%Q(:@%QXV( SORRRIPRWHERE Progrige indabgydrafuiast(ByA Mne@mki n
was added\rdpied beraGiefiod of %"mu%tbl’s tdh nfikturdQs Bt epar at ion

anopyridin-2-yl)propionic acid eth ester

bromE A To 15 B AP T EMIDRSBENe i Ia0 GBI Q) (OB @ and
tetrahz: ﬁiflh}@h)@@ n%{ﬁﬂb@ﬂ%b%‘p@?at%céﬁ'ﬁﬁe buliRb kel \%é‘ EﬁWed at

1
9,
d,

was ad dropw se over a period

room 'HB?@ r ? rg *%ﬁ“f@t dhe njxtuge was Qﬂhﬂﬂ@ ¥Eh W@éﬁﬂ(ﬂ PO md) (@Sﬁled
by th@é\ddlfuéﬁ biedeihshletiaBDEGVS mﬁ n?%b@ﬁbér@@hé’t@(s@)uuoﬁ Qng9 9)

tetraI%(drofuran roomtenperature

extra%tﬁ@ V\t'tﬁén?t@éd? "Pyiy st & ecw@r@tilewé@s sere gliggghpver

magneSilResaty #nd BE s@lvsm%ﬁ)ov?&ﬂl @nﬂér’?b@uc%d\’ﬁéss@‘ré Lﬁﬁﬁ#cémdnbe
basi f the addition of saturat

(1 ,
the feaa%&xswf%fm 'ﬁ?@ﬂfﬁﬁw QE‘a?”!&@r%’ SO GHMistare o
pentaﬂét dismbeehathdrie ematé%WI akéate @H:9) 0:20N0.0: 57 Dy aRNIhAFAve

MS wer e ,’I ed_over magnesiumsulfate and the
title C%’BPQ a§ 2 RBi¢dEIAUMAEA-F 8duced pressure. Purification
of 10 the reS|due by colunn chronatography on silica

el utin ure_of

I
TH NN Pt et R A2 B 1) 2 8t BHOS 4 (o (7.2 Ha. 2l 4.15

(m, 219y, 5@5@/Jv®@m§)1l\5gav Htﬂ-ﬁ; @9@250%@“ as a pgl gsyc(eltl ogv

MS: ES‘%*@)KM‘%%@H)B) 205(M+H)” ,JR@GW@ fimpe 2; len 4 15 15 (m
2H) 735(d J=80H, 1H, 7.85 (m 1H, 8.80
Met hod B): 205 (MrH) +,
SRE R MO, b )

(6-cyano- 2- rrethyllndollzm 1-yl)acetic acid ethyl
m xture of 3- SCanoprldan | ) propionic

A mingg% §¥ %%@ﬁyarpgy%qm -€¥/Npropioniq ac:g BelspEHe g 1-Dromopropan-

2-one (5.3 g mL), sodium hydrogen carbonate (3.9 g) and acetonitrile (40 mL) was
heated at reflux for 41 hours. The mixture was cooled to room temperature, diluted
with water and extracted with ethyl acetate. The combined extracts were dried over
magnesium sulfate and the solvent removed under reduced pressure. Purification of
the residue by column chromatography on silica gel, eluting with a mixture of
dichloromethane and pentane (1:4 to 1:1 by volume) gave title compound as a yellow
solid, 0.51 g.

"H NMR (CDCly): § 1.25 (t, J = 7.1 Hz, 3H), 2.30 (s, 3H), 3.65 (s, 2H), 4.10 (q, J = 7.1
Hz, 2H), 6.65 (dd, J = 1.4, 9.3 Hz, 1H), 7.20 (m, 1H), 7.35 (dd, J = 0.9, 9.3 Hz, 1H),
8.20 (m, 1H). ‘

MS: ESI (+ve) (Method B): 443 (M+H)", Retention time 3.5 min.

Preparation 10c: [6-cyano-3-(4-methanesulfonylbenzyl)-2-methylindolizin-1-yljacetic
acid ethyl ester

. 4 Hz, pAT/EB2006/004856
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2-one (5.3 g nL), sodium hydrogen carbonate (3.9 Q)
and acetonitrile (40 nL) was heated at reflux for 41

wheese749dhe m xture was cool ed to room t enper aRCI/€B2006/004856

diluted with water and extpacted with ethyl acetate.
The conbi ned extracts were dried over nagnesium
A mixsitk o {@cpind-2- h@trsmhouﬁnh 1-gljaretd acid dthyl estelu@©esd g), 4-

iAo 0 S R RS e

treaté@ffdroéwi@blv@mqn@thylameqm@ rpE)ﬁbtkmec(lﬂy mmmmoacenctapd/(@tmp

and tl%@ﬁgpﬁytgln%xt%%g@g% ?tlrre\jj5 aiao7ﬁ op@&’ ngr'l_ﬁ%s'; gn%%ep Sa H NWR
temp&aﬁﬁe oserndith. Th@ riiiQtu(re]wad diutéd With3(e-tizhloidthar@. (66 n@lc)d

