PROCESS FOR PREPARI NG PYRI DONE DERI VATI VES 226 The present invention
relates to a novel route for preparing conpounds useful in the synthesis of
phar macewocaddpiset i ve conpounds, as well as novel proeesssERI@N30124

i nt ermedi ates and conpounds used in the route. Cell signalling through
growth factor receptors and protein kipases is an inportant regulator of
cell growth, proliferation and differentiation. In normal cell growh,
grow h factors, through receptor activation (i.e. PDGF or EGF and others),
activate MAP ki gas : pst wel |
under st ood MAP 1 Ery v F ol | ed cell
growth is the Ras/ Raf k| nase pat hvvay Actlve GTP- bound Ras results in the
activation and indirect phosphorylation of Raf kinase. Raf then
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MAP ki ndstesmedthRkd ar&fﬁbnﬂuou’&&i@@h@ﬁ;ﬂh@bmhatmn by I\/EK occurs on Y204 and T202
for ERKI and Yl 85 and T 183 for ERK2 (Ahn et al., Methods, in Enzynol ogy,
2001, 332, 416@1113@)%111%ngﬁ#rgrp‘é(tlbfﬂcfem@captﬁﬁ%4nﬂé>§0fawdﬂl@%§wtapa?@§%@5t es to
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activation of ERKI and 2 which results in proliferation and,” in sone cases,

GTP-bound Ras results in the activation and indirect phosphorylation of Raf kinase. Raf
then phosphorylates MEKI and 2 on two serine residues (S218 and S222 for MEKI and
S222and S226 for MEK2) (Ahn et al., Methods in Enzymology, 2001, 332, 417-431).
Activated MEK then phosphorylates its only known substrates, the MAP kinases, ERKI

15 and 2. ERK phosphorylation by MEK occurs on Y204 and T202 for ERKI and Y1 85 and T
183 for ERK2 (Ahn et al., Methods in Enzymology, 2001, 332, 417-431). Phosphorylated
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ERK dimerizes and then translocates to the nucleus where it accumulates (Khokhlatchev et
al., Cell, 1998, 93, 605-615). In the nucleus, ERK is involved in several important cellular
functions, including but not limited to nuclear transport, signal transduction, DNA repair,

20  nucleosome assembly and translocation, and rnRNA processing and translation (Ahn et al.,
Molecular Cell, 2000, 6, 1343-1354). Overall, treatment of cells with growth factors leads
to the activation of ERKI and 2 which results in proliferation and, in some cases,
differentiation (Lewis et al., Adv. Cancer Res., 1998, 74, 49-139).

In proliferative diseases, genetic mutations and/or overexpression of the growth

25 factor receptors, downstream signalling proteins, or protein kinases involved in the ERK
kinase pathway lead to uncontrolled cell proliferation and, eventually, tumor formation.
For example, some cancers contain mutations which result in the continuous activation of
this pathway due to continuous production of growth factors. Other mutations can lead to
defects in the deactivation of the activated GTP-bound Ras complex, again resulting in

30 activation of the MAP kinase pathway. Mutated, oncogenic forms of Ras are found in 50%
of colon and >90% pancreatic cancers as well as many others types of cancers (Kohl et al.,

Science, 1993, 260, 1834-1837). Recently, bRaf mutations have been identified in more



differentiation (Lews et al., Adv. Cancer Res., 1998, 74, 49-139). In
proliferative di seases, genetic nutations and/or overexpression of the
growt h f awpoanowvweespt ors, downstream signal ling protei nsPCOGRI@BT24Ki nases
i nvol ved in the ERK ki nase pathway |ead to uncontrolled cell proliferation
and, eventually, tunor formation. For_g¢xanple, sone cancers contain

mut ati ons which result in the continuous activation of this pathway due to
continuous production of growth factors. Qther nutations can lead to
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many ot hers types of cancers (Kohl et al., Science, 1993, 260, 1834-1837).
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overactivatigon of the MAP ki nase pathway in cancers of pancreas, col on,
lung, oWXFiPCHIMATHRESCnadeYesulg gt)maaen?ﬂccme@a%%, 1999, 18, 813-822).

Hence, there hg c@ns%ilwn%%r 0&L&1VaLbR B REAMERRCANGAE ilcagvﬁg tp%taﬁ}f@l"e%%&ll’e MAP

ki nase pathway resulting fromgenetic nutations. As stitutive or
over act ipralifecmion and/diffckintiaten,galsbdide op thay patbwpy wdtchbvaddab éc iband@idl in
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attractive therapeutic target because the only known substrates for MK
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molecule MEK inhibitors have been shown to inhibit human tumor growth in nude mouse
xenografts, (Sebolt-Leopold et al., Nature-Medicine, 1999, 5 (7), 810-816; Trachet et al.,
15 AACR April 6-10, 2002, Poster #5426; Tecle, H., IBC 2nd International Conference of
Protein Kinases, September 9-10, 2002), block static allodynia in animals (WO 01/05390)
and inhibit growth of acute myeloid leukemia cells (Milella et al., J. CHn. Invest., 2001,
108 (6), 851-859).
Small molecule inhibitors of MEK have been disclosed in a wide range of
20 publications including in U.S. Patent Publication Nos. 2003/0232869, 2004/0116710, and
2003/0216460, and U.S. Patent Application Serial Nos. 10/654,580 and 10/929,295, U.S.
Patent No. 5,525,625; WO 98/43960; WO 99/01421; WO 99/01426; WO 00/41505; WO
00/42002; WO 00/42003; WO 00/41994; WO 00/42022; WO 00/42029; WO 00/68201;
WO 01/68619; WO 02/06213; WO 03/077914; WO 03/077855, W02005/051906,
25 W02005/023759 and WO2005/051301.

A range of heterocyclic compounds, and pharmaceutically acceptable salts and
prodrugs thereof, which are potent inhibitors of the MEK enzyme and so are useful in the
treatment of hyperproliferative diseases are described in W02005/051301 and
W02007/044084. In particular, 6-oxo-1,6-dihydropyridine compounds are described in

30 these references, and specifically those of formula A are described and claimed in

W02007/044084:



nmol ecul e MEK i nhi bitors have been shown to inhibit human tunmor growth in
nude nouse xenografts, (Sebolt-Leopold et al., Nature-Mdicine, 1999, 5
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di seases are described in WO2005/051801 and WO2007Y 044084. I n particul ar,
6- oxo- 1, 6-di hydropyri di ne conpounds Qre described in these references, and
specifically those of fornula A are descr(A ed and clainmed in

WO2007/ 044084: where Ra is O or F, Rb is hydrogen, nethyl, ethyl, hydroxy,
met hoxy,whetreiBXis, CIMOFCH - CH - O-, HOCH2C(CHs) 2) -, ( S)- H3CCH( OH) CH2O-,

(R- &LCIIS-| Wogé;'lz, %e’thyl, ethyl, hydroxy, methoxy, ethoxy, HO-CH,-CH;-O-,
HOCH,C(CHzs),)-, (S)-H:CCH(OH)CH;0O-, (R)-HOCH,CH(OH)CH,0-,
s cyclopropyl-CH,.O-, HOCH,CHj-,
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R® is methyl or ethyl, where said methyl and ethyl are optionally substituted with one or
more fluorine atoms,
0 RYis Br, I or SCH3,
R®is H, CN, Cl or C,4alkyl optionally substituted by one or more groups independently
selected from F or CN, subject to the exclusion of certain combinations of variables as
described .
The preparation of compounds of formula (A) is also described and claimed in this
15 reference. Specifically, the compounds of formula (A) are prepared by amidation of a
compound of formula (B), using a lithiated amine formed using lithium

hexamethyldisilazide as the lithiating reagent

RPINpe -



cycl opropyl -CH2_O, HOCH2CH2-, Rc is nethyl or ethyl, where said nethyl and
ethyl are optionally substituted with one or nore fluorine atons, Rd is Br,
| or SCH3wWOReow®i14d2 CN, C or C _4al kyl optionally substctrgBdodmnsorae or
nore groups independently selected fromF or CN, subject to the exclusion
of certain conbinations of variables ag described . The preparation of
conpounds of formula (A) is also described and clainmed in this reference.
Specifically, the conpounds of forrmula (A) are prepared by am dation of a
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defi ned czlrawe, and Rf is an al kyl group such as nethyl or ethyl. Conpounds
of formul aﬂ?’% are therefore key internediates in the g}lreeparatj on of the
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are of fornmula (O (O . According to US2007/01 12038 these pyridones are
pr epar ed"igh ggp?f@ﬁétwggt%@shegﬁ@ﬁhwhéSl?arzeﬁ% % agdage BPEENPE8R i ¢ aci d.

The overf%,lrildoﬁ&%&ui;egiﬁ%ﬁgwsgfecgpf{n:ﬁiﬂﬁ%?)a_rti ng material was 7 stages and

was adequate for nmanufacture of small quantities of material for
R’ _O_ 0
X Cl
Re N\RC
O
(C)
10 According to US2007/0112038 these pyridones are prepared in 4 synthetic stages

starting from 2,6-dichloronicotinic acid. The overall route to the drug from this starting
material was 7 stages and was adequate for manufacture of small quantities of material for
carly evaluation of medicinal properties. However, there are a number of issues that
compromise the effectiveness of this route for the large-scale manufacture of the drug.

15 Included in the problems associated with this route are the following issues: several
of the steps produce isomer mixtures that are difficult to separate without chromatography;
R® is introduced by a palladium catalysed alkylation step, which is low yielding, does not
proceed to completion and leaves residual palladium that is difficult to remove; a number
of the stages require low temperatures that are difficult to achieve in manufacturing

20 facilities; the supply of lithium hexamethyl disilazide, which is used for two of the stages,
is presently limited and the residue is a potential environmental hazard; and the reagent
used to introduce the preferred side chain R = NHO(CH,),0H (O-(2-vinyloxy-ethyl)-
hydroxylamine) is hazardous to prepare and purify.

There is therefore a need for an alternative process for the preparation of pyridones
25 of formula (B), in particular compounds related to compounds of formula A, where R® and

R® are methyl groups, but also analogues thereof.



early evaluation of medicinal properties. However, there are a nunber of
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anal ogues t her eof ich avords the difficulties encountered in other

rout es, naspadiegercobnpdumboiermiladl)r oute is very atomefficient, uses very
sinple, cheap and readily avail able reagents, and all steps can be carried
out safely at noderate tenperatures. The approach is extrenely practica
and efficient and suitable for khe ganufacture of these conpounds on a
commercial scale. According to a rst aspect of the invention, there is

provi ded a nmethod for preparing a|conpgund of fornula (1)
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R R R®
10 (1)

or a pharmaceutically acceptable salt thereof;

where:
R’ is methyl or ethyl, either of which are optionally substituted with one or more fluorine
atoms;

15 R',R?% R%and R are independently hydrogen, hydroxy, halogen, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, -SR*, -OR>, -C(O)R*, -C(O)OR*, -NR*'C(0)OR?®, -OC(O)R”,
-NR*'SO,R*, -SO,NR*R*, -NR*C(O)R*, -C(O)NR*R*' -NR*C(O)NR*R*,
NR*”C(NCN)NR>R*, -NR*¥R*, C|_jpalkyl, C,.19 alkenyl, C,.joalkynyl, Cs.jocycloalkyl,

20 Csjecycloalkylalkyl, -S(O)C ealkyl, -S(O);(CR**R*)p-aryl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -O(CR*R*)paryl, -NR*(CR**R*)p-aryl,
-O(CR*'R*),-heteroaryl, -NR*(CR*'R**);-heteroaryl, -O(CR**R*)-heterocyclyl or
~NR*(CR*'R*),-heterocyclyl, wherein any of said alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and heterocyclylalkyl portions are

25 optionally substituted with one or more groups independently selected from oxo (with the



(1) or a pharmaceutically acceptable salt thereof; where: R7 is nethyl or
ethyl, either of which are optionally substituted with one or nore fluorine
at ons; RIWORB(y/1@843and RO are i ndependently hydrogen, hyaco:gBodvalsorren,
cyano, nitro, trifluoronethyl, difluoronethyl, fluoronethyl, fluoronethoxy,
di fl uoronet hoxy, trifluoronmethoxy, azigo, -SR2 1, -OR23 , -C(O R23,

-C(O OR23, -NR24C(O OR26, -0OC(O R23, -NR24SO2R26, - SO2NR23R24, - NR24C(O) R23
, -C(O NR23R24, - NR25C( O) NR23R24, - NR25C( NCN) NR23R24, -NR23R24, C1-10 al kyl,

C2-10 alk | .1 0al l,,, C3-10 | .0al kyl - | | gal kyl al kyl, -S(O
G _oar Wy iy Oa DKl g G5 YGRS, T 7O
het er oarpifiabisilethynetiRicremeihvky, tHeteoaruteky! aidy LINRISORZARIS NRETRA',

- NR24( CR24R2 | - CR24R25 het | - NR24( CR24R25 het |,
B e T A A S Ry AW I AP

sai d al kyls23zk k i b, ar.yl.a |,
het er oary :Ilgy’l_,ﬁ%yecf‘(gﬁggﬁ%zyI_Ngﬁﬁ(ﬁgwg;ﬁ%IbéﬁzKya%l)leﬂéérﬁ%ﬁJP% s’%;}?él%g%%/i onal ly
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t heprovisag th it is not substituted on an aryl .or hetergaryl), hal ogen,
cyano, r?F'Xl'r“&?}’ﬁ‘F‘iema{bd? tlﬁﬁnzcyaf P ?teﬁ%yqqzslﬁ ¥l fngsffinEﬁblg% MNbxy, azi do,

“NR24S - i i i i 0) OR26, -
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- OR23,  diuprométbyledidmoydmetiaylytrigluleydmethdt €rodnyl Gldatkenyhéhaalbgyd] §1s and
net e ooy LBk Y RS ROR PN SR B et eroaryl, aryallar

10 where R” is hydrogen, trifluoromethyl, C;_jpalkyl, C,j0alkenyl, C;oalkynyl,
Cs.ocycloalkyl, Cs.gcycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl, heterocyclylalkyl, phosphate or an amino acid residue, wherein any of said
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl
and heterocyclylalkyl portions are optionally substituted with one or more groups

15 independently selected from oxo (with the proviso that it is not substituted on an aryl or
heteroaryl), halogen, cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NR*'SO,R%, -SO, NR*'R*, -C(O)R*!, C(O)OR™, -OC(O)R*', -NR*'C(0O)OR”, -
NR*'C(O)R™®, -C(O)NR*'R*®, -SR*', -S(O)R”, -SO,R”, -NR*'R*®| -NR*' C(O)NR**R™, -
NR*'C(NCN)NR**RY, -OR?!, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and

20  heterocyclylalkyl, or R** and R** together with the atom to which they are attached form a
4 to 10 membered carbocyclic, heteroaryl or heterocyclic ring, wherein any of said
carbocyclic, heteroaryl or heterocyclic rings are optionally substituted with one or more
groups independently selected from halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR*'SO2R%, -SO,NR?*'R*, -C(O)RZI,

25 -C(O)OR?, -OC(O)R*, -NR*'C(O)ORY, -NR*'C(O)R?, -C(O)NR*'R*, -SR*!, -S(O)R”, -
SO,R?, -NR*'R*, -NR*'C(O)NR*R™, -NR*' C(NCN)NR*R™, -OR?!, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R** and R” independently are hydrogen or C, alkyl; or
R** and R” together with the atom to which they are attached form a 4 to 10 membered

30 carbocyclic, heteroaryl or heterocyclic ring, wherein said alkyl or any of said carbocyclic,

heteroaryl and heterocyclic rings are optionally substituted with one or more groups

independently selected from halogen, cyano, nitro, trifluoromethyl, difluoromethoxy,



substituted with one or nore groups sel ected from hal ogen, hydroxyl, cyano,
nitro, azido, fluoronethyl, difluoronethyl, trifluoronethyl, G _4al kyl,
C2- 4 al kewgl2poodd148al kynyl , C cycl oal kyl , C 3_6het er ocycl| ealriga2009R22R24 and
OR23; where R23 is hydrogen, trifluoronethyl, C _ioal kyl, C2_ioal kenyl,
C2_i oal kynyl, C3_iocycloal kyl, C3_iocygloal kylalkyl, aryl, arylalkyl,
heteroaryl, heteroaryl al kyl, heterocyclyl, heterocyclyl al kyl, phosphate or
an am no acid residue, wherein any of said al kyl , al kenyl, al kynyl,

cycl oal ar 1gPek Br QY YRt fret yl 21 h |yl d
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car bocycli c, heteroary het erocyclic r s are opt’i onal
with one)paonedrbfrselbgrtompszvlthrrdepaemrdnngtqups eldep¢eldntly saledial mgexo Cyahdie nitro,

B e § TR o REPID 5,
1 O)oRZEinﬂu&()@em% cﬁﬁ{?&omet%&y,lmﬂu%@)eﬁ%& amd&cﬁﬁz@sozlﬂms RZSNR’2
1C( O) NR28R30 R 28 het er oar}{ 2§.| kyl,

het er oar—(}(@)R(y,IC(Q)@Rer, o@(}é@)ﬁ Hﬁg @{@D@Rég yNR Cé@)& -C(O)N
-S(0)R”, -SO,R¥, -NR*'R*, -NR*'C(O)NR*R*, -NR*'C(NCN)NR**R™, -OR21, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl ;
R*!, R”® and R* independently are hydrogen, lower alkyl, lower alkenyl, aryl and

15 arylalkyl, and R* is lower alkyl, lower alkenyl, aryl and arylalkyl ;
or any two of R*', R?*, R* or R* together with the atom to which they are attached form a
4 to 10 membered carbocyclic, heteroaryl or heterocyclic ring, wherein any of said alkyl,
alkenyl, aryl, arylalkyl carbocyclic rings, heteroaryl rings or heterocyclic rings are
optionally substituted with one or more groups independently selected from halogen,

20 c¢yano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
mis0,1,2,3,40r5;andjis0, lor 2;

Xis OR®, SR®, -NR°R’, -N(R'*)OR®, -N(R*)SO,R®, Ci.jocycloalkyl, Cy_jealkyl, aryl,
heteroaryl or heterocyclyl,

25 wherein R® is a group as defined above for R*;

R’ and R'? are groups as defined above for a group R**; or
R'? is linked to R® so as to form a protected derivative thereof;

which method comprises hydrolysis of a compound of formula (II)



