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CHEM CAL PROCESS This invention concerns a novel

W@ beaieabs process, and nore particularly it CcOPCEGB2005804999
novel chem cal process for the manufacture of
rosuvastatin and its pharmaceutically 5 acceptable
salts, especially rosuvastatin calcium as well novel
internedi ates used in said process and processes for
t he manufacture of the novel internedi ates.
Rosuvastatin and its i acceptable salts
are HMG CoA reduct as(:i;ﬁﬁvi R4y have use in the
treatment of, inter alia, hyperchol esterol em a and

m xed . d sligidenia. R%éuégﬁt tin calgiun1is na!kFth
undet ™} BECHHOL GAREIR AERES ORI IRICEST SPeRRT PRI ary 1t concerns
a ApRI tieatitad ProcE¥d b th@inamufadiore of fI3dYashiz Addils sHanaheatslly

B e LA sy st gl s g
AEPRIANG PN rRpPiBlYi e BRI calsiymnas ! ot PRPrasriat yegddnsal
plgegs@)ﬂid ﬁ?oﬁéesﬂe;s Fodthd maRuffetu oPlteRov& intermediates.

i hydr oxyhept-6-enoi c acid (rosuvastatin) and its

sodi Repuyastatinand ite phasmegautically acqepiablovalit aie HYI@ Slod radyctase
in'hlblitUl%tanrllilm ﬁgh%ﬁ_\% E@iﬂ%eﬁlt Jg,ri%f;eg i’l%a, Egﬂce:icth%%'ls\ltreroé%nzi&g%d mi2xed

prepar at i on. . 2,
dysSpidewmiav aRosavastatiarvdlciuns ispirakatelownder thelrhdenzekc EBESHOR .

salts e, Qbt.ai ped .t her gj Y, j.on_of
s e S R T ST ORE G
flusropteany6pbgsaiyd-2 methyt{ertyearybatméolpyirimidin-5-yl](3R,5S)-3,5-
4- (4-11 uorophenyl )-6-isopropyl -2-(Nnethyl - .
R SRS RORy Lm0 Y 15 Bk ey
(rthaivhamptakyurtl e RisahRabERW) afd 4 fecss 26 thvndirepayat@houp,
asymmetric reduction of the 5-oxo group and
hydrol ysis. @Oher processes for the prepgaration of
rosuvastatinjand its pharmaceutically accept abl e
salts are described in WO 00/49014 and 04/ 52867.
The conpoundj{and it§ armaceutically dcceptabl e
salts are obfai ned MO 00/ 49104 by redction of
~di phenyl [4-|(4-fluorppheny)-®-i £5pr pyI - 2-

[ met hyl (et hyl sul f on i g cr)]- 5-yl#ethyl]
e A
So,0m,

Rosuvastatin and its pharmaceutically acceptable salts are obtained therein by
condensation of methyl (3R)-3-[(¢ert-butyldimethylsilyl)oxy]-5-ox0-6-
triphenylphosphoranylidene hexanoate with 4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-
N-methanesulfonylamino)-5-pyrimidinecarboxaldhyde, followed by deprotection of the 3-
hydroxy group, asymmetric reduction of the 5-oxo group and hydrolysis.

Other processes for the preparation of rosuvastatin and its pharmaceutically

racceptable salts are described in WO 00/49014 and WO 04/52867. The compound and its
’pharmaceutically acceptable salts are obtained in WO 00/49104 by reaction of diphenyl [4-
(4-fluoropheny)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-ylmethy]
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WD 2006/ 067456 PCT/ GB2005/ 004999 -2 phosphi ne oxi de
wWth tert-butyl
WQ@2Q06A&486) - 6- f or myl - 2, 2- di et hyl - 1, 3- di oxan- 4pg1/GB2005/004999
acetate in the presence of a base, followed by
removal of protecting groups. WO 04/52867 discl oses
t he condensati on of
1-cyano- (2S)-2-[(tert-butyl ditret hyl si | yl ) oxy- 4- oxo- 5-
tri phenyl phosphor anyl i dene pentane with

Pt et PER Gy ERBS PRI b ke P Bof¥l yipan--1) acette

infthé prevende bfya lc&g,rfﬁmc&@dd U?’rremo‘aﬂ yquretebumghgreab.tc twomashksshe
4- 0X0 group an rolys wever. there |S. a
disgpes Higiorpdsneaiipn ﬁ*%j@?ﬁ 2%2 Zﬁ%rémkdfwﬁﬁf»@i)@& ALY
trtﬂﬂ@nylﬂﬁ@;&%fo%tyﬁﬂeﬁxe%tﬂ:ntﬁl%sxuma&f(cﬂﬂh&oﬁlﬁﬂiiyl)1§1sopropyl 2-(N-methyl-N-
pharnmaceut i cal %Pacce ptabl e salts. rocesses

mggpnesplieny AP EPY R ceB APy de, 601Wéd |bb5 GEPTPLeRHI N
as%i?ﬁ&%@x%ﬁucti%ﬁ off k- 69@¥ B S0 hyldfolfs use, be nore

sSul tabl e | arge scale nmanufacture, give the product

in aHb\e@\tee theyq lehdontmmed tOhée_nﬁl@rﬁi@ma@fve proggsses for the

[ e
rrﬁagﬁét?%r%{rg%:f rolr‘éggaﬁ#agé %ﬁ&;ﬁgf)lﬁ%&e}w&fﬁg a(?clreﬁtlag% & glts %%cﬂ) ¥rocesses
g dhnexgmpte, whsrecdmsedem peaviiusle knesgyprocesse) blé mloreh@nvmn@t to

upt O ek b b S iy B R T adiL PR SRR Bt bauce

tHe @RINB B} G tep€ Inflolled, iuv@inter@sdiateswhidR bie i€ e@sly isolated, require less
i ntermedj ates in the synthesis of statin  deri vatives.

copepleospyfisaten t(e@}wespaé% Ie8) PPeRAETPAEANE PP BEEs a
eRiRaReMallPlricpdigpar ati on of indole derivatives, such
as fluvastatin. EP252476 (Warner Lanbert) di scl oses
c orrpW@Q&!OWﬁ@ (Ciap Speaialty Chamicat) diselaes ia pFicesstfor rrepaefion of
hétHofSr &Fw&tﬁ\%&? cféﬁ@{r N§SsSnt }ﬁ%dﬁ?c‘éffn &%@%&hés?soa{%{aﬁﬂ a
art| cul y use process For preparing rosuvastatin
daivatives. NCSO}jhk&Sﬁ&é@uba Spexhdlty thueqatsabisdomlammcess for preparation

oﬁ GASIE gerl tl%)s sau Vas§a? CPEP2%E4'} Inli]éﬁ‘m o dlgcli]()esrese s
provrded a rocess nanuflact ur e o compound

cafipduadswhiah hreFHMH A @dhbt@d inthiBi@ri\ard d pro&E¥ faritheirdynthesis.
We have now discovered a particularly useful process for preparing rosuvastatin
and its pharmaceutically acceptable salts.
According to a first aspect of the invention, there is provided a process for the

manufacture of a compound of formula I

or a pharmaceutically acceptable salt thereof,

which comprises reaction of a compound of formula II,
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or a pharmaceutically acceptable salt thereof, which
conprises reaction of a conpound of formula I, WO

wQO6H0[EFA56 PCT/ GB2005/ 004999 -3- F L N X kiCt/5B2005/004999

wherein L is a leaving group and X is a group Z which
is N-(nmethyl)nethylsulfonylamno 5 (CH3SO2N(CH3)-) or
Xis agroup Y whichis a gr.qup that is capabl e of
conversion into the group Z~ wth a conpound of the
formula I'll, -/A 111 10 wherein A is selected from
a group (i) to (vii) below,gOP OP2 OO OP3 O OR \
OR2 15 (i) (ii) OP4 OP5 P6JOP8 O OPT OR3 (iii) (iv)
WO 2006/ 067456 PCT/ GB2005/ 99 -4- OP9 OO OO (v)
(vi) OP10 OP11 OGR4 \ O

wherein L is a leaving group and X is a group Z which is N-(methyl)methylsulfonylamino
(CH3SO,;N(CH3)-) or X is a group Y which is a group that is capable of conversion into the
group Z,

with a compound of the formula III,
\/A
I

wherein

A is selected from a group (i) to (vii) below,

oP' OP* O Q  OoP
zll\ OR1 &’\/U\)\/tLORZ
(i) (1)
opP® 0

oP* OP° ppf M
@\)\/‘\/ﬁow % XN0R?

(iii) (iv)
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5 (vii) wherein P and P2 are independently selected
from hydrogen and a hydroxy protecting group, or P
wo oenbEse Wi th P2 forma 1, 3-di hydroxy pr ot ect P@IGB2005/004999
group; P3 is hydrogen or a hydroxy protecting group;
P4 and P5 are independently selected from hydrogen and
a hydroxy protecting group, qr P4 10 together with P5
forma 1, 3-di hydroxy protecti'ng group, and P6 and P7
are independently a hydroxy protecting group; or P5
together wwth P6 forma 1, 3-di hydroxy protecting
grou P" and P4 is hydr ogen_or a hydroxy protecting
gro and P7 is a hydroxy“prgtecting group; P8 is
hydrogen or a hydroxy pratecting group; P9 is
hy: gaen or a hydroxyﬁpfotébtlﬁg group; 15 P10 and P"
re rndependently sel ected from hydrogen and a hydroxy
protecting group, or P10 tg@, ther with P11, or Pl1
togetther with R4, forma 1, i hydroxy protecting
group; and unless otherwise stated R, R2, R3 and R4
are hpdependently carboxy protecting groups in the

pr 0PRa catalytically effective anount of a
pa ad talyst and in the 20 presence of a base;
1Rollomed y Pa) when X is a group Y, the group Y is

converted into the group Z; followed by 25 (b) when A
is avgpoup (i), carrying out in any order the steps of

0
ng%r)cmv}h% cé CB:t ?Ijﬁ%ﬂPenI?lXa[_y 3&’6{%&1 ?%Nﬁlcﬁﬁ,dﬁ%eg 1%]9 Ry%g)gpx%r%?x{g
grbﬂﬁﬁ)’r%?ongﬁerRﬁm Mﬁﬁﬁ/ 1004 P& oxy ﬁrom:tmtgegbumg gr oup,
r ot ctln% roup P2; and (3) renoval of
PPt Mg PRt R Bley ohen AT's & broup (1),

P‘bﬁfdrnﬂa&gm@e;ﬂenddm@ @Mc@édjﬁ!(ﬁm hiérogéred adfydfoky pﬁﬁeeﬁﬁggfoup or P*
reductjon, of the carbonyl grou adj acent to,th
€

toggtheomit By 195R ad&n@h@f@@hﬂo @I gméh aps P’} and BS age IHWF%@WHY a
hﬁfr@i}?ﬁrbie%ggérgﬁkp or PERPMRYr vAth 1EmPs 08 Qﬁﬁﬁd?&y@ﬂr@cb‘cﬁv\g%roup,

removal of the protectln 7grou ;
ans] B'gs hydgpgampr @ |hiydr)0xy peptaciinggrovrend I&M)Y@P’ébéproteh@lg group;

Psgng g&négg E4ahaﬁgnnlydroxy protecting group,

Stect i oup P4; (2) when P5 is a
P%y@y¢mg&1@ndndunwmgngnmggnmpennval of the protecting

.94 B“ are m(i 3p)ende rﬁt))' sealectecI frgrg %ygrrogéneé:ntdlar}gld%xy ppotectmg group, or

P'? together with P!, or P'! together with R*, form a 1,3-dihydroxy protecting group;

and unless otherwise stated R', R%, R? and R* are independently carboxy protecting groups;

in the presence of a catalytically effective amount of a palladium catalyst and in the

presence of a base;

followed by

(a) when X is a group Y, the group Y is converted into the group Z;

followed by

(b) when A is a group (i), carrying out in any order the steps of (1) when P' is a
hydroxy protecting group, removal of the protecting group P'; (2) when P? is a hydroxy
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10 P6; and (4) renoval of the protecting group P7; (e)
when Ais a group (iv), carrying out in any order the
wer@psemse (1) when P8 is a hydroxy protecti ngp@r/GBpu05/004999
renmoval of the protecting group P8;(2) asynmetric
hydration of the carbon-carbon doubl e bond adjacent
to the ester group COORS; ar_1g_(3) renoval of the
protecting group R3; 15 (f) when Ais a group (Vv),
carrying out in any order the steps of (1) when P9 is
P SB BB D froll AP BT ROH (REohNELBER: FEkee
giog) Rwhen A is a group (vi), carrying out in any order
he steps.of (1) .asymnetric. hydration of e ring. .
ar pEhEERGar ShB R R g Cn gl P B8 felh P Eesbinine
redagion o2 the@andhyligpnp; adfoeht (hihe wir®on-Sarbsn douteciondy(2) when P* is
arrying out in any order the steps of {1 nmetric
o R T iroute e P hS s BT Bof B aumAl ke
ploRt@tisy @dip REOR4; (2) when P10 is a hydroxy protecting
((group, renmoval of the protecting group P O;

. . . 3). when
11 VEengA iSARIPwxEiDn FHTYBRE PU i YWouder testtips &f ( Mh@ﬁggwa
H v . . 4‘ 2
BSOS ELATRUED P 8RR oy
prokecanggrdup, merménal 6 the protdcting gionp Po )i remavdl pf the praterting group

o) ' - salt of the conpound of
Pf’gl?&n{}i?g&#&ag(?ﬁd\}\%%%&t%ﬁ% %?{lfglaét is obtained as a salt,
(edpt | whal A ys cgrove(iv), cagrytitpeoyp iroahyairddr chesstaps b €) evhien P® is a

phar maceut i cal | acc ble salt. 30 dqr the . .
TR s L BTV R BSR IR SRR AP) FERIPiion of
theRarbbicirben @sudlibondatijhcdns tothé astdiegoudl C@OR!; Yind (B)tréifloval of the

car bon-car bon doubl e bond of fornmula Ill, and the
pigtestipseom Ry to A(vii) are attached in a |ikew se
(fg’ein N&hen AR 2496 ﬁ)g}ﬁé@in Gt 1%39]9@610@16 81%81 %f‘e@) When¥lid a

appreci ated that tautoneric’ fornms of roups A
hydrexyapresctingcgronte emaniat ¢fi the prateckugogreupl; aik(2p hydyelysis under

R s F e ogen, this mey exist |n the keto
(g) or nwhdmoAus ogbaw(vi)ORM i @Rin an® order Saei stepls lo€(1p abyinardétrien
hgﬁ%t?ﬁlnyo%ttﬂc’e r?nrgec’argog-rcar o0 gglllbefé b(gntzi?g’r?d (% E}gdrgl§/s%9 urilcﬂar gasicAm
conditions; and
(h) when A is a group (vii), carrying out in any order the steps of (1) asymmetric
reduction of the carbon-carbon double bond adjacent to the group COOR?; (2) when P'? is
a hydroxy protecting group, removal of the protecting group P'% (3) when P! is a
hydroxy protecting group, removal of the protecting group P''; and (4) removal of the
protecting group R*;
whereafter, when the product is obtained in the free acid form, optionally forming a
pharmaceutically acceptable salt of the compound of formula I, or when the product is
obtained as a salt, optionally converting the product to a different pharmaceutically
acceptable salt.

For the avoidance of doubt, the carbon atom bearing the group OP' in the group
A(i) is attached directly to the carbon-carbon double bond of formula III, and the groups

A(ii) to A(vii) are attached in a likewise manner.
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Soc., 2001, 123, 6989-7000 (which reference and nore
particularly the palladiumcatal ysts described
wo beseémasar e hereby incorporated herein by refBCBGB2)05/004999
and anal ogous pal |l adium catalysts, for carrying out
the so-called Heck reaction. Although the Heck
reaction is well known in the art for coupling
certain aryl and heteroaryl "Halides (or triflates or
acid 10 chlorides) with al kenes, it has surprisingly
bee d that th an bhe arri
vy B pepr et e R G RGBS ot B
wﬁhlmmabpecbmw praieilt Meerionf Bamxbmplel wherP&1is d Giab@ (Wi in which
suitabl e aIIadlun1cataIys clug§ for exanple,
Pt frdyeragen thﬁ x|kt BRI |S OVPd/ P(al kyl ) 3)
especially bi 1¢r -tQ5§+butyIphosphlne)palladlun1 (0).
A Pd/ P(al kyl) al ypt wherein the alkyl group is
tert-butyd, LWXture of 15 Pd2(dba)3 and
P(t-Bu) 3, y also be uSed. The term "catalytically
ef fective amount” nmeans ap amount fro nDIW to 3
ol SuiablE PAEIER F3 b e BTVRR (6° RBTORC AR Afor
s&ariob ¢ ubar dagof70em whiBPteteréRe hRd mBRI phtidaass theoﬁhllhéﬁﬁm catalysts

amount’ "ot t he conpound of formula I'l. The conpounds_of
deserilpad|teer¢in amrqum@r@r@%l@qr@n by referspecddind gpalognus paljpdium

c&tzﬁ?st{ %r cgla'9 6 oatothgp@-%lleki g%?keljeactﬁ‘ﬁn 9(1@15&%11&19 ﬁeélgﬁgétiogris well

carrie t 1na sul solvent su as to uene,
k“m"phﬂmhd art fot bampliag derpad.ri W@tnld)hlc@rr@r)g lhgladss Yor trifiates or acid

%I cul aéllk%{r}eaoﬁ%as SHPN-S%‘ eﬁn gré(g hg{\nh1% (Peleck reaction can be carried
ldlwi’ﬂi d‘lﬂlllfy‘s ghistnitedesterdgatlytbidereg 6Frt1¢rﬂln£|ra¥ ;byy‘lmldmt of fomnalla II.
bin Jﬁ Xt ur es, . of Ier Ifor rn de and
bt e e, K e R

trfhﬂ(y‘lﬂh%@bh%éthg@hdsa(m@@@ﬁm LHsﬁedld]lthiH@triﬂt@ﬂgﬁty:B@roﬂﬂlﬂ&)pal1ad1um
articularly 40-80C, nore &artlcu arI 50- 60C.

At AP @l ks eataly s wheisan theya hlegralfpoléé%‘s Wyl $usB af mYRHTICHE
th:qggﬁ E}d“%d P u)%@({ypgls% beddile bases, such as ammoni a,

articularly pul ky tertiary am nes such as N WO
2006Th)36t¢2|35 @ap@[t[c@@@@p@@auggglt mgans an amount from 1 mol% to 30

o1 Caﬁf]gég lfpotpl? ?%Ao@nt@ %0 ldﬁ/e danﬁ nfc{?()?/ﬁfﬁl(t:thar g from 5 mol% to 10

ne rica or catalytic
1% mbedoorethe hmommﬂﬂte cofnpeundl afdergamtn I§. base, such as

oS M SR S AR SHE 3P P PR SRR oo o

aSqk 1 to such as tetrabutyl ammoni um chl ori de or
t et rabutyl apmmoni um, 5 tetrafluorogorat

Generally the reaction is carried out in a suitable solvent such as toluene, diphenyl
ether and poly(ethylene glycol), and particularly N,N-dimethylformamide, N-
methylpyrrolidone, N,N-dimethylacetamide, or dimethylsulfoxide, and more particularly
water and binary mixtures of water and N,N-dimethylformamide and N,N-
dimethylacetamide.

Generally the reaction is carried out at a temperature in the range 30-110°C,
particularly 40-80°C, more particularly 50-60°C.

