1 | NTERVEDI ATES AND PROCESSES FOR THE PREPARATI ON OF 4- (ACETYLAM NO) ) - 3-
[ (4-CHLORO PHENYL) THI O -2- METHYL-L1 -1 NDOLE-1- ACETIC ACI D The
present iwoentimmseel ates to the technical field concerped/aB2biv/idshmo

| arge-scal e manufacture of pharmaceutical conpounds. International patent
appl i cati on PCT/ SE2004/ 000808 (W20044106302) is 5concerned with

substituted indoles useful har ceu ounds for_treati
Cooni ratory df SOTERMEBIAEE S AR B AR S e R R RREFARATENAE, (o
their preparation. WME'WI:AMIN&))I W-3- b 441 RISORORHIENYL)L 06802 di scl oses

4- (acetyl am no) - 3-[ ( 4- chl.otgemeMl -LhiNDOLEMLAC ETICHACIED! e- 1-acetic acid,
(hereafter referred to as the conmpound of formula (1)) as Exarrple 1. 10

(1) The rout e}[‘ﬁ% E]I‘%Le%% ?nveg JP 1%?&?? (}g%qatgg?rﬁ?al %feld o%ggrﬁ/ (i]' \Qvgﬁ%e lap ! IS)CQI%

preparation o

a2 manufﬂftare&)ﬂ‘lﬂlhﬁﬁac&uﬁxfalbdﬁﬁp@ﬁlla[pound of for rrul a (1) disclosed in
W2004/ 106302 has a nunber of potential disadvant For exanpl e,

the prior artnragionsl li’?ﬁ%Iap%léﬁaflﬁ’éPG@@%?O%&OQSQ%&@?BM@@%Q@%S 5(-78C).
Such | ow.§REmes AL 86sthARd Atiofs S aHAd pHaPmAREN RoRPoluRs36r F&GRNE: Tequiring

respiratory disorders, pharmaceuticals containing them and processes for their preparation.
More specifically, page 25 of W02004/106302 discloses 4-(acetylamino)-3-[(4-chloro-
phenyl)thio]-2-methyl-1H-indole-1-acetic acid, (hereafter referred to as the compound of
formula (I)) as Example 1.
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The route disclosed on pages 25 and 26 of W02004/106302 for the preparation of

the compound of formula (I) is shown in Scheme (I), below.
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speci alist plant equi pnment and a | ot of energy. The prior art process
i nvol ves the use of tert-butyl hypochlorite, which is seen as undesirable

for a | arge-28ualoeiseanuf act uri ng process. The pPCOGERNTI0/(FIOESS
i nvol ves the use of dichloronmethane, which is an undesirabl e iosolvent for
| ar ge-scal e use because of its environgental inpact. The present

i nventors have established that one or nore of the prior art reactions
occur relatively quickly. Fast exotherm c reactions can be di sadvant ageous
for larger scale manufacture in a batch node because of the need to contro
and adequately renove the heat evol ved. 15l nternational patent application
PCT/ GB2006/ 00006 Qynth¥WL606 0dihpSthid dffoearie € dedlosed m WO20041106302desa f or
the preparation of substituted indoles that are useful as therapeutic
agents. MYRRCEpRateNtRhIAvVapEEen6/ 075139 di scl oses processes for the
preparation of : r tarts from
D methyL - nirey o mdar e By B o e e s S e (1)

di scl esed-78ACWBR0D BYvORB B Stinas can teudrfenultad achisadwalatg@gesle, requiringThere i s

evi dence to.suggest that 2-nethyl-4-nitroindole is not a good starting
naterialSP%W5§EEMP%P¥HW595§H§Egﬁgfﬁ%ﬁﬁ¥acturing process. One of the nethods
known for the 15%pRE s HrirbssAn Bl EVhe dsd b £R10AAA IS pSURRGRE Svhibh RIeV e a | ow
yield of the desired product 25(Tetrahedron, 1990, 46(17), 6085; and

Tet r ahednodesirebledpra lat@8®aleomiBiycturBenBog)ss. Anot her known net hod of

synt hesis of 2snethyl -4-nitr.0i ndole requir conditions that are.
A FA R E R RO R P B R
at mosjphersglveht fai fargdiscaltausp beSRPE6S i@f crRirgamnbiabidlpsent s whi ch may present
control and safety difficulties. (Tetrahedron Letters, 1999, 40, 5395; and
Tetrahedron, JAbgaresegt ingpgrs hﬂm@é@lw@dﬁb@twm gwde of the prippoT cactieans| f has

b ¢ . o ol | A :
Cube t ootoglrHolvety QLRRlyY FEFELARne PR B bR ARall b BRtGH il Bedfoenen
Fur t her maaufatureimy batéh motde bedaded & thascdiae rofitdwiradd dequatal eledidve hegy

expensiv&@as a starting material, 3 partly due to the |arge solvent
vol umes M&#VPEEdand the need for multiple crystallisations to renove by

produgcts. Ther Y of .- " I es of the
P onpecng of f PeafRobtpaichOB LRG0 0T (WORDE 0TH NN RS>

di sadvantcageousi witlha gbvel pidvesscionheymepacdtiohaf substyted indsleb diabgredseial aped as
an activ har maceut i | co und. ropri.ate..nethods for safe,

Cost - of | QRTFRBIC BRI Ve SEOE; MTBRRAP 39 GSHSrs PRSI AG ure of the
conmpound papafRiolél theldompufd bherhnr @), destd &bh Brocess starts Hifn PLBSBLA-

i nvention provides a solution to one or nore of the above-nentioned

di sadvantéigisdoladdi tional technical advantages of different aspects of the
I nvenfion are The synthesis of the compound of formula (I) disclosed in W02006/075139 has a

number of disadvantages.

There is evidence to suggest that 2-methyl-4-nitroindole is not a good starting
material for use in a large-scale manufacturing process. One of the methods known for the
synthesis of 2-methyl-4-nitroindole appears to provide a low yield of the desired product

25 (Tetrahedron, 1990, 46(17), 6085; and Tetrahedron Letters, 1983, 24(34), 3665-8).
Another known method of synthesis of 2-methyl-4-nitroindole requires conditions that are
undesirable for larger-scale synthesis because it involves the use of an atmosphere of air in
the presence of organic solvents which may present control and safety difficulties.
(Tetrahedron Letters, 1999, 40, 5395; and Tetrahedron, 2004, 60, 347). Indeed, 2-methyl-

30 4-nitroindole itself has been found to be a highly energetic molecule (positive result in a
Koenen tube test at 2 mm), a significant hurdle to its use on large scale. Furthermore,

2-methyl-4-nitroindole has been found to be relatively expensive as a starting material,



| odescri bed herein below. In the first aspect of the invention there is

provi ded

=N- 0C( 0) &0 2011/064188 hydr ogen or;
i s hydrogen or -CH2COOR1 where in Rl is selected from hydrogen

a conpound of fornmula (X): wherein: 15X is =0, =N-CH or
and Q i s hydrogen or clrCoGR2010/051100and Z

substituted hydrocarbyl and optionallyssubstituted heterocyclyl; 20or a
salt thereof In a further aspect there is provided a conpound of fornula
(X) as defined herein. In yet a further aspect of the invention there is

provi ded
wher ei n:
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to remove by products. Therefore the “cost of goods” for the prior art syntheses of the
compound of formula (I) from 2-methyl-4-nitroindole is potentially disadvantageously
high.

The compound of formula (I) is being developed as an active pharmaceutical
compound. Appropriate methods for safe, cost-effective, efficient and environmentally
sensitive manufacture of the compound of formula (I) are therefore desirable.

The present invention provides a solution to one or more of the above-mentioned
disadvantages. Additional technical advantages of different aspects of the invention are
described herein below.

In the first aspect of the invention there is provided a compound of formula (X):

wherein:

X is =0, =N-OH or =N-OC(0O)Mg;

e

Q is hydrogen or chloro;

Y is hydrogen or ; and

and Z is hydrogen or -CH,COOR' where in R is selected from hydrogen,
optionally substituted hydrocarbyl and optionally substituted heterocyclyl;
or a salt thereof.

In a further aspect there is provided a compound of formula (X) as defined herein.

In yet a further aspect of the invention there is provided a compound of formula

an:

optionally



Rl is selected from hydrogen, optionally substituted hydrocarbyl and
optionally 5substituted heterocyclyl; Xis =0, =N-OH or =N-0OC(O)Me; QY is
hydr ogen wo;20am®#4@®2i s hydrogen or chloro; or a salt thePe®fGROBUNSPIODSI Ngl y
the inventors have found that the pharmaceutical conmpound of fornula (1)
may be prepared efficiently on large sgale fromthe conpound of fornmula (X)
even though the conpound of fornmula (X) does not even contain the core
benzene ring that is ultimtely present in the conpound of fornula (1).

In a further aspect there is proviged the use of the conpound of formula
(1), or a 15salt thereof, as defijped herein, as a pharnmaceuti cal

i nternedi at e. I n one enbodi w8 ere is provided the use of the
conmpound of forrmula (I1), or a d eReof , as defined herein, as an
internedi ate for the manufacturd onpound of fornula (1), or a salt
thereof In a further aspect there~S provid a conmpound of formula (I1) as
defined herein. 20The skilled person w | preciate that a w de range of

| e groups may be used for carrying out the ﬁsent invention since the le
group is only a tenporary feature that is n expected to play a key part
in the process of the present inventio 1 It is to be understood that the le
group may be renoved using basic conditi’‘ons, to release RIOH and the
conmpound vdferdior mula (1), or a salt thereof. In certain cases the | e group
may be cl eaved ,25under acidic conditions or using hydrogen gas with a

hydr ogenat i on Reab aflgeed ?m@ﬁwe&t%@n@& %@ﬁ?@ﬁé&%&%ﬁ%ﬁ/l emgOHt@fla eavage
of a giv .group. The skilled person WD
2011/804%@%%%%%%%%8@%&%%&100 5 under stands which of the aforenentioned
condi ti ons m gats & ¥-EfoabNeOAEPddi ng on the nature of the | e group.

Y is hydrogen or ; and

Q is hydrogen or chloro;
or a salt thereof.

10 Surprisingly the inventors have found that the pharmaceutical compound of
formula (I) may be prepared efficiently on large scale from the compound of formula (X)
even though the compound of formula (X) does not even contain the core benzene ring that
is ultimately present in the compound of formula (I).

In a further aspect there is provided the use of the compound of formula (II), or a

15 salt thereof, as defined herein, as a pharmaceutical intermediate.

In one embodiment there is provided the use of the compound of formula (II), or a
salt thereof, as defined herein, as an intermediate for the manufacture of the compound of
formula (I), or a salt thereof.

In a further aspect there is provided a compound of formula (II) as defined herein.

20 The skilled person will appreciate that a wide range of R! groups may be used for
carrying out the present invention since the R" group is only a temporary feature that is not
expected to play a key part in the process of the present invention. It is to be understood
that the R group may be removed using basic conditions, to release R'OH and the
compound of formula (I), or a salt thereof. In certain cases the R group may be cleaved

25 under acidic conditions or using hydrogen gas with a hydrogenation catalyst or using other

established conditions for cleavage of a given type of ester group. The skilled person



Al ternative enbodi nents and val ues of variable groups are described bel ow,
and it is to be understood that such variable groups in any aspect or

enbodi merworzay/doe182 conbi ned with any ot her vari abl e gr @apsRI10285pWOt OF
enbodi ment descri bed herei nbefore or hereinafter. Enbodi nents and aspects
of the invention enconpass all such cogbinations of variable groups. In one
enbodi nent there is provided a conpound of fornmula (Il) of formula (Ha): O
10(Ha) wherein le is selected from hydrogen, optionally substituted

P oce SR D IS A VL S B R ST B,

of f or nuinatugda the ®' gaowgal t thereof as defined hereln as a pharnmaceutica

i nternedi at e. 5In oneﬁﬁngodlnent there ISE@rOVIded t e of a conpound

of formula (11H tealr-aufvsre inpangs) andgalugs @ yariabiregraups arg e&&‘ g?‘h@‘ﬁOWe‘i‘ ih, as
an inter t RO, r SITPAY (I) or a
salt t he?g%:‘b% lﬁld%ﬂ{oogngatconpo%%g}é gf% @Sr&rlrgﬁ%g Ha) %%Hgﬁﬁﬁepg% S

reactisng camburerl@uﬂthrvrotlh@rvauhlae grdulpy or Sp2Qtd2 N@Ezbdl(mmt )iescnbed hew:ﬂnhefore

2- (2- oxopr clohexane- 1, 3- d|o erel t he value re.as

def 1 ned REnEaEE ERES3RGTES 5Py bS5l Shls TGP eh FEmEmgrign
conpound of 3aghyIBYroRfs. 25pr epar ed usi ng cycl ohexane-1, 3-di one and

chl oroacet one under basic conditions, as described hereinafter. 6

The conpound df oheembediment thyrejig proividedra coorpeend phformulavdl) odkreudy (Ha): may be
prepared using well-known chem stry fromcomercially available starting
materi als. For exanple the NH2-grqup of the conpound of formula (111) may
be introduced via displacenment of ‘a_halp group froma 2-hal oacetate ester
for exanple ethyl 2-chloroacetat

\_./<O
OR'
10 (ITa)

wherein R! is selected from hydrogen, optionally substituted hydrocarbyl and optionally
substituted heterocyclyl; or a salt thereof.

In one embodiment there is provided the use of a compound of formula (IT) of
formula (IIa), or a salt thereof, as defined herein, as a pharmaceutical intermediate.

15 In one embodiment there is provided the use of a compound of formula (IT) of
formula (IIa), or a salt thereof, as defined herein, as an intermediate for the manufacture of
the compound of formula (I), or a salt thercof.

The compound of formula (IIa) may be prepared by reacting a compound of
formula (II):
O

NI
2 OR'

(1)

20

with 2-(2-oxopropyl)cyclohexane-1,3-dione; wherein the values of R! are as
defined herein.
2-(2-Oxopropyl)cyclohexane-1,3-dione is a known compound, and may be
25 prepared using cyclohexane-1,3-dione and chloroacetone under basic conditions, as

described hereinafter.



5 The skilled person understands and that the use of a nitrogen protecting
group may be beneficial for such a transformation. Al ternatively

N- pr ot ectwo 2giywirse nay be coupled to an al cohol of forROTGHRAIOASUMDING a
coupling agent such as EDCI or using other esterification conditions that
are well known in the art. ioThe conpognd of fornula (Ila) nay be converted
into the conmpound of formula (1) by carrying out the follow ng
transformations: when le is hydrogen: (i)esterification - incorporating the

Rl group; and Q? {n ?ur?d &f fgﬁgﬁﬁ (SII%’)S(S git?lérmoﬂﬁﬁ&Llﬁfl{éggalfable%?tr rﬁgy ?%1' ng the

t hi oaryl group; acet n‘and aromatisation - creatin e core
benzene qﬂqgnmnmh@nnﬂrp@wwmbh@mmm@ﬁaﬁﬁkmhn@tQUpavﬁhﬁksmhﬁﬁguemﬂhk Féit v)
deprotection (de- esterlflcablon - V|ng the le grou 20wher ei n st eps

(i1) and SEHPPY hadHsereurofd ERIMPoRnGiof Kby D mayheRBOGIBAaTeNt ther e | s
provi ded R %gﬂﬁ@ﬁ'ﬂq aQfald Q‘fbﬁ% h‘%n{a{ b haRbodtQk TR f#’@}Q Blel\étﬁ’ylb &@&a%@ﬂp
m hy rocar byl

25wher ei n Ie I's selected dr ogen, optlona bstituted hy
and opt i dihalskiled pbson tmd@staﬂrbtaeddm]dlwdsp of a nitrogen protectlng group may be
beneficial for such a transformation.

Alternatively N-protected glycine may be coupled to an alcohol of formula R'OH
using a coupling agent such as EDCI or using other esterification conditions that are well
known in the art.

10 The compound of formula (IIa) may be converted into the compound of formula
(I) by carrying out the following transformations:
when R is hydrogen:

(1) esterification — incorporating the R" group;
and then in all cases:

15 (ii) thioarylation - incorporating the thioaryl group;

(iii)  acetylation and aromatisation — creating the core benzene ring and

incorporating the acetyl group;
and subsequently:
(iv)  deprotection (de-esterification)- removing the R' group;
20 wherein steps (ii) and (iii) may be performed in either order.

In one embodiment there is provided a compound of formula (IT) of formula (IIb):

N
N 0
OR'
(ITb)
25 wherein R! is selected from hydrogen, optionally substituted hydrocarbyl and

optionally substituted heterocyclyl;

or a salt thereof.



or a salt thereof WD 2011/004182PCT/ GB2010/051100 7 I n one

enbodi nent there is provided the use of a conpound of formula (11) of
formul a (WOkp11/0#182 salt thereof, as defined herein, asPaT@BIOASEWDI cal
internediate. In one enbodi nent there is provided the use of a conpound of
formula (11) of formula (lib), or a sakt thereof, as defined herein, as an
internediate for the manufacture of 5the conpound of formula (lI), or a salt
t her eof . The conpound of fornula (lib) nay be prepared by reacting a

conpound of f f.i I f nmul a
(PUBy or 1 vyt B Epboflneinsielit PRSAAEA, fie ol pBof BN T 2 | 1o
react ant formuilo (IEby)ves kalt thetdo€ asudbﬁﬁemiyﬁerm,l dschephakradceadaiplterngededat.or i nat i ng

agent may be used. Exa | es of suitaple chlorjinating i ncl ude
tri chl or oi socyRABT FE %mnf(th@% proyifleg g yae of HICBWH%H(E‘M%HHFISKWQQ

The COWQ&%IQ{IIBPBWE& (h'é'l%)of %Heﬁﬁ‘ecﬂ%’i‘%ﬁr&s%ﬂ 1hﬂ3h9e&1£{€ V\ﬂ‘%ﬁ@ﬁ{éﬁgfa%ré(@ mul a
(1) by carrying out e follow ng transfornations: en |l e 1's hydrogen:
(i) est erthd ¢apapauod of farmmbr @poatisalgytheredfe gr oup; and then in all cases:

The compound of formula (IIb) may be prepared by reacting a compound of

formula (IIa) as defined herein, with a compound of formula (IVa) or (IVb):

(IVa) (IVb)

10 using a halogenating agent to activate the reactant or to convert to the sulfenyl halide. For
example a chlorinating agent may be used. Examples of suitable chlorinating agents
include trichloroisocyanuric acid (TCCA), sulphuryl chloride and chlorine.

The compound of formula (IIa) may be converted into the compound of formula
(I) by carrying out the following transformations:
15 when R' is hydrogen:
(1) esterification — incorporating an R' group;
and then in all cases:
(ii) acetylation and aromatisation — creating the core benzene ring and
incorporating the acetyl group;
20 and subsequently:
(iii)  deprotection (i.c. de-esterification)— removing the R* group.

In one embodiment there is provided a compound of formula (IT) of formula (Ilc):

o 5 (o
| A\
N 0

OR'



(i1) acetylation and aromatisation - creating the core benzene ring and

i ncorporating the acetyl group; 20and subsequently: (iii) deprotection
(i.e. de-weterwdoumati on)- renoving the |l e group. |In onePemiGBIOANFII0Dhere is
provi ded a conpound of formula (I1) of fornmula (He): WO

2011/ 004182PCT/ GB2010/ 051100 8 (lie) g wherein e is selected from

hydr ogen, optionally substituted hydrocarbyl and optionally substituted

het erocyclyl; or a salt thereof 5In one enbodinent there is provided the
use of a conmpound of formula (I1) of fﬁif“|a (lie), or a salt thereof, as
defined herein, as a pharmaceuti cal iﬁ er medi at e. I n one enbodi ment
there is provivdetih R iusteoafd feora dypoyad opfiofidlyrsubstit(et hyddcirbynatda (1 e),

or a salt thereof, as fined herein, as an internediate for the
nanufactngo%ﬂbﬁﬁéﬁﬁﬁﬁggﬁﬁﬁmﬁﬂyhornula (1), or a salt thereof. ioThe
conpound of, Jeml.g (lie) may be prepared by reacting a conpound of fornula
(l'ib) wth hydroxylam ne or a salt thereof, for exanple hydroxyl am ne

hydr ochl or i de.In one embddimesothpeunprovidefl dhadeaf @lcomponedoffermaaB) b€d i nt o

(ne oo St oLLA (L) Py, AR o LRe {2l Lont ng L gneformt | ons
group; In one embodiment there is provided the use of a compound of formula (II) of

formula (Ilc¢), or a salt thereof, as defined herein, as an intermediate for the manufacture of

the compound of formula (I), or a salt thercof.

10 The compound of formula (II¢) may be prepared by reacting a compound of
formula (IIb) with hydroxylamine or a salt thereof, for example hydroxylamine
hydrochloride.

The compound of formula (II¢) may be converted into the compound of formula (I)
by carrying out the following transformations:

15 when R' is hydrogen:

(1) esterification — incorporating the R" group;
and then in all cases:

(ii) acetylation and aromatisation — creating the core benzene ring and
incorporating the acetyl group;

20 and subsequently:

(iv)  deprotection (de-esterification)- removing the R' group.

In one embodiment there is provided a compound of formula (IT) of formula (I1d):

NOH
| A\
N\_/<o
OR'
2 (I1d)

wherein R! is selected from hydrogen, optionally substituted hydrocarbyl and
optionally substituted heterocyclyl;



and then in all cases: (ii1) acetylation and aromati sation - creating
the core benzene ring and incorporating the acetyl group; 20and

subsequernwbyo1i(do¥isdepr ot ecti on (de-esterification)- rempeirGgp20ivdsRDOgr oup.
In one enbodi nent there is provided a conpound of forrmula (I1) of formula

(lid): NOH 25(11d) wherein le ig selected from hydrogen, optionally
substituted hydrocarbyl and optionally substituted heterocyclyl; WO
2011/ 004182PCT/ GB2010/ 051100 9 or a salt thereof I n one enbodi ment

t here is(gggxﬁg%gx&he use of a conmpound of formula (I1) of formula (lid),
or a salt thereof, as defined herein, as a pharnmaceutical internediate. In
one enbodi mentln bheembodimehoticidas ptoialcdsiee wie ol acompoumblofOborrholail)af (11) of
5formul a (qu) a sqlt t hereof , as defined herein, as an internediate

o OF .
for the refRHaEtHdher gpalt therce &ﬁéﬁﬁ%@d&?@r@l&wpéla(mﬁqeuwlgﬁ%@quwtt%ereof.
The conpound Q£€{1]9%1%$&n1(3%1ftﬂ}req§ ro*ef;aeartﬁé)@sfe%@a%fps@g&rbmnﬁulgqmeynd of

formula (Ha) w ydroxylamne or a salt thereof, exanpl e
hydr oxy| doirmeaa tiEd), oc hkdt theeeof, as defined herein, as an intermediate for the manufacture of
the compound of formula (I), or a salt thercof.