washgd gvuth@agjrqqu aﬂufgﬂus s@gﬁ% h((?ﬁo&ega gﬁrbgpﬂ?ée s@g? rE gecgjii‘]led' over
magr@ybhhadfaﬁé Thé‘b&lv(eM%s*:eanedmmuanreﬁum @eSsureand the -
tio

res'dtf%pw?zfﬁ&@%%“wefﬂgﬁ&%?@%@ﬂ HisR4ah NGV MidiE i n
cyclohélxewe] a@eedthyl acdfatea@iThodd: iyl velsitra) t0/c2d )il BdDpd@Gbas a
CE% 0 06 /11114 8 5 6 29 A mxture of
b'ege(sé"@ 892- et hyl i ndol i zin-1 -yl)acetic acid ethyl
ester (0.50 g), 4- nethanesul fonyl benzal dehyde (0. 38
g) and 1, 2-dichloroethane (10 nL) at 0 C was treated
MS: ESiopvé)s@iethddB): @it e(MyHE| Rateati¢d tiGierfld mirol | owed by
trifluoroacetic acid (0.46 nL) and the resulting
m xture was stirred at 0 Cfor 10 mnutes and then at
Prep#ra@on 16d t[GmpmmBM#maﬂwesumnylbe”ﬁhyﬂl) mmetmlmdm—mw]ac@w
with 1, 2-dichloroethane (10 nlL), - washed with
acid g5t ur at ed aqueous sodi um hydr ogen carbonat e sol ution
and dried over magnesiumsulfate. The sol vent was

noved u der reduc r r
o ETRH Bt Ly BIERHPE A3 ] SRR cvaro
(4-methaibésutfomyibdnza) 2 metnyindelizinclyy]aohitixacie e’dnyUe?éelhyI
acetate (1:0 to 0:1 by volune) to afford title
conpound as a 10 bi ege solid, 0.43 g. Ms: ESI (+ve)

H NMMeajmb&ba) H4.30 (3ViBH), 3.06¢4, Siht)j BAS (S, 12#1),34.30 K8, 12H), 6.70 (dd,
0= 116 SR S b Rl T899 = 30 RBHF T S

3H).-1-ylJacetic 15 acid The title conpound was prepared

wis: B4 e REEH ABapeuBREST R Ryt bRl o 1001 acer

c acid ethyl ester. 20 1H NWVR (DVBO-d6): 3 2.30 (s,
3H), 3.00 (s, 3H), 3.75 (s, 2H), 4.30 (s, 2H), 6.70
(ol d,

Exanﬁ% pl7 ?%-gﬁhmbgn%(ﬁcy]ﬁ%-ﬁh‘ﬁeﬁﬂin&oﬁzﬁﬁ-ﬂdyl]]a%bti@ agidPHz

NX OH
S = N

SN

Cl

Preparation 11a: 3-(4-cyanopyridin-2-yl)propionic acid ethyl ester

A solution of 3-ethoxy-3-oxopropylzinc bromide in tetrahydrofuran (0.5 M, 8.0 mL)
was added dropwise to a mixture of 2-chloroisonicotinonitrile (0.50 g),
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3H). Ms: ESI (+ve) (Method A): 383 (MtH)', Retention
time 8.8 mn. 25 Exanple 11:

WO 2008474964 or obenzyl ) - 7- cyano- 2- et hyl i ndol i zi nPAF/GB@6804856

tic acid 0 OH N CI Prepaséation 11 a:
3-(4-cyanopyridin-2-yl)propionic acid ethyl ester 30
tetralfs(fphehyipRosphind)edliaenin(®-(029 1) epy kauere (@ @mljlat ioom

tetrahydrofuran (0.5 M 8.0.m - d d i
tempeighure A g FRp b ES ST ATt T S iRure
was c0BIctlinTb8AHGEHDE At TdiIIGR0MH £34Bka adi@ous sodium hydrogen

tetrakis(triphen ho | ne)pall adi u 0.21 g) and
carbr e ML B RRCL L eER gk 40 ETTs srg ac@ndiE
driedrﬁéﬂééc'uim sttt tM\@lsolgén't réracvert urikiR rédiuicod paés;g_blmn Sa

e mxture. S cooled to room.tenperature 1 lute

PUriGAN QIATGF ST DfLONE CHOMARATRY Shale Geky i
mixtus® bbéycihexBfle axd il &ttt (N1 &Y Miglunay ghad dtle ddvapound, 0.44

conbi ned extracts were 5 dried over sodium sulfate and
g- the solvent renoved under reduced pressure.