Suitable bases for use in the process of the invention include, for example, amine

bases, such as ammonia, and particularly bulky tertiary amines such as N-
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Particul arly conbinati ons of palladi um catal yst,
sol vent and base (optionally in the presence of a
W0 edos@biase/l anmoni um sal t), which are suitabl e POT/GB2005/004999
carrying out the process of the invention, include
the follow ng: Bis(tri-tert-butylphosphine)palladium
(0), water, N, N-dicyclohexyl methylamne; 10
Bi s(tri “tert- but yl phosphi ne) pal | adi um (0), water,
N, N- di cycl ohexyl et hyl am ne, tetrabutyl anmoni um
ibydf I ) )
Ir\%gﬂtygle)@%he@é%é{?% ug%] eil@heﬁ%&) BE%&RQW& R }lti%gl'l}“mtl( 9
stowhoatistriodnzovmbef amnn@reamabasamudbmc&slem carbonate.
B| s( but I ph ) toI uene,
A R SRR TR R e
tatﬂabmbeOansédltg Such as tetxbblttyllamhmmlm chégridal olr adiiatingy lamonium

t hyl acet am de, N, N di cycl ohexyl net hyl am ne,
t%‘fé%%{sﬁﬁs 8 anmoni um chl ori de;

Bi s( Pzirtlcﬁlﬁil}t cdhmuydt@h@@ﬂ;ﬁlwtﬁ&rﬂ%hﬂaafdﬂ btmze(n@)md bua @ptiBiy in the
N, N- di cycl ohexyl net h%/baqam ne

pasexcfc of 2 (el UGS ey e emablmf‘eroaarrywwe? theppocess of
tl{ejlnae}ltloﬂ\l’uwudé'tﬁé’ﬁ)h%%yl met hyl am ne,

t et rabut’yl anmoni um chlori de; and '
Bis(isic tertibutydphosphine) pasladis pHO h segral N Audiavalghexy mathy tanimve
e rnEPT e G el BT O M S R amine 5
teaﬂabmykamnmnunmchlomtbo - OS2CF3, -0001, -SM2C1 and

Y erein RY uch .as nyl ). or
BRI baa oo CL B Bl YN B RSy ety o
tdnfabmtplamnﬂﬁmmtetrﬁﬂi@&ﬁﬁateand nor e part| cularly brono.
e term pabl nverS| on.into a
%tﬁ“i’“ fhe @ rt@ S 1\? digyg %lmlawﬂwéqﬂnaﬁy
tgtﬂdg@tylamnugﬁgu&uyw ch can be converted, by carrying
out one 30 or nore synthetic chem cal steps, to form

Bﬂ%@-@ﬁ&yﬁ’l@%mfﬂ%ﬁa@um(@h PENdimpthlrceraide dpbibl e of
d&gat; éxﬂﬁle té‘t%uy‘ﬁmﬁéﬁﬂﬁxﬂ%hioﬁd&hem cal steps that

e use to carr e conversion of Y into Z
Bag(i- we+blutylkpmmhlm®patllhélum(ﬂ) water/DBMB G eNa¥- descri bed in

2006/ 067456 PCT/ GB2005/ 004999 -8 works
&aﬂﬁexgﬁ?ﬁ\ﬁﬁl rg%gr ary Heterocyclic Chem stry by Ceorge

BR(trlP@mtm)f@B@ll\N)ﬂ)dlllaélmnm vReaMIMF (1:publNshed by John
Advance ni.c Chem stry by

an
Ay S R O R CT ORI B4 o1 oups. v and
By Ra1buy I SHISFHikpal BERMS0S WateMIIMNF {01), ammonia.

A leaving group L referred to hereinbefore or hereinafter includes, for example,
chloro, bromo, iodo, -OSO,CF3, -COCI, -SO,Cl and -C(0)0O-SO,RY wherein R? is aryl
(such as phenyl) or substituted aryl (such as tolyl), particularly chloro, bromo, iodo, -
OSO0,CF3, and more particularly bromo.

The term “a group that is capable of conversion into a group Z” means that the
group Y is selected from any functional group which can be converted, by carrying out one
or more synthetic chemical steps, to form the group Z. Suitable groups Y which are
capable of such conversion, and the synthetic chemical steps that can be used to carry out

the conversion of Y into Z, are well known in the art, for example as described in standard
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such conversion are illustrated, for exanple, in any

of Schenes 1 to 5 or in the exanples 5 hereinafter, or
whyooaned4ogy therewith. A group Y referred to PCT/GB2005/004999

her ei nbefore or hereinafter includes, for exanple,

hydroxy, chloro, brono, iodo, am no, nethylam no,

benzyl am no, net hanesul fonyl gm no, N

benzyl met hanesul f onyl am no, "R"SQ20O- wherein R' is

(1-60) al kyl (such as nmethyl, ethyl or propyl), aryl

Wé{acuc;h as (\R,%gﬁ)@} ogﬁé?()g?%!ift‘%fed ar lk?‘f(o clg Clﬁ wétsomeyanzl William

W%ﬁt]dbr,, plﬂili@&éd W/ Johhi Blely )& S@fsylnc( Sﬁ&hdﬂﬁc@f@ig‘y{hﬁ: CbEmistry by J.

Nﬁ’fﬁ?‘ft i %‘réf gp%cﬁééls»{ yalgglzgﬁglspsf q,n){i gtll}gt? r Cul fgw suitable for

s&h'c@ﬁ\ﬁbrswr{ A8 Yllu@'?fé/ted 35 éi&npl@efhﬁﬁfy af'Sdh@m@@ fto 5 or in the examples
onyl anmi no. The term "aryl" herein includes,

hfFrélPa%@Ea‘PFdlYélnalagh@ﬁ@W@I ic or bicyclic aromatic
hydr I
yar RGAS G@ﬁ&%r?&#lgo haak %rcﬁ“h@émgﬁézmaﬁﬁ)égsfor r?]lgyll@}gi%%roxy,

phenyl~, tetra onapht
chh@abuybmo pdo,tanum ameltlwlphemwenzy‘rmmo,enmmmﬁmvltamit@dN-

benz% et r%‘lgsﬂ ?fonyrl?mm%{al){(’g?fﬁp ch?r{%l n ng Elbg(g)g[ gﬁ{u& as rrrrtl_)ert}éyl’ ethyl
oppi'bpyl); akyd(duyh 4s ptend) ossmbsttutbdjmyt Guctasitblgh| R'C(0)O- wherein R” is

CCRCRb R Sngifor St Bispi oSy apRea] o ihehEieg a
(sErt By )0 PaichiRMY yuiRkBRk ga@lp@ OemeludS Y6itexasp e hyai sy, EHlGBD
or iodo). 20 The ternms "hydroxy protecting group” and

tosxlarb@%yn% msthytamipg angt wetBYIsylEon¥lapiRP-t 0 her ei nbefore

or hepeiRR 4GF HERANntNALs, fo‘?@xﬁyﬂj& @nYorfdty &@%pg?é%clgzra%ﬁ’atic
is protected from reaction by form ng a suita

hyilsegaylbani greup thefciantains 4-127atone) sidkyas pheyry ma@tﬁbﬁdﬁﬁtraheydronaphthyl,
t
TS B ERLARy G5UP, B AhAER o SIS o

oxymet
bearing lone axjmoulsubs%mmntsxibnptmpde kid 3_/$ubstad¢ntsa Imooé parti@ilarly 1 to 2

di h
PR SRP e el o BRKATE (LB R SEmBAR o
oﬁﬂdpﬂh@ﬂ%bﬁalkcﬁ@)(s’ﬁck i methbﬂy whdtiedxy) add efoge®(sgetodsetlodo, bromo

g{ group i s unsubstituted or bears a hal ogeno, (1-
Oﬂ@ koxy or (1-4C)al kyl substituent. For exanple, a

gr oUpheefas « hf&&ﬂ%&eétfdg@&@y lagtdl +-dakbox@Pebtecting group” referred to
tert-butyl di met hyl'si | anpl es of ‘suitable neans of

hereipbelord erhe@fnaﬁyranmygﬁrﬁlw hydeaxy ox garhexyigseun is prafeatqd fragm

86 H304 A% ARTaRECHE o ARREANSFEL R Houp TRV
%gund 38n{n Q@W %’een% ang’tcP. G V@t@ " P:%ootuggt%ly e
p@t@:upg gioup @isg arwluclesfqrxtehmpls tetratydrogyyraigl; teitemityl Joéthoxymethyl

Yar, ki, r
or a SIEX régc‘ih ea? gcl)r’n XaPpied 311%1 ra?ll gzﬁ eolf }]hae?{)rmu(f él% a&e{e Ikt%g k NQdicals can
bé dgehxlne br dffetfenfihd add seRétet] Eﬂ()ﬁn(lt@gem(hlephemﬁ dndRhenyofl -45alkyl,
h ﬂ WO 2006/ 0674% PCT/ GBZOOSé 0049d9

1n which latter two groups a phenyl group is unsubstituted or bears a halogeno, (1-
4C)alkoxy or (1-4C)alkyl substituent. For example, a group SiRs;, includes trimethylsilyl
and tert-butyldimethylsilyl. Examples of suitable means of protection of hydroxy and
carboxy groups (as well as means of formation and eventual deprotection), may be found
in T.W. Greene and P.G.M. Wuts, “Protective Groups in Organic Synthesis”, Third
Edition, John Wiley & Sons, New York, 1999. Particular protecting groups hereinbefore

or hereinafter for P! taken together with P, or P taken together with P°, or P taken
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together wwth P6, to forma 1, 3-di hydroxy protecting
group, include those described in EPA 0319845 and GB

WQ@2604/60H56 whi ch are included herein by refereneer/GB2005/004999

Particularly suitable 1,3-dihydroxy protecting groups
i nclude, for exanple, the groups (a), (b), (c) and (d)
illustrated below Ry~Rz Ph~-H,O Rw, Rx OO OO O0OO0O
Si, O 5 (a) (b) (c) (d whérein Rwand Rx are
independently (1- 4C3a|ky| and Ry and Rz are

toig%ﬂ%%?igfjﬁg rré :!i t1 ?IL K)Y}l IIMO{%E % %% uf&'ud% sgﬁ%sjcéged in EPA

03 B8 éhand GBRMEN05 y\whlbh ml&enqhai’eti (hnreat bylmfemnmh i Rntiduiely saitable

hed f t
| AR PR ol TR o RIS T o ) @yt 0
ilwbtraéd bfovand Rz are both nmethyl (i.e. an acetonide

protecting group). Anal ogous protecting groups my
al so be dRahen P'Ph_ Hoget her mﬁih R4 f ofis_Bx

1, 3- di hydgpeXyy pr ot ecgi group. 'cuIarIg/%ujtable

val ues fo R R2, ard R4 i ncludd, fogxﬁxiggL?,
(1-4CQ) HcmMWI Mo , &
isopropy , butyl and tert- butyl especially the
latter. 15 It @yll be aggre0|ated {dat mhere(ﬁpre t han

one_protecting group fter reactin

W@%fﬁﬁ’dﬁ‘ﬁ angRx @Wén‘#f‘@?l?ﬁfpﬁy {1| 4Wa{kbf1 an%BMﬁ%Ba a@flm%ea?l?ﬁﬁp%y (1-

h«gl toh %nepcsm &{d' K8is Qf Qéﬁ?ky‘i@ﬁ/d thP @th@@ﬁ‘ﬁ\/’@t@géﬂ" o@ﬁy and Rz taken
ord whi ch a [ ows the conpound of fornula

tagbthei widltlthe fcarboi hiom tg [vdiichigheyaqp attashed @dntammlomn@tlsb't:bhg&yl or
%&1 V\Etﬁlcﬁggjl ﬁ&) Hl%%t a?tnc%lar\?'tga&@e(uj\;’lnrm Bg bgtg%e?ﬁ]yl (i.e.

rSi nu rean nDre
anaetquidetpesttdting sosupil pAndliogumy erotdcting groupy mﬁ;ealscebie tsed when P'!

carry ou final ep under non-acidic conditions to
t%&%‘%wiﬂé{é? Brmsad i%‘?si}%‘go’{wme&t&%ﬂ% of formulal. A

sui t Bmlaum;as“ume whlu€stol X', ®E qe‘mnawenmaiet folr Bﬁdmﬂ@@ -4C)alkyl,
for exa an al kal i netal sal t r exanp

SuHAs gty eﬁaﬂ REgyliisopsapyl, bugy!l g}dktsthbwa @%ﬁ“ﬁﬁiﬂd&ter

salt, for exanple, 25 calciumor magnesiumsalt, an
anmoni um salt or a salt with an organi ¢ base whi ch
Itarifl e ppreciatohihst whergimoat thon erccspleetiigesrowst i smmoved after reacting

SRRk SRy R0

bt renso(vad hyaohy @xdee tvhydh)adioive the camgound of formula I to be obtained. It will

{5%\?% %%%%agx%rge étegtgl%tglggdp%%y cond}l[\i‘!o)ns2 P g{e?r(irZr%cS)\@al may be chosen
which allow for simultaneous removal of more than one protecting group. However it is
preferred to carry out a final step under non-acidic conditions to avoid lactonisation of the
compound of formula I.

A suitable pharmaceutically acceptable salt includes, for example, an alkali metal
salt, for example a sodium or potassium salt, an alkaline earth metal salt, for example,
calcium or magnesium salt, an ammonium salt or a salt with an organic base which affords
a physiologically-acceptable cation, for example with methylamine, ethylamine,
dimethylamine, trimethylamine , morpholine, diethanolamine, tris(2-hydroxyethyl)amine

and tris(hydroxymethyl)methylamine.
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-10 When Ais a group (ii), the asymmetric reduction
of the carbonyl group adjacent to the carbon-carbon
waolesbbersbond may be carried out, for exanple, RSI/GB2005/004999

di et hyl met hoxybor ane and sodi um borohydri de. The

reaction may be carried out, for exanple, in an

al cohol - organi c sol vent n1xtn6e The al cohol may be
selected from for 5 exanpl &,  nethanol, ethanol

propanol and butanol The non- alcohollc organic

solv t .

acet oni I% gro&ﬂ) 3‘?%&1% g??]&&g eél%?&a ro l? Fan y%auP adjacent to
the Icﬂfﬁbii}ydirb&i amj’usldiﬁmdmapaxetcmmﬂ aut, t}orsmmlﬂéglusmgonbi nation

of Iven s is, for e le,. t hanpol and )
Bty P e Sind ST O e | Thed BaPRRY bg SRRt
exdimple, ﬁrﬁziﬂ)cﬁ&ﬂablil’n%amb e Iv&f tixthR0 Tht alc8RMT mayde sesaBPirém, for
bet ween -85C t 70C, under coaling for 10 10 m nutes

XagPip msiapel, etfla}ol@k%ﬂ%ﬁvlemé @uﬁpﬂuffég neny alf@hq% @Fganiciglygnt may
béSdl® e P Y6 e(xheﬁbbe Méf%nﬁﬁhé naedh i e@helaytelﬁaﬂyu%&ﬁ aﬂche

car bon- carbon may be carriéed out, for
dl@)@dmbﬂoenawéb né pl@énzkarly a‘PltﬁéW@@bmthm@f sohienis i EorsKample,

ﬁ&%ﬁol a{lﬁté]‘ijgl G fﬂ%a%é W&t‘io%% Lﬁ@lé ﬁ%uPé?taQéﬁu}&eE{ere

exane aZ|de In a su vent
be¢teeerat QW@D%@L foamirrmte t&thm@f@ttu F@°Cnuttdhecoroang érdp

-20C t g +10C, . such hout C by anal ogy with the
S har Bode e eRat 0 O 0dmum Y To9a ks,
2446WhEH A is wiatotip (iv$, tﬁﬂs@ﬁmetrnﬁ@'ﬂmbﬁbéﬁe baben-parbyn double
ref erence. . Wen agro metric
R, PO (o dOleBOl: TR okl B Bidrragyeeg  base.

suc@tlak R&gssﬁiiﬁ tertl Ko x@aeITIPb Rssitth hBEhnfhyRRA243E | ik uitable solvent,
al co ch as allyl alcohol, in thg%Presence of a

SUSh e tetrghncqﬁofasanw@at a gpmpsEize In e e Pt 120°Che  HEs Bishas
aut @°@%§%Palg$&?\khtlg91e cléagéldesfcﬂté&mdo&yCE@rgu%%o@S 2446-2453

usi ng pal m on r bon or pallad |un1hydrOX|de on
wbehhoherehydeeorparitdd berciorbdirefersnes. by anal ogy with the

pr OC%“" 19§%ﬁ Pg%ﬂ t‘gyas% Q:?t’{cqlg'%pa?% om&%g}bbﬁ cg}ggr%)é{lble

|ncorpora eren
bénd )y bd dmmeais;umfmt efxlampreeuhmg anappofpribtealcobslborh amltyd) alcohol,

ubl e adj a nt. the gr.o 4 may be
i PIeSICR AL D SR of B SRR e e BSRh e b such
a$ NaOHORHEoWESEY teltdioa b@ME phlididnén esys @ pailadidie dy@bk@a on
of the carbonyl group o (ii). Particular va

f
crhen wislepadidig P@éiptson&rb@néleﬁ% W&P éhcsl%o?eéll‘}eéiﬁ%c“b%@hwo 02105519,

w%ﬂth@ﬁerEB%’ym&ﬁporHé@ge%@y@eﬁﬂﬁ&@pr' ate with any other
of the values, definitions, clainms or enbodi nents

def i Wéhn Reis eigravei(sietheesyremettin sgduetion of (the(crybanrrarhep gontie
b!)Il(f ad&é%ell)tsto gﬁe%&%ébi{‘t M’Q; b€ l:a{}rlg:i oﬁ,nfgr g))garr{p?cg, ﬁglﬁf Em}‘llgrr m

cond1t1ons to those described above for the asymmetric reduction of the carbonyl group of
A(1).

Particular values of variable radicals or groups are as follows. Such values may be
used where appropriate with any other of the values, definitions, claims or embodiments
defined hereinbefore or hereinafter.
ey in formula III, A is a group (i) wherein P' and P? together form an acetonide
protecting group;

2) in formula I1I, A is a group (i) wherein P! and P? are both hydrogen;
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protecting group; (2) in formula Ill, Ais a group (i)
wherein P° and P2 are both hydrogen; WO 2006/ 067456
wEFeDaR2005/ 004999 -11 (3) in fornmula 111, A PGI/&B2005/004999

group (ii) wherein P3 is a hydroxy protecting group

(4) in formula I'll, Ais a group (ii) wherein P3 is
hydrogen (5) in formula Il1, 1 is agroup (iii)

wherein P4 to P7 are all hydroxy protecting groups

(6) informula Ill, Ais a group (|||) wherein P4 and

(32’5 B%Mtlfnﬁm 9%?&1& P Efei B s hsyd?oxg gﬁotwg,@m or

fferent dr ox ecting group
() 1- 41@)fa11rk151fd IIQM&pgroUbdn) wbera:rrm’ & hystdggh or ethyl) (7)
4 vvher n,P8 is. a..
Chyar SO & e Ag e dia T 8 2haf o picRupityRins grows
(6 Tl\/ﬁh foritul TN W i lalgydup (T S)hereireP tank (P yﬂedioﬂﬂ@l’dydg&h bf)/d P6 and p’

ar% F‘)ﬁ iinf}erw 'mgP %ygafg%gtF t h%%lfi\'ﬁ}ﬁ%% Tg% QW\%I& R§gfé’ﬁ

e 1d,ﬁcti,91rdné{1@1)l I, Ais a group (v) wherein P9 is a
r ox protectlng grou dn formula Ill, Ais a

<7g r oud forpula b Aeis 4 grp;(i [))Wélfeé’gpe S f BYgroxsnppsetiRg goyn (for
l @l
e?\r}}p}ﬁl}, #i vﬁéﬁ%fa Rﬁg‘ sf, la%%tlh}}lg]l eresy! @rtd bulyvldlﬁhe'n lsﬁyIQTBBPSkor tert-

_ ' drogen and P1 toeher w th
bliltsldlnlah)dsm,v,lgmﬁ)ll&'ﬁ)%d{)r oXy protecting group (for exanpl e,

(ggll et heﬁ 1s aﬁfﬁ“&( AeRGE SOE‘h (ﬁo dr ot ecting

Is 0 il a |l may be
(Rbt amrfexd;ul;aﬁrj Am@ A \eesupi (o) windreia P@ rsougrdibxylpmwntmg @rapp Z

carr| out e illustrated in the
(@Ean‘ﬁ}l groyly Igggﬁﬁ\%‘p %Wée(f?fg éStfP%f °§% bel ow, or by
(1a§1al BRMETIEW fsh.grdip (W)l | be appr eci at ed that vvhen a
ound of the fornmula 11

(1|2é rl@gtp e I his 4 EQREBhessin ﬂ’ms h¥45?$ﬁa|aad Pl |t0getﬂr¢é Wlth R*is
a | RIS ROk PRIATReLadpIt! P! t&gbtﬁgemt}f Rt is@X @E@&ﬁde

compound "as set ~out in Schenes to 5 bearing t
Pl@tﬁ@tmggmw)but in which the group -L is replaced by -

g f oup é%é%%{%%%c?%o%a fihg: éér &%b?a(?&\ée&}d%nﬁ&&&lhgf agroup Y

insy a givep Zonayhemaoakd ost, écps:xamplasetsnﬁusadtcd m Be aeanggesiortag shown