The compound of formula (IId) may be prepared by reacting a compound of
formula (I1a) with hydroxylamine or a salt thereof, for example hydroxylamine
hydrochloride.

10 The compound of formula (IId) may be converted into the compound of formula
(I) by carrying out the following transformations:
when R is hydrogen:

(1) esterification — incorporating the R" group;
and then in all cases:

15 (ii)  thioarylation - incorporating the thioaryl group;

(iii)  acetylation and aromatisation — creating the core benzene ring and

incorporating the acetyl group;
and subsequently:
(iv)  deprotection (de-esterification) - removing the R" group;
20 wherein steps (ii) and (iii) may be performed in either order.

In another aspect, there is provided a compound of the formula (XI):

Xy
N
N
(XD
wherein:
25 X is =0, =N-OH or =N-OC(O)Mg;

e

Q is hydrogen or chloro;

Y is ;and



i oThe conmpound of forrmula (Hd) may be converted into the conmpound of
formula (1) by carrying out the follow ng transfornmations: when le is

hydr ogen:woQi2pagoersef i cati on - incorporating the | e groupCTaBRotosniodn al
cases: 15(ii)thioarylation - incorporating the thioaryl group; (iii)
acetylation and aronatisation - creatipg the core benzene ring and

i ncorporating the acetyl group; and subsequently: (iv) deprotection
(de-esterification) - renmoving the | e group; 20wherein steps (ii) and (iii)

may be perfor I er order. In another aspect, there is provided a
conmpound of tgggfg?%%F%E(XI): wherein: 25X is =0, =N-CH or =N-0C(0) Me;
Q i s hydr ogen Acompdukl@f the formula (XI) may be used to prepare a compound of the

formula (1), using, for example, the route described in Scheme VI below.
In one embodiment, there is provided a compound of formula (XIa):

/®/CI

O S

| A\
N
H

(XIa)
A compound of the formula (XIa) may be prepared from a compound of formula
(X11):
O

| N

N
H

10 (XI1I)
using similar methods to those described in the preparation of a compound of the formula
(IIb) from a compound of the formula (IlIa) and (IVa) or (IVD).

In another embodiment, there is provided a compound of formula (XIb):

Cl
NOH ¢
| AN\
N
H

15 (XIb)
A compound of formula (XIb) may be prepared from a compound of formula (XIa),
using similar methods to those described for the preparation of a compound of formula

(Ilc) from (1Ib).



WO 2011/ 004182PCT/ GB2010/ 051100 10 or a salt thereof A conpound of
the formula (XI) nay be used to prepare a conpound of the formula (1),
usi ng, fowvoeramokss2 the route described in Schene VI belPOWGH2010c03€100
enbodi nent, there is provided a conpound of forrmula (Xl a): 5H (Xla) A
conpound of the fornmula (Xla) may be pjgpared froma conpound of fornula
(XI1): H210(XI1) using simlar nethods to those described in the
preparation of a conpound of the fornmula (Ith) froma conpound of the

formula (11a) Bﬂe S+M@%1%%E54‘I‘%}00aw}l AN QL NI TBRALEATES rydf JRER Gt GOV ded

a conpound of
from 1 to 15 carbon atoms, wherein the hydrocarbyl may be saturated, partially saturated

or fully unsaturated, and may contain linear, branched or cyclic elements.
In one embodiment a “heterocyclyl” is a 4-12 membered monocyclic or bicyclic
s ring system, wherein the heterocyclyl contains 1-4 heteroatoms each selected from N, S
and O, wherein the heterocyclyl may be fully saturated, partially saturated or fully
unsaturated.

Those skilled in the art will appreciate that certain compounds of the invention can
exist as isomers, for example compounds of formula (II). The invention encompasses all

10 isomeric forms of compounds depicted herein and mixtures thereof unless indicated
otherwise.

In this specification, the term “alkyl” includes both straight and branched chain
alkyl groups.

References to individual alkyl groups such as “propyl” are specific for the straight

15 chain version only, and references to individual branched chain alkyl groups such as
“isopropyl” are specific for the branched chain version only. This convention applies to
other radicals described within this specification such as alkenyl radicals, alkynyl radicals,
alkoxy radicals and alkanoyl radicals.

For example, “C; alkyl” includes C; salkyl, C;_salkyl, methyl, ethyl, propyl,

20  isopropyl and #-butyl.

In this specification “Caealkenyl” includes C,.3alkenyl, butenyl, isobutenyl,
1,5-hexadien-3-yl.

Examples of the term “C, galkynyl” include C, zalkynyl, butynyl, propynyl and
ethynyl.

25 Examples of the term “C;¢alkoxy” include C;.zalkoxy, #-butyloxy, isopropoxy,
butoxy, ethoxy and methoxy.

Examples of the term “(Cy_alkyl)-S(O),- wherein a is 0 to 2” include
“(Crsalkyl)-S-7, “(C;_salkyl)-S(O),- wherein a is 0 to 2”7, “(C;_zalkyl)-S(O),-",
isopropylsulfanyl, propylsulfonyl, mesyl and ethylsulfanyl, butanesulfinyl and

30 isopentylsulfinyl.

Examples of the term “Cj.salkoxycarbonyl” include C;.zalkoxycarbonyl,

methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl and isopentoxycarbonyl.



H 15( Xl b) A conpound of fornula (XIb) nmay be prepared froma conpound
of fornmula (Xla), using simlar nethods to those described for the

pr epar at iwo 20fv@4senpound of forrmula (Il1c) from (I1b). PCI/GB2010/05kW00Ne
enbodi ment a "hydrocarbyl™ is a radical consisting of hydrogen atons and
from1l to 15 carbon atons, wherein thejhydrocarbyl may be saturated,
partially saturated or fully unsaturated, and may contain |inear, branched
or cyclic elenents. I n one enbodi nent a "heterocyclyl" is a 4-12

menber ed nono i i kC i ¥ ! rocycl yl
contains 1-4 %‘t%lgkgeg?) grtrlié tg%ftlg ht E%aﬁg)g%ug% nflr g@@e @%ﬁ%ﬁsglﬂmé?%%ﬁ t he

het er ocy clhyllsulfeyylbBopiobisuldatylnad sdbutpBukfomlll y saturated or fully
unsaturated. Those skilled in the art w |l appreciate_ that certain
conpounds of tHHEMPHH Ok thedame ah1-salkanogly il%‘tlud[fs&iﬁé ¥, forgyl, asdWiand corpounds
of fornug@%&$ﬂﬁ; The invention enconpasses all 10 isoneric fornms of
conpound epi‘cted herein and m xtures thereof unless indicated otherw se.

I n thiss speci fExeaiplasof therternt ENACi adlkyl)amineitinabids Mol halkyhanglot and branched

chain al kyl, groups. References t.o .indjvidual alkyl groups such as "propyl"
are_spec@%ﬂ@ﬂPBWBtﬁ8p§?fﬁpﬁﬁim%%%ﬂﬁ?ﬁbgﬁ?%ion only, and references to
i ndi vi dual branghetseradte kYIN-0C QHRS])SHER0 B clude ARNQRY Lalk @f,emReci fic for

t he branched chain version onlé. Thi s convention applies to other radicals
descri bedV.Nrdimethytamigo,.gypesopfapyaiVioethslaotnasndaVpentyl-Nretbiyleming, al kynyl

el | & R s Ay DB o ™
20i sojpr opy-(C aatkahodPHWIC, salkyl)amihns, Nljjrc_spim@@@z\f.(cf;lgfaik?r)aﬁ@ZLGaI kenyl" includes
C2_3al ke %Lfop?o%%gﬂl)rlnliﬁo, I]\?- gcl?elfj;l -e]\rfl -)rlrlle’thy%én?ing ea)r(lgcii\lf-gcréty?f-ly- cyclopropylamino.

Examples of “N-(Cj.salkyl)carbamoyl” include N-(C,.zalkyl)carbamoyl,
N-isopentylaminocarbonyl, N-methylaminocarbonyl and N-ethylaminocarbonyl.

Examples of “N,N-(Csalkyl),carbamoyl” include N,N-(C,_salkyl),carbamoyl,

15 N-isopentyl-N-ethylaminocarbonyl, NV,N-dimethylaminocarbonyl and
N-methyl-N-ethylaminocarbonyl.

Examples of “N-(Cy_alkyl)sulfamoyl” include N-(C;_salkyl)sulfamoyl,
N-isopentylsulfamoyl, N-methylsulfamoyl and N-ethylsulfamoyl.

Examples of “N,N-(C,_alkyl),sulfamoyl” include N,N-(C;_salkyl),sulfamoyl,

20 N-isopentyl-N-ethylsulfamoyl, NV,N-dimethylsulfamoyl and N-methyl-N-ethylsulfamoyl.

A salt formed from a compound of the invention where R'is hydrogen may be an
alkali metal salt, for example a sodium or potassium salt, an alkaline earth metal salt, for
example a calcium or magnesium salt, an ammonium salt or a salt with an organic base, for
example a salt with methylamine, dimethylamine, trimethylamine, piperidine, morpholine

25 or triethanolamine.

A salt of a compound of the invention where R' contains a basic group, is for
example, an acid-addition salt with, for example, an inorganic or organic acid, for example
hydrochloric, hydrobromic, sulphuric, phosphoric, trifluoroacetic, citric or maleic acid.

A salt of a compound of the invention where R' contains an acidic group, is for

30 example an alkali metal salt, for example a sodium or potassium salt, an alkaline earth

metal salt, for example a calcium or magnesium salt, an ammonium salt or a salt with an



Exanpl es of the term "C2_6al kynyl" include C2_3al kynyl, butynyl, propynyl
and et hynyl. 25Exanples of the term"C _6al koxy" include G _3al koxy,

t - but yl oxWy0 20s10psBpoxy, butoxy, ethoxy and net hoxy. ExamplraB2ofo/ashm®ot er m
"(CG _6alkyl)-S(0)a- wherein ais 0 to 2" include "(C _6al kyl)-S",

"(G _3alkyl)-S(0)a- wherein ais 0 to 23, "(CG _3alkyl)-S5(0)2-",

| sopropyl sul fanyl, propyl sul fonyl, nmesyl and ethyl sul fanyl, butanesul finyl

and 30i sopentyl sul finyl. Exanpl es of the term"C _6al koxycar bonyl "

i ncl ude \/ | 4 r -

I sopr opo>(<3r rﬁ{)]‘l)c%(r%él fg%)% | S%acse %’Q@%ﬁ%&%ﬁﬁx d‘ﬁﬁ%ﬁﬁ%&ﬁ%&ﬁ ‘882010/ 051100
12 pﬁ)@&ﬂtﬁieﬁﬁloqfhoﬂlheotﬁfet‘h n€llam@iad. Kyl sul fonyl " i ncl ude

C _3al kyl sul fanyl et hyl sul fonyl, i sopr pyl sul f onyl and
i sobut yI sul f oryPne em Oainﬁi%fa]ﬁfp}sé’é’ﬂ’é’fge’fl RBaR %Ptrﬁna S@%?Fl ?dglw roGaEdlude

G _3al kanoyl , Iﬁ Qﬁéryﬂlbod':}ﬁl%ﬁﬁ’ﬂhe [\?ﬁioolﬁ'i %gdsﬂﬂﬁéhts oﬁ%x‘%mo%%b f” atnae‘hét@fo%clyl”

"N-(C| _6al kyl )am no" 1 ncl ude ) am no,
i sopr opy laansahatanfton Q@llmemyﬂoaﬂyamo, hydroxy, CExdkndl €s6adi{0xtyh€1 &aﬂ{ammyl

N1 Sopr oBVICNRRDRPI s Gt R BRT: VR ek DRBITOES i B2 SO R le t or
"N (C _6al- @%k&ﬂo%ﬁ\@&@ﬁkﬁ{aﬁﬁﬁm QPban ¢ sdf8moyl, N—(C1 62(11 dll)carbarno yl,

10N- (G _3al kanoy1) g )am no, N propionoyl - N al kyl")am no,
N- pr opi od‘é&)/K@r]r-\saik)yl)zRIar @I@DylL M@wﬁvl)aﬁfam%dﬂ%gdﬂ(yﬂ)asmf@y@ﬁ@pdopyI am no.

El_x?gglpgz -y n)( %@gg‘%k %T@%l ani In(r)]glalrjggnyl- ( Sna?)al\lll- lé%llh;f:%bﬁgg;lr bonyl .
10 In a further ernbodlrnent R’ is hydrogen or an unsubstituted hydrocarbyl.
In a further embodiment R' is hydrogen.
In a further embodiment R" is an optionally substituted hydrocarbyl.
In a further embodiment R' is an unsubstituted hydrocarbyl.
In a further embodiment R is selected from hydrogen, Cy_salkyl, C.alkenyl,
15 Cyealkynyl, Csecycloalkyl, optionally substituted phenyl and optionally substituted
benzyl;
In a further embodiment R is selected from hydrogen, Cy_salkyl, C.alkenyl,
Csyealkynyl, Cs¢cycloalkyl, phenyl and benzyl; wherein the phenyl and benzyl are
optionally substituted by one or more halo, nitro, cyano, hydroxy, C;ealkyl, C, salkoxy,
20  Ciealkanoyl, N-(Ci.salkyl)amino, N,N-(C.salkyl),amino, N-(C;.¢alkanoyl)amino,
N-(Cj.salkanoyl)-N-(C.salkyl)amino, carbamoyl, sulfamoyl, N-(C;_ealkyl)carbamoyl,
N,N-(Cy_galkyl),carbamoyl, N-(C,alkyl)sulfamoyl, N,N-(C,_salkyl),sulfamoyl or
(Ciealkyl)-S(O),- wherein a is 0-2.
In a further embodiment R is selected from Cisalkyl, Cyalkenyl, Cyealkynyl,
25 Csecycloalkyl, phenyl and benzyl; wherein the phenyl and benzyl are optionally
substituted by one or more halo, nitro, cyano, hydroxy, C;salkyl, C;_¢alkoxy, C, alkanoyl,
N-(Cyealkyl)amino, N,N-(C,_salkyl),amino, N-(C,_salkanoyl)amino,
N-(Cj.salkanoyl)-N-(C.salkyl)amino, carbamoyl, sulfamoyl, N-(C;_salkyl)carbamoyl,
N,N-(Cy_galkyl),carbamoyl, N-(C,alkyl)sulfamoyl, N,N-(C,_salkyl),sulfamoyl or
30 (Ciealkyl)-S(O),- wherein a is 0-2.
In a further embodiment R is selected from hydrogen, C;salkyl, C,salkenyl,
Cyealkynyl, Csecycloalkyl, phenyl and benzyl.



Exanpl es of "N N- (G _6al kyl)2carbamoyl " include N, N (G _3al kyl)2carbanoyl,
15 N-i sopentyl - N- et hyl armi nocar bonyl, N, N-di net hyl am nocar bonyl and

N- net hyl -Weoebhidoarse nocar bonyl . Exanpl es of "N- (G P6aldszbyogsifoanoyl "

i nclude N-(C _3al kyl)sul fanoyl, N-isopentyl sul fanmoyl, N nethylsulfanoyl and
N-et hyl sul famoyl . Exanples of "N, N- (G ppal kyl)2sul famoyl" incl ude

N, N- (G _3al kyl) 2sul fanoyl, 20 N-isopentyl-N-ethyl sul fanoyl ,

N, N- di et hyl sul fanmoyl and N- et hyl - N- et hyl sul fam)yl A salt forned

froma compoung, gffHey By ENk R MBI dl forh & 1 gﬂ)@z %&Eg%}kl?;]% ARyA kal i

nmetal salt, for exanp e a sodi um of pot assi u n ine a’rth met al
salt, fomggxwmllqlapl&aylcamdrhemylnagnes| umsalt, an ammoniumsalt or a salt

with an organic base, f examl,e a salt h net hyl am di et hyl am ne,
trimet hyl ani né naév%f&r.em%ﬁ@m% Pﬁo%ql%&edzfm%tfﬁimé%a%@wﬁ% A salt of a

compound of "thg,is M@%%B%M&Eﬁlﬁﬁse?&%%&ﬁh?drg &l Snddiiyp, 1s for exanple,

an acid-addition salt wt for exanple norgani c or “organic acid, for
exanplse hydrodtnlatfunﬂmx em}oddmtﬁnom a:sCSdalk[ylhurl c, phosphoric, trifluoroacetic,

citric or aci d alt nmpound of the invention where e

cont ai ns an a Pa.f‘éf%&ISH‘ﬂ?oﬁlﬁ%enf Eﬁarrpl e an alkali netal salt, for

exanpl e a sodiiyDekhdd hdedintt plkslchiodh al kaline earth metal salt for
exanpl e a cal ci um or nesiumsalt, an ammoniumsalt or a salt with an 13

or gani ¢ base, Iﬁ@rfuléh@@m%edlan@amlsmw eyl ami ne, di net hyl ami ne,
trimethylamn i per n trlethanolamne I n one
T e sRE Ay BELPHY

enbodi nent | e “substi t ut ed hydr ocarbyl. In one
enbodi,ment thqn@ﬁﬂtmahlbaahlasantmgﬁos on a "hydrocarbyl" and "heterocyclyl"

5are selected from halo, nitro, cyano, hydroxy, G _6al kyl, G _6al koxy,
G _6al kanoyl , Ina further embodiment X is =N-OH.
Therefore, in one embodiment there is provided a compound of formula (II), as
depicted hereinabove, wherein:
R! is selected from hydrogen, C;_salkyl, C,alkenyl, C,_galkynyl, C;¢cycloalkyl,
15 phenyl and benzyl; wherein the phenyl and benzyl are optionally substituted by one or
more halo, nitro, cyano, hydroxy, C;_salkyl, Cisalkoxy, Ci.salkanoyl, N-(C;_alkyl)amino,
N,N-(Cyealkyl),amino, N-(C; salkanoyl)amino, N-(C;_salkanoyl)-N-(C; salkyl)amino,
carbamoyl, sulfamoyl, N-(C,_galkyl)carbamoyl, N,N-(C,_salkyl),carbamoyl, N-(C,s.
alkyl)sulfamoyl, N,N-(C,_ealkyl),sulfamoyl or (C, ealkyl)-S(O),- wherein a is 0-2;
20 X is =0 or =N-OH;

Q is hydrogen or chloro;

Y is hydrogen or ; and
or a salt thereof.
In a further embodiment there is provided a compound of formula (II), as depicted
25 hereinabove, wherein:

R! is sclected from Ciealkyl, Cyalkenyl, C,galkynyl, C5ecycloalkyl, phenyl and
benzyl; wherein the phenyl and benzyl are optionally substituted by one or more halo,
nitro, cyano, hydroxy, C,_salkyl, C;_salkoxy, C;alkanoyl, N-(C,_alkyl)amino,
N,N-(Cys.alkyl),amino, N-(C;_salkanoyl)amino, N-(C,.salkanoyl)-N-(C;salkyl)amino,



N- (G _6al kyl )am no, N, N-(C _6al kyl)2am no, N-(C _6al kanoyl ) am no,

C _6al koxycarbonyl, N- (G _6al kanoyl)-N-(C _6al kyl )am no, carbanoyl,

sul f anoylwoNe(1@o4Bal kyl ) car bamoyl, N, N-(C _6al kyl) 2car bacoydR2010/051100

N- (G _6al kyl )sul fanoyl, N, N-(CG _6al kyl) 2sul famoyl and (G _6al kyl )-S(0) a-
wherein a is 0-2. ioln a further enbodigent le is hydrogen or an
unsubstituted hydrocarbyl. In a further enbodinent le is hydrogen. In a
further enbodinment e is an optionally substituted hydrocarbyl. In a

further [ 11 Sh7é ' Y o In a further
enbodi rre(ra??%?gm?g gltéléﬁo tl’e]&%?}-%ﬁ%}r”&élé%?%}“ _(géFaﬁg‘f IEXJ’CEBi Nieny! |
15C2_6al Ky calkgBs @ eaadydaV Ry(C, salfyi)sokihyylsult iyt o8l (phenydreiands 042 i onal |y
substituted benzyl . In a further enbodinent le is selected from
hydr ogen, O__@%ﬁKﬁ?Prtﬁj%EIkenyl, C2_6al kynyl, C3_6cycl oal kyl, phenyl and
benzyl; wherein the phenyl and pengyl are optionally substituted by one or
nore halo, nitro, cyano, hygro 0‘_%?Ikyl, C _6al koxy, 20G _6al kanoyl
N- (G _6al kyl )am no, N, N- (G _6a 2am no, N-(C _6al kanoyl ) am no,
N-( G _6al kanoyiis-hydfagen gal kyl ) am no, cardsdrmoyl , sul f amoyl ,
N- (G _6al kyl) carha |, N C _6al kyl) 2car banoyl, N- (G _6al kyl ) sul f anoyl ,
N, N-(éi _6al ky??sm@%%ffb%&(’a _bal kyl)-S(0)a- wherein ais 0-2. In a
further embqdifRrdofl € is selected from G _6al kyl, C2_6al kenyl, C2_6al kynyl,
25C3_6cycl oal kyl, phenyl and benzyl; wherein the phenyl and benzyl are
optional | y suBBgifeithes gmbgdigerat Hrerdis peovidadghe psa ofe compenad ohipampla/lD), as
C _6al kyl ] KOX¥ | kanoyl, N (G _6al kyl ) am no,
N,N—(Ci_é%?é%??%gﬁlnquﬁﬁf%?ﬁﬁalkanoyl)anino,
N- (G _6al kanoyR)is hel¢dBid Famkyilhbkel, b calkarshabmylkynslu Ck aoyolhalkyl, phenyl and
N (G _6al kyl)carbamyl, N, N (G _6al kyl) 2car banoyl , (G _6al kyl) sul f anoyl ,
N, N- (©i _@an%gl;l\yé%ralmft%%@qnyg;nd%e@al_%wn)ailswa%wtedﬁﬁf WGPIINPLS h@foz.
In a further emodimert ¢ eaiks1¥gakbed d rLam NREENA I BRI KY !
C2_6al keny| :C%z_ea?’ﬁ‘?n% 3L oa’%gyﬂf phI{ebéy[’l gﬁh“t@r?%w 714 In a
further eie@ipelyDianine H€C eetikrdoy)aomnmai V4Gl tajtano@d2-Ne€l kelkyl)am@, 6al kynyl ,
C3_6eycl %g'}bléyoyl, Fs)lt;l?ar}xolyl% -CZCP_?aTl%}XJcarb amoyl, N,N-(C,_salkyl),carbamoyl,

N-(Cyealkyl)sulfamoyl, N,N-(C, salkyl),sulfamoyl or (C;_salkyl)-S(O),- wherein a is 0-2;

15 X is =0 or =N-OH;

Q is hydrogen or chloro;

Y is hydrogen or ; and
or a salt thereof;
as a pharmaceutical intermediate.