Purification of the residue by col um chronmat ography

on sil| el . e|luti M_t 1 xtugre .of cycl ohexane
MS: %§u+é?h§‘3€t§e%i3§tﬁé>g(®ﬂ%) \Qbe\%%a?g eg%ég"?'i tle compound,

0.44 9. 10 Ms: ESI (+ve) (Method B): 205 (MtH) +,

Retention_ti

. .8 mn.. P £l .14Db:

T s e TR

ester A mixture of 3-(4-cyanopyridin-2-yl)propionic
S gt i R g -2
bronﬁﬁﬁ{p@ﬂiz-itblhél ﬂdé g),?odinh%hymagwm{_tamhaﬁ@((?% beand agedonitrile (6.0

eat e r our Xt u e
mL) 5 PR Ierereast ekt He “BdPt G Bl et e iR oot
to ro@rﬂfiéhﬂ@dragjrem?rtﬁe s&trﬂ:erdtfréma\.teidgmdeofeldmed pesisdree Ponification
chromat ogr a on sili.ca

of the e RO TSP Bl P stufid WS ghbil &
cyclohekameandg eyl ddetdte (tDMppuoldme) g2@e itle @ONMBINAEGI29(gtv e)

(Method B): 243 (MtH)+, Retention tine 3.6 mn.

" MS: ESI (+ve) (Method B): 243 (M+H)*, Retention time 3.6 min.

Preparation 11c: [3-(4-chlorobenzyl)-7-cyano-2-methylindolizin-1-yl]acetic acid ethyl
ester

The title compound was prepared by the method of Preparation 10¢ using (7-cyano-
2-methylindolizin-1-yl)acetic acid ethyl ester and 4-chlorobenzaldehyde.

MS: ESI (+ve) (Method B): 367 (M+H)*, Retention time 4.3 min.
Preparation 11d: [3-(4-chlorobenzyl)-7-cyano-2-methylindolizin-1-yllacetic acid

The title compound was prepared by the method of Preparation 1d using [3-(4-
chlorobenzyl)-7-cyano-2-methylindolizin-1-yllacetic acid ethyl ester

'H NMR (CDCly): 8 2.30 (s, 3H), 3.00 (s, 3H), 3.75 (s, 2H), 4.30 (s, 2H), 6.70 (dd, J =
1.3, 9.3 Hz, 1H), 7.15 (d, J = 8.5 Hz, 2H), 7.35 (dd, J = 0.8, 9.3 Hz, 1H), 7.80 (m, 3H)
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Preparation 11 c:
[ 3- (4-chl orobenzyl ) -7-cyano- 2- net hyl i ndol i zi n-1-yl ] ace

wo pmsatTioek et hyl ester 25 The title conmpound VWGT/GB2006/004856

prepared by the nethod of Bteparation 10c using.
(7-cyano- 2-nethylindolizin-1-yl)acetic acid ethyl

MS: ESlt(eve)aivibidocch): 888 It Beteptien titvs:1123nin( +ve) ( Met hod
B): 367 (MtH)+, Retention tine 4.3 mn. 30
Preparation 11d:
[ 3- (4-chl or obenzyl ) - 7-cyano- 2- net hyl i ndol i zi n-1-yl ] ace

tic.acid The_ tjtle co un S ebar by, the
Exarg U6 GG LY RHP L PETIRO IS A AP YD DAL mothyiimeol -1
yllacétit agrbenzyl ) - 7- cyano- 2- met hyl i ndol i zi n-1-yl ] acetic

acid ethyl ester 35 1H NVR (CDClI 3): 6 2.30 (s, 3H),
3.00 (sf 3H), 3.75 (s, 2H), 4.30 (s, 2H), 6.70 (dd, J
= : w3 Hz, 1 H, 7.15 (d, J = 8.5 Hz, 2H), 7.35
0.8, 9.3 Hz, 1 H, 7.80 (m 3H W
1074966 PCT/GB2 0 0 6 /11114 8 5 6 31 Ms: ESI
NZ od A): 339 (MH)', Retention tinme 11.2 nin.

- f | uor oqui nol i n-2-yl net hyl ) - 2- met hyl i ndol
izin-l- 5 adetic acid 0 OH N N N~ F Preparation
12a: :

[ 6- cyano- 3- (6-fl uoroqui nol i n-2-yl net hyl ) - 2- met hyl i hdol
Preparaiion I 2y [f-agand-6-(6dabageinbli-2-gshathylEa-ri¢ibyltndblizin-1-yllacetic
id C@nl'po;tmd was prepared by the nethod of Preparation 1Cc

acid ¢ Vne§ %- cyano-2- nethylindolizin-1 -yl)acetic acid
et hyl ester and 6-fl uoroqui noline-2-carbal dehyde. MNE:

The ﬁ%lr]c_o%-kp\fl)gx%g&vg%ﬁg??rgﬁ bxﬁ%zmg%'abof Pré%%ﬁ“ﬁrbw R’ n}siir{EEG—éya%o-Z-
meth&myfimf?)ﬁgtﬁ i(a:cjd ethylested anu @flydroetingline-2-cavaldghyae ol
Izin-1-y

MS: ESI (+ve) (Method B): 402 (M+H)*, Retention time 4.0 min.