R24 and R25 independently are hydrogen or G _6 al kyl; or R24 and R25
together with the atomto which they are attached forma 4 to 10 nenbered
car bocyclwo,2obveoes30ar yl or heterocyclic ring, wherein sacu/cikedosorz4any of
sai d carbocyclic, heteroaryl and heterocyclic rings are optionally
substituted with one or nore groups ingdependently selected from hal ogen,
cyano, nitro, trifluoronethyl, difluoronethoxy,trifluoronethoxy, azido,
-NR2 1SQ2R29, -SM2NR2 1R28, -C(OR 2 1, C(OOR 2 1, -OC(OR 2 1, - NR2
1IC(OOR 29, -NR2 1C(OR 28, -C(Q)N 2 1R28, -SR2 1, -S(OR 29, - SO2R29,
-NR2 1R28, - NR2 1C(O NR 28R30, "> 1C(NCN) NR 28R30, -OR2 1, aryl,
heteroaryl, arylalkyl, heteroarylal kyl heterﬁtycl yl, and

het erocycl ylal kyl; R26 is triflu metyl , G/ i Cal kyl, C3_i Ocycl oal kyl
aryl, arylal kyl, heteroaryl, hefer yl a het er ocycl yl or

het erocycl yl al kyl , wherein any {*d al cycl oal kyl, aryl, arylal kyl,
heteroaryl, heteroaryl al kyl g%ét YeRY1 > gg erocycl yl al kyl portions
are optionally substituted wth ome or mi¥e grodps independently sel ected
fromoxo (with the proviso that it is not substituted on an aryl or

het eroaryl ), hal ogen, cyano, nitro, tr@)lzuor onet hyl, difl uoronet hoxy,
trifluoronethoxy, azi do, -NR2 1SQ2R29, - NR2 1R28, -C(OR 2 1, C(OOR 2 1,
- OC( O) Rvihete X; RRR*L A ORORIPR’ are AiRAcTIGI@pR/Q8nd LG§ OJdNRINZ gt&@AB8, - SR2 1,

-S(OR 29, -SO2R29, -NR2 1R28, .- 1C(O NR 28 , .-N 1C(N NR. 28R30,
-0(?2) 1, aryl ,%uﬁ%%@#wm% groyp %CE%M}%%F%FS&& 9@&%@; 52%@% ags\f'?érw,asand
het er oc el VAsahi¥! oxyeBh-linRR AIRE iR igfa)qs@,q&dsahipye gpdvidhaggR o 'ever al kyl,

| ower al kenyl Y aryl anltlj aryl alloky , and R29 is ower al kyl, 1Tower alkenyl,
aryl sandG(G)Ral dydSORor whese R Wis afalkyl grétip, R R anodletlivepryhigtdupt he at om to

uhi o they are atkaghedu i SLM At {0 R IRECLEL. RYRAGUP hemogher oy o

preparing a compound of formula (IB)

X 0O
H
AN N\E:LR1
N
9 ~n7
R R R2 R8
O

10 (IB)

or a pharmaceutically acceptable salt thereof;

where:

R’ is methyl or ethyl, either of which are optionally substituted with one or more fluorine
atoms;

15 R',R?% R%and R are independently hydrogen, hydroxy, halogen, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, -SR*, -OR>, -C(O)R*, -C(O)OR*, -NR*'C(0)OR?®, -OC(O)R”,
-NR*'SO,R*, -SO,NR*R*, -NR*C(O)R*, -C(O)NR*R*' -NR*C(O)NR*R*,
NRZC(NCN)NR*R*, -NR*R**, C\_jpalkyl, C,.19 alkenyl, Cy_joalkynyl, Cs_ocycloalkyl,

20 Csjecycloalkylalkyl, -S(O)C ealkyl, -S(O);(CR**R*)p-aryl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -O(CR*R*)qaryl, -NR*(CR**R*)p-aryl,
-O(CR*'R*),-heteroaryl, -NR*(CR*'R**);-heteroaryl, -O(CR**R*)-heterocyclyl or



al kenyl, aryl, arylal kyl carbocyclic rings, heteroaryl rings or
heterocyclic rings are optionally substituted with one or nore groups

i ndependewbl2goswi4et ed from hal ogen, cyano, nitro, triflPeorGBEEeEdNsh124

di fl uoronet hoxy, trifluoronethoxy, azido, aryl, heteroaryl, arylalkyl,
heteroaryl al kyl, heterocyclyl, and hetgrocyclylalkyl; mis O 1, 2, 3, 4 or
5; andj is O lor 2; Xis OR6, SR6, -NR6R5, -N(R 12)OR6, -N(R 5) SO2R6,
C3-i0cycloal kyl, G _iQCalkyl, aryl, heteroaryl or heterocyclyl, wherein R6

55 A U, S ORI SN B ™ 0o

for a group

derivatiavg, \J?r&nmjhetem&@n haﬁtdwﬂalckprmétbﬁ@clbyﬂqu{e%&b@cghalﬁquﬁﬁmmﬁle of
formula (11)(H where X, Rl, R2, R/, R8 and R9 are as defined above, and L
is a | edPiipgelhrwhpitucdividme ar sxre gepugs swsaendenth: salericdhEps gap (Vb as

e 0 LS P58 U5 b oI VBRI D) 2119, 9 S0
al kyls grttifiporoarchyRiiflicomathakkytiflosroatcyHoxgr ain, -MBRESOIRHY-IMNR Rt her
compoundCEP or IR T B0 CBK or s E IR eV Reb SR BERTE o ¢
T M oY S NN TSt e
heteroarylalkyl, heterocyclyl, and heterocyclylallcyl, and wherein said aryl, heteroaryl,
arylalkyl, heteroarylallcyl, heterocyclyl or heterocyclylalkyl rings may be further

10 substituted with one or more groups selected from halogen, hydroxyl, cyano, nitro, azido,
fluoromethyl, difluoromethyl, trifluoromethyl, C.4alkyl, C,.4 alkenyl, C,4alkynyl, Cs6
cycloalkyl,Csgheterocycloalkyl, NR*R** and OR™;
where R* is hydrogen, trifluoromethyl, C,_jpalkyl, C, jpalkenyl, C;_palkynyl,
Cs.ocycloalkyl, Cs.gcycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,

15 heterocyclyl, heterocyclylalkyl, phosphate or an amino acid residue, wherein any of said
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl
and heterocyclylalkyl portions are optionally substituted with one or more groups
independently selected from oxo (with the proviso that it is not substituted on an aryl or
heteroaryl), halogen, cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy,

20  azido, -NR*'SO2R?, -SO, NR*'R*, -C(O)R*, C(O)OR?, -OC(O)R?*!, -NR*'C(0)OR?, -
NR*'C(O)R™®, -C(O)NR*'R*®, -SR*, -S(O)R”, -SO,R”, -NR*'R*® -NR*' C(O)NR**R™, -
NR*'C(NCN)NR**RY, -OR?!, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl, or R** and R** together with the atom to which they are attached form a
4 to 10 membered carbocyclic, heteroaryl or heterocyclic ring, wherein any of said

25 carbocyclic, heteroaryl or heterocyclic rings are optionally substituted with one or more
groups independently selected from halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR*'SO2R%, -SO,NR?*'R*, -C(O)RZI,
-C(0)OR™, -OC(0)R*, -NR*'C(0)OR”, -NR*'C(O)R*, -C(O)NR*'R*, -SR*, -S(O)R,
-SO,R”, -NR*R*, -NR*'C(O)NR*R?’, -NR*! C(NCN)NR**R*’, -OR*, aryl, heteroaryl,

30 arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R** and R” independently are hydrogen or C, alkyl; or
R** and R” together with the atom to which they are attached form a 4 to 10 membered



atons; Rl, R2, R8 and RO are independently hydrogen, hydroxy, hal ogen,
cyano, nitro, trifluoronethyl, difluoronethyl, fluoronethyl, fl uoronethoxy,
di f | uor orm0l009y1014321 f | uor omret hoxy, azido, -SR2 1, - OR23PCTAII20)9REB124

-C(O OR23, -NR24C(O OR26, -0OC(O R23, -NR24SO2R26, - SO2NR23R24, -NR24C(O) R23
, -C(O NR23R24, - NR25C( O) NR23R24, - NR25¢¢ NCN) NR23R24, - NR23R24, Cl1-10 al kyl,
C2-10 al kenyl, C2_i Oal kynyl, C3-10cycloal kyl, Cs-iocycloal kyl al kyl, -S(0O
G _6al kyl, -S(C»j(CR24R25)n}aryI aryl, aryIaIkyI het er oar yl ,

het er oar IaIk et ero et erocy.

"N et le iShEATEY fedlom e RIS e Xlkmﬁo%%a%%ﬁ%%h& aryl
- X Cm4%&}éﬂf?%@ﬂﬁ&¥@y)ﬂlc ﬁﬁgsNBe 3?&@311%5@@%@%@&@»@@& ohpy ei N any of
sai d al kyl kenyl , al kynyl, oal kyl , |, aryl al kyl %eteroaryl

het er oarlwe@pk@qnﬂyrﬁ@l@@tﬁ@érym Mlowdcmpélaewlwpm@hylwﬂtl@reﬁ@tf@w, opti onal Iy
substit yiad,, \A‘F]nteﬁl&yeaz?c{o ”il?kﬁsgf RUPS A RFeRe '&d%gbw 6‘Red Hrpaexo (with
5 gd on

the proviso t 'S no titut etefoar ‘hal ogen,
cyano, nNRCG(OHORF, LREGEOIRA - C@OjNRlﬁRZ%ESbe)(}B(O)Rz? f-ISﬁQR&%}ENR i azi do,
-NR 245 , ., -NR
240(0) mN%%(O)Nﬁz%Eg@NC%% = ,2%4 iy t%gwiozq W?NhY§5C( O NR23R24,

-NR ZSC(HEI%};? ﬁ%ﬁ%@teroc@y?%nd%%ﬁ&ocp@@la%faryl aryl al kyl, heteroaryl al kyl,

het er ocy het er ocycl yl al wherein said aryl, heteroaryl,
aryl al kyR** ingitbrooemgthal, Eyhoﬁllﬂyét(“enmybhgldyl @rylhée"ybﬂiytywteyd)aylkyl rings may be

furth bstituyt I t

nyar oxy IHeregalv et ioc B B B PRty RFh e FRLShabaly Syt
trif], | |,
3r |6 hle ?g:agyg% l(r)églfy& ;ﬂ@a&ég %te%ﬁﬂal% ﬁ@t)éfocg%t 4 ﬁ%y&b;&yc Jgégkglnﬁﬁmaalrgy
tri f I uorcptrerdl subgiutpdayithydne oCzaoro ardues mdep@@sm@amt@m@d from oxo0 (with the

proviso that it is not substituted on an aryl or heteroaryl), halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,azido, NR*'SO,R*,-SO,NR*'R*,
-C(O)R*, C(O)OR?, -OC(O)R?!, -NR*'C(O)OR?, -NR*'C(O)R*, -C(O)NR?*'R*®, -SR?!,
15 -S(O)R%, -SO,R¥, -NR*'R*, -NR*'C(O)NR*R*, -NR*'C(NCN)NR**R™, -OR?!, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
R*!, R”® and R* independently are hydrogen, lower alkyl, lower alkenyl, aryl and
arylalkyl, and R* is lower alkyl, lower alkenyl, aryl and arylalkyl ;
or any two of R*', R?*, R* or R* together with the atom to which they are attached form a
20 4 to 10 membered carbocyclic, heteroaryl or heterocyclic ring, wherein any of said alkyl,
alkenyl, aryl, arylalkyl carbocyclic rings, heteroaryl rings or heterocyclic rings are
optionally substituted with one or more groups independently selected from halogen,
cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
25 mis0,1,2,3,40r5;andjis 0, 1 or 2;
X is OR®, -NR°R’, -N(R'*)OR®, -N(R*)SO,R®, Ci.igcycloalkyl, Ci.i0alkyl, aryl, heteroaryl
or heterocyclyl;
wherein R® is a group as defined above for R*;
R’ and R'? are groups as defined above for a group R**; or
30 R'"is linked to R® so as to form a protected derivative thereof;

which method comprises hydrolysis of a compound of formula (IIB)



C3-10cycl oal kyl , C3-10cycl oal kyl al kyl , aryl, arylal kyl, heteroaryl,

het eroaryl al kyl , heterocyclyl, heterocyclyl al kyl, phosphate or an am no
aci d resiwoepowtoessei n any of said al kyl, al kenyl, al kynpCT/GBrodoaabiey! ,
aryl, arylal kyl, heteroaryl, heteroaryl al kyl, heterocyclyl and

het erocycl yl al kyl portions are opti ong“(y substituted with one or nore
groups i ndependently selected fromoxo (wth the proviso that it is not
substituted on an aryl or heteroaryl), hal ogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, tiifluoronethoxy, azido, -NR 2 1SO2R 29,
-SO 2 NR2 1R28, -C(OR 2 1, 1, -OC(OR 21, -NR2 1C(OOCR 29, -
R

NR2 1IC(OR 28, -C(ONR 2 1R28, -S(O& 29, -SO 2R29, -NR 2 1R28,
-NR 2 1C(O NR 28R30, - NR2 1C(N 2 1, aryl, heteroaryl,

aryl al kyl , heteroaryl al kyl, het N heterocycl yl al kyl, or R23 and
R24 together with the atomto attached forma 4 to 10
menber ed carbocyclic, heterqg ek 5% 'ﬁsri ng, wherein any of said
carbocyclic, heteroaryl or heterodyclic R ngs are optionally substituted
with one or nore groups independehtly sel ected from hal ogen, cyano, nitro,
trifluoronethyl, difluoromethoxy, trifluoronethoxy, azido, -NR 2 1SQ2R 29,
-SO 2NR2 1R28, -C(OR 2 1, -(O R 2MHB)_ ot R 2°1, -NR 2 1C(O OR 29, -NR

2 1C(O NR72pd 9 s - vic 3 : -NR 2 1R28, -NR
2 100 NSaR R 2R LRI Sefasg Pt AR 00 0
aryl al kyl , helherreatiph ad suythblyheéfeeted by cactipn anajueetsemoediyiol, withlok withof2ah and

R25 i ndependent|ly are hydrogen or. G, 6 alkyl; qr 4 .R25 together with
the at offeBis -2 ey hreantralitisaoraprrirhis cfienel taRbraaREDocycl | c.
het er oariydth@ktch 8pieH 0 &b e mipbratirBof {Y4IR h/IbInS Rthettiklto e %M%Oﬁoiﬁ%f Ghe
carbocyclic, heteroaryl and heterocyclic rings are optionally substituted

Wi t h oneobenmirrexgmplepsteinpdapen dehiiomytSde 68 et eds founh thik sgevenicayano, nitro,
trifluoromet }bloln’lpoqlin]zié S fro%ﬁltartﬁ))( Yre suitably prepared by reacting a compound of
formula (III)
X 0

H 1
~ N ?
R R? R®
L

10 (1

where L, X, Rl, Rz, R® and R’ are as defined in relation to formula D;

with a compound of formula (IV)

R’-L! IV)
15
where R is as defined in relation to formula (I) and L' is a leaving group.

Suitable leaving groups L' include in particular O-linked groups such as alkoxy,
0OCOalkyl, OCOaryl, OSOsalkyl, OSO;aryl as well as halogen atoms. Thus examples of
groups L' are trifluoromethanesulfonate, mesylate or tosylate as well as halogen such as

20 Cl,Brorl.
The reaction is suitably effected in an unreactive organic solvent such as

chlorobenzene. It has been found that pyridines of type (III) are not particularly reactive



trifluoromethoxy, azido, -NR2 1SQ2R29, -SO2NR2 1R28, -C(OR 2 1, C(OOR 2
1, -OC(OR 2 1, -NR2 1C(OOR 29, -NR2 1C(OR 28, -C(ONR 2 1R28, -SR2 1,
-S(O R 29v0208000R32, -NR2 1R28, -NR2 1C(O NR 28R30, - NRPCIHIGMyINR228R30,
-OR2 1, aryl, heteroaryl, arylalkyl, heteroaryl al kyl, heterocyclyl, and
het erocycl yl al kyl ; R26 is trifluor orrgﬁ@yl , G _ioal kyl, C3_iocycloalkyl,
aryl, arylal kyl, heteroaryl, heteroarylal kyl, heterocyclyl or
heterocyclylalkyl mherein any of said al kyl , cycloalkyl aryI aryl al kyl ,
het er oar teroaryl al k et er. teroc ortl ons
are optl%ﬂa}lﬁy?ano%%atcylf) beSQnWOne of 1%% e%fjlragﬁo & epen e y sel ected

from ox Cble(v\ékeﬁheﬂlb@aﬂﬂf@\fdn’Sdiaﬁlﬁ)&:tbdt\K/edn%(n@tlOBW%hd tatihigH cofcchtatdsydf thE
het eroaryl ), hal ogen, X/ano nitro, trifluoronethyl, difluoromethoxy,

trifl uoror@enesk9t osmulg ( )hﬂme@gmipb@vvﬁs@ﬂﬁ%gzhz@pwa@( mperd4 Ke/lgip) OR 2 1,
OR 8, ONR 2 1R28, -SR2 1,

i S(C(O) A é’éde]f f%réy%%a%%WE%g at y%ﬁ%‘fﬁ% 28R:% )N 1C(NCN) NR 28R30,

-OR251, aryl ,Aldeugh natre;shentlat whalkdkarlajlalblef the ﬁmroylhaidﬁydf a doed eliaogywilyl , and

het erocycl | al kyl; R and R independ y. are hydrogen, |ower alkyl,
| over al &%ﬁwe IS%ﬁWn%ﬁmeawp% r}q‘l%{] &é%dqrglgﬂw,@mca WG, | ower al kenyl ,

aryl and ar yl@dnﬁydunds of fo%ﬁlat(m o?tfgmlga ng-thlﬁggy ar@%glt@cﬂy FeR diResd fiethew th t he

atomto which t are attached rma nber ed carbocyclic,

het er oarp}rd:pamtlohetf epopyaidsof formgla (IIMeEammm@WUlfg Q;’@ludﬁaatiopl sfagab kexrwl aryl,
aryl al k I.C ri ter rlnsor racycli.c rings are
op 1 onariegt EUBEDE B e o BBt Asrse GhURHIS e BEHASHEP )6l oot ed £ rom
hal ogen, Cyar@bmﬂﬁuhﬂ@@f Fohhﬁl'al{ﬁl)%{@}t Mﬁseldésfﬁé&%}%ﬁ‘?d BP¥ Yrocksd donypismiget hoxy,
azido, aryl, heter oar3/ aryl al kyl”, heteroaryl al kyl,” heterocyclyl, "and

het er ocyedojinglalepmpound of formula (V)

N 1
e
R’ )ﬁ/ N 2 =
L
(V)
where L, Rl, Rz, R® and R’ are as defined in relation to formula D;

with a compound of formula (VI) or (VIa)

15

Y
_ 0 Q 0
YH W"%_{
X Q 1 X
(VD (VIa)

where X is as defined in relation to formula (I), Y is hydrogen or a removable group (such
as SiR”R*R*! or SnR"R*’R* where R'?, R*® and R*' are independently selected from

20  hydrogen or Cyalkyl (such as methyl) or aryl and Q and Q' are independently selected
from hydrogen or a group which is readily removeable by elimination such as OC,alkyl,
0OCOC, g¢alkyl, mesylate, tosylate or halogen (e.g. chlorine, bromine or fluorine). For
example, one of Q or Q', for instance Q', is hydrogen and the other is a removeable group

as defined above such as halogen.



mis O 1, 2, 3, 4 or 5; and |
-N(R 5) SO2R6, C3-i Ocycl oal kyl,

is O 1 or
G

i Cal kyl ,

2; Xis OR6, -NR6R5,
aryl, heteroaryl or

-N(R 12) ORS,

het er ocycWwol2poontoes3ei n R6 is a group as defined above foPCRZGH201R/@o24R ar e

groups as defined above for a group R ;
forma protected derivative thereof;

conpound of fornula (HB)(I1B) where X
above,
reaction in
an al coholic

eous nedi

VertPst

?‘ as &t %gy

or
tiys
and L is a |l eaving group The reaction is SU|tany ef fected by
i t hout

1sised, I\}g 1(nI1

R12 is linked to R6 so as to
h nmet hod conprises hydrolysis of a
R2, R7, R8 and RO are as defi ned

so vent, such as

il AR ET e RRS T oo

spirit) beﬁbeeh&l‘i@étﬁﬂﬁduﬁlﬂ%f@drnfuﬂa)m)adﬂiﬁltwéorﬁ@ﬁﬁﬂroﬁ‘fdrhﬁllat ((Vlhj'l@s boi ling point

of the solvent, for exanple a te

nperature of from45 to 65C was found to be

conveni bty r@aréalam rdchof s'ﬂbfﬁwn&yerqn}aw@bx thetdpnpatineyi arreporsble supi ng a

corrpou”%‘afh Ii Qﬁ”s@ ohb b

defi ned t|on to

B e b

tandhe offfr o

a conpound

Y ?@"B?Stg%ﬁ\/) R7-V

(1Vv) svvhafemoﬂ%le sroap. Ereiipiedhre shavel mtthoschiemefbetowul a (1) and Llis a | eaving
group. Suitable leaving groups L1 include in particular OIinked groups

such as al koxy, OCQal kyl, OCCaryl, OSCral kyl, OSCraryl as well as hal ogen
at ons. Thus/s;&ﬂ@*es of
Z 5
COX
O)H/NHAr
| _ = | NHAr
)\( R9 SN
L \
Q1 e.g. T -HQ or HQ?
0 Q' =H, Q = Hal, OAlk etc.
or Q! COX
NHAr Q =H, Q" = Hal, OAlk etc.
or isomer O | Q NHAr
N =
RN
L
dihydropyridine
Q'___cox
j[ I COX
Y Q
NHAr - 1
OJKI( 2. -HQor HQ Y NHAr
N - ~ |
R’ X e.g. o A N
L Q/Q" = H and Hal, OAIk R
Y = SiR19R20R21 L

or = SNR19R20R?!