PR hY amr b B Pofe ARG fulaltVEl Be - Eidlen btvsas
cempbud 0NHS dereriuti I valereiDNHs & ghdubhyd |lmhd'l§d F o ﬁradsmpt&md OEhe

fq?ﬁxp[ﬂ:llpgéqg%{ Lﬁ%@f%ﬁ&gﬁ otgﬂp%(,:\? SQCI: ; fox examp e a comp%und as set

out in Schemes 1 to 5 bearing the group -L, but in which the group -L is replaced by —
CH=CH-A. The group Y may then be converted to the group CH3;SO,N(CH3)- using one
or more of the synthetic chemical steps illustrated in Schemes | to 5. In Schemes 1 to 5
and elsewhere herein, the following abbreviations are used:

EtOH = ethanol; NBS = N-bromosuccinimide; DMF = N,N-dimethylformamide; TEA =
triethylamine; MeCN = acetonitrile; MsCl = mesyl chloride; TsCl = tosyl chloride; OTs =
tosyloxy; THF = tetrahydrofuran; IPA = isopropanol; DCM = dichloromethane



tosyl oxy; THE = tetrahydrofuran; |PA = isopropanol;
DCM = di chl or omet hane WO 2006/ 067456 PCT/ GB2005/ 004999
wo 1eMeBshenre 1 F NH2ZCONH2 | / N EtOH O HO PCRPGB2005/004999

1(e.g. NBS, DMF for L = Br) F F RSQ2Cl (e.g Tosyl
chloride) N N L RSO20N Pr HO N Pr CH3NHSO2CH3 base

(e,g, NaH DWF POCI 3 F Near1 or CH2Cl 2 F CH3NHSO2CH3

\ base (e,g, NaH) DMF N L L fFHBCNNP N\ SO2CB
CH3NH2 Mesyl chloride C N Pr DVF TEA L McCN (CH) zSCa
NH3 / K()—|F CH3NH N Pr Fghggtene F (CH3)2SO4 KOH I\

F

NH,CONH,

N EtOH

(e.g. NBS, DMF for L = Br)

RSO,CI (e.g Tosyl chloride)

— X L
s

RS0,07 “N7 “Nipr

\ /
>=z

CH,NHSO,CH,| base (e,g, NaH)

DMF .
l POCI,
Neat or CH,Cl,
F CH,NHSO,CH,
base (e,g, NaH) DMF L

N™ X
|
F P
H3C—ITJJ\N iPr
SO,CH,

N -
| CH,NH, .
)\ = \ Mesyl chloride
Cl N iPr DMF V
NH, Nt MeCN (CH,),SO,
P KOH

CH,NH N iPr Acetone

F (CH,),S0,
KOH
Acetone

Mesyl chioride
TEA MeCN ot




\ Acetone / Mesyl chloride L TEA McCN N N HN N Pr

H2N N i Pr SO2CH3 WD 2006/ 067456 PCT/ GB2005/ 004999 -13
weedene742c F F F Me. N kN POCI31 CH2 Cl2 | \ BA/EB2005504999

or Tosyl chloride DMF N N\ M, HOX~-N N N S&2Me (X =

A, Ors) NBS Mesyl Chloride DVF MeNH2 DVF / TEA. McCN

(L=Br) FF NkKNi M McNH IN ~N SO2e | NBS DV

JesYl Chloride (L = Br) EATIRBOCNF L N M,

Scheme 2
F F
Me\N/H
POCI,, CH,Cl, A
SO,Me
or Tosyl chloride
N NI DMF N| X
)I\ I~ )I\ 7 Me\N)\N/
HO” N X~ N |
SO,Me
(X=Cl, OTs) NBS
Mesyl Chioride | PMF
MeNH, | DMF TEA, MeCN (L=8r)
F F
N' X NT XX L
|
7 Me Z
MeNH/l\N e w/l\N
SO,Me

NBS
DMF Mesyl Chloride
(L=Br) TEA, MeCN
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SFFF VI /1]

H WO 2006/ 067456 PCT/ GB2005/ 004999
NHCH3 O HZN-NH N MsCl,

-14 Scheme
TEA N O

wak@biodabi-N MeCN Me, N N SCGZMe  NH2 NHVE HZN NPCTHEB200451004999

KOH, Me2SO4 NBS, DMF Et OH

EtOH F (L =

Br)

F acet one

MsCl, TEAF N MeCNi H NN kN H2N N SO2Me NBS, DV
(L = Br) NBS, DMF Me, N (L Br)1 S02e F F KOH, Me2SO4 \
\ acetone MsCl, TEA | / NBSS Ly (L=Br) L N
MeCN N\
Scheme 3
F F F
NHCH,
o HZN/KNH N MsCl, TEA )N|\ X
I
o EtOH MeNH)\N/ MeCN Me\rﬁ N7
80O, Me
NH, NHMs
HN" SNH
HZI;OH NH * EioH KOH, Me,SO, NBS, DMF
F (L=Br)
F acetone
MsCl, TEA
N7 F
N7 MeCN |
O A7
HN" °N |
SO,Me
NBS, DMF e Y
(L=8r) |
NBS, DMF Me\N)\N/
(L=8n) $0,Me
F F {
KOH, Me,SO,
acetone
MsC!, TEA NBS, DMF
L L (L=Br)
/Tl\\ MeCN N' ~
H2N N/ H\N)\N/
F
éOzMe
F
MeSOZ\NMe
H,N" SNH N \
o EtOH Me\r;l)\N/
o) SO, Me



HZN N H NN F S02Me F \ McSC2.1 NMe H2N -~INH N
EtOH N\N O Me, 0O S02Me WO 2006/ 067456

woPHDsaR3005/ 004999 -15- Schene 4 CH2CI 2 X ORCIMGB2005/004999
PhNMe2 (X = d, Olfs ) OWbea N\ POCI3 Nit ~1, EtCH
HONi or TsCl X N O ArzZnCl | NBS, DVF N Catalyst
THE F (X=CI,Ofs) OH\ NL HONN\ PCC13 XN or

Tsd CH2Cl2 X F L (X =d 1&r1s)

Scheme 4

CH,CI, X
OR OH PhNMe, (X=ClOTs)
Urea POCI N~
e T e
EtOH — or TsCl X N
o) HO” "N
ArZnCl
NBS, DMF Ni Catalyst
THF
oH F (X=Cl,OTs)
N™ ™~ L
A
HO” N
N~ X
PP
POCI, X N
or TsCl
CH,Cl,
X
F (X=Cl, OTs)
N Ni Catalyst
PN "
o
X~ N ArZnCl
THF
NI L
(X=Cl,OTs) [
P
X)\N



NN Catalyst i X NAZnCl THEL N (X=C,QOfs) Il X

N WO 2006/ 067456 PCT/ GB2005/ 004999 -16 Schene 5 F F F
wW@Bede/06#56 5 M HCl in | PA O Naar, H20 O Br ur eapCEGBRO0BI004999

Br I OOON/HNHXNH2 H2SO4, EtOH F H2SO4, EtOH F

Br N ~NNBr | HHNN MC pyridine MSCl F

pyridine F KOH Me2SO4 N Br.acetone

Scheme 5
F F F
Br2, HBr 5MHClin IPA
—_> ‘7‘
NaBr, H20 B urea, EtOH
o] 0 r NTX Br
|
S o HO)\N/
X
NH
H,N NH
\N/U\NHZ 2 2
H H2S04, EtOH
F H2S04, EtOH
F
N7 Br )
~ /l = N™ Br
N A
H,N™ °N
MsCI
pyridine MsCl
F pyridine
F
KOH, Me, SO,
N B acetone .
~ /l ~ N™S
N" N |
0=8=0 Hl}l N

| oz?zo

Starting materials of formula III are already known or may be obtained, for
example, using analogous processes to those used for obtaining the known compounds or
structurally related compounds or as illustrated in the examples hereinafter, or by analogy

5  therewith.

A compound of the formula III wherein A is a group (i) may be obtained, for
example, as described in Org. Lett., 2003, Vol. 5, No. 23, 4385-4388 or SynLett, 2003,
page 215-218, or Tetrahedron Letters, 2002, 43(10), 1851-1854, or by analogy therewith.

A compound of the formula III wherein A is a group (ii) may be obtained, for

10  example, as disclosed in WO 03/04450 or by analogy therewith, or by analogy with the
procedure described in JACS, 2000, page 8837, as follows:



Br NNNHNN 0=S=0 O=5=0 | Starting materials of

formula Ill are already known or may be obtained, for
WEx@mpéEs6 usi ng anal ogous processes to those uBELIGBZIVS/004999

obt ai ni ng the known conmpounds or structurally rel ated

conpounds or as illustrated in the exanples
hereinafter, or by anal ogy ? therewith. A conpound of
the formula Il wherein Ais 5 group (i) may be

obt ai ned, for exanple, as described in Og. Lett.,
2003, Vol. 5, No. 23, é$§5|4ﬁ§§ or SynLett, 2003,

a)
pag 15-218, or Tetrahedfon Letters 02,..43(10),
185 S'%sym anal 84 PHfFenith. A Mf t he
a’ly &N Ay o, BQup (i gkned,

for 10 exanple, as dlsclosed in WO 03/ 04450 or by
anal ogy therewith, or by analogy with the procedure

scri bed n JACS, 2000, e 8837 fo
O%O'G disgion sbtheeqr it HElBey! ¢ %@MO@Y “1“8&)«9
dltsamres%ll @rfcﬂerﬁ @lf)u rils7satEat. )mr @nel. D099, pI3321 Bid PCT. Int.

H%H by reductlon of the correspondlng
5 APﬂh@Q? 94 é%ﬁﬂ@ﬂﬁd by anal ogy with the disclosures

in J.Og.Chem 1991, p. 5752 Eur. J.Org. Chem 1999,

p. 3421 and PCT. Int. 'P , 2001004336 as
fol oy, . NaH, NﬁHBLﬁ_P MHE O OR2 v ~
Qe g/ 0. 2 NaBFA  THF/ MeOH, t OR?

\OMe

e.g. Et,BOMe, NaBH,
THF/MeQOH, low temp

A compound of the formula III wherein A is a group (iii) may be obtained, for example, as

10  follows:



0 OHOOR 2 A conpound of the formula Il wherein Ais
a group (iii) may be obtained, for exanple, as 10

w0 giobosmse WO 2006/ 067456 PCT/ GB2005/ 004999 - 18C1BEB08/004999
a) Bu260Tf, EtN(iPr)2, DCM N O b) acrolein LiOH H202
THF, H20 a) TMSCl, pyridine b) oxalyl chloride OH O
C]—|OCEt c) Et N, proton Spo ge\ OH Oet d) Ot

Et 2BOVe, NaBH4 OEt OH OH OB - CEt A conpound of
the forrmula 111 vvherelnAlsagroup(lv) may be
obt ai ned, for exanple, as disclosed in d.o

2004 oVolo 6 No. 20, 3465-3467, or as f )E oH O

OHJ\BU Et N(iPr) - ~~~N )M
acr oTES Bu EEE i@ﬁ%\ﬂ Li BH4, H20, TRE PoTES

Swer n oxu_détl ON ) og§HES* O v v OH O Ph3p 7

LiOH, H,0O,
THF, H,0
a) TMSCI, pyridine
b) oxalyl chloride OH O
OH O OEt S
N 7 OF l c) Et;N, proton sponge OH
t d) YOEt
Et,BOMe, NaBH, OEt
OH OH OEt
X = OEt

A compound of the formula III wherein A is a group (iv) may be obtained, for
example, as disclosed in Org. Lett., 2004, Vol. 6, No. 20, 3465-3467, or as follows:

OH 0 O
i X
/[J\ )k a) Bu,BOTT, E{N(iPr),, DCM N N o
N~ "0 \ /
7 \J b) acrolein 7 \\\\

a) TESC, Et,N, DCM
b) LIBH,, H,0, THF

OTES
AN

OTES Swern oxidation

~0
(o]
TR OtBu

F OH (0]

\/OQES/\)CJ)\ \)\/\)J\OtBu
X X OtBu

A compound of the formula III wherein A is a group (v) may be obtained as

described in SynLett, 2003, page 215-218.
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OBu FOHO OIES 0 OGBu OBu A compound of the

formula Il wherein Ais a group (v) may be obtai ned
w@20060emss | bed in SynLett, 2003, page 215-218.PONDGB2005/004999

2006/ 067456 PCT/ GB2005/ 004999 -19 A conpound of the

formula Il wherein Ais a group (vi) may be obtai ned

by analogy with the procedurs described in

Tetrahedron Lett., 2003, pagé 8081. A conpound of the

formula 11l wherein Ais a group (vii) nay be

obt aj ne descri bed nlet

o, b U aindlor i BERIE YT RRaPot gt S oy,
a@&@@faﬁltmhe bﬂb@?ﬁf@@d@éﬁbeﬂnﬂemz}h%roﬁ Qfﬁ@l; R(I(B$pdg|a@08 1.

manuf acture o a co ote or r a .

phar frse@aeydf the fae@@%ﬁéwhge% {5 2 QYR f‘) @aﬁﬁ? plepingf, for
a8t bOfesBlibed in SHIPR VI Rb. §,N835-04IMIbebyl dnal3@ fiRkdwith. | S

N- thyI)nEthyIsquonyfan1no and L is a leavin

gr ou furfler pspactd fsauiergtoRvenHen supRFsEathe manfaetues ¢f agomgound
ofthd Fc%gla(l' mrpﬁte&ﬂd&u J&@éﬁéb@’&‘it%&ed&*&%ﬁhﬁni’ﬂea@t% dJra

are in epen sel ected from hydrogen or hydr oxy
cdmpq@ndpétht rfcvrglugﬂ@ whereor X i N{(mg@whmpthwsullﬁorwmnﬁm mdl isa

le V\}I]l g grou ﬁ%( X dﬁpnirg%)tugg E){r"n {111? f&’ﬂ}%ﬁﬂpﬂl(\%!p ?elg &gr % )g dpl{llgg)) a¥ set out
hqaembffgeue wtgregn Bldzmd Pgracb lgmmanay b@cmin ll(;ycﬁogem’td aPi@droxy-
prabng s, R Ph et vt et A 1 Eh e Bleter B ah

paticulily wﬁer&n@aab@ﬁ/foﬁﬁ etk Bﬂ3gﬁ1@uﬂ)x§l§)b@5btm§%roup, and
(1-4C) al kyl articularly tert-buty

, t he
cspegigibpwhergin By aacbg afopnletap gspueﬁ)élefnwiéle&%n g(h%fﬁﬁtRyO%ndélz are
bO e U £PLRIYRE pﬁnsiculng tg;das) Hdasens @areéxﬁra@&ﬁlgagsoup (such

descri‘bed above; whereafter the protecting groups
a-4Halki and perticelady teat- btﬁylbmtmrpdﬁ@ﬁncewﬁérc@alb'tleallywﬁféwve

ﬁfp&?nt%%anifah}gﬁca%g&%ﬂcaltﬁe;pé&ﬁcé §feagqa§$ésdde &ﬁ%g%@ oY

acce
worepidas nig méteétﬁrgrgnbups P!, andR & aretréreoved dalarct orilsr; wheraaftee svhen

bl |
R P B PRL bt po TGP O P et * PHPRRSCUaY b esiopyle
salfofabcamipph®osdthula A dr thii‘l e pesduodis oBtainedhs 4 jihaSmaceutlcally

R ST T RN N L CIT L T
a@dpkableisSit. 0K Gifher AmbddinbhRF tIHOEUsEBIhprEedMhérs@S compound of
tgfgg[rg‘}gﬂtgg l?seld ?1} \tzvlenrch ():(01 O(urr?e?hyll)sme?}?ytls?lllfgr?}(/jlar];nrng ra?nd L is bromo. A
further embodiment comprises wherein the latter compound is obtained from 5-bromo-2-
hydroxy-4-(4-fluorophenyl)-6-isopropylpyrimidine, for example, by tosylation (such as by
reaction with tosyl chloride) or chlorination (such as by reaction with phosphorus
oxychloride), followed by reaction with N-methylmethanesulfonamide under basic
conditions (for example in the presence of sodium hydride)). A further embodiment
comprises wherein the 5-bromo-2-hydroxy-4-(4-fluorophenyl)-6-isopropylpyrimidine is
obtained from 2-hydroxy-4-(4-fluorophenyl)-6-isopropylpyrimidine (for example by
bromination with N-bromosuccinimide in DMF). A further embodiment comprises
wherein the 2-hydroxy-4-(4-fluorophenyl)-6-isopropylpyrimidine is obtained from 1-(4-
fluorophenyl)-4-methylpentane-1,3-dione (for example by reaction with urea under acidic

conditions). A further embodiment comprises wherein the latter compound is obtained
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hydr oxy-4- (4-fl uor ophenyl ) -6-i sopropyl pyri m di ne, for
exanpl e, by tosylation (such as by reaction with

wo e®ghemabd ori de) or chlorination (such as by reBeDGBosS/004999

wi t h phosphorus 25 oxychloride), followed by reaction
wi th N-met hyl met hanesul f onam de under basic

conditions (for exanple in thg presence of sodium
hydrlde)) A further enbodi mént conprises wherein the
5- br ono- 2- hydr oxy- 4- (4-f 1 uor ophenyl ) - 6-i sopropyl pyri mi

At S BB Rl ey Dy s wih g banone
m(tfmpremnaﬂpﬂ aebdsg/, sudr ssrpotrasinm membmtth&P)b p“ofnﬁbmh@dm@e

her . enbodi e erein
et By AP LRI Fis? AR RESH B RFTAl 908,

obt aEcbIﬁ@rsfanfﬂal*o(nﬂound of formula I obtained in the free acid form 1nto a

quoro - 4- et hyl ane 1, 3-di one (for. ex
P@H@H‘ﬁé c b1 T D ot EORy <5 Hgpro ires well
kﬁdﬁri ineke S0 e TBiMatioR BPEAIS BSmWARORYI 4. IRdhi@Sion of a
onpound i s obtai ned WD 2006/ 067456 PCT/ GB2005/ 004999
corm@umi ehitha forpmladobiaingd)in 2 s3lf fosmn srprbzsareried gy adiffene
Pa}‘mﬁc%ﬁﬁ&dll?'%cé’@g%a@le%aﬂﬁglﬂg hiyPo ke SHBQRGres WAlL kﬂﬁwrp{neiﬁéeﬁ? for the
a base otassi'umtert-butoxide). A further
inggrbmensentof salsnfor ﬁmlmm@rsmmﬁéhwémsaﬂtﬁg thgrealgpyen gt by
RSB S ARl BliRh P AR Bl cffiacd DHEAS ftace)
udider aquentxsacoadiﬁlom(domampleias distlysedan EPt5abi 7, BED DO/ﬂQﬁlm WO

ol AT et R of Bt o PR CEFY PR sl tree acid

toCadalOxnd dalt t@& fernaGonyat, apBe odrried ot drirgiau) tidt Bfwithloet prior
formula | obtained in sal t forn1naz be converted
isplation of W freepddpr mﬁﬁ}ﬁaiée%tapé 5y ynVRECSPE Qbnaregqpyentional

stE'}aé R R4Wp10hs iR %@H’x@ Flé’s bt inkROMréiRed $1@erpdbové)Or
e |nterconver5|on of for exanpl e, conversion
of t Adurthedpspertsdlthe nr@ﬁetlhévmp@ FompIesas & piogess dorthemankipgture
F%%&h&)%@%?&e upl& cal ciumsalt (such as cal cium

oride or ca |un1acetate) under aqueous conditions
(for exanple as disclosed in EP 521471, WO 00/ 49014,
WO 04/52867 and WO 04¢108691). It will be appreciated
that the conversion of/the free acid to a salt, or a
salt to an alternati Jalt, may be carried out in
situ, that is wthout~pfior psgkabi on of the free
acid or initial salt f ~ahd Jfayli nvol ve one or nore
conventional 15 stepd, Tor exanple aR'illustrated in
the exanples or in k Fef€rences given above). A
further aspect of the pre ent invention conprises a
process for the nanufacturelvof a conpound of the
formula IVF OPI OP2 O

wherein P! and P? are independently hydroxy-protecting groups, or P! together with P’

form a 1,3-dihydroxy protecting group, X is the group Z as defined above, and R'isa
carboxy protecting group, comprising reaction of a compound of the formula II, wherein X
is the group Z as defined above and L is a leaving group, with a compound of the formula
I1I in which A is a group (i) as set out hereinbefore wherein P! and P? are independently
hydroxy-protecting groups, or P! together with P? form a 1,3-dihydroxy protecting group
(and particularly wherein P' and P? form together a 1,3-dihydroxy protecting group, and

especially wherein P' and P? complete a group (a) defined herein wherein Ry and Rz are
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INN ORS X N 20 IV wherein P and P2 are
i ndependent |y hydroxy-protecting groups, or P

wo ogenémse Wi th P2 forma 1, 3-di hydroxy pr ot eck@TIGB2005/004999
group, X is the group Z as defined above, and R is a
carboxy protecting group, conprising reaction of a

conpound of the fornula I, ﬁgerein X is the group Z
as defined above and L is a Feaving group, with a
conmpound of the formula 25 111 in which Ais a group

j s,.set_out hereinbefore erepn. P and P2 are
bt s an R iR Tng BRutl FhER o 5 spdPSypropRlt group (such
ast( (Qg?lﬂﬁyl antd b{ilrtiaiﬂaxflﬁv)\;’:mlﬂltﬂl), I the b%&ﬂér&ﬁ%bf prodletdalln gffgetivep
and partjcul ar erein P an orm together a
angougit GF*IH%PEW ‘ﬁ’f%lfséé'i‘{ ‘Héhegl?”c’ﬁfﬂ?e %fﬁ‘ﬁ’asee%“ %‘ir‘g’lf"is Iﬁ‘/&’o"e' Further
eb&ti8eds bY thapeoBss a‘?@WHér@ﬁﬁh@stQﬁﬁ% Malefihl SEbiRRO ResHRiiRed as
wherein Ry and Rz are WD 2006/ 067456 PCT/ GB2005/ 004999
despribad@bpveret hyl , i.e. an acetonide protecting group),
and ' I - b
(1 AT ForEa g BEARERREBRCHAUE { PEts 18 manutucture
ofr esupooed of the farmukl[ytwhssgin § afdf R erd ndependantiy hydrbxgprotecting

oRRAL ARSI 0 A SRRl By o

defined ubeeeind R'Hiea sirbery rotecratgeroupl, cahprisorgmedcgion bf 2 sompound of

oht ai ne s 5 describ abqve. further aspect of the
g fuduli e Rov Eo) rengrad e dud Lty RRREE brolh, MilFa
coRpUuhaef te Gornfifa I WIHIEID W a@ouphtd af et iUl lerdiNbeféie wikrtin P'