Preparation 12b: [6-cyano-3-(6-fluoroquinolin-2-ylmethyl)-2-methylindolizin-1-yllacetic
acid

The title compound was prepared by the method of Preparation 1d using [6-cyano-3-
(6-fluoroquinolin-2-yimethyl)-2-methylindolizin-1-yljacetic acid ethyl ester

'H NMR (DMSO-d6): § 2.25 (s, 3H), 3.80 (s, 2H), 4.65 (s, 2H), 6.80 (dd, J=1.4,9.3
Hz, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.55 (dd, J = 1.0, 9.3 Hz, 1H), 7.65 (dt, J = 3.1, 8.8
Hz, 1H), 7.75 (dd, J = 2.9, 9.3 Hz, 1H), 7.95 (dd, J = 5.4, 9.3 Hz, 1H), 8.30 (d, J = 8.5
Hz, 1H), 9.05 (1, J = 1.0 Hz, 1H). ,

MS: ESI (+ve) (Method A): 374 (M+H)", Retention time 10.0 min.

Example 13 and 14: [6-fluoro-3-(4-methoxyphenylsulfanyl)-2-methylindolizin-1-
yllacetic acid and [7-chloro-6-fluoro-3-(4-methoxyphenylsulfanyl)-2-
methylindolizin-1-yljacetic acid
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acid The title conmpound was prepared by the nmethod of
Preparation 1d using [6-cyano-3- 20

w@ BooBbumsoqui nol i n-2-yl nmet hyl ) - 2- met hyl i ndol i zZP@F/EBYI0pA04856

cetic acid ethyl ester 1H BMR (DVBO-d6): 8 2.25 (s,
3H), 3.80 (s, 2H), 4.65 (s, 2H), 6.80 (dd;, J =1.4, 9.3

144, 7.35 (d, 5 Hz, 1 H, 7.55 (dd, J =
3 Hz, 1 H, 7. dt, J =3.1, 8.8 Hz, 1 H,
(8d, J = a.9 E*1H),795(dd J = 5.4,
1 H, 8.80 (dy, 8.5 25 Hz, 1 H, 9.05 (t,
=1.Q Hz, 1 H V5 ESI +ve) (Method A): 374
Vi Sy etention timé mn Exanpl e 13 and 14:
f | werf-RK (4- met hoxyphes§ §ul f anyl ) - 2- et hyl i ndol i zi

(

[ 6-

n 30 yl]acetic acid and

[ 7-chl oro-6-fl uoro- 3- (4- met hoxyphenyl sul f anyl ) - 2-
nmet hyl i ndol i zi n-1-yl]Jacetic acid WD 21) 1) 81074966
PCT/GB2 0 0 6 /11114 856 32 OO0 HCOH NNF 3

Prepéréétloﬁ 13alarfy ﬁiha[@flu&ﬁ @@ﬂn@tﬁ@x%@nylsulfanyl -2-methylindolizin-1-
uor o

Vilaoeio REICEH U pat nd TAEWATCER TgHroS qé-an%ﬁgyp?heny SHERS S

meth)[hﬁd&mirpﬂ 18cdticuRlcosth |(e4,term_st hoxyphenyl sul fanyl)-2-
met hyl i ndol i zi n- 1- yITacetlc acid ethyl ester The title

conpound was prepared by the nethod of Preparation 2c
The tMé lcalgxp(a@nd WwHe bﬁép%red"'@} Mg ImdthetDbf lznepa&atmsh Pa(tstrigO(GaEIDer 2-

est r an 4- et ho uI fi
methyﬂ_:gfiolzm,é ?%pmg&l §§1yl %@r@ﬁé%ggf (n%/qu%o I)[ﬂlsulfl&e
Preparation 13b and 14b: . o
qii‘l’él(&% %3 Eg %é&gggry& sLIJrILf anyl)-2-net hyl i ndol i zi
[7 chl oro- 6-fl uoro- 3- (4- nethoxyphenylsulfanyl) 2- et hy
i ndol j.zi n- | tic, aci n
Propqralan i s 4o TRANRE Ry PRUMERVG bR Fiegmingelrirs -
yllacdiic kel dracgtdnoraeifillior®BHymetsdxaphemdsulfanyl)-2-methylindolizin-1-
yl]ac$7 ch] or o- 6-fl uor o- 3- (4- net hoxyphenyl sul f anyl ) - 2- met hy

izin-1- yl]acetic acid ethyl ester (0.35 g) and
rrethanol (8.0 rrL') was treated with 1.0 M 20 aqueous