In another embodiment, if a compound of

formula (VIa) is used where Y, Q and Q'

are all hydrogen, the product of the reaction between a compound of formula (V) and a

compound of formula (VIa) is a dihydropyridine which is readily oxidised to form a

10 pyridine of formula (III).



groups L1 are trifluoronethanesul fonate, nesylate or tosylate as well as
hal ogen such as d , Br or I . The reaction is suitably effected in an
unr eact i weoan@ami432sol vent such as chl orobenzene. |t hagcChmBrod9msnt4t hat
pyridines of type (Il11) are not particularly reactiveand al kyl ation
reactions can be slow . Thus, it is benp ?flci al to carry out the reaction at
an el evated tenperature, for exanple between 60 to 1000C, and at high
concentration of the conpound of fornmula (V), for exanple between 3-10
Kg/ L, typicallysground 4 Kg/L, in order for the reaction to proceed at a
conveni ent ra“%. t hough not essential, where avail able, the introduction
of a seed char'ge Dé\:’ll facilitate i atlon of the compawgxd of formula (1)
Le

during this prog HACompounds g f oAUl odalsk) obt ai ned jgat his way are
suitably used di Qlyﬂ—ﬂ—t—he»pr paifat i on ef—~eempoundg off forrmula (I).

Ext ensi ve dry’ g r purificatignstages have been fg ot to be
necessary, although a crude separation on a filter R’s hel pful . Conpounds of
formula (111) may thensel ves be prlepared by a process donprising reacting a
conpound of formula (V) (V) whépgrpidr], R2, R8 and R9(Are as defined in

relation to fronawha dfkis ‘Rﬁﬂgtape @on‘frﬁgﬂﬂ?‘kﬂgwﬁ b?élml@er(c &lba&%{ltl&yfe@étlc(nyl )

(Via) where X is as defi Inrelatfon to orrrua I's hydrogen or a
r enov ablaad greoeom{omenct VasorSIVIRLBIRRORR a&tlmrdlmhﬂmmmumsymm&mcdkw , R20 and

0Rr2 ;r 3 |r edéql{]&% egs%ggl%sl gl ﬁ&%gﬁ%&%ﬁt;}ﬁ’ gvré(ﬁ St Emlcai'r%%ldelisy leaghng h as methyl)
separate isomeric products and this is highly inconvenient and wasteful for a large-scale
manufacturing process. However, the applicants have found that a high level of control of
the reaction may be achieved when novel anilides of structure (V) are used in the Diels-
Alder process.
Furthermore, intermediates (I11) are generally found to be highly crystalline and

10 under appropriate conditions, as described below, they are isolated in very high yield and
high purity by simple crystallisation from the reaction mixture. Thus the inclusion of this
step is highly advantageous in the formulation of a manufacturing process.

The reaction can be suitably effected by heating the substrates together, with or
without solvent, for example between 50-200°C. Suitable solvents including toluene,

15 acetonitrile, anisole, chlorobenzene, isopropanol and n-butyl acetate.

However, as the reaction is a 4+2 cycloaddition process, it is a thermal process that
is accelerated by heating. As such, using a solvent with high boiling point allows the
reaction to be conveniently carried out at a high temperature, which brings about the rapid
completion of the reaction, without the need for a large excess of either substrate. In

20 addition to this we have found that by carefully choosing a solvent in which the product is
sparingly soluble, it can be isolated by simply cooling the reaction mixture at the end of
reaction and filtering off the product from the solvent. Aromatic solvents, such as toluene
are generally useful for these processes and an anti-solvent, such as a saturated
hydrocarbon, can be added at the end of the reaction in order to increase the product

25 recovery.

"Butyl acetate is particularly effective as a single solvent in some cases, for
example when compound (V) (R; =F, R,=H, Rg =1, Ro = Me, L = Cl) is reacted with
cthyl propiolate, in "butyl acetate, at about 120°C, for 6 h and the mixture is then cooled to



from hydrogen or a group which is readily renoveabl e by elimnation such as
OC _6al kyl, OCOCi _6al kyl, nmesylate, tosylate or halogen (e.g. chlorine,
brom ne owof2basomii4se). For exanple, one of Q or QLl, for POFIGBO®/0R0124i S
hydrogen and the other is a renoveabl e group as defined above such as

hal ogen. When a conmpound of fornmula (Via} is used, the initial product of
the reaction between the conmpound of formula (V) and the conpound of
formula (Via), is a dihydroyridine, which is subsequently aronatised by the

el i mnatjq r vable gro and hydr.o sQ.aone of or nust be
nyar ogert "SR r ST RRAG TP AP S5 BN 8 6 OBl es are
shown i noohei.& gharse el oW, phityand Redotetiine bpprdductsf atbve amiaundr ofoshor mul a
(Via) is used where Y, Qand QL are all hydrogen, the product of the

react i ortsdeteiipingd By &8hSound of fornula (V) and a conpound of fornula (Via)
is a di hydropyy di ' [ il i, di f ricdi

Formi s 111y oo PR S ch Rl of (R AR o e Ry B o Bl oty
known agybidaies a Argerof cyacti o@delért iporfomesricisisbosn amthetThablec Aipgiddd ar¢ VI )  or
(Via) is know as the dienophile. The unsymretrical dienophiles such as (V)
and (Vi &POPERISFeact in two regi ochemi cal nodes, |eading to separate

i sonerifc produgts and thip is highlly I nconyeni ent and (wWasteflgl, Jor a
| ar ge- gcal e mahifi™ct uring p#%%@gg. Howeve fnaﬂgzapplica kébgﬂ#ound t hat
a high|level of control of the reaction may be achi evedriphen pgyel anilides
of strycture (V) are used|in the Dilels- Al der process.| Furthernorie,
i nter mgdi at eg (LII)Fare generally fjound t@;QF hi ghl y drgyst alllggpe fand

N N
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Cl Cl o (lla)

6-Chloro-2-(2-fluoro-4-iodo-
phenylamino)-5-methyl-

nicotinic acid ethyl ester
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Cl Cl (lllb)
6-Chloro-2-(2-fluoro-4-iodo-
phenylamino)-5-methyl-
nicotinic acid methyl ester
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under appropriate conditions,
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m xt ure. wbusogtoesszncl usi on of this step is highly advarCagsroe®/asm2he

exanpl e between 50-2000C. Suitable solvents including tol uene,
acetonitrile, anisole, chlorobenzene, isopropanol

and n-butyl

ace

The reaction can be suitably
with or without solvent,

for

tate.

However
process
boi |'i ng
t enper g

—as thvo reaction
t hat iBieie€cel er at
point allows the

iture, which brings

s—a—4+2—¢
od AKYReat
reaction t
about the

] PN PN HEF
yLroauur ttT Ot i

i ng. AFreduet usi ng
0 be conveniently @

rapid conpl eti

ULtT3 DBX;]:)' 1
TIC |

on ¢

W
B,

[z}

ifkd

t her mal
wi t h hi gh
at a high
i on,

wi t hout
this we
pr oduct
reactid
t he sol
t hese g
be adds
recover
SOIMe C3
L=d)
1200C,

The geed fof a l'a
have foHnd hat b
i sosSpari sol u
n nxtwe he e
Vént . TAromatic so
rocesd9es and an an
d at the end of th
y. "Butyl acetate
iIses, for exanple w
is reacted with e
for 6 h and the m

rge Cess
y;:gELuH
bl IPEC A
hd of reac
vents, suc
[i-sol vent
b reaction
S particu
nen conpou

[ hyl prop
xture is t

of el LRgr substrat
y chogsing aj sol ver
n b

fi

ol.ate, in "
h%??“%lﬁ)?ﬂlcge

by si
ring
hMas fol uene are ge
. such' as!"® sat ur at
in order to incred
| &fhlgro@f(3-8erd-ve as

tyl ad

YP%Q out

nmply d
of f tH
ner al |
ed hyg
se the
a singl
H R(g
et at e,
C t
ag

R =

Z1hn

ait
ch

oolin
e pr

y use
rocar

pr od
e so
I,
at a

he

ion to

t he

g the

duct from

ful for

bon, can

uct

| vent
RO

bout

in
Me,

chl orop
100% i
limt g

.|e.

yridige product is
gr fpat @r t han 99
f Oo a er m

N
Me\ |

Cl

I sol at ed

Yo pur||ty w
nggzg§oHPL

in >9
ith n
C.

Me

| AN

~ZN

Cl qne)

6-Chloro-2-(4-iodo-
phenylamino)-5-methyl-

nicotinic acid ethyl ester

Yo yi el d, Wt
d%’é}ectable K

A

¥

Yy O
ts

f nearly
above the

Compounds of formula (V) are conveniently prepared by reacting a compound of

formula (VII)

(VII)

where R’ is as defined in relation to formula (I) and L? is a leaving group, with a

compound of formula (VIII)

(VI



To further illustrate the generality of this approach for the preparation
of substituted pyridines a range of reactions were perfornmed as shown in
t he Tabl ewOBh@/iskds are unopti m sed. Conmpounds of for neCa/GBposarse124
conveniently prepared by reacting a conpound of formula (VII) (VII) where
RO is as defined in relation to fornulas(l) and L2 is a | eaving group, with
a conpound of fornmula (VIIl) (VIIl)where R, R2 and R8 are as defined in in
relation to formula (1). Suitable |eaving groups L2 include
trifluorgnethanesul fenate sylate or. tosylat s well as hal ogen such as
a' b R REIESRIRCAR i oo ie@ligh BB 4Bha TV 11 o surpri ot ngl y
sel ective, evRawhesvingdhidupsd ‘ahelulideifEREntRasileoraictRsyldc\r dayluas i ety of
aromatic am nes are suitable for this process. In particularly reactions
with sustyellipsdalogan pyches G Brefff ective, nore particularly the process is
suited to aniqy : i Loe.  2-f r; LLinge 2 0L.0-4-
i odoani | i ne ;rygqg%it%ﬁggﬁl ﬁ?%sg”.%!’rkﬁ%%‘%&(m 1?%9%11&%1{?§%|s§1e£4s%é%\%3 1|1er11l an
or gani ¢ Isald/endre shecan@dedvirg goyplr Afwikanaristelofi ereatidiamizsere sisapledpanocl
suitably at tenperatures from anbi eFt to 1?24?00. nor e f(I}Eon_veni ently at
75- 850C, TiPeseey MirpHisulark ieachiont with subsfutethaniling a¢ ciiesiive: Melcd cat al yst .
I'n et her}ﬁﬁicu@a‘i’ﬂy‘&ﬁ@%ﬁyces%%ﬂm%ﬁ tb ShilREYRER LY Aink N2 AUSRaRiling, J-BUbD-ACI d
catal yst, such”as boron trifluoride is particularly effective and in an
ar omat i dodwihiawtand guotoamslinicol uene or chl orobenzene, acid catal ysts, such as
met hanesul f C)nllh% rga(l:cltign ?sr s%itgglg%fffegtlegliﬁ a1|1 grg%r?i% solvent such as tetrahydrofuran,
10 toluene, dioxane, isopropanol, suitably at temperatures from ambient to 100°C, more
conveniently at 75-85°C, with or without the mediation of an acid or Lewis acid catalyst.
In ethereal solvents, such as tetrahydrofuran the use of a Lewis acid catalyst, such as boron
trifluoride is particularly effective and in an aromatic solvent, such as toluene or
chlorobenzene, acid catalysts, such as methanesulfonic acid are beneficial. In one
15 embodiment of the invention R’ is methyl and L and L? are Cl. In another aspect of the
invention R’ is methyl, L and L?are CI,R'is F, R*is Hand R®is I.
In one aspect, the intermediate (VII) is prepared in situ from a compound of

formula (IX) and a compound of formula (X)

0O
9
R \\N 0
' (%) &

where R” and L? are as defined above, and L* is a leaving group, as defined above for L
or is OH. In one aspect, R’ in compound (IX) is methyl and compound (X) is oxalyl
chloride.
Suitably the above compounds are reacted together in a solvent that is compatible
25 with the following step of the process, with or without an amine hydrochloride catalyst.
Aromatic solvents such as toluene, xylene and chlorobenzene are suitable and toluene is
particularly effective. Although the reaction can be carried out at a range of temperatures,

maintaining the temperature between 60-80°C, is convenient and effective. Before the



enbodi nent of the invention RO is nethyl and L and L2 are C. In another
aspect of the invention RO is nethyl, L and L2 are d, Rlis F, R2 is H and
R8 is | .wonoonmeisazpect, the internmediate (VI1) is prepacedhBanomsisiiz4f rom a
compound of formula (1X) and a conpound of formula (X) (1X) (X) where RO
and L2 are as defined above, and L2a igga |eaving group, as defined above
for L2 or is OH In one aspect, R9 in conpound (IX) is methyl and compound
(X) is oxalyl chloride. Suitably t he above conmpounds are reacted t oget her
in a soIv nt tha Qnp ste t.he process,
wth or VPeHetl st SR TBRVAPiCsiod ul R S gt Bk el Emlifent o cueh as

t ol uene,compbeﬁteoam @i@h%ﬁ@ﬁﬁ&ﬁﬁ@r@ﬁx&thmt&mm sanebly ehoRAecdctiopaslvéaul arly
effective. Although the reaction can be carried out at a range of

t enper atsufleas tohisnpitaieh Mgy thee allewbe sameal pevaiseby soogopic dist a&@hv@bﬁ ent
a”d ef f q‘g%lﬂt}llﬁf soRftoR BnbIE YR 88&?{\?1 g)satnﬁﬁlﬁls‘?i ﬁagt% aﬁé‘é‘t \91@11 ddeo' out,,

is use to renove any r naln conpoun uenc |ng e m xtur e
WI t h swat(®illpmdeacrshedtabbly pedfoably widaat acid caolyveuch aymbtmﬁemﬁbme raeid. whi ch
may then allow the renpval f wat er %vizeotro i C dIStI||atI0n The

resul t adf °88PtRCFlorihe a?ﬂ%oeaﬁlac}aﬁdls Yoyo-4rigdeaRilync: s reacted directly
with a conpourps i ﬂl)lﬁ?a‘{e &%ng%ﬁérgeg oqrmy%? prBs &l BF AR geﬁ%é‘cf&n@anc' d

catal ysts, such as nethanesulfonic acid n one asp the aniline of
f or mul a pienylamsmoZubstiratcd 5£Chlonbe@cmelthyiré1 AToxafing2-oieas ai thhgesafrredctionhwere

generallt of his a cﬂ? the aratj.on f 2- phenyl am no
substltJF (%WI§PWB [Thqﬁl ?ﬁmﬁpWﬂgg a range of reactions were
performed[?ﬁlagamn:ione Tapke. The 3|elds Y unoptlnl eﬂxn Yield

Time | (%)
Q ; o . F 39h | 80%
cl H,N N
71 71
N N
Me)ﬁ/ | Me)ﬁ/ |
Cl Cl
3,5-dichloro-6-methyl- 5-Chloro-3-(2-fluoro-4-iodo-
[1,4]oxazin-2-one phenylamino)-6-methyl-

[1,4]oxazin-2-one

o H,N o 48h |36
cl |: | N

O)Jm/ O)kl( \©

Me)\(N Me)\(N

Cl Cl
3,5-dichloro-6-methyl- 5-Chloro-6-methyl-3-
[1,4]oxazin-2-one phenylamino-[1,4]oxazin-2-

one

" Yield compromised by spillage of material.