P' ,and P2 are independently hydroxy-protecting,
angh By s indesrengiently hydrokisprajictine pPupL PP alogstheravity fomesa 13-
diﬂ&&io%%ﬂo%tiﬁg S4B (afid bertiBulIPWRer¥ind® andlp? foRadoRBRY £1,3-

and I's a carboxy protecting g&gup, conpri sing
dihgdroty pietestingazrennsad ppeeinlly Bherpia B endriil eompllctova grosp ) Xefined

. | \Vj . ]
By I AURY RSSO AN S Ay LR BRI i
cgbanyprétedtingerapt(swhtas hiedE)atkyd fimt mriwéarkyitert-putyl) amdheRtesence
re.i.ndependent |y hydroxy-.pr,otectin oups, or P

off ut REGHRTRRR s Y o2 fo BRI o3 BRS v  base o
dgebya dbave] Puatter saphatd ividspleadeat emBildimeds &2hfs @ravtess comprise the

toget her a 1, 3- dihydrox otectin rou and .
Ry aez|of FORPRINES of 4 Eead s <SreOindi sheplopmyla 1l wherein:
(iflef | Reghydpodyerei n wherein Ry and Rz are both nethyl,

1.e. an acetonide protecting group) and R is a
(iDar b&ycidest ecti ng group (such as (1-4C)al kyl and
Gg?rt'qy%g&by tert-butyl), in the presence of a

catalytically effective anount of a palladi um catal yst
(imhd Kns mhéylamésence of a base as described above.

(Vgur t Ignecﬁha%g&ﬁ{)g);lgminﬁggn%endent enbodi nents of this
rocess conpri’se tne
(vi)  Xis R*SO,0- wherein R* is (1-6C)alkyl (such as methyl, ethyl or propyl), aryl

(such as phenyl) or substituted aryl (such as tolyl). The compounds of formula IV may be
converted into a compound of formula I by removal of the protecting groups P', P’ andR'
as described herein. In a particular embodiment P' and P? are removed before R

A further aspect of the present invention comprises a novel compound of the
formula IV wherein X is a group Y as defined herein, P' and P* are independently
hydroxy-protecting groups, or P! together with P? form a 1,3-dihydroxy protecting group,

and R' is a carboxy protecting group. In particular a compound of the formula IV wherein
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manuf act ure of conpounds of the fornmula IV using a
conpound of the fornmula Il wherein: 20 (i) Xis

whyasoswse (ii) X is chloro; (iii) X is am no;PCT/GB2065/004999

i s nmethylamno; (v) nethanesul fonylam no; and 25 (vi)
X is R'S020- wherein R is (1-6C)al kyl (such as
methyl, ethyl or propyl), aryh_ (such as phenyl) or
substituted aryl (such as tolyl). The conpounds of
formula IV may be converted into a conpound of

xflgﬁwb)é\, 'chl%éBFO%V?JgoOJmILmn&m&ﬁ&B'&gzﬁalﬁfﬁesNP' , P2

scri bed herein a particu
b@mmthmﬁﬂulfbhylannho,t&xs@z@ wbmmdl:i‘ ipef-6C)e kR, aronf substiteted aryl,

t he | o phQve
%t 0%651 n'dW}(lﬁrelP I$Q @O&#) r\7u ‘%g‘%'%i nl%' Oée léer i P*arc
indspeaidéritiyedliebied &oim, hyHrogamdr d?’zydam@r prm@letp%rgil@rp; biyP' together with

hydr oxy- oectin rou her with P2 form
P %i de%ﬁ{}/‘?ﬁ rg;gx,prﬁ?egg ‘g%aﬁ{r%dﬁ(l g(g}’?h‘ is a carboxy
Wathad 86l drog ScobPourds, RAkdripattlcalar AdGRAMMNY BEbupS ofl dogh ounds are
formula 1V wherein WO 2006/ 067456_PCT/ GB200 /0049

thoseyinywhich Mrlsobwlroxghqné |XOIS cblp%u) KdgyningigiygX is methylamlno

R CS‘C\NhJP&HRY Mt Galk h as methyl, ethy] 1), aryl (such
Jggénzyl §rrg]'f hanesul fonsg/k g?nq%oﬁ(suc (37386 \?\I/he i OrproPY) aryl (such as

Pleny B Oy snbigitutedary} (sush asiobd) iRagticatar acvrypoundwf fm’m(lq‘omclude for

,ygg%;l 'thB Y, is (1-6C)alkyl, aryl or substituted aryl,
toget her W|th P2 are independently sel ected

(If) a‘bmhyg}mmgé andP’ mkdlytdgfmh(qr -fcmeEtIEanllongie GHCGH;),-0 pro®cting group
2. f -di hydroxy protecting
?gﬁg{w&yﬁ] egpeffnﬁ%)rmi"a% Wthin this group of
9] Oﬁiﬂ@hl@dﬁ P' ftt Phakenpégettice Brmraniaoetemian €OCH.O4-Pprpsectiig group
X

conpo thoeln \NhICh(I) X is hydroxy; (ii)
a‘i‘dsRc‘ﬁ é)a yilsi SRecia Vée”a'i’i‘ﬂﬁlo (iv) X is methylanino;

AR 1s>§|mu§) ¢ mtaweh%g%mr Fsrmlaa ae&o@@ ackofln,)f- ﬂy}@féctg'rr% group

vyl , or propyl aryl (such as phenyl)
a@M&Q‘?Kl 6@@&(yér6§1pe<:(a§méqﬁt %&)’15 ol yl ) Particul ar conpounds

AL e e R e

gl(OU}i@tEl—B @() 4§Da¢k>émspa¢gallgn@~uputyhmﬂ R is (1-40Q) al kyl,

CHRTS bt S o BT S ocing grovn

aipl R i8 ¢1-4ORp g, @ujeciatipterRoutyls (1- 4C) al kyl , especial ly
tert-butyl; 15 (3) X is amno, Pl and P2 t aken
together forman acetonide (-C(CH3)2-) protecting

gr OUR further aspect of the present invention comprises the manufacture of a compound

of the formula V

wherein P? is hydrogen or a hydroxy-protecting group, X is the group Z as defined above,

and R? is a carboxy protecting group comprising reaction of a
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and R is (1-4C alkyl, especially tert-butyl; (4) Xis
met hyl am no, P' and P2 taken together form an
w@emboetidse (- C(CH3)2-) protecting group and RICT/€B2005/004999
(1-40 al kyl, especially tert-butyl; and (5) X is
tosyl oxy, P and P2 taken together form an acetoni de
(-C(CH3)2-) protecting group, 20 and R is
(1-4C) al kyl, especially terf“ Butyl A further aspect of
t he present |nvent| on conprl ses the manuf acture of a

SSPOT s TarrllE ToHep X e sy il Dhn ety phen &
cahippupd ofthe Sortux Ig]hﬁ thich A% dabin@i) anfeover, here@ﬁbéfd@whsreﬂ P is

boxy protectin rou i Si ng reaction of a
o bobieier s Er P08 FOUR GUBR. 33N, B B S 1 the

pilcQnba!lbBa (laltaly‘tﬁ@fl? bﬁfecﬁvé §m61§1ﬁ of4 ?zﬂﬁd&nﬁ&@alkt S A th Eéeﬂ@s ofa
(0]

group with compound of the rorula 111 in whic
b45§a%d§P@W3PPYﬁ} as set out hereinbefore wherein P3 |s

a hydrogen or a hydroxy-protecting group and R2 is a
carboxy protecting group, in the presence of a

cat azi\;fllritl@a héppcteff teqiresert inyrotion CQmprz;ep@)b mauufanmmf alcpmpound

ofe rbpl e RREP SR BuBo PO APt SasnSih Tt ined
abowa,end R i aacamlﬁoxa peataqing igebuppéontphdinfoeattibmofa wdngroendiofRBe
s PALKberdings B Re e e 8P Baeiingrdl, Bedebimd ooty =

céifpuhd SF 1he foread TIDRA viHfichaa eon@ouNdi) af sdt bet Kbebitefdrtivaierein P is
wherein X is the group Y as defined herein and L is a

a hpdorshprogicHmherowp el B 1s @ SHRESHNRICFURSEIOWR ithiliE Aresgnce pha

cmymuéeff@ct@e ARBUR of b iph11ARun® @Jtal?é%tan@ﬁftﬁé PREIRE 6f a base.
wherein P3 is a hydroxy-protecting group and R2 is a

Futghep espprats odenendang egbestipents of this @rqpp@g:@mgsq)ﬁne manufacture of
d;%éfst SGRY fo¥mftia \ﬁ&stnﬂg)%’aeco%g}%ﬂﬂé @ur ﬁj&%ia Rehdcat al yst

n the presence er separate
(1) ndeBendeindxyenbodi ments of this process conprise the

lr;anu;(act ur e; of

(ii1) X is amino;
(iv) X is methylamino;
v) methanesulfonylamino; and
(vi) X is R*SO,0- wherein R* is (1-6C)alkyl (such as methyl, ethyl or propyl), aryl
(such as phenyl) or substituted aryl (such as tolyl). The compounds of formula V may be
converted into a compound of formula I by converting the group Y into the group Z,
followed by carrying out in any order the steps of (1) asymmetric reduction of the carbonyl
group adjacent to the carbon-carbon double bond; (2) removal of P*; and removal of the
carboxy protecting group R?, as described herein. In a particular embodiment, the
asymmetric reduction is carried out before removal of the protecting groups.

A further aspect of the present invention comprises novel compounds of the
formula V.

A further aspect of the present invention comprises the manufacture of a compound

of the formula VI
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15 conpounds of the fornmula V using a conpound of the
formula Il wherein: (i) X is hydroxy; (ii) Xis
waehloenersse (iii) X is amno; (iv) X is nethyl anP@DGBADS/004999
(v) nethanesul fonylamno; and (vi) X is RxSQRO
wherein Rx is (1-6C)al kyl (such as nethyl, ethyl or
propyl), aryl (such as phenghl or substituted aryl
(such as tolyl). The conpounds of formula V nay be
converted into a compound of fornula |I by converting
the group Y into the group Z, followed by carrying
out in any order the gteps of (1) asymmetric reduction
of the carbonyl 25 g p adj acent to the carbon-carbon
doubl e bond; (2) renbyst of gs;ognqwsenoval of the
carboxy protecting grqup 3? as ggcrlbed herein. In a
particul ar enbodi nremy’,~ &t roe’” reduction is
carried out before of the protecting groups. A
further aspect of the N pr.sent i nvention conprises
novel conmpounds of the forrmula V. 30 A further aspect
of the present i nvention corfri ses the manufacture of

t he for 6/067456
B RChobos HOA55 "I R AT e o5F fossiper it
PV&r Ps\lﬁb@ﬂ&t witk#, fdthn, a P8 ditydroky pasteting geppnaant isyhe group Z as

r protectin r oups, or ther thl1 P5 or
d sleéggféwé?mwse% tBstioB ohe aor&pogné Pf@a il 8t definpdhgbove,
wHERHPK isARélgrSup & ok BERGHIAURIZarL 1B ad&fviﬂ%eg% e hith 'aacom ound of
conprising reaction of a conpound of th or mul a I

tf@e‘?rrwéadﬂbvao‘déch Avigregienp () assset i hgﬁ@bgfoze whereiB Pl P and P
arlg% Ht]%r ﬁydr&y%ght\%ﬁt}i’d({gi?%ﬂ{sg&gﬁ et Fitfr ?qu%e%er with P®

ornu a’lll oup (11
f(helrae] hﬂé@@noey phodgcting gedp, iPHe gmeamd)f @zatab/neally effective amount
nden Xy prot e rou ar v
of DR Gt B PSRBT S BB
1, 3 Alfhyldalf Qspﬁctmf dhiegRtdeignGnGoP corhpristHithe }ﬂ[aﬁﬁﬁﬂtﬂﬁ: d¢ffa cdmpound

of t%%: ?clr}gulacﬁ erein fPQ cPtSI b ang gpare independently hydroxy-protecting groups,

or P* together with P° or P° together with P form a 1,3-dihydroxy protecting group, and X
is a group Y as defined herein, comprising reaction of a compound of the formula II,
wherein X is a group Y as defined above and L is a leaving group, with a compound of the
formula III in which A is a group (iii) as set out hereinbefore wherein P*, P*, P® and P’ are
independently hydroxy-protecting groups, or P* together with P° or P° together with P°®
form a 1,3-dihydroxy protecting group, in the presence of a catalytically effective amount
of a palladium catalyst and in the presence of a base as described above. Further separate
independent embodiments of this process comprise the manufacture of compounds of the
formula VI using a compound of the formula II wherein:

Q) X 1s hydroxy;

(i1) X is chloro;

(i) X is amino;

(iv) X is methylamino;

(v) methanesulfonylamino; and
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10 of a palladiumcatalyst and in the presence of a

base as descri bed above. A further aspect of the
WEe®se64sé nvent i on conpri ses the manufacture OPCEGB2005/004999

compound of the fornmula VI wherein P4, P5, P6 and P7

are i ndependently hydroxy-protecting groups, or P4

together with P5 or P5 together with P6 forma

1, 3-di hydroxy protecting grodp, and X is a group Y as

defi ned herein, conprising reaction of a conpound of

3o K SRR} et ILIFTEbQullyl Sulh B R R BB i

(sfichr asydhanyil) ér substinktediry(such @ tgylp.uphg campouads afdornauit VI may be

her ei nbef ore wherein P4 - P5, P6 and P7 are.
e R Ory R Ry bty Re s Gimpspe sroup z
folloged betarwitidlouPtn &y dedertiegeimbed] ofpt, ir° 6 and BY, &3 @cscribed herein.
1, 3-di_ hydroxy protecting grqup, in the esence of a
cat af* YHIHRCE PIPGOtOf fheqyrgsgrl IR CorpAtises BRYE| SamRgHRCs Of the
feabalyist and in the presence of a base as descri bed
above. Further separate 20 independent enbodi nents of
t hi sA pughee sspceimifici psescrtibvartion eenriseethe magwhsptoterndg cempound
a VI using a conmpound of the formula I
013%?%{“%?3%) X is hydroxy: (ii) Xis chloro; (iii) X
is amno; 25 (iv) X ifs methylam no; (V)
nmet hanesul f onyl am ngysxand WO 2006/ 067456
PCT/ GB2005/ 004999 (vi) Xis RSO wherein R is
(1-6Q) al kyl (such as~g€thyl, st hyl ¢ propyl), aryl
(such as phenyl) or substitufed aryl]l (such as tolyl).
The conpounds of fogfiha W oRVerted into a
conmpound of formul alll }J ing the group Y into
the group Z, folxowad by carrying out in any order
the renoval of P4, P5, P6 and P7, as described herein.
5 A further aspect of the p ent invention conprises
novel compounds of the forrmula VI. A further aspect
whéreintRE ipa bpkoy-proteetivtg groups &nip tieszroupt Dres defimed atmtveyaad & is a

c%ﬁx%%gtgcr}%g g(r)gupt(:I'c])renpii(sllglglr'lelagti0VnI c;f a%o%%un of '}lle\ fo}ml\xla ?B\S;herein X

is the group Z and L is a leaving group with a compound of the formula III in which A is a

group (iv) as set out hereinbefore wherein P? is a hydroxy-protecting group and R* is a
carboxy protecting group, in the presence of a catalytically effective amount of a palladium
catalyst and in the presence of a base as described above.

A further aspect of the present invention comprises the manufacture of a compound
of the formula VII wherein P* is a hydroxy-protecting group, X is a group Y as defined
above, and R? is a carboxy protecting group comprising reaction of a compound of the
formula IT wherein X is a group Y and L is a leaving group with a compound of the
formula III in which A is a group (iv) as set out hereinbefore wherein Plisa hydroxy-
protecting group and R? is a carboxy protecting group, in the presence of a catalytically
effective amount of a palladium catalyst and in the presence of a base. Further separate
independent embodiments of this process comprise the manufacture of compounds of the
formula VII using a compound of the formula II wherein:

(1) X is hydroxy;
(i1))  Xis chloro;
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10 VII  wherein P8 is a hydroxy-protecting group, X is
the group Z as defined above, and R3 is a carboxy

WEe@beEUsAg group conprising reaction of a conpoUGB25/004999

the formula Il wherein X is the group Zand L is a
| eaving group with a conpound of the fornula Il in
which Ais a group (iv) as_ggt out her ei nbefore
wherein P8 is a hydroxy-protécting group and R3 is a
15 carboxy protecting group, in the presence of a

at ly effective anount of a palladium
(ii at?idsa{n?g!ﬁd in the presence of a base as descri bed
(va)bov}émmcthylamhxa[ aspect of the present invention

es t manuf acture of a conmpound of the
or n{ﬂe a\’ﬁSF éziné‘f’?r 88 i s a hydroxy-protecting group,

(v}§ | SX & RISQYO- Whasindefis (1e6C)akpDEach a’smﬁbt}fﬁ dtisyl ar prdpiARayyl
rotetlng group conp in reac on O aco oun

S S M A e Ifﬁﬁ POy Form ol T may be

cdn@éﬁ’(édﬂgtoglr&)%oﬁ“d & Wﬁv&imé bR gréupryriidithlegkoup!,

is a group (iv) as set out hereinbhefore

fol@hwfébhcwm&o% lwmogd@,v thegsiteps 6E¢L) FnQyRbefd aldd asxmerig
[ ! ddhdfabént B 68 886G Qfp @OOR?; and (3
h}%g%ta?))% |t }%acgfb%ﬁ Cm}? ggsw‘gboarm&%t 81?6 a pa&ege{d A and ()
reo@vall of R, emrddsqrnbed hezeipr Esepartcuddr emblodiseent, Flmasmametrlc hydration
ar,at nde iments of this process
wcagwgoggx?%ggn%ﬁﬂgﬁ %ure o? conmpounds of the 25
for rm!fmﬁék bspastiaf thegpresengiowendomtonprased wrveldomplolnds of the

whe (i) Xis hydroxy; (ii) X is chloro; WO

ﬁ?@@%%bg7456 PCT/ GB2005/ 004999 -26- (iii) X is am no;
(i V) A)ﬁlﬂt}fer H@%&Wfﬂm pi&ent(iM)entiBh banased he Mahafattf; ofardmpound
é%> S SO wherein R' is (1-6C)al kyl (such as

9ﬁymuhé{%&| or propyl), aryl 5 (such as phenyl) or

substituted aryl (such a&s tolyl). The conpounds of
formula VII may be conyerted into a conmpound of
formula | by convertin he grou PY into the group Z,
foll owed by carrying o% n any der the steps of (1)
renmoval of P8; (2) asymmetric |hydration of the

car bon- car bon doubl e hemsh atRratept™~t® the ester group
COORS; and (3) renDy/L\ |l R3, as described herein. In
a particul ar enbodi ment Nt hg asymretric hydration 10
is carried out before P8 and R3 are renoved. A further
aspect of the present |nvenbh9n conpri ses novel
conpounds of the

wherein P? is hydrogen or a hydroxy-protecting group and X is the group Z as defined

above, comprising reaction of a compound of the formula IT wherein X is the group Z and
L is a leaving group with a compound of the formula III in which A is a group (v) as set
out hereinbefore wherein P’ is a hydroxy-protecting group, in the presence of a
catalytically effective amount of a palladium catalyst and in the presence of a base as
described above.

