| NTERVEDI ATES AND PROCESSES FOR THE PREPARATI ON OF 4- (ACETYLAM NO ) -3- |
(4- CHLORO PHENYL) THI O -2- METHYL-L1 -1 NDOLE-1- ACETI C ACI D The present
i nvent i oowoebatmesisto the technical field concerned w thpChaBargsimeal e
manuf acture of pharmaceutical conpounds. International patent application
PCT/ SE2004/ 000808, (\W02004/1 06302) is; concer ned W th substituted indoles
useful as pharmaceutical conpounds for%éé respl ratory disorders,
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phar maceut i cal WIEMEPWEE I@di?ﬂoﬁ THEh%REP HONQR. Mre
specifically, page Q—E(AEEMAMNQ)G)%Q[M-Q'HIO@E@ -PHENYL) THIO]

4- (acetyl am no) - 3-[ (4- chl.otETeMWML-L 1t-INDOLE21REETIC ACID ndol e-1 -acetic
acid, (hereafter referred to as the conpound of forrmula (1)) as Exanple 1.
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preparation o own I'n

Schene (hmﬁﬁlectawﬁﬂmsnﬁac@ﬁtldaheorﬁmﬁynd of formula (1) d| scl osed in
WO2004/ 106302 has a nunber of potential di sadvantz% xanpl e, the

prior art probésatongbpajey applicatien PG/ 5@05944089?3989 @2&9641%3((2)7%00) Such
low te W?J&E#e&%wﬁ@sﬂb&ﬁutghfddo? uts?fhpa hﬁé(c%uﬂ@al gguﬁﬁeﬂnevrea“u‘ﬁgu' ring

speci al i st plant equi pnent energy. e prior art process
i nvol vesrcspieatoryeli@iddre rhatmdcglitidaypaatdinng tlem Mdmbcessessfeetheaspmpach&:ishr abl e

for a l e-scal e nufa e pri roc nvoI ves the
use of dMBHT BrsHEEIRTazs ShbEW AT bR GlerTamife) 8 2alore"
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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solvent for |arge-scal e use because of its environnental inpact. The
present inventors have established that one or nore of the prior art

react i onswocouroossskat i vel y qui ckly. Fast exothern ¢ rea®Cr@BR0DA511ve

di sadvant ageous for | arger scale manufacture in a batch node because of the
need to control and adequately renove $he heat evolved. International
patent application PCT/ GB2006/ 000060, %V\DZOOG/ 075 139) is concerned with a
novel process for the preparation of substituted indoles that are useful as
t herapeutic agents. Mire specifically, WX006/ 075139 di scl oses processes
for the preparation of the conpound of forrmula (1), where each process
starts from 2-Thetshiytheds ofitht ceinpolaldent fdimeuls v tdixeRised f WIO2004/0 06302riths af
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The present inventors have established that one or more of the prior art reactions
occur relatively quickly. Fast exothermic reactions can be disadvantageous for larger scale
manufacture in a batch mode because of the need to control and adequately remove the
heat evolved.

15 International patent application PCT/GB2006/000060, (W02006/075139) is
concerned with a novel process for the preparation of substituted indoles that are useful as
therapeutic agents. More specifically, W02006/075139 discloses processes for the
preparation of the compound of formula (I), where each process starts from 2-methyl-4-
nitroindole.

20 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,



2-met hyl -4-nitroi ndol e has been found to be relatively expensive as a
starting material,partly due to the |l arge sol vent volunes required and the
need for wol2zpilplo@iser ystal li sati ons to renove by product @CTHBIEIGI®Ot he
"cost of goods" for the prior art syntheses of the conpound of forrmula (I)
from 2-methyl -4-nitroindole is potentiglly disadvantageously high. The
conpound of fornmula (1) is being devel oped as an active pharnmaceuti cal
conpound. Appropriate nmethods for safe, cost-effective, efficient and

envi ron LfJ I ) are

t her ef org) g‘gngﬁMréa{ %ﬁgﬁ\égl resen ?ﬁ%sﬁégm?éldo%ﬂ%rl%vg%ggp%ug%ﬂ%%%h ailjt{O(:I)l)rsle or
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of different aspects of the |nven ion are scrlbed herein below. In the
first asﬁe@pomdo frf@ﬂpwleéﬁtfr%%rﬂ%t ¥-1-aitgy ?j’édPOE?nE @a@f@aaﬁag%whm a (X):
(X) whergjn, X is =0, =N-OH or =N-OC(O) Me; Y is hydrogen or Qis hydrogen
or chloro;"and Z is hydrogen or -CH COORL where in RL is selected from
hydr ogen, opt iT(blna:bhlpomchcsﬁﬁorruuledI)hyH¢iogdcskﬂcbpedmd apptthelatyacubeti t ut ed
heterocycl | ; a salt t a fur ect there is vided a
Compount BmPPYRh bR PR BEHER foe hciost HICT ey ehe g chero Rl of ¢ ne
i nvent i OReANBFEmhfufRAGYIoH Bk RnfRURO BN rALIal @ s kiRrétbld) dekilible.

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
10 described herein below.

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

wherein:

15 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;
20 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:



wherein: Rl is selected from hydrogen, optionally substituted hydrocar byl
and optionally substituted heterocyclyl; X is =0, =N-OH or =N-OC(O)Me; Y is
hydr ogen wo 2Q1/®418¢dr ogen or chloro; or a salt thereof. PEBIGB208N03Gi09 t he

i nventors have found that the pharmaceutical conpound of fornula (1) may be
prepared efficiently on large scale frgmthe conpound of formula (X) even

t hough the conmpound of fornula (X) does not even contain the core benzene
ring that is ultimately present in the conmpound of forrmula (I). In a
further aspect there is provided the use of the conpound of formula (I1),

or a salt thereof, as defined herdin, asfa pharmaceutical internmediate. In
one enbodi nent there is provided i!- use of the conpound of forrmula (I11),

or a salt thereof, as defined hd | as\an i nternediate for the

manuf acture of the conpound of f a (A), or a salt thereof. In a further
aspect there is provided a conmpound of a (Il) as defined herein. The
skilled person will appreciate that a w ange of Rl groups may be used
for carrying out the present invention sinc he R1 group is only a
tenporary feature that is not expected to pl a key part in the process of
the present invention. It is to be unqgfstood that the RL group may be
renoved using basic conditions, to rel Qse R1CH and t he conpound of formul a
(1), or awlwadih: thereof. In certain cases the RL group nmay be cl eaved

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

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



under acidic conditions or using hydrogen gas with a hydrogenati on catal yst
or using other established conditions for cleavage of a given type of ester
group. Theokildoes2per sonunder st ands whi ch of the af or eremdBnmdscondi ti ons
m ght be preferabl e depending on the nature of the RL group. Alternative
enbodi ments and val ues of variable grogps are described below, and it is to
be understood that such variable groups in any aspect or enbodi nent may be
conbined with any other variable groups or aspect or enbodi nment descri bed
hereinbef ?QQ i
enconpass %?th Eﬁh% ﬁﬁa ?gﬁgpaﬂkggﬁﬁﬁb ﬁ%@ﬁ@b&gﬁhgﬁggfﬁg%%ﬂﬁgﬁ? t here
is prOV|dﬁdwaoﬁmﬂwdqmmqnf formula (11) of fornula (Ha): (Ha) wherein Rl is
sel ect ed fron1 dr ogen, o tionally subs |tut d hydrocar byl optlonally
substituted het iyg |ejrbo la%enésaéﬂéimaﬁteﬁ@%@%ﬁa qgrowreﬁﬁ% ﬁ@ﬂ%o‘fvh@}del is

provi ded 1§ ﬁ')eo "{?ﬁeﬂgooﬁ tﬁﬁ@ﬁ&f‘%aﬁfe 41{91515’&”1 %nf hi@gctcgr chffolthént (tdglpe OF a salt

t her eof , I ned herein, as a pharnaceu Internmediate” In one
enbodisnme mbnlﬂohedevﬁhsatmaﬂwrdfadablh graupe ondispactawrpdodunant dé¢soribed ker¢inbyfors

the manuPSEPSFBTEE T RSB 6 REFSpry: Cuprpid L hereBrotiahe
conmpound o@harhi ) Ebitodp grn) nay be prepared by reacting a conpound of formula

(rrey: (rer)y wt 2 (2- oxopropyl ) cycl ohexane-1, 3-di one; wherein the val ues
of Rl are as dephqemibedmenithere is provided a cornpound of formula (1) of formula (Ila):
O
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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.



2- (2- Oxopropyl ) cycl ohexane-1, 3-dione is a known conpound, and may be
prepared using cycl ohexane-I, 3-di one and chl or oacet one under basic

condi ti orsQ 2asl/desser i bed herei nafter. The conpound of foremiGB20i0/ds)100s
either commercially available or it may be prepared using well-known

chem stry fromcomercially available gtarting materials. For exanple the
NH2- gr oup of the conmpound of formula (I1l1) may be introduced via

di spl acenent of a halo group froma 2-hal oacetate ester, for exanple ethyl

2- chl or oacet atyg, i rﬁgp- r . . ] of a
ni t rogen protggff§§$8®%hghﬁg§&§é eﬁgp?%f%bﬁﬁggagggﬁﬁgskfgﬁgP%fﬁ%tion.
Al t er nat ipveglayed usirprwélbki@dn ghonaistng fromycoben@oiafly @daitablcestareihg ataadriabf Féor nul a

R1OH using a coupling agent such as EDClI or using other esterif cation
condi t i oSG NELwEND wrboarempeundt dermulartidl eydsinte 065 Sl a (Ha) may

be Converdﬁsfb?ackl'ﬁ%ﬁt m%fggla%é’%ﬁﬂ Eﬂ%gpi 2fh9fo’5'!('liit§te Cledr, e &%{p_}’ei dQiy10ULn1 638t | o ng

t ransf or mati ons: i s hydrogen: esterif cation ™ incorporating
t he Rt grlbepkillad getshenndanstands apd shes the(use of & hitowaey pattéadmg-groupcoapbe at i ng t he
t hi oaryl | ati on and aromatisation - creating the core

r N cet
benzene ﬁ%ﬁ%ﬂ%ﬂééﬁ%@%FS@?%%FﬂﬁmPhe acetyl group; and subsequently: (ivV)
deprot ecti on (dersief 1-pRAbdanYiychewYtaCobRd RLudiIad] orRRel R BIEps (i)
fder

and (iii) may be perfdorned in eifher o
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.



In one enbodi nent there is provided a conmpound of forrmula (I1) of formula
(lib): (lib) wherein RL is selected from hydrogen, optionally substituted
hydr ocar by 2andhoersei onal |y substituted heterocyclyl; orPaTaB20100d3er000f . | N
one enbodi ment there is provided the use of a conpound of formula (I1) of
formula (lib), or a salt thereof, as defined herein, as a pharnmaceuti cal
internediate. In one enbodi nent there is provided the use of a conpound of
formula (11) of formula (lib), or a salt thereof, as defined herein, as an

t diate f [T | t
thereor . The dboneaRyTRLARLITEpByidIte AERRUIBhu bRl T @ 2
conpound f@lfrnlﬂ@(]lﬂ]) arf Is’ﬂ) thaﬁaodeﬂ‘s idafakdiesrahms aphabmaccatogd ontadnadiaté.or nul a

(I'va) or (I'Vvb): (IVa usi.ng a | ogenat i ng agen 0 acti vat t he
reactant or téne%e@ ? 1@611 @regﬁpwwl}a%wwéacpawowé gn%\laéﬂpe nati ng

agent ma ollﬂﬁll&' ﬂg) oF% @ﬂp{h%lseonas %Hﬁﬁé}lq{e?elﬁ hc{sodlh' 1{1‘@%%&2&@9&%}1% niaﬁﬁi}a%?e

trichl orof socyanuric acid (TCCA), sul phuryl chlori and chl ori ne.
conpound thf cangpavmt af (ddedulanly, obesa:loﬁmeﬂotfed into the conpound of forrrul a (1)

by carrying o t he fol r ormati on when R1 h i
o2t ori 11 cati onne'Prropmst by DR gRS bR e SripoehdfE (1)
acetyl at ifginAR I8y KrREhSPhLrOR, withaQ8MpBand HEfFANR (PeRZATEVH): Ng and

i ncorporating the acetyl group;

(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):
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and subsequently: (iii) deprotection (i.e. de-esterification)- renoving the
R1 group. In one enbodinent there is provided a conmpound of fornula (Il) of
formul a (WoRo(ldoels2wherein RL i s sel ected from hydr ogenPCo@B2010AlI5i 100
substituted hydrocarbyl and optionally substituted heterocyclyl; or a salt
thereof. In one enbodinent there is prgvided the use of a conmpound of
formula (I1) of formula (lie), or a salt thereof, as defined herein, as a
pharmaceutical internediate. In one errbodi rrent there is provided the use of
a conpound of formula (11) of formula { or a salt thereof, as defined
herein, as an internediate for the margufacture of the compound of formula
(1), or a sal twhchen 8fis scldveedcioorp dydbged, opaonailyasubstiteled imyrobebpr aydar ed by
reacting a.c ound. of forrrulai lib) with hydroxylam ne or a salt thereof,

f or exarrﬁlpgoql?;ﬁg’rsﬁ Sfitalssl ReterRpdFlBbhl ori de. The conpound of formula (lie) may
be converyt-gdajk fefofhe compound of formula (1) by carrying out the follow ng
transformatlons when Rl is hydrogen: (i) esterif cation - incorporating
the Rt group; Iande thbodimenathbredapesidedithg usoétycbapoond afifdraule ) osat i on -

ngg;aﬂg LS C?lrle) loolre a? ga tﬁereo{:I gcls %lfd nedrhce?erl Oars %tplhg e%cggtlca ?mté/rmegla?Up’ and