R e R L R A T
ethyl Ebier amokI?lddiiﬂoM%ﬂmﬂn&mmaiheﬂynmdﬁsulfee'dl)eﬁamethylindolizin-1 -
yllacetic acid ethyl ester (0.35 g) and methanol (8.0 mL) was treated with 1.0 M
aqueous sodium hydroxide solution (2.5 mL) and the resulting mixture was stirred at
room temperature for 3 hours. The mixture was concentrated under reduced
pressure, diluted with water and acidified by the addition of glacial acetic acid. The
mixture was extracted with dichloromethane and the combined extracts were washed
with water and dried over magnesium sulfate. The solvent was removed under
reduced pressure and the residue purified by preparative reverse-phase HPLC using
a gradient of acetonitrile in water (55 % to 80 % of organic modifier) to afford [6-
fluoro-3-(4-methoxyphenylsulfanyl)-2-methylindolizin-1-yljacetic acid as a pale green
solid, 0.20 g and [7-chloro-6-fluoro-3-(4-methoxyphenylsulfanyl)-2-methylindolizin-1-
yllacetic acid as a pale yellow solid, 0.006 g.

[6-fluoro-3-(4-methoxyphenylsulfanyl)-2-methylindolizin-1-yljacetic acid
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pressure, diluted with water and acidified by the
addition of glacial acetic acid. The mxture was

wexdogatwesl wi t h di chl or onet hane and t he conbi NnBCT/GB2006/004856

extracts were washed w th3sater and dried over
magnesi um sul fate. The sol vent was renoved under 25
"H NMBAGDEH): [ 285 (8, 8HAMI70 (e 3HRS3. duts, HY.i6E 7G6.7By(m, 3H), 6.85

[y V- rsezph P ' gradi ent of
.9 2B AN TO RSP BTty B Wt Por gani.c
MS: ESidi-ve)dMpthod A)f 848 (Mfi8)°, Retention time 11.7 min. -
fluoro-3-(4-nmet hoxyphenyl sul fanyl)-2-nmethylindolizin-1
-yl ]acetic acid as a pale green solid, 0.20 g and
[7-chipio-64fiLionoes- G-k thoxygpny buliatyl) 2anetigriyddiaint ipljdcpti@ acidt hy

H Nl{gh[}g@'d&f' 8% 35 (& '3Ho8 70 (6, 380, 5.55 (2P g B, L6 3%, By,
6.85 (6 H 818 Ha; 3HY, Z-4vedhoxyhheizy ISy Bf18nd] J = EizhiMi). ndol i zi

- 1-vyl]acetic .agi 1 81074966, PCI/GB2 0 0 6 ‘
wis: 51y @eBiog 356 KGR nekbiay Omg 135080 o 51y, 3. 70
(s, 3H, 3.75 (s, 2H), 6.70-6.75 (m 3H), 6.85 (d, J
=8.9 Hz, 2H), 7.30 (dd, J =5.2, 9.7 Hz, 1 H), 8.10 .
(m 1 H. Ms: ESI (+ve) (Method A): 346 (M+H)',
Exantjsié @61 [3e@-Bromophknylsulfanyl)-6-fluoro-2-methylindolizin-1-yljacetic
.. [ 7-chl oro-6-fl uoro- 3- (4- et hoxyphenyl sul fanyl ) - 2- met hy
acid | i nqol i zin-1-ylJacetic acid 'H NVR (CDCI3): 62.35 (s,
3H), 3.70 (s, 3H), 3.75 (s, 2H), 6.70 (d, J = 8.8 Hz,
= 8.8 Hz, 2H), 7.40 (d, J = 7.1 Hz, 1
5.1 Hz, 1 H. Ms: ESI (+ve) (Method
ention tinme 12.5 mn. 10 Exanple

(%2))
lo0)
ol
~
o
T

:B'. 4- br omophenyl sul fanyl ) - 6-fl uor o- 2- net hyl i ndol i zi n-

1-y| acid 0 OH NF S/ Br 15 Preparation
15a: Br ‘

[ 3- (4- bronophenyl sul f anyl ) - 6-f | uor o- 2- net hyl i ndol i zi n-
l-yl]acetic acid ethyl ester The title conpound was

Prep%‘%ﬁ@?i B [51?-BI'E)%dﬁ%hﬁgul%fnyﬁf&ﬁﬁﬁ@&irﬁélh%ﬁdklﬁiiH-g -ylJacetic
-f1 uor o- 2-

acid ethyl ester

The title compound was prepared by the method of Preparation 2¢ using (6-fluoro-2-
methylindolizin-1-yl)acetic acid ethyl ester and 4-bromobenzenethiol.

MS: ESI (+ve) (Method B): Retention time 4.9 min.

Preparation 15b: [3-(4-bromophenylsulfanyl)-6-fluoro-2-methylindolizin-1-ylJacetic
acid

The title compound was prepared by the method of Preparation 13b and 14b Using
[3-(4-bromophenylsulianyl)-6-fluoro-2-methylindolizin-1-yl]acetic acid ethyi ester.