20 In a further embodiment there is provided the use of a compound of formula (II), as
depicted hereinabove, wherein:

R’ is selected from Cgalkyl, Cogalkenyl, Csgalkynyl, Cz¢cycloalkyl, phenyl and
benzyl; wherein the phenyl and benzyl are optionally substituted by one or more halo,
nitro, cyano, hydroxy, C; ¢alkyl, C; salkoxy, C salkanoyl, N-(C, ealkyl)amino,

25 N,N-(C,alkyl)amino, N-(C, salkanoyl)amino, N-(C, salkanoyl)-N-(C, salkyl)amino,
carbamoyl, sulfamoyl, N-(C,_galkyl)carbamoyl, N,N-(C,_salkyl),carbamoyl,
N-(Cy_ealkyl)sulfamoyl, N,N-(C,_salkyl),sulfamoyl or (C,_salkyl)-S(O),- wherein a is 0-2;

X is =0 or =N-OH;



In a further enbodinent le is selected from hydrogen and C _6alkyl. In a
further enbodinent le is selected from hydrogen and ethyl. 5In a further
enbodi mrerwol2e1V®4B82_6al kyl . In a further enbodi nent | e PSTEHELY10/05000a
further enmbodinent Qis chloro. In a further enbodinment X is =0 or =N CH.
In a further enbodinment X is =N-0C(0)Mpgs ioln a further enbodinment X is =0.

In a further enbodinent X is =N OH Therefore, in one enbodi nent
there is provided a conmpound of formula (11), as depicted hereinabove,
wherein: Rl is selected from hydro , G _6al kyl, C2_6al kenyl, C2_6al kynyl,

C3_6cycl oal kyl, 15 phenyl apd 'Cﬂhereln the phenyl and benzyl are
optionally substituted by o ) al nitro, cyano, hydroxy,

C _6al kyl, G \Baslhydng,enﬁr 6a| karmo N-;(a@d_6al kyl ) am no,

N, N- (G _6al ky ntno 6al kanoyl ) am no,

N- (G _6al kanoﬁ) d(‘@en&ﬁ P ani no, carbamyl, sul fanmoyl ,

N-(C GakKMQAEQEQ%mDyI N, N- (G _6al kyl) 2car banoyl, N (Cl-6-

al kyl') sul famoyl , N, éﬁi 6al ky1) 2sul famoyl or (Ci _6al kyl)-S(0)a- wherein a
is 0-2; 28Xnincragdmte @-pre@ra«thnsoftt?m@gtewndrof femunl(l).or st drgseofor
chlorg; or a salt here further di the e |s

orovi ded a conpadmiorRssmans ters i P fot B BRI, SRR v
is seIec&eﬂmﬁmea&Gﬂxﬁaﬁkyl C2_6al kenyl , C2_6al kynyl , C3_60yc|oa|ky|,
phenyl and

R’ is selected from Cgalkyl, Cogalkenyl, Csgalkynyl, Cz¢cycloalkyl, phenyl and
benzyl;
X is =0 or =N-OH;
10 Y is hydrogen or 4-chlorophenylsulfanyl;
or a salt thereof.
In a further embodiment there is provided the use of a compound of formula (II), as
depicted hereinabove, wherein:
R’ is selected from Cgalkyl, Co.galkenyl, C,galkynyl, Cs¢cycloalkyl, phenyl and
15 benzyl;
X is =0 or =N-OH;
Y is hydrogen or 4-chlorophenylsulfanyl;
or a salt thereof;
as a pharmaceutical intermediate.
20 In a further embodiment there is provided the use of a compound of formula (II), as
depicted hereinabove, wherein:
R’ is selected from Cgalkyl, Co.galkenyl, C,galkynyl, Cs¢cycloalkyl, phenyl and
benzyl;
X is =0 or =N-OH;
25 Y is hydrogen or 4-chlorophenylsulfanyl;
or a salt thereof;
as an intermediate for the manufacture of the compound of formula (I), or a salt thereof.
In a further embodiment there is provided a compound of formula (IT), as depicted
hereinabove, wherein:

30 R! is sclected from Ciealkyl;



benzyl; wherein the phenyl and benzyl are optionally substituted by one or
nore hal o, nitro, cyano, hydroxy, G _6al kyl, C _6al koxy, C _6al kanoyl,

N (C _6alwolpamions2 N, N-(C _6_al kyl) 2am no, N (C _6al kareylGQB2nims]1100

N- (G _6al kanoyl) - N- (G _6al kyl )am no, WD 2011/ 004182PCT/ GB2010/ 051100 15
car banoyl, sul famoyl, N- (G _6al kyl)carpanoyl, N, N (G _6al kyl)2car banoyl ,
N- (G _6al kyl )sul fanmoyl, N, N-(G _6al kyl) 2sul fanoyl or (C _6al kyl)-S(0)a-
wherein a is 0-2; X is —0 or =N-OH, QY is hydrogen or; and 5Q i s hydrogen
or chloro; or }91&%?5 In a further enbodinent there is

provi ded t he use a corrpbund of formula (I1), as depicted herei nabove,
wherein: Rl i sYeseHydfdgeﬁl of daiothpteal kylfanyG2_6al kenyl , C2_6al kynyl ,
C3_6cycl oal kyl nyl and 10 benzyl; wherein the phenyl and benzyl are
opt i onal 1% 2stlh Q{erqogt ed by one or nore halo, nitro, cyano, hydroxy,

G _6al kyl , G 1Ralfeny embbafRnk BRAY r&éﬁée@th@ﬁéé@/f{a)&%ﬂ&‘ﬂnd of formula (II), as
N, N-(C _6_al kyl)2am no, N(C _6al kanoyl )am no

N- (G 36aldleplnt§t¢h)erdma(bmie %hekqdl) anmi no, carbanoyl, sulfanoyl,
¢ {0 SRR (Bt T o o e
or =N-OH;, Q Y X & -hydrogeapgor; and
Y is hydrogen or 4-chlorophenylsulfanyl;
or a salt thereof;
10 as a pharmaceutical intermediate.
In a further embodiment there is provided the use of a compound of formula (II), as
depicted hereinabove, wherein:
R! is sclected from Ciealkyl;
X is =0 or =N-OH;
15 Y is hydrogen or 4-chlorophenylsulfanyl;
or a salt thereof;
as an intermediate for the manufacture of the compound of formula (I), or a salt thereof.
A further aspect of the invention provides a process for the preparation of the
pharmaceutical compound of formula (I), or a salt or ester thercof, comprising reaction of a
20 compound of formula (Il¢), as depicted hereinbefore, with an acetylating agent;
wherein the values of R! is as defined hereinabove and wherein Q is chloro:
and thereafter, optionally reacting with acid or base.
The reaction with an acid or base achieves hydrolysis of the ester group (when R!
is other than hydrogen) to provide the compound of formula (I) or a salt thereof.
25 The intermediate product mixture may contain predominantly the desired amide of
formula (V) or it may comprise a mixture of the amide of formula (V) and the imide of

formula (VI) as shown in Scheme (II):

v V)
Scheme (1I)



Qis hydrogen or chloro; or a salt thereof; as a pharnaceuti cal

I ntermedi ate. 20In a further enbodinment there is provided the use of a
conpound wb 2bawvaewisa (11), as depicted herei nabove, wher @Cm/GHRL10/S1B8e] ect ed
from G _6al kyl, C2_6al kenyl, C2_6al kynyl, C3_6cycl oal kyl, phenyl and
benzyl; wherein the phenyl and benzyl age optionally substituted by one or
nore hal o, nitro, cyano, hydroxy, G _6al kyl, C _6al koxy, C _6al kanoyl,

N- (G _6al kyl )am no, 25N, N- (G _6al kyl)2am no, N-(C _6al kanoyl ) am no,

N (G ~oar WOl B ibacRR) {0 HATL O ARNRATRY e @R anchamide (V) ooy
N, N- (G _Galticrtncds whithaapydusacid(ifithdakdnkd ofS{iDyrganivkeseivontafdarexngle X is =0

or =N-OH, = WD 2011/ 004182PCT/ GB2010Q/ 051100 16 Q Y i.s hydrogen or; and Qis
hydr ogen ¢8rngh ﬁg%esl,aﬂmlyg\hes%tur@ Wé%&rsuﬁgcf&ﬁ 9 A e AmR0B (RBHOlyNS)
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further enbodinent there Is pro a conpound of fornula
depi ctsed is the compound of formula (I) or a salt thereof. Amide (V) may optionally be

recrystallised from a solvent such as ethanol to increase purity prior to de-esterification.

In one embodiment there is provided a process comprising reaction of a compound
of formula (IT) of formula (II¢), as depicted hereinbefore, with an acetylating agent;
wherein the values of R! are as defined in claims 1 to 8, and wherein Q is chloro.

10 Therefore in one embodiment there is provided a process for the preparation of the
pharmaceutical compound of formula (I), or a salt thereof, comprising reaction of a
compound of formula (Ilc¢), as depicted hereinbefore, with an acetylating agent;
wherein the values of R! is as defined hereinabove and wherein Q is chloro:
and thereafter de-esterifying to provide the compound of formula (I), or a salt thereof.

15 The process to de-esterify may involve reaction with a base or with an acid or with
hydrogen in the presence of a catalyst.

In one embodiment the process to de-esterify may involve reaction with a base.
Surprisingly it has been found that certain reaction conditions advantageously
disfavour the formation of imide. For example, by reducing the amount of acetic anhydride

20 to 4 molar eq. and using sodium iodide at 85 °C in order to keep the reaction time around
4.5 h.

Examples of suitable bases are inorganic bases, for example metal hydroxides, for
example LiOH, NaOH or KOH.
As discussed hereinabove, the compound of formula (IId) has been found to be

25 surprisingly useful as an intermediate for the preparation of pharmaceutical compound (I)
or salts thereof. In a further aspect of the invention there is provided a process comprising
the reaction of a compound of formula (IId) as depicted hereinbefore, with an acetylating
agent, wherein R' is as defined herein.

The products of this reaction are amide (VI) and imide (VII):



her ei nabove, wherein: Rl is selected from G _6al kyl, C2_6al kenyl

C2_6al kynyl, C3_6cycl oal kyl, phenyl and benzyl; X is =0 or =N-OH, 10Y is
hydr ogen wo 2tighokseophenyl sul fanyl; or a salt thereof PCT/GH20102051100t her
enbodi ment there is provided the use of a conmpound of forrmula (I1), as
depi ct ed herei nabove, wherein: Rl is sejected from G _6al kyl, C2_6al kenyl,
C2_6al kynyl, C3_6cycl oal kyl, phenyl and 15benzyl; X is =0 or =NNOH, Y is
hydrogen or 4-chl orophenyl sul fanyl; or a salt thereof as a pharmaceuti cal
internmediate. 20In a further enbodinent therg ig provided the use of a
conpound of forrmula (I1),[jas depicted herem wherein: Rl is selected
fromC _6al kyl, C2 6alk NH C2_6al kynyl , ~ocyet oal kyl, phenyl and

benzyl; X is =0 or =N-OH;, 25Y is hydrogen or 4:chl orophenyl sul fanyl ;

Ty Y

N o N o
¢ ¢
OR' OR'
(VD) (VID
These products may be carried forward as a mixture to the next stage and the hydrolysis
conditions used later in the synthesis causes conversion of imide to desired amide to
5 deliver the compound of formula (I) or a salt thereof.

The acetylation processes involving the compound of formula (Il¢) and (IId) may
be carried out in a solvent such as an aromatic hydrocarbon solvent, for example toluene,
xylene or mesitylene, or a ketone solvent, for example methylisobutylketone (MIBK),
methylethylketone (MEK), carboxylic acid solvents, for example acetic acid, or ether

10 solvents, for example 2-methyltetrahydrofuran.

The acetylation process involving the compound of formula (Il¢) and (I1d) works
best at an elevated temperature, for example up to around 140°C.

A further aspect of the present invention provides an improved process wherein the
reaction of a compound of formula (Ilc) or (IId) with an acetylating agent is carried out in

15 the presence of an iodide salt.

Surprisingly, the presence of an iodide salt in the reaction has been found to allow a
reduction in the temperature required for the reaction to proceed efficiently. Examples of
iodide salts are metal iodides, for example KI, Nal, Lil, and ammonium iodide salts, for
example (C.salkyl)4NI, for example tetra-N-butylammonium iodide. The reaction

20  temperature required for these processes can be reduced to 80-100°C from the usual much
higher temperatures by inclusion of an iodide salt in the reaction mixture. A sub-
stoichiometric quantity of iodide salt is sufficient to provide the beneficial effect.

Other conditions have been invented that allow efficient reaction at an
advantageously reduced temperature without the presence of an iodide salt. Surprisingly

25 the use of a carboxylic acid as a co-solvent in the reaction results in an efficient reaction at

an advantageously reduced temperature.



or a salt thereof; as an internmediate for the manufacture of the conpound
of formula (1), or a salt thereof. In a further enbodinent there is
provi ded woconpoursd of formula (11), as depicted herei neb@xGB20WsSI®OIN: 30R1
is selected fromC _6al kyl; WD 2011/ 004182PCT/ GB2010/ 051100 17 X is =0 or
=N-OH, Y is hydrogen or 4-chiorophenylsglfanyl; or a salt thereof

In a further enbodi nent there is provided the use of a conpound of formula
(I'l), as b5depicted hereinabove, wherein: Rl is selected fromCi 6alkyl; Xis

=0 or =N-OH \i"hef &%de{ﬂlgtﬁ %éaé o(flﬁlle 159&91%93&&5{11% aa%/lh\'eor&yed T cf%%f%avrgbgg eof

i oas a phar maceliti cal here is
provi ded thdreactiom offa c@nqmnn@uﬁfd)mﬁlaf(brcymf dld) with amscot@piirgt @dnhigcedriedbove,
wher ei n: 05% init e Is)%lsgn%%% afcarlr%ronxﬁlcfse?cll(i( col-solzi(er{ts =0 or =N-CH

Suitable carboxylic acids co-solvents may be carboxylic acids containing from 1 to

s 7 carbon atoms, for example acetic acid.

For example, use of a 50:50 mixture of xylene or mesitylene and acetic acid allows
the reaction to proceed in the absence of an iodide catalyst at a temperature of 105 — 110
°C whereas in the same solvent mixture in the presence of 5 mol% of either sodium iodide
or tetrabutylammonium iodide, the reaction proceeds at the lower temperature of 95 — 100

10 °C.

A further aspect of the present invention provides an improved process wherein the
acetylation process involving compound (Il¢) or (IId) is carried out in the presence of a
Lewis acid. One example of a Lewis acid is FeCls. Surprisingly the presence of a Lewis
acid has been found to allow the acetylation reaction to proceed efficiently at much lower

15 temperature than is otherwise required. The presence of FeCls allows the reaction to
proceed at a temperature as low as 70°C.

Acetylating agents are well known to the skilled person. Acetylating agents that
may be used for the acetylation process involving the compound of formula (Il¢) and (I1d)
include acetic anhydride, acetyl halides such as acetyl chloride, and thioesters such as

20 phenyl thioacetate. Phenyl thioacetate was found to give better conversion than with acetic
anydride alone under comparable conditions. Alternatively the process may make use of
other acylating agents, for example benzoic anhydride or pivalic anhydride. The amide
groups in the products of such reactions would then need to be hydrolysed and the
resulting amines then acetylated using an acetylation agent.

25 In a still further embodiment the invention provides a process for the preparation of

a compound of formula (I):



15Y is hydrogen or 4-chlorophenyl sulfanyl; or a salt thereof; as an
internmediate for the manufacture of the conmpound of fornula (1), or a salt
t her eof . woOf2orttdeers2aspect of the invention provides a pPetaBofos1tohe
preparation of the pharmaceutical conpound of fornula (1), or a salt or
ester thereof, conprising reaction of & 20conpound of formula (lie), as
depi cted hereinbefore, with an acetyl ating agent; wherein the values of Rl
is as defined herei nabove and wherein Qis chloro; and thereafter,
optionally reacting with aci dyor base. The reaction with an acid or
base achi eves hydrolysis of tfpe ester group (when Rl is other than

hydr ogen) to provide the co nd of for a\(l) or a salt thereof. 25The

i nternedi ate product m xture rrai)“'l:ont scantly the desired am de of
formula (V) or it may conprise g_m xture ¥ e am de of fornula (V) and
the imde of formula (VI) as ghowdyim\Schene (I1): 18 The m xture of am de
(V) and imde (VI) nmay be cony predom nantly am de (V) by treatnent
w th aqueous acid in the presengg”of-Nan oggani ¢ co-sol vent, for exanple
ethanol. Alternatively the m xture may b¢ subjected to de-esterification
(hydrol ysis) conditions under which the iNmide group is converted to the

am de, and the product isolated 5 is the E&bhpound @i formula (1) or a salt
thereof Amide (V) may optionally be recrystallised froma solvent such as
et hanol to increase purity prior to de-esterification. In one

enbodi ment there is provided a process conprising reaction of a conmpound of
formula (I1) of formula (lie), as depicted herei nbefore, with an

acetyl at imc@&ﬁ%&isemwémoftmnﬁﬁuﬁ%m{mw @igaps defined in claims 1 to
8, and wherein is chloro. ioTherefore in one enbodi nent there is provided
a process for the preparation of the pharmaceutical conpound of fornula
(I'), or a salt thereof, conpriséﬁg reaction of a conpound of formula (lie),

as depi cted herei nbefore, wt acet \Ng agent ;
p ,\§|Y X g & g
A\
N )
z "
OR (IIAA)

where R" is hydrogen or C,_alkyl with an acylating agent followed by de-esterification.
In one embodiment R is hydrogen or ethyl.
10 In one embodiment the acylating aggent is Ac,O.
In one embodiment the process is carried out in the presence of xylene and sodium
iodide.
In a still further embodiment the invention provides a compound of formula (I)
prepared according to a process as defined in any one of claims 11 to 20.
15 The various aspects of the invention are illustrated by the following Examples.
Three routes are illustrated in Schemes (I1I), (IV), (V) and (VI), below.

Abbreviations and General Procedures:

The analytical techniques used include gas chromatography (GC), high performance liquid
chromatography (HPLC), liquid chromatography — mass spectrometry (LC-MS) and ultra-
20 high performance liquid chromatography — mass spectroscopy (UHPLC-MS). Mass

spectrometry data (m/z) is provided together with an assignment of the peak(s) observed.



wherein the values of le is as defined hereinabove and wherein Qis chloro;
and thereafter de-esterifying to provide the conpound of forrmula (1), or a
salt therwof20BDs2pr ocess to de-esterify may invol ve reattdBnioisitooa base
or with an acid or with hydrogen in the presence of a catalyst. In one
enbodi nent the process to de-esterify sy involve reaction with a base.
Surprisingly it has been found that certain reaction conditions

advant ageousl y di sfavour the formation of imde. For exanple, by reducing

t he anou ' i : US| | i.0di de at
b T sl PSR AL SRR Db TRl SO0 B RS. s 0,
sui t abl e dgalsasthglsel foxidy gdadsotinases spdadficd Samdhd atbicalatioydiroxketes,= f or

exanpl e Li OH, H or KOH. As di scussed herei nabove, .the conpound of
formul a Cmest 4:‘%&0%1%% oiRdRIe BéZ@ub@wédequéFeﬁgr y tielsh g1~ %}gart&h%r =
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thereof. In a further aspect o I nvention there’is provi ocess

conpr issi rghyi heetate 8iétCAm), wethglisbnfydiatehodMEBE)mukthy( terelutplsctise §MIRIE) and

her o el 008 L, BERLI L0 RPN M S e S5 el e T

2011/ 0041348 biBRQL @fa%}ét@@ecﬂt@es werk ¥hr{e¥lobd at ambient temperature (room
temperature, r.t.), with stirring, for a number of hours (h) or minutes (mins). Mole equiv
represents the molar equivalents of the reagent relative to the specified limiting reagent.

10 Rel vol (relative volume) represents the amount of solvent relative to a unit mass of the
specified limiting reagent e.g. L/kg. Rel wt (relative weight) represents the amount of a
material by weight relative to a unit weight of the specified limiting reagent ¢.g. kg/kg.
Assays by HPLC, GC and NMR were performed against fully characterised reference
standards using standard procedures that are well known in the art. TCCA =

15 trichloroisocyanuric acid. GC analysis can be performed on a DB-1 column (30m x
0.25mm id, 0.25 pm) using nitrogen as carrier gas using an appropriate temperature
gradient and flame ionisation detection. HPLC analysis can be performed on either a
Waters Symmetry C18 column (150mm x 3.0mm, 3.5um) or Zorbax SB-C8 column
(150mm x 3.0mm, 3.5pum) or Hichrom Ace Phenyl column (50mm x 3.0mm, 3um) eluting

20  with an appropriate aqueous acetonitrile gradient buffered with TFA and UV detection
(230 or 250nm). UHPLC was performed on either a BEH C18 column (100mm x 2.1mm,
1.7um) or BEH Phenyl (100mm x 2.1mm, 1.7pm) eluting with an appropriate aqueous
acetonitrile gradient buffered with TFA or ammonium acetate respectively with UV
detection (250nm). UHPLC-MS can be done using +ve or —ve electrospray ionisation at a

25 capillary voltage of 3.5kV and a cone voltage increasing from 10 to 60V. LC-MS can be
performed on a Hichrom Ace Phenyl column (50mm x 3.0mm, 3um) eluting with an
appropriate aqueous acetonitrile gradient buffered with TFA and UV detection (230 nm)

using combined APCI / +ve electrospray ionisation.