In one embodiment there is provided the use of a compound of formula (IT) 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;



(iv) deprotection (de-esterif cation)- renoving the RL group. In one
enbodi nent there is provided a conpound of formula (11) of fornula (Hd):
(1id) wheweoizn11RD4i83 sel ected from hydrogen, optionally ®abaiB201000S6100

hydr ocar byl and optionally substituted heterocyclyl;or a salt thereof. In
one enbodi nent there is provided the uge of a conpound of fornmula (Il) of
formula (Hd), or a salt thereof, as defined herein, as a pharnaceuti cal
internediate. In one enbodi nent there is provided the use of a conpound of
formul a (Olrla)sal? he];et%Erml a (Hd), or a salt thereof, as defined herein, as an
i nternediate e manufacture of the conpound of formula (1), or a salt
t hereof. The dmﬂn@ulnﬁodiﬁleﬁmhamliap(olvlt@edmmuslae)fprcep@bem oiyforrealat(Inof a
conmpound of formula ( oxyl am ne or a salt thereof, for exanple
hydr oxy! dpmda (b SEAP %tha@of ﬂ%éeﬁ #Be a5fa hgpmepeytialéntermsdiate convert ed

into the conpqypge mﬁ&b&ﬁﬁfé}fﬂ tﬁe&hg R)Yfld%ﬁrtﬁ%’ﬁs%%fglébﬁgﬁncfQl}f*oﬁ%l'aqﬂl) of

transformati ons: I's hydr gen esterification - incofporating
the R grioupila @ild), bhesalt thembf, as dsBsed Karéi), dshinoateyrhadiatofor-the meoufpouat ofng t he

benzene Agrann REGRGRLAl g e TRESEy ar oup: and subsequently.
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):

X Y
| A\
N
H
XI)
wherein:
25 X is =0, =N-OH or =N-OC(O)Mg;
Yis ;and

Q is hydrogen or chloro;



(iv) deprotection (de-esterif cation) - renoving the RL group; wherein
steps (ii) and (iii) may be perfornmed in either order. In another aspect,
there is woavildedisa conpound of the fornmula (XlI): (XI) Wwa@GHE2010/081108 =0,
=N-OH or =N-OC(O Me; Q is hydrogen or chloro;or a salt thereof. A conpound
of the fornmula (XI) may be used to prepgre a conpound of the formula (1),
using, for exanple, the route described in Scheme VI below. In one

enbodi ment, there is provided a conpound of fornula (Xla): (Xla) A conpound
of the fornul g (Xl@he be prepared froma conpound of formula (XI1):
(XI'l) using simlar methods to those described in the preparation of a
conmpound of t hecdmpoundaf thd foymblagKiamepbpmeddo pfephiteer doapouhaof the) and (1 Va)
or (I'Vb). In another enbodinent, there is provided_a conmpound of formula
(Xl b): ()E?Iﬁl}ul%\(lé’dﬁﬁ’cgugﬂ cyEmplsy {hgrente 5?‘?9(951%?@91 Qfé‘%‘?éﬂahe&i"-f roma conpound of

formula (Xl a) ’In?ﬁ% Qlﬂbé-ig?—el(l@&he?@ﬁﬁ)g%%ﬁ@a EJ?R%&HQ%%W%I% t he preparation

of a conpound o or mu I'ie) I'b).I'n one enbodi a "hydrocarbyl"

is a radical consisting of hydrogen atons—and from 1l to 15 carbon atons,
wherein the hydrocarbyl nmay be 6atur at ed . a@hy sat ur at ed
S
N
N
H
(XIa)
A compound of the formula (XIa) may be prepared from a compound of formula

(XID):
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):

C
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).



or fully unsaturated, and may contain |inear, branched or cyclic el enents.
In one enbodi nent a "heterocyclyl” is a 4-12 nenbered nonocyclic or

bi cycl i c wongligpstsem wherein the heterocyclyl contai ns PCTAHe10050800NS
each selected fromN, S and O wherein the heterocyclyl may be fully
saturated, partially saturated or fullyjunsaturated. Those skilled in the
art will appreciate that certain conpounds of the invention can exist as

i soners, for exanple conpounds of fornula (I'1). The invention enconpasses

all isomeric fIR L erﬂg?(ﬁ%[%ﬁfi)ag‘ rcg:%?d Qrgﬁr?cgn? glr%rﬂfgﬂgrgglq%%nl n?fsea f unl ess

i ndi cated ot herw e peci ti‘on es both
strai ght fmmdlbas amc:krbdn ehaisnwhérkmlth@hgmp&rbﬁeﬁ@rmmmbd pantikilbyi dtibted| Kyl
groups suc "propyl|" are specjfic f Re stra ght chain version only,
and ref er suqsatur% @P@H@V CBRtAHCIHEET g’ﬁaé]ic eda‘PWIC 1@?16{516§tssuch as

"isopropyl " arlﬁ onPERbbdifmchOS “ﬁe@&o&%{cf’ﬁ’cﬂ%@l Q%e chln e'{}d%h@ﬁbC?Ql'lé’Ol‘ Bl cic

convention applies to other radicdls descri In this specification
such as amgemymn[aﬁmeahb¢habkyyyyluuﬁnmaLéImaimmmyscamwchbgdémdrﬁlﬁanoyl

radi cal s. "C?al [ de 4al |, methyl,
cenyi - e W BT PG sreraralY by SRS St el of Mtvsar keny -
includesuggnégg@enyl but enyl, isobutenyl, 1,5-hexadien-3-yl. Exanples of

the term" 6a|kyny| i ncl ude C2 3a|kyny| butynyl, propynyl and ethynyl.
Those skilled in the art will appreciate that certain cornpounds 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.



Exanpl es of the term"C _6al koxy" include G _3al koxy, -butyl oxy,

| sopropoxy, butoxy, ethoxy and net hoxy. Exanples of the term"(C

Nal kVl ) - SyO2pa/oowdserein a is 0 to 2" include "(C 1-6al keCr/32010/05(100

3al kyl)-S(O a- wherein ais 0to 2", "(C1 3alkyl)-S(O 2-",

i sopropyl sul fanyl, propylsulfonyl, mesyd and ethylsul fanyl, butanesulfinyl
and isopentylsulfinyl. Exanples of the term "G _6al koxycarbonyl " include

C _3al koxycar bonyl , net hoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl and

| sopent oxycar I of t 6N I ! ude

Cral kyl sul fon?/% gxlbéesgé?%ettg %ﬂ/l sh?apg'rllwon}'ls %ﬁ)cﬁ%w ]s'%msﬁw h}gh@@&l,

i sobut yl stylwifphyl, Espaspl/Bsifafyl bieisbbutpisulbnydal kanoyl " i ncl ude G _3al kanoyl
formyl, acetyl_and praqpionyl, Exanples of the term"”"-(C\eal ky*ani no"

i ncl ude Tv-(cFaqampleér?? M, et hyrRnAY, m%iﬁ%wﬁﬁﬁwﬂofogﬂah ped | ani no.
Exanpl es of i&ﬁﬁ. term'W -(C 1_6al kyl)2am no" include ,N-(C 1-3alkyl)

2am no, IH @di net hyl am no, N-isopropyl- N-nethylam no and N-pentyl -

N- et hyl anmi no. Hzeapjses thef tetnh V(€ _palk yahGnd” Baludanelfl)alkyl)arh@o,

1_6al kyl) am qarlr'li i nclude L/ - C1 .Ball1 kanoyl )- L/-(C 1_6al kyl)am no,
L/ - pr opi 6?1%@/? aminocISePISRY TN éoa?ﬂdﬁléo, eﬁya%}%‘bcg'onoyl amino, N-acetyl-
e 7o ol s ol Nl gmupihast e o,
and N et H&Nedimnw@b@rrrﬁmw-isomomgNe@etbrylarmm\m(ddvipeefal-%frthyiambaxmy| " incl ude
NV (CL Sl eyl 2 A O @OPSRLG) 0. AL AN IRARS AR RRY
10 N-(Cjsalkanoyl)-N-(Cj_ealkyl)amino, N-propionoyl-N-(C;_ealkyl)amino,
N-propionoylamino, N-acetyl-N-methylamino and N-acetyl-N-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



N-net hyl - N-et hyl am nocar bonyl . Exanples of "//-(C‘eal ky*sul fanoyl" i ncl ude
[1-(Cral kyTj sul famoyl, N-isopentyl sul fanoyl, N nethylsul fanmoyl and

- et hyl sulwearroyloo4B2anpl es of " -(C i-eal kyThsul fanoyl " iPaglaRte10/05Q0al ky

sul fanmoyl, N-isopentyl- N-ethylsulfanoyl, N, Ndinethylsulfanoyl and

N-nmet hyl - N-ethyl sul fanmoyl. A salt forped froma conpound of the invention
where Rl is hydrogen nmay be an alkali netal salt, for exanple a sodium or
potassiumsalt, an alkaline earth netal salt, for exanple a cal cium or

Tagnes! Ul Rl baBTpPOTRRIUTLARY fn B3Rl ety R S Spate, ! o

exanpl e yl am ne, am ne, “trimet ne, piperidine,
mor phol i pépevidirtet metpimiiot amrizchandlasdhd of a conpound of the i nventi on where
R1 contains a basic for exanple, an aci addltlon S It with, for

exanpl e, an i A%P@%ﬁmg @meétrﬁaw.hdd%e@ or appptinpathy sebsipisdwiresar _
hydr obromi c, 'oH@%b&%mﬁﬁptﬁQB il sﬁﬂsflfdeﬂﬁroﬂaac%ghﬁcar% fran@ “ﬁéteﬂi%&g?f’:’ aci d.

A salt of a conpound of the Invention where ntalns an acidic oup, is
for exanpleschrvical fkah haloetialo, syind, hyidooxyeLaspkd, € sdidixynCosalipadgssi um sal t,

| kal t | It
R o P RS e ST oM e e A
net hyl amneg, @m&ﬁ)&hfa@l@ﬁkylt)atﬂlﬂ@t&yﬁa@qmyp%ulfmneﬁr NN Ealk YHERBRhdyE OF

tri et hanol am ne. ne enbodi ne hydr ogen or an optl onal’ly

subst i t uth\ed- (EydarlbyibrcWHmoyln Notler- @H@@S‘Iﬂfﬁémyl,tw -Gptehlémaisubfubsyliandent s on a

"hydr ocar whet rocycl |, are selected fromhalo, nitro, cyano,
hydr oxy, @X%ﬁuﬁ@f CeAa\T’Ee&e(l)I} E)}S 26a| kanoyl, AMCG -eal kyTj am no,

N, N (1G1_6al kylTh  Zadilicd @mbd¥in{cGt Ré& ainexdamianansuBstibadigyeartyony! , L/ - (C
1_6al kanoyl )- -(C 1 6al kyl )am ng, carbanoyl, sulfanoyl,
(C| 6al kyl )Céﬁa Béﬁ%@r 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.