Yi el d conprom sed by spillage of material.ln one aspect,
provi des a process for the formation of pyridones of formula (1))

conpri si yozh@/®wiswps 1) to 4):

t he i nvention

coupling of conpounds of fornulae (VI[}gand (VIII1) and suitably
i ncorporating a process where a conpound of forrmula (VII) can be prepared
in situ fromconmpounds of fornulae (IX) and (X);

(IX) (X) 2) 4+ 2

1) formation of a conpoumrdTaB2h@vosuiza (V) (V)
where L, Rl, R2, R8 and RO are as defined in relation to formula (1);

by

cycl oaddttion—reaction—ofa—compound—of—fornutra(V)—wthyrproptrenicacid or
a deri vat illdl-Oxazidcd-one f pr m Andipei di ne of f8FeANCA (111){ REp)| Xjeld
al kyl atjion of a pyridine pf formula (Il11) to forma pyri difjam ﬁgj)t of
formula (11); and(H) 4) hydrolysis of [a conpound of forml aI"EéI ) to | provi de
a conpaund of formura (T)[(T) This conbination of STeps 'ﬁgﬁesegis a highly
sel ectijve rojite for the preparafion off pyrijongs of fornu (1), " whijch
ci rcumfent o)f%(sel ectivity an m cal hazawyds™NSSyes highlighted above.
Conpounds ormula (V1) an ['1) [arelgnewn coppounds and (may be
prepar ed™y Fonventional phethods. For |anpf e preparation of
3, 5-di ghl or o¢'6- met hyl - [1}| 4] oxazi n-2-¢ne (Wl a) and rel ated coppounds was
reported by Hoornaert et al. Tetrahedijon, 1994, 521 1; Synthes|s 1991, 765;
Tet r ahedrolichlogt-¢-methy]1989, B183. AUt he | 5-Chloro-3-(2-
[1,4]oxazin-2-one fluorophenylamino)-6-methyl-
[1,4]oxazin-2-one
9 H,N Q@ 45h 67
Cl N
Y o o
ve” NN Me)ﬁ/N |
Cl Cl
3,5-dichloro-6-methyl- 5-Chloro-3-(4-
[1,4]oxazin-2-one iodophenylamino)-6-methyl-
[1,4]oxazin-2-one
0 H,N o 48h 89%
)H/C' \©\ )H/N
0 0
IN NO, |N \©\
Me)\( Me)ﬁ/ NO,
Cl Cl
3,5-dichloro-6-methyl- 5-Chloro-6-methyl-3-(4-
[1,4]oxazin-2-one nitrophenylamino)-
[1,4]oxazin-2-one

In one aspect, the invention provides a process for the formation of pyridones of

formula (1)) comprising the steps 1) to 4):

1) formation of a compound of formula (V)



ani |l ines used, for exanple (Vila), were obtained fromconmercial suppliers.
(Villa)Conmpounds (I X) and (X) are commercially available in bulk, or can be
pr oduced woamdkrowa conpounds by conventional mnethods, &od/GB2e09/050124

exanpl e, oxallyl chloride and lactonitrile, both obtained from conmerci al
suppliers. (1X - Lactonitrile) (c_Oxalbyl chloride) Conpounds of formlae
(rr)y, (rrr) and (V) as defined above are novel and forma further aspect of
the invention. In one enbodinent, RL and R2 are independently selected from
hydr ogen, hal ogen, cyano, nitro, bri fl uoronet hyl, difl uoronethoxy,
trifluoronethoxy, azido, am no, _6- @l kyl am no, di-G _6al kyl am no,

C _ioal kyl, C2-ioal kenyl, C2-i oaﬁ%ﬁu}l C 'aEkoxy, C _i oal kyl car bonyl ,
carbanoyl, C _6al kyl carbanoyl, di -G bamoyl , sul phanmoyl, G

_6al kyl sul phanoyl , di-C _6al kyl sul planmoyl Liothioal kyl. In one aspect,

Rl and R2 are independently el e d fromyhydrogen, hal ogen, G _6al kyl, OCH
3 or SCH 3. In one aspect, in the corrpouﬁds defi'ned above, R2 is hydrogen.
Suitably R1 is other than hydrogeh, and is in one aspect, halogen. In
addition, in one aspect, Rl is a substptjuent ortho to the am ne group and
nmeta to the R8 graqup. Thus, particular conmpounds of fornula (1) are
conpoundsheod Lf BRIl &®@hdR’ ficA) dafiesdeinXelaiin torformEa (Bnd RO are as defined in

et ation, (8 LRI Qufbls et AOHELEH\AD SRTRRUBSS Al et e (1)
process where a compound of formula (VII) can be prepared in situ from compounds of

s formulae (IX) and (X);

0
2 H.N 1
O)J\l( L 2 \@R
o XN
L
(VII) (VI
OH O
LZa
2
R ™ - JkIY/
N 0
(1X) (X)

2) 4 + 2 cycloaddition reaction of a compound of formula (V) with propionic acid or a
derivative thereof to form a pyridine of formula (II1);

X ,0

10 (1)

3) alkylation of a pyridine of formula (II) to form a pyridinium salt of formula (II); and



(reA), (1A and (VA respectively. (I1TA) (I1TA (VA where X, Rl, R8, R7
and RO are as defined in relation to fornmula (1). Suitably, R8 in the above
conpoundswp=odwmiasgen, hal ogen (e.g. F, C, Br, 1), G _@arigH2p09GisoRal koxy
or C _6thioal kyl. For instance, R8 is hydrogen, fluorine, chlorine,

bromi ne, iodine G _4alkyl, OCH3 or SCH3, Particular exanples of R8 in
conpounds of formula (1), (11), (I11l) and (V), as well as (1A, (I1A),
(I''rA) and (VA) is iodine. Particular exanples of RL in conpounds of
formula (1), (Il), (Il1l) and (Vg( asowell as (1A (I1TA (I'I'TA) and (VA) is
fluorine.Particul ar exanpl es of i'n conpounds of forrmula (I) and (I1) as
well as (1A and (I1A) are nethyl, trimluororﬁthyl or ethyl, in particular
met hyl. I n one aspect, RO is hydragen, NCN, 'ogen, (e.g. F, d, Br, 1), or
C _4al kyl optionally substitute ?\one e groups i ndependently
selected fromF or CN. In one a pectN+R9 [ ounds of formula (1), (I1),
(I'11) and (V) as well as (14%7( z ORI ED angs (VA) are G _4al kyl
optionally substituted by one or re gr&ips independently selected fromF
or CN. In one aspect, RO is unsubbtituted G _4al kyl such as methyl or
ethyl, and especially nmethyl. In a par@i cul ar enmbodi nent, X is OR6, NHRG,
-N(R12) OR6, SR6 or CH2R6, where R6 is g defi ned above. In one aspect, R6

i s sel ect)éagddotysm dfjadroogennd of foBnuladdl) kyprovide a compound of formula (1)

X ,0
§ 1
| X N\E:LR
N
9 ~57
R R R’ R®
O
(1
5 This combination of steps represents a highly selective route for the preparation of

pyridones of formula (1), which circumvent the selectivity and chemical hazards issues
highlighted above.
Compounds of formula (VII) and (VIII) are known compounds and may be
prepared by conventional methods. For example preparation of 3,5-dichloro-6-methyl-
10 [1,4]oxazin-2-one (VIla) and related compounds was reported by Hoornaert et al.
Tetrahedron, 1994, 5211; Synthesis 1991, 765; Tetrahedron Lett., 1989, 3183. All the

anilines used, for example (VIla), were obtained from commercial suppliers.

O F

O)k(CI H,N
|N
NN
Me I

Cl
(Vlla) (Vllla)



optionally substituted by hydroxy or cycloalkyl. R12 is suitably al so

sel ected from hydrogen, or G _ioal kyl optionally substituted by hydroxy or
cycl oal kywo 28/ oadsky when R12 is linked to R6 to form arPpraB2oaedor24
derivative of R6, it is in the formof an aza-acetal derivative, for
exanpl e of sub-formula (i) (i) where g%g a group (CR17R18)q where q is O,
1 or 2, RI3, R14 , R15, R16 and each 7 and R18 are independently

sel ected from hydrogen or G _4alkyl, in particular hydrogen or nethyl. Acid
hydrol ysis, for exa usi agueous_mineral. acid ch. as.hydrpchloric
atid; of the CUMBHIRGU R AR PREPESRIR AU EAUATR G PR BB or rut
(i) to fRynkAows eetp&indé bl kokvdn)iomd] infetieoda Uil 28 fof cxampk& beAley SHRRdaS
acetone. I n the conmpounds of formula (1), (Il), (111), (1A, (HA) and (l111A)
. sui t absing lagtonitritdoth glgyrged Bpm_geor@cial supgh@saspect, X is OR6. Particul ar
exanpl es of R6 in conpounds of fornmula (1), (lIl) and (111) as well as (lA),
(HA), and (HIA) are nethyl or ethyl, in particular nmethyl. However, in an
alternative enbodiqgent, the group X is @ group -NHR 6 where R6 is Rb and Rb
is as defined abo inrelation to fornul a ((ﬁ). t is to be understood
that, insofar as tain of the conmg formula | defined above may
exist in opticHlely asyye or racemic for by virtue of one or nore
asymmetric carbon atons, the invention in®ludes in its definition any such
optically actjye or racenc formwhich possesses the above-nentioned
actiwity. Thé"%yh?ﬁ@é‘ﬁgeéf opt i cal | X-&tallykchloride)

Compounds of formulae (I1), (IIT) and (V) as defined above are novel and form a

further aspect of the invention.
In one embodiment, R' and R* are independently selected from hydrogen, halogen,
cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, amino, C; ¢
10 alkylamino, di-C;¢alkylamino, C,_jpalkyl, C,.j0alkenyl, C, jpalkynyl, Cy jpalkoxy,
Ci.oalkylcarbonyl, carbamoyl, C.salkylcarbamoyl, di-C;_¢alkylcarbamoyl, sulphamoyl, C-
ealkylsulphamoyl, di-C, salkylsulphamoyl, C; jothioalkyl.
In one aspect, R' and R? are independently selected from hydrogen, halogen,
Ciealkyl, OCH; or SCH3,
15 In one aspect, in the compounds defined above, R? is hydrogen.
Suitably R' is other than hydrogen, and is in one aspect, halogen.
In addition, in one aspect, R' is a substituent ortho to the amine group and meta to
the R® group.
Thus, particular compounds of formula (I) are compounds of formula (IA)

20

(1A)

where X, Rl, RS, R7 and R’ are as defined in relation to formula (D.



forms may be carried out by standard techni ques of organic chemstry well
known in the art, for exanple by synthesis fromoptically active starting
mat er i al sworzodyioi43e resol ution of a racemc form Sim | &cCiryGB2069e050124
above-nentioned activity nay be eval uated using the standard | aboratory
techni ques referred to hereinafter. It,4s to be understood that certain
conpounds of formula (1) defined above may exhibit the phenonenon of
tautomerism |In particular, tautomerismmay affect any heterocyclic groups
t hat beay. r 2..0x0 substituents. [t S be understood that the

or esent Sy o g S bl AR LR AP o m Sor o
nixture(ﬂh@;@nh?ammb@m)ﬂ@§@ﬁsags t he above-nentioned activity and is not to
be limted nerely to any one tautoneric formutilised within the formnul ae
drawi ngs or naned in the Exanples. It is to be understood that certain
compounds of fornula (1) above gay gxist in unsolvated forms as well as

sol vated fornms, such as, for exa e, hydratied forns. It is also to be
under st ood that the present invention gncorpasses all such solvated forms.

It is also to be understood that cogpounds of the formula (1) may
exhi bit polynorphism It is als | ood that the present
ms. In this specification the

i nvention enconpasses all such

generic term"al kyl" includgs-bo thaisn and branched-chai n al kyl
groups such as propyl, isopropyl and tert-butyl.' Unl ess otherw se stated,
they suitably have from 1-10 carbbn atons, in particular from 1-6 carbon
atons. However references to individuquglkyl groups such as "propyl" are
specific for the straight-chain version only, references to individual
branched-chai n al kyl groups sucK.a ®isopropxl" are specific for the

(VA)

where X, R, R®, R” and R’ are as defined in relation to formula (D.
Suitably, R® in the above compounds is hydrogen, halogen (e.g. F, Cl, Br, 1),
10 Cjealkyl, Ciealkoxy or Cisthioalkyl. For instance, R%is hydrogen, fluorine, chlorine,
bromine, iodine C;_4alkyl, OCH; or SCHj,
Particular examples of R® in compounds of formula (I), (IT), (IIT) and (V), as well as
(IA), (ITA), (ITTA) and (VA) is iodine.
Particular examples of R' in compounds of formula (I), (IT), (IIT) and (V) as well as
15 (IA) (ITA) (IITA) and (VA) is fluorine.



applies to other generic ternms, for exanple (l|-4C)al koxy includes nethoxy,
et hoxy and i sopropoxy. The term "hal 0" or "hal ogen" refers to fluoro,

chl oro, bwormgy/wi43zodo. The term"aryl" refers to carboegtidRzo@vmsmeli c
groups, such as phenyl or naphthyl, but in particular phenyl. The term
“heterocyclic" or "heterocyclyl”, unlesg_otherw se defined herein, refers
to saturated, partially saturated or unsaturated nonocyclic rings
containing 4, 5, 6 or 7 ring atonB mherein at | east one of said atons, and

suitably fro r i S et oat.0 S Iphur
or i trogen. i endb 8 EnroomelaBURETETY BET S DL uh

rings aqﬁAg@&memgnnﬁﬁu b@&@@p@wam1»@qgun@mrmﬂm@artlcular conpounds of the
invention, "heterocyclig rings" are saturated nmonocyclic rings that contain

4, 5, 6 or 7IpicRgawrcehR idnyresspeeNahalgea, 628 Gl é)t@ﬁﬁl aidnpl es and
t abl "
sui ta glpn%éigﬁsuggltﬁ{%? bg g‘P &g}&/{ gfsclhh%ﬁmh&ﬁly se}é% %F'o?c%ﬁ e

pyrroli azo plperl , pI perazinyl,

nor phol i n- 4- yih on¢ bspenmhlnwlonmodndsqu fdl;rpﬂxlm(dz),z(ﬂpa(mH)ﬂmdl (V)cis aztpaiiid), and
oxazol i di "heteroaryl"” rings |gflude t hi enyl, furanyl,

pyrrol ylI %n@gg; aliﬁ/)(ng@rP &20ty1 Oﬂtlﬁpalkymbﬁmur%i SHNELEMAe ZiWBk azol yI
oxazol ylipqdy Qh@&klg%a'eéftkd ﬁ%ﬁﬁb@éw h on& hd Afr%]aow lis urlsGbJRAOd ¥ _yalPY sk

pyrazi nyl, pyridazinyl or pyrimdinyl inportant feature of t |s route
to conpomﬂﬂﬁxm%ﬂﬁmﬁmﬂhax@k&ym&nmﬁat in general, no protecting groups are

e R SRS ETLORSRBH! G0 G0 SREg: e, 77e, o st ers
10 where R®is as defined above. In one aspect, R’ is selected from hydrogen, or Cy_jgalkyl
optionally substituted by hydroxy or cycloalkyl. R' is suitably also selected from
hydrogen, or C;.jpalkyl optionally substituted by hydroxy or cycloalkyl.
Suitably when R'? is linked to R® to form a protected derivative of R?, it is in the
form of an aza-acetal derivative, for example of sub-formula (i)

15

(1)
where z is a group (CR''R'®), where qis 0, 1 or 2, R, R', R">, R and each R and R"®
are independently selected from hydrogen or C;_4alkyl, in particular hydrogen or methyl.
20 Acid hydrolysis, for example using aqueous mineral acid such as hydrochloric acid, of the

compound will result in ring opening of the group of formula (i) to form a group of (ii)

14/’\/\/

ROHZ

(ii)

25 with expulsion of an ketone such as acetone.



advantage in terns of reducing the conplexity of the reaction and inproving
the efficiency. However, it wll be appreciated by a person skilled in the
art that wossomeigt the reactions nentioned herein it nee¢ThiB2d@is0Ebl e t O
protect any sensitive groups in the conpounds. The instances where
protection is necessary or desirable gggbsuitable met hods for protection
are known to those skilled in the art. nventi onal protecting groups nmay
be used in accordance with standard practice (for illustration see T.W

G , Protegti €1 i Or i ' h ;! , 1991).
Thus, i1 1 eadt conmmunael b ERRDSBTLETENT 0yt Bl sTRRPERESy i1 mhy

be desi red] eNHR’ pyroNgOR®. t he group in sone of the reactions nentioned
herein. A suitable protecting group for an am no or al kylam no group is, for
exanpl e, an deyneamse X &R exanpl e an al kanoyl group such as acetyl, an

2l koxycar Donly g fiRahfls SKRTRI EubdIRNPUARLRONYIY fh BASXEAIBGIY or

- but oxycar bonyl group, an aryl net xanpl e
benzyl oxyaR(hANENd (BFA)eare atedyll ogethylp in paticdxanghel. benzoyl . The deprotection
conditions far the above protecting.groups necessarily vary with the choice
of protecti ndlQ¥osp.n #hadsmptye Rl TR SERPIX GriogaUR nehiRasvhere i Ranoy !
or a'koxR@%&P@“%%sQ&E&Q%ﬂ%v%ﬁu%b%ﬁhuQRQ&BbW@M be renoved for exanple, by

e

hydrolysis wth a suita ase such as an al'kali netal hydroxide, for
exanpl e |it hilumtobe sodirstnodihd, ansiotie as Abrtan nhthicweipoemisad yornglolgefsiedh as a
-butoxyc%rbongl

DUl /R ORNL S U T e TN o SSapL e bt L SRR AP 2
t ri fJouoraseftakding €hindélio In @6 Kds 1B 18 X686 0 Y ducH bpHE BUL Av@Sr @cemic
benzylo;ycarbonyl group may bF renoved, for exanple, gy hydr ogenati on over
a cat al \ferm which possesses the above-mentioned activity. The synthesis of optically active
forms may be carried out by standard techniques of organic chemistry well known in the
art, for example by synthesis from optically active starting materials or by the resolution of
aracemic form. Similarly, the above-mentioned activity may be evaluated using the

15 standard laboratory techniques referred to hereinafter.

It is to be understood that certain compounds of formula (I) defined above may
exhibit the phenomenon of tautomerism. In particular, tautomerism may affect any
heterocyclic groups that bear 1 or 2 oxo substituents. It is also to be understood that the
present invention includes in its definition any such tautomeric form, or a mixture thereof,

20 which possesses the above-mentioned activity and is not to be limited merely to any one
tautomeric form utilised within the formulae drawings or named in the Examples.

It is to be understood that certain compounds of formula (I) above may exist in
unsolvated forms as well as solvated forms, such as, for example, hydrated forms. It is
also to be understood that the present invention encompasses all such solvated forms.

25 It is also to be understood that certain compounds of the formula (I) may exhibit
polymorphism. It is also to be understood that the present invention encompasses all such
polymorphic forms.

In this specification the generic term “alkyl” includes both straight chain and
branched-chain alkyl groups such as propyl, isopropyl and tert-butyl. Unless otherwise

30 stated, they suitably have from 1-10 carbon atoms, in particular from 1-6 carbon atoms.

However references to individual alkyl groups such as “propyl” are specific for the

straight-chain version only, references to individual branched-chain alkyl groups such as



such as pal |l adi um on-carbon, or by treatnment with a Lewis acid for exanple
boron tris(trifluoroacetate). A suitable alternative protecting group for a
primary aworeooogmoowsp i s, for exanple, a phthal oyl group woTadB20@ysbe4r enoved
by treatnment with an al kyl am ne, for exanple di nethyl am nopropyl am ne, or
with hydrazine. A suitable protecting_ggoup for a hydroxy group is, for
exanpl e, an acyl group, for exanple an al kanoyl group such as acetyl, an
aroyl group, for exanple benzoyl, or an arylnmethyl group, for exanple

benzyl . The depsrotection.candition or the above,protectin roups will
necessar TP OSTy ue et BRarieRF <pihnT iRy A BB GEU BroBHRE )

acyl gr calpghésu@ RilRS gambrRl kAN cREMBPR (RIAQYAIk G OMPIUdBY mBIok & BentE anfl O
exanpl e, by hydrolysis with a suitable base such as an al kali netal
hydr oxi d¥®PRXYexanpl e |ithi um or sodi um hydroxide. Alternatively an

aryl met hyl  gr@iiRe $Hek 38, 2nB0EY! R DB, d;ﬁ‘f‘or&,%%ﬁ‘c’s,‘rj%r ibgs. exanple, by

hydr ogenati on over a catal yst “such as pa unmton-catrbon. 'A suitable

protecting griigperofargl”cafichoscatpooygiciasomitar gred@yphod, as phegd oenaghtiiylg gr oup
for exanple a nethyl or an ethyl group which may be renoved, for exanple,
by hydr QY& RrisulH PReBYse such as sodi um hydroxi de, or for exanple a -butyl

group whi ch rgy. 48, “RIDYELIC* OF WS I, 1 %E%g@dégnte? heRif s for

exanpl e an organic acid such as roacetic acid, or exanple a
benzyl do catpraidi partinBy sdverated o weshturhiod neenpdle, ringy chytdmogehadt bon7oingr a

tal yst h . pal | adi - bon. Th ti . b d
ct any. convennanrledtontP Ry Eme Red rE BT haR o B s BRER Tecnni ques. wel

knowp i metdiat6ReficE ab oRyden, SPHUABE ARfoBen.t PRRYRENSS B sAiraRt iHeinkay RCt i ve
forms may be carried out by standard
aromatic, and such rings are described as “heteroaryl” groups.
In particular compounds of the invention, “heterocyclic rings” are saturated
monocyclic rings that contain 4, 5, 6 or 7 ring atoms, and especially 5 or 6 ring atoms.
Examples and suitable values of the term “heterocyclic ring ” used herein are

15 pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, morpholin-4-yl,
thiomorpholin-4-yl, 1,4-oxazepan-4-yl, diazepanyl and oxazolidinyl.