A further aspect of the present invention comprises the manufacture of a compound
of the formula VIII wherein P’ is hydrogen or a hydroxy-protecting group and X is a group
Y as defined above, comprising reaction of a compound of the formula IT wherein X is a
group Y and L is a leaving group with a compound of the formula III in which A is a group

(v) as set out hereinbefore wherein P° is a hydroxy-protecting group, in the presence of a
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formula VII. A further aspect of the present invention
conpri ses the manufacture of a conpound of the

wo onosmérase/l 1 F OP9 N O O X~N 15 VI wher epqir/882:G0S/004999
hydrogen or a hydroxy-protecting group and X is the
group Z as defined above, conprising reaction of a

conpound of the fornula 11 ﬁrein Xis the group Z
and L is a |leaving group with a conmpound of the
formula I11 in mhich Ais a group (v) as set 20 out

I QX otectin oup,
e Gosly S BB AR = rRlAR e Y B SRR B Bhet
F@Ifthea s@ﬁkdté\ﬁkumg@t ahy@dl?and %f ﬂilstﬂﬁ(&ew@ﬁ@ﬂﬁcﬁtheﬁna@uﬁatﬁﬁb of
apbove. A further aspec e pr.esent
COTRRRH %%tf{il%gwawa UL wsing areamipind ahitee fm%}ailo‘ﬁ%ﬂﬁd of
Ozhe kas MprékyV! |1 wherein P9 is hydrogen or a
droxy protectlng group and X is a group 25 Y as
Hef i Clapy@ve, conprising reaction of a conpound o
<a fiKed hi%r f d of
Oﬁye %ot . 1! wherein X is a group Yand L is a

eavil ng group with a conpound of the formula IIl in
(iwhi cK idmethylmimoup (v) as set out herei nbefore

er roxy-protecting group, in the
ﬁhesilheﬂheane l”%“’aﬁ“%‘go*’é‘ 067456 PCT/ GB2005/ 004999 - 27

(vdpt aKyit RtS0,0y whkfeacR iy €1 -ataikyl (sath & pethylaethyiror paopal)ysyl

RO PRITIET Rl PRy SHELDBL IR Al e

béBdHvEAE idfotr @impoGRIPAUAEIEa Dby tdifedtiap M gaodﬂ Y lintsl aie@ou'p Z,
conpound of the fornmula Il wherein: (i % i s hydroxy
a

follopiefl py sarpydng piftdp gny orderithg stspsiof (Qiemeval pf the pl}@tffcgng group P if

LA A By 3701 BRditi &R Jas(débdrib¥d hérein. 1
prEérfﬂX @m\/\he%gilg%ﬂ gwmﬁy%?cng%l (Csuclﬂ asasrret hlyl, ein. In

a @grﬁxyplammlmdgpgqt )P iyg fydroxy protecting group.
A further aspect of the present invention comprises novel compounds of the

formula VIII.

A further aspect of the present invention comprises the manufacture of a compound

of the formula IX
F
L
NN 0N
/“\ I~
X~ N

wherein X is the group Z as defined above, comprising reaction of a compound of the
formula II wherein X is the group Z and L is a leaving group with a compound of the
formula III in which A is a group (vi) as set out hereinbefore, in the presence of a
catalytically effective amount of a palladium catalyst and in the presence of a base as
described above.

A further aspect of the present invention comprises the manufacture of a compound

of the formula IX wherein X is a group Y as defined above, comprising reaction of a
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10 (such as phenyl) or substituted aryl (such as
tolyl). The conpounds of forrmula VIII may be
weomeesusd i nto a conpound of formula | by conrer/GBm®S/004999
the group Y into the group Z, followed by carrying
out in any order the steps of (1) renoval of the
protecting group P9 if pregﬁg[ and (2) ring opening
by hydrol ysis under basic conditions, as described
herein. In a particular enbodinent, P9 is a hydroxy
' : / t. t
cRhEAERbL 19 R wharcl) X Bl B ORET s A on R BRI
cdthpdund Af fha forneita Hkipedtichoh is hgrowy @)estseti quy Bereinbefore, in the

conprises the nyfacture of .a oun f the
SR PEF padipically 8t Syt p phR ARG b and Wineprssgpee ofa
b&fea$ #ﬂﬁéﬂf ﬁ?ﬁatla hﬂilélﬁenvc\llf@]ﬂfm{bbaﬂrr&gtsroﬁ ﬁﬁi br@ébs@f:orﬁprﬁ‘sg ngound

0 e fornula rei is the grou a is a .
Haa’é%f%?t\ﬁ@ o4 FORBOURAE Af 1g° g&%@dﬁd’swﬁ amglpowf?ﬁ%h%gmha flwherein:
(Vi cR idhydod; group (vi) as set out hereinbefore, in

the presence of a catalytically effective anbunt of a
0&al|§d$ﬂﬂ@@atalyst and in the presence of a base as
(AP dRSSLhirgd above. A further aspect of the present

I'nvention cbnprises t he manufacture of a conmpound of
(ivhe Xos mathglaid@opherein X is a group Y as defined

bov co i si.ng. reaction of a WO 2006/ 067456

0’CT/%§§86%¥3%%6§8m01 conmpound of the formula I
(wiher EiinIR?$0,9- avhgreaLlpy* 1Y (la60)alkyl Gueh dsaasthyigethylaw propy) fard

C oynd of the. formu Il in ich Ais.a ou [
(SEBIHEYE or PGB g Gu 75 10" The BB SprHhla B by e
cEeAtdintcCAddnpoahd eCfoint@a ae% bdtveR@ing bl inovalalpyst

and i-n the presence of a ase. Further separate )
fqllewsp by QERHNL A A AHENES thF stensiof apild awaynetdepydrationiof gheging

UL PP 5] SR ol i

In(4 partigularsmbiatiiorent, the(asymmeicihydratipmis;cagried pudprios to hydrolysis.
et hxlféﬂel? gépect of the present invention comprises novel compounds of the
formula IX.
A further aspect of the present invention comprises the manufacture of a compound

of the formula X

wherein P'® and P are independently selected from hydrogen and a hydroxy protecting
group, or P'* together with P'!, or P'' together with R*, form a 1,3-dihydroxy protecting
group; X is the group Z as defined herein; and R* is a carboxy protecting group comprising

reaction of a compound of the formula II as defined above, wherein X is the group Z as
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10 (v) nethanesul fonylam no; and (vi) X is R SQ20C
wherein R' is (1-6C)al kyl (such as nethyl, ethyl or

w@emppeuse aryl (such as phenyl) or substit ut eBCEGBR005/004999

(such as tolyl). The conpounds of fornmula I X may be
converted into a conmpound of fornula | by converting
the group Y into the group Z 9. foll owed by carrying
out in any order the steps oF as (1) asymmretric
hydrati on of the ring 15 carbon-carbon doubl e bond and

adiba PSR T2 TRk oS5 Ginf 00 Ad A0S 8 T dEREAI Bithicn A i

a Pipdp atii) @ sdt SutEdinttoro wherein B artdoP hgdd IimieyaidSntlyﬁselected from

further a ct of the presenf,inventio ri

S0P Sed A BRI RbroR Ohb 1 oot WO £ P B b ] S5 ydrony
pdfectihleorBi S € He pkd%&‘&@tolf R Bat&19HRA Iy SEBctivd Qnﬂ&ﬂttffaj)hﬂéfcﬁur@fzatalyst
a conpound 20 of the formula X F OP10 OP" X N X

aﬂ&héﬂ%ﬁ RiePne officbareias dgsaibphthoendent |y sel ected from
hydr QGG e e& oﬁ) mrp‘?%%ntﬂﬁ%ﬁsﬁ b(ﬂﬁbnsgsr 1915’ PrlanQFactEﬁJeQ)f a compound

t oget her w P" toget her wit
oﬂth@fcuimhgpcx whyreplrfb? erutli’ haye 28lepandensly sxlep@d 1ﬁI°?€ﬂ lg/tdmgsn nds

er el nb
AN B B e B PR S
dihgdrdef pmmdtuwg)gmep, Xz\,i?.eheagmuw ias defived ein ad B.%ls\marboxy

06/ 067456 PCT/.GB2005/ 004999 9 .defi
PRSP U PRSP R Ak LA A RBOAGAE B URL. BV RIS ®

glolip Yi &3 dehihédhbbvd #nd [is@rleuiing(gtbip) wath a&@tnp@mhﬂd of the formula I in
her ei nbefore wherein P10 and P’ are 5@ gndent |
B

which deis @Breupditiy) el By BeesRefor PR Qy iz mﬂavendently
s ron? hy d?dent 428 %thp%x%lto'fbc{:’ tng drol®om P tdgeded Wina Qxyp!!

protecting grou I N the presence of a ca alytlcalla?{‘)é
togethercwity R, dproum 3o$hya1rcp<amrca@ntmmgﬁalpawhq preseagfiofi atatapdically

ei%c%%g 5}9811}19 ﬁgpglﬁlﬁﬁm?éatﬁﬁs\? gl:i](% irﬂgﬁe @g&yl@e of3 l;als‘itﬁﬁ{her separate

resent nprises t
1ndapﬁmﬂant6nnbedlofenm of tpaceds ccmﬁprtSh thefroamprfcturgiofioampeinnds of the

P10 P11 are | d den eI ected from hydrogen
X dPEE

foéﬁ‘(‘ila usﬁ%? 89&}1) |Il %rénugar oup,erebnr P10 together with

(iP11, Xa¢ hyRlroxly; t oget her with R4, forma 1,3- di hydroxy
§rot ec;tlhgg group; X is the group Y as defined herein;
(iBnd 48 $MO1 car boxy 10 protecting group, conprising
fifackii®fmpb, a conpound of the formula Il, wherein Xis

(iv) X is methylamino;
%) methanesulfonylamino; and
(vi)  Xis R*SO,0- wherein R™ is (1-6C)alkyl (such as methyl, ethyl or propyl), aryl
(such as phenyl) or substituted aryl (such as tolyl). The compounds of formula X may be
converted into a compound of formula I by converting the group Y into the group Z,
followed by carrying out in any order the steps of (1) asymmetric reduction of the carbon-
carbon adjacent to the group COORY; (2) removal of the protecting groups, as described
herein. In a particular embodiment, P'' is hydrogen.

A further aspect of the present invention comprises novel compounds of the

formula X.
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group Y as defined above and L is a |eaving group,
with a conpound of the fornmula IIl in which Ais a

wW@emapeseé i ) as set out herei nbefore wherein PAOT/@B2005/004999

P11 are independently selected from hydrogen and a
hydroxy protecting group, or P10 together with P11, or
P* together with R4, form a g 3-dihydroxy protecting
group, in the presence of a catalytically 15 effective
anount of a palladiumcatalyst and in the presence of

a bagerthdritidep@ide s@pHodin@nts TARAAVAGDE cGHNALLATDE Re B{S)Fesses

this process conprise the nmanufacture of conpounds
d???élb“f) Hhowe vhergin i8¢ piarting awiasisLefdormule Hds elrined foma compound
MRS, ki) X is hydroxy; (ii) X is chloro; 20

(iti1) Xi1s amno; (iv) Xis nethylam no; (v)

met hanesul fonyl anmi no; afid (vi) X is R SO2O wherein R

is (1-6C) al kyl (such as~ethyl, ethyl or propyl), aryl
(such as phenyl) or s tuted aryl (such as tolyl).
The conpounds of fornubs may be 25 converted into a
conpound of formula | by converting the group Y into

the group Z, followedNySgarrying out in any order the
steps of (1) asymetrig eeduction of the carbon-

carbon adjacent to the Jroup” COOR4; (2) renpval of the
protecting groups, as dggcribed herein. In a

particul ar enbodinent, P 1 is hydrogen. A further

by speEng ot onper meeshemicehveations forcaamplesasshomww &l any of Schemes

2006/ 06745
{RRTREAS B e e ERut e hucher e RBla ¥ AR s pomay of
fomutaHé isi iﬁblentoi-bhydrmn}t-'(é‘&ﬁuanyheﬁjll)%heomﬁmlg&ﬁlﬁﬁin? and is
i.b b ein the starting materi 0
o A ARG i 3 St e Phetae
bb@nin&ion{\fokﬁa&hﬁr with N?Qbrofh)és&aiﬁllfrﬂihﬂﬁl DNl‘rl]?. one or nor ef
hem. tions, for exanple, as shown in any o
%c ﬁ?ﬁg@the& g?ﬁfﬁcs?f Uy prgsent w%n*g? SPTBRFISCh NP5k cERRavpieef the
fdrefuRl Mapdr@éular! fovB&bokp6edd bf IMALR Tf MEES TRALAL pRS

5-bromo-4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-methylsulfonylamino)pyrimidine;

5-10do-4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-methylsulfonylamino)pyrimidine;
5-chloro-4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-methylsulfonylamino)pyrimidine;
5-trifluoromethylsulfonyloxy-4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-
methylsulfonylamino)pyrimidine;
5-bromo-4-(4-fluorophenyl)-6-isopropyl-2-hydroxypyrimidine;
5-iodo-4-(4-fluorophenyl)-6-isopropyl-2-hydroxypyrimidine;
5-chloro-4-(4-fluorophenyl)-6-isopropyl-2-hydroxypyrimidine;
5-trifluoromethylsulfonyloxy-4-(4-fluorophenyl)-6-isopropyl-2-hydroxypyrimidine;
5—brom6—4-(4-ﬂuoropheny1)-6-isopropyl-2-chloropyrimidine;
5-10do-4-(4-fluorophenyl)-6-isopropyl-2-chloropyrimidine;
5-chloro-4-(4-fluorophenyl)-6-isopropy!-2-chloropyrimidine;
5-trifluoromethylsulfonyloxy-4-(4-fluoropheny!)-6-isopropyl-2-chloropyrimidine;
5-bromo-4-(4-fluorophenyl)-6-isopropyl-2-tosyloxypyrimidine;
5-10do-4-(4-fluorophenyl)-6-isopropyl-2-tosyloxypyrimidine;
5-chloro-4-(4-fluorophenyl)-6-isopropyl-2-tosyloxypyrimidine;
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formula Il is

5- br ono- 2- hydr oxy- 4- (4-fl uor ophenyl ) - 6-i sopropyl pyrim
wal2oee/oemsk i s obtained from PCT/GB2005/004999

2- hydr oxy-4- (4-fl uor ophenyl ) -6-i sopropyl pyri m di ne

(formula XI) by 10 brom nation, for exanple with

N-bronosuccininmde in DMF. Afurther aspect of the

present invention conprises novel conpounds of the

formula Il. Particular novel conpounds of fornula Il

52 éln @&o‘%&%etﬂ{zlgr fi ex% -4e(|f]1€fll,]u)?rc3p_h%nyll)8% EJSrOBrOSI/)Y ?2 Ofnoﬁ%%yﬁimiqiﬂﬁ;m
5éirdiyd S{{#-fﬂnngolphéﬂylbef) pypropyldi-methylaminopyrimidine;

R S e i A R

52hRd- m(mﬂﬂm(oﬁhédqu @@mepmlz)méthylamnfo@ﬂyﬁn&e( N- et hyl -
nmet hyl sul f onyl am no) pyr |
Sﬁrlﬂvqr?m%ylawétnwgﬂxgﬁr@ r%@ynyjl Q- IPOPIoRYr Y Bﬁgwiﬂn)m@w%%ne

5rb9<m 4%4&1%{555&% dskso;%ﬁ,fnd &%ﬁ&@m%&ma&ﬁawwﬁalﬁé ne;
rono-4-(4-fluoro 6-1 sopropyl - 2- ydroxypyrl m
Sﬂq)ch)e4 -(4-fluorophenyl)-6- 1sopropy1 -2- methancsulfonylamlnopyrlmldme

5%hio%j@-ﬁé-ﬂ(lgroghéﬁgf)%ﬂg&}%})l “RinbEMEARKY TatriiBpIEARKRY T T m d
558xi fhimromethlslfonfylowprie(@Hbrydphe§d)-6mopmpyl2-2- hydr oxypyri m

meﬁ]ran?sfllfonylaﬁ%lflwr%fl?g’nyI OXy- 4- (4-fl uorophenyl)-6-i
SMﬁmps(h-ﬂﬁoi‘pré@X)y@;mprﬁpylw fr|inopyrimidine; o
5 1%% PP ndo oy BB b Gnd s ARG @R - 2- chl oropyrim d

55,1110%1@ 4‘ﬂ(16rr0h CPREFBHYI=BarhiSOPrRfiine Zmah| oropyrlmdl
( O?O&QD(4 gllﬂu%})ro altﬁensllﬁyr 6- |n§o§r opyl -

5< t@ﬂqlq;p@gtyylpw]fond]q;%A (ﬁg‘luorophenyl -6- 1sopropyl amlnopyrlmldme and the
Saﬁfsttﬁérédfuor onet hyl sul f onyl oxy-4- (4-fl uorophenyl)-6-isop
ropyl - 2-chl or opyri m di ne;
5- br &rforther pspept af élmpbﬁ@nylnyerﬁon soppreRgy hove! staripi oaigowlsifon

obllfsopmopel il b forrgxwms BB v

fldonophenyl)-6- 1sopropylpyr1m1d1ne (formula XD).

r5n gm’%‘% ﬂ\’/?lty}%gb{?% Eé%*;) o So @@s forg}iyprgé}éPXn of 2-

h{ﬁdrbi)li ﬁlémn@zr@Fﬁémyl)%Jisélﬁewlpymmeme4alﬁ prsReRbePYbihg 6- | SOp
-2-t0s

abrew’@ﬂr@f athy 44~ﬂper@§saﬁﬁféﬁ it 3gmetayr2-bigmons indotucye torgiviols(A-

flLbFpEkn 2944 méthylpentane 1,3-djone as a solution in toluene; and
-1 odo- | uor ophenyl )-6-1sopropyl - 2- met hyl ami nopyri
bhieg¢tipa;of sald solutlon in toluene with urea and hydrogen chloride in isopropanol.