, L/ - (G _6al kyl ) 2car bamoyl, -(G _6al kyl )sul fanoyl, , -(C _6al kyl ) 2Sul f anoyl
and (G "alkyl)-S(O a- wherein ais 0-2. In a further enbodinent Rl is

hydr ogen wo 2an/oomsabst i t ut ed hydrocarbyl. In a further echaB2oes1RY s
hydrogen. In a further enbodinment Rl is an optionally substituted
hydrocarbyl. In a further enbodiment Riyis an unsubstituted hydrocarbyl. In
a further enbodinent RL is selected from hydrogen, C alyl, C2-6al kenyl,

C2- 6al kynyl, C3-6cycl oal kyl, optionally substituted phenyl and optionally

substituted b ; n . i 14 el r drogen, C
alyl , C2-6al kgﬁélﬂlﬂ}é% ?Z’Pé%ey ﬁ &‘%r_ggec%glr%ﬁ @fa}lk%hgﬁ@alﬂ&gﬁg C%‘é%z *’ wher ei n
t he phenyd; sayutbddlenzptenglr anddehiydnal |y substituted by one or nore hal o,

nitro, cyano, hydroxy, % al kyl . ,Cral koxy al kan - (G _6al kyl ) am no,

A 1 | _ L, _
N, N- (CL_6al ky|151§ iz ol Q@E@é&wc;eérﬁ%ghygrpgw@{ Geelixhoyl ) - -(C

1 6al kyl )am n : 3 (] yl, ,L/-(C
1 6al kyl) 2car g%%g@ﬁ%%ﬂ% Eﬂlggélﬁ E)i}fi@d%é}ﬂeg%iyfﬁm?%‘?ééﬁl&%{ﬁ%mﬁ) 2sul f amoyl or

(G Malskyl ) - S( @y adurtivinembbdinzeni R'0sQallyla further enbodi nent Rl is sel ected
benzyl: “aher 2ith ST GRETNMRG DA ar & opii onal |y Subst | Lut 2 by one or
nmor e hal o, ni tif Q.fut@RboMEPYis chlogd Kyl , Ctal koxy, Cral kanoyl ,
ANC -eal kyTj ami no, N, N-(Cl_6al kyl) 2am no, ~-(C‘eal kanoy”*ami no, L/-(C
1_6al kanoyl ) - In gdurtheg gmbpilient Xos =Oaetra¥®H., sul f anoyl ,
16 Sa o g 5, e Gpagharmyt (vl ks oyt
10 In a further embodiment X is =0.
In a 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,



(Cl-6alkyl)-S(O a- wherein ais 0-2. In a further enbodinment Rl is

sel ected from hydrogen, G _6al kyl, C2-6al kenyl, C2-6al kynyl,

C3_6cycl oabkyiyooptsenyl and benzyl.In a further enbodi nerCTRB2)B/Seloect ed
from Ctal kyl, C2_6al kenyl, C2_6al kynyl, C3_6cycl oal kyl, phenyl and benzyl.
In a further enbodinent Rl is select edlir om hydrogen and C _6alkyl. In a
further enbodinent Rl is selected fromhydrogen and ethyl. In a further
enbodiment RL is CrtalkyL In a further enbodinment RL is ethyl. In a further

enbodi ne [ a f r ANt i s, 7 =N-OH. In a
furt her g%%’%ﬁo%%@k%% Zg&gtf(l%?kg%a E’gg%?ﬁ’;@ ﬁ'@arlﬁgél??%%rg?%g b Xis =0 Ina
further evwtOdakghbulFnmayl, NV, dlkehghidareylion (Onalleibe@)pericr¢inarie0i2s

provi ded a conpound of formula (l11), as depicted herei nabove, wherein: Rl
i s selected fromT)aroydXl c auyl, 2 6al kenyl, C2_6al kynyl,
C3_6cycl oal kyl, phenyl and benzyl wherein the phenyl and benzyl are
optionally substituted by one ¢ oy e al o, nitro, cyano, hydroxy,

G _6al kyl, G _6al koxy, C _gal ka , L7T-(CG _6al kyl)am no, N, N (C _6al kyl)
2amino , N (CGY &dlykegeyloyani no , N (G -6adkanoyl )- TV- (G _6al kyl )ani no ,
car banoyl, sulfa . TV-(Greal ky~carbanoyl, ,L/-(C 1_6al kyl)2car banoyl ,
TV-(Cf.- 6- al ky }Sgpt}%éfd%)?fgﬁ%?,’?V-(Cl_Gal kyl) 2sul fanoyl or (C alky -S a-
wherein arhSal@theirecok 1S =0 or =N-OH;

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
10 benzyl; wherein the phenyl and benzyl are optionally substituted by one or more halo,
nitro, cyano, hydroxy, C;.ealkyl, C;salkoxy, Ci.salkanoyl, N-(C;_ealkyl)amino,
N,N-(Cy¢.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-(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;



Y is hydrogen or Qis hydrogen or chloro; or a salt thereof. In a further
enbodi nent there is provided a conpound of formula (I11), as depicted
her ei nabove,2omeesen: Rl is selected from Cral kyl, C2_6&aCiaB2h10/051100
C2_6al kynyl, C3_6cycl oal kyl, phenyl and benzyl; wherein the phenyl and
benzyl are optionally substituted by opg or nore halo, nitro, cyano,
hydr oxy, C alyl, Cral koxy, Cral kanoyl, TV-(Cteal ky*am no, TV TV-(C

6-al kyl ) 2am no, TV-(G _6al kanoyl )am no,
TV- (Cl_6al kanoyl ) - TV- (C1_6al kyl Lanj no, car banoyl , sul f anoyl ,
TV- (G -eal ky?*sul famoyl, N, No(C Kyl Zsulfarmyl or (C1 allCyl)-S(OX-
wherein ais 0-2; Xis =0 oiS = Y™s hydrogen or Qis hydrogen or
chloro; or a Salsthydleerof. I n a fUrther;adbodi ment there is provided the
use of a corrpcif:g} formula (11), as depicted hereinabove, wherein: Rl is
sel ected from'C y%ﬁgenéﬁc B8T%enyi, c2_6al kynyl, C3_6cycloalkyl, phenyl and
benzyl; \hgkek hetdd phenyl and benzyl are optionally substituted by one or
more halo, nitro, cyano, hydroxy, C _6al kyl, C_6al kox C _6al kanoyl
TV- (G - eab kyingerinrediaterfor The [frepargicn afthy cempavnd offorpmied).ancph g,
TV-(Cl 6al kanqyl ) al k am no barm fa
TV-(C eal ky” cy amo ﬁr(e”%vg {@fr%lglpﬁ?/\“? car arlil(i)ldIO%%mnPayJH) as depicted
i V- (G "alhkpdinadel &, myém TV TV-(Cl_6al kyl) 2sul fam)yl or (Cl_6alkyl)-S(O a-

wherein a is 0-2;
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;



Xis =0 or =N-OH; Y is hydrogen or Qis hydrogen or chloro; or a salt
thereof; as a pharmaceutical internediate. In a further enbodinent there is
provi ded wbeoug®4sk a conpound of formula (11), as depi eCcesBrergsnawbove,
wherein: Rl is selected from G “al kyl, C2_6al kenyl, C2_6al kynyl ,

C3- 6¢cycl oal kyl, phenyl and benzyl; whef¢in the phenyl and benzyl are
optionally substituted by one or nore halo, nitro, cyano, hydroxy, Cralkyl,
Cral koxy, Cral kanoyl, TV-(Creal ky™am no, TV TV-(Cl_6al kyl) 2am no,

TV- (Creal kano A%rﬂdl? NogCl_6al kanoyl ) - TV- (C1_6al kyl ) am no, car banmoyl,

sul fanoyl , TV- T<y carbanmoyl, TV TV-(Cl_6al kyl) 2carbanoyl ,

TV- (G _6al kyl )¥is|Hydrapyh or IMBIBVeﬁlﬁﬁLxlﬁallfd«tM) 2sul famoyl or (C1_6al kyl)-S(O
a- wherein a |s 00§ Xis =0 or =N-OH; Y i s hydrogen or Qis hydrogen or
chloro; OF 2838 hereof; as an internediate for the preparation of the

cormpound of g Pl gn g)an& et ﬁ%etl(s:ppfxﬂ&f&ifthe L€k & echHJbrel nabov'uI‘équli\Heésh_ere

is provided a conpoun formul a as depi ct rein:
Rl i s sseldepicted hferajnabﬁlvalﬁdwlre;mcz 6al kenyl, C2_6al kynyl, C3-6cycl oal kyl,

phenyl and be% sselecte(ffr 16a1T< .OH
X is =0 or =N-OH;
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)



Y i s hydrogen or 4-chl orophenyl sulfanyl; or a salt thereof. In a further
enbodi nent there is provided the use of a conpound of formula (11), as
depi ct ed weneivmbsee, wherein: Rl is selected from Chal pgir/GB2R1088lt0eny| |
C2_6al kynyl, C3_6cycl oal kyl , phenyl and benzyl; X is =0 or =N-OH, Y is
hydr ogen or 4-chl orophenyl sul f anyl ; Orlf salt thereof; as a pharnaceuti cal
internmediate. In a further enbodinent there is provided the use of a
conmpound of forrmula (I1), as depicted herei nabove, wherein: Rl is selected

from Cralkyl . : I . VAN enzyl ;
R e e b T S L e b
t her eof ; bggreatindnnréthragdea@isecidan tidygresoandbfat erpeniotosbiwentp fpenadpef fornul a
(I'), or a salt thereof. In a further enbodi nment e Is provided a

. th
conpound HrnplAlgmatively fhe %t%ré;sliwdt%ﬁuhﬁﬁ@ﬁﬁ%g%w?g Bilhydrdysisls sel ect ed
from C alkykitidnd ehdePwRlchThE Bifde Yrdu iO¥HVRRE N ohe Amfdd AL LRBSRYHuLESBRY! 5

s 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):



or a salt thereof. In a further enbodinent there is provided the use of a
conpound of fornmula (11), as depicted herei nabove, wherein: Rl is selected
from Cl- 6aiDkeygityooxises =0 or =N-OH; Y i s hydrogen or 4-chlpecrasreryisswbf anyl ;
or a salt thereof; as a pharmaceutical internmediate. In a further

enbodi ment there is provided the use ofga conpound of formula (I1), as
depi cted herei nabove, wherein: Rl is selected fromCl-6al kyl; X is =0 or
=N-OH; Y is hydrogen or 4-chlorophenyl sulfanyl; or a salt thereof; as an
internediate for the manyfacture of the compgung, of formula (1), or a salt
t hereof. A further aspectjjof the invention ovijdes a process for the
preparation of the pharnﬁ%&u;ical conpound N0 la (1), or a salt or

ester thereof, conprising rleaction of a conmpound of formula (lie), as
depi ct ed herei nbefore, w i acetyl ating ag |;\‘ erein the values of Rl
i's as defined hereinabovel@ng-yerein Qis chig”ay and thereafter,
optionally reacting with acid o &se. The reacti th an acid or base

achi eves hydrol ysis of the ester roup (when Rl is other than hydrogen) to
provi de the conpound of formula (IQRor a salt thereoOR

(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.



The internedi ate product m xture may contain predom nantly the desired

am de of fornmula (V) or it may conprise a mxture of the am de of formul a
(V) and twe 2onivadersef forrmula (VI) as shown in Schenme (| PrT/Ghevsi(obl ) The
m xture of amde (V) and imde (VI) may be converted to predom nantly am de
(V) by treatment with aqueous acid in the presence of an organic

co-sol vent, for exanple ethanol. Alternatively the m xture may be subjected
to de-esterification (hydrolysis) conditions under which the imde group is
converted to t j.d ' - ' . formul a
(o o sai t R R BG o EHEdoB MR B T AR SRR i
sol vent shefaatonaifhanalpound bHforeamglie) ot (¥d)pwitioan heetyatimsdgent kicaicdon. I n
one enbodi nent there is provided a process conprising reaction of a
conpound %Yt 19 ?H{ﬂs%{lcf’lof?c oxYIMAhCq-pel¥st: as depi cted hereinbefore, with

an acetyl at| n%uﬁgﬁ@tc?rg ;fceeic'fhstclaeso}'\%ln’té'%ﬁaflge Klo& c%&dg%ﬂtﬁ‘iﬁﬁl Iffork @b ms 1

to 8, and wherein Q chl oro. Therefore 1 n one énbodi nent re1s

provi ded 7aapromcesss, ffor exalnplgaceparati on of the pharmaceuti cal conpound of
formula (1), a salt thereqf, .conprising reaction of a compound.of

formil a (11 ) ForSxaaF-obE! RaPaPTHaREY B CFLar dhesdeiny it FRUE aHBMO™iner ei n
the val ugge Rhctidh tb préecdlff thaskches &f HHabave caal stiQrtehperukSolys0r P10 and
thereafter de-esterifying to provide the conpound of formula (1), or a salt

t her eof . “Trhwehgseasde s semedelvert mixitdry imhy presgatovd maldt poeither s¢diambedide or
with an aci r.wth hydr.ogen jn the presence of a catalyst. | n
erbod ment LS e TU SR b e o RS ERS SRy A S eBheiilbis AR e
Surprigsingly it has been found that certain reaction conditions

advant ageousl y di sfavour the formation of inide. For exanple, by reducing
t he anount of Aaf}g‘ghiega@ﬁﬁﬁjrﬂqu@esent 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):



to 4 nolar eq. and using sodiumiodide at 85 0C in order to keep the
reaction time around 4.5 h. Exanpl es of suitable bases are inorganic bases,
for exanpwe natmkishydr oxi des, for exanple Li OH, NaOH or PKOGB2AR/di®oussed
her ei nabove, the conpound of fornmula (Hd) has been found to be surprisingly
useful as an internediate for the prepgyation of pharmaceutical conpound
(I') or salts thereof. In a further aspect of the invention there is

provi ded a process conprising the reaction of a conmpound of formula (Hd) as
depi cted hereinbefore, with acetylating agent, wherein RlL is as defined
herein. The products of this fjeaction are amde (VI) and imde (VIl): (V)

(VI'1) These products may be ried forwafre—as a mxture to the next stage
and the hydrolysis conditions uS§ed | age @ e-gynt hesi s causes conversi on
of imde to desired amde to deljver the kRongound of formula (1) or a salt

t hereof . The acetylation pr oc ol ving the conpound of formula (lie)
and (Hd) may be carried out i s such as an aromati c hydrocarbon
solvent, for exanple tol uene, g€neNor nesityl ene, or a ketone sol vent,
for exanpl e nethylisobutyl ketone (M BKLLg?ethylethylketone ( MEK)
carboxylic acid solvents, for exanple acetic acid, or ether solvents, for
exanpl e 2-net hyl tetrahydrofuran. The acet @hati on PfIpcess i nvol ving the
conpound of forrmula (Hc) and (Hd) works best at an el evated tenperature,
for exanple up to around 1400C. A further aspect of the present invention

provi des an inproved process wherein the reaction of a conmpound of formula
(Hc) or (Hd) with an acetylating agent is carried out in

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

.OH
O
@ss
N O
OR'

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

(ITAA)

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.