Examples of “heteroaryl” rings include thienyl, furanyl, pyrrolyl, imidazolyl,
pyrazolyl, thiazolyl, isothiazolyl, isoxazolyl, oxazolyl, thiadiazolyl, oxadiazolyl, triazolyl,
tetrazolyl, pyridinyl, pyrazinyl, pyridazinyl or pyrimidinyl.

20 An important feature of this route to compounds of formula (I) is that, in general,
no protecting groups are required when the processes are carried out as described. The
type of steps involved mean that this is a viable option in most instances, which is an
advantage in terms of reducing the complexity of the reaction and improving the
efficiency.

25 However, it will be appreciated by a person skilled in the art that in some of the
reactions mentioned herein it may be desirable to protect any sensitive groups in the
compounds. The instances where protection is necessary or desirable and suitable methods
for protection are known to those skilled in the art. Conventional protecting groups may be
used in accordance with standard practice (for illustration see T.W. Green, Protective

30 Groups in Organic Synthesis, John Wiley and Sons, 1991). Thus, if reactants include
groups such as amino, carboxy or hydroxy it may be desirable to protect the group in some

of the reactions mentioned herein.



techni ques of organic chem stry well known in the art, for exanple by
synthesis fromoptically active starting materials or by resolution of a
racem c fwormogloessznventi on will now be illustrated i n Prhe/dBhésnsdreg
Exanpl es in which, generally: (i) tenperatures are given in degrees Cel sius
(0C); operations were carried out at [Qgg1or anbi ent tenperature, that is,
at a tenperature in the range of 18 to 25C, (ii) evaporation of solvent was
carried out using a rotary evaporator under reduced pressure (600 to 4000

Pascals; 4.5 to.. with a bath tenper re.of up to.600C. (ili) in
general , thef%: ‘H‘F%ge[e %r??ef%%gc%%%sorw“élsa 0 ro%gla%l&m‘r%?ﬂﬁp S PSP ENA vt i cal
LC M5, argl greas, tfoodkakipi®sn @kehoyl ¥@ip kaeh dsldebst, aatalleRy&itbohyl ghepl Rkention
times (tR) were nmeasured on an Agilent 1100 HPLC i nstrunent or an Agilent
1100 NBEX3MAKIEmghagrapengl choxpaghany! af dhuteesproapyl BAMB AL on, with a 50 x

4.6 mm Zar - ; ' 0) . flowrate
1.25 m%gﬁ’lﬁl%ﬁm?%a??%‘g'rl ﬁﬁoﬁgiﬁq&é%t% 0%@@%?@?2%80 neatrﬁ%ﬂr%?@pég% ai ni ng 10%
TFA o 25%mpkttenz&sY%iretdanatioaenhditiohniyr HRWLEFApowering drdupsesesily col umm

tenp. 400C. Accurate SS nmeasurenent s re carried qQqut on a AC 13, Bruker
M cr o TORESavith thecehgica gy P@WC@@@@O@@T&}%Y@ AP ap é@ﬁ EHIFHEN AT ¥r at e

determ %Eain%c?falﬁﬁgt&}rg&% grc&l.gv&r ahlaRA) gguﬂqﬂé:};@e Il(é%vgd %lrggargylg! %iar magnet i c

resonance ( spe Ss spect dat'a; (v) yie ven for
i |1 ust r dtydorysasnivith asditehl @base tsusctesemsakali metahipgkoxitie, dor campbelibbtmabned by

LT gent R Or S o 16Y A IRRIRR by R PLBL) S0 a8 Sout SR EAbS Sy grolf Sy BRT €T &

10 removed, for example, by treatment with a suitable acid as hydrochloric, sulphuric or
phosphoric acid or trifluoroacetic acid and an arylmethoxycarbonyl group such as a
benzyloxycarbonyl group may be removed, for example, by hydrogenation over a catalyst
such as palladium-on-carbon, or by treatment with a Lewis acid for example boron
tris(trifluoroacetate). A suitable alternative protecting group for a primary amino group is,

15 for example, a phthaloyl group which may be removed by treatment with an alkylamine,
for example dimethylaminopropylamine, or with hydrazine.

A suitable protecting group for a hydroxy group is, for example, an acyl group, for
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an
arylmethyl group, for example benzyl. The deprotection conditions for the above

20  protecting groups will necessarily vary with the choice of protecting group. Thus, for
example, an acyl group such as an alkanoyl or an aroyl group may be removed, for
example, by hydrolysis with a suitable base such as an alkali metal hydroxide, for example
lithium or sodium hydroxide. Alternatively an arylmethyl group such as a benzyl group
may be removed, for example, by hydrogenation over a catalyst such as

25 palladium-on-carbon.

A suitable protecting group for a carboxy group is, for example, an esterifying
group, for example a methyl or an ethyl group which may be removed, for example, by
hydrolysis with a base such as sodium hydroxide, or for example a #-butyl group which
may be removed, for example, by treatment with an acid, for example an organic acid such

30 as trifluoroacetic acid, or for example a benzyl group which may be removed, for example,

by hydrogenation over a catalyst such as palladium-on-carbon.



required; (vi) when given, NVR data is in the formof delta values for
maj or di agnostic protons, given in parts per mllion (ppm relative to

t et r amet hwb=0é%me43¢ TMS) as an internal standard, deter nPoedB009AG012MHZ
usi ng perdeuterio dinethyl sulfoxide (DMSO-d ) as solvent unless otherw se
i ndi cated; the follow ng abbrevi ati ons,pave been used: s, singlet; bs,
broad singlet; d, doublet; dd, doublet of doublets; t, triplet; at,
apparent triplet; q, quartet; m nultiplet br, broad, (vii) chem cal
synbol s havefhgelomq§ual neani ngs; ynits and S

m\ge%{oupr? rn%sf ernovF at any an et}lé(nqb'%ge 1nt e yntﬁes n,sg\“ )
sol vent rati os vol Uhe: Vo unelk Y

spect ramrgezohwhulaﬁalab@ﬁﬁqmWeﬁxkné&ﬁlﬁi tHelchbiicat aspheric pressure cheni cal
ionisation (APCl); values for mz are given; generally, only ions which

i ndi cat e t he Hyaihemorahe S}éﬁléesrsaf@ptle%lly aeHye fmn@grsaymf@rr\mds@t by atagdardt he
t f
(o w1 SoRREC of Grepdf LI RATLEA th Sl R RLAR SRR S i [ ® C7 B

n3355|onmﬁtdawqmaéemnﬁ@ynaamﬂsoabinmohh@@&fxe&am&ﬁ%anthe Mass ion + Na+ and
reference to H+ is to.the nmass ion generated. by Ios of proton. In

addi tion, t hJ%dPY%‘WHQ"“éBBW iyt hdlo B@@Hl&@@&l iffecessary: -

Li HVDS % bls(trlnethyIS|IyI)an1de DVBO dlnethylsulphOX|de NVP

| - met hyl™= 2- pyrrolldlnone THF tetrahydrofuran; DVF L, L/-dinethylfornman de;

DI PEA di(3)i sowpeopyktettaygiaminmdegrees Celsius (°C); operations were carried out at room or

ambient temperature, that is, at a temperature in the range of 18 to 25°C;
10 (ii) evaporation of solvent was carried out using a rotary evaporator under reduced pressure
(600 to 4000 Pascals; 4.5 to 30mmHg) with a bath temperature of up to 60°C;

(iii) in general, the course of reactions was followed by HPLC and / or analytical LC-MS,
and reaction times are given for illustration only. The retention times (tg) were measured
on an Agilent 1100 HPLC instrument or an Agilent 1100 MSD single quadrupole LC-MS

15 with electrospray ionisation, with a 50 x 4.6 mm Zorbax SB-C18 1.8 um column:
detection UV 250 nM and MS; flow rate 1.25 mL min'1; linear gradient from 65%
water:25% methanol containing 10% TFA to 25% water:65% methanol containing 10%
TFA over 13.5 minutes; column temp. 40°C. Accurate mass measurements were carried
out on a AC113, Bruker MicroTOFQ with AC58-Agilent 1100 LC using APCI detection

20  for accurate determination of mass ions.

(iv) final products had proton nuclear magnetic resonance (NMR) spectra and mass
spectral data;

(v) yields are given for illustration only and are not necessarily those which can be
obtained by diligent process development; preparations were repeated if more material was

25 required;

(vi) when given, NMR data is in the form of delta values for major diagnostic protons,
given in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal
standard, determined at 400 MHz using perdeuterio dimethyl sulfoxide (DMSO-d¢) as
solvent unless otherwise indicated; the following abbreviations have been used: s, singlet;

30 bs, broad singlet; d, doublet; dd, doublet of doublets; t, triplet; at, apparent triplet; q,
quartet; m, multiplet; br, broad;

(vil) chemical symbols have their usual meanings; SI units and symbols are used;



| PA i sopropyl alcohol; MIBE Methyl tert-butyl ether Exanple 1

2- (2- Fl uor o- 4-i odo- phenyl am no) - 1, 5-di net hyl - 6- oxo- 1, 6-di hvdr o- pyri di ne- 3-
car boxyl iwoaeéudiof43a) (1 a) PCT/GB2009/050124

2- Chl or 0- 6-f 2-f 1 uor o- 4-i odo- phenyl am no) - 5- et hoxycar bonyl -1 ., 3-di net hyl pyri
di nium trifluoronethanesul fonate(Ha) F3£SC20To an agitated slurry of

6- chl or o- 2- (2-fl uor o- 4-i odo- phenyl am no) - 5- net hyl -ni cotinic acid ethyl

ester (llia) (156.5 g; 357.5 mmol es) in chlorobenzene, (544 nlL), at anbient
tenper ature, was added nethyl triflupro nesul fonate (103 nL; 150 g; 894
oy o6 (1Sl A FRER vl BRI BN ) “as e I I ne vash_ The
m Xt ur e (kg sndshesctie aleedrun by Gospvay (ESH)Ss3 Ol trhedpheric plesusdthicisicand ~ 55C
After 20 hours at 900C the sol ution was pale orange in colour and HPLC

anal ysi donipaioad AR} walues fos miz weeseiven: igersanlhi. eglysieny Whigh iedieate Hic pangmé

m xt ure t h | | d t ddition
o “wat er 3 gt 1EPork Sl Wtfery B Slar P Bkt mdss 8 Aot s (HPC ABIGH RS OCH e
cont ent So kel potob2A€d nAks n; feronde ta M eis eitherab aigaanfiompéreratéd Bylost of m 78

nol es) s added over ~10 min. During the injtjal water charge there was an
exot her AKHGHOIP 16 53 6 fﬁcﬂuﬁwgl%?ﬁdwgpmw Tt tRHY Mpsstp T\ er

addi L1 ARG 1ofeH! RIPSIARMG B oHRENy Rldh OYEploRrtar m to SSC (] acket

tenperature) and the m xture was asic. The agitation rate was reduced
and a sdedddibanghe Gfllog4chbldro-@iqng-hivalbren-uded, where necessary:-

10 LiHMDS Lithium bis(trimethylsilyl)amide

DMSO dimethylsulphoxide
NMP I-methyl-2-pyrrolidinone
THF tetrahydrofuran;
DMF N,N-dimethylformamide;
15 DIPEA di-isopropylethylamine;
IPA isopropyl alcohol;
MTBE Methyl tert-butyl ether
Example 1

2-(2-Fluoro-4-iodo-phenvlamino)-1.5-dimethvl-6-0x0-1,6-dihvdro-pyvridine-3-

20 carboxvlic acid (I1a)

(la)

2-Chloro-6-(2-fluoro-4-iodo-phenvlamino)-5-ethoxvcarbonvl-1.3-dimethvl-

25 pvridinium trifluoromethanesulfonate




i odo- phenyl am no) - 5- et hoxycar bonyl - 1, 3-di net hyl - pyri di ni um
trifluoronethanesul fonate (Ha) ( 1.10 g; 1.76 mmol es) was added. (The seed
mat eri al weaoeades3dy t he route described herein i n ExanmplCe/GB2eosaspt24no seed
was added to initiate crystallisation.) After 1 h the m xture was cool ed
from55 to 100C over 4 hours, then kepgjat 100C for 2 hours, during which
time the pyridiniumsalt crystallized. q’he resultant slurry was then
filtered under vacuum and the filter cake was washed wi th isopropyl

al cohol (21 1 m.), then drle,ﬂgby @ulling air through for 20 mn, to provide
2-chl oro-6-(2-fl uoro-4-iodo-p am no) -5- ethoxy carbony

1-1, 3-di nethyl -pyridiniumtrifl gorongt hanesul fonate, 180y (as a yellow | PA
danp solid, with an assay of 9 LA elval ent to 165.2g @00%V w, 77%
yield), <5H (400 MHz, CDC 3) f. 7, CH2CH3), 2.53 (3H, br. s,
ArCH 3), 3.90 (3H, s, NCH 3),[l4.3 +(2H, 7 CH2CH3), 7.28 (IH ~t, J
8.5, ArH), 7.52 (IH m AT & |,857(IH br. s, ArH),
10.69 (s, IH, NH); d:1i 9y tF ( 3) -78 78 (3F, s) - 121.85 (IF, d, J 9);
mz.(LCVS, ES+) 449.0, 451.0 (3CL mM+(d =35): M+(Cl =37)). A stirred slurry
of the internediate (~180g) in INM (de%zustrll%gbsmzt@ryl ated spirit) ( 1.65
L), was heated to 500C at which tenperature a solution was fornmed. Sodi um
hydr oxi die {igitateld ;sluB5o{d)-cl88eb-2niblesio-vaslogddeylatma)femathyt-nicetiniv ecid~40

in, th f h h i 2 nL; 232 g; 447
?rrgl ets) K et g%@éo) @égé &38?31%% mchlSObqu&“m ygag%ﬁ?(%‘%ﬁﬁ&e sol ut ?on
The m Xtté!rh cri@ise, WIS RAN&G] Hedll él@lg&ofr&"tha%s&foh% (18 D t15(?% sdALberRNR! ysi s

i ndi cated that the reaction’ was conpl ete. Acetonltrl e 11 nm) was added
to the MXxeqre).dodowedby dilorobkeepe (F mhead smliey wash. theprixatrames $68C

heated to 90°C, with dissolution of the solids and ~ 55°C. After 20 hours at 90°C the

solution was pale orange in colour and HPLC analysis indicated that there was no
remaining staring material. The mixture was then cooled to 55°C, over about 1 hour,
followed by the addition of water (207 mL; 11.5 moles;) over ~20 min, keeping the

10 temperature of the contents below 62°C. After 10 min a second charge of water (104 mL;
5.78 moles) was added over ~10 min. During the initial water charge there was an
exotherm from 54 to 61°C and the temperature at the end of the water addition was 51°C.
The temperature was then allowed to warm to 55°C (jacket temperature) and the mixture
was biphasic. The agitation rate was reduced and a seed charge of 2-chloro-6-(2-fluoro-4-

15 iodo-phenylamino)-5-ethoxycarbonyl-1,3-dimethyl-pyridinium trifluoromethanesulfonate
(ITa) (1.10 g; 1.76 mmoles) was added. (The seed material was made by the route
described herein in Example 1 except no seed was added to initiate crystallisation.) After 1
h the mixture was cooled from 55 to 10°C over 4 hours, then kept at 10°C for 2 hours,
during which time the pyridinium salt crystallized. The resultant slurry was then filtered

20 under vacuum, and the filter cake was washed with isopropyl alcohol (211 mL), then dried
by pulling air through for 20 min, to provide 2-chloro-6-(2-fluoro-4-iodo-phenylamino)-5-
ethoxycarbonyl-1,3-dimethyl-pyridinium trifluoromethanesulfonate, 180g (as a yellow IPA
damp solid, with an assay of 91.8%w/w, equivalent to 165.2g @100%w/w, 77% yield), og
(400 MHz, CDCls) 1.39 (3H, t, J 7, CH,CH3), 2.53 (3H, br. s, ArCH3), 3.90 (3H, s,

25 NCH»),4.35 (2H, q,J 7, CH,CH3), 7.28 (1H, ~t, J 8.5, ArH), 7.52 (1H, m, ArH), 7.58



and then allow ng the tenperature to settle at ~50C. Dilute hydrochloric
acid (84 nL; 840 nmol es) was added over 2 h, and the m xture was then held
at 500C fwo 2009m0143ken filtered under vacuum The filter pcalaB2omasueshed
with a mxture of M5 (222 nL) and water (89 nL), then dried in a vacuum
oven at 500C overnight, to provide 2-(2;fluoro-4-

i odo- phenyl am no) -1, 5-di net hyl - 6- oxo- |, % di hydr o- pyri di ne- 3-carboxylic acid
(la) (99. 99, 69% yi el d over two steps) (400 MHz, D6-DVBO) 2.02 (3H, d, J

Lo~ mH 3, égﬂé?g‘:% Qo D5y D 15396, . ﬁﬂéﬁ%@ﬁ@ U™ o 0 (K

b N ¥ 1:1
NrH+§/Na 5_1;21:8$gxg,%l(ﬂeg)'!2np£.(L@MS,C@‘j)449ﬂ451.9@@Mﬁ@1‘¥35§% @1-4725. 0 (

2- Chl or o- 6- f A ftinnest Duity bﬁdn@ilphmmdﬁeaﬁ{ﬂ@pglsmﬁéi%uwm%myh}duad idbnet hyl pyr

i di ni um |quor n fonate To a itated sl .