These products may be carried forward as a m xture to the next stage and
the hydrolysis conditions used later in the synthesis causes conversion of

i mde to wenrigw4mm de to 5deliver the conpound of formrCa/GH2p100051W0sal t

t her eof . The acetyl ati on processes involving the conpound of formula
(lie) and (lid) may be carried out in asolvent such as an aromatic

hydr ocar bon sol vent, for exanple toluene, xylene or nesitylene, or a ketone
sol vent, for exanple nethylisobutyl ketone (M BK), nethylethyl ket one (MEK)
carboxyl@gn&g?d sol vents, for exanple acetic acid, or ether 10solvents, for
exanpl e Z= yl t et rahydr of ur an. The acetyl ation process invol ving

t he conpound :f for | and (1li wor ks best at angel evat ed

tenperature, for exanpkg up [t o%ar ound [140C. A fuflt her aspect of the
present invernthon provigdes an tqprued process wherein Eﬁimi?ggtion of a
conmpound of HEH« la (lie) o d) l'th'aﬁ—atﬁryrarﬁng is carried out
i n 15t he presenc8 of an i odilde~sabt " Surprisingly, thelpg®sence of an
iodide salt in the reactionhas been found to allow a reduct}§E§jn t he
tenperature required for the reaction to proceed efficiently. anpl es of

i odide salts, for exanple (C _6al kyl)4Nl, for exanple tetrfa-N butyl amoni um
i odide. The reaction 20 tenperature required for these pracesses can be
reduced to 80-100C fromthe usual much higher tenperatures by inclusion of
an iodide salt in the reaction mxture. A substoicfionetric antmty of
iodide salt is sufH@gjent t g=pr ovi de the beneficia fec§+<j§>_c|cxher
condi tions have been | nvet @ Gt allow efficient|r gon an

advant ageousl y redug \Tper at ur e wethott—the—pr ep n iodilde salt.
Surprisingly 25the Hdse a carboxylic acid as a cp- vent g n theg reaction
results in an efficient ion at an advant ageouply re ed tenperature.
WO 2011/ 004182PCT/ GB2010/ 0 300 20 Therefore| a furtheft aspgct of the
i nvention provides an Inproved process wherein the teaction of a Conpound

iodide salts are netal iodides, for exanple KI, Nal, LiI,Jand anmoni um

of fornmula (lie) or (Ijid) wth an acetylating agent is carried out in the
presence of a carboxylyc acid co-solvent. Sui tabl e carboxylic
aci ds co-solvents nmay be carboxylic acids containing from1l to 57 carbon
atons, for exanpPe acetic acid. For exanple, use of a 50:50 m xture
of xylene or ne PMene acetic acid allows the reaction_to proceed in
t he absence of an | odi fyst at a tenperature ipf 1@ | C wher eas
in the sane solv ture in the presenceg of 5 np er sodi um

i odide or tetrab ni um i odi de, the reaction at the | ower
tenperature of 95 -

100

(@]
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Scheme (1)
5 Ethyl (2-methvl-4-0x0-4.5.6,7-tetrahvdro-1H-indol-1-yl)acetate
O 0 o)
O, —— |&or Oy
(@] o (0] N

\co,Et

A solution of KOH (2.54kg, 2.26kg corrected for assay, 40.2 moles) in water (4.0L) was

added over 30mins to a solution of cyclohexane-1,3-dione (4.53kg, 4.51kg corrected for
10 assay, 40.2 moles) in EtOH (16.2L), while maintaining the temperature below 30°C. After

stirring for 15mins at r.t., freshly distilled chloroacetone (4.39kg, 3.83kg corrected for

assay, 41.4mol) was then added slowly to the mixture, maintaining a temperature of 25-



A further aspect of the present invention provides an inproved process
wherein the acetylation process involving conmpound (lie) or (lid) is
carried owD20r/wks2presence of a Lewis acid. One exanpl eCofGRrolopsi®oaci d i s
FeCl3. Surprisingly the presence of a Lewis acid has been found to all ow
the acetylation reaction to proceed efficiently at much |ower 15tenperature
than is otherw se required. The presence of FeCl3 allows the reaction to
proceed at a tenperature as |ow as 70C. Acetyl ating agents are well

k t f th
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i ncl ude aerﬁbvad nfilyretiolend ‘&eretvwshétaén thedilsuoithdaObic@tyfl). Thd Gitdacts weatnd

t hi oesters as 20phen t hi oacet ate. Phenyl thi oacet ate was found to
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agents, exanpl e c anhydri de pit val i1 ¢ anhydride. The am de
groups innd Igbycprecedqd testenlﬁyckmhlhom@ewtt|(61|4$kg/mj>ull7&gtchﬂfmtﬁb®d assay et hyitas) ysed

and the resulti es.then acetyl at d usm é)l 0 ent. 25In a
S T urenepil sl wensie Ve oR prb et Fargt b Ehiegho
prepar at icgpe@bd Por%@dﬁ?owgl nfflesh. OFHé‘-ihﬁtlfré Was dﬁﬂ-te@ wifll ctilanbl (281 CNthEPARHdSES
reaction of a conpound of formula (I1AA):
under reflux for 2h. EtOH was removed in vacuo ( 0.850 to -0.900 bar) at 30°C until 40L
of distillate had been collected. After cooling the residue to 0°C, water (15L) was added,
10 while maintaining a temperature of 0-5°C. After stirring for a further 1h at this
temperature, the solid that separated out was collected by filtration and was then dried in
vacuo at 35°C with a nitrogen bleed to give the title compound as a solid; 6.7kg; assay by
'H NMR: 86.6% w/w; weight corrected for assay: 5.80kg (61% over 2 steps); purity by
GC: 96.0 arca%; m/z: 235 (MH"); 'H NMR: (CDCl3) 1.27-1.32 (3H, t), 2.10-2.17 (2H, m),
15 2.19 (3H, s), 2.42-2.46 (2H, t), 2.65-2.69 (2H, t), 4.21-4.28 (2H, m), 4.51 (2H, s) and 6.27
(1H, s).

Alternative procedures for synthesising the ethvl (2-methyl-4-0x0-4,5,6.7-tetrahvdro-
1 H-indol-1-yl)acetate

Alternative procedure 1

20 A solution of potassium hydroxide (23.58g, 20.0g corrected for assay, 357 mmol) in water
(36mL) at r.t. was added to a solution of 1,3-cyclohexanedione (39.97g, 356 mmol) in
cthanol (144mL) with stirring (exothermic addition). After stirring for 15mins at 20°C,
redistilled chloroacetone (37.62g, 33.9¢g corrected for assay, 366 mmol) was added in one
portion and the reaction mixture stirred for 20h at 20°C. The inorganic by products were

25 removed by filtration, washing the filter cake with ethanol (40mL) and the filtrates were
combined to provide 2-(2-oxo-propyl)cyclohexane-1,3-dione as a solution in aqueous
ethanol. To this solution were added glycine ethyl ester hydrochloride (54.73g, 392 mmol)
and anhydrous sodium acetate (32.19g, 392 mmol). The reaction mixture was heated to
reflux (75°C internal temperature) for 1h then cooled to 20°C and stirred for 19h. The

30 mixture was heated to reflux (internal temperature 75°C) and water (116mL) added, then



C (I1AA) where R1' is hydrogen or G _6al kyl with an acyl ating agent

foll owed by de-esterification. In one enbodinent Rl' is hydrogen or ethyl.
i ol n one wotzodiooerst t he acyl ati ng aggent is Ac20. |In oneCerdBdiosntoot he
process is carried out in the presence of xylene and sodi um i odi de.

In a still further enbodi nent the inveption provides a conpound of formula
(I') prepared according to a process as defined in any one of clains 11 to
20. 15The various aspects of the invention are illustrated by the foll ow ng
Exanpl es t F A5 d
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i ncl ude ét hanol™ (EtOH), met hanol (MeOH) ., tetrahydrofuran (THF
99.3% w/w. Purlty by GC 100 areca%.

Alternative Procedure 2

10 Inreaction vessel 1, potassium hydroxide (11.78g, 10.0g corrected for assay, 178mmol))
was dissolved in water (72mL) with stirring (highly exothermic) then the solution was
cooled back to 20°C. 1,3-cyclohexanedione (20.0g, 178 mmol) was added (exothermic
addition) and the resulting dark red solution was stirred at 20°C for 5 mins. Redistilled
chloroacetone (18.9g, 17.0g corrected for assay, 184 mmol) was added in one portion,

15 rinsing in with ethanol (18mL) and the reaction mixture was stirred overnight at 20°C. The
resulting solution of 2-(2-oxopropyl)cyclohexane-1,3-dione, volume 124mL, was split into
4 equal portions. Glycine ethyl ester hydrochloride (6.85g, 49.0 mmol), anhydrous sodium
acetate (4.02g, 49.0 mmol), water (26.5mL) and ethanol (5.0mL) were charged to reaction
vessel 2 and stirring started. One portion of the solution of 2-(2-oxopropyl)cyclohexane-

20 1,3-dione prepared above (31mL) was then added to the contents of reaction vessel 2 with
stirring and the resulting mixture was heated to 75°C, held at this temperature for 2h, then
cooled to 20°C over 55 mins. After stirring overnight at 20°C, the solid was collected by
filtration, washed with water (10mL), tert-butyl methyl ether (2 x 10mL) and then dried in
vacuo 40°C for 20h to provide (2-methyl-4-0x0-4,5,6,7-tetrahydro-1H-indol-1-yl)-acetic

25 acid ethyl ester as a beige solid, 5.88g (56.0% yield). MP 101.2 to 103.5°C. Assay by 'H-
NMR 95.3%w/w. Purity by GC 99.25 area%.

Alternative Procedure 3

A solution of potassium hydroxide (1.0 mole equiv) in water (0.9 rel vol) was added to a
30 suspension of 1,3-cyclohexanedione (1.0 mole equiv, limiting reagent) in water (1.1 rel

vol) with stirring over approximately 1 hour maintaining the temperature below 30 °C.



5 ethyl acetate (EtOAc), nethylisobutyl ketone (MBK), nethyl tert-butyl
ether (MIBE) and acetic acid (AcOH). Generally, reactions were carried out
under an wWOrosploerse of nitrogen. Unl ess ot herw se stat edCT@BR20BAII®S Wwer e
carried out at anbient tenperature (roomtenperature, r.t.), with stirring,
for a nunber of hours (h) or minutes (pgns). Mle equiv represents the

nol ar equi val ents of the reagent relative to the specified limting
reagent. 10 Rel vol (relative volune) represents the anmount of sol vent

relative i i 4 | Mkl . Rel wt
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aqueous acetonitrile gradient buffered with TFA and UV detection (230 or

250nm) . YkRb.C-toahygen-{ drindal- loylasictatee(0. (YO B  Ce@riv bvasmailded endrthe mixturerm

1.7[Lm or BEH nyl (100mm.x 2,1mm. Lm,. el ut.i W t n propriate
aquoous SRRBEH TR P GORAR 56t PLThighy ok SEr S A b [ ARLBY Sl ¢
respe@t i eirytion, WasHoW wiet wetet @re( 28 MONowdHRLKITHE a2 e vdDNad Wisdnndicdve or
-ve el ectrospray ionisation at a 25capillary voltage of 3.5kV and a cone
vol t age 380 €awidey vaquyr teregdethy titlecomporrthing “p gickd PHEY Yo /i chr om Ace
Phenyl colum (50mm x 3.0mm 3[Lm eluting with an appropriate aqueous
acetonitrile gradient buffered with TFA and UV detection (230 nn) using
conbi ned EARA [3/(44chdoretsiciny Balfaayl)-daihy d edxivirnino ) Amethyl-4.5.6,7-tetrahvdro-1H-
2011/ 004182PCT/ GB2010/ 051100 23 Route 1 Schene (H') 5Et hyl

( 2- met hyidelgeyllacetaty 7+ ot r ahydr o- 1H i ndol- 1- ybacet at e A sol ution of
KOH (2.54kg, 2.26kg corrected for assay, 40.2 noles) in water (4.0L) was
added“over 30m ns to a solution of cycl ohexane-1, 3-dione (4.53kg, 4.51kg
corrected for 1l0Oassay, 40.2 noles) in EtOH (16.2L), while maintaining the

temper aturg bel ow 30C. After HO.
P & o SOQ ! sOq
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TCCA (1.16kg, 5.01moles) was added to a solution of bis-(4-chloro-phenyl)disulfide
(4.83kg, 4.80kg corrected for assay, 16.7 moles) in EtOAc (56L). The mixture was cooled
to 0°C and held at this temperature for 45mins. Ethyl (2-methyl-4-0x0-4,5,6,7-tetrahydro-
20  1H-indol-1-yl)acetate (6.48kg, 5.61kg corrected for assay, 23.9 moles) was then added in
three portions (mildly exothermic). After stirring for 30mins a sample was removed for
analysis by HPLC then a solution of NaHCOs; (1.12kg, 13.3 moles) in water (22.5L) was
added. The mixture was warmed to r.t. over 30mins and after stirring for a further 15mins,
a solid by-product was removed by filtration and washed with EtOAc (6.5L). The filtrates
25 were combined and the phases were allowed to separate. The aqueous layer was separated
and extracted with EtOAc (11.2L). The organic layers were combined and analysed which
showed an assay by HPLC of 9.2% w/w and a purity by HPLC of 77.7 area%. The organic



stirring for 15mns at r.t., freshly distilled chl oroacetone (4. 39kg,
3.83kg corrected for assay, 41.4nol) was then added slowy to the m xture,
mai nt ai Niwo 2a1y®mser at ure of 25- WD 2011/ 004182PCT/ GB20C0/dE0b0B31 04 28C.
The resulting slurry was stirred at r.t. for 19h. Inorganic by-products
were then renoved by filtration and wese washed on the filter with EtOH
(4.5L). The filtrates were conbined to provide

2- (2- oxopropyl ) cycl o- hexane- 1 3-dione as a sol uti on in EtOH Assay by GC

26. 5% w r i g f.er. to a
Feactor ShsELRY Scoffudt AR Al BInRL L RPIERGABRLRITBE
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by sodi tate trihydrate (6. 6, 02k d_f , 44.3
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reflux f 0 t 30C

unti | 4OEB@£G§I?H a ﬁg%éﬁgndxgo{’fa"g?& eegalgf&i? ?gqut 1?(()1%1 } 28%&2& %Seagl due to
0C, vvatersol(uhﬁh)n 3 ddothey E1QIM6. Bb)wasmdadmﬂgssalmtmmfehawwby of 0-5C. After
stirring r a further ILh ture solid that s ted out
vas. col ety Pikatufe hecthERtl ibteitoadwdun eetTP PRk

ni trogen 2@5&%%&@&% ¥R ab 29, 31 Ihf%léé?ﬁii’c%h@%@ﬁn@wﬁ@héa%d Ehdékebfluagsah. by 1H
NVR 86.6% ww, weight cofrected for assay: 5.80kg (61% over 2 steps);

purity by%f@scog@lgloarteta% lhthe solz3godugdryas call¢cidrdy filapds), Ehmacior:waS( 3H,
0 4 20 BBy hagy W Ty PngRa S R ARl e ARG 2

pr ocedur egicflo bn$h/eﬂﬁl|f@§ﬂh§ idadptpheduet Wi then transferred to a reactor and water (42L)
(2-met hyl-4-o0xo0-4,5,6, 7-tetrahydrolH-i ndol-1-ybacetate Alternative

pr ocedur évap a Q@ATbénuﬁume@%fh 48 SPniml diredi fere3 Qroins ghep comdeddbpck ét Fect ed
f f
13- oyol SRENIRAERd: 4548156 o7 ARt ind dhardbERaBEARIUER R GRHEE OL
( ﬁf(ot her rx%mecﬂx(ﬂl?)dﬂhamg) (19Af1t)er r.sfoir Bomltnng?ns solﬁinsizzts'a‘coag%tgd)ﬁiy ﬁrt?ﬂiosl @vhdélgdld

or oace corrected for ass mol ) wa ed in
gne por t |"t’)1 ]H%POIﬁg 7?%55%"6’% %f;ﬁsgﬁglag?ll (Prség a’f“g%/heﬁélﬁegf” veeo aﬁ-%%%l tRor gani ¢
by perU(‘gﬁv?e thetifle gém @L{Hava%q sBYd:F7.HdK, gaﬁésggb?rmﬁwpx%ﬁ £ mf/%' b 8ko CRK&tH th

et hanol (40nL) and t e filtrates weré co provid
2-(2- oxo-quaspw (66 Ychdvendsspe); pudtydiyodBLES8 %4 seht, ingn 30A (mbé,owanol To

mon) *and AR AU Sont i ke e. tar 5h 2 905 LA e s it ur e

was heat ed 920 ef ux), @@QzHHEfJE@Q% ¢5e(mprd§itmp)7 2f1Q2H|dD atnhqo 2(2C(<1>He§b to 20C
and stirred for 19h. The 30 m xture was heated to ref (i nternal

t enper at asa fos@n isphadedvspmenic ofithe mtyrmagdepse cthy higr(4- CthfOphenylsulfanyl) 2-
20  methyl-4-0x0-4,5,6,7-tetrahydro-1H-indol-1-ylJacetate: "H NMR: (CDCl3) 1.33-1.37 (3H,
t), 2.14-2.23 (2H, m), 2.27 (3H, s), 2.45-2.49 (2H, t), 2.74-2.78 (2H, t), 4.27-4.35 (2H, m),
4.64 (2H, s), 7.03-7.08 (2H, d) and 7.13-717 (2H, d).

Alternative procedure for synthesising the intermediate ethyl [3-(4-

25 chlorophenvlsulfanyl)-2-methvl-4-0x0-4.5,6.7-tetrahvdro-1H-indol-1-vl]acetate
Bis-(4-chlorophenyl)disulfide (7.39g, 25.7 mmol) was dissolved in EtOAc (86.5mL) in

reaction vessel 1 whilst cooling the mixture to 5°C with stirring, resulting in a pale yellow
solution. Sulfuryl chloride (2.1mL, 25.7 mmol) was then added in a single portion (slightly
exothermic) giving an orange-coloured solution after 15 mins. In a second reaction vessel,
30 ethyl 2-(2-methyl-4-0x0-4,5,6,7-tetrahydro-1H-indol-1-yl)acetate (8.65 g, 36.8 mmol) was
slurried in EtOAc (34.6mL) with stirring whilst cooling the mixture to 5 °C. The pre-

cooled solution in reaction vessel 1 prepared above was added to the second vessel in 4



WO 2011/ 004182PCT/ GB2010/ 051100 25 cool ed to 20C over 30 mns. A small
anmount of 2-nethyl-4-oxo0-4,5,6,7-tetrahydro-1H ndol-1-yl)-acetic acid,

et hyl estwo 2om00a3ded as a seed (10ng) and, after a fewpPrirGR208/051100
crystallization of the product was observed. The slurry was stirred for
30m ns, then cooled to 5C and stirred $or 18h. The solid was collected by
filtration, washed with water (2 x 5 80nm.) followed by tert-butyl nethyl
ether (2 x 80nL) and then dried in vacuo at 40C for 20h to provide ethyl

cryst al | Aan Gfichs Sy Unheh iGN S kPR SRR 10 BT 1
1H NVR 9QesaMing iw.forfuitioh wf biatiDrd@f saludaf/comhihigriadnallearitmot eflinseluBle i ol n

reaction vessel 1, potassium hydroxide (11.78g, 10.0g carrected for assay,
178nmmol ) )max%&a?d%ﬁ‘sra}%@ Wa ﬂm%l@weé P FIREQ - 8Y A0 RS PHIhGRiITnE Kot her ni ¢)

then the sl LPRAIES saskerhackd 0 AOCo0k Anbichabfanedhens ( 20ude, 178

nmol ) was added rmc addition) adthe sulting dark'red solution
was stsi r red tietre@0ihg biph&sinmrgurcRemissitricdl faerd Sahiner Bacdeyonecfcl8lodgd td 7. Og

ted f , 184 | d i ti 15 ri i i ith
o hamor  Ramis 338 Bagh ot DR s AT TaC GRS p B b i AvaE . "rhe
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was split into 4 equal portions. ycine ethyl” ester hydrochloride (6.85g,

49. 0 mmolethyl r{Byraktbylst-axatitdeh, Atestehydro¢ UT-ORly]- 1 49)a0ctateoh Fthyhagetate, (végtBml) and

th | L 0 t d stinri ted. On
et hanol (5,000,080 B, SIAORY 1 L SRELERD, V3002 AR ALDR Fharted. Cne
pr epaned t@hdverot Bihdol ey )dcbare @edad(80o:)t@dcont ents of reaction vessel 2

with stirring and the resulting m xture was heated to 75C, held at this
tenperature for 2h, then cooled to 20C over 55 mns. After stirring

over nt ot gt pliEaaAkins: RS BIARGHGANY L LhiRbh AR Rhe. 4 th vet o

(10nl), 0 40C for
20h to prhyvdideyinzingplhnéthd-o80- 7ty thydro-aiH-mlptH odhicetatgdo1- 1- y1) - aceti ¢
25acid ethyl ester as a beige solid, 5.88g (56.0%yield). MP 101.2 to

103. 5C. MM%S. 30w/ w. Purity by GC 99.25 area% Alternative
Procedur g, Jessel 1 bﬁ> Od#S o BfhARhe)RRERRE (0183 R QauliewdslsuS FRELEAY1Y) 11

wat er1 (0.% ?Sesle vol élwas addezg et)o a BOS(uspens§ oﬂhﬁfewls, élgbcyc{%oﬂlex%edi one
(1.0 nol eceetei(¥.5 rtlivolt witly stireagend yha mixivat eras Caoltd taed°Cr Sludfumyl chlostdé rri ng
over apprexi,mately .1l hour intainin he t. erature bel ow 30 C.