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 tenperature
requi red worotime4rseacti on to proceed efficiently. ExanplPe3/GH20ioodime salts
are netal iodides, for exanple KI, Nal, Lil, and amoni um i odide salts, for
exanple (CL-GCalkVl) NI, for exanple tebsa- L/-butylamoniumiodide. The
reaction tenperature required for these processes can be reduced to 80-100
OC fromthe usual much higher tenperatures by inclusion of an iodide salt

inther ' j re S iy G hi ' [ iodi t is
sufficieﬁ?ﬁ%%Png@%{gegﬁ%ﬁﬁgﬁgﬁ$gP%Phgggé%kgdgr%@ﬁdg%ﬁﬁ#?éggggﬁ%@%hheen

i nvent ed dtsial&hetajrzllbml\%;&c\;]ef hﬂé@mﬁhmae;spmﬂﬁat dSmdad\aihhte&gﬁoumry uSﬁF@Geﬂ f
tenperature w thout the presence an iodjide salt. Surprising the use o
a car boxyineet f&og@etanbﬁng@tvﬁ%tnég Fifiophlst 9%@%@?@6%»%: %HIF€§:i‘&PaétﬁZé’fFi ci ent
react i on pal, R ANANAY %ﬂ%deyeé%aglgp@%ié%mm (ROTNCRL A Forufnl (T

aspect of the i1nvention provi a roved proc wherein the reaction
of a conptyhdcavdte flotOAd) améthiykjobotyliatishe (MIBK)ametiyeteyd-attylnghad®hiBE)saindar r i ed

out in the presence of capboxylic acid co-solvent. Suitable carboxylic
aci ds co LBl G- GBS BRIAIOES BT s A g AT BAP R ST e Bon
atonms, f QIn@XIRIRis8SRIICpRebdhiresiOfre @%@FRI08A1 atUSkbi&tt tanRPatal @dothur e of
xyl ene or mesitylene and acetic acid allows the reaction to proceed in the
absence d¢mpgratupdi s ot dirging, fot a pumbesneé havig(le) @fmingss (minsd NMgewheiveas in
the same sol vent nixhgre.kgggg%ﬁ resenc 9

i de, "the

f | % of..ei ther sodi umiodi de
ot et r abtt ST AmIBNITGN FOY oTRERAFienp ollsdb® ey ffnsiRptel

t enpepat Reg velf (rAhtive VodEmOGeprebentditht AbuRSHTBE Vet relafi®e By £eENMabsBRRRE | ON
provi des sggcifi'le 1r1r?1}/uen% rga{g%gte esg M(g.rlgeil r\]xftt(pe?ative 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.



acetyl ation process involving conpound (Hc) or (Hd) is carried out in the
presence of a Lewis acid. One exanple of a Lewis acid is Fed .

Sur pri si ybyotw4seesence of a Lewi s acid has been founa#CraEehiomns tohe
acetylation reaction to proceed efficiently at nuch | ower tenperature than
is otherwi se required. The presence OkeC allows the reaction to proceed
at a tenperature as |low as 700C. Acetylating agents are well known to the
skill ed person. Acetylating agents that may be used for the acetyl ation
process ilﬂ)\{l%\fi ng the conpound of fornula (Hc) and (Hd) include acetic
anhydri dée;—acetyl halides such as acetyl chloride, and thioesters such as
phenyl t hi oac tate. | thioacetate was found to givegbetter conversion
than with acefic anydrilde allon@ under conparable conditifns. Alternatively
t he process make us?g of |oth acyl fati ng agents, fo benzoi c
anhydri de or al i ¢ anhydrild hell ami de—groups Tn T hesproglcts of such
reactions woul d Phen need t 2 gbdool sed and the resulting nes then
acetylated using an acetylation agent= In a still further enmbogient the
invention provides a process for the preparation of a conpound of formula
(I'):which conprises reaction of a conpound of fornula (I:TgA): where Rl is

hydr ogen or Cral kyl wth an acylating agent followed by dg-esterification.

In one enbodi nent Rl is hydrogen or ethyl. In one enbodi mant the acyl ating
aggent is Ac O In one enbodiment the process is carried out in the
presence of xylene and sodiumiodide. In a still fprther enbadi nent the
i nvention providesHa., conpoupeof fornula (1) prepafed acceg @a td a
process as defined im an @c Clclaims 11 to 20. {
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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-



The various aspects of the invention are illustrated by the follow ng
Exanpl es. Three routes are illustrated in Schenes (Il1), (1V), (V) and
(VI), belwo20blonssei ati ons and General Procedures : ThePpamaiBzhionel100

t echni ques used i nclude gas chronmat ography (GC), high performance liquid
chromat ography (HPLC), liquid chromatogjaphy - mass spectronetry (LG M)
and ul trahi gh performance |iquid chromatography - nass spectroscopy
(UHPLC- M5). Mass spectrometry data (mz) is provided together with an

i o@F it : i dat
P kSRR R L
ot her wi secrapedi i fiidtiGi antiacid vedshecw dicifites withEt0sk@. 9019, Eheshilnglestwerd =
br = br oAEDITSHI) R B2 CoTaneaTitls e MEBIS- | Xk o se WARBI R gy
hy drQf THR).. ' M BK)
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net hyl te uty and acet’i c aci . Generally, reactions
wer e car rnéglyoute cthnd estealnydae chbepdessakl (0f 1ing, tOr 0§ e morrtitdfs astahetdn s®les) at ed,
pr ocedur es re carried out at anbient tenperature (ro e ture,

T Ee i FaRsd i g oitiae TBER o Sy TS L RO U Wb e
equi v repbRsaRd fortalb@y M amcegYiMRIBRERe Qs Hitgied R3AManb BB NAhEPhEAA]]
specified limti ng%reagent. Rel vol (relative volune) represents the anount

of sol vennderabfex {os 2hobWhimias rereevedat vadwe (sh] 1Hi-6Q00 bat) ot Y Crundigdbl e. g.

L/ kg. Rel (relative ight),kepresents th t of teri by
wet gt r & SR8 B0 bV e ERPSTREE sbifu TR s G TPAET e
kg/ kg AsgipsmiintatiihdG tcpctddecNWB-3MET R fipedtirah@ad ad@ahdsith dt il y

characterised reference standards using standard procedures that are well
known i n terAReraue, thecohd that senaptest etsmsyralestedbyabltmtionandivas (hsndrigd i be

performeq, on, 3 356 lvihQl HiFg &%%@d%g%ix%ﬁﬂy’fﬂlg corpSmd i sURY 7Y LEQYSY as
carrier an usi ng an appr O%I’I ate nperature
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



gradient and flanme ionisation detection. HPLC anal ysis can be perfornmed on
either a Waters Symmetry C18 colum (150mm x 3.0mm 3. 5nm) or Zorbax SB-C8
col um ( MsOrm0od18dnmm 3. 5mMm) or Hi chrom Ace Phenyl col erem/GE0mMSx108. Omm
3mm eluting with an appropriate aqueous acetonitrile gradient buffered
with TFA and UV detection (230 or 250n§3. UHPLC was performed on either a
BEH C18 columm (100mm x 2. 1nmm 1.7mm) or BEH Phenyl (100mm x 2.1mm 1.7mm)
eluting with an appropriate aqueous acetonitrile gradient buffered with TFA
or_anmonicygeas§BiE oS BEGhY A Xt dhndds BPLERLN O 62NN 7 s VB can e
done using +ve Or -ve electrospray ionisation at”a capilldry voFtage of

3. 5kV andndvldeyipasictagk cthit ee@sivag alldaimsld s¢qd @0Mg) bad, Mbtee anfeempardspr med

on a H chrom Ace Phenyl colum (50nm .0 3mm). elyting with an
appr opr i &E’B@taé@@é’@ﬁ of g&&re&% Miap @EM 3he SBRrE SRR LoF AngrCkpoled
det ecti o, 6230nAird If&gln%? h”f*ﬁ:e NeHd ARS coﬁeééf&? P?'tfﬁ&%tfo%? Naled Qfth $@kdrqR-Rout e

1 Schene (I'IT) Ethyl ( - yl -4-0x0-4 5 -tetrahv
- | H i ndol80hdy IfdlbevetdalyereA-maylunetopl aherKOH §0201540d théh GtddgrooryeatddCior

assay, 4Q.2 noles), i er (4. 0L e ver .30mns to a solution of
Cyot ShexalB- P PiSte sy 42 Shsi-rokador 6 ot Bty B Hr sy B SN gl O
Et OH (16.Rldw MYtdIBnd BdIRE Al 7P Q49 R, fisrmevidt wsel Rel ®m300Gsayhy eH-SMR i ng
for 15mins at r.t., freshly distilled chloroacetone (4.39kg,” 3. 83kg

cor r ect e@933p wasSayity hy GUNY greglas t hen added slowy to the m xture,

mai ntai ning a tenperature of 25-280C. The resulting slurry was stirred at
r.t. for A9 . j -products were then renoved by filtration and
wer e masﬁé% nati{iOb jtd reb‘ngoth EtOH (4.5L). The fiItratZs were conbined to
provide 2n (actinopesogyl, potisdiom hed@retel(]1 B78ig, Ao gadr@ctsd iatdseuy, i TRmCH) Assay

by GC 26.5% wWw, purity Qy GC. 82.3 .area%. This solutign was transferred
to a readtagdissolved m 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.



and glycine ethyl ester hydrochloride salt (6.41kg, 6.17kg corrected for
assay, 44.2 noles) was added at r.t. with stirring foll owed by sodi um
acet at e twohydremsss2( 6. 04kg, 6.02kg corrected for assay, PC4/GB200/Es)00 The
m xture was diluted with ethanol (28.9 L) then heated under reflux for 2h.
Et OH was renoved in vacuo (-0.850 to -§;900 bar) at 300C until 40L of
distillate had been collected. After cooling the residue to Q0C, water
(15L) was added, while maintaining a tenperature of 0-50C After stirring
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stirring (exothermic addition). After stirring for 15m ns at

redistil 4ed6 6ﬁttmlwdme16ﬂedqlsl7y1wgtat@@ @Ql@ml¢ eqtiedwisorddad g@@/them@tuml ) was
added in 808 %%(B & mng ha% reacti %llggl ehftr dr e[d Jorll @d?t 200C. The
i nor gani &0 p 2t Fe Y8V 8V6by Il th?l oh O e |Snca THhe T 1ter cake

Wit h et hanehtidnd Wathedavich wher {2 det v6lY, €611V EbCMMBIMEK 12 @elpoDVInd@hen dried

2- (2- oxo- pr cJocyl ) cycl ohexane-|, 3-di one as a solution in aqueous
at 40°C under vacuum to provide the title compound in 62% yield; purity 98% w/w.

Ethyl [3-(4-chloro-phenvisulfanyl)-4-(hvdroxyimino)-2-methvl-4.5.6.7-tetrahvdro-1H-

indol-1-vl]acetate

15

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



ethanol. To this solution were added glycine ethyl ester hydrochl oride
(54.73g, 392 mmol ) and anhydrous sodi um acetate (32.19g, 392 nmmol ). The
reacti on woxpurm418as heated to reflux (75C i nternal temperaiBo®)osion | h
then cooled to 200C and stirred for 19h. The m xture was heated to refl ux
(internal tenperature 75C) and water (,4116nl) added, thencooled to 200C
over 30 mns. A small anount of 2-nethyl-4-o0x0-4,5,6,7-tetrahydro-|1 Hi ndol -
| -yl)-acetic acid, ethyl ester was added as a seed (1 Omg) and, after a few
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the resulting dark red solution was stirred at 200C for 5 mins. Redistilled
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slurried in ethanol (19.4L) at r.t for 30mins. The solid was collected by filtration, washed
with ethanol ( 9.7L) followed by fresh ethanol (6.5L) and then dried in vacuo at 40°C to

15 give the title compound as a solid; 7.00kg; assay by "H NMR 87.5% w/w; 6.1kg corrected
for assay (65% over 2 steps); purity by HPLC: 88.4 arca%; m/z: 393 (MH"); 'H NMR:
1.20-1.25 (3H, t), 1.79-1.86 (2H, m), 2.14 (3H, s), 2.50-2.51 (2H, t), 2.54-2.59 (2H, 1),
4.15-4.22 (2H, m), 4.83 (2H, s), 6.92-6.95 (2H, d), 7.21-7.24 (2H, d) and 10.22 (1H, s).
Data for an isolated sample of the intermediate ethyl [3-(4-chlorophenylsulfanyl)-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



1, 3-di one prepared above (3 InL) was then added to the contents of reaction
vessel 2 with stirring and the resulting m xture was heated to 75C, held at
this tenpepabuwm4fser 2h, then cooled to 200C over 55 m mET/GH20BY05$100r r i ng
overni ght at 200C, the solid was collected by filtration, washed with water
(10m), tert-butyi nmethyl ether (2 x 1gpl) and then dried in vacuo 400C for
20h to provide (2-nethyl-4-o0x0-4,5,6,7-tetrahydro-1 Hindol-I-yl)-acetic
acid ethyl ester as a beige solid, 5.88g (56.0%vyield). MP 101.2 to

103. 50C. 539 . ' Q. - % opernative
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over nipghtietrahy@ros A7l d1og et tawmeseal (80ed)aeklby filtration, washed with water

(2 rel vol), followed by MIBE (2 x 2 rel vol) and then dried at 400C under

vacuumto provide the title conpound in 62%yield; purity 98% w w. Ethyl

' |3 |(4i4;] SQ:AﬁEe%RH\%‘Mo%%&%@%Q it SVt et P94 2- 2R iED eny fhutrafivif-4L €T r ahvar ()
(hvdroxvimino)-2-methyl-4.5.6,7-tetrahyvdro-1H-indol-1-vl]acetate

Alternative Procedure 1

15 Invessel 1, bis-(4-chlorobenzene)disulfide (0.53 mole equiv) was suspended in ethyl
acetate (3.5 rel vol) with stirring and the mixture was cooled to 0°C. Sulfuryl chloride
(0.53 mole equiv) was added in one portion, the residues were washed in with ethyl acetate
(0.5 rel vol) and the mixture stirred at 0°C for approximately 1h. Ethyl (2-methyl-4-oxo-
4,5,6,7-tetrahydro-1H-indol-1-yl)acetate (1.0 mole equiv, limiting reagent) and ethyl

20 acetate (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 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.