- ohi or 6155 - PROBRI0 38 OREKE e Ry R BiRT: Pt biSotin g e nyi
esters ( fruya)oxedb @49Ym12 488 grrwi @8jolds wa® hiksdae tHdmRi)re odér 24ThBNthen after
terrperature wasadded met hyl trifluoronethanesul fonate (1.3 nilL; 2.0 g;

11. 9 mmol0egin a2yl @qme\pf)sodlmélym%@ﬁr@w 238 Ahmaeples) vas @ddosk pegr 22.
hour s at 2%%11@!%? téﬁ)!mgﬁlfsé’gb)l?gﬁt J}g %ﬂl&l%nﬁﬁ&fl%reawé ERfikId %t SR fr after

whi ch thé m Xture ase se was éevaporated to
dr yness,6htafiletieheh(tbnd HPaddadlyaid G]ndweﬁed taetha mrcabledzas cordplytee s&etoﬁlﬁale
mxture was triturated with MIBE (3nlL) and t

e 3: E : 231 Sfoylﬂb gv/ag Hi@éeéirt@ dhe W ves vh mirs ef(pi@rthf nfarabicppgraiye 5?‘6& de
2 lr Sl gt apRY IO 0 TSI SSEAONY it
cor r ect eédOynmblds 4824 add¢dodrNHE anCBE Bixtige 5@s (184, hedd at AOTEI{@) 1 h, then
filtered under vacuum. The filter cake was washed with a mixture of IMS (222 mL) and
water (89 mL), then dried in a vacuum oven at 50°C overnight, to provide 2-(2-fluoro-4-
iodo-phenylamino)-1,5-dimethyl-6-o0xo-1,6-dihydro-pyridine-3-carboxylic acid (Ia) (99.9¢g,
15 69% yield over two steps), oy (400 MHz, D6-DMSO) 2.02 (3H, d,J 1, ArCH3), 3.18
(3H, s, NCHs»), 6.65 (1H, t, J 8.5, ArH), 7.44 (1H, bd, J 8.5, ArH), 7.69 (1H, dd, J 10.5, 2,
ArH), 7.77 (1H, m, J 1, ArH), 9.59 (1H, br.s, NH), 13.00 (1H, br. s, COOH), m/z (LCMS,

ES") 403.0, 425.0 (1:1 MH :MNa").

20  Example 2
2-Chloro-6-(2-fluoro-4-iodo-phenyvlamino)-5-methoxvcarbonyl-1.3-dimethvl-

pvridinium trifluoromethanesulfonate

MeO O
F
§
| AN
N<.
Me” N “Me |
Cl F,CSO,0-

(IIb)
25 To an agitated slurry of 6-chloro-2-(2-fluoro-4-iodo-phenylamino)-5-methyl-nicotinic acid
methyl ester (I1Ib) (1.0 g; 2.38 mmoles) in toluene, (5 mL), at ambient temperature, was



3.91-3.90 (6H, m NCH 3/ COOCH3), 7.30 (IH, d, J 8.5, ArH, 7.53 (IH dd, J
10, 2, ArH), 7.59 (IH d, J 8.5 ArH), 858 (IH s, ArH), 10.63 (IH s,
NH) ; mlz woCGMB/10E82) 435.0, 437.0 (3:1 MH(CA =35): M+( CLPe3GB2009mserzpl e 3
6- Chl or 0- 2- f 2-f | uor 0- 4-i odo- phenyl am no) - 5- et hyl - ni cotinic aci d et hyl

ester (Ma) (llia) To a stirred slurry_ef _

5- Chl oro- 3-(2-fl uor o- 4-i odo- phenyl am no%-G- met hyl -[ 1, 4] oxazi n-2- one (50 g;
131 4 mol es) in butyl acetate (288 nL) was added et hyI propriolate (15.6

, 157 7 s, 0 b li.n sh (12.5

Thedﬁlmfﬂu Eﬂfﬁmf% h#eglflgodl a{ (\ﬁ\%ZthCZ a\ﬁ ? L)é oﬁqlbgsng formed at
~85C Afrhﬁfur@wﬁs Hen he@0Cto $FLCATRADY Bbsrs laﬂgijo@’ithe@olhﬁéﬂ wtabﬁeeﬁ@ﬂ@tgoe@ was
conplete and the m xture was cooled to 75C over 1 h, before seeding with

6- chl or dopa furthey %Bp@rwfr%cr@l%éﬁwvatm%l&dfsﬁm hi- phaé%ﬁh@ul@vv@rdrfasww est er
(461 m’ev&'@étemh éss 1.(0 ﬁeg see tegrah@hrgg\%s%%g&téﬁytotd e'ééj"’fth% descri bed

herein in anple excep was a oIrnitiate crystallisation.)
The nri xtresudtingesslitthélmixalrd wak tritbfatddowiti MTFB]EIe:imb)midetde taulg sokefiltéretl, and
hel d at th t tepperature for 2 h. The produ Itered under vacuum and
the fil t%&s %danﬂ&éE RX%%H) W drogie provadect- gggr\/\% Y90 #tPdo-and dried in a
vacuum .
o chl or Bty e B e nzf’ﬁ%ﬂ%%lt“my“%ﬂ#r’%’gﬁt%%ngsﬁzﬂnat%t ny!
ester (HI16(@og @Qmm;k)qrre&e(in NBts), GPCIE)MHz42D(3H,2.33, (3H, z,,m«mws) 2.30
(3H, s, ArCH 3) 4.4 SD CH2CH3) 7.44 (2H, n}d I} (IH s,
ArH), 8.33%- %991(6H{m W] QIsSC s) 1.80 8. (. ¥438- 5mATH|9i)7 5 1, (ddahD, 3&9#1)434 9,
436. 9 ( 3 t S
exarrpl e%c%guwgéjép g}?w car’rll)e%) 031)1163\@?15I J IJ&&V‘&\CEMS ESM) 459'0

437.0 (3:1 M'(C1=35):M" (Cl =37)).

Example 3
6-Chloro-2-(2-fluoro-4-iodo-phenvlamino)-5-methyvl-nicotinic acid ethvl ester (I11a)
EtO O

Feact

(Ila)
15 To a stirred slurry of 5-Chloro-3-(2-fluoro-4-iodo-phenylamino)-6-methyl-[ 1,4 ]oxazin-2-

one (50 g; 131.4 mmoles) in butyl acetate (288 mL) was added ethyl propriolate (15.6 g;
157.7 mmoles; 1.20 equiv), followed by a butyl acetate line wash (12.5 mL). The mixture
was then heated to 120°C, with a solution being formed at ~85°C. After 6 h at 120°C,
HPLC analysis indicated that the reaction was complete and the mixture was cooled to

20 75°Cover 1 h, before seeding with 6-chloro-2-(2-fluoro-4-iodo-phenylamino)-5-methyl-
nicotinic acid ethyl ester (461 mg; 1.05 mmoles). (The seed material was made by the
route described herein in Example 3 except no seed was added to initiate crystallisation.)
The mixture was then held at 75°C for 1 h then cooled to 0°C over 5 h and held at that
temperature for 2 h. The product was filtered under vacuum and the filter cake was washed

25 with butyl acetate (2 x 100 mL), and dried in a vacuum oven at 45°C, overnight, to provide

6-chloro-2-(2-fluoro-4-iodo-phenylamino)-5-methyl-nicotinic acid ethyl ester (51.3g, 89%



of solvents at 800C and a summary of the results is shown in the follow ng
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Ar CHS) "Btlﬂéll ¢ Ridaction X ZCHI@p;3-02- ﬂﬁo((QH,lodn-pwmjﬂamBmM kthyl-pr.4]oxdzif- 5,
ArH), 8.39 36 (bs (LCMS, ES+) 420.9,
4225 ( anqpiih il pEgpigRice pACs Jgllowed o icestign of product
0- Chl orfo-S-net hyl -TF phenyl am no-[ni CCl'[I ni c ac d ethyl estdgr (THC) Ehy
propi oljat e %#@%7 rnL, Rehdtign 11. has KBboRat@ed tloPeoduet Assdyul ry of
5- Chl or|o- 3 o areYH olis Ng- ‘q'ﬂl‘]réff‘ém N- 2-Y3RRl/% wiw%
5- Chl or|o- 6- net hyI 3t phenyl am no- [0I Cﬂ]‘g}%&zl nt2-one (2.50[g, 9.51 nmolgs) in
butyl gcet gi{,g,chd4- 38 ML, ¢>5 75 rgl vobsksand the -5 99 6
Acetonitrile 6.5 0.74 734 100
Anisole 6.5 19.85 64.5 99.7
Chlorobenzene 6.5 30.92 60.7 100
Isopropanol 6.5 0.47 65.6 100
n-Butyl acetate 6.5 591 74.6 100
Example 4
10 6-Chloro-2-(2-fluoro-4-iodo-phenvlamino)-5-methvl-nicotinic acid methvl ester (111b)
MeO_ O
F
N
| AN
_~N
Me |

Cl
(Ib)
To a stirred slurry of 5-chloro-3-(2-fluoro-4-iodo-phenylamino)-6-methyl-[ 1,4 ]oxazin-2-
one (2.4 g; 5.8 mmoles) in toluene (24 mL) was added methyl propiolate (1.5 g; 17.5
mmoles; 3.0 equiv). The mixture was then heated to 86°C. After 19 hours, HPLC analysis
15 indicated that the reaction was complete and the mixture was cooled to ambient
temperature. The volume of the solution was reduced to ~2/5 its original volume by

vacuum distillation (rotary evaporator), resulting in the crystallisation of some solid. The

slurry was allowed to cool to ambient temperature then cooled with ice (external) for 2



m xture was heated to 120 0OC. After 2 1 hours, the reaction was cooled to O
OC over 2.5 hours and held at 0 OC for 2 hours. The product was then
filtered wbhfo@ediasashed with butyl acetate (< 5 0C, 625P00/GH2009052B41 el
vols) and then dried in a vacuum oven at 45 0C, to give

6- Chl or o- 5- et hyl - 2- phenyl am no- ni cotigjc acid ethyl ester (1.77 g, 99.0 %
ww, 63 %yield), mp. 116 - 118 C, vnax 3245, 1690, 761, 707 cm 1; (400
MHz) 1.41, (3H, t, J 7, CHCH3), 2.27 (3H, s, CH3), 4.37 (2H, q, J 7,
CH2CH3) ,, 7.0 IH  ~t, 8 [ - w1 (33 H., ~t, J.8, Ar-.H 7.70 (2H,
S o b ol gy gl el pidhea fytiiuste ofyhandith i,

[ MH + ( @-cHibliob NRGBD-4=i048 RSP Bmifopsnd B9 LnidS8HEc Exid iyl @ster (1.87g,

- Chl oro-1 -d-f| uoro-phenyl am noVS- et hyl -ni cotinic acid ethyl ester (M)
(M d) EtHeyt yiskddpi ol ate (3.86 niL, 3.74 g, 37.70 mmles) was charged to a

thin slugr - 5

(2 71 0o ORI R 3 SO AST A HOH: 5rEOPE MY %5 G ol es)
in butylAdpes ak @1l 4G, 00 sTiarHD; §39 [ &, M0y 85, ARd), 1086 ThX e, RSy heated to
120 OC. After 2 1 hours, the reaction was cooléd to 0 0C over 2.5 hours and
hel d at (DCOLS.fESY) 22hu28.9 (BhleMbt (aledS) WaH (CheA7Pi | tered of f and washed with
butyl acetate (< 5 0C, 2.00 nL, 0.25 rel vols) and then dried in a vacuum
oven at 45 0C, to give 6-Chloro-2-(2-fluoro-phenyl am no) - 5-

met hyl - rixg@dpleisc acid ethyl ester (8.31 g, 99.7 %ww, 85 %yield), mp.
122 - 1 , Vmax 3269, 1692, 758 cm1 ;&400 MHz) 1.41 (3H, t, J 7,
CH2CHg) ,6-Chlyro(Samethyl-2phenvizurino-nicetmie aeid ethviester (IOCH), 6. 96( 1H, m
Ar-H), 7.12 (I H ddd, Ar-H, 7.g@55(Ikh m Ar-H, 8.08 (IH br.q, J I,
Pyr-H), 8.60 (IH ~td, J 8, 2, -y, 10.36 (IH, s, NH); mz (HRVS, ES+)
[MH + (G 5H 5A FN2Q2) = 309.0801: [Foungy 309. 0816.

(llic)

10
Ethyl propiolate (1.17 mL, 1.13 g, 11.41 mmoles) was charged to a thin slurry of 5-Chloro-
6-methyl-3-phenylamino- [1,4]oxazin-2-one 5-Chloro-6-methyl-3-phenylamino-
[1,4]oxazin-2-one (2.50 g, 9.51 mmoles) in butyl acetate (14.38 mL, 5.75 rel vols) and the
mixture was heated to 120 °C. After 21 hours, the reaction was cooled to 0 °C over 2.5

15 hours and held at 0 °C for 2 hours. The product was then filtered off and washed with
butyl acetate (<5 °C, 625.00 puL, 0.25 rel vols) and then dried in a vacuum oven at 45 °C,
to give 6-Chloro-5-methyl-2-phenylamino-nicotinic acid ethyl ester (1.77 g, 99.0 % w/w,
63 % yield), m.p. 116 — 118 °C, vmax 3245, 1690, 761, 707 cml; &y (400 MHz) 1.41,
(3H,t,J 7, CH,CH»),2.27 (3H, s, CH3), 4.37 (2H, q, J 7, CH,CHs), 7.05 (1H, ~t, J 8, Ar-

20  H),7.33 (2H, ~t,J8, Ar-H,), 7.70 (2H, ~d, J 8, Ar-H;), 8.04 (1H, s, H-1), 10.14 (1H, s,
NH); m/z (HRMS, ES") [MH]* (C;5H;4CIN,0,) = 291.0895: Found 291.0896.

25



Exanpl e 7 6-Chl oro- 2-f4-i odo- phenyl am no) - 5- net hyl -ni cotinic acid ethyl
ester (Me) (IMe) Ethyl propiolate (3.39 nL, 3.28 g, 33.10 nmol es) was

char ged twoaoadhiom3gl urry of 5-Chl oro- PCT/GB2009/050124

3- (4-iodo- phenyl am no) - 6- net hyl -[ 1, 4] oxazi n-2-one (10.00 g, 27.58 mmol es)
in butyl acetate (57.50 mL, 5.75 rel veks) and the m xture was heated to
120 OC. After 2 1 hours,the m xture was cooled to O OC over 2.5 hours and
held at 0 OC for 2 hours. The product was then filtered off and washed with
but yl aagtatﬁe%< 50C 2.50 nm, 0.25 rel vols) and then dried in a vacuum
oven at —t 0 give 6-Chloro-2-(4-iodo-phenyl am no)-5-net hyl nicotinic
acid et WChRﬁ‘le’-g2(ﬂl16|r0_4%@Nlalﬁﬂo%%é’lfhvﬁﬂic%iﬂic@cﬂi)eth &terldddy 146 C, vmax
3249, 1684, /91 cm 1, (400 MHz) 1.41 (3H t, J 7, CH2CH3%, 1.53 (3H, s,
CH3), 4.38 (2H, q, J 7, CH2CH3),K3 (2H, ~d, J 9, Ar-H2), 7.60 (2H, ~d, J
9, Ar-H2), 8.08 (IH, s, HI1), 10.1%(I1H,,s, RH; mz (HRVS, ES+) [MH+ (O
5Hi 5C | N2Q2) = 416.9861: Found 416.9875H e 8

5- Chl oro- 3-f 2-f | uor o- 4-i odo- phen -6 Ryl -[ |1, 41loxazi n- 2-one (Va)
Method 1 - from 3, 5-dichl oro-6- in-2-one in THF with BF3 A
slurry of 3,5-dichloro-6-nethyl Mxazi 2z0ne (50 g, 272.2 mvol es) and
2-Fl uoro-4- iodoaniline (73 111 equiv) in tetrahydrofuran (1.0 L) was
agitated for 10 mn at 200C, then w@rnmed to 400C. Boron
Trifluoride-tetrahydrofuran Conpl ex (57W%H?; 409 mmol es) was added and the
tenperature was increased to 66C over 20T n. After approximately 39 h, the

react i ork G GABRIEEX6ARE L 5 D957 R0 Fifke VAL ¥hlie % RENbES 1S cool ed

5 3~(2-fluoro-phenylamino)-6-methyl-[1,4]Joxazin-2-one (8.00 g, 31.42 mmoles) in butyl
acetate (46.00 mL, 5.75 rel vols) and the mixture was heated to 120 °C. After 21 hours,
the reaction was cooled to 0 °C over 2.5 hours and held at 0 °C for 2 hours. The product
was then filtered off and washed with butyl acetate (<5 °C, 2.00 mL, 0.25 rel vols) and
then dried in a vacuum oven at 45 °C, to give 6-Chloro-2-(2-fluoro-phenylamino)-5-

10 methyl-nicotinic acid ethyl ester (8.31 g, 99.7 % w/w, 85 % yield), m.p. 122 — 126 °C,
Vmax 3269, 1692, 758 cm-l; &y (400 MHz) 1.41 (3H, t,.J7, CH,CH), 2.32 (3H, d, J 1,
CHs),4.46 (2H, q,J 7, CH,CH3), 6.96(1H, m, Ar-H), 7.12 (1H, ddd, Ar-H), 7.15 (1H, m,
Ar-H), 8.08 (1H, br.q, J 1, Pyr-H), 8.60 (1H, ~td, J 8, 2, Ar-H), 10.36 (1H, s, NH); m/z
(HRMS, ES") [MH]* (C;5H;sCIFN,0,) = 309.0801: Found 309.0816.

15

Example 7
6-Chloro-2-(4-iodo-phenvlamino)-5-methvl-nicotinic acid ethvl ester (I111e)
EtO O
N
T L
~N
Me I
Cl
(Ille)

Ethyl propiolate (3.39 mL, 3.28 g, 33.10 mmoles) was charged to a thin slurry of 5-Chloro-
20 3-(4-iodo-phenylamino)-6-methyl-[1,4]oxazin-2-one (10.00 g, 27.58 mmoles) in butyl
acetate (57.50 mL, 5.75 rel vols) and the mixture was heated to 120 °C. After 21 hours,



200C over 1 h. Water (1.0 L; 55.5 noles) was added over ~3.5 h, during
which time the product crystallized. After ~ 1 h the slurry was filtered,
the filtewocatoeiomsz washed with 1:1 THF: water (100 nlL), PChmaB2deds0i24n a
vacuum oven at 45C over ~16 h, to provide 5-

chl oro-3-(2-fl uoro-4-iodo-phenyl am no) 36-nethyl -[1, 4] oxazi n- 2-one, as a
pale brown solid, 83.9 g (80%yield, 93 29 W) , (400|\/HZ CDd 3), 2.31 (3H,
S, CCHS) 748(IH dd, J 10, 2, ArH), 7.51 (IH m ArH), 8.09 (IH, bs,

NH) , PCl + 9298 M+

S5 ) vl e s ofba S 04 her Fishobsinefoirt, g 2ng® in i

chl or obermane Mitdrbd HEFGHY /évasmddrwh Biity D¥aWatd & §°(g 2.50.31 4 6.28%8l &%) .and
2-fluoro-4-iodoaniline (3.58 1 equiyv; nnDIes and net hanesul fonic

1.