2011/ 004 13 3BENICRPITLY S50 DR CART R I 57 B VB Rt LI T SATEEBHE (1. 03
ol e equik r¥Rs] pddaRe AYValrcARRke%t 0t ﬁ)lrxﬂﬁroka@lwt&ytlhenthyhﬁ-ﬁl@mgpmaom xture
was stirred overni ght at 20C. dycine ethyl ester hydrochloride (1.1 nole

equi v) areb.ef Htrahyden- bifdndal-I-gacettd (1lemelcaguiad limitinowegenbyandathylm acet at e
(1.1 1ol GogquiiV)ang watef, (2 £el. uob)o Fs, Keactian, ixtars, ugs heated at

5 60C'f or ere € ‘aque phase Was separ ated of f
and vessel 1 were added to the mixture in vessel 2 over approximately 30mins, washing the

residues in with ethyl acetate (0.5 rel vol). Aqueous sodium carbonate (1M, 1.45 mole
equiv) was added slowly (gas evolution), the mixture was stirred then the layers were
allowed to separate, discarding the lower aqueous phase. A solution of sodium chloride

25 (1.45 mole equiv) in water (5 rel vol) was added to the organic phase, the mixture was
stirred then the layers allowed to separate, discarding the lower aqueous phase. The
organic layer was concentrated by distillation at atmospheric pressure to around 4 rel vol.
Hydroxylamine hydrochloride (1.0 mole equiv) was charged to the concentrate at 20°C
followed by tributylamine (1.0 mole equiv) and ethanol (2 rel vol) and the resulting

30 mixture was heated at 60°C for 4h. The mixture was cooled to 20°C, the solid was
collected by filtration, washed with ethyl acetate (2 x 2 rel vol) then dried at 40°C under

vacuum to provide the title compound in 87.3 % yield; purity 99 % w/w.



di scarded. MIBE (4 rel vol) was added to the organic phase, the solution
was war med back up to 50C and then cooled to 35C over 20m ns. A seed of

et hyl (2-wet2byloo4180x04, 5, 6, 7-t et rahydr o- 1H i ndol- 1- y1) a®eTaB20 (0050001 nol e
equi v) was added and the mi xture cooled to 5C over 60m ns and aged

overni ght. The solid product was collegjed by 10filtration, washed with
water (2 rel vol), followed by MIBE (2 x 2 rel vol) and then dried at 40C
under vacuumto provide the title conpound in 62%yield; purity 98% w w.

Et hyl .
[ 3- (4- chl orgative frocedure 21y _ 4~ (hydr oxyi mi no) - 2- met hyl - 4, 5, 6, 7-t et r ahydr o- 1
H ndol- 14y IvbssaICElbast(@r chl&obenzEaSAis(ITidE 6653 nmlOdquiviesys sugscndcdackthyd a

sol ution of bis-( hl or o- phenyl dISU|fIde (4.83kg 0 ected for
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201Hi ndol-1-yl acetate 48kg, 5.61kg corrected ssay, .9 nol e

was t hen (admmylﬂnoxdaﬁ,éé I}mtliahpd're lﬁnﬂddl ¥- }é)aod:tater(hi)cc)qulvAhmamg‘Gagemt)mgdf or
30mns a sa ved f.or ) by, HPLC t he sol.ut of NaHCGO3
(1 1k B8 Bech Basel PP it iores S i e et el Golheiar rod Lo
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by- product was renmoved by filtration and washed with Et0Ac 86 5L). The

filtrat esvasbingen thegondiasedthaeiblyliasetaisi{8Sas! vd). d rigthyéaneide (b0 g@;bef:(aue) washe

aqueous | separated .and extr cre 11.2 organlc
yer s we L R RS B S B S B kPG S b AR5 2508 o
and appurthd fltdrycakPlvs Qﬁsh%ﬁ withegtRd %cetdiR] 1 eEl0@I) #d tM rombined filtrates
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until a FErRMRCSin wrge 1Bhe regdeg wandipwphead;ip |aaltnét%pﬁ¢rbyue§9@§e (4eelomlyad. oL)
dd J
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chIorophenﬁhﬁMbEqmyﬂakﬁdﬁﬂkhyhﬂﬂe@m@héﬁ&iaxXPCderMymmambHMHadeﬂj1Tyé]aceta
te as a 5 | ution 0 Furt her add d to thjs solution
fol | owed “ﬁWF‘% eaﬁ&%ﬂﬂ%ﬁ%mawﬁ ithy ezﬁ atat F?iW%‘é )the& wQﬁhydr ous

sodi um acgb@t,Rddr-60U8 to Frovrlk IR f%i'l o S%W P?ﬂ-n t he
nlxtu%e was heageg unde} reflux for 4h. A?ter C & t over Ih, t he
solid pradalé was collected by filtration. , The reactor mas rinsed with

50% v/ v ethanol :water (13L) which was transferred to the filter. After
drying 10briefly on the filter, the danp product was then transferred to a

react or ebriatied PEdtedire 3

In vessel 1, bis-(4-chlorobenzene)disulfide (0.53 mole equiv) was suspended in ethyl

20  acetate (4 rel vol) and cooled to 5°C. The mixture was treated with chlorine at 5°C for 15
minutes, then purged with nitrogen and degassed under vacuum. Ethyl (2-methyl-4-oxo-
4,5,6,7-tetrahydro-1H-indol-1-yl)acetate (1.0 equiv, limiting reagent) and ethyl acetate (4.5
rel vol) were charged to vessel 2 and the mixture stirred at 20°C. The contents of vessel 1
were added to the mixture in vessel 2 over approximately 30mins, washing in the residues

25 were with ethyl acetate (0.5 rel vol). Triethylamine (1.5 mole equiv) was added and the
mixture stirred overnight. The solid by product was removed by filtration and washed with
ethyl acetate (1 rel vol). Hydroxylamine hydrochloride (1.0 mole equiv) was charged to
another vessel followed by the combined filtrates. Tributylamine (1.0 mole equiv) and
cthanol (2 L/kg) were added and the resulting mixture was heated at 60°C for 4h. Further

30 hydroxylamine hydrochloride (0.5 mole equiv) and tributylamine (0.5 mole equiv) were
added then the mixture was heated at 60°C for 4h. The mixture was cooled to 20°C, the

solid product was collected by filtration, washed with ethyl acetate (2 x 2 rel vol) then



was added. The m xture was heated to 50C and stirred for 30m ns, then

cool ed back to r.t. The solid product was collected by filtration then

char ged baokoimmelsthe reactor danp and slurried in ethamroll/GE2O10415) 108t 1.t
for 30mns. The solid was collected by filtration, washed with ethanol (
9.7L) followed by fresh ethanol (6.5L)3@nd then dried in vacuo at 40C to
15give the title conmpound as a solid; 7.00kg; assay by 1H NMR 87.5% w w,
6. 1kg corrected for assay (65%over 2 steps); purity by HPLC. 88.4 area%

mz: 393 ) 3H,

5 2. 505 456 M puln Y ohygs thic bhnguidfnggRos bRt ity APLEPTL )
6. 92- 6. 996(24ka%d), 7.21-7.24 (2H, d) and 10.22 (1H, s). Data for an

i sol ated sanple of the internediate ethyl [3 (4-chl or ophenyl sul fanyl)-2- 20
nmet hyl - 4- oxo-4,5, 6, 7- tetrahydro 1Hindol-1-yl]acetate: 1H NVR (CDCl13)
1.33-1. 3Mﬂgeumwlsuﬁawlmmthﬂ 1Hsindel-p-vhlacgtaty t)
2.74-2.78 (2H, t), 4.27-4.35 (2H, m, 4.64 (2H, s), 7.03-7.08 (2H, d) and
7.13-717 (2H, d% Al ternative procedure for synthgsisin2 the internediate
et hyl [3-(4- N

25chl or ophenyl sull anyf)_QTﬁ{/I -4-0x0-4,5,6, 7- t)]T‘Nalhy _‘Ldéndol 1-yl]
acetate Bis-(4 henyl ) di sul fi de (7 39g, 25. n i ssol ved in
Et OAc (86.5nl) fction vessel 1 whilst gooli eNn xture to 5C with

stirring, resulting i _a pale yel low solution. S yW chloride (2.1nl,
25.7 mmol ) was then adde®5n a single portion (S|Ight|)X\ o hermc) gi vi ng
an orange-col oured solution after 15 mns. In a second r § on vessel ,

30et hyl 2-(2-nmethyl -4-o0x0-4,5,6, 7-tetrahydro-1H i ndol- 1-y1) acetate (8. 65 g,
36.8 mml% &s flurried in Et0Ac (34.6nmL) with stirring whilst cooling the

m xture e The pre-cool ed sol uti on in reacti on vessel 1 pr epared above
was adde 728
equal po(r%t %tgﬁidr%l\ll]@%p%g%\{?s@%%#ﬁ ng ﬂrﬁé‘g%%p WI t h ]5%)@ range

5-10 @, nﬁmhbrdnongﬂnmddldpytﬁcetram (d)flShgd]a(DOkngOﬂwnted(ﬁcbnﬂsseq'n266mhaieS)Ian@ a snmall
anmount of insol ybl tur s then all dtaq rmto r.t.
over 90 HOH ewitf%@ﬁm $ 92% %0@5 insyisne bF OBy mﬁawmgﬁﬁ Acshpamdside . 73
g, 20.6 161); 'lrbs\ﬂgfcgfre&t%fo@%s)ay“ﬁﬁz %@&9w§§ﬂfénfaﬁé‘ed é’v%%"lﬁ hings_Rsphasgic

m xture vvas stirred for 15 mins. The layers were allowed to separate and
the aquecudyphdsimas dipsded thelt. anTihtermpgiete fomgaini ¢hip hastomasitatr i ed over

g U ey 10 S R PR SR LSRR S SR QP OV

2- ( 2- Fet RydsTémO%@rift vaeif (£830for-850 shiber) L ueﬂ@lgﬂ Ly wds) aed &t e kddidihy!
acetate, weight 132.6 g. Assa¥ by HPLC 8.4 %ww, therefore 11.1 g@eth yl

2- (2- et rfyliomedd%owaltes(@lﬁ émlatr@wwas lquiqdrtg@@"qt%lygé eleat phaseseddpt  (80%)
%ll:fl( 2_ Cﬁ: eéou%tleir}ly gﬁga%(fa oif a%d i OeI‘g§I¥19 E)Ha?s%lﬁas%fonge%ﬂgtled in vacuo at 45—

( hydr oxyisgr@ Q])itﬂZwlr(l)Etdﬂdhsﬂ‘Illaﬁ Had Be&tﬁ&d’l&btyéd fafd thystatithafionlwyd dbbsaset ai the
Alternative Procedure 1 15|In vessel 1, bjs-(4-chl orobenzene)di sul fide

(0.53 nDIT%S“@@JEQH\%fQLMYﬁ)%éﬂO fhﬁ r@qlqillyq which was then concentrated in vacuo at
20 45-50°C. Further EtOH (2.0L) was added to the residue which was then cooled to 10°C

over 30mins and held at this temperature for 1h. The solid product was collected by
filtration, washed with EtOH (1.0L) then dried in vacuo at 40°C for 12h to afford crude
cthyl [4-acetylamino-3-(4-chlorophenylsulfanyl)-2-methyl-1H-indol-1-yl]acetate as a
solid; 0.70kg; assay by "H NMR: 96.8% w/w; 0.68kg corrected for assay (64%); purity by
25 HPLC: 97.9 area%. Crude ethyl [4-acetylamino-3-(4-chlorophenylsulfanyl)-2-methyl-1H-
indol-1-yl]acetate (0.50kg) was combined with the damp products from two similar
preparations carried out at 2.00kg (corrected input) scale (4.88kg total weight) in EtOH
(42.8L) and the mixture was heated to 75°C. After holding for 15 mins at this temperature,

the resulting solution was then cooled to 15°C over 2.5h causing crystallisation. The solid



acetate (3.5 rel vol) wth stirring and the m xture was cooled to OC

Sul furyl chloride (0.53 nole equiv) was added in one portion, the residues
wer e washwo 20n/onttst et hyl acetate (0.5 rel vol) and thePgirxGBo®/0Stionr ed at
OC for approximately Ih. Ethyl (2-nethyl-4-oxo-
4,5,6,7-tetrahydro-1k+indol-l-yl)acetaﬁp (1.0 nole equiv, limting reagent)
and et hyl 20acetate (5 rel vol) were charged to vessel 2 and the m xture
stirred at 20C. The contents of vessel 1 were added to the m xture in
vessel r I yl
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di scardi ng the | ower aqueous phasé.” The org nlc concenttated by
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hydr ochl qr.i &1 0 nol e equiv) was charged to the concentrate at 20C
foIIomediﬂggﬂﬂkbutylanlne (1.0 nole equiv) and ethanol (2 rel vol) and the

resul tingy §@rdd oty 6f healabrelph&B4sul Rhyl#a-(h ho By 1aonb ed to
20C, the solid vvalg}l; coél%lﬁygc[tgd byr?-irpltratul onym( Z dxgi\nh%ihébet hyl "acetate (2 x

2 rel volt9tf3thbféli® b’dﬂ@(ﬁ)ldtylmaatﬂ{délmg,aﬁl@m QO(ljfepﬁGd\f@Td’éSft}’né ltlmrm@) mdmbﬁmsmd in

87.3 %yi purlt / 29, Al t g e, Pr.o vesse
bi s-(4(z cﬁ? r &n e% I)Cciw1 Lf? W@%)h%e(ﬁ% eé({]lfﬁ?;lc ansydrﬁgé %I&e’d ESS ePH I
acet ape (whshiedn adakd. Mtbhhéﬁhhg td 9\.‘9160?«1: foheh ranmysrs%yQM(edldi@t&@re@nbé of yl

chloride (0.53 nole equiv) was added in one portion and the mi xture stirred
at 5C f orPapporf @Fﬁyldﬁ;acptylanEpWrM chlorophenylsulfanyl)-2-methyl-1H-indol-1-

5(2- et h%}l]'acet%% ﬁl’eﬁ da@:tlZﬁﬁ‘xﬁgz @Jn%‘ﬁ%@"b& @?8@ r}% ohbF ?&gﬁtﬁ)tneun(léwgg%qu' v,

limting- reagen acetate wer e charged vessel 2
and t he nmefetancematarinhed at 20C. The contents of vessel 1 were added to the
m xture in vessel 2 over approximately 30mns, washing in the residues with
et hyl acM&@@QéO Srel vol). Triethylamne (1.0 nole equiv) was added and

the Xt yp gl rrﬁ&t ¥ OF B 1055@(137@6:% ti>’14|f}f1{~21€l % xYRe g%@f{ﬁ)d al¥ic

filtration, iothe ter cake was y acet rel voI) and
the conbianid12 |5htl)atde?$eiewa}hydad@(zﬂ ZvaéhEbimnmim&) washated tw9§°®lllsls&ﬂskéd in a

t f eth t hanol , (2 rel n
v oxy| 2ty g-ol- B bite e o F e SRR sPSMAT (L. 0 ot e
equi v) agdriop h?ﬁﬁsﬂféﬁ%rbféﬁgﬁﬁﬂ%@ﬂﬁﬁ@ﬁz%etﬁﬁﬁ fer7 éﬂahidﬂ@ﬂfpfﬂ@bﬁﬂ- to 20C. The

product was collected by filtration, washed wth eth acetate (2 x 2 rel
vol ) theryl]aeqt@g(mg, Z%3m0mm1@actedaf@wmx)on prlens de.% atnndtalcetlcz: ound in 83%

yleld p 595 ar ea% AItern V. r nve

bi o Ch- Ot et stRb Bt s T mEl AT o BEETL Bsiale SEAGRA I 2o
acetate (04eﬂ2‘-B hvsafs)rnaaﬂtduﬁ@gndhederhpermre atl9g° @i Ricuegctivasvdshert £ehiwi t h chl ori ne
at 5C for 15 mnutes, then purged with nltrofgen and degassed under vacuum
Ethyl (2 tepapaTytureiopR Surthsr g, hpufSefplrl@mn@r%e g ¢ ﬁh%&ddltl%) &eagtian Was o equi v,
limti ng g e e sel
and the %B%g?&egéstl rre Sghp%ltozgé&&#hﬁe%éﬁ?g%t ?ng é%‘gqeh qlt&\?\&/lai?gse‘“%gI getéd{?? o] the
m xture iand yepaedl-d (dval) azppadﬁednﬁ)ﬂlebvmgaﬁrmmr (Mt); afgled nvmhlé mﬁﬁlteﬂues

gg\é\g 3265: a\rllm(T ﬁtgt;[gh pre&%ﬁgt?gneA %r gtlr[q%!g fo Olh) the so S%pggu%tn\])vgseco lected IgD fi ?trat%w V) was
washed with propan-1-ol (2 x 10 mL) and dried in vacuo at 40°C to afford crude ethyl [4-
acetylamino-3-(4-chlorophenylsulfanyl)-2-methyl-1H-indol-1-yl]acetate as a solid; 4.32¢g
(91% based on work up of half of the reaction mixture). Purity by HPLC 97.15 area%.
Method 4
30 A mixture of sodium iodide (0.05 mol equiv) in xylene (1.0 rel vol), acetic acid (1.0 rel

vol) and acetic anhydride (1.2 mole equiv) was heated to 97-103°C in vessel 1 with

stirring. In vessel 2, acetic anhydride (1.3 mole equiv) was added to a stirred slurry of



m xture stirred overnight. The solid by product was renoved by filtration
and washed with ethyl acetate (1 rel vol). Hydroxylam ne hydrochloride (1.0
nol e equiwy 20m%o0etsar ged t o anot her vessel foll owed by tIr€eTaGHE2DIMSH100
filtrates. Tributylamne (1.0 nole equiv) and ethanol (2 L/kg) were added
and the resulting mxture was heated at, 60C for 4h. Further 30

hydr oxyl am ne hydrochloride (0.5 nole equiv) and tributylamne (0.5 nole
equi v) were added then the m xture was heated at 60C for 4h. The m xture

it oty AREFRolRR R Enf 2rSliotemi R R R A adee kb8 051100 s0

dri ed at 4T luylfhectas@ wuste tQuipy lovitthg réetgenit) i k@ ewo(ip®drehdol) andbcclidtayidel d;
purity by HPLC 96.5 area%

hyl
[ 4- acet yi(hRirplozos 4t 49 c#ﬁ%‘?o%%én%ir@tﬂ gty 19rperaEtefor 2R this Ryt wos pddgdet at e

Met hod 1 to ﬁie%%hftloﬁ‘#n ?éa Jﬂv§£elqt&¥f2 5h, malntalmn the tern rature at between 98
[ 3- (4- chl oro- phenyl sul Tanyl (hydroxyi m no) % 9? 5,6,7-

10t et srahydd 4021 iViedsel 2 vaglrinaedkvah @ nfiktutS b@)syldndmk?@ rebwl)aaltdemtetfl@amdts s ay :

oatoq t as R aDIREN Siin bled @ Vool he P BRR SR nr R s BB Rk CiBEd,, 00
mol es) wagriidianshasepebUElo dohC akyiBR: @5rel 758 \@g ﬁ&d/éd%ﬁﬁlwé’d(b% waSmexpect ed

to be an internmediate formed in this reaction. After maintaining at this
t enper at WPE'C selutionpf sodhven phletide €. isl poohedterd 1 43¢50 anddhe simpemtutswas

o tee i RaNR b o s bicofts Ry ERRAd spntthled o Wicba B S BEREG O Folidfen,

give C|df@d$d1@ﬂil&ﬁl©§ulfa'f$1€{) BAGEORIV) A SlatehdB.5 $€paNAY &hddéd anddftr tnkigingr gani c
phase was concentrated in vacuo at 45- 50C until -10L of distillate had

been col Iﬂéfb*!%’éowyf&r%tsﬁlparfﬂ@éﬁﬂ‘bﬁlSWééedaE@épmc‘i wag precipéaipdibetheEt oH (2. oL)
dd 45- 50C.

Furt her e fio BP pERLE LS kbt HRRLARELSATEAMM AR, KRR EdRys " 00

over 30mbesveend7heal d34C. Thd esilenpeuat was cb@ll@dltdﬁO"'(h@veed)hlthbnph@shlmt was

[ 1 fil h h E 4
](c: gr igheg)ao f{yﬁ%é@fe a’bg}[,c\%gtp Ega\t,}dortl vvasilog| W t}11' ethanolt 860nrefi\rzoll?gncl (lilne\ﬁaguo at 40C

4 acet ylaminauds (el REaPRERSULIAN MoR RGN L bt adef iy ] acet ate as

a solid 1H NVR: "~ 96. 89 g correct for assay
(649 ; putlacgtatbys a sohd n 77% yield; purity by UHPLC 97.4 arca%.

Crude ethyl [4-acetylamino-3-(4-chlorophenylsulfanyl)-2-methyl-1H-indol-1-yl]acetate
(limiting reagent) was dissolved in a mixture of acetonitrile (9.1 rel vol) and water ( 4.5 rel

20 vol) by heating to 80°C with stirring. The solution was cooled to 15 °C, after which the
resulting solid product was collected by centrifugation, washed with ethanol (1.7 rel vol)
then dried to afford ethyl [4-acetylamino-3-(4-chlorophenylsulfanyl)-2-methyl-1H-indol-1-
yl]acetate as a solid in 92% yield; purity by UHPLC 99.4 area%.
Method 5

25 A mixture of sodium iodide (0.0625 mol equiv) in xylene (1.99 rel vol), acetic acid (0.27
rel vol) and acetic anhydride (1.27 mole equiv) was heated to 102.5°C in vessel 1 with
stirring. In vessel 2, acetic anhydride (1.27 mole equiv) was added to a stirred slurry of
ethyl [3-(4-chlorophenylsulfanyl)-4-(hydroxyimino)-2-methyl-4,5,6,7-tetrahydro-1H-
indol-1-yl]acetate (1 mole equiv, limiting reagent) in xylene (2.24 rel vol) and acetic acid

30 (0.27 rel vol) at 22°C. After stirring at this temperature for 30mins, this mixture was added
to the contents of reaction vessel 1 over 50mins maintaining the temperature at 102.5°C.