1-yll acetate TCCA ( 1.16kg, 5.01nvles) was added to a solution of

bi s- (4-chl oro-phenyl )di sulf de (4.83kg, 4.80kg corrected for assay, 16.7
nol es) i rwat@AnBBL). The m xture was cool ed to QOC anaChaiBRoBNosttoDs
tenperature for 45mns. Ethyl (2-nethyl-4-o0x0-4,5,6,7-tetrahydrol H

indol -1-yl)acetate (6.48kg, 5.61kg corsgcted for assay, 23.9 noles) was
then added in three portions (mldly exothermc). After stirring for 30m ns
a sanple was renoved for analysis by HPLC then a solution of NaHCCh

(1. 12kg, Aglﬁlamhﬁ%cé# :gvgt er (22.5L) was added. The m xture was warned to
r.t. over stirring for a further 15mns, a solid
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heat ed t ¢1.5@dIe aquivpidded €bhd mixt@0 mag hieattd e @dbedh, baakeootedrto 0°C. The
product was collected by filtration, washed with ethyl acetate (2 x 2 rel vol) then dried at

15 40°C under vacuum to provide the title compound in 83% yield; purity by HPLC 95.95

area%.

Alternative Procedure 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



The solid product was collected by filtration then charged back into the
reactor danp and slurried in ethanol (19.4L) at r.t for 30mns. The solid
was col | ewoediinp4fsel trati on, washed with ethanol ( 9. 7LpCiraB20wad1t99 fresh
et hanol (6.5L) and then dried in vacuo at 400C to give the title conpound
as a solid; 7.00kg; assay by 1H NMR 8735% w w, 6.1kg corrected for assay
(65% over 2 steps); purity by HPLC 88.4 area% mz: 393 (MH); 1H NWR
1.20-1.25 (3H, t), 1.79-1.86 (2H, , 2.14 (3H, s), 2.50-2.51 (2H, t),

2.54-2.59 . e 10
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i nter rredi%tSenr&t%yl [3 (4-chl or ophenyl sul f anyl ) - 2-

nethyl-4-oxo 4,5,6,7-tetrahydro-1 Hindol-1-yl]acetate: 1H NVMR (CDC 3)
1.33-1.37 t)214223(2Hn) 245249(2Ht)

2. 74-2. 7&th vh_[4 acetvl:gnnm_ &chlopephenyl e al-¥ 284 d) and
7.13-%17 (2H d). Alternative procedure for synt heS| sing the internedi ate
ethyl [3-(4- chlorophenyl sul fanyl)-2-methyl -4-oxey4,5. 6.7-tetrahvdro-|

H i ndoI-I-yIIdb'%tpate IS E‘ orophenyl )disulfiqge (7.39g, 25.7 mol ) was
di ssolved in Et QMc ( reaction vessel Hl st.c@ g-t he m xture
to 5Cwith stir esultlnglnapale yel | ow soJluti gn furyl chloride

(2.1, 25.7 then added in a single por i ghtly exotherm c)

gi ving an orange-col oured solution after 15 mns. 2 second reaction
vessel, ethyl 2-(2-nmethyPFi-oxo-4,5, 6, 7-t et r ahydr o- I rs‘l'iq?'% | -yl )acetate
(8.65 g, 36.8 mml) was slurried in EtOQAc (34.6nm) with 'i'lng whi | st
cooling the mxture to 5 0C. The precooled solution in reaction vessel 1
pr epar ed gbqve s added to the second vessel in 4equal portions over 10
m ns mai Mthe tenperature within the range 5-10 0C, resulting in

o T St PURNT RN PRLCARLEARIS, , BUE iAol d 269101
sti rriong.tetfshydro-1H-indol-1-yl]acetate (1.15kg, 1.00kg corrected for assay, 2.56 moles) and

powdered Nal (191.5g, 1.28 moles) in xylene (7.0L) was heated to 85°C. Acetic anhydride
(1.06kg, 1.05kg corrected for assay, 10.2 moles) was then added over 1h at 83-85°C. The
acetylated oxime is expected to be an intermediate formed in this reaction. After
maintaining at this temperature for 4.5h, the mixture was cooled to 45-50°C and solvent

15 was removed in vacuo (-830 to -850 mbar). Xylene (7.0L) was added to the residue,
followed by water (2.0L), and the mixture was heated to 60°C to give 2 clear phases. The
aqueous layer was separated off, and the organic phase was concentrated in vacuo at 45—
50°C until ~10L of distillate had been collected and crystallisation was observed in the
residue. EtOH (2.0L) was added to the residue 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



sol ution of sodi um hydrogen carbonate (1.73 g, 20.6 mvol) in water (34.6n)
was added and the resulting biphasic mxture was stirred for 15 mns. The

| ayers weweo 2ailowsd t o separate and the agueous phase waeTdiRRoBvdew)d The
upper organi c phase was dried over magnesi um sul fate, which was
subsequently renoved by filtration to provide a solution of ethyl

2-(2-nmet hyl -4-o0x0-4,5,6, 7-tetrahydro-I Hindol-1l-yl)acetate in ethyl
acetate, weight 132.6 g. Assay by HPLC 8.4 %ww, therefore 11.1 g et hyl
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i mting A aagenilmpeceteiiyl 4%@1{%{& Berdydsul hylYAlhydRk Ginf Rt BadityP-avessel 2
and the m xture sﬂarred&q ( @{Phee yg%lnt e}rll?(s (o vezlseﬁ'@l vvereﬂ)added to the

m xt ure it¢frahgdreoel H+ zndﬂlérylmptrat@(ﬁﬁrhne,l %ﬂostﬁmm@ctedé@rﬁssﬂy f Hémmead) Buedenien wi t h

oas) nadodt 3o bhe e aglp oSS Rt o T SRR M vtk Mg i PRy iR S L V)

were @l %dhdrmdﬂe@aA&Eﬁheadhgt‘cﬁ%iﬂWG ﬂb@2h(}w@l’ys@(bb}'€[ﬁ!!§c plieGed rese@tbaldf on of
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reference material).
Method 3

15 In flask 1, a mixture of sodium iodide (171.6mg, 1.14 mmol) in xylene (12.5mL), acetic
acid (12.5ml) and acetic anhydride (4.2mL, 44.54mmoles) was heated to 97°C. In flask 2,
acetic anhydride (4.2mL, 44.5 mmol) 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 (10g, 22.3 mmol corrected for assay) in xylene (12.5mL) and acetic acid

20 (12.5ml) at ambient temperature. The mixture in flask 2 was added to the mixture in flask 1
over 2-3 hours maintaining the temperature at 97°C. The reaction was held at this
temperature for a further 2 hours following the end of the addition. The reaction was
cooled to 60°C and split into 2 equal size portions. One of these portions was cooled to r.t.
and propan-1-ol (25mL) was added, following by water (25mL), added over 15 minutes,

25 effecting a precipitation. After stirring for 1h, the solid product was collected by filtration,
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



organic |l ayer was concentrated by distillation at atnospheric pressure to
around 4 rel vol. Hydroxyl am ne hydrochloride (1.0 nole equiv) was charged
to the cowmoentvmgms2at 200C fol | owed by tributyl am ne (1POTmH2e108Fwiov) and
ethanol (2 rel vol) and the resulting m xture was heated at 600C for 4h.
The m xture was cooled to 200C, the sokjd was collected by filtration,
washed with ethyl acetate (2 x 2 rel vol) then dried at 400C under vacuum
to provide the title corrpound in 87.3 %yield; purity 99 %w w. Alternative
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the conbined filtrates evaporated in vacuo. The residue was dissolved in a
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The pihodwEsodias thiokhleas @l b}blééduﬁd’)&ﬁ nater (M@sﬂa@l)wwasmdaédlyﬂd aeehiikipg(2 x 2
rel vol) then dried at 400C under vacuumto provide the title corrpound in

83% yi el dhe glyepuslaysy v seraated and diseagledaiThe prgdury/ sasreeinidaed bgthe

addition of heptanes (3 rel vol) to the organic layer, whilst maintaining the temperature at
between 57 and 63 °C. The resulting slurry was cooled to 20°C over 1h then the solid
product was collected by centrifugation, washed with ethanol (3.0 rel vol) and dried to

15 afford crude ethyl [4-acetylamino-3-(4-chlorophenylsulfanyl)-2-methyl-1H-indol-1-
yl]acetate as a solid in 77% yield; purity by UHPLC 97.4 area%.

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



In vessel 1, bis-(4-chlorobenzene)disulf de (0.53 nole equiv) was
suspended in ethyl acetate (4 rel vol) and cooled to 5C. The m xture was
treat ed wohothloorsene at 5C for 15 m nutes, then purgedPairtdB2niosoen and
degassed under vacuum Ethyl (2-nethyl-4-o0xo- 4,5,6, 7-tetrahydro-|
Hindol -1 -yl)acetate (1.0 equiv, Iinitgag reagent) and ethyl acetate (4.5
rel vol) were charged to vessel 2 and the mxture stirred at 200C. The
contents of vessel 1 were added to the mixture in vessel 2 over
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nol es) and powdered Nal (191 .5g, 1.28 noles) in xylene (7.0L) was heated

to 850C. 4adidenglamingaeetate (1. 06kg, 1.05kg corrected for assay, 10.2 nol es)

was then 8 ! i§ expected to be

an inter rrﬁgcgl agré}%%/d mk;'d3%Lt%5|grﬁglggc\t;%gaﬁagﬁoﬂeéﬁﬁg oPEhIH3-E
chlorophenylsulfanyl)-4-(hydroxyimino)-2-methyl-4,5,6,7-tetrahydro-1H-indol-1-

yl]acetate (15g, 38.2mmol) in xylene (33.75mL) and acetic acid (3.75mL) and the mixture

15 stirred at r.t. for around 20mins. A sample of the title compound was isolated by filtration
and dried at 40°C. m/z 435/437 (MH"); 'THNMR: 7.27 — 7.23 (2H, m), 7.00 — 6.96 (2H, m),
492 (2H,s), 4.19 (2H, q, J = 7.1Hz), 2.68 — 2.59 (4H, m), 2.19 (3H, s), 1.90 (3H, s), 1.89 —
1.81 (2H, m), 1.22 (3H, t, J = 7.1Hz).

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

20
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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



mai ntaining at this tenperature for 4.5h, the mxture was cooled to 45-500C
and sol vent was renoved in vacuo (-830 to -850 nbar). Xylene (7.0L) was
added to wbheor@misae, foll owed by water (2.0L), and thePgirGR®/0880heat ed
to 6A0C to give 2 clear phases. The aqueous |ayer was separated off, and
the organi c phase was concentrated in yacuo at 45- 500C until ~10L of
distillate had been collected and crystallisation was observed in the
residue. EtOH (2.0L) was added to the residue which was then concentrat ed

in vacuo,at..45-500C., Fkurit.her d SI vvhi ch was
t hen coolbé’cf1 l‘fratlofcﬁlés%e\%vylt[ aterg 3&1)1 d)w\gét%%ty?\&% @%Lr) hl% Ur eletd ?1 The
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dried in vagcuo at 4Q0C for 12h to afford crude ethy
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over a period of around 15 mins, maintaining the reaction temperature between 83 and
87°C followed by two further portions of the same (52.6kg over approximately 20mins and
15 52.6kg over approximately 20mins). The resulting slurry was cooled to between 13 and
17°C over 2h and stirring continued at this temperature for a further 15mins. The solid
product was collected by filtration, washed with water (2 x 60kg) followed by EtOAc
(81.1kg) then dried on the filter using nitrogen at 40°C to give the title compound as a
white solid; 25.2kg (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 .



tetrahydro-1 -indol-l-yl]acetate (571ng, 500ng corrected for assay, 1.1
| mol) in xylene (2.5nL) and acetic acid (2.5nm) was heated to 1070C
Acetic arwpdnide41848 1m , 4.45mmpl) was then added. Aft ecTleRebiongitoo 95- 100
OC for 2h, analysis by HPLC indicated presence of 79 area% of ethyl
[ 4- acet yl am no- 3- (4-chl orophenyl sul fany{)-2-nmethyl -1 Hindol-lyl] acetate in
the reaction mxture (identified by conparison of retention tine with a
reference material). Method 3 In flask 1, a m xture of sodiumi odide
(171. 6my.pdd4 mMmol) in xylene (12.5n), acetic acid (12.5n) and acetic
anhydrid —2nmL, 44.54mvl es) was heated to 970C. In flask 2, acetic
anhydride (4.2nL, 44.5 mol) was added to a stirred slurry of ethyl [3-(4-
chl or ophenyl sul fanyl ) - -(hydroxyinino)-2-nethy|h e , 6, 7-tetrahydro-