Aci d (1.t @fledze AV RN é§9n @trﬂ%cﬁl 8}@5@ ﬁz%@roc%(ﬂ dy Rhﬁ@ylh@a@éé -methysC f or
L { th

Ryl Eéo bt A ptE R B RORN 3o ROV SR ot o RERE i aal i

1. 39 ;nol g ad %q{%&?: I d r I i+ pha5| C
m xt ur e lwas Z@fbrn?edgﬁé ~1 %4-}1(§ﬁ ﬁg%&%g% elr‘k’é’q@g&s@lg aésggl&/a@ ermved
The or gamm, CrRUBRE VRS 2ARSHLI0 VALH, gwatser(zl(l%d ,U19) AtH, %8068 (1H)eNHiI5om. PPy |

al cohol (34 m]) was added over 0O mn, nmaintaining the tenperature at

60- 660C.(1Fhe NGB utizdHRMS, ES ') BWEA" (@0 o6IIN.OveF 43619861 rkemmd 8669885 ~40C,
during which tinme crystallisation occurred. The stirred slurry was then
hel d at anbient for a further 16 h at anmbient, then cooled to ~1C for ~8 h,
before I@iangbikigtered. The filter cake was washed with 1:1

| PA: Chl oro%enzene 13 m_) then dried in a vacuum oven at (400C), to provide
the B-ch - orer4riadorphenylaaminp himethyl-H.4]e3 -2 ne] oxazi n- 2- one
(3.21 g, 100%w/w 63% yi el d).

Cl

(Va)
Method 1 - from 3,5-dichloro-6-methyl-[1,4]oxazin-2-one in THF with BF;

A slurry of 3,5-dichloro-6-methyl-[1,4]oxazin-2-one (50 g, 272.2 mmoles) and 2-Fluoro-4-
iodoaniline (73 g; 1.11 equiv) in tetrahydrofuran (1.0 L) was agitated for 10 min at 20°C,

15 then warmed to 40°C. Boron Trifluoride-tetrahydrofuran Complex (57.2 g; 409 mmoles)
was added and the temperature was increased to 66°C over 20 min. After approximately
39 h, the reaction was complete according to HPLC analysis and the mixture was cooled to
20°C over 1 h. Water (1.0 L; 55.5 moles) was added over ~3.5 h, during which time the
product crystallized. After ~1 h the slurry was filtered, the filter cake was washed with 1:1

20 THF:water (100 mL), then dried in a vacuum oven at 45°C over ~16 h, to provide 5-
chloro-3-(2-fluoro-4-iodo-phenylamino)-6-methyl-[ 1,4Joxazin-2-one, as a pale brown
solid, 83.9 g (80% yield, 99.2%w/w), oy (400MHz, CDCls), 2.31 (3H, s, CCH3), 7.48 (1H,
dd, /10, 2, ArH), 7.51 (1H, m, ArH), 8.09 (1H, bs, NH), 8.29 (1H, ~t, J 8.5, ArH); m/z
(LCMS, APCI") 380.9298 (MH (Cl =35)).

25



Method 3 - fromlatonitrile Step 1 - Preparation of
3,5-Dichloro-6-nethyl-[1, 4] oxazin-2-one (DCMD) To a stirred slurry of

triet hyl anoneodmpae3ochl oride (24.2 Kg) in toluene (140 K@grTaiB2aeviisertt
tenperature was added oxallyl chloride (134 Kg) over ~10 m n, during which
time the tenperature was allowed to rige_from 15-300C. The m xture was then
heated to between 70-750C and a solution of lactonitrile ( 48 Kg, 1.0
equiv.) in toluene (22 Kg) was added over 5-6 h, during which tinme gas was

evol ved.,,The .,mxt ur e h stirred 70-750C for. a further 4 h,. after
ot o MEMPAC 2 on P 3SR Bedie-bES L AR adg B g " bl T e o
t he m xtMg@HwWas t hen reduced and water (250 Kg) was added sl owy keeping
the tenperature bel ow 300C. The aqueous phase was then renoved and the

or gani ¢ ‘bHEE¥ ORRCYO Eeredl 3t es}i 3-Heeno-4-togoamlipgy§3. S&shbaawiv s H-$at er
250 K i al Lyiedi:stild 8 <t ; i |
Sot ut 1 oanaplE REhECGiE held (395, 20 DRI LPY T ABCLBERH T 8 oTe)

22- 26 wWhette®@MD°C Bt ejpraximately 11 h, when HPLC analysis indicated that there was <5%
5-Chl orQ-3-(2-fl uaro-4-iodo- phenyl am no)-6-nmethyl - [, 4] oxazi n-2-gne The
mmm@@mm%ﬁ%%m&%ﬁ%%%@%%%%é%&%m%d

W th 2- fﬂléi,@ég%aﬁ'aid%stpiaglitib- ﬂg a dc?ea-qﬁfegg méﬂ- Fh& A Yank Bﬁﬁ}gﬁicqﬁixﬁﬁ%gfﬂssay of the

DCMO sol uti onfrom St 1 agitated at anbient. t hane sulfonic acid
(36 Kg, stin2dfaqil.minvwets-6Qtdedd theaaqudisiphascamas retmeved. XThe egwas phiserwdseat ed

t 80-820C, and. hel t hat t t for, ~1 il HPLC j ndicat ed
Phat 1 navshalgib Siufer B b aatlha R berroRd aiiofielpa hb Wt Bites ™ o
20- 3QOC,~3b%ih9MﬁH1t£ﬂin%|@l% _I:[ﬁh@@faﬁgél bt 6B @f. TRIANRK Wa320ok8d to kRERIVRE t he

t enper at ure bel ow 300 e tenperature of the mxture was then |owered to
10- 150C 3dnhdramet66 T oto ~HORC, deigrwehieh timecrystpllisatien oceueigdml hyherred slugy cake

was was an% ttjl\éﬁ[ ﬁ]elgnaa‘} aqnabq(ejlllt fg)lr2 a further 16 h at ambient, then cooled to ~1°C for ~8 h, before
being filtered. The filter cake was washed with 1:1 IPA:Chlorobenzene (13 mL) then
dried in a vacuum oven at (40°C), to provide the 5-chloro-3-(2-fluoro-4-iodo-

15 phenylamino)-6-methyl-[ 1,4]Joxazin-2-one (3.21 g, 100% w/w, 63% yield).

Method 3 — from latonitrile
Step 1 — Preparation of 3,5-Dichloro-6-methyl-[1,4]0xazin-2-one (DCMO)
To a stirred slurry of tricthylamine hydrochloride (24.2 Kg) in toluene (140 Kg) at ambient

20 temperature was added oxallyl chloride (134 Kg) over ~10 min, during which time the
temperature was allowed to rise from 15-30°C. The mixture was then heated to between
70-75°C and a solution of lactonitrile ( 48 Kg, 1.0 equiv.) in toluene (22 Kg) was added
over 5-6 h, during which time gas was evolved. The mixture was then stirred at 70-75°C
for a further 4 h, after which time lactonitrile had been consumed (<1% by GC). The

25 temperature of the mixture was then reduced and water (250 Kg) was added slowly
keeping the temperature below 30°C. The aqueous phase was then removed and the
organic phase was filtered through vitacel (ca. 5 Kg), washed with water (250 Kg), then
partially distilled to remove water and provide a toluene solution of 3,5-dichloro-6-methyl-
[1,4]oxazin-2-one (approx 220 Kg total, 22-26 w/w% DCMO).

30 Step 2 - 5-Chloro-3-(2-fluoro-4-iodo-phenylamino)-6-methyl-[1,4] oxazin-2-one
The DCMO solution in toluene (approx. 220 Kg), as prepared above, was combined with
2-fluoro-4-iodoaniline (77.5 Kg, 1.1 equiv.[based on HPLC assay of the DCMO solution



60 Kg) then dried at 40-500C 50 nbar, until loss on drying was <0.5% to
provi de 5-

chl or o- 3-Wd-2hdmoi4324- i odo- phenyl am no) - 6- net hyl -[ | , 4] ox@eTIGER20@ME01287 KQg,
64% yi el d over 2 steps). Exanple 9 S Chloro- -nethyl-S-phenyl am no-
[1,41oxazin-2-one (Va-11) (Va-11) To asgol ution of
3,5-dichloro-6-nethyl-[1, 4] oxazin-2-one (8 g, 43.25 mol es) and aniline
(4.52 g, 47.57 mmoles) in tetrahydrofuran (160 m.), at 40 0C, boron

trifluor de tr ro 9. add The
resul tan EF 3a¥9 %lftah eé)t@nfeg? Clgz Fﬁ% gqltv é’vnascgg? ed to
20 0C aﬂﬁeﬁﬁ} fhirén BHRD kIﬁﬂﬁ.lI'é Qﬁs t‘ﬂi@n Reatdh4te80- E(Zf@@nmh):ldV@ﬂla& bepeasldedoover 3. 6
hours. The resulting slurry was held for 1 hour before being filtered and

washed wil2h, veil PG inieatedhthaithe coqcgptragon of BGMOrwas sbioj dheadxges wasin a
[Ty ox i lodd 87347 G R Fp M Bad RO AN ERLS Kogine phe |

3329, 1Ttaaperamsabela\mp"ce8The:mnp3:rau¢ré@®mezmxﬁlra tvag Btdn lowerGHB) 10-15WBar(d H, ~t
J 8, A - H2), 82 (1H,

‘s] e h'%?dsz( mﬁweef% }er{nwpﬂmerciaczinmo@hmﬁ%gr caingmé & wﬁ@m?thanol

257 041430'36 MR at 40-50°C/ 50 mpar, until | d <0,5%, t ide 5-
5- Chl or 0- 3- f+uoro aphenyl arr? n%l Yo et ﬂss ' er%avgsn 5. 'Ghe p{O\Ye{ 71 1) (Va-111)

To a solahtdrodd- (@fﬂlB),rMeiDddnpbﬂodaﬁnmre) ﬁyﬂletlpyl [4}4dmatzmﬂz -2no(d K4,0400yigld 54. 45
mol es) and,2- fluoroaniline (6.79 g, 59.89 nmmoles) in tetrahydrofuran (200

m), und®¥F APEPYgen, at 40
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Example 9
5-Chloro-6-methvl-3-phenvlamino- [1.4]oxazin-2-one (Va-II)

O
H
N
2 e
Me)\(N
Cl
(Va-Il)

15 To a solution of 3,5-dichloro-6-methyl-[1,4]oxazin-2-one (8 g, 43.25 mmoles) and aniline
(4.52 g, 47.57 mmoles) in tetrahydrofuran (160 mL), at 40 °C, boron trifluoride-
tetrahydrofuran complex (9.08 g, 64.87 mmoles) was added. The resultant mixture was
heated to 68 °C for 48 hours. It was then cooled to 20 °C and held at ambient for 48 h.
Water (160 mL) was then added over 3.6 hours. The resulting slurry was held for 1 hour

20  before being filtered and washed with tetrahydrofuran:water (20 mL, 1:1). The solid was
dried in a vacuum oven at 40 °C to give 5-Chloro-6-methyl-3-phenylamino- [1,4]oxazin-2-

one (4.07 g, 90% w/w, 36 % yield), m.p. 133 — 137 °C, vinax 3329, 1733, 1057, 754, 687
em-l; Sy (400MHz) 2.21 (3H, s, CHz), 7.08 (1H, ~t, J 8, Ar-H), 7.34 (2H, ~t, J8, Ar-H,),

7.91 (2H, Nd, .]8, AI'-HQ), 982 (lH, S, NH), m/z (HRMS, ES+) [MH]+ C11H10C1N202 =
25 237.0425: Found 237.0414.



0C, boron trifluoride-tetrahydrofuran conplex ( 11.43 g, 81.67 mmol es) was
added. The resultant m xture was heated at 68 OC for 45 hours. It was then
cool ed t owdQo@®Aoosser 1 hour and water (200 nli) was addeacowaB20eb/dsoizas. The
resulting slurry was then held for 1 hour before being filtered and washed
with tetrahydrofuran:water (1:1). The_gglid was dried in a vacuum oven at
40 OC to give 5-Chloro-3-(2-fluoro-phehyi ani no)-6-nethyl- [I|,4]oxazin-2-one
(9.01 g, 99%wWw, 64 %yield), mp. 126 - 129 C vmax 3394, 3362, 1735,
1062, 764 cm1; (400 MHz) 2.31 (3H, s, CH3), 7.12 (3H m 3xAr Ar-H), 8.15
(IH, br. s, NH), 8.52 ( 1H, ~td, J 8,2, Ar-H); mz (HRM5 ES+) [MH+ (CIH
9C FN201L__JE§590331 Found 255.0327. Exanple 11

DB(V'a V) (Va-1V)

5- Chl or
To a so%ué’l 00 g, 43.25

mol es) and 4- |odoan|I|ne (10 63 g, 47. 57 nnDIes) in tetrahydrofuran (160
m.), at 40 OC, boron trifluoride-tetrahydrofuran conplex (9.08 g, 64.87
nmol es) was added. The resultantm
It was then cooled to 20 C over 1
3.6 hours. The resulting slurry
filtered and washed with tetrahy rofd an
dried in a vacuum oven at 40&8

5- Chl or o- 3- (4-i odo- phenyl am 6- thyI [1,4] oxazin-2-one ( 11.6 g, 92 %
ww, 67 %yield), mp. 203 - 205 CClvmax 3323, 1725, 1059 cm 1; (400 MHz)
2.21 (3H, s, CH3), 7.67 (2H ~d, J 9, Ar- H%ﬁ 7.75 (2H, ~d, J 9, Ar-H2),
9.955(1H s N mz (HRVB, ESH) [V +Y&Mhod I nece) = 362, 9392 Found

To a solution of 3,5-dichloro-6-methyl-[1,4]Joxazin-2-one (10.00 g, 54.45 mmoles) and 2-

or 1 hour before being
( 1:1, 20 nL). The solid was

fluoroaniline (6.79 g, 59.89 mmoles) in tetrahydrofuran (200 mL), under nitrogen, at 40
°C, boron trifluoride-tetrahydrofuran complex (11.43 g, 81.67 mmoles) was added. The
resultant mixture was heated at 68 °C for 45 hours. It was then cooled to 20 °C over 1

10 hour and water (200 mL) was added over 4 hours. The resulting slurry was then held for 1
hour before being filtered and washed with tetrahydrofuran:water (1:1). The solid was
dried in a vacuum oven at 40 °C to give 5-Chloro-3-(2-fluoro-phenylamino)-6-methyl-
[1,4]oxazin-2-one (9.01 g, 99% w/w, 64 % yield), m.p. 126 — 129 °C; vpax 3394, 3362,
1735, 1062, 764 cm-!; &g (400 MHz) 2.31 (3H, s, CH3), 7.12 (3H, m, 3xAr Ar-H), 8.15

15 (1H, br. s, NH), 8.52 (1H, ~td, J 8,2, Ar-H); m/z (HRMS, ES") [MH]* (C;1HoCIFN,0,) =
255.0331: Found 255.0327.

Example 11
5-Chloro-3-(4-iodo-phenylamino)-6-methyl-|1.4]oxazin-2-one (Va-IV)
O
H
N
O)%/ \©\
> N
Me)\( |
Cl
20 (Va-1V)

To a solution of 3,5-dichloro-6-methyl-[1,4]oxazin-2-one (8.00 g, 43.25 mmoles) and 4-
iodoaniline (10.63 g, 47.57 mmoles) in tetrahydrofuran (160 mL), at 40 °C, boron
trifluoride-tetrahydrofuran complex (9.08 g, 64.87 mmoles) was added. The resultant



362. 9403. Exanple 12

5- Chl or 0- 6- net hyl - 3-f4-ni tro- phenyl am no)-[ |, 4loxazi n-2-one (Va-V) (Va-V)
To a sol woanowif148325- di chl or o- 6- net hyl -[ 1, 4] oxazi n- 2- on@CIAE009)5012d. 81
mmol es) and Anitroaniline (1.68 g, 11.89 mol es) in tetrahydrofuran (40.00
nm), at 40 OC, boron trifluoride-tetrafydrofuran conplex (2.27 g, 16.22
nmol es) was added. The resultant m xture was heated at 68 OC for 48 hours.
It was then cooled to 20 OC over 1 hour and water (40.00 m_) was added over

3.6 hours. The ok S hen eld fo hy are i ng

i1 ter od hat SRS FRUEEITR Tt ¥ pBRS: ER B Sl 02"y U sof i o s
dri ed i nvAeMacQHN)RAdadd sher 86 HorQiTHe resulting slurry was then held for 1 hour

5- Chl or 0- 6- et hyl - 3- (4-ni tro- phenyl am no) - [, 4] oxazi n- 2- one 75 g, 99%

w w, 89 befajp éplag filtggqd and 3gshedywith @trabﬁ%rse wappatel ¢k, 2018kk, Tllezs(P?ldd’YﬁSl (400

) 2 Al B filon @48 S bive Senbi S ip B fitnl Biting i 2)  10- 43

282. (328C[1@q09dahqﬁ 2Lone°(mr6)g:e9&s%fvmv BT epgicidignad. COIPAURNAC of, f08828,a7¢3,) (1) or
a pharmaceutically acceptable salt thereof; where R7 is nethyl or ethyl,
ei t her dfo5%kinch Sar(@0@MED R 1 (BHs soSHb ) ﬁ16éc421\714 td) JOnArdt,),oreCH, udri/fe at ons,

Ar-H,), 9.95 (1H, s, NH), m/z (HRMS, ES") [MH]* (C1,HoCIIN,0,) = 362.9392: Found
362.9403.

10 Example 12
5-Chloro-6-methyl-3-(4-nitro-phenvylamino)-[1.4]Joxazin-2-one (Va-V)

o
H
N
L
N
Me)\( NO,
Cl
(Va-V)

To a solution of 3,5-dichloro-6-methyl-[1,4]oxazin-2-one (2.00 g, 10.81 mmoles) and 4-
nitroaniline (1.68 g, 11.89 mmoles) in tetrahydrofuran (40.00 mL), at 40 °C, boron

15 trifluoride-tetrahydrofuran complex (2.27 g, 16.22 mmoles) was added. The resultant
mixture was heated at 68 °C for 48 hours. It was then cooled to 20 °C over 1 hour and
water (40.00 mL) was added over 3.6 hours. The resulting slurry was then held for 1 hour
before being filtered and washed with tetrahydrofuran:water (1:1, 20 mL). The solid was
dried in a vacuum oven at 40 °C to give 5-Chloro-6-methyl-3-(4-nitro-phenylamino)-

20 [1,4]oxazin-2-one (2.75 g, 99% w/w, 89 % yield), m.p. 230 - 234 °C; vpax 3322, 1736,
1566, 1272 cm'!; &y (400 MHz) 2.24 (3H, s, CH3), 8.16 (2H, ~d, Ar-H,), 8.24 (2H, ~d,
Ar-H,), 10.43 (1H, s, NH); m/z (HRMS, ES") [MH]* (C;;HyCIN;0y) = 282.0276: Found
282.0280.