The reaction was held at this temperature for a further 2.5h. The reaction was cooled to



25HPLC. 97.9 area% Crude et hyl

[ 4- acet yl am no- 3- (4-chl or ophenyl sul fanyl) - 2-nmet hyl- 1H indol-1-yl]acetate
(0.50kg) wazotaebisned with the danp products fromtwo sipeTIGB20vESpRpat i ons
carried out at 2.00kg (corrected input) scale (4.88kg total weight) in EtOH
(42.8L) and the mixture was heated to 7HC. After holding for 15 mins at
this tenperature, the resulting solution was then cooled to 15C over 2.5h
causing crystallisation. The solid WD 2011/004182PCT/ GB2010/ 051100 31

pr oduct S r (4. 76L)
Phen dri o T ad A Ol (0GR g R AR ol 108 o e b AR i g
assay by rﬂlkllnlgl\ﬁcﬁaﬁlo&%g\m&la}wmﬂodepﬁaﬂ’eemb Mwérmuaﬁsaa/yer &aiﬂisgar(i&Bﬂi):n theur i t y
by HPLC. 98.6 area% - 417 (MH '); 1H NWR t), 1.87 (3H,
s), 2.409&mc lé)’er Vﬂasf? tﬁleéﬂn@?ﬁac‘é})m r5m2§m621|—$ “‘é )’01 ‘%ﬁ%@’?e ffhééeffl@flrﬁtu@)
7.09-7. 1%va(§]a|€if[ sfairto 55‘%83117& @8 ﬁo%l'dct cipifaté®by tirhdlitdn oFheptIh@Q3 tdFonPr S) -
Met hod 2 irred slurry oip

[ 3- (4-schIT(h|ecsume$1y1h swals f:tmiydL)om"Chydr Oix thiemitheoyol id -pmeduety dastc @l ebted by

tetrahyd H i nd d

Rt Tt e U Fe RN R v I et
Aceti c arﬁh’-)é@'étf\;ﬁﬁnﬁ(ﬂ@—'kﬂkﬁlorébh‘éﬁ*?[@ﬂ!fa)n yhHo- m&thmnagldﬁgll]a&ftét@as A§Gd; 8Oyt O
95-100C for PLC i ndi'cat ed "presence of area% of et hyl

anal ysi s
[ 4- acetylyaﬂidmbﬁUﬁﬂlﬁ%%B\@mﬁP/sulfanyl) 2-nmet hyl- 1H-i ndol 1- yl]acetate

. f4retent|ont|rre with a
e ; = o] mxttre of sodiumiodide
(171. 16mg,chllora;ﬂhéﬂwishlfamvwl(mmdxm 5ﬂie)thleﬂhét¢anﬁJSC5 1-tetrSidbro AFliaRet i C
anhydri de (4 2ni, 44.54mol es) was heated to 9/C. In flask 2, acetic
anhydrldé‘_-uﬂszﬁw:&)l) was added to a stirred slurry of ethyl [3-(4-

hl h t t rahydro-1Hi ndol
L Oy T achehs A S SRR Do R e o e T fene. {12, 5l and
acetic amhmr@ﬂ(eﬂﬁsﬁfahyl)aﬁt (Igzmttn@nhmbﬁapeasthyluﬁt 8,0, THeeralgded-UFRindol-f4 ask 2 was
dded t h f Kk 2-3.h .mai Nt ai_ni the te t
970, THEHERE Tt Al Eindodendy ff 25 aped s o es AmEa P TRGE s
fol | ot ngifBe . ENdrfRlarduii@ 28RS A%mp]_e{:@ftﬁ@ﬁ% LA IR \%@%&&ea 8y FiptacRnd spl it

into 2 equal size portions. ese portions was cooled to r.t. and
pr opan- | ol d{i2bati 40°Gem/za3ded7 (Vi I),o\IvI NM&W Wat @r23((28nn),, 7.60d 6P6d2Hr mi,5

or oduct | el ehh FAgZly T DB s washedrnt . raphAiBielzS 98

and dried. 81"(321#1&@901 at (A9¢, ]97a1fﬁz?rd crude et hyl [4-
acetyl am no chl orophenyl sul fan nmet hyl- 1H i ndol- 1- yl]acet ate as a

1) - 2-
%nvlharme tivl-il Heindohtfvillagetid adidire) . Purity

solid; 4l : ¢4+ chlor oplre
by HPLC 97. 15 ar ea% Met hod 4
0 )OJ\
plas O
N (®) N @)
4
OFEt OH

To a stirred slurry of ethyl [4-acetylamino-3-(4-chlorophenylsulfanyl)-2-methyl-1H-indol-
I-yl]acetate (3.16kg, 3.05kg corrected for assay, 7.3moles) in 1-propanol (15.3L) was
added aqueous NaOH (1M, 15.3L). The mixture was then heated at 70°C for 2h, cooled to
25 40°C then MIBK (30.5L) was added and the mixture reheated to 80°C. Approximately 20%
of the resulting biphasic mixture was removed from the reaction vessel to be processed
separately. To the remainder, aqueous hydrochloric acid (1M, 13.4L) was added to the
solution over a period of 45mins then the resulting slurry was cooled to 15°C over 1h and

stirring continued at this temperature for a further 30mins. The solid product was collected



30A m xture of sodiumiodide (0.05 nmol equiv) in xylene (1.0 rel vol),
acetic acid (1.0 rel vol) and acetic anhydride (1.2 nole equiv) was heated
to 97-103woiznivmessel 1 with stirring. In vessel 2, acetiPCTardzyuvasd®o( 1. 3
nol e equiv) was added to a stirred slurry of WO

2011/ 004182PCT/ GB2010/ 051100 32 et hyl 3

[ 3- (4- chl orophenyl sul fanyl) - 4- (hydr oxyi m no) - 2-net hyl -4, 5, 6, 7-t et rahydro- 1H
i ndol-1-yl]acetate (1 nole equiv, limting reagent) in xylene (1.0 rel vol)

and aceti¢ d (1.0 rel.wvol C. f1 st'rri at . t.hi

t enper at t? efei rat}o%ﬁfag%%v%uh Wa{er Ezte é/%sL ) g?ild)é’vae d'% ]ﬁp i of (%rlnedroél;ﬂ&?i on
vessel 1 fwefordOhlins heh N dichh B 080 Fﬁm@é ﬁﬂlélé(ﬁ‘n@unb% weeld; 281 SkansksdP2C.
Vessel 2 wgs rinsed with a m xture of xylene (0.25 rel voI) and acetic acid

(0. 25 r elbyvbli MR8 1 Yned ol bk qoafevféé&rlasaay (Phe) ey 9 es RhelfPldt: 98 to
102C f fot I dded
follo or 3;tg@vgfawrﬁﬁm) gg%kﬁge]ln ?@i%gfzt @ ?Klllorl dgeP ?%7%933?“& wﬂ?gnawa'?er

(1.5 rsel vl (1 Hand, Th%—7t3®r(BHr at)uT. e7adeOL($Hed) G$0G0R, brilh)e aqueous Iayer was
separated and di scarded. A warm (60 C) solution ioof sodiumthiosulfate
(0.1 nol éligxnative procgdurel (0 5 rel vol) was added and after nixing, the

T S L L

t he addltlono tot € orgahi
mai nt ai nlyh]gcettdtte (ﬂb@@ﬂaiomoéesatl p@pxmé|Q12§)76l@)dn(68qL@ou§INeOHe(s}M,tliSﬁgkg) urry

was cool ed to ol h 1 e solid duct .was,. col |l ected b
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cr udeet hybich 4 ag.eby! @h figierdd (4 réhberapitenyd sutéam ke Aremidvd withidgol- 1-
yl Jacetate as a solid in 77%yi el d; purltg by UHPLC 97.4 area% Crude et hyl

[ 4- acet yl(&hDke)- BUBK-@H). 6k@)phfasrgdkis<int0ftényqr)l medﬁﬂtrgtqs-andmhmbuonhaiwymycawet ate

and vat or b G RETHAT oAUy R alos G B TE 0 e FETI AP g ik Sl o

was cool efeit Ppdvdaf a@cfdnﬁrl S\ihinG hnélhﬁmﬁﬁgﬂietrba&ﬂoﬁ edrhstriReelconass £l | ected
by centrlfu atlon washed with ethanol (1.7 rel vol) then dried to afford

et hyl [ 4-8dcefq}loziediy-tao furtlgs portingms f (hesame 473 @he ovarappipzimately g@einsiand

I t hod 5
&L""ﬁﬁx?&?e&%ﬁ S ST LR e R A R SR (S
acetic adi7eC 60er2h anélsnm)ig)coanﬁiuealczethlstemmyedmnecfer 4 ﬂm%r nﬁhms €Thd so)idwas
heated to 102.5C in vesse ing. In ve acetic anhydrl de

(1.27 nolPeodghmey C%}ﬁgteé@aéﬂtr%t@na\vﬁhqdrw WRIGF (3 é@k@tfﬁl}«pwed by EtOAc

3- (4-chl f | hydr o- 1H
oot o P SRR AN e R TP R M s e 8 45 ©
vol ) and vﬁﬁ&tsbhdamzkg (90%)

20  Alternative procedure 2

A mixture of ethyl [4-acetylamino-3-(4-chlorophenylsulfanyl)-2-methyl-1H-indol-1-
yl]acetate (99.9kg, 240moles), ethanol (393kg), water (450kg) and aqueous NaOH (10M,
72.3kg) was heated to 59-65°C and held at this temperature for 30mins. The resulting
solution was cooled to 17-23°C then filtered to remove particulate matter and the filter

25 rinsed with water (50.9kg). MIBK (403kg) was added to the combined filtrates and the
mixture heated to 55-65°C. A mixture of aqueous hydrochloric acid (10M, 65.0kg) and
water (496kg) was added to the hot solution over a period of around 45mins, maintaining
the reaction temperature within the specified range. The resulting slurry was cooled to
between 12 and 18°C over approximately 60mins and held at this temperature overnight.

30 The solid product was collected by centrifugation, washed with water (396kg) followed by
ethanol (249kg) then dried under vacuum at a maximum jacket temperature of 60°C to give

the title compound as a white solid; 79.1kg (94%); purity: 99.5 area% by HPLC .



30(0.27 rel vol) at 22C. After stirring at this tenperature for 30m ns,
this m xture was added to the contents of reaction vessel 1 over 50m ns

mai nt ai niwE 2bh@oswaper at ure at 102. 5C. The reacti on was PhelGB2ato/ashios
tenperature for a further 2.5h. The reaction was cooled to WD

2011/ 004182PCT/ GB2010/ 051100 33 60C apd sodiumthiosulfate (0.05 nole
equiv) and water (0.5 rel vol) were added. After m xing, and allow ng the

| ayers to separate, the |ower aqueous |ayer was discarded then the organic
layer wag;ffjisbilled under vacuum renoving 1.8 rel vol distillate. The
tenperature—mas adjusted to 95C and the product precipitated by the
addition of heptanes (3 rel vol). 5 The suspension was cool ed to 20C over

| h then the solid prodyct was collected by filt i on, washed with ethanol
(2 rel vol) and dried ijn vacuo at 40C to affordjcrude et hyl
[4-acety|anino-3-(4-cEiB?&phenyLsuLLan¥;}=2-ne \LH- i ndol-1-yl ]acetate as
a solid; 81%yield; p y¥ by UHPLC 98. 3 area% pagation and isol ation
of a sanple of the internﬁdkate [ 3-114-

10chl or ophenybsul fanyl | - 1- ( 2Fet hoxy- 2- oxoet hyl) - 2- met¥yl - 4, 5, 6, 7-t et r ahydr o
-11-1-indol - 4-ylidenel am no acetate Aceti¢/ anhydride (4.33nL, 45.8mvl)
was added to a slurry of ethyl [3-(4-

chl or ophenyl sul f anyl) - 4- (hydroxyinino) 2-methyl -4,5,6, 7-tetrahydro-1H i ndol
-1- yl]acetate (15g, 38. ZHEj in xylene (33. 7pnL) @nd acetic acid (3.75n)

and the m xture 15stirred r t. for aroun Om ns.| A sanple of the title
conpound was isol ated by ion and drieq at 40Q nfz 435/437 (MHL); 1H
NVR: 7.27 - 7.23 (2H, m 96 +2H, .92 (2H, s), 4.19 (2H, q, J
= 7.1Hz), 2.68 - 2 59 (4H (3H s),

m, 1.22 (3H, t, = 7.1Hz
[ 4- Acet yl am no- 3- (4 chl or ophenyl sul éanyl) - 2- net hyloedfl- 1-i ndol-1-yl | acetic
acid 20 —
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5 Scheme (IV)
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To a stirred slurry of ethyl

[ 4- acet yl am no- 3- (4-chl or ophenyl sul fanyl) - 2-nmet hyl- 1Hi ndol - 1-yl]acetate
(3. 16kg, 8OQ@Bkigpoewser ect ed for assay, 7.3nples) in 1-propamaB20o0H5Blo) was
added aqueous NaOH (1M 15.3L). The mi xture was then heated at 70C for 2h,
cooled to 25 40C then M BK (30.5L) wasz@added and the mi xture reheated to
80C. Approxi mately 20% of the resulting biphasic m xture was renoved from
the reaction vessel to be processed separately. To the remainder, aqueous
hyaroch’ Gt AShYatWim iy SohRP 430 P ded BuldS- RN BKERE PEIr 1 o of
45mns t stirring
continued at this tenperature for a further 30m ns. The solid product was
collected WO 201(1/ 004182PCT/ GB2010/ 054100 34 by fi PPwati on, washed with

wat er (2x98L) oIIovved by EtOAc(? ) then dried gq t efllter for
10mi ns then in |t\ 0 coq:pou s\ solid; 2.15kg;
9|

assay by 1H NI\/R 99 ﬂ%vvlw 2. 14kg co d for assa purity: 99.5
area% by HPLC, in/z: B‘tM-I ); 1H NIVR 1.\8603H, s) 2. cqﬁ&H s), 511
(2H, s), 697700(2H d) 708 57 11(1H n, 727730(3H n,
7.47-7.50 (1H, d), ternative procedure A m xture of

et hyl 5[ 4 neEts ramﬂﬁépécfml @hméﬁhasbfh@mﬁs%@ A Aiyaydee- hEipdol- xw%Cﬁ%il 1-

| ] acet a I OH (1M
50" Tho) (e oy cone P phriogoPRRARY. hidted Bl R e The
resul ti ng3sokubiroctedvis puao 61388 nhcdeﬂan&R(Ediumanethneltnbycbatet(m 1 4nd6d0g

| d fil i Okg). M BK
(240, skoyonadesinautPoocHS maif thuate Tty b Ko Geomr D pbsetediiidet o
heat ed t Q.33 §¥§5hAﬂh’@ﬁ%§uﬂéWsQH$H Qo 8aeC (thMo1R0xBED: WRoRAERL 0 the

hot solution over a period of around 15 mins, maintaining the reaction
t enpewat lfﬂ@atmthsedm@lsmafaducsa?t@?@ltd) ewedhewth gonrfound hen npeurd @hs- anfl 4-he sane

e D ey R b B Yr Oy oo ey R R, b sl 2 e

conti nueg)uat B}hHELCeWQVa?’éa%&th@Eurﬂ of et h@odda Pets; LENGISTRLI Zh0pfopehtht was
collected by filtration, washed with water (2 x 60kg) folTowed by Et0Ac

(81. 1kg) of Hwrpraducéacaks. the filter using nitrogen at 40C to give the title
oo ARl 304 offor B A Rufr V- 22 i SHARUIH . BLGGRAUEE > A
[ 4-acety Iﬁamrm&rarﬁ&e oh buhybﬂ@h(elwﬂosyirﬁlanyl neZhyrelt )1y, Y -tddrkhydeto LHlindylH - gk}et at e

99. 9kg, 240nvl es et hanol ” vvat er (450kg) an ueous NaCH (10
( g acetate (2. O6gg, 2.00g correcteg ? or purlty, 0 rnrnOQ) acetic anl?yc?ndeq(n 37g, 12.24¢ (10M

corrected for purity, 0.120 moles) and tetrabutylammonium iodide (2.997g, 2.953¢g
corrected for purity, 8.0 mmol) in xylene (16mL) was heated under reflux for 2h. The
acetylated oxime is expected to be an intermediate formed in this reaction.After cooling to

20  r.t.acetic anhydride and xylene were removed in vacuo at 50°C. Water (10mL) was added
to the sticky residue and the mixture was evaporated to dryness in vacuo at 50°C. After
cooling to r.t., CH,Cl, (20mL) was added to the residue and stirring continued for 10mins.
Insoluble solid material was removed by filtration and the filtrate was concentrated in
vacuo. Xylene (20mL) was added to the residue, stirring was continued for 10mins before

25 some additional solid material was removed by filtration. The filtrate was concentrated in
vacuo at 50°C and EtOAc (20mL) was added to the residue to give the product mixture as a
solution in EtOAc; purity by HPLC: 9.67 area% cthyl (4-acetylamino-2-methyl-1H-indol-
1-yl)acetate, and 74.79 area% ethyl (4-diacetylamino-2-methyl-1H-indol-1-yl)acetate; LC-
MS showed m/z: 275 and 317, both consistent for MH".



72.3kg) was heated to 59-65C and held at this tenperature for 30m ns. The
resulting solution was cooled to 17-23C then filtered to renove particul ate
mat t er armlotzhg/douister 25 rinsed with water (50.9kg). M BET(GE8logs1was added
to the conmbined filtrates and the m xture heated to 55-65C. A m xture of
aqueous hydrochloric acid (10M 65.0kg}7and water (496kg) was added to the
hot sol ution over a period of around 45m ns, nmaintaining the reaction
tenperature within the specified range. The resulting slurry was cooled to
bet ween : FON&F [ I he| t. ure
over ni ght]T.?0 %%)%#g%sol i &3@%5%0%2 CXH gaﬁg' cggglrnl% Bglg ?%%8 @t

with wat ®Vas(a3863<l@j}(4f-@1ﬂdr0pm11yb)dls&1ﬂﬂf@’(dl18@2%9@&0&%&!&1 fdr plﬁdy,ljéhdmmwlaCIhﬂ:m at a
maxi rrumjacket npe atur of 60C ve the title conpo nd as a white
solid; 790kKgn ega {4m9f~‘ﬁ HAMINGg- @ef%wleg@%‘}olﬂpz cetatggfididhy! (- o4 5Schene

I WO 2
)y o SR AR 0N o ) i%magfd%edyﬁ% eI 5a

stirred mlirogtwise om':r kﬁ;rmm; After stirring for 1h, the 1nsoluble solid material was removed by

(2- met hyl - 4- oxo etrahydro-1Hindol-1-y1 9. 55 4069
Cor r ect cIFBIOpAEs RYRtNSSOBPUERSY fyarBssignt et RIS Anb PR aeadlsd Wag,
23. 959 coRd RGBS td @b RidPrdduct bR 430 BakioRs EEOM! MRIRGOUHAIK Ig7i4yydr at e
(47.149, 46.909g corrected for purity, 0.345 nol es) in water (108nlL) and

Et OH ( 54@da)o gsesmivdarced cthyd B4- aqesf| M OF Bf4- thsmphmésulrfanywem gl-tHen cool ed

to 10C, th odc Iec ion.t ri in vacuo
bt 20C ¢ IR SR RO P S R e Ph A P DM e "5 hg.
assayiby itdfILG-y13Re @& WA 1Y aed d5% Obttecingidtchofor ASISAYA sbHiti8H of&5oBP/o purity

by HPLC. 98.9 area% as the sumof the 2 product doeaks LC-Ms in/z: 250 for
each of t(ﬂé2% Sdile cgggqggd for purity, 8.0 mmol) in water (10mL) was added to the mixture

([;Cli 'g‘cet Yl UnYPraa deAn G nG LRGN oL AR 152 TR T AR d ] O Tabethld anBCet 1

ethyl [3-(4-chlorophenylsulfanyl)-4-diacetylamino-2-methyl-1H-indol-1-yl]acetate in
EtOH prepared above. After 2h, EtOH was removed in vacuo at 35°C. The residual

15 aqueous layer was washed with EtOAc (10mL), diluted with water (10mL) then acidified
to pH 4 with aqueous hydrochloric acid. The resulting product was collected by filtration
then slurried in EtOH (10mL) at 50°C for 15mins. After cooling back to r.t., the solid was
collected by filtration, washed with EtOH (4.0mL) then dried in vacuo at 40°C to give the
title compound as a solid; 1.1g (35.4% over 3 steps); purity by HPLC: 98.24 area%.

20  Route 3

Scheme (V)



15A stirred m xture of ethyl
[ 4- (hydroxyi m no)-2-nethyl-4,5,6,7-tetrahydro-1Hindol-1-yl]- acetate
(2.068g, woQ0y/mwerseected for purity, 8.0 mml), acetic aomGBoa5(R2. 379,
12.24g corrected for purity, 0.120 noles) and tetrabutyl anmoni um i odi de
(2.997g, 2.953g corrected for purity, 8O0 nmml) in xylene (16nl) was heated
under reflux for 2h. The acetylated oxine is expected to be an internedi ate
formed in this reaction. After cooling to 20 r.t. acetic anhydri de and
xyl ene B eh s VRGHD. FimeifiG.4- 48 gt i cky
resi due & Xt UT & W 0 S v — Al ter
cooling tagid .t., CH2Cl2 (20nL) was added to the residue and stirring
continued for 10m ns. Insoluble solid nmaterial was renoved by filtration
and the filtrate was concentrated in vacuo. Xylene (20nL) was added to the
residue, stirring wae cogti o or 10nins befove 2§ <:ﬁ; addi tional solid
oce

material was renovegd- il tion. The filtrage was ntrated in vacuo
at 50C and Et0Ac (2 ] Was added-to—ttheresic i ve the product

m xture as a solutioa”I ™ EtOAc; purity by HPLC .Q;.area@6ethyl
(4-acety|anino-2-nethy1-&+&%ndoll-yl)acetate, and 7#COH ar ea% et hyl

(4-di acetyl am no- 2-net hyl - 1H i ndol-1-yl)acetate; LC-MS showed in/z: 275 and
317, both consistent for MH'. WO 2011/004182PCT/ GB2010/051100 37 To a
sol ut i on AesolT@aref(l003DEg920 1 JTsgorentedior esbay.of2. hammalywaslad@ied tmabtjrrédh Et 0AC
|(o ﬁ?m; s %%%F?t%lﬁ[(h%gmgcg oﬁ%hg}ge%gfé%ﬁ%t%yﬁb?%gtﬁﬁﬁl-(gxlo'-ﬂ‘g %, 7-tuafiSAH- GG Tor
(4- acet yliaytideetal-(Telehy B34 bbirautiailfol aysdy,acielnadel) & 6 nekfiyd o PHF (27mL) and

di acetyl am no- 2-net hy1l- 1H i ndol- 1-y1) acet ate prepared above was added to
the mi xt M@?Héa?rabw%é migtpEe WaDFHIFRSL omlﬂ-&he@rvﬁms Aeere BYNavied i Freeupkddl ubl e

vacuo at Tt B T G Pk R s A SRR ECHRE P et

m xt ur e &37mlLpwehuidded ahd tHetiturp stidréd/folb $riikdlThe 8ifcd Avae ebdwabtoascparxteur e of

et hyl .