1

-indol- 1- yljacetate , 22.3 mmol corrected)for assay) in xylene
(12.5nL) and acetic a . 5m)—at —anbi-ent ture. The m xture in
flask 2 was added to ixpure in flask 1 over~283 Rours maintaining the
tenperature at 97C. The rea€tion was held at this ﬁeﬁperature for a further

2 hours follow ng the end of°t he additi on. :;f/reactﬂﬁh was cool ed to 600C

and split into 2 equal size portions. One of fhese portions was cooled to
r.t. and propan-1l-ol (25nL) was added, foll ow ng by water (25nl), added
over 15 mnutes, effecting a precipitation. After stirring for Ih, the
solid product was collectef hy filtration, ywashed vijth propan-1-ol (2 x 10
m.) and dried in vacuo at 4QOQC to afford cr dgkgthyl [ 4-
acet yl am no- 3- (4-chl or ophepyl il f anyl ) -2-net lyl-1 -ijndol-1-yl]acetate as a
solid; 4.32g (91% based on Mﬁf%I?g_pf Hal f Eﬁjﬁﬁg_reaction m xture). Purity
by HPLC 97.15 area% Met hofd N N
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A m xture of sodiumiodide (0.05 nol equiv) in xylene ( 1.0 rel vol),
acetic acid ( 1.0 rel vol) and acetic anhydride (1.2 nole equiv) was heated
to 97-103wWO0Qoimoymesel 1 with stirring. In vessel 2, aceCrGientwdiiode ( 1.3
nol e equiv) was added to a stirred slurry ofethyl

[ 3- (4-chl orophenyl sul fanyl) - 4- (hydr oxyk ?1no) 2-methyl-4,5 ,6,7-tetrahydro-

| Hi ndol - 1-yl] acetate ( 1 nole equiv, [imting reagent) in xylene (1.0 rel
vol ) and acetic acid (1.0 rel vol) at 19 - 25C. After stirring at this

t enper at f i the. t] ih reaction
Lemperal i A94Eh ol 118 I?(E_Jlll'i Lifltefdle ! 221 00
Vessel 2 was rlnsed wth a mxture of xylene (0.25 rel vol) and acetic acid
(0.25 rel vol) mh@ch was added to vessq-1. The readion was held at 98 to

1020C for a furt 1.5h then cooled t o|6COC Xyl ene Q.9 rel vol) was
added fol | oned | (ﬁﬁDﬁ)_SDLutl odi ym c i §

(0.19 rel w)
in water (1.5 re N) and the tenper. adjusted te-6MC. The aqueous
| ayer was separ at ed éﬁ@oQgscarded A warn106@ogg) sol uti on-ob,esodi um
thiosulfate (0. 1 nole eqU|v) inwater (0.5 rel vol) was added and after
m xi ng, the aqueous |ayer was separated and discarded. The product was

preci pi t dt SHTEyMpREC 2 Ehy| Gnmethy é‘@f‘ﬁﬁe‘@ (detrdydiol §-ipépl ngDasetisni ¢ | ayer,
whi | st VRRH I ti
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thyl [4- t i na- 3- hl h |, )= 2- - | ndol
bt o RS ATR SPAROSPRGE | el kST b bt
[ 4- acet ylaminer é-s@ﬁﬁ@&%&%%%h&%d‘owb)mé’c et '561 d profitidt RAQ |collledt'éd]@pet ate
(limting reagent) was dissolved in a mxture of acetonitrile (9.1 rel vol)

and wat erfilifatipnsheredriedol)vabyo Méé)f’Cm@gtV@ tl&OﬂI@ ginfoust ias p inmgturcr dloksolddi on was
cooled to 15 0C. aft SO|Id roduct ected by
contri 1 ugibran S5ty R HET G A 0B A VOR sPygfy Riratus! shBE R
purity by HPLC: 98.9 area% as the sum of the 2 product peaks; LC-MS m/z: 250 for each
of the product peaks.

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

15 A stirred mixture of ethyl [4-(hydroxyimino)-2-methyl-4,5,6,7-tetrahydro-1H-indol-1-yl]-
acetate (2.068g, 2.00g corrected for purity, 8.0 mmol), acetic anhydride (12.37g, 12.24¢g
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".



then dried to afford ethyl [4-acetylam no-3-(4-chlorophenyl sul fanyl)-2
-methyl- IHindol-1- yl]acetate as a solid in 92%yvyield; purity by UHPLC
99. 4 ar eaWO 2Mtdoa325 A m xture of sodi um i odi de (0.0625PEDIGB2QLIV03) 100N
xylene (1.99 rel vol), acetic acid (0.27 rel vol) and acetic anhydride
(1.27 nole equiv) was heated to 102.50;in vessel 1 with stirring. In
vessel 2, acetic anhydride (1.27 nole equiv) was added to a stirred slurry
of ethyl [3-(4-chlorophenylsulfanyl)-4-(hydroxyi m no)-2-nethyl-4,5

,6,7-tetr Q- | Hi - t . i it d;@ﬁﬁent
in xyl eneﬁ) ?%S.Q)é@lorn e#'[\%i?é (%%%y%]coégtalﬁg Cg%:rlgcé&z é).r%ghﬁ'é?%\k}o ?Ogtlﬁgg%ggg; ter :
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contents of reaction vess . qver m.ns I ntal nlng t he terrper ature at
102. 50C. Sqhgop g etbvlo(ﬁ-afas@?%pa-2ame@m-éflﬂ@ éré%ﬁ@%}d thyl¢#t her 2.5h. The
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hept anes f3rekidhic ¥PEive thEPRo SIS RENSHCR MBRutTRAM E@blt{,opl?rﬁg@ymc:lgl’mhen the
solid product was collected by filtration, washed with ethanol (2 rel vol)

and dri edrdafo ysecmixtate of Gl {bacetflamihoei-(tehletdppenylsulfanyl)-2-methyl-1H-

[ 4- acet yl.am, no-,3- (4- chl.or.0 | sul fanvl)-2-nethyl -1 Hindol-|-yl]acetate
b sof OIS ARG RR TS LRl G U5 e BplrRER et P

i sol abi onndl-1ay1jeebmtee ne: 41 hend A5% HERAdGALRtchBfor MM~ A solution of NaOH
chIorophengI%sulfanylI-I-f2-ethox§-2-oxoethyl)-2-nethy|-4,5. )

6. 7- t et r 4k drn 013 1Agicadedted for puiitie § & mme] b wakes ( HireL hyat added thihgmpigaire

(4.33nL, 04'%th@pfméc)et%@tﬁinggﬂ&écﬁl&roﬁhély‘lguﬁfﬁnﬁﬂ&%@t}ﬂll- {ﬁirq(f]o'l-l-yl]acetate and

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)



chl orophenyl sul f anyl ) - 4- (hydr oxyi m no)-2-nethyl -4,5 , 6, 7-tetrahydro-

| Hindol - 1- yljacetate (15g, 38.2mmol) in xylene (33.75n) and acetic acid
(3.75m) wodothmw4rsexture stirred at r.t. for around 20mPa3/GBROBENFpIoe of the
title conpound was isolated by filtration and dried at 400C. m z 435/ 437
(MH); 1 NWR: 7.27 - 7.23 (2H, m, 7. - 6.96 (2H, m, 4.92 (2H, s), 4.19
(2H, g, J = 7.1Hz), 2.68 - 2.59 (4H, rr?Q 2.19 (3H, s), 1.90 (3H, s), 1.89 -
1.81 (2H, m, 1.22 (3H, t , J:71Hz
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[ 4- acet ylagid no- 3- (4-chl orophenyl sul fanyl)-2-nmethyl-I Hindoll- yl]acetate
(3.16kg, 3.05kg corrected for assay, 7.3nples) in 1-propanol (15.3L) was
added aqueous NaOH (1M 15. 3L The m xture was then heated at 700C for 2h,
cool ed to 400C then M BKg @ Xy Was added and ¢he gi of eheated to
8Q0C. Approxi matel y 20% f £ Tesulti ng bi phasig¢ i xt was renoved from
the reaction vessel |b pr ocessed—separatel @?%-he remai nder, aqueous
hydrochloric acid ( 4L) was added to the™s0I'lfti on over a period of
45m ns then the resultin}jcsdﬂrry was cooled to 150&@@@« lh and stirring
continued at this tenperature for a further 30n1 ns. The solid product was

collectedby filtration, washed with water (2 x 9.8L) followed by EtOAc
(7.3L) t Hesplatigreef loPH He7%ei | 7ag cowectedior ﬁ@ay,kﬂs?«ﬁ mmq}hwaﬂ)a@@dtrsmstlrr@ gi ve

h | : Kk
ne 115 COTRRELE 53,48 B S TR B ML B8
NVR : 1. aﬁylﬂa%btates(y 5g25 34 ¢St for Bssdy, 11 4(12hnoB Jin a Grithre/ofOCHE 2 mIid)and? . 08-

7.1 1 (IH 7. 7.30 (3H, m, 7.47-7.50 (IH d), 9.50 (IH, brsg
Al t er nat iNeO r(%@@ghﬂ“@e MIALUES W@m‘,tgreéiffo@lp} The solvents were removed in vacuo (4

(30 okg. B0 Bt es facth oL ORAREY “?e%@%éé’%as AR B GH4B0 TG °

(27mL) was added and the mixture stirred for Smins. The layers were allowed to separate,

10 concentrated aqueous hydrochloric acid (SmL) was added to the aqueous layer and the
resulting solid product was collected by filtration and washed with water (SmL). This
crude damp product was slurried in a mixture of EtOAc (20mL), CH,Cl, (20mL) and
heptane (20mL) at r.t. The product was dried briefly on the filter to give the title
compound; 4.64g; assay by 'H NMR: 89.3% w/w; yield corrected for assay: 4.14g (84%);

15 purity by LC 99.1 area%; m/z: 350 (MH"); "H NMR: 1.99-2.05 (2H, m), 2.16 (3H, s), 2.26-
2.31(2H, 1), 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-Chlorophenylsulfanyl)-2-methvl-4-0x0-4,5.6,7-

tetrahvdro-1H-indol-1-vl]acetic acid
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was heated to 68-720C and held at this tenperature for 16 mns. The
resulting solution was cooled to 18-220C then filtered to renove

parti cul awve 2oataers2and the filter rinsed with water (15P0KgB20MBKIO00

(240. 3kg) was added to the conbined filtrates and the bi-phasic m xture
heated to 83-870C. Aqueous hydrochloriggacid (IM 60.0kg) was added to the
hot sol ution over a period of around 15 mns, maintaining the reaction

t enperature between 83 and 870C foll owed by two further portions of the

sanme (52.,6 r : T RS 6 r approxi mately
i tefiatiy 60T o R o over 2h and

stirring continued at this tenperature for a further 15m ns. The solid
product was collected by filtration, washed with water (2 x 60kg) foll owed

by Et OAc (81.1kg) then dried on the filter usphg nitrogen at 400C to give
the title conpound as a wh id; 25.2kg NAl ternative procedure 2 A
m xture of ethyl [4-acet 1 ng- 3—{(4-chlorep ul fanyl ) -2-nmet hyl -1

Hindol-1yl] acetate (99.9kg0C 240nol es), ethanol {393kg), water (450kg) and
aqueous NaOH (10M 72.3kg) was heated to 59-650C and held at this
tenperature for 30mns. The resulting solution was cooled to 17-230C t hen
filtered to renpve particulate matter and the filter rinsed with water

(50. 9kg) .A MrBK %08k gf 2vaoxapmel) ¢ysldhheansehbidmed (pichencd by svamdatidneofrinxt ur e

heated to,55-650C. . A m xture of aqueq dr.aoghl orj c i d 65. Okg) and
nater  ( QHREy BT wllen SR T i 98P Gufiutinb i Mtouna aomi ne.
mai nt ai Ni2RPmtte) ihQdeid Qi {IQ0REN Hadheathll ilddd réi& HPShith@chiloRdes cddl1€o
resulting slurry was cooled to between 12 and 180C over approxi mately

60m ns and M&ter G00mh) was dapeddadnd thsmprigievaporated ot thickwibiucrcuaas
col I ect edy By & A0 UFAN A0 (4¥RR N SLrMddla YRS e AROKDhnd Q@& RY 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



et hanol (249kg) then dried under vacuum at a maxi mum j acket tenperature of
600C to give the title conpound as a white solid; 79.1kg (949 ; purity:
99. 5 areaWoly114LB2. Route 2 Schene (1V) Et hyl PCT/GB2010/051100