'H NMR CDCla): 8 2.30 (s, 3H), 3.75 (s, 2H), 6.65 (d, J = 8.6 Hz, 2H), 6.75 (m, 1H),
7.25 (d, J = 8.6 Hz, 2H), 7.35 (dd, J = 5.3, 9.7 Hz, 1H), 8.00 (m, 1H).
MS: ESI (+ve) (Method A): 395 (M+H)*, Retention time 12.9 min.
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20 met hylindolizin-1-yl)acetic acid ethyl ester and
4- br onobenzenethiol. Ms: ESI (+ve) (Method B):

waoredoent49en tine 4.9 mn. Preparation 15b: PCT/GB2006/004856

[ 3- (4- br onophenyl sul f anyl ) 36-f | uor o- 2- net hyl i ndol i zi n-
l-yl]acetic 25 acid The title conpound was prepared
by the met hod of Prepar at i on 13b and 14b using

Exanlf:??l(l?a c ‘%Rr Lg‘%hliﬁ"@ p&eny ¥|§ ﬁﬁf&‘ %éa ndol | Zi n-

meth?hﬁ&bl[zsn 13jﬂ)ace6c5’5|d(s 2H), 6.65 (d, J 8.6 Hz 2H),
6.75 (m 1 H, 7.25(d, J = 8.6 Hz, 2H), 7.35(dd, J
=53, 9.7 H, 1 H, 800 (m 1 H. M ESI (+ve)

(Meth A: 395 (MtH)', Retention tine 12.9 mn. WO

09474966 PCT/GB2 0 0 6 /11114 8 5 6 34 Exanple

ycI opr opyI sul f anmoyl phenyl sul fanyl ) -6-fl uor o- 2-

t(Nylr -1-yl]acetic acid o OH NFSO \ I1
/ p ation 16a:

/e
4, 4" - SblebenzenesuI fonic acid, disodiumsalt
Prepared by the nethod of Smith et al. (J. Og. Chem,
1964, 29, 1484-1488). 10 Preparation 16b:

Prepaiatién fra BB DREREERETE B o R RO BRI um st (6. 2
phonPprus oxychloride (6.2 nL) apd phosphorus
Prep%%@&??“‘%fﬁs*@?é el e T et E e

diluted with dichloronmethane and pour ed into ice. The

Prepeﬁ%%ﬁﬂ %onagkgrﬁghrmgbé’}ﬁép %IJ ylr&gfo‘?l% rated aqueous sodium

onate so |e over nmagnesi um
sul fate and the sol vent renoved under reduced

moBEST hiequiRSassaLUEINAS ol LUEALELIN £ By phalmiaRs
oxychyoride (6.2 mL) and phosphorus pentachloride (3.1 g) was heated at reflux for 2
hours. The mixture was cooled to room temperature, diluted with dichloromethane
and poured into ice. The organic phase was washed with saturated aqueous sodium
hydrogen carbonate solution, dried over magnesium sulfate and the solvent removed
under reduced pressure. The residue was triturated with cyclohexane to afford title
compound as a light brown solid, 3.5 g.

'H NMR (CDClg): & 7.70 (m, 4H), 8.00 (m, 4H).
Preparation 16c: bis[(cyclopropyl-4-sulfonyl)benzene]disulfide

A solution of 4,4'-dithiobisbenzenesulfonyl chloride (1.0 g) in dichloromethane (20
mL.) was added dropwise to a mixture of cyclopropylamine (0.4 mL), triethylamine
(1.6 mL) and dichloromethane (15 mL) at 0 °C and the resulting mixture was stirred
at room temperature for 2 days. The mixture was concentrated under reduced
pressure and the residue was purified by column chromatography on silica gel,

_eluting with a mixture of dichloromethane and methanol (1:0 to 99:1 by volume) to

afford title compound as a pale yellow solid, 1.1 g.



10

15

20

25

30

20 "H NWR (CDCI3): 6 7.70 (m 4H), 8.00 (m 4H).
Preparation 16c:

whe®BTwed opr opyl - 4- sul f onyl ) benzene] di sul fi deP@BEGB2006/004856

solution of 4,4'-dithiobi sB&nzenesul fonyl chloride
(1.0 g) in dichloronethane (20 nL) was added dropw se
MS: ESI (aveyi(Kethod B)f 46% (M-etd)* pBgteatidniing 0.74mim)
triethylamne (1.6 nL) and dichl oronmethane (15 nlL) at
O C and the resulting m xture was stirred at room
Prepdratiqret éd: (6-61-Eyoloodsusfanibyiphemytsuliasyingdlucm2ent r at ed