[ 4- ackt yIRRTRE2Sd cqueans BY GRRUAYF atif (Ml avadhstiy hongrisiaer 91 det ate and
et hyl [ 3-+édhyt sfaﬁepnmﬂ whd Earytd Bff‘fﬁﬂr@cfo%ta)ﬁh%v@sﬂ&f with®aRYsthth. This .
10i ndol- 1-yl |acetate; m z: 417 and” 459, both consistent for . A solution
of NaOH (@828 [BodkOyas slurrctied rhisturpaf EtGAC @0eIamGH)Cl (2Gmak pand( 10mL) was
added to,the mxture o t hyl . . . .

i acet yrsnnooaSe Bl g Mgl wan drise rjers. apebp e S VBE ey 1 ] acet at e
and et hylcompound; 4.64g; assay by "H NMR: 89.3% w/w; yield corrected for assay: 4.14g (84%);
[3-(4-ch|opophenylsuifanyl -4-di acetyl am no-2-net h I-1H-|ndol-§-yl acet ate
in EtOH puspabetCa9dvascalss mér 33h(MHE; o MRy éﬁax/?e@g (24, e 2d 6 43HIBC. 2Ghe

resi dual 0 I S d_\w 0 Liuted with water
(10nL) e R r??éﬁﬁ&ﬁﬁ%ﬁﬁﬁﬁaﬂ\ﬂ\%%g?' y@ﬁogﬁﬁo@?% e e asart ng
product was collected by filtration then slurried in EtOH (10nL) at 50C for
15m ns. Adweé 3800l i ngback to r.t., the solid was collected by filtration,
washed with EtQH (4.0nm) then dried in va at Lo give_the title
conpound Alterpadyg Sy, thgsis of [3+(4-Gbloxephenylsulf; 1-4-0x0- 98. 24
area% ZQetl?QH\;(ﬁ‘ong-indol-l-vl] acetic acid
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OEt OH Jr OHOH 38
[ 3- (4- Chl orophenyl sul fanyl) - 2- net hyl - 4- oxo-4, 5, 6, 7-t etrahydr o- 1H i ndol- 1-vyl
| acetic woi2d11A082ut i on of Li OH (1.79g, 1.77g correct e@CTE&B2aR3EY10042. 2
mmol ) was added to a stirred 5sol ution of ethyl
[ 3- (4-chl orophenyl sul fanyl) - 2- et hyl - 439x0-4, 5, 6, 7-t et r ahydr o- 1H-i ndo1-
l-yl]acetate (7.5g, 5.33g corrected for assay, 14.1nmmol) in a m xture of
THF (27nL) and MeOH (27nL) The nlxture was stlrred for I h. The solvents

3d i n ) | me of the m xture was
he m xture stirred for
5m ns. The | ayers were allowed to separate, 10 concentrated aqueous
hydrochl oric acid (5nl) s added to the agquequs | ayer and the resulting
solid product was collectgd by filtration and mashed with water (5nmL). This

crude danp product was s in a mxture K, 0Ac (20nL), CH2C12 (20m)
and heptane (20nmL) at r. hegpr educt—was=d priefly on the filter to
give the title conpound; Z.64Yy; assay by 1H NNR: 89-3% W w;, yield corrected
for assay: 4.14g (84%; 15purity by LC 99.1 area% 1nfz: 350 (MH"'); 1H
NVR: 1.99-2.05 (2H, m, 2.16 (3H, s), 2.26-

s A stirred mixture of 2-(2-oxopropyl)cyclohexane-1,3-dione (prepared by evaporation of an
ethanolic solution to dryness under vacuum) (20.0g, 119mmol) and glycine (17.9g,
238mmol) in acetic acid (100mL) was heated under reflux for 1.5h then allowed to cool to
r.t. Water (100mL) was then added and the mixture evaporated to a thick oil in vacuo.
Acetone (200mL) and water (40mL) were added to the residue and the mixture stirred for

10 30mins at r.t., after which the solid was collected by filtration and the filtrates retained.
The solid was slurried with further acetone (100mL) and water (20mL) at r.t. then removed
by filtration. The combined filtrates were concentrated in vacuo then dissolved in aqueous
sodium hydroxide (1M, 200mL), adding a small amount of 10M sodium hydroxide to
bring the pH to 14. After washing with ethyl acetate (2 x 100mL), the mixture was

15 acidified by the addition of aqueous hydrochloric acid (5M, 60mL) then sodium chloride
(50g) was added. After stirring for 4h, the solid product was collected by filtration, washed
with acetone (2 x 25mL) then dried under vacuum at 40°C to afford the title compound as
an orange-brown solid; 7.45g (30%); purity 99.1 area% by HPLC; m/z: 208 (MH"); 'H-
NMR: 13.2 (1H, br s), 6.02 (1H, s), 4.67 (2H, s), 2.65 (2H, t, ] = 6.2Hz), 2.29 — 2.24 (2H,

20  m),2.10 (3H, s),2.02 - 1.95 (2H, m).

[3-(4-Chlorophenvisulfanyl)-2-methvl-4-0x0-4.5,6,7-tetrahvdro-1H-indol-1-vyl]acetic

acid

25



2.31 (2H, t), 2.73-2.77 (2H, t), 4.83 (2H, s), 6.95-6.99 (2H, d),
7.23-7.27(2H, d). Route 3A Alternative Synthesis of

[ 3- (4- Chiwoapheyisgul f anyl) - 2- et hyl - 4- oxo-4, 5, 6, 7- PCT/GB2010/051100
tetrahydro-1Hindol-1-yll acetic acid 39

2-(2-nmet hyl - 4-oxo0-4,5,6, 7-tetrahydro- 1ki ndol- 1-ybacetic acid sl 0 aCY N\
O\--02H 5A stirred m xture of 2-(2-oxopropyl)cycl ohexane-1, 3-di one
(prepared by evaporation of an ethanolic solution to dryness under vacuum

20. Og, I [ g,gg;lt j: ' id:
éleat eg uﬁer r ggﬂloﬁ@g]((g%%? gﬁmt(“#é%\%g% T(gi\%;\g t o;' XJ cl)ﬂgl Sﬁf‘? értgta?s%bgltoégo ??%% nr? vaas
t hen addetloastebnizdie)disuifids @. BgapSman@dint @hy acktaek 7 ShiL)iimresagteroflaskAcgtrone

(200mL) and water (40m) were added to the residue and the mxture stirred
for 1030Mheomlction of thepddifionHhehixivg V%amaﬁawigo oIt uEhensIming-{ihst i on and
the filtrghesoftalkiGinaskhewsRlthdh mgd Sl I?é?gd‘eff%ﬂliﬁé%taﬁﬁhe g@stepgﬁk‘?or( 100n)
and water (20nL) at r.t. then renoved by filtration. The conbined filtrates
wer e coneédt(Ranablyl-hrovad 1hed, e rmhgilms ol wmethl-1 Ayl pgeteoarsd o4, drdnmydn axettgl (1M

200n.), addin mal | amoupt of |1 odi hydr oxi.de .t a_br ] the pHto
Ta " Al encuneny R reain skt st Bty g b dds P

15aci di ficedpwhidieyAdehintfefRd fito RCHBOM B adkyH SEGiM DR hCoddtinfled M h @RHLhe t hen
sodi um chl oride (50g) was added. After stirring for 4h, the solid product

was col | gegctidn s fli¢riched by the addision @ wiatds (Bl bnkfi¢rdeavipseonegnighie aqubobed
et VAT A0 A0 RS B SARRYD Si Oy PR SR50
br s)iw 6.aGZa(lldhous) of HONG odidhl, hygltoxide ®%rindtthe HH td 15 Thedkizdrs wlre2Rparadd24
(2H the aqueous phase was washed with ethyl acetate (25mL), then acidified using aqueous
hydrochloric acid (5M, 7 ml). After stirring at r.t., the oil which had initially separated out
solidified and was collected by filtration, then washed with water (2 x10mL) and dried
under vacuum at 40°C to leave the title compound as a pale brown solid; 1.0g (66%);
15 purity: 79.5 area% by HPLC; m/z:350/352 (MH"); 'H-NMR: 13.3 (1H, brs), 7.25 (2H, d, J
=8.3Hz), 6.96 (2H, d, J = 8.3Hz), 4.84 (2H, 5), 2.75 (2H, t, ] = 5.9Hz), 2.28 (2H, t, ] =

6.1Hz), 2.16 (3H, s), 2.03 — 1.97 (2H, m).

[3-(4-Chlorophenvisulfanyl)-4-(hydroxvimino)-2-methvl-4.5,6.7-tetrahvdro-1H-indol-

20 1-vl]acetic acid

A mixture of [3-(4-chlorophenylsulfanyl)-2-methyl-4-ox0-4,5,6,7-tetrahydro-1H-indol-1-

yl]acetic acid (4.0g, 3.57g corrected for assay, 10.2mmol), hydroxylamine hydrochloride
25 (1.05g, 1.04g corrected for assay, 15.0mmol) and anhydrous sodium acetate (1.24g, 1.23¢g

corrected for assay, 15.0mmol) in EtOH (40mL) was heated under reflux for 6h. After



20m), 2.10 (3H, s), 2.02- 1.95 (2H, m.

[ 3- (4- Chl orophenyl sul fanyl) - 2- net hyl - 4- oxo-4, 5, 6, 7-t etrahydr o- 1H i ndol- 1-vyl
| acetic wo0i2011/00082011/ 004182PCT/ GB2010/ 051100 40 Sul f eCYIGB2bionsi e
(0.2, 2.5mmol) was added slowy with stirring to a solution of bis-(4-

chl orobenzene) di sul fide (0.72g, 2.5mmv}) in ethyl acetate (7.5nL) in
reaction flask 1 at r.t. On conpletion of the addition, the m xture was
allowed to stir for a further 60m ns. The contents of reaction flask 1 were

t hen add peLi i i .on: 50f .
2 (2- met o L PCRAE G Blodaals obBedb o RURRINRRTin By of
4. 3nmol ) HtOHetl iyll) aceivatee ((4mbOnfoy 15mins @act. Tho sblichsks eblkrtted by filfketdat i on
flask 1 was rjnsed with ethyl acetate (2gL) which was transferred into
reaction VY%SB%‘LWQIF aegtone (1 AgLthen deise m&@a&%w IgH’ettW‘eHﬁ? FRINPRREE 3-8A%was
quenched ey aidipt i : 1ep vi\ng -0 iehy. .1 AQueous
sodi um hfg%égﬁ?g\é (1?/[B 32@& ’%E%gréée toa%sﬁg %l%éngzl/@ ﬂﬁ/_xgﬁg; QMV\A }[’h ??i rring
fol | owed 183 28l, an)srhb (3RrmLUNE4-2159 TON 9,087 BHhsalreoki-a88 (2H )i RGO47S pH to
14. The | ayers arat ed, the aqueous phase was washed w th et hyl
acetate ((g%in‘i)) l&ﬁﬁﬂi;@.%. fied using aqueous hydrochloric acid (5M 7 mil).
After stirring at r.t., the oil which had initially separated out
sol i di fi edtedngtivesyntRdsisesit[844.10n1b¢dphleatls@Panyi 4 th V@SR Gninb}-P-i@her (2
xI'OnL) and drred under vacuumaf 40C to Teave the T1flTe conpound as a pale
brown sol4:46.7tetyghydimed H-indelrk-yHacetivachl ar ea% by HPLC, nf z: 350/ 352 (VHL);
IHNVR 13.3 (1H, br s), 7.25 (2H, d, J = 8.3Hz), 6.96 (2H, d, J = 8.3Hz),
4.84 (2Hy3) ., 2.75§H, t, J = 5. 9Hz)|0\2.28 (24, t, J = 6.1Hz), 2.16 (3H,

I

s), 2.03 - N. 97« cl IN st
[3-(4-Chlo y fanyl) - 4- (hydr oxyiq ng) - thyl-4,5,6,7-tetrahydro-1H
-i ndol 201-yu Jl 3cetic acid -~ R

e °

OEt OH

10 Aqueous sodium hydroxide (1M, 10mL, 10mmol) and water (20mL) were added to a
stirred suspension of ethyl [3-(4-chloro-phenylsulfanyl)-4-(hydroxyimino)-2-methyl-
4,5,6,7-tetrahydro-1H-indol-1-yl]acetate (4.0g, 10.2mmol) and ethanol 40mL) and the
mixture was warmed up to 40°C. After 1.5h at this temperature, the reaction mixture was
allowed to cool to r.t. and held overnight. The suspension was reheated to 33°C and acetic

15 acid (1.7mL, 29.7mmol) added to the resulting solution. The mixture was allowed to cool
to r.t., the solid product was collected by filtration, washed with water (2 x 20mL), then
dried under vacuum at 30°C to provide the title compound as a solid; 2.94g (79%); purity
by HPLC 98.9 arca%

[4-Acetvlamino-3-(4-chlorophenvlsulfanvD-2-methvl-1H-indol-1-vl]acetic acid

20



A m xture of

[ 3- (4- chl orophenyl sul fanyl) - 2- net hyl - 4- oxo-4, 5, 6, 7-t etrahydro- 1H i ndol- 1-

yl ] aceti cwachd/q04180g, 3.57g corrected for assay, 10.2muCr/GHrytvmsxyban ne

hydr ochl ori de 25(1.05g, 1.04g corrected for assay, 15.0mmol) and anhydrous
sodi um acetate (1.24g, 1.23g correctedyfor assay, 15.0mol) in EtOH (40nl)
was heated under reflux for 6h. After 41 cooling to OC, the solid product
was collected by filtration then slurried in a m xture of EtOH (14nL) and

water (1 r 1 ) T Yol :ol\ £ | | ban,
washed wit Pbdiort ST oo MR FHS R RY ZARESLES S AR
conpound;1 Bindah ] -yilasaiye abid (NI, 0.9% Sfvculed/forydsedyd 2@anmedt Bdl (0i20gassay: 3. 269
(87%; mz; 365 (MH '); 1.79- 51.83 (2H, m, 2.13 (3H, s), 2.54-2, 59 (4H,
t), 4. 73_1(32W0§)apd eseélf-ae'%yéld@z(h,oﬂﬁy ,15-76?12@@"13/ 1112?5‘/1%%,%-7&1;) Vi@.hé‘gteéﬂ-ﬁ5 br s).

Al ter nat igyes syt Q?éttlﬁteﬁfoxime is expected to be an intermediate formed in this reaction.

[ 3- (4- Chl orophenyl' s Ifanyl)-4-(Rydroxy|nlno)-2-nethy|4,5,6,7-tetrahydro-1FL
i ndol1+s1- fteraoeingtoadi, d sampleivoasAgalesadsbysGHLAIAVIRstowigd® afdd® 10ni, | Omol)

and water  (20n) .were added to a stirred su si.on, of. et.hyl.

e (Ao TSP SRRy i B e E T DR HEE kMo oReid. #t ¢ any o o- 11
- i ndo1- Tyl RGet At BorlsfhtQE withQn2aiRhkic @isbist hanol 40ni) and the nixture was
warmed up to 40C. After 1.5h at this tenperature, the reaction m xture was
allowed to cool to r.t. and held overnight. The suspension was reheated to
33C and acetic 15acid (1.7m, 29.7mmol) added to the resulting sol ution.
The m xty e vas abl iR d5 e R I o indol A SRRk i da R 0duct was col | ected by
filtratiom ' , under vacuum at 30C to
provide the title conpound as a solid; 2.94g (79%; purity by HPLC 98.9
area@6[4-AcetyIanino-3-(4-ch|oropheny|sulfanyl)-z-netgyl-lkkindol-l-yll
acetic acid WD 2011/ 004182PCTAOCB2010/ 051100
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N N
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2-]4-(hvdroxvimino)-2-methvl-4.5.6,7-tetrahvdro-1H-indol-1-vl]acetic acid

o HO.
|
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15

A mixture of 2-(2-methyl-4-0x0-4,5,6,7-tetrahydro-1H-indol-1-yl)acetic acid (4.0g,
19mmol), hydroxylamine hydrochloride (2.0g, 29mmol) and anhydrous sodium acetate
(2.4g, 29mmol) in ethanol (40mL) was heated under reflux for 6h with stirring. After

20 cooling to r.t. and holding overnight, the mixture was further cooled to 4 °C. The solid
product was collected by filtration, washed with water (15mL) followed by ethanol (15mL)
then dried under vacuum at 40 °C to afford the title compound as a pale brown solid; 3.68g
(86%); purity: 96.7 area% by HPLC; m/z:223 (MH"); 'H-NMR: 9.82 (1H, br s), 6.48 (1H,
d, J=0.90Hz), 4.58 (2H, s), 2.56 —2.51 (2H, m), 2.29 — 2.24 (2H, m), 2.09 (3H, s), 1.86 —

25 1.79 (2H, m).



42 A m xture of

[ 3- (4- chl oro- phenyl sul fanyl) - 4- (hydr oxyi m no)-2-nethyl -4,5, 6, 7-tetrahydrolH
-i ndol- 1-wb2acewis2aci d (1.0g, 0.9 g corrected for assapCTZLBEROMmMSI)00 Nal
(0.20g, 1.3mmol) and acetic anhydride (1.0nL, 10.6mmol) in xylene (6.7mn)
was heated at 85C for 5h. The acetyl atggl oxine is expected to be an
intermediate formed in this reaction. 5 After cooling tor.t., a sanple was
anal ysed by UPLC-Ms5 showi ng 39 area%

[ 4- acet yl am no- 3- (4- chl or ophenyl sul fanyl) - 2- net hyl- 1H i ndol-1-yl Jacetic
acid, at a retention tinme consistent with an authentic sanple. Synthesis of
2- (4- acea@-AcetZmitii-Mnhethit-1 Hdadelll-yhaeeticiacidaci d 10 \ a- NN
\--CO2H\ - - - CO2H

2- 1- 4- (hydroxyi mi no) - 2-net hyl -4, 5, 6, 7-tetrahydro- 1H i ndol-1-yl| acetic acid
A m xture of 2-(2-nethyl-4-o0x0-4,5,6,7-tetrahpdro-1Hindol-1-yl)acetic acid
(4.0g, 19mmol), hydroxyb%nine hydr ochl ori de Qﬂxﬁﬂ’ 29mmol ) and anhydrous

sodi um acet at e i
N N

Acetic anhydride (1.0mL, 10.6mmol) was added to a stirred slurry of 2-[4-(hydroxyimino)-

2-methyl-4,5,6,7-tetrahydro-1H-indol-1-yl]acetic acid (2.0g, 9.0mmol) in a mixture of
acetic acid (10mL) and xylene (10mL) at r.t. in reaction flask 1 (mildly exothermic
addition) then the mixture was held with stirring for 75mins. Meanwhile, reaction flask 2

10 was charged with acetic acid (5mL), xylene (5mL), acetic anhydride (2.6mL, 27.5mmol),
and sodium iodide (270mg, 1.80mmol) and the mixture was heated to 90-100°C with
stirring. The contents of reaction flask 1 were transferred to reaction flask 2 in aliquots
over a period of 1.5h, whilst maintaining the reaction temperature at 90-100 °C. Reaction
flask 1 was rinsed with a mixture of xylene (2mL) and acetic acid (2mL) which was

15 transferred into reaction flask 2. Subsequently, the reaction mixture was maintained at
100°C for a further 2.5h and was then allowed to cool to r.t. The liquid phase was decanted
off from a thick residue in the reaction flask and the residue was washed with acetic acid
(5mL) followed by xylene (SmL). The decanted liquid and washes were combined and
evaporated to dryness in vacuo to leave a dark brown residue. Analysis by HPLC and LC-

20  MS showed 29.2 area% of a peak giving m/z 247 (MH").

25



(2.49, 29mmol) in ethanol (40nL) was heated under reflux for 6h with
stirring. After 20cooling to r.t. and holding overnight, the m xture was
further cwol2zed/me184 C. The solid product was coll ected PgTIGE20 0415100,
washed with water (15nmL) followed by ethanol (15nL) then dried under vacuum
at 40 Cto afford the title conpound agsa pale brown solid; 3.68g (86%;
purity: 96.7 area% by HPLC, in/z:223 (MH"'); 1HNWVR 9.82 (1H, br s), 6.48
(1H, d, J = 0.90Hz), 4.58 (2H, s), 2.56 -2.51 (2H, m, 2.29 -2.24 (2H, m,
2.09 (3Hpsideql 86 - 251.79 (2H m. WO 2011/004182PCT/ GB2010/ 051100 43
2- (4- Acetarrdo- 2- net hyl - 1H- i ndol- 1-ybacetic acid 5 Acetic anhydride
(1.0m., 10.6mol) was added to a stirred slurry of 244-(hydroxyi m no)-
2-methyl-4,5, 6, 7-tetrahydro-1H i ndol-1-yl]acetic acid (2.0g, 9.0nmol) in a
m xture of aceti® acid (10nL) and xylene (10nmL) @t r L<;;P_%Faction flask 1
ddi tion) then the m xture wgs het d h stirring for
75m ns. Meanwhi action f ha | M acetic acid (5nL),
xyl ene (5nmL), a i§ anhydride (2.6nL, 27.5muol aNd sodi um i odi de (270nyg,
1.80mmol ) and the m xture was heated to 90-100C wi t A stirring. The contents
of reaction flask 1 were transferred to reaction flask 2 in aliquots over a

period of 1.5h, whilst maipfai ni ng ti:;reaction tenperature at 90-100 C.