[ 4-f hvdroxyi mi no)-2-nmethyl-4,5. 6.7-tetrahvdro-I Hindol-1-yllacetate A
stirred mxture of ethyl (2-nethyl-4-ox¢-4,5 ,6,7-tetrahydro- |Hindol-
1-yl)acetate (59.55g, 54.069g corrected for purity, 0.23 noles),

hydr oxyl am ne hydrochl ori de (24.44g, 23.95g corrected for puri ty, 0.345

nol e a i ) ryr rity,
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by filtration then frh (g cuo. at 400C to |veth | e conpQ nd as a

m xture N EMRlEEPIHIAeRG tlons 1GIXtyres s aH9W focstir & @%%w Onging|

correct e@oﬁt@ﬁts%?’ ?@a)étliéﬂas%gl R B adzdgg B%rya Igé)hot{' ?fmn?tho satea %nstlk&? sum

of the 2 product peaks CM mr. or ‘each t he product pea
[ 4- Acet ylo&idi(Benghyldd- oi«b-éﬁo@%@awaﬂlsdﬂoih‘lﬂ-yﬁcﬁolz -yhechtyd adid @-9gmddmrhelylin ethglet i ¢

d A st
. hycr GRbr Aoy TheRer Bovk 27t Reseting . ) v Frggieith GhyLecsietr ar e
(2.0689, (ZmPPUncdrwRatadcked 1196' 'iéaTcMQn Hal MWikding RESEIEinBEWoE N h dRn(the. 379,
12. 249 correct ed for&url ty, 20 nol es) and tet rabut yl anmoni um i odi de

(2.997g, r@cggmgfa@qm ekbly ﬂ)@radémontoi wagr @1 ymb). ) After Irgpiehevernight. pqueass heat ed

under ref| ux for yl at xpect ed 0 be an i nt riredi at e
formed + iotimuBidlos ORE ARTRVRBHEE FEolmp S BEEME R IR RIS G T ene
wer e ienavedhlli dnouac ool N s6&ak. hy‘d&txedie folgamlg)tha\pid t@cﬂdeﬁleu@yetrbezeﬁetsepwteﬂem due

and the m xture was evaporated to dryness in vacuo at 5C0C. After cooling
to r.t. 1@4&6@60'482@%&9 W@fa@aﬁ@ééﬂth%hxlr@éetﬁ@éﬁané) abed agtdified pyngemcPued f or

| anins.  KASOLHBLE SAIGH, TG hiler WhSing SRV SH B whidh' a0 FAatdiG Si! LT ate

was conce
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



vacuo. Xylene (20n) was added to the residue, stirring was continued for

| Om ns before sone additional solid naterial was renpoved by filtration. The
filtrate waotgnesat rated in vacuo at 500C and Et CAc (2@ci)GRran/Edwed t o
the residue to give the product m xture as a solution in EtOAc; purity by
HPLC. 9.67 area%ethyl (4-acetylam no-2rnmethyl-1 Hindoll- yl)acetate, and
74.79 area% et hyl (4-diacetylam no-2-nethyl-1 Hindol-I-yl)acetate;, LCVS
showed nm z: 275 and 317, both consistent for M#.To a solution of TCCA

(0. 3269, : y=Yo) : ri i . s added
bi s( 4- chlcg?lgl%tgg)yﬁ)ﬁ% s ,OQ‘E&(VQ# fogéc,tedi]?ﬁlgt%}# gy 4‘)%1%{{11)6,0\%2‘. 0

mol ) . ThHeOS(1dinly andivaet (mI(Moatfhins atrt.nNTh2 sofid Wy edllcktet gdlltrtionl, ) acet at e
and ethyl (4- djacetylamno-2-nmethyl-1 Hindol-I|-yl)acetate prepared above
was addedvashed ygh ﬁf%&%ﬁ@‘f‘méa éﬁwdg@syi og s filtenip giyve tﬁ& %ﬂé@ cCAPPYdng4tSr 1 h, the
i nsol ubl Iy t QEI . i Lt rabd oo Fhe fi ) )
concent rgtsszl qygq%égg'32% W)éllw1 Cé lg%%%gﬁb{ fil%%)ﬁ%%gs)@gé}e%éf (B)&% Egh;e)é\g??ue to

gi ve the Igi3o@blcm)n X3 (31é sa2.34-8 00 #Hon, 4.73 EHOH), qulr-6 0§ (B, BPLED-782%5. 47 ar ea%
as a mxture o 4-acetyl am no- 3- (4- chl or ophenyl sul fanyl ) - 2- net hyl - |
H ndol - 12§19 iQ:Z% 2%% t%r?&i et hyl

[ 3- (4- chl orophenyl sul fanyl ) - 4-di acetyl am no- 2- net hyl -1 Hi ndol -

| - yl ] acetMi@natif&synthdsistdt]3 42 Ch10QIpheh ARSIEHTEA-(hdro;imind)-3Ghdthypn of NaOH
(0.326g, 0.3 1I9g correcied Tor PUI‘I ty, 8.0 nmmol) 1n water (IO0OML) was added
to the nidd.b7ctetrphydneylH-indol-1-vi]acetic acid

[ 4- acet yl am no- 3- (4-chl or ophenyl sul fanyl )-2-nmethyl-1 Hindol-Il-yl]acetate

and et hylyd 3- (4- chlatophenyl sul f anyl ) 4-di acet yl an no- 2- net hyl - |
Hindol-I-y ]aC@t| Et OH prepare 4@10%, Et OH was renoved in
vacuo at 3 he™€si dual aqueous | shed with Et OAc (10m),

diluted w (10M) therr—=actet f | pH 4 wi t h aqueous hydrochloric

acid. The resulting product was collected By fgltration then slurried in

EtOH (101) at C for 15mins. After cooli back to r.t., the solid was
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



collected by filtration, washed with EtOH (4.0OrL) then dried in vacuo at
400C to give the title conmpound as a solid; |.lg (35.4% over 3 steps);
purity bywboRhG/0098224 area% Route 3 Schene PCT/GB2010/051100

(V) [ 3-f4-Chl orophenyl sul fanyl ) - 2- met hyl - 4-oxo0-4,5. 6.7-tetrahvdro-|

H-indol -1-yllacetic acid A solution of44iCOH (1.79g, 1.77g corrected for
assay, 42.2 mmol) was added to a stirred solution of ethyl

[ 3- (4- chl or ophenyl sul fanyl ) - 2-met hyl - 4-oxo0-4,5 , 6, 7-tetrahydro- | Hindoll -

Vo SRS R Rph S A AR il e 2 0! T
renmoved ilii- uﬂohd)-y(]dﬁetfa:tmard)(lalg ascgcammeu fohssasoRisnemot), NaE(0md0gt ur e was
~20m.. Water nL) was gdded and the m xture stlrred for

5mins. Tﬁém%érag& Wé‘rﬂ@ aahm%@d Vg1ls d famunel) prensOr/aledvadisaisd gt 85
hydrochl qgi 4, i %e(t?l'éﬂ:e}i Ning %@?&té@totﬂ%eana}%ﬁﬁ&ﬁatk Y Blcdap thit REcA&GS U| ting

solid product was col [ ected by Itration and washed wth water (5nlL). This
crude sdanﬁpthnrcodmgtowasasampllewm anmlysednby(UBLG MB skowihg 302@m%, CH2C 2 (201L)
and hept dbr on the filter to
give the f‘laf Xla%‘gfbgﬁﬂ&hoﬁo %Gy @ualg §2b9le é‘L}a%F\%raC')Sir%Iad corrected
for assa%eteﬁltio]tfltﬂné86111@s:ten@%ﬁﬂhtahalﬂﬂlehﬁ‘c9a9n car ea% n12. 350 (MH+); 1H NWR :
1.99-2.05 (2H, m, 2.16 (3H, s), 2.26- 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
Synt hesi s of [3-f4-Chl orophenyl sul fanyl ) - 2- net hyl - 4- oxo-4,5. 6. 7-

t et rahydrQ- 4- ;§Xx0- 4,5,

6.7-tetr xture of

2- (2-oxopropyl )cycl ohexane- 1, 3-di one (prepared by evaporation of an

o — g, — &,

2-]4-(hvdroxvimino)-2-methvl-4.5.6,7-tetrahvdro-1H-indol-1-vl]acetic acid

o HO.
I
N N
\COH \COH

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).



ethanolic solution to dryness under vacuun) (20.0g, 119nmol) and gl ycine
(17.99g, 238mml) in acetic acid (100m) was heated under reflux for 1.5h

t hen al | owmedotinoesel to r.t. Water (1001) was then addedTayrotoms119DXxt ur e
evaporated to a thick oil in vacuo. Acetone (200m.) and water (40nL) were
added to the residue and the mxture siirred for 30mns at r.t., after
which the solid was collected by filtration and the filtrates retai ned. The
solid was slurried with further acetone (1001.) and water (20m) at r.t.
then renoved by filtration. The conbined filtrates were concentrated in
vacuo then dissolved in aqueous sodi um hydroxide (IM 2001), adding a
smal | am2udtA oftarthidd-3-ankétlivt- iWdnadol- BeDacetioraicikp t he pH to 14. After washing
with ethyl acetate (2 x 100r1), the mxture was acidified by the addition
of aqueous hydrochloric acid (5M 60n) then sodiumchloride (50y) was
added. After stirring for 4h, the solid produet was coll ected by
filtration, washed mﬁthoacetone (2 x 25nlL) tgén dri ed under vacuum at 400C
to afford the title conmpQund as an orange- bromﬁ“kolld 7.45¢9 (30%; purity

99.1 area% by HPLC, i z: (|vH+) 1H 1 NI\/R IH, br s), 6.02 (IH,
s), 4.67 (2H, s), 2.65 4\ 24 (2H, m), 2.10 (3H,
s), 2.02 - 1.95 (2H, m. [3-14:

éﬁ{orophenylsulfanyhyc%}gethyl 4- 0xo0-4, 5.
6. 7-tetrahvdro-| H—indol-l-yllg ic acidSul furyl chlofide (0.2, 2.5muol)

was added slowly with stirring to a solution of bis-(4-
chlorobenzene)dlsulflde (0.72g, 2.5mml) in ethyl acetate (7.5nL) in

reacti on Adctis knhlydaitde (1.0mLON0. 6| pivhoaided td & stirdeill P 0f 2 hehyiroctyirhthopas
allowed to stir for a further 60m ns. The contents of reaction flask 1 were

then addédmethsi-4.4.0pktatialy &p-13frindel-f ylkicdid acidld- U 8 Pamaold i pmixture of
(2 e o S LA, 0B 0 L 0,20
flask 1 \aﬁéltlbn)'lﬂileﬁ] the rhixtiet kb heldetidt girring for 75mins. Meanwhile, reactlon 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



(2mL) which was transferred into reaction flask 2. Stirring was conti nued
for Ih then the reaction was quenched by the addition of water (15ni).
After | eavOngliowersai ght, aqueous sodi um hydroxide (1M PEFIGB2oa®Sadded t o
t he bi phasic mxture with stirring followed by a small anpunt of 10M sodi um
hydroxide to bring the pHto 14. The | gyers were separated, the aqueous
phase was washed with ethyl acetate (25nL), then acidified using agueous
hydrochloric acid (5M 7 m). After stirring at r.t., the oil which had
initiall grated out solidified and was collected by filtration, then
washed wi ter (2 xI OnL) and dried under vacuum at 400C to | eave the
title conpound as a pale brown solid; 1.0y (66%; purity: 79.5 area% by
HPLC, nf*:350/352 (MH+); 1H-NVR : 13.3 (IH, br s), 7.25 (2H, d, J = 8.3Hz),

6.96 (2H, d, J £8.3Hz), 4.84 (2H s), 2.75 (2Hot, J 9Hz), 2.28 (2H,
t, J = 6.1Hz), [6+(3H, s), 2.03 - 1.97 (2H,

[ 3-f4-Chl orophnyl ) A—HhveroxyHhod- 2, 5. 6.7-tetrahvdro-|
Hindol - 1-yll acetfc acid A mixture of N

[ 3- (4- chl or ophenyl sul f anyl ) - 2- et hyl - 4- oxo0-4, 5, 6, 7-tet r ahydr o- |
Hindol -1yl] acetic acid (4.0Qg, 3.57g corrected for assay, 10.2mmovl),

hydr oxyl am ne hydrochl ori dgio( 1. 059, 4g corrected for assay, 15.0mmuol)
and anhydrous sodi um acetate §1. < 89 corrected for assay, 15.0muol)
in EtOH (401.) was heated uneex+ef | for 6h.-Attercaeling to QOC, the

solid product was collected i¥Tration then slurried in a m xture of

EtOH (14nL) and water (14nl) Tor HlSn‘i ns at r.t. The solid was collected by

filtration, washed with acetone (14nL) then dried on the filter to give the

title conpound; 3.42g; assay by NVR 95.3% w w, yield corrected for assay:

3.26g9 (87%; mlz: 365 (MH); 1.79- 1.83 (2H, m, 13 (3H, s), 2.54-2.59

(4H, t), 4.73 (2/I-Jf’\ s), 6.91-6.98 (2H, d), 7.20-7. (2H, d), 10.23 (IH, br
NH

s). s—@—m NH s—@—m
- N
5f 28

OEt

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



Al ternative synthesis of

[ 3-f 4- Chl or ophenyl sul f anyl ) - 4- f hvdr oxyi m no) - 2- net hyl -

4,5.,6., Woeaebrialwkeo-| H-i ndol -1-yllacetic acid Agueous PsodiBzmonsdrooxi de
(IM 10m., I Omol) and water (20r1.) were added to a stirred suspension of
et hyl [3-(4-chloro-phenyl sul fanyl)-4-(hydroxyi m no) - 2- et hyl -
4,5,6,7-tetrahydro-1 Hindol-Il-yl]acetate (4.0Qg, 10.2nmmol) and et hanol
40m.) and the m xture was warmed up to 400C. After 1.5h at this

t enper at i i | I | d
overni ghitorcins PG ORI Ko Rad BRer MUk R ndBobodeon ARG BE