metn )Gl s AR on <iTi o gel . 30 el uting

with a m xture of dichloronethane and nethanol (1:0 to

9:1 b I t f ' .
The i3 opmpbul 14 Blorkfen By Ritorhla G 0RRAHRS, é%@%d@%hﬁm-z-
methylihtidlizin-8- yBaﬁetlciﬁ;ud»&nyl&ﬁter(and@)s[((c%b;bmdyl@- 457 (MrH)*
t 3.7 P t 16d:
SUIfOTyg)B?Qzeléf‘?ﬂq pyl sum‘ grmyl Lﬁgﬁ;laslljl(jpanyl ) - 6-f 1 uoro- 2-
nmet hyl i ndolizi n-1-yl]acetic acid ethyl ester The title

vis: TR el AE5 Py bl #W@.“%q Phif) abetic acid

ethyl ester and bi s[(cycl opropyl -

Provile i i%ﬁ‘ﬁé?@%géﬁ%%'{%n?Ph%f‘?v'%@fnﬁ?%-fh b, et o

methilieolizin-1-yljacetic acid
[ 3- (4-cycl opropyl sul f anoyl phenyl sul f anyl ) - 6-fl uor o- 2-
nmet hyl i ndol i zin-1-yl]acetic acid 15 The title conpound
The titesoppepad eds Ipyepianed e theodetbbd Bf Brepargtioo dlusingsiBrig-
cyolop Y GBIV SRR SR e Pyl glesetc s sty
esterndol i zin-1-yl]Jacetic acid ethyl ester. 11-1 NWR
(CDCI3): 50.55 (m 4H), 2.15 (m 1H), 2.30 (s, 3H),
3.75 (s, 2H), 4.95 (br s, 201 H), 6.80 (m 1 H),
"H NIRQCDGL): §0.558m6 4Hy, 2. P-m, TH)38.30dsl,3H), 75.(4,2H), 2.96Abr S,

o 3l Badt ol 88 917 f et -
8.6 I—IReEIe)wBLOIMdeJre 119).531 Hizn1H). Bi ol ogi cal Resul gs the
MS: %‘W—ﬁg)@gﬁﬂgﬁ égﬁag@a%bﬁg{eﬁﬁégy (reﬁocérl ‘Tﬂeg alb(r)]ve t he

compounds had Ki values of |less than 100 nMin the

say. For exanple, conpounds of Exanples 1,
B'°'°£"9%F‘L%“ﬂ§ 6, 7, 8 9, 10, 11,

Compounds of the Examples above were tested in the CRTH2 Radioligand Binding
assay described above; the compounds had Ki values of less than 100 nM in the
binding assay. For example, compounds of Examples 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14 and 16 had Ki values of 27, 0.2, 0.9, 29, 0.8, 57, 47, 0.4, 2.9, 1.7, 26, 7.2,
44, 23 and 0.6 nM, respectively. The compounds also generally had IC5, values in
the calcium flux functional assay of less than 100 nM. For example, compounds of
Examples 2, 3, 5 and 16 had I1Cs values of 6.6, 11, 8.9 and 22 nM, respectively.
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35

12, 13, 14 and 16 had Ki values of 27, 0.2, 0.9, 29,
0.8, 57, 47, 0.4, 2.9, 1.7, 26, 7.2, 44, 23 and 0.6

wmbdosnedpect i vel y. The conpounds al so gener al | BciaB2006/004856

| CSO val ues in 30 the cal cBam flux functional assay of
| ess than 100 nM For exanpl e, conpounds of Exanples

Claimd: 3, 5 and 16 had 1C50 values of 6.6, 11, 8.9 and 22
nM respectively. W 2008/ 074966 PCT/ GB211116 /11114 8
56 36 Cains: 1. A conmpound selected fromthe group
c nsi stin

1. pf“&ﬁ@ﬁ[%P%'ﬂFPé%Weﬁfp?%ﬁ?}?stt'@g1°If ‘uor o- 2- met hyl i ndol
32 { FATESIA L I

- 2-met hyl i ndol i zi n- 1- yl]acetlc aci d,

. ﬂuc& R T A DR Bt SRR R

acid, (R)-2-[6-fl uoro- 3-(4- mat hanesul f onyl phenyl sul f anyl ) - 2-
methyl indolizin- 1 -yl]propionic acid, 15
(S)-2-[6-fluoro-3-(4-net hanesul f onyl phenyl sul fanyl ) - 2-

-fludfﬁ-‘BWl-r'néldahéﬁjlfbnﬂl-zﬁn}lmmmw‘fyiphengﬂsmIdanyl) 2-methylindolizin-1-
| F 4 et hanesul f onyl phenyl sul fanyl) - 6-f1 uoro-2-m et hyl

yllacefic a6 ;i n- 1- ylJacetic acid, 20
et hanesul f onyl am nobenzenesul fonyl)-6-fluoro-2-nethyli

lizinh-1- acet a 7-chl or.0-.6

-2 fefod R mtbeRanelybiseirSar G iz tlewgioni
acid, i ndol i zin-1-ylJacetic acid, 25 [3-(2-chloro-4-m

et hanesul f onyl phenyl sul fanyl ) - 7-cyano- 2- m et hyl

i ndolizin-1-yl]acetic acid,
(S)-2-[GBHuyraide4an éthanesuifangshd rytsoifaddre-y ethiindeltzny i iytjpi@bionicn
-1-yl]acetic acid, 30
[ 3- (4-chl orobenzyl ) - 7- cyano- 2- net hyl i ndol i zi n-1-yl ] ace
tic acid, [6-cyano-3-(6-f