Reaction flask 1 was rinsed of xylene (2nlL) and acetic acid
(2mL) which was 15transferre 0 I tion flask—=2—Sdbsequently, the
reaction nixture was maintailpedl a¥—100C for a further 2.5h and was then
allowed to cool tor.t. The | quﬁd phase was decanted off froma thick
residue in the reaction flask and the residue was washed with acetic acid
(5m.) followed by xylene (5nlL). The decanted |iquid and washes were
conbi ned and evaporated to dryness in vacuo to quye a dark brown residue.
Anal ysis by HPLC and LG /J\

NH
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-

N

H

O

Y
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Scheme (VI)

3-(4-Chlorophenvlsulfanyl)-2-methvl-4.5.6.7-tetrahvdro-1H-indol-4-one

10 Sulfuryl chloride (1.7mL, 21mmol) was added slowly with stirring to a solution of bis-(4-
chlorobenzene)disulfide (6.0g, 21mmol) in ethyl acetate (45mL) in reaction flask 1, which
was cooled in an ice-water bath. On completion of the addition, the mixture was allowed to
stir at r.t. for 30mins. The contents of reaction flask 1 were then added over a period of 1h
to a stirred suspension of 2-methyl-4,5,6,7-tetrahydro-1H-indol-4-one (5.0g, 33.5mmol) in

15 cthyl acetate (22.5mL) in reaction flask 2, cooled in an ice-water bath, adding further ethyl
acetate during the course of the addition to keep the heterogeneous reaction mixture

mobile. Reaction flask 1 was rinsed with ethyl acetate (10mL) which was transferred into



20 M5 showed 29.2 area% of a peak giving mz 247 (MH'). WO

2011/ 004182PCT/ GB2010/ 051100 44 Route 4 OEt Schene (VI)

3- (4- Chl owophamhssal f anyl) - 2- met hyl - 4, 5, 6, 7-t et r ahydr o- PEHiGBR0OM/041 INE
10Sul furyl chloride (1.7nm, 21mol) was added slowy with stirring to a
sol ution of bis-(4- chlorobenzene)disuhfide (6.0g, 2 |mmol) in ethyl
acetate (45nL) in reaction flask 1, which was cooled in an ice-water bath.
On conpl etion of the addition the m xture was al |l owed to stir at r.t. for

30m n d od of
lht osa S |ecr §Ig %ﬂ%ssé%fsnll 6@&1@% ﬁé%n éhwg%}tt%e@lrcgh ?@%ﬁm one
(5. Og, 33vdsntiowd tmwaliﬁetd'rytl Th@@dlﬁlt;ﬁodlﬂﬁ w&ﬂt&»llecredrlgaﬁltmmsn Maalséd withcool ed in

an i ce-water bath, addi furth thyI acetate durin he course of the
addi t i on cthy! pessge {hg 1 ﬁ@%gf &%gag FTARETYBAL H4° Qttapé) 'ﬁ‘FélteR%@E?‘i@rﬁsflask

1 was rinspt Wb s%'hﬁ}’éb%&%%)?p&&?ms Wi, EhoWBPLEY ARSIETFRA MO H-
s NMR: 11.77 (1H, s), 7.24 (2H, d, J = 8.1Hz), 6.95 (2H, d, J = 8.1Hz), 2.80 — 2.74 (2H, m),
2.29-221(2H, m), 2.16 (3H, s), 2.05 — 1.95 (2H, m).

N-[-3-(4-chlorophenylsulfanyl)-2-methvl-4.5.6,7-tetrahvdro-1H-indol-4-

vlidene]hvdroxvylamine

10

HO.
c' O

|
3

Tributylamine (6.6mL 28mmol) was added to a stirred suspension of 3-(4-
chlorophenylsulfanyl)-2-methyl-4,5,6,7-tetrahydro-1H-indol-4-one (8.0g, 27mmol) and

15 hydroxylamine hydrochloride (1.9g, 27mmol) in ethanol (40mL). The mixture was heated
to 65°C and maintained at this temperature for 4h then allowed to cool to r.t. and left
overnight. Additional hydroxylamine hydrochloride (0.15g, 2.2mmol) and tributylamine
(1.0mL, 4.2mmol) were added and the mixture was re-heated to 65°C for a further 2h.
After cooling to r.t., the solid product was collected by filtration, washed with ethanol (2 x

20 10mL) then dried in a vacuum oven at 40°C to give the title compound as an off-white
solid; 5.71g (68%); purity: 96.3 area% by HPLC; m/z: 307/309 (MH"); "H-NMR: 11.26
(1H, s), 10.20 (1H, s), 7.23 (2H, m), 6.92 (2H, m), 2.62 — 2.58 (2H, m), 2.56 — 2.52 (2H,
m), 2.12 (3H, s), 2.83 — 1.76 (2H, m).

25 N-|3-(4-chlorophenvisulfanyl)-2-methvl-1H-indol-4-vl]jacetamide




45 reaction flask 2. Stirring was continued overni ght whilst the thick,

het er ogeneous m xture was allowed to warmto r.t. The solid product was

col | ect edwbyoftvdosrsat i on, washed with ethyl acetate (2 xPCPmB20tosniodri ed
under vacuum at 40C to provide the title conpound as a pale yellow solid;
8.62g (88%; purity: 94.3 area% by HPLg niz:292/294 (MHl); 1H S5NVR 11.77
(1H, s), 7.24 (2H, d, J = 8.1Hz), 6.95 (2H, d, J = 8.1Hz), 2.80 - 2.74 (2H,
m, 2.29 -2.21 (2H, m, 2.16 (3H, s), 2.05 - 1.95 (2H, m.

Nt3- (4-chl or ophenyl sul fanyl) - 2-net hyl-4,5, 6, 7-tgtrahydro- 1H i ndol- 4-

yl i denej hydroxyl ﬂgi ne 10 Tri butyl am ne (6/Ugm_ 28 was added to a
stirred suspension tﬁ 3-4

S cl

chl or ophenyl sulfany - 271me -4 5,6, 7-tetrahyd in -4-one (8.0g,
27mmol ) and is hyd |I a¥ine hydrochloride (1. ) in ethanol
(40nmL). The m xture~wa@3Nheated to 65C and nmainta ne(‘,i‘, at this tenperature

for 4h then allowed to cool to r.t. and left overnight. Additional

hydr oxyl am ne hydrochl oride (0.15g, 2.2mol) and tributylam ne (1.0nL,
4.2mvol ) were added and the mi xture was re-heated to 65C for a further 2h.
After codidetiganhydride (1.1mhels6minedl prvedasdsied vms sttt deredf Hyf-F-(4-t rati on,

hed h 2 40C
e ehibp RS bR & PEd e RE A R LaS M B By gl L0 D0 ©
by HPI§C (8. 0%29 81%@161)39% rhitkikd of ddotiBvRd (itﬁmzﬁar(dlme@)(,lsﬂaﬂ) 80 t( thHea&@on 7. 23

(2H, 2 (2H 2.62 - 2.58 (2H, m, 2.56 - 2.52 (2H, , 2.12 (3H,
s), 2. 83 ﬂ.aslg_l f}@ll@bﬁxoﬂa}prmw addition) then the mixture was held with stirring for 45mins.

ggT-l }8 Ogj\g%gé& 1%%5}%}1 1%38%} hgrggﬁ“%vli%lacg't}c &id P?dﬁllLﬁ XY eh@%ﬁgﬁﬂb,qﬁetlc

anhydride (1.1mL, 11.6mmol), and sodium iodide (70mg, 0.47mmol) and the mixture was
heated to 110°C with stirring. The contents of reaction flask 1 were transferred to reaction

10 flask 2 in aliquots over a period of 2h, whilst maintaining the reaction temperature at 110
°C. Reaction flask 1 was rinsed with a mixture of xylene (2mL) and acetic acid (2mL)
which was transferred to reaction flask 2. Subsequently, the reaction mixture was
maintained at 110°C for a further 3h then allowed to cool to r.t. and held overnight. The
reaction mixture was evaporated to dryness in vacuo to leave a dark brown solid residue.

15 This was purified by chromatography on silica gel, eluting with dichloromethane / ethyl
acetate to provide the title compound as an off-white solid; 2.74g (85%); purity 95.6 arca%
by HPLC; m/z: 331/333 (MH"); 'H-NMR: 11.84 (1H, s), 9.45 (1H, s), 7.45 (1H, d, J =
7.7Hz), 7.29 (2H, d, J = 8.3Hz), 7.17 (1H, d, J = 8.0Hz), 7.04 (1H, t, J = 7.9Hz), 6.98 (2H,
d, J=8.2Hz), 2.40 (3H, s), 1.84 (3H, s).

20

Ethyl [4-acetylamino-3-(4-chlorophenvisulfanvyl)-2-methvl-1H-indol-1-vl]acetate

. B
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Acetic anhydride (1.1nm, 11.6mmvl) was added to a stirred slurry of
N4- 3- (4-

chl or ophewgl2suldoarsgl) - 2- mret hy1- 4, 5, 6, 7-t et r ahydr o- 1H i natoT/GB2910/iderve] hydr ox
ylam ne 5(3.0g, 9.8mmol) in a mxture of acetic acid (15nm) and xyl ene
(15m.) at r.t. in reaction flask 1 (mhgly exotherm c addition) then the

m xture was held with stirring for 45mns. Meanwhile, reaction flask 2 was
charged with acetic acid (7.5nm), xylene (7.5nL), acetic anhydride (1.1ni,

11. 6rmol ) sad i1y 4 0d] \ A7 ) 1 and: t he m - heated to
110C wi t ﬁj“sntl r?eio(r%g\.] 4e8g%% géﬂ@ﬁg@ngggc@%w }I?EIS 01% %@Cé&ﬁl(gen fefred to
react i on 3i.0simalkanhydiouspotgssiirs carbenata (pé3d, dbnaho}mcetohe | KimImedndtediydi ng t he
reaction tenperature at 110 C. Reaction flask 1 s rinsed with a m xture
of xyl ené’“{@%?ftaé“n@-%)&lt’i4cs%PB W %E&tewmﬂﬁ TS %’? éééftléqllr@aYgtddo F&a8di on
flask 2. - ' ' : i i s for a
further 4n ThonLaliryiembagnreafer R At N ik g oe e Mh SRR AR T o

m Xt use wWasmestageovaatcedletl ¢o dt. yWass(2i nl Grakuwas aldedahe saiddapéudd masmokdakddd

residue. |1 i S _was rified by chropatqgraphy on silica l,, eluting with
G ohi or ot TaHe Saehgiis st 1B o0 RS Bl Ehpe el an T o 2061 8

of £-whi t @it Qbirflou) £4 B8He PN 11 6eI028) 5 8RYODY oDy HPLL: 9331/ 333 (M
"); IHNWR 11.84 (1H s), 9.45 (1H 's), 7.45(1H d, J = 7.7Hz), 7.29 (2H,
d, J = 843HAY (VIHLTY, ‘thNMRy 9.3 & B spHAS, (117, 04) T 719H=), 7.33 & H;, doiHr)8.21d2)98 ( 2H,
d, J = 8. .40 )z t hyl

- acet yiTam 06 & {25k SOy et PO ST eE Y - 582t 291 Wbt a e
WO 2031/ QO 1EIPCT/1EBR Q1Y BB 400.86 (34, & K.QQISSH,QI T N7 1Hz).

[ 3- (4-chl or ophenyl sul fanyl) - 2- met hyl - 1H-i ndol- 4-yl ] acet am de (1. O0g,

3. 0mmol ), anhydrous potassium carbonate (0.63g, 4.6mmol), acetone (10nl)
and et hyl bronpacetate (0.50nL, 4.5mmol) was heated under reflux for 1.5h
then cooled to r.t. and left stirring at this tenperature overnight. After
heating under reflux for an additional Ih, 5 the mxture was cooled to r.t.
Water (2 x 10nmL) was added, the solid product was collected by filtration,
washed with water (10nlL), then dried in a vacuumoven at 40C to afford the



title conpound as an off-white solid; 1.16g (92%; purity 95.4 area% by
HPLC, mz: 417/419 (MH); 1HNWR 9.52 (1H, s), 7.45 (1H, d, J = 7.9Hz),
7.33 (1HwO2001/0048822Hz), 7.29 (2H, d, J = 8.6Hz), 7.11 @CHGHE2p10005+108. OHz) ,
6.97 (1H, d, J = 8.6Hz), 5.24 (2H, s), 4.18 10(2H, q, J = 7.1Hz), 2.39 (3H,
s), 1.86 (3H, s), 1.22 (3H, t, J = 7.1}k). 48 CLAIM5 1. A conpound of
formula (X): 5Swherein: Xis =0, =N-OH or =N-0C(0)Me; Y is hydrogen or Qis
hydrogen or chloro; and Z is hydrogen or -CH2COORL wherein le is
sel ected éﬁ gﬂsgsydr ogen, optionally iosubstituted hydrocarbyl and optionally
substitu erocyclyl; provided that when Y is hydrogen, Z is not
hydrogen. or a salt thereof 2. A conpound according to claiml of formula
(I'1): XY whéer & rompound ofRbrimslagX).ect ed from hydrogen, optionally
substituted hydrocarbyl and optiona&ly substituted heterocyclyl; 20X is =0,
=N- OH or =N-0C(0) Me; Y

| A\

N
\

z

5 wherein:

X is =0, =N-OH or =N-OC(0O)Mg;

e

2

Y is hydrogen or
Q is hydrogen or chloro; and
Z is hydrogen or -CH,COOR' wherein R' is selected from hydrogen, optionally
10 substituted hydrocarbyl and optionally substituted heterocyclyl;
provided that when Y is hydrogen, Z is not hydrogen.

or a salt thereof.

2. A compound according to claim 1 of formula (II):
Xy
N
N O
OR'
15
Uy
wherein:

R’ is selected from hydrogen, optionally substituted hydrocarbyl and optionally
substituted heterocyclyl;
20 X is =0, =N-OH or =N-OC(0O)Mg;



49 QY is hydrogen or; and Qis hydrogen or chloro; or a salt thereof

53. The conmpound of formula (11), or a salt thereof, as clained in claim 2,
wher ei n: WO 2011/doit182s sel ect ed from hydrogen, C _6al kyl , PC2/@2bioasyiop
C2_6al kynyl, C3_6cycl oal kyl, optionally substituted phenyl and optionally
substituted benzyl. 4. The conpound of,§ornmula (I1), or a salt thereof, as
claimed in claim2, wherein: 10Rl is selected from hydrogen, C _6al kyl,
C2_6al kenyl , C2_6al kynyl, C3 6cycl oal kyl, phenyl and benzyl; wherein t he
phenyl and benzyl are optionall ubstituted by one or nore halo, nitro,
cyano, hydroxy, G _6al kyl, d C _6al kanoyl, N (G _6al kyl ) am no,
N, N- (G _6al kyl) 2am no, N-( ayoyl™) am no,

N (G _6al kanoyljs-hyid(agen 6al kyl ) aivimo, cardsdmoyl , sul f anoyl ,

N (G _6al kyl) N, 6a|ky1)2carbanny|
15N- (Ci _6al kyf‘?&%ﬁ%ﬁ?ﬁﬂorcﬁh(o 6al ky1) 2sul famoyl or (G _6al kyl)-S(0) a-
wherein grhSa@tiéreop. The compound of formula (11), or a salt thereof, as

claimed in claim?2, wherein: ki is selected fromC _6al kyl, C2_6al kenyl
C2_6al kynyl, C3 6cyc|oa|ky| phenyl and benzyl 20 6. The conpound of
fornula (II) r a salt f s cla i of, .clal

wher ei’n \? i's r?g})l rc8mé)ﬂun lcﬂacglr}gooﬁr? aitlﬁ?%r%o%d fnlefi)m Clalrna sa?rFmt hereof
as claimed in Rslrlyseqéct@d ﬁbﬂﬁ&lyardg@n@ _Abwherghikenyli 6, ARl Cophemalisul f anyl .

optionally substituted phenyl and optionally substituted benzyl.

4. The compound of formula (IT), or a salt thereof, as claimed in claim 2, wherein:

10 R! is sclected from hydrogen, C;salkyl, Cysalkenyl, C,ealkynyl, Cs¢cycloalkyl,
phenyl and benzyl; wherein the phenyl and benzyl are optionally substituted by one or
more halo, nitro, cyano, hydroxy, C; salkyl, Ci salkoxy, C;salkanoyl, N-(C;_ealkyl)amino,
N,N-(Cyealkyl),amino, N-(C; salkanoyl)amino, N-(C;_salkanoyl)-N-(C; salkyl)amino,
carbamoyl, sulfamoyl, N-(C,_galkyl)carbamoyl, N,N-(C,_salkyl),carbamoyl,

15 N-(Cjealkyl)sulfamoyl, N,N-(C;_salkyl),sulfamoyl or (C;_ealkyl)-S(O),- wherein a is 0-2.

5. The compound of formula (IT), or a salt thereof, as claimed in claim 2, wherein:
R’ is selected from Cgalkyl, Co.galkenyl, C,galkynyl, Cs¢cycloalkyl, phenyl and
benzyl.
20
6. The compound of formula (IT), or a salt thereof, as claimed in any of claims 2 to 5,

wherein Y is hydrogen.

7. The compound of formula (IT), or a salt thereof, as claimed in any of claims 2 to 5,

25 wherein Y is 4-chlorophenylsulfanyl.

8. The compound of formula (IT), or a salt thereof, as claimed in any of claims 2 to 5,

wherein X is =0.



50 9. The conpound of formula (11), or a salt thereof, as clainmed in any
of claimse 2 to 5, wherein Xis =N-OH wherein: Xis =0, =N-CH or

=N- 0C( 0) M&O 2011/004182 Q i s hydrogen or chloro; i ooPCa/GE10/dSh®eof

11. The conpound of fornula (XI), or salt thereof, as clained in claim 10,
wherein Y is 4-chlorophenyl sul fanyl. 1532. The conmpound of fornula (XI), or
salt thereof, as clained in claim10, erein Xis =0 or =N-OH.  13. Use of
t he conpound of fornula (I1), or a salt thereof, as clained in any of
claims 240 9 [r(?fqg i i nter i . npound
of for rrulgta (11 ,%Cgrrntﬁga t {élgzg?’,&gs a%r%aﬁﬁggﬁéé%?&i&aﬁ%%% £ 3599 as
an i nt er nectrdh & isN-O8I. manuf act ure of the conpound of forrmula (I). 51

10. A compound according to claim 1, which is of formula (XI):
Xy
N
N
S H
wherein:

X is =0, =N-OH or =N-OC(0O)Mg;

"SOQ

Y is ;and
Q is hydrogen or chloro;
10 or a salt thereof.
11. The compound of formula (XI), or salt thercof, as claimed in claim 10, wherein Y
is 4-chlorophenylsulfanyl.
15 12. The compound of formula (XI), or salt thereof, as claimed in claim 10, wherein X
18 =0 or =N-OH.
13.  Use of the compound of formula (IT), or a salt thereof, as claimed in any of claims

2 to 9 as a pharmaceutical intermediate.
20
14. Use of the compound of formula (IT), or a salt thereof, as claimed in any of claims

2 to 9 as an intermediate in the manufacture of the compound of formula (I).

15. A process comprising reaction of a compound of formula (II) of formula (Ilc):



(lie) wth an acetylating agent; wherein the values of |le are as defined in
clains 2 to 9, and wherein Qis chloro. 5 16. A process conprising the
reacti on wo 2a11comsound of fornmula (11) of forrmula (lid)PCRNGEA010{dSI) Wit h
an acetylating agent; iowherein le is as defined in clains 2 to 9. 17. The
process as claimed in claim15 or claig 16 wherein the acetylating agent is
acetic anhydride. 1518. The process as clainmed in any of clainms 15 to 17,
wherein the reaction is carried out in the presence of an iodide salt.

19. The process as clainmed in any of clains_15 to 17, wherein the reaction
is carried out in the presence oflNO LgQ 20 20. The process as
claimed in any of clains 15 to 17, whgerel e reaction is carried out in

t he presence of a carboxylic aaf sol vent. 21. A process for the
preparation of a conpound of fd

(IIc)
with an acetylating agent;

wherein the values of R! are as defined in claims 2 to 9, and wherein Q is chloro.

16. A process comprising the reaction of a compound of formula (II) of formula (11d):
NOH

with an acetylating agent;

10 wherein R! is as defined in claims 2 to 9.

17.  The process as claimed in claim 15 or claim 16 wherein the acetylating agent is

acetic anhydride.

15 18.  The process as claimed in any of claims 15 to 17, wherein the reaction is carried

out in the presence of an iodide salt.

19.  The process as claimed in any of claims 15 to 17, wherein the reaction is carried
out in the presence of a Lewis acid.

20
20.  The process as claimed in any of claims 15 to 17, wherein the reaction is carried

out in the presence of a carboxylic acid co-solvent.

21. A process for the preparation of a compound of formula (I):



0 whi ch conprises reaction of a conmpound of formula (11AA): 10 where
R1' is hydrogen or G _6al kyl with an acyl ating agent followed by

de- est eriwDcatwooms222. A process according to claim 21 i RCRGER2N10RE1100S
hydrogen or ethyl. 1523. A process according to claim21 or 22 in which the
acylating agent is acetic anhydride. 24, A process according to any one of
clainse 21 to 23 which is carried out in the presence of xylene and sodi um

i odide. 53 25. A conmpound of forrmula (I) prepared according to a process as
defined in any one of clainms 15 to 24.

0
/U\NH s@—u
N\
N @)
'
OH
()

which comprises reaction of a compound of formula (ITAA):

(ITAA)
10

where R" is hydrogen or C,_alkyl with an acylating agent followed by de-esterification.

22. A process according to claim 21 in which R is hydrogen or ethyl.

15 23. A process according to claim 21 or 22 in which the acylating agent is acetic
anhydride.
24. A process according to any one of claims 21 to 23 which is carried out in the

presence of xylene and sodium iodide.

20
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53

25. A compound of formula (I) prepared according to a process as defined in any one

of claims 15 to 24.