29. 7mm| )waadde@tecﬂm\t/tﬁm toastuThe sdidsebdiidt omas ca]t@tdatbgﬁmetlmwahécbmhl to cool
tor.t. solid product was. collected by filtration, washed wth water

(2 X 2m€}h ?Ptf‘éfﬁe B ¥ dami dhsh Cisd gndeTaEC B $EChp pivads thadtle P?@@O%t?ﬁound

I 0
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2-[4- fhydroxylmno)oz rT?@Cﬁ 6. 7-tetrahvdi@ a. -yl lacetic acid
A nmixture of 2-(2- o4567tetrahydr -I -CP' yl)acetic
acid (4.CQg, 19mmmol | xyl am ne—hydrochborid mrol ) and
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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




(2Ag, 29mmol) in ethanol (401) was heated under reflux for 6h with
stirring. After cooling to r.t. and hol ding overnight, the m xture was
further cwolzed/we184 0C. The solid product was col | ect ed Pby/dB20toretioon,
washed with water (15nL) followed by ethanol (15nL) then dried under vacuum
at 40 0OCto afford the title conmpound a pale brown solid; 3.68g (86%;
purity: 96.7 area% by HPLC, m:223 (MH); 1HNWR : 9.82 (IH br s), 6.48
(IH, 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 - 1.79 (2H, m.|-"~-Acet gn do-I-nethyl -|

H-indoI-I-vDacetlﬁ aC|d Aceti c anhydride (1. O@L\ HON0] was added to a
stirred slurry of 3!\{4( @ kM no) - 2- methyl-NS@ chydr o- |
H-indol-l-yl]acetlc 2@, 9.0mol) in a nixs cetic acid (10n)
and xylene (10nl) | D—in react ion flTask 1 xot herm ¢ addi tion)
then the m xture wa Nd with stirring for 75m¥s. jMeanwhil e, reaction

flask 2 was charged with acetic acid (5m.), xylene (5nL), acetic anhydride
(2.6, 27.5mml), and sodiumiodide (270ng, 1.80nmol) and the m xture was
heated to 90-1000C with stirring. The contents of reaction flask 1 were

t r ansf er rAegtic enfryslaide  bhmill Askmndlhwad dadgladtasa stiteed dupeet ¥d-of4-1. 5h, whi | st

mai nt ai ni t he reacti te r a 0- 100 .. Reaction flask
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mai nt ai ned at 1000C for a further 2.5h and was then allowed to cool to r.t.
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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).
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Scheme (VI) 3-f4-Chlorophenyl sul fanyl)-2-nmethyl-4,5. 6.7-tetrahvdro-|

H i ndol -4-one Sul furyl chloride ( 1.1nm, 21mmol) was added slowy with
stirring woat1goksei on of bis-(4- chl orobenzene)di sul fi #eT(@2Qy/052M0mol ) in
ethyl acetate (45nmL) in reaction flask 1, which was cooled in an ice-water
bath. On conpletion of the addition, the mxture was allowed to stir at
r.t. for 30mns. The contents of reaction flask 1 were then added over a
period of Ih to a stirred suspension of 2-nethyl-4,5,6, 7-tetrahydro-|

H-| ndol j 5 on flask
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i nt or eactbirqmoafCF 025 0mdy, i ymgD s hediad Pwief‘éa Mﬁag tthWﬁOIO P Ré @ ck,
het er ogenapus il Xt ﬂﬁﬁsete%fﬁéraﬁir%QMghP AR Bl urbler r-ghﬁx 36 an Q1 RAMCHn, Was
collected by fiTtration ed wth ethyl §e tate x 15m) then dried
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this tenperature for 4h then allowed to cool to r.t. and |eft overnight.
Addi tional hydroxyl am ne hydrochl oride (0.15g, 2.2mmol) and tributyl am ne



(1.0n, 4.2mmol) were added and the m xture was re-heated to 650C for a
further 2h. After cooling tor.t., the solid product was collected by
filtrati onp 20mgtoet2wi t h et hanol (2 x 1Onl) then dried i RCI/GBRROLNIFIBOEN at
400C to give the title compound as an off-white solid; 5.71g (68%; purity:
96.3 area% by HPLC, miz: 307/309 (M) e1HNWVR : 11.26 (IH, s), 10.20 (IH
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.
TV-[3-(4;ﬁg§ﬂﬁ§Ehenylsulfanyl)-z-nethyl-lF#indol-4-y|| acet am deAcetic
anhydrid ; , 1l . brmmol) was added to a stirred slurry of N[-3-(4-

chl or ophenyl sul fanyl ) -2-nethyl -4,5, 6, 7-tetrahydro-|

H- i ndol - 4- yl.i derempydidafyoanungX(:3. Oy, 9.8mmmol) in a m xture of acetic acid
(15m) and xylene (15m.) at r.t. ingreaction flask 1 (mldly exothermc
addition) then the m xture was heldxmﬁth ¥tirring for 45m ns. Meanwhil e,
reaction flask 2 was charged with ghketicj/acid (7.5nm), xylene (7.5n),
acetic anhydride (1.1nL, 11 .bmm \Qodiun1iodide (70mg, 0.47mmol) and
the m xture was heated to H Q0C Ing. The contents of reaction
flask 1 were transferred to reacti®sy adk 2 in aliquots over a period of
2h, whil st maintaining the reaction tenpé;ature at 110 0C. Reaction flask 1
was rinsed with a mxture of xylene (2nL)"and acetic acid (2nL) which was
transferred to reaction flask 2. Subsequently, the reaction m xture was

mai ntained at H QC for a further 3h then allowed to cool to r.t. and held
over nisght . Thevheeact i on m xture was evaporated to dryness in vacuo to | eave

a dark brown lid residue. Thi purified by chromatography on silica
gel, eluting Pﬁqbrgﬁﬁgf8ﬁé§22§6“$iéthy| acetate to provide the title
conpound as an off-white solid; 49 (85%; purity 95.6 area% by HPLC,

mz: 33 1/333 (M#); 1H NVRe__4 / , S), 9.45 (IH, s), 7.45 (IH, d, J =
7.7Hz), 7.29 (2H, d, J :8:'§Hzl7 IH, d, J =8.0Hz), 7.04 (IH t, J =
7.9Hz), 6.98 (Yiyhydrogenor ;

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;



d, J =8.2Hz), 2.40 (3H, s), 1.84 (3H, s). Ethyl

R-acetyl am no- S- H chl orophenyl sul fanyP-| -nethyl -1 Hindol-1-yll acetateA

m Xt ure oWOLOtJ®4184- chl or ophenyl sul f anyl ) - 2- net hyl -1 H iPaaiadB2drvisjwoet am de
(1.0, 3.0mml), anhydrous potassium carbonate (0.63g, 4.6mml), acetone
(10m.) and ethyl bronoacetate (0.50m, 4¢. Srmol ) 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, the m xture was cooled to
r.t. Water (2 x 10OnL) was added he solid product was coll ected by
filtration, washed with watgr Om hen dried in a vacuum oven at 400C
to afford the title conpound as -white solid; 1.1 6g (92%; purity
95. 4 ar ea% by YHBL@drager or 417/ 419 );;dd-NVMR : 9.52 (IH, s), 7.45 (IH d,
J = 7.9Hz), 7.(33 (yIdH, d J=82H), 7.29 (2H d, J =8.6H), 7.1 1 (IH t,
J = 8.0Hz), 6.Q#lpiigecgorghlorg 69" 524 (2H s), 4.18 (2H q, J = 7.1H),
2.39 (3Horakalt the®r(3H, s), 1.22 (3H, t, J = 7.1Hz). CLAIM5S 1. A conpound of
formula (X): wherein: Xis =0, =NOH or =N-OC(O Me; Y is hydrogen or Qis
hydrogen or chloro; and Z is hydrogen or -CH COORlwherein Rl is selected
from hydr,ogen,.apt.i onal ubst i t.ut ed hydrocar byl .and.optiopal -
subst 1t uced ndvSrpapRRtd of SHETH i P AL S Bl 2 beine
?Iy?; ogen or a R'dh beléhed £6h. hydroghn CONRMKNT,36KkeH] ODallgngl, @ Rytloafkyl.or nul a

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, C;_salkoxy, C_salkanoyl, N-(C;_salkyl)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 sclected from Ciealkyl, Cyalkenyl, C,galkynyl, C5ecycloalkyl, 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.



wherein: Rl is selected from hydrogen, optionally substituted hydrocar byl
and optionally substituted heterocyclyl; X is =0, =N-OH or =N-OC(O)Me; Qi s
hydr ogen wo 20h/ou32 or a salt thereof. 3. The conpound eCTfGB200/&1(0D] ), or
a salt thereof, as clainmed in claim2, wherein: Rl is selected from
hydrogen, CtraHcyl, C2_6al kenyl, C2_6al kynyl, C3-6cycloal kyl, optionally
substituted phenyl and optionally substituted benzyl. 4. The conpound of
formula (11), or a salt thereof, as clainmed in claim2 wherein: Rl is

sel ected of rom §t

C3_6cycl oaI kyIT}M%h&%g‘Fh dfegg!rlllliéiql) quﬁzﬁl_es?i@:t ﬂr(??{% o en Tﬁ}y%ecrll? 2atr0 e5

opt i onal lwhestibh X is=IN-©@#. by one or nore hal o, nltro, cyano, hydroxy, Cral kyl ,
Cral koxy, G _6al kanoyl, TV-(G -eal ky*am no, N,N-(C _6al kyl) 2amno , -(C

1 6al kanoyl )am no , N-(C -6al kanoyl)- N-(C i _6al kyl)am no , carbanoyl,
sulfarmyl s ( anoyl

N-(Gi_6al kyI )&%ﬁ%’ g%p‘%%éo C%‘éﬁlﬁy% %Qﬂ)gﬁréo% g?‘dbbo 6al kyl )-S(O a-
wherein ais 0-2. 5. The conmpound oK formgla (I1), or a salt thereof, as
claimed in claim2, wherein: Rl is gel ectted from Cral kyl, C2_6al kenyl

C2_6al kynyl CS_6cycI oal kyl, pheny denzyl . 6. The corrpound of for mul a
(1), or a salt thereof, as clai clains 2 to 5 wherein Y is
hydrogen. 7. The conpound of for a salt thereof, as clained in
any of5 clainms 2 to 5, wherein Y is 4-chlidrophenyl sul fanyl .

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
s =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):



8. The compound of formula (lI1), or a salt thereof, as clainmed in any of
clains 2 to 5 wherein Xis =0.9. The conpound of formula (Il), or a salt
t her eof , we© 2011Z0m8d i n any of clains 2 to 5, wherein X PSTHB20H/05100 A
conpound according to claiml1, which is of fornmula (Xl): wherein: X is =0,
=N-OH or =N-OC(O) Me; Qis hydrogen or ghloro; or a salt thereof. 11. The
conpound of fornmula (Xl), or salt thereof, as clained in claim10, wherein
Y is 4-chl orophenyl sul fanyl. 12. The conpound of formula (Xl), or salt
thereof, as clainmed in claim 10, wherein X is =0 or =N-OH. 13. Use of the
conmpound of forrmula (Il), or a saIIOHtgrﬁclai med in any of clains 2
to 9 as a pharnmaceutical internegiate/ 14 jse of the conmpound of formula

(I'1), or a salt thereof, as cl & W any of clains 2 to 9 as an
internediate in the manufacturd e conpound of forrmula (I). 15. A
process conprising reaction of a“o ung@of forrmula (I1) of formula (lie)
(lite) with an acetylating agent; wheret{ the values of RL are as defined

inclaims 2 to 9, and wherein Qis chlormr6. A process conprising the
reaction of a conpound of forrmula (I1) of forrmula (Hd): (iid) with an
acetyl ati ng agent; (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):



wherein R1 is as defined in clains 2 to 9. 17. The process as clained in
claim15 or claim 16 wherein the acetylating agent is acetic anhydride. 18.
The procese 2as/obs2ned in any of clainms 15 to 17, wher ePQTIGB20108BLCLODON | S
carried out in the presence of an iodide salt. 19. The process as cl ai ned
in any of clainms 15 to 17, wherein thegjeaction is carried out in the
presence of a Lewis acid. 20. The process as clained in any of clains 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 conpound of fornula
(I): (') which conprises reaction of a conpound of formula (11AA): (I1AA
where R 1' is hydrogen or Cral®yl wth an acyl ating agent followed by
de-esterification. 22. A process according,to claim2 1 in which RL is
hydrogen or ethyl. 23. A pr ssnapcor di ng toxlaim2 1 or 22 in which the
acyl ating agent is acetic anhydrijde. 227 A pryg es@'according to any one of
clains 2 1 to 23 which is carri ge in thke—presence of xylene and sodi um

i odi de. 25. A conpound of formu ph\epar ed according to a process as
defined in any one of clains 1§ o
OH
@

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

of claims 15 to 24.