5>- Chkg&ﬁlta%eéu%bf Héqaﬁgwgé/elsg vﬁndh%@a?lrs%&’rl s&mpfg%tal?t\ﬂgalﬂltggﬁs

yrim

eBicienily bvmdsdhetntvjzllts isbfatrthie mtqmérdléw 1f (U efbroogpihemy})-3-nethydppptane-
r,o am no
13 i ARt PRk B an bt s s stonmd s agheraly
cwladlblﬁtapylévmdibmﬁeratures for example at about 80°. Suitable conditions for
i.odo-4 §4f|uoro hl‘f Yt) lhs %X - 2- met hanesul f ony
Cﬁlf&ﬂ{l%%)ﬂ? Riogess are as illustra ed in the a com nying examples.
5- Chﬂ“HJi‘ﬂvéhtl(yﬁﬁﬂllistﬁérqmﬁbﬁﬁtéh)h@nbtﬂﬁlﬂfe@ﬂ)y' thé foTRWIR B4,

nyl am nopyri mi di ne;
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5-trifluoronethyl sul fonyl oxy-4-(4-fl uorophenyl)-6-isop
ropyl -2- 10 net hanesul f onyl am nopyri m di ne; 5

WO bwenerde (4-f 1 uor ophenyl ) - 6-i sopropyl - 2- am NORYT/GBR@EN04999
e; 5 -i odo-4-(4-fluorophenyl)-6-
sopropyl - 2-am nopyri m di ne;
5-ch|oro-4-(4-f|uorophenyl);@iLsopropyl-2-an1nopyrinid

i ne; and

5-trifluoronethyl sul fonyl oxy-4-(4-fl uorophenyl)-6-isop
EL 12-an1nopyrin1dine; and the 15 salts thereof. A
= r aspect of the-present invention conprises

novel starting materials for obtaining conpounds of
Atrhig tuf @6 fNH( 5 biomd-4+(4-fldorophenfy Oi6-isopmomlimyrinddiny2dy p 3y - 4- ( 4-

fl upr ophen - 6-.1 SOpr o rimdine (formula Xl). .
iy PR Euapara BOR R sehp A it Sl fetiad paifiaium 0
(181 &£ 9250 @imdl)) &rPPRGEUE{(URIBSPE, 2 2timeMByl-6-vinyl-1,3-dioxan-4-yl)acetate
hydr oxy-4- (4-f1 uor ophen 3%16-isoprop¥1 ynin?dine sai d
(63D s 250 GRS L)1 Re i siotsy Imethy ainine (07530 L, 2.50
mdDY hndNN-UiHAREBARARe W hD) WadRdahtMland sthddan 80v hifller nitrogen

tol'uene to give 1-(4- fluorophen I)-4-nethylfentane-
for f@ur dayse idie anjxtreswasutherodiluted wigh etbriacetaindl lopL ), eadar (Bhml),
o 4e5 % iR T S G bt oA ER e BB e s
exiraoed 36th eithyl edetase €rmk). f Tlermombmet ergahiaphasesywamtveashel with

25 efficiently axaqi the need to.isolate.the .
wiiRe i) Bk balnd B tD froBRfteted i B2HG TS Sgllow ol
cdntainiflp odtRe SidaUTIEs tmaterighwas flsgrbabaind sifica gel dndbuphndissoltion in

oth steps. Th econd step is ge ally carrijed out
Byl rairn ShiPrfRg Y oy ewompigBTaRRE Yt Shighcg i sgAne
gradbJIBRh@eARBAb ORREyT SetatCRAMeYAnRJsi B coluhinS2 PhAGH Ffaniie® and
as illustrated in the acconpanyin

les. Th
25 hmeriniheishy o Tiekderibuin] PURRSe Sl Ear( - HoluarReREi Stigopropyl-
| i . . 67 .
i i 3 O OORROE I s
yheceBteptdipforagla- f | uor ophenyl ) - 6-i sopropyl pyrimidi n-2-y

)-N et hyd met hanesul f onam de (1.00 g, 2.50 mmol),
bis-tri-terjt-butyl phosphi ne palladium (0) 5 (131 ng,

0. 250 Mo tert-butyl
2-((4R, 69) 2- di methyl - 6-vi nyl - 1, 3- di oxan- 4-yl ) acet at
e (640 ng, 2.50 nmpl) .§ wager (5 ni),

it 530 mL, 2.50 nmol),

e &p.
(5“NY) was heated and

nitrogen for four days. The

) n diluted with ethyl acetate (11 ni),

m xturelwas th
wat er (18%HL),

(hereinafter referred to as BEM) as a white solid (204 mg). The isolated product was
spectroscopically identical to the compound BEM described in International Patent
Application, Publication No. WO 00/49014.

The compound BEM can then be converted into rosuvastatin calcium as described in
International Patent Application, Publication No. WO 00/49014 (incorporated herein in full

by reference) as follows:-
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and acetic acid (0.2 nL). The organi c phase was
separated and the aqueous phase was 10 extracted wth
webdwgherset ate (5 nlL). The conbi ned organi ¢ phESEEBMISH04999

washed with water (10 nL), then brine (10 nL), and
concentrated in vacuo to give a yellow oil containing
sonme solids. This materi al \/\gf adsorbed onto silica

gel through dissolution in hyl acetate, then

purified by flash chronmat ography (5% et hyl acetate in

A:n’?]'& ?@((?f{i?EMgg ?%g gnd %Ftoﬂl%rllg g%mn Ivsna% agxgg@ d@y an iggr?ét%tyg%here at

exane, laneter an

401 002 hghrbohldriz agidad 3 rhigwias bdded lover 30 minutes to the resultant
2-((4R 65)-6-((E)-2-(4-(4-f] uorophenyl)-6-isopropyl -
SoputioRy. R RYIIRENR sty A Hd9 1G: i lmrﬁmslrwys\ﬁuﬁryfiytwc for

e

stireh@atr26elC td the nidtthe va seirredior en sdificha( @dhonpat.25TMeSodium
i sol ated product was spectroscopi cal I¥ identical to
V)

chiepidedt iy Hiae adsieppd e mikaes Wit copled fnat § onell onpapwn Sufficient
of%%kdtﬁﬂfok 2101  hyHehlofiahdig Sng\'Hﬂ) MR 0L AR e ?‘f gf@MHQcﬂat -

M can t be convert I Nfto rosuvast at | clum as
5°d19tsmclmbmh phh 0254 Itcn# 6 mndithe anaturePaired bt Appémpadtiefpr 5 minutes.

S e L TR SRS A e
la?gua@g&oaﬁé(p%%s%arde(? BA&tgﬂlt)fitléJdbg ngs atBE‘M ‘vés 1484 tARd

acetonitrile was stirred under an inert '
remamgmém@nand th¢®1®<tutb @M ey tbobBlos fiteragint- GQ‘VoEmfrth})lamme

r 30 m nu ul t ant l.u
RreR IR o s R oo b MR R ip R 0
mitifes Sihd hiaithindd 4 Qfis feMberathird @U DO ndikifds. B heguicOvad9%ken cooled
1. OM sodi um hydr oxi de solution (9.5 m) was added wth

t06)°§tquarr40rr@inates awtmaintpined @t Wistempaatieesfos?q minagps dpe rpgultant

so"ﬁqcuats ed il EQ% Al wasifed wﬁ*@ldic%}x dy?l@ gﬂﬁb%) ("f]he soga which
was ad e nmixture was cool e over one

is hlmmethﬂamfnecsale nf the opmpougd fotifarmnlady (RVEAYNIGC ) vas idged under

o d hi dd t
vittigfaf 35 (el e st gl Byt Gitle B D i AgSe b o
stittedmhiRMrAdf thdnSthl RAMRY 8l V6 Ff fardeéasﬁécrwzh@mo mI} & 20°C and the

m xture was al lowed to sett m nutes at -5C to

mjityre wanstinres,fer enc hpye Tlmmvmlx@wpat}@rew cwpgrairaled Unden epduced
pr?%sé?eaart %‘b ulﬁﬁ %It alt Io&' Eils!il?atrg ?o%legi]ea. Wate'r %ﬁ %%va@gg&q akg the

mixture again concentrated under reduced pressure at 40°C until 24 ml of distillate
collected. Water (30 ml) was added and a solution of calcium chloride dihydrate (1.03 g)
in water (6 ml) was added dropwise at 20°C. The mixture was stirred for 45 minutes and
the resultant solid filtered. The solid was washed with water (36 ml) and dried under
vacuum at 40°C to give the calcium salt of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-y1]J(3R,5S)-3,5-dihydroxyhept-6-enoic acid.

" Alternatively the compound BEM may be converted into rosuvastatin calcium as described

in International Patent Application WO 04/108691 (incorporated herein in full by

reference) as follows: -
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remai ni ng solution and the mxture was filtered
through a filter agent. 40% nethylam ne solution in
wowioene#ic 1 m) was added at -5C and the m xt UPET/GB2005/004999

warnmed to 30C over 40 mnutes and maintained at this
tenperature for 90 mnutes. The m xture was then

cooled to OC over 40 m nut e‘si‘ 4and maintained at this
tenperature for 90 minutes. The resultant 15 solid was
collected by filtration and washed with acetonitrile

oG A Ly A R 15,0 g8l

glladm addlmamfmydat:hlﬁﬁca(i@ (CBUZI‘Q)Z'zSnS}’/atVWSW aﬁhmmuﬂtlmmbﬂulimn was
s R i Sl YRR e ool s B e

(1&1M21Kﬁ11;1wds idded atDSkC uh@the@assuling mnetdra‘ difred BEthBa¢mperaitve until
m xture was filtered and concentr d under, redugced 20

the reastion wasgompite. BT AP G 1D SRS Fety e the PH of

th¥8b18fiod RHHY. )Th\e@auas’rd@s’s mqlea R der R dtkst I?re@gl%l(slzm}aar <40°0)
concentrated under reduced pressure at 40C until 24

ursfl approxipiarely E00md oif hestandteile/ Wetedrad(bgen mevedaswaf@d@éwmﬁdvas
i . ' | ) '

B DA R o5 SR RO PR Rl ol b

rewasedt Thenesiﬂtlingrmﬂaﬁuemmsjﬁbaecmhcbugh hdilteepad| tharftfiteswashed with

fil i t.h wat 6 ni d
wafet BT reatgte il 43 Cou® gnOuoT hE welitin it
citbrideRihykirdtd (3 e kmostenesyl) over 2ENRS @Plaingng the reaction mixture

[msth | (et hyl sul fonyl ) am no] pyri m din-5-yl'] (3R 59)-3,
ASIRGdr oxyhept-6-enoic acid. Alternatively the

TRORRAIATiREM WRYstied ERAMBHLEd sinfH £ 40 QS Wyashaied B 20°C and
cal cium as described in International Patent

stixprdlat that tewperetoroier 2 68ton 1 yinc dhpesstiagisuspension wag fiftgier,

et 4 587 865 SligBomd Bhe i By AT R4 B e gsopropy1-2

[Iwbstl()mth)rla;dlbnyllmm]pymnldﬁ()@,yl](h‘éﬁ?)éobﬂéddmmyheﬁﬁﬁ bﬁloa@d
radu hydrochl oric acid (0.02M 35nil) at

%ﬁé?gg%d‘f%% oI ution was stirred at 35C until

the reacti on was conpl ete then cooled to 25C. Sodi um

qI?dégro ide (1.0M 38nl) was added at 25C and the

a P19g mi xture stirred at this tenperature until 5
the reaction was conpl ete. Aqueous hydrochl oric acid

1!\/2 was added to adjust the the solution to
BEMQ 20-Pgewandisaol s lwtomt@leu(ﬂ(g@) #ri9et, thepekd thp e€shefae
&M@Jltxon gﬂ'&@ochl‘dﬂ& hdid @fl\qxjﬁm @t @ 09pd re?lltlrag rﬁolutlon was

acet onitril wat er een rem)ve Wat er
stachdad 3 S06oundil Seiredction was comléte thed conled fo 24°€. Merracm@@mﬂe @
f_acato : n of~esMbti :
o RSB LR RS PR B iy DL
mivasdaatrrd dthhid &mlmtam‘re (30 e reanidn twae cémblt:feat%pied'ie ayédchloric
amg (0. 8\91:) \?vgg a(l) gd %da Justt e plQIfof ahess% ulflltoh ?onap%];ox?rggtgllyuﬂmj . Water

was added so that the combined volume of water and hydrochloric acid (0.1M) (from the

previous pH adjustment step) added was 100ml. Toluene (125 ml) was then added and the
mixture stirred at 40°C for 30 minutes before it was allowed to settle for 1 hour at 40°C.
The aqueous phase was then separated from the organic phase at 40°C. The aqueous
phase was distilled under reduced pressure (53mBar, <40°C) until the volume was reduced

to135 ml. The resulting aqueous solution was filtered through a filter pad and the filter
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chloride dihydrate (3.07g) in water (29.5nl) over

20m n, maintaining the reaction mxture at 38-41C.
wabmenersd i on m xture was stirred for a furthepCl/EBRIWS/004999

at 40C, then cooled to 20C and stirred at this

tenperature for a further 15mn. The resulting

suspension was filtered, 15 ygshed with water (3 x

50mLl) and dried to give

(E)-7-[4-(4-fluorophenyl)-6-isopropyl -

WE{HE? HW%(M& Q}{Ji 5&%&9&}’ \!vptl?meg EA {eg?:twnréoﬁlhwl ] %é’ﬁg;r%e %{%

roxyhept enol ¢ aci cium salt
vq,lineb d§ the agsdltiag afjudohosedution XGis EEMnQ Zlblli)s@)utwaswas lhsa;crl tpeld°C

%e %ﬁgﬁlonp géolhlletlo(n %Fc)um cth %g l'iéyhcﬁ]ﬂo??@% Qn %Ygt(sgégfml) over

ore on o
2 (Bbir] mamtalxﬁﬁglhe Tdmetmsxemudtdre atg38s4jl°(]:t [ on vvas st irred at

t he reacti ete cooled to
Thdachdh NS st et B e 15 iy eageC e b efc and
stﬁfddlanHlerﬂg&éﬂuﬂcﬁfof 4 Afiler Bshnih) Tﬂaﬁzsﬁdﬁi@@spénsﬁ)ﬁcva@mﬂieiehe

resulting 25 mxture stirred at this tenperature until

wethed Wath vt 3 wadmbaomp deedto s Edud HhfrdueorhewDo-isarippyl-2-
[rﬁ&hﬂMetH@&lﬁgﬂ%ﬂnmﬂg%Hﬁﬂ S-tyn?ﬂpﬂ')-@fS H#ﬂ?dl%ﬁ?*lﬁéﬁ)f 9@n(§19 acid

pr oxi mat el

cadgwiisple d 1408 @i@o%fstﬂﬂmthsr%&’nﬂelﬁ)/dr ochl oric acid (O 1M

S t St
SRR 121 RE VKT S5 A LTRL el B e e 1 5.2
(spi, A Hr 8.451(5,13H0 3. 5¢ (s400) BOr (AO1H) B2t €, 1BBf H5R(ddt 1MRS.51 (dd,
l.e 1 hour at 40C. 30 The aqueous
1%*13%39(%&&{? fﬁngdge?ﬂ& ated fromthe organi c phase at
[HHRGH NIMR REURa%S ouPRaS®)/,Wae sdlitednl ih HEDMBBIaIhdreguced
ressure (53nBar, < 40C) until the volune was reduced

H#0)]- The resulting aqueous solution was filtered
Wfé@? %é% Iter pad and the filter WO 2006/ 067456
0 04999 -35 washed with water and conbi ned
wi th the aqueous reaction solution, such that the
ot al. agueous sg | uti
Theipe PHEPETN G St SR o Rha g tiges it 255
mathglinidtiginesull foRarhidk Wab oitaiatéd ssatolidwn chl ori de di - hydrate

(3.05g) in water (29.5nl) over 20m n, maintaining the
reaction mxture at 38-41C. 5 The reaction m xture was

(1)“>t i rA%M foumv Rolfibidd &mydrlaéemmoﬂte ift Q6pro g)m (FRO8L erb4txﬁ>moles)

C and stirred at this tenperature furt her

Wisfrﬁdﬁd torh#irred Sy KuraRf uge@iﬁéﬁg» BY-Guagofas) ansy lef-fluosephigexd)-4-

m%’lh&ﬂ)_?%@ ?d?(f § é?gg% f;{?@‘%ﬁ%sgfg 6:?1%88]] (M@ mL) The reaction mixture
Wﬁmﬂhwd(fne{mlwlsfudrfddhgd goaled hoT4F¢r |”M’lﬁd¢snlt81t plec(pdRe5%is cBljected
by ﬁﬁirapl rg Ay &éasﬁé’& WQh I %y?etﬁgri (90 mL). The solid was added to water (60 mL)
and saturated aqueous sodium bicarbonate solution (10 mL). Further solid sodium
bicarbonate (16.4 g, 195 mmoles) was added portionwise. The mixture was diluted with
acetone (40 mL) and ethyl acetate (80 mL). The organic phase was separated and aqueous
phase was extracted 2:1 ethyl acetate/acetone (3 x 120mL). The organic phases were
combined, washed with brine (30 mL), dried with anhydrous magnesium sulfate and
concentrated in vacuo to yield 4.8 g of 4-(4-fluorophenyl)-6-isopropylpyrimidin-2-ol (64%
yield); 'HNMR (400MHz) (CDCl3) § TMS: 1.41 (6H, d, J=6.90Hz), 3.08 (1H, m), 6.69
(1H, s), 7.17 (2H, dd, J=8.60Hz, J=8.60Hz), 8.14 (2H, dd, J=6.65Hz, J=6.65Hz), 13.57
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calciumsalt (14.79g @00% strength, 85%yield). 10 'H
NWVR S: 1.21 (d+d, 6H) 1.32 (dt, 1H) 1.51 (dt, 111)

wW@20006dss | H) 2.14 (dd, | H 3.42 (spt, 1H)PCBGB2005/004999

(s, 3H) 3.54 (s, 3H) 3.77 (m 1H) 4.21 (q, 1H) 5.53
(dd, 1H) 6.51 (dd, 1H) 7.27 (t, 2H) 7.71 (dd, 2H)

[ The 1H NMR was carried out §a3%vv/v solution in d6
DVSO (where d5 DMSO=2.51 S) 15 *partially obscured
The startlng mat eri al

| N | i di o2
Y RPTB A E MRARORIN e B LB A b
23200968 ssed ﬁﬂsubse)quéht ddctien Givhaw Furtheopuriifcatigndr ogen

chloride in isopropanol (38 nL, 194 mvl es) was added
to a stirred mxture of urea (7.78 g, 129.6 mmol es)

(1?nd M- Hrémﬁédé@lﬁamh@(wim £19. whﬁmlme; maamﬁtea tS3sudb@eBn of 4-(4-

i n ethanol (49 The reaction

ﬂWREh?PéU Wr%ﬁwa%ainf?o?l (ﬂé7}1%’u1r9559dﬁ’80 e DIV (0qnk hpt

8.58C. THOGixt&S Wab ﬁmed%lefﬂ xlﬁin‘ilﬁzts @nd"ﬁ\é r&elibeaixetle vxm( allowed to
filtration and washed with diethyl ether (20 The

weimh focamypaent safeschtere. Whe mxtyrg Wvapbhrraisfopt Howa angd éheedhluted with
t

o ST APAITHRLARO NS, Sa5ahef LW EOrHEgonfei

scpacied, pdrthé amedsephastretradtod w'rtb4\,l/a$hyli b¢eltett@1tsblwnt (2 x 100 mL)
to 40 h

i e aliCo fap DB R i G A ok e Ol p B s

washtd efifhybrina ¢Et IaIr}E/fc&Q?ted g sétﬁral@dbaﬁéﬂg} sodliire bizatanite (40 mL),
ses were. conbine t rine

Iﬂ‘@@ﬂcwwa&m ALV g A A nitlite s pRy) ool 6031 g of -

b&%@%’ﬁ-ﬂ@ér@ﬁxe&lﬂ) ¥a oﬁyq)yymﬁdhﬁ 240@9@%, 9feld£ 'H NMR (400MHz)

é | uor ophen - 6-1soprop pﬁ di n- 2-
(G TMSH 1@\9,;(6 @}d }ﬁtgék()l SITLNEEO (@H4<id (J6$.|60 alz J=8.60
H%)‘g 62?214 dd ?—é)‘?() ih=5 'Zb Hz?(l@[?l Dgc(:ljofﬁllpj)i%raé g%?zﬁ’& s @8l culated

. 60H2)
foi ﬁaEMFBrIBOQYI N‘@@GO@VJ 0614 88:dPCIYLERREASL B4 9athoutFerther

. Mp: 215-217C. HRMS cal cul ated for
p‘%]%gﬂngZOF 232.1012, found 232.0963; used in
subsequent reaction without further purification. (ii)

(1{ Br%SUCCﬂdﬂio 1|de ZS @(imio% gfnmo?es waMJeS '?c} 59 9 %F d

ﬂﬁbxupmpt)myd)ﬁm@rlpﬁmamwbm rorzvrg di srlzsanmblce)danaz& 1@action mixture
.69 Mol es) in DWF ( m) a C. The m xture

&ea&du tp AR antgrazl t%pemtwatOé%O dTPWé“’?“é‘Sé‘taF gren stiseed,fog 150

mifAResd HVRAp Eﬁmrwemanewml BBt to e ET IR rdh&ion Rifture was
m Xt ure was stlrre for hours and then diluted with

qesnighdd tyclsepwise q@@mmwht?»@ ImlepfEtOAG rivsys) indd stisadapixurgof ice
(db‘ﬁ); we-ilzgle(48 ﬁrﬁf’},nén% sBHiﬁﬁleoi%onate (10 g). After completion of the addition,
sodium bicarbonate (13 g) added to assure neutrality. The mixture was then extracted with
ethyl acetate (4 x 70 mL). The organic phases were combined and dried with anhydrous
magnesium sulphate. The solution was filtered through a pad of diatomaceous earth, and
concentrated in vacuo to yield 5-bromo-2-chloro-4-(4-fluorophenyl)-6-
isopropylpyrimidine (4.98 g, 99% yield); 'H NMR (400MHz) (CDCl3) § TMS: 1.34 (6H,
d, J=6.70 Hz), 3.64 (1H, m), 7.17 (2H, dd, J=8.65 Hz, J=8.65 Hz), 7.73 (2H, dd, J=8.80
Hz, J=5.20 Hz). Mp: 99-101°C. HRMS calculated for C,3H;;N.FCIBr 327.9778, found