25



R1, R2, R8 and R9 are independently hydrogen, hydroxy, hal ogen, cyano,
nitro, trifluoronethyl, difluoronmethyl, fluoronethyl, fluoronethoxy,

di f | uor orm0l009y1014321 f | uor omret hoxy, azido, -SR2 1, - OR23PCTAII20)9REB124

-C(O OR23, -NR24C(O OR26, -0OC(O R23, -NR24SO2R26, - SO2NR23R24, -NR24C(O) R23
, -C(O) NR23R24, - NR25C( O) NR23R24, - NR25@( NCN) NR23R24, - NR23R24, Cl1-10 al kyl,
C2- 10 al kenyl, C2 i0Oal kynyl, C3-10cycl oal kyl, Cs-iocycl oal kyl al kyl, -S(O

G _6alkyl, -S(O, (CRR4AR25) maryl, aryl, arylalkyl, heteroaryl,

het er og@%@sg het erocycl yl, heterocyclylal kyl, -Q(CR24R25) maryl,

- NR24( aryl, -Q CR24R25) m heteroaryl, -NR24(CR24R25) m het eroaryl,
- CR24R25) m het erocycl yl or -NR 24(CR24R25) m het erocyclyl, wherein any of
said al kyl, ad keryds foRpléyiitle a d@@hlsykomﬁuayql) aryl al kyl, heteroaryl,

het er oaryl al kyl, het erocycl y% and heterocyclylal kyl portions are optionally
substituted with one or nore groups independently selected fromoxo (wth
the proviso that it is not subsgitubed on an aryl or heteroaryl), hal ogen,
cyano, nitro, trifluoronethyl, dNgUoronethoxy, trifluoromethoxy, azido,
-NR24SQ2R26, - SO2NR23R24, -C(O R2
NR24C( O R23, -C(O) NR23R24, -NR23R24, 250G 3R24, - NR25C( NCN) NR23R24,
-OR23, aryl, heteroaryl, arylal kyl, heterocyclyl, and

het erocycl yl al | cyl , and wherei n]lsai ef eroaryl, aryl al kyl,
heteroarylal Il cyl, heterocyclg?t o &yl rings may be further
substituted with one or nore groufgs seletted from hal ogen, hydroxyl, cyano,
nitro, azido,fluoronethyl, difluo¥onethyl, trifluoronethyl, C _4alkyl, C2-4
al kenyl, C2-4al kynyl, C cycloal kyl,C het er ocycl oal kyl , NR23R24 and OR23
. whére R23 is hydrogen, trifluoromethyl, Cl-10al kyl, C2-10al kenyl,

C2- 10al loymyharm@@ecutimylg laoadpkaple saG3héreafycl oal kyl al kyl , aryl, aryl al kyl,

het eroar\}//llle,re het er oaryl al kyl ,

R’ is methyl or ethyl, either of which are optionally substituted with one or more fluorine
atoms,

10 R',R% R®and R are independently hydrogen, hydroxy, halogen, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, -SR*, -OR>, -C(O)R*, -C(O)OR*, -NR*'C(0)OR?®, -OC(O)R”,
-NR*'SO,R*, -SO,NR*R*, -NR*C(O)R*, -C(O)NR*R*' -NR*C(O)NR*R*,
NRZC(NCN)NR*R*, -NR*R**, C\_jpalkyl, C;.10 alkenyl, C, j0alkynyl, Cs_ocycloalkyl,

15 Caecycloalkylalkyl, -S(0);Cy.salkyl, -S(O);(CR*'R*)-aryl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -O(CR*R*)paryl, -NR*(CR**R*)p-aryl,
-O(CR*'R*),-heteroaryl, -NR*(CR*'R**);-heteroaryl, -O(CR**R*)-heterocyclyl or
~NR*(CR*'R*),-heterocyclyl, wherein any of said alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and heterocyclylalkyl portions are

20  optionally substituted with one or more groups independently selected from oxo (with the
proviso that it is not substituted on an aryl or heteroaryl), halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR24SOZR26, -SOZNRBRM,
-C(0)R”, -C(O)OR?, -OC(O)R*, -NR*C(0)OR?, - NR*C(O)R*, -C(O)NR*R*,
-NR*¥R*, -NR*C(O)NR*>R**, -NR*C(NCN)NR*R*, -OR*, aryl, heteroaryl, arylalkyl,

25 heteroarylalkyl, heterocyclyl, and heterocyclylallcyl, and wherein said aryl, heteroaryl,
arylalkyl, heteroarylallcyl, heterocyclyl or heterocyclylalkyl rings may be further

substituted with one or more groups selected from halogen, hydroxyl, cyano, nitro, azido,



het erocycl yl, heterocyclylal kyl, phosphate or an am no acid residue,
wherein any of said al kyl, al kenyl, alkynyl, cycloal kyl, aryl, arylal kyl,
het er oar yWWo 2h@vwei4sar yl al kyl , heterocycl yl and het er ocyclpgiradsepéo/qsortii ons
are optionally substituted with one or nore groups independently sel ected
fromoxo (wth the proviso that it is_g?; substituted on an aryl or

het eroaryl ), hal ogen, cyano, nitro, trifluoronethyl, difluoronethoxy,
trifluoronmethoxy, azido, -NR2 1SQ2R29, -SO2 NR2 1R28, -C(OR2 1, C(OOR2 1,

- scoroo MebigtiE Ao, R R T b Y e 1 ey
het er oarcytloalkkCalhsirocyoRbiiDarRA R kil ORTét er ocycl yl , and

heterocycl yl alkyl , or R23 and R24 together with the atomto which they are
at t achedise R alsdydepgen. trilpomeghd of botirh Cejoakerdr barglkydyl. het er ocycl i ¢

ring, rei sal yGli r I clic rings are
optionQF%V“%EE%@%%S%éggﬁg?ﬁ§%@§g6$§%%?%ngﬁg%%§£¥ &gfghﬁ%ﬁ?ﬁ§xselected from
hal ogen,hetyauyolyl, Hictarasyctylilkyluplicspiitbigt an sihinbwoidon®Etitig xsherdin bfiy oddaadret hoxy,
azi do, - SC2 , -SO2NR2 1R28, - ) 1, -C(OOR2 - OR2 1, -NR2
100 m@fgi@y?@ﬁ@m gyclogkyl b ap%lgy‘%maﬁyﬁf h@f@@ylﬁﬁzﬁ@@}yl‘- NR2
1R28, -NRdn gg@gq T ENRD iR I teroaryl,
arylalkyﬁg %g%g%g’rylagﬁgfmgﬁgt r%cyclyl%ﬁgﬁgwﬁEtef%gycléﬁgrﬁgl; R24 and
R25 i ndepdapdedrntly selceteth frdmogrenvoth tie p®vabkiydt;it ismoRabstamttdRRSintapgetrher wi t h

el T A R i A T T R o S
co pocyoli, et eogeyScon SO ol Rt are Rt L1t
LE1 11 Gor SRRIGGIR G CIOOSR et haRy, -SORD SO RE, NRARY ARAC R RS, ™"
NR*'C(NCN)NR*R™Y, -OR*, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,
and heterocyclylalkyl, or R* and R* together with the atom to which they are attached
form a 4 to 10 membered carbocyclic, heteroaryl or heterocyclic ring, wherein any of said
15 carbocyclic, heteroaryl or heterocyclic rings are optionally substituted with one or more
groups independently selected from halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR*'SO,R?, -SO,NR*'R*®, -C(O)RZI,
-C(0)OR™, -OC(0)R*, -NR*'C(0)OR”, -NR*'C(O)R*, -C(O)NR*'R*, -SR*, -S(O)R,
-SO,R”, -NR*R*, -NR*'C(O)NR*R?’, -NR*! C(NCN)NR**R*, -OR*, aryl, heteroaryl,
20  arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
R** and R* independently are hydrogen or C, alkyl; or
R** and R” together with the atom to which they are attached form a 4 to 10 membered
carbocyclic, heteroaryl or heterocyclic ring, wherein said alkyl or any of said carbocyclic,
heteroaryl and heterocyclic rings are optionally substituted with one or more groups
25 independently selected from halogen, cyano, nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -NR*'SO,R?, -SO,NR*'R*®, -C(O)R?!, C(O)OR™, -OC(O)R*,
NR?'C(0)OR”, -NR*'C(O)R*®, -C(O)NR*'R?®, -SR?', -S(O)R”, - SO,R*, -NR*'R*,
-NR*'C(O)NR*RY, -NR*C(NCN)NR*R™, -OR* aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl ;
30 R is trifluoromethyl, Ci_jgalkyl, Cs.jocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl, wherein any of said alkyl, cycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and heterocyclylalkyl portions are



trifluoromethoxy, azido, -NR2 1SQ2R29, -SO2NR2 1R28, -C(OR2 1, C(OOR2 1,
-OC(OR2 1, -NR2 1C(O OR29, -NR2 1C(OR28, -C(ONR2 1R28, -SR2 1, -S(O R29,
- SO2R29,woNBR/TRB3, - NR2 1C(O) NR28R30, -NR2 1C( NCN) NR28R3E:B200QRB0124 aryl ,
heteroaryl, arylal kyl, heteroarylal kyl, heterocyclyl, and heterocyclyl al kyl
, R26 is trifluoronethyl, G _ioalkyl, &g iocycloalkyl, aryl, arylalkyl,

het eroaryl, heteroaryl al kyl, heterocyclyl or heterocyclylal kyl, wherein any
of said aIkyI cycl oal kyl, aryl, arylal kyl, heteroaryl het er oaryl al kyl ,

het er ocycl

R R LA T T L

it is nqiroﬁstbﬁltan&wlﬁfd s@'cﬁl;ﬁﬁﬂecﬁdiﬁlhn a1 bleﬁeeér@@ﬂyy)l alogval e@gee, nieyano, nitro,
trifluoronethyl, difluoromethoxy, trifluorongt hox]KI azi dg, -NR2, 1502R2VSO
2NR2 1R28ﬂu0r@(n®)h¥1 aliffuorgmeghory Arifluoromethorrazide, -N F&Ozll?q FORBR ™, NR2

I1C(OR 2 211 R2 1 R 21 R28p 2 NR2

1g(( Og NR %%%4 Q@@% %I P\ﬁ 2]§I 5 C(é()%z %QRar het (gr oar y% gsryl ‘al kyl ,
het ersoar-${@IREYI-SOHRY, eNR? y—H\IRZé(D(d))N(th%I{S&CNRIZW(NGN)I\IRZSHE?O R nalylR

i ndepen ently are | ower al ken aryl and aryl al kyl

| ky
and R | clegoey L. amy lei?% ﬁfyéq?%ﬁﬁgﬂ?em%}ml aﬂdleéﬁrwyabﬁ%lky > or any two of R,
R, R30 or BR29,§ RUGhOGcnrkly &DBy b I&vé{‘/@lk?lﬂ IB\Q@ryaH@Jn% aly1agped forma 4

to 10 menbered carbocycli c, hetero erocyclic’ring, mhereln any of
sai d al layylalkal, Iamh!?f 1s dowdr, allaﬂﬂbwbkgdke@ardnﬂcapdlaryialft{yhgs anpevepdBf'yR™ % i ngs or

het er ocyghi Cc_fd N are opti S titut h one o r,oups
mdependentt ) <BRdkf ottt PoARRa cotR TRyt i BT o [ PeREe Ry
di f1 yor Qarol ié; hétEdobyi OF REBIBPE rirRZ Wil BrcirPdng/ ofsﬁﬁta‘?ﬁﬂadlh(ényl aawl al kyl ,
het er oar yl al het erocycl yl,” and het erocyclylalkyl 5 mis O~ 1, 2, 3 4
or 5 ; @mﬂa]ky?/@@r@cygh@rmgs,, heteroaryl rings or heterocyclic rings are optlonally substituted
with one or more groups independently selected from halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl ;
15 mis0,1,2,3,40r5;andjis 0, 1 or2;
X is OR®, SR®, -NR°R’, -N(R')OR®, -N(R)SO,R®, Ci.iecycloalkyl, Ci_joalkyl, aryl,
heteroaryl or heterocyclyl;
wherein R® is a group as defined above for R*
R’ and R'? are groups as defined above for a group R**; or

20  R'"7is linked to R® s0 as to form a protected derivative thereof;

which method comprises hydrolysis of a compound of formula (II)

(1)
where X, R', R%, R, R® and R’ are as defined above, and L is a leaving group.
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X is OR6, SR6, -NR6R5, -N(R 12)OR6, -N(R 5)SO2R6, C3-i0cycl oal kyl

C _iQalkyl, aryl, heteroaryl or heterocyclyl; wherein R6 is a group as
defi ned avoveo¥wi43R23 ; R5 and R12 are groups as defi ne#calaBeeo%sniza group
R24; or R12 is linked to R6 so as to forma protected derivative thereof;
whi ch nethod conprises hydrolysis of asgonpound of fornula (I1) (H where
X, RlL, R2, R7, R8 and RO are as defined above, and L is a | eaving group. 2.
A process for preparing a conpound of fornula (I1) as defined in clai m1

wh h d f
R Z(F)Qgesl%pr ngsr Ltéelgrféaer?ng :je poélclz}g”??ogrfq% n@ a(S)r 6(Iialgcoarlr%)loluP‘YZl for rrul a

(IV) R7-p\/o<(e|s§/()orﬂ\1ﬁ@’e§r£3tlmgsa asmpleinid v dorintul £ {18) M 1 and Llis a | eaving group.
3. A process for preparing a conpound of formula (111) as defined in claim

2 which process conprises reacting a conpound of forrmula (V) (V) where L,
Rl, R2, R8 and R9 are as defineg inoclaim1; with a conpound of fornula

(VI) O YX (V)
Neast

(1)
s where L, X, R', R%, R®, R® and R are as defined in claim I;
with a compound of formula (IV)
R'-L' av)

10 where R’ is as defined in claim 1 and L' is a leaving group.

3. A process for preparing a compound of formula (IIT) as defined in claim 2 which

process comprises reacting a compound of formula (V)

O
H 1
o X N
R )\/ > RS
L
(V)

15 where L, Rl, Rz, R® and R’ are as defined in claim 1;

with a compound of formula (VI)
y—<
X
(VD)

where X is as defined in claim 1, Y is hydrogen or a removable group.



where X is as defined in claiml, Y is hydrogen or a renovable group.4. A
process for preparing a conpound of formula (111) as defined in claim?2

whi ch prowessoxiomsei ses the steps of (i) reacting a conmpouraB2ods/dsoraul a (V)
(V) where L, Rl, R2, R8 and RO are as defined in claim1l1; with a conpound
of fornmula (Via) (Via) where Xis as dgfined in claim1, Y is hydrogen or a
renovabl e group and Q and QL are i ndependently selected from hydrogen or a
group which is readily renoveable by elimnation and one of Qor QL is a

gr oup ich is_readi rempveabl e by .el.i.im nat j.Q0; L1).copverting the
o oduct bt st RBRERS PEPSP IR Tpefa PLIHIE! (ffy Rael i e ERRNH
prepari ngoctss mnisag thefstdpe b featlidd d c@fpslaldiotestniuta cVpi m 2 whi ch process
conprises the steps of (i) reacting a conpound of formula (V) (V) where L,
R1, R2, R8 and RO are as defined ¥n clﬁin11; wi th a conmpound of formula
(Via)(VIb) where Y, Qo and Qb ar aIINhydroge%n to forma di hydropyridi ne
and (ii) oxidising the dihyropydidi toyforsra pyridine of formula (111).
6. A process for preparing a co ourf of la (V) as defined in claim3
wherein the conmpound of foggg s prefgred _py reacting a conpound of
formula (M) (VIi) where is ag defin® in cfaiml1 and L2 is a | eaving
group, with a conpound of fornulalL

(V)
where L, Rl, Rz, R® and R’ are as defined in claim 1;

s with a compound of formula (VIa)

Y

QN-%_{O

Q' X
(VIa)

where X is as defined in claim 1, Y is hydrogen or a removable group and Q and Q' are
independently selected from hydrogen or a group which is readily removeable by
10 elimination and one of Q or Q' is a group which is readily removeable by elimination; and

(i1) converting the product of step (i) to a compound of formula (I1I).

5. A process for preparing a compound of formula (IIT) as defined in claim 2 which

process comprises the steps of (i) reacting a compound of formula (V)

O
H
o) |N\®LR1
0. XN
R)\/ R2 R8
L

Is (V)
where L, Rl, Rz, R® and R’ are as defined in claim 1;

with a compound of formula (VIa)



(M11)y (MM where R1, R2 and R8 are as defined in claim1l. 7. A process
according to claim®6 wherein the conpound of forrmula (VII) is prepared in
situ by rwecviwmgis2conpound of fornmula (XI) with a conpedmeGBRhOKGoTZMI A
(X)(XI') (X) where Ris as defined in claim1, and L2 andj TL2 aa are both

| eaving groups 8. A process according_fp_any one of claims 1 to 6 wherein
R1 and R2 are independently sel ected hydrogen, hal ogen, C _6al kyl, OCH3 or
SCH3. 9. A process according to any one of clains 1 to 5 wherein X is OR6,
NHR6, - N(R 12) OR6, SR6 or CH2RG, wheg(e R6 and R12 is selected from
hydrogen, or G _i Gal kyl optional Irébs bstituted by hydroxy or cycl oal kyl .
10. A process according to any o N\C! ai 1 to 6 wherein R8 is hydrogen,
fluorine, chlorine, brom ne, iodi newl , OCH or SCH3. 11. A process
according to any one of clains 1 tonfewhergin RO is hydrogen, CN, hal ogen,
or C _4al kyl optionally substituted by one or nore groups independently
selected fromF or CN. 12 A conpound of formula (1l1) as defined in claiml1.
13 A conpound of fornmula (111) as @{g&) ned in claim2. 14 A conpound of
formula (V) as defined in claima3. A conpound according to any one of
clainms 12 to 14 wherein R8 is iodine. 16 A conpound according to any one of
claims 12 50 Ve e B dithydroih! 8%orm a dihydropyridine and (ii) oxidising the

dihyropyridine to form a pyridine of formula (III).

6. A process for preparing a compound of formula (V) as defined in claim 3 wherein

the compound of formula (V) is prepared by reacting a compound of formula (VII)

(VII)

10

where R’ is as defined in claim 1 and L* is a leaving group, with a compound of formula

(VIID)

R
H2N\©
R’ R’
(VI
15 where Rl, R? and R® are as defined in claim 1.
7. A process according to claim 6 wherein the compound of formula (VII) is prepared

in situ by reacting a compound of formula (XI) with a compound of formula (X)
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o
OH LZ)J\H/ L*
N
Ny O
(XI) (X)

where R is as defined in claim 1, and L* and L* are both leaving groups.

8. A process according to any one of claims 1 to 6 wherein R' and R* are

independently selected hydrogen, halogen, C;_salkyl, OCH; or SCHs.

9. A process according to any one of claims 1 to 5 wherein X is OR®, NHR®, -
N(R12)0R6, SR® or CH2R6, where R® and R" is selected from hydrogen, or C_jpalkyl
optionally substituted by hydroxy or cycloalkyl.

10. A process according to any one of claims 1 to 6 wherein R® is hydrogen, fluorine,

chlorine, bromine, iodine C; 4alkyl, OCH3s or SCHs.

11. A process according to any one of claims 1 to 7 wherein R’ is hydrogen, CN,
halogen, or C;_salkyl optionally substituted by one or more groups independently selected

from F or CN.

12 A compound of formula (II) as defined in claim 1.

13 A compound of formula (III) as defined in claim 2.

14 A compound of formula (V) as defined in claim 3.

15 A compound according to any one of claims 12 to 14 wherein R® is iodine.

16 A compound according to any one of claims 12 to 14 where R' is fluorine.