[3-(4- ?tﬁg s%%oﬁﬁ&ljwéhyfs A ertﬁgﬁ)t g—)"l@rg?é-meﬁ\&m&olizinJ-yl]acetic acid,
[ 6-fl uoro-3-(4-net hoxyphenyl sul fanyl)-2-net hyl i ndol i zi

ethanfe?}ﬂoﬁp%ﬁﬁ&%}eﬁF%ﬁérsgIf%m%) 76 -ﬂu?rﬁ 02x ngm ohz:lnf amﬁc)et'% acudt hy

i ndolizin-1-yl]acetic acid, V\D 21) 1) 81074966 PCT/ GBZ
7-ch18ro-6-ﬁuér?)-JS;LEZf}mgth%ngsuIf%%ylphenylsulfanyl)-2-methyhndohz|n-1-yl]acetlc
acid,

acid,

[3-(2-chloro-4-methanesulfonylphenylsulfanyl)-7-cyano-2-methylindolizin-1-ylJacetic
acid,

[6-cyano-3-(4-methanesulfonylbenzyi)-2-methylindolizin-1-ylJacetic acid,

[3-(4-chlorobenzyl)-7-cyano-2-methylindolizin-1-yllacetic acid,

[6-cyano-3-(6-fluoroquinolin-2-ylmethyl)-2-methylindolizin-1-ylJacetic acid,

[6-fluoro-3-(4-methoxyphenylsulfanyl)-2-methylindolizin-1-yljacetic acid,

[7-chloro-6-fluoro-3-(4-methoxyphenylsulfanyl)-2-methylindolizin-1-yljacetic acid,
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[ 3- (4- bronophenyl sul f anyl ) - 6-f | uor o- 2- net hyl i ndol i zi n-
1-yl]acetic acid,

WO 20847099c| opr opyl sul f anoyl phenyl sul f anyl ) - 6- f PUDGB2M@6NV4856

ethylindolizin-l-yl]acetic3acid, 'S and salts,.
N- oxi des, hydrates and sol vates thereof. 2. A conpound
as clained in claiml1 for use in therapy. 10 3. A

(o BRI RER B SRR TR SRR cop b
carrier. 4. Use of a conpound as clainmed in claim1

for t f 0si 1| . A
-o-p bR oG R ey e RBREE e in{lart M asetp aci
di sease, 15 rhinitis, allergic airway syndrome, or

I i ' 0 |4 . e as claimed in claim
and S%I,ts’ﬁ%a)(@%%M%E‘%Sa%f&uérgelvag?s l:'?llef:e(&)ﬁrfposi tion for the
treatment of atopic or non-atopic dermatitis, Crohn's
di lce i |t r..rrifable bowel
2 AR AleTh BBl o¥Siusdle HeHA act nm,
chroni c obstructive pul nonary di sease, rhinitis,
al . : 2 al . . it
3. ochitBe BTt | Gl A BT
and adpleeasecwicalbf dasepiabie camiemnt of a conpound as cl ai ned
in claiml. 25 7. A nethod of treatnent of atopic or

non-atopi c dermatitis, Crohn's disease, ulcerative
4. cdlsetafs, compaundiasatrimed dwelhindi e dlsemaouiapiure bhe
! an
compBAicR W Lmieht 8 AR E Mot L SACAd: SUfRneh el
rhiniti3Pal@rgid higways eyrgirome; dradiergic dinpbranghitis. any of clai ns 4
to 7, wherein the condition is selected from
psoriasis, atopic and non-atopic dermatitis Crohn's
5. dilseaaseclainieddn stairo d, far the masyfaginte ¢fra caraprsitidrdaeihe

treatrflbR &R Sfopic or non-atopic dermatitis, Crohn's disease, ulcerative colitis, or
irritable bowel disease. '

6. A method of treatment of asthma, chronic obstructive pulmonar‘y disease,
rhinitis, allergic airway syndrome, or allergic rhinobronchitis, comprising administering
to a patient suffering such disease an effective amount of a compound as claimed in

claim 1.

7. A method of treatment of atopic or non-atopic dermatitis, Crohn’s disease,
ulcerative colitis, or irritable bowel disease, comprising administering to a patient
suffering such disease an effective amount of a compound as claimed in claim 1.

8. The use or method as claimed in any of claims 4 to 7, wherein the condition is
selected from psoriasis, atopic and non-atopic dermatitis Crohn’s disease, ulcerative
colitis, and irritable bowel disease.