327.9752; used in subsequent reaction without further purification.
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separated, and the aqueous phase extracted with 4:1

ethyl acetate/toluene (2 x 100 nL). 10 The organic
w@basesr4der e conmbi ned and dil uted with acet onep¢1:882005/004999

m.). The solution was washed with brine (75 ni),

fol l oned by saturated aqueous sodi um bi carbonate (40

m.), and then concentrated i,p _vacuo (with 3 x 40 nL

t ol uene azeotropes) to yield’6.031 g of 5-

br ono- 4- (4-fl uor ophenyl ) - 6-i sopr opyl pyri m di n- 2- ol

PO A (M S35 0 e s

wikk@e6@e (5x H2 )nL),7an@ ONIP K0 wibl) wasBerv @lde, folleseddfy SHaromo-2-

o e B B R S TP N S 1 B TS0 gufps) The resuting
spasRaUeRcosledrt-700 and Nhﬁbthylfﬂd:tﬁah&mfomﬁdé (2c5851g9D2.5 mmoles)
wé %%%df»ga%ggc&g% IS{IUI%ZE B&) ( %heo r(r)nxrtrque waé?’ st?rre 01|r F 732 hc\),uvarsS then

dfibtt@ AR eﬂa?vdc)era@ (S QﬂLI) QBNMkRY(100l) Ntmd waker (F2008). OFhe organic
15. 28 mmp and the reaction m xture was heated to

phgse wige &qpﬁraredt ke aauapws phpsegrrseXxtratid Witlke miuiRes cthpkasctate
(g)ltr}qﬂfﬁl tf)lgéne](gﬁ thZ] i &%al‘% pﬁeﬂbsswér@ pShbALY KeshddGith water 2x

to coo 25C. “The reaction m xture was
4¢ ménenethenrinir @Pwilgearsditiet ower aphidrons3gagntsioh seiplgie The

§latbsne\§%s coHée%trgtgg 'zlnl Ja%eéj{:@lﬁtwrft% erRl{ E%&Sg az(egg?%)s) to\g';"ilélcﬁ3 N- (5-

boaipd-¢4-tflasroplieny 6 - iagaofyil gymimidin- 2sylghNume thy lnetiao esat fengniide (5.50

dded , i he i
et e HOPRC AP Rl ] Fhin§ F-4RE gl G o)
3;55@@55) V%ﬁ(liﬁloﬁ‘bl mm:l(Tzﬁmdd d:EB ?sl Hid {Aigsséa][mzl»?? tmugni I;id J=8.70 Hz,
nesi um s a e SOl utl | ere [
1 IR oM Moo SIRMS srloiaicn it Crabennichr S Syt (8. Blna
AYBEYG; tgsaahﬁkl%séq@mqmm%n qhdheﬁt%ﬁhe&ﬂuﬁm%@phenyl) 6

|sopropy pyrimdine (4.98 g, 99%yvyield
(400MHz) (CDC13) S TMs: 1.34 (6H, 30 d J= 6 70 Hz),

A Biaidly mﬁ% t %—%—%ﬁm . %yoéopﬁs@w gyl
rridFWBncthAmsdlﬁhadﬂEuxms(ﬂMleFClBr 327.9778, found
327.9752; used in subsequent reaction without further

[ fic .. VWO 200 /0673562 PCT/ GB2005/ 004999 -37

—30.0 mmol, 60% suspensi on

in mneral oil) was vvashed ﬁ/vlth hexane (2 x 10 m.),
and DVF (50 nlL) was then added, followed by 5-brono-2-
fdopropyl pyri m dine (4.944
g, 15.0 mmol es). The resul g suspension was cool ed
to -7C and N-net hyl net hanesul f onam de (2.585 g, 22.5
nmol es) 5 was added, washeg¢grbiy with DMF (10 nl). The
m xture was stirred for 17/ 5 hours, then diluted with
ethyl acetate (80 nlL), #ofl us¥ie (100 ni), and water
(120 nmL). The organic

The reactor used for this experiment was thoroughly dried by carrying out a toluene
distillation prior to use. Fresh toluene (100 mL) and potassium tert-butoxide (7.50 g, 64.8
mmol) were charged to the vessel and stirred to form a slurry. The mixture was cooled to -
9°C and 3-methyl-2-butanone (3.63 g, 41.7 mmol) added. The mixture was warmed to -
5°C and stirred for 30mins. Ethyl-4-fluorobenzoate (6.25 g, 36.8 mmol) was dissolved in

toluene (4 mL) and added via a syringe followed by a small toluene (1ml) line wash. The
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phase was separated, and the agueous phase was
extracted with a mxture of ethyl acetate (20 nlL) and
wo glosesmasd 30 nlL). The organi c phases were conmbPCEGB2005/004999
washed with water (2 x 40 nL) and then brine (20 ni),
and dried over anhydrous magnesi um sul phate. The 10
sol ution was concentrated in yacuo (with two 20 nL
hexane azeotropes) to yield Rl—
br ono- 4- (4-f uorophenyl) 6- |sopropyl pyrimdin-2-yl)-N

i iipg i e i 10 BT B Sushleq 10, Mol iy Hitrod AT

te(rii)bl;atlﬁé overdight> ThSipbike) slurBy ®3 Warhled 1 25°T. ah@ a¢?idacidd4.4 mL)

%Eg f6 ﬁo% by Wep{%igz @5@1 ﬁ&}ge &vgg gtmeglt:téggggﬂll_g for 5 minutes and
tHed 3bwW 3R aRBr THOBwWeLSAse Waaf offand Aibcfddatb A 5% Wsdeni N

subsequent reaction wthout further purification, An
bigprbanatgsolurion (b m.) pvgs charged to the upper phase, stirred for 5 minutes and

thlé'gl gﬁoxpadqﬂefaf}a (“f‘ﬁé‘ loWeF a,g@&ﬁxéﬁer fad 24 ramqwu&yaﬁpe; &ggh@plyase

hyl met hanesul Tonam™de is as
W4Sf(ed1‘fﬂlcelmtbp\hlmﬂ)nl6 i sopropyl pyrim d| n 2 oI F N~ HO
"N The reactor used for this experinment was thoroughly
i ed. rr I SL [ [l ar., t
Tﬁés fee?n%'fl?%gst%? en %’ éol\glo% (viad 31:1%{&)}17] gz%gtr%pg% gitSS{Sllil%l?%]B (r%ﬁu;@mé Rfith an-
Staelc ﬂrapbutpmce)cﬁd(tﬂe di)ﬁlt@n cbdleBto GOAGI Yreaves. Eg,(ﬂﬂa? glﬁubl)tandt he

vessel d irre tof rma,slurr

ispeapa! () mbkn et sine Dedhidu b FL i o3
hyarsdhloraddr(s J B M 1>sdsp;l6®nwa32 Va1 8 g3 thMob). ﬁ(é samﬁon was heated
stirred for 30m ns. @)8/ -4-f| uor obenzoat e

t03%)°6 apdsfiryed s 4% Baws beflrei icharging| mRsh éyctracmr}c aowf’dmawwanol

(M, Al Sitol)NEfer Dol PYEA 2GUA 28 BB, tHeRhiRREWAS Jgoiedltd) B6C and
wash. The WD 2006/ 067456 PCT/ GB2005/ 004999 -

wigiek (30rmelalded tAfrer stéiring for 10 npnwes, ehe rawwaa/\ﬁilormé tq gand and
I'EFqg;ﬂler%Ege[oﬁlp E{fh&% Hnr def Qndalretahllgg Sl;hgtagg%%g ﬁlgd% waP¥hifd! agg Sodium

war ne acetic acl
hydtogenrcadbonatel (el g) 4dded pavtidn Iwyse\matllqu%B Th6pmvﬂl)ct ciftstallised from

STt 8 B e P L e T i 0 g5
wdlies GELrﬂEﬁangﬂnE%rS@dchﬁm Svéi a30t0 ﬁ@drﬁgﬁtoh-;(kgflﬁﬂroﬁﬂtﬁlyl)’lé)-

ar ge e lrre 1
S PR} SR e IR s Pl et 956 TR R

NIVES (4008119 tD@Q at hmlt(lﬁea) 90garH, Gn)pbag €1H \wsmﬁmszV\u@es 14
w th water . The renai uene sol ution wa
(hiddy 1By 7 &Y rrSdpMp ai%ﬂ?ﬁatﬂ%ﬁs ealévlpt@st g mmz%mwlz

found 232.0963; used in subsequent reaction without further purification.

5-Bromo-4-(4-fluorophenyl)-6-isopropylpyrimidin-2-ol
F
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10 Stark trap in place) and the solution cooled to
60C. Uea (5.1 g, 84.9 mmol ) and i sopropanol (20 nl)

wowse/oehass ged and stirred vigorously during theCT/GB2005/004999

addition of hydrochloric acid (5 to 6 Min

I sopropanol, 32.3 nL, 183mmol ). The sol ution was
heated to 80C and stirred fgg 48.5 hours before
chargi ng nore hydrochloric acid in isopropanol (2 i,
11 mmol ). After a total of 112 hours at 80C, the

SR £88pEhy et POF D ASLT mebih T dnaR T
rehaoxs{bﬂmdechb}dDMﬂ(éO(D o rTheguepensorphasstirmedirooled ta3dC and N-

retained.. Th t rred d di o
R ORI ES Gpara o BB diocd it paP PR Bt o 200
arfitifred dNEnightOWadr (R]O}/Iﬁlfi\lviid cfh@fﬁeﬁ tooihie r@@dmmtmmmramﬂ thas

then cooled to 20C. . Th t
cryQlSHBEmOITE S R | payrdheler o sty %ﬁ%a%@@&d S Vs
tv@(‘!@e@ltlﬂvaép@ﬂﬂg)ra@ﬁgﬁbt s-oh&dflé’d fn' a%l’:&lﬂlli‘ eVl at 56°205-Bromo-4-(4-

i sopro yrimidin-2-ol ( g) was isolated as a
ﬂ\mpmlt@ﬂb‘é\ﬁdwwmlw&%@v@rﬁl qloytﬁ &) &7 yiqld) NygRoblapmgf/pza white

13) S: 1.41 (6H, d), 3.08 (1H, m, 6.69 (1H, s),
.17 (2H, dd), 8.14 (2H, dd), 13.57 (1H, br. s).
"I NBR Q.WHHRWBCHZQBCUBQI(QH d)o3. SC(USHI@NZ 06-(22B 21019, (2 dd)-
M{pu b?go‘g‘l%p%%esoa ?§9° u SI—FIQVI‘S ggl%ﬁllgég %P@l 3H12ﬁ§9}§1§r% OWI i 'n %ﬂnd

arification.

3 B.@ri6msed i shbfdquat egubteonywithd@r figthpr ppificptyan. m di n- 2- ol
F Br ~N~ HO N WD 2006/ 067456 PCT/ GB2005/004999 -39
) -ol (8.00 g,

¥ Qroppc P YIRYS Petowed by DVF
n{e%@lﬁn%nesﬁhﬁnﬁﬂﬁ@en& on was stl rred cooled to -3C
an ronosucci nimde (6.25 g, 34.8 mmol ) added. The
reaction m xture was warnmed o 20C and stirred
overni ght. Water (100 niL) charged to the reaction
m xture and the 5 crystalli m xture stirred for 1
hour before filtering off. T™eé isolated solid was
washed twice with water (25/nlL)g,and the solid dried
in a vacuum oven at 50C. 5NBrgfo- 4- (4-
fl uor ophenyl)-6-i sopr opyl p)}.sl Adin-2-ol (10.45 g, 97%
yi el d) was obtai ned as atwhilte soI id; "HNW (400VHz;
CDC13) S 1.39 (6H,.d), 893r (1 , 7.16 (2H, dd),

7.66 (2H,_dd h" Deco e E
5 PR A GRS R B 3??@62]% 89 manon), potassium
carbonate (35.83 g, 259 mmol) and butyl acetate (435.4 mL) were charged to a 2 L multi-
neck flask and stirred / heated to 42°C. p-Toluenesulfonyl chloride (41.83 g, 219 mmol)

S

was then added in portions over 50 minutes, maintaining the temperature at <45°C. The
reaction was stirred at this temp for 2.5 hours, at which point LCMS showed only the
desired intermediate (MH" = 467) present. Potassium carbonate (41.25 g, 299 mmol) and
butyl acetate (186.6 mL) were then added and reaction heated to 120°C. Once at this
temperature N-methylmethanesulfonamide (28.21 g, 259 mmol) was added over 30 mins.
The reaction was held at this temperature for 18 hours, then butyl acetate (330 mL) and
water (412 mL) were added, reducing the reaction temperature to 75°C. Stirring was
continued at this temperature for 20 minutes, then the reaction mixture was transferred to a

separating funnel, and allowed to stand for 10 mins to separate. The aqueous layer was



10

310. 0116; used in subsequent reaction w thout further
purification.

WOR(O60&8usdr0- 4- (4-f | uor ophenyl ) - 6-1 sopr opyl pyr i PCTIGB2005/004999
in-2-yl)-N nethyl methanesul fonamde F Br N N' N 15
S02Me
5- Brono- 4- (4-f 1 uor ophenyl) - 6ﬂ¢sopropylpyrin1din-2-m
(62.2 g, 199 mol ), potassi uni carbonate (35.83 g, 259
nol ) and butyl acetate (435.4 nL) were charged to a 2

L nul.ti- neck f d rred ./ ted to 4 .
sepertign oUdon Pury R enRaPpRat S 0ah it §0°G oy 15 mins
Thd@Rardcid§ets wareuhibi@dand ¥ M af@ons Ma01 $330al yiddedi Tigs mixture

t he tenPerature at <45C. h 20 reactlon maseﬁé gﬁg
Wé& stirifl @t QUSfrfor 2} mpites iy e loyger gariepys PgFsepe ?L d
rg iV 1y BewasdRatdnashed M ﬁ{cﬂ@ﬂlﬂ m/ﬁorﬁé\ﬁ‘ﬁ v‘luﬂ@ﬂhelﬁ)ﬁlﬁﬁﬁ'dtto cool and
ot asSi um car bonate (41.25

crygiellizg el hersslegolid yagusplated I‘?é%‘%?d‘&é@%%l Sll‘gélé‘b,‘tdﬁ‘é‘ﬁ) ﬁ@%&h&d
Ve Rk PR G LR S and S C sgmsan
weighitetd gcw:ehe B qpimpound (BAS412e 3% ivishd)\wa e whitk dryatellingselid.

BRI e 0 B R, S RN 1

(2t day, 707 (218 dake.rMp ur2e- 126°C. SR M$t ¢atauiategyl foa€1:HedhObliRrd
t thist e ure for 20 mnutes, then the reaction

4¢MQ¥Eréuﬂﬁgﬂﬁﬁg%sferred to a separating funnel, and
allowed to stand for 10 mns to separate. The aqueous
| ayer was WO 2006/ 067456 PCT/ GB2005/ 004999 -40
separated off and re-extracted with butyl acetate (250
m.) by stirring at 60C for 15 mins. The organic
| ayers were conbined and 1 M aqueous NaOH (330 ni)
added. This m xture was stirred at 60C for 20
m nutes, then the | ower aqueous phase separated off.
The organic |ayer was concentrated in vacuo to 20%
original volune, then allowed to cool and 5
crystallize. The crude solid was isolated by
filtration (50.5 g slightly danp), and this nateri al
recrystallized from nethanol (500 nm.), filtered and
dried at 50C to constant weight to give the title
conpound (30.54 g, 38%yield) as a white crystalline
solid. "H NWR (400MHz; CDC13) S: 1.32 (6H, d), 3.49
(3H, s), 3.55 (3H, s), 3.63 (1H, m, 7.16 (2H, dd),
7.77 (2H, dd). ©Mp: 122-125C. HRMS cal cul ated for
C13H17N3O2FSBr



10 401. 0209, found 401.0225. WD 2006/ 067456

PCT/ GB2005/ 004999 -41- Cainms 1. A process for the
woremebemsalr e of a conpound of formula | F  OPCHGB2045/004999

OH -15 H3C-N'111- N | 5 SO2CH3 I or a

pharmaceutically acceptable salt thereof which

conprises reaction of a conpound of formula Il, F \

LN XN 10 Il wherein L 1s a leaving group and X is

a group Z which is N-(nethyl)nethyl sul fonyl am no
C‘CHI;BSOZN(CI-B)-) or Xis a group Y which is a group

i s capable of conversion into the group Z, 15
with a conpound of the fornmula I'Il, 11l 20 wherein A

1 5000k BEFHSEHET RS G0SF 060 60mP St BB o o cps o

5
I
or a pharmaceutically acceptable salt thereof
which comprises reaction of a compound of formula II,
F
N™ ™ -
X)l\N/
10
II
wherein L is a leaving group and X is a group Z which is N-(methyl)methylsulfonylamino
(CH3SO,;N(CH3)-) or X is a group Y which is a group that is capable of conversion into the
group Z,
15

with a compound of the formula III,

\/ A
III

20  wherein

A is selected from a group (i) to (vii) below,



ORL\ OR2 (i) (ii) OP4 OP5 p6 OP8 O Op, OR3 5 (iii)
(iv). OP9 OOOO (v) (vi) OP10 OP11 OR4 10 (vii)
wowmseémsd and P2 are i ndependently sel ect ed PCDGB2005/004999
hydrogen and a hydroxy protecting group, or P
together wwth P2 forma 1, 3-di hydroxy protecting
group; P3 is hydrogen or a hydroxy protecting group;
15 P4 and P5 are independent I4g “sel ected from hydrogen
and a hydroxy protecting group, or P4 together with
P5 forma 1, 3-di hydroxy prot ect3| ng group, and P6 and
P7oa>r‘eopﬁd@pendently a dr ot ecting group; or
P5 |t ogdt hegf] with P6fo oxy protecting
oup; dea'is hydr en or a hy Xy protecting
group and P7 is a hydroxy protecting group; P8 is
hydr@gen or a hydroxy protecging group; 20 P9 is
hydrogen or a hydroxy protecting group; P10 and P' are
i ndependently sel ected from hydrogen and a hydr oxy
protectlng group, or P10 Fmget her.with P11, or P 1
' heP’wi ph® R4, forma 13- di hydyoxy protectlng
gr up; land _lunl ess ot her 3 R2, R3 and R4
de n @Rl y carboky protecting groups; WO
2006/ 067456 PCT/ GB2005/004999 -43 in the presence of
5 aﬁﬁ,@l ytically effective anpynt of a pall adium
: cata yst and in the presence of a base; followed by 5
(a) when X is a group Y, the group Y is converted into
the gpoup Z; followed by (b) when Ais a group (i),

carrying out in any order(isteps of (1) when P is
a

% 07 o o 0

) (vi)

oP" op" oR*
10 AZLLL‘ B ©
(vii)
wherein P! and P? are independently selected from hydrogen and a hydroxy protecting
group, or P! together with P? form a 1,3-dihydroxy protecting group;
P’ is hydrogen or a hydroxy protecting group;

15  P*and P’ are independently selected from hydrogen and a hydroxy protecting group, or P*
together with P° form a 1,3-dihydroxy protecting group, and P® and P’ are independently a
hydroxy protecting group; or P* together with P® form a 1,3-dihydroxy protecting group,
and P* is hydrogen or a hydroxy protecting group and P’ is a hydroxy protecting group;

P? is hydrogen or a hydroxy protecting group;

20 P’ is hydrogen or a hydroxy protecting group;

P'% and P'! are independently selected from hydrogen and a hydroxy protecting group, or
P'? together with P''| or P'! together with R, form a 1,3-dihydroxy protecting group;

and unless otherwise stated R', R%, R? and R* are independently carboxy protecting groups;
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30

hydr oxy protecting group, renoval of the protecting
group P'; (2) when P2 is a hydroxy protecting group,
w0 eowomed4sof the protecting group P2; and (3) reameakoosino4999
the protecting 10 group R ; (c) when Ais a group
(ii), carrying out in any order the steps of (1)
asymretric reduction of the garbonyl group adj acent
to the carbon-carbon double” bond (2) when P3 is a
hydr oxy protecting group, renoval of the protecting
1n%gé)}?rg36:@%@%‘%%51}29031&?%&%/% 8£0|§n*9 5t a Qeﬁfahl%ﬁ} éapagys? %&d;ﬁ iR2
presedieg oftdtmsst eps of (1) when P4 is a hydr oxy
protecting group, renoval of the protecting group P4,
(2) when P5 is a hydroxy protecting group, renoval of
follo@epbpt ecting group P5; (3) renoval of the protecting
roup, P6; and (4) renov of the p ecting group P7;
<a?e) Wm&row rtaagroclpx)J)ls cewﬁ%w&%aﬁrqua any or der
follbResbgeps of (1) when P8 is a 20 hydroxy protecting
t)group renoval of the protecting group P8; g 2)
(bdsy mitkanrA i Agrevmi), 64meRE out freanyarersibcsiens of (A odsn &' isend

LR 05, LS A SRS, by
pmmcmyg grgupueméval afthe prothsting grous Popsd 6 r¢mgvahbishe POtectng

a, Eydroxy protecting group, renoval of the protecting
& %uﬁ P9; and (2) hydrolysis under 25 basic

(o¢ ondwhdno s a grgyp (hanrrping SuBingny ufaef the stepcaft(i yasygmmtric

d t f f
re R O S ATPEBH ARGt bITE BT bR by Ry 6T AP’ is
a Hy\Hefy fogting GO kém&/laﬁoftﬁéﬁofeht)mg/\%}ﬁﬁb . had @ enfuial of the
e

(vii), carrylng out in any order steps o (1)
m@§§ﬁﬂ%@PPh 30 reduction of the carbon-carbon doubl e

dzo ndy ARG &S & drodP 151)h BarBi ot HEFA rde(rgﬂe d\éefﬁ e 3 QHeS P R a

dr oxy protectlng group, renoval protec ting
OPreEaing @yupakesrp vetiaf thqspratemgm@ai P62 5éien P is a hydroxy

p1P gg(u%%tgg[? ! ?rﬁé\%?gf the g{kﬁtér%}lg%g%ﬁ% pil‘:”i%) rgltnI {'}9 ()gghg h&potectmg group
P(bhncghle renpat ﬁiﬂw pnggaghmgrgﬁiﬁlf’ ;wher eaf t er when the
O A% SR B, A0%, L8 BRI AL 2Rp LY

hedeRasbdciig gcr@tip"f‘!@n&)vhl ofkie poRBidg G oWy BelaFdsyinetd hydration of
obt ai ned_as sa optionally convertin the:S roduct

the gathopricarpen gﬁ{bleplmgfl Baieesht fodhe Fs&;er group COO%3 and (3) removal of the

protecting group R’; ;

® when A is a group (v), carrying out in any order the steps of (1) when P’isa
hydroxy protecting group, removal of the protecting group P’; and (2) hydrolysis under
basic conditions;

(g) when A is a group (vi), carrying out in any order the steps of (1) asymmetric
hydration of the ring carbon-carbon double bond; and (2) hydrolysis under basic
conditions; and

(h) when A is a group (vii), carrying out in any order the steps of (1) asymmetric
reduction of the carbon-carbon double bond adjacent to the group COOR?; (2) when P'® is
a hydroxy protecting group, removal of the protecting group P'’; (3) when P'! is a



acceptable salt. 2. A process as clainmed in claim1l
wherein X is the group Z. 10 3. A process as clained
WO noosloeisns 1 wherein X is a group Y sel ected frpar/GB2005/004999
hydroxy, chloro, brono, iodo, am no, nethylam no,
benzyl am no, nethanesul fonyl am no, N
benzyl net hanesul f onyl am no, R SO20O wherein R' is
(1-6C) al kyl, aryl, substit ut &4 aryl and RYC(O O
mherein RY is (1- 6C3a|ky| aryl or substituted aryl.
hy; oxly é)rc')ofe%ng §??$?e%;ﬁlrog'ﬁl of Eﬁ?e)protect g%/%r%}cé) h;i%:;]l 4[)%?%#))\??0%'(‘115:
préteptigc@esp Rr t he manuf acture of a conpound of the
ormula IV F . ONOR X 11 N 20.1V. erein
whsgedliin st e@f%&ﬁ@ﬁa&%‘vvhﬁm aeeé o PRIy GBS,
plﬁfmﬁeuﬁ&g?bb&btametsﬂt 5&he E&fqﬁ'ﬂuﬁd &f ﬁmﬂhiﬁ)l d6rGaién the product is
rotectln& group, X is the group Y ar as defined

5 otipiggdysp g oytlonaéwowefﬁng the E‘é’ﬁb‘&i‘&/a slrf@ff‘él&t)b%@a@%%ly
a&%Bt eprises reaction of a conpound of the formula
as deflned inclaiml wherein Xis the group Y or Z
as defined in claim1 or 3 25 and L is a |eaving
grou ' f .t I Il as defined
2|n 6?3“%%%Qﬁg%§§¥ﬁgg%ﬂPg“g&gﬁ%%gg%?fﬁmézgef|ned in
claim1l and P1 and P2 are independently

h dr rotectin P er w,t.h P2
10 3.4 R e Bl S Eaiin o Big o Biiereh st RS Vaklpeli gt fydrony,
cM@bhﬁ&MoV@&Qﬁﬁﬁ&ﬁ%ﬂﬁ'ﬁmﬁ’ﬁ h@z&%ﬁﬁ@@ﬂé@%esm%ﬁylammo N-
protecting. group n.the presenge of a catal
b@wlgﬁhavﬁugﬂ%ﬂww 801 VAR dntlatpalol amy %Lﬁsffth%d aryl

ﬂaﬂ@@%@ Werdn RAGG1-6E)alky1 S8bshifted 461, MaNUf act ure
of cgﬁbojﬁdnof ghe ?%$¥£F6¥§3 S%)%J%?iDI Nl OR2 N5

15 4. A process as claimed in any of claims 1 to 3 wherein A is the group (i) as defined
in claim 1.
5. A process for the manufacture of a compound of the formula IV

20 v
wherein P! and P? are independently hydroxy-protecting groups, or P! together with P
form a 1,3-dihydroxy protecting group, X is the group Y or Z as defined in claim 1 or 3,
and R' is a carboxy protecting group, which comprises reaction of a compound of the
formula IT as defined in claim 1 wherein X is the group Y or Z as defined in claim 1 or 3

25 and L is a leaving group, with a compound of the formula III as defined in claim 1 wherein
A is a group (i) as defined in claim 1 and P' and P? are independently hydroxy-protecting
groups, or P' together with P2 form a 1,3-dihydroxy protecting group, and R' is a carboxy
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V wherein P3 is hydrogen or a hydroxy-protecting

group, X is the group Y or Z as defined in claim1l or
W@200806745%2 i s a carboxy protecting group conprPGI/GB2005/004999

reaction of a conpound of the fornmula Il as defined

inclaiml wherein Xis the group Y or Z as defined in

claiml1l or 10 3 and L is a I_gglying group with a

compound of the forrmula 111 as defined in claim1 in

which Ais a group (ii) as defined in claim1 wherein
prptet o Lo Sice Br SHENBIT BEERE A IETYRINED oty
andai thleyptrdsedelof a bedef ect i ve anmount of a pal | adi um

catalyst and in the presence of a base. 15 7. A

process for the manufacture of a conpound of the
6.f or mip@cdés forfthe b fidtore OPS cdnfdiad oXihl fdfimulavier ei n P4,

P5, P6 and P7 are inpependently hydr oxy- prot ecti ng

groups, or P4 together with P5 or P5 together with P6

forma 1, 3-di hydroxy~protecting group, and X is the

group Y or Z 20 asned inclaiml or 3, conprising

reaction of a conpouad of the fosgtuls |1 as defined

in claim1l wherein X|is the |group Y|por Z as defined in

claiml or 3 and LnirSaTeavimg” WO-20@2067456

PCT/ GB2005/ 004999 |- 49 group, with a conpound of the

formula Il as défihgd v claiml1l in which Ais a

group (iii) as defined in claim1 wherein P4, P5, P6

and P7 are independently hydroxy-protecting groups,

or P4 together with P5 or Pé’together wth P6 forma

- G d / .

v RS PG R B X L1 Qbgene Sl
claind! 13, ahéR5ispraaseny praficting prsp comprisingeantion of & epmpdvad of

then%’]rrl‘rl{u%%sr (?fi{fn%(d ﬁf cqé)lgplo&ﬂgeing }sl?l?e ér&'iﬂ“f‘ lo? 7Y ldefifed FBlafth 1 or

3 and L is a leaving group with a compound of the formula III as defined in claim 1 in

which A is a group (ii) as defined in claim 1 wherein P’ is a hydrogen or a hydroxy-
protecting group and R? is a carboxy protecting group, in the presence of a catalytically

effective amount of a palladium catalyst and in the presence of a base.

7. A process for the manufacture of a compound of the formula VI

VI

wherein P*, P°, P® and P’ are independently hydroxy-protecting groups, or P* together with
P* or P together with P® form a 1,3-dihydroxy protecting group, and X is the group Y or Z
as defined in claim 1 or 3, comprising reaction of a compound of the formula II as defined

in claim 1 wherein X is the group Y or Z as defined in claim 1 or 3 and L is a leaving
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VII 10 wherein P8 is a hydroxy-protecting group, X is
the group Y or Z as defined in claiml1 or 3, and R3

WO 2008/06R500XY protecting group conprising reackCDOBo05804999
conmpound of the formula Il as defined in claim1l
wherein X is the group Y or Z as defined in claim1 or
3 and L is a leaving group wth a conpound of the
formula Il as defined in cf§§h11 in which Ais a
group (iv) as defined in claim1l wierein P8 is a

hydr oxy- prot ect i ro n LS &..15 car . o
oo PRl of Py AR 1AE e e o Pk SRR i e )
aselkefinet in\ctim MovitieinP*, @ [Pilahd Bl arenindepéndbntit hydnokyipmotedtmg

presence of a base. 9 A proc for e,. uf act ure
BIBPSaOIlo PR ™ P ﬂégf tgesliravit  forna 1 sty X IPIesking
gréth, Wi {hk prasbyie @i B chiflyticall} ¥ e Q58 AnPintdf a palladium catalyst and in the

hydr oxy-protecting group and X is the group Y or Z as
mﬁ%ﬁ@h@%ﬂm$% claim1 or 3, conprising reaction of a
conmpound of the forrmula Il as defined in claim1l WO

2006/ 067456 PCT/ GB2005/ 004999 -47 wherein X is the
8.gr oup process for the mdedfacterd of a cethpouprd pf e fogmae VL | s a

| eaving group with ag conpound of the formula Il as

Yarein P9 is a hydroxy-protecting
of a c%talytically ef fective
@fR" and i©On the presence of
e panublact ure of a

conpound of the forl ~NOR" X | X wherein X

is the group Y or 3
conpri si ng reacti®n of al10 conmpound of the formula I
as defined in claiml wherein Xis the group Y or Z as
defi ned VII

wherein P? is a hydroxy-protecting group, X is the group Y or Z as defined in claim 1 or 3,
and R’ is a carboxy protecting group comprising reaction of a compound of the formula II
as defined in claim 1 wherein X is the group Y or Z as defined in claim 1 or 3 and L is a
leaving group with a compound of the formula III as defined in claim 1 in which A is a
group (iv) as defined in claim 1 wherein P? is a hydroxy-protecting group and R'isa
carboxy protecting group, in the presence of a catalytically effective amount of a palladium

catalyst and in the presence of a base.

9. A process for the manufacture of a compound of the formula VIII
F

opP®

VIII
wherein P? is hydrogen or a hydroxy-protecting group and X is the group Y or Z as defined

in claim 1 or 3, comprising reaction of a compound of the formula II as defined in claim 1
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inclaiml or 3 and L is a leaving group with a
conpound of the fornmula IIl as defined in claiml in

wovkioehe7Asé s a group (vi) as defined in clai m1PCT/GBRNE/004999

presence of a catalytically effective anount of a

pal | adium catal yst and in the presence of a base. 15
11. A process for the nanufag ure of a conmpound of the
formula X F OP10 OP 11 OR4 X N X wherein P10 and
P* are independently selected from hydrogen and a

wg%girﬁ,%¥ t eg%éﬁqig %ats %r 11% cle lrrﬁP gg]ig %9(? L Iﬁsear lewiéggljgup ith a

coﬁi{@hﬁtbﬂ tAg fo2Rhu I TIILHS deﬁﬁddSn tlhen girowlicly Ao aércﬂ@ (dedsidabukd in

and R4 i.s a carbox rotecti oup
Cl?:‘H‘nlpW %IF‘H& H%%\%Xq“&?ﬁ "RIPeG SRR B ?18¥ ‘“‘g °p ?ngigﬁ“‘l%ily as
effiRfivdBfounfofd pdIRHhmMAGNRE dhd iXtheprésefecdit@baseY or Z as
defined in claim1 or 3 and L is a |eaving group, wth
a conpound WD 2006/ 067456 PCT/ GB2005/ 004999 -48 of
1¢.he Aﬁf&ws%ﬂ thé: nﬁ%@&ﬁx’e%@g cbrﬁp&]nﬁ'omhl: fofixch Ais a
group (vi1) defined in claim1 wherein P10 and Pl1
are |ndependently sel ecfed from hydrogen and a hydroxy
protecting group, or P¥Q together with P11 form a
1, 3-di hydroxy protecti group, in the presence of a
catal ytically effecti anount o pal | adi um cat al yst
and in the presence of @ . @ A process as
claimed in any precedjrighetaRm Woet8bn the pal | adi um
catalyst is bis(tri-tlert but yl phosphi ne) pal | adi um
(0). 13. A process Aimed in any preceding claim
wherein the base is ammonia or a 10 bulky tertiary
amine. 14. A process as clai ged in any preceding claim
wherein the reaction is cargled out in a solvent
wigtRN 8dhd goup wmrezras deAhelrin @i N ohlspbormlbmgfrmmfche

and water and N, \- hyl.acet a 15.
COBRRYBHARLTS forEHE 1 6t SRR [P e PO % § g @P%AK opZ as defined
inx@difClt &% dndaMs YR broupSikiPd €ompYuRiBf the @sHehulAMI R@efined in
met hyl am no, benzyl am no,

clp\mbbmzwyhlﬁbﬁﬁaﬁ WP 9 @ﬁn%m claim 1, in the presence of a catalytically
effective amount of a palladium catalyst and in the presence of a base.

11. A process for the manufacture of a compound of the formula X

wherein P'® and P'! are independently selected from hydrogen and a hydroxy protecting
group, or P'° together with P! or P! together with R*, form a 1,3-dihydroxy protecting
group; X is the group Y or Z as defined in claim 1 or 3; and R* is a carboxy protecting
group comprising reaction of a compound of the formula II as defined in claim 1 wherein

X is the group Y or Z as defined in claim 1 or 3 and L is a leaving group, with a compound
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R SO20- wherein R is (1-6C) al kyl, aryl or substituted
aryl, or PYCCOO wherein R" is (1-6C)alkyl, aryl or
weubspéust ed aryl, and P together with P2 ar ePCT/GB2005/004999
i ndependently sel ected 20 from hydrogen or a
hydr oxy- protecting group, or Pl together with P2 form
a 1, 3-di hydroxy protecting_gégup and R is
(1-40) al kyl . 16. A conpound the formula Il sel ected
from
ot‘;}{l%%%gg]laﬁg%g fif%tlrlﬁ% :1)1} r | }r{nl%wlgclln iogégpo\(lp (vn)(algl'dgﬁ&ela)ﬁll cll\&'nm
wEer'bmd’éO dhd(PA" 4rb maemhemyl sple6ed Sromrhypndgear(d\: ngelrdxy| prodecting
[fo | am rimdjne; ) )
ST B GG M s Ay TSP P ST SopIRLE RIfFCre of o
czﬁ@?t'[h‘éllf pifERRY bABhM QY PY4lladiuel & ilyst and in the presence of a base.
5-trifluoronethyl sul fonyl oxy-4-(4-fl uorophenyl)-6-isop
ropyl - 2- (N-nmet hyl - N net hyl sul f onyl am no) pyri m di ne; 5
1z.bro ?ceg fad dIHRES H%S}}fnlre)ce&né claim wherein the palladium catalyst is
sopropyl - 2- hydroxypyrim di ne; 30
bis(tii-tatbutylphosphme)palddeuny (0)- 6- i sopr opyl - 2- hydr oxypyri mi d
i ne;
5-chl oro-4-(4-fluorophenyl)-6-isopropyl -2- hydroxypyrim
13.di n& procbsstasiclaimed in any preceding claim wherein the base is ammonia or a
blJéuorometh | sul fonyl oxy-4-(4-fluorophenyl)-6-isopropyl
oY %S?ri m di ne; WD 2006/ 067456 PCT/ GB2005/ 004999

-49
5- brono- 4- (4-f1 uorophenyl ) -6-i sopro chl or
14. ne: A process as clalmec{ 1n%ny pr)écgdmg clalmpwhep é/m the réaction ?sp c)a/lme outina

s&vén@ shectked(fforh WeRF, RIRGRYE N 10-iSaRy 1 RPMbmReGRE MaRPYKd NN

d@RQWW@ﬂ@m4R(4 f | uor ophenyl ) - 6-i sopropyl - 2- chl or opyri ni
di ne;
5-trifluoronethyl sul fonyl oxy-4-(4-fl uorophenyl)-6-isop
15. opyAchpbungquf p_i;qumnda hé wherein X 1s a group Y selected from hydroxy,

clﬁaﬁo romo 10&1(4)1r afnln}ilcg) rn’(l) zﬂXmg b%h%ﬁ%%é?ﬁl’bér?iyhﬁaﬂin%MB}{&lkmno,
RfS(DZO)QI ®vhéreﬁn4R’f IsyoeQtienydryl-ob sits opredpyyl; 2 REAP)Oxwharein® is

<156§¥rlk@f} 8y of skbstityisH apikaing ) tO@eﬁhsro‘fsvleﬁre Qldf%%gf}%kws&?fﬁed

frUinCHyﬁl%gen ora hydroxy protecting group, or p! to%ether with P? form a 1,3- -dihydroxy
5-trifluorometh sulfon¥loxy | uor ophenyl) - 6- i sop

progasiing group ayd %xy Ol AC ke

5- brono-4- (4-fl uorophenyl)-6-isopropyl - 2- net hyl am nopy
rimdine; 10

16- |od@onmémuhﬁmbwbph@mykwbaﬁdﬁ@pwopyl 2- et hyl ami nopyr

SR ATA porpben - SemaRyy Ch TRy NSy onyaincip rimidine
53yi6dod-(U-flegrophenyl)-6-isopropyl-2-(N-methyl-N- methylsulfonylammo)py_rlmldme;
5&8{9{;}-4~£}I‘ glg.gnefieg&s)n Olﬁfg orggﬁl- -%%me{hgfll & tkﬁglﬁ%%wazn_ir?o_);l)ysfpn%dine;
55nﬂﬁ&65ﬁetﬂyl(séﬂfcfﬂyuﬂ5'ﬂp(hefmblr6ph6nyl) 6-isopropyl-2-(N-methyl-N-

saop ro&y a ul fonyl am nopyri m di ne;
msthybyto WITTH‘HP)PMHF‘&}%%WI ) - 6-i sopropyl - 2- net hanesul f ony

SIW&QRwﬂuﬁ}o%h&ﬁll) 6"-@0 opyl -2-hydroxypyrimidine;
| oro-4 |"uor op ) - 6-i sopropyl - 2- met hanesul fo
Snw%ﬁﬁﬂwpphﬁna])ﬁelsopropyl 2 hydroxypyrlmldme

5-chloro-4-(4-fluorophenyl)-6-isopropyl-2-hydroxypyrimidine;
5-trifluoromethylsulfonyloxy-4-(4-fluorophenyl)-6-isopropyl-2-hydroxypyrimidine;
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5-trifluoronethyl sul fonyl oxy-4-(4-fl uorophenyl)-6-isop
ropyl - 2- net hanesul f onyl am nopyri m di ne;

wh20606ms¢t- (4- f 1 uor ophenyl ) - 6-i sopropyl - 2- am nEEYGBRG0E004999

ne;

5-i0do-4- (4-fl uorophenyl)-6-isopropyl -2-am nopyrim din
e; 20

5-chl oro- 4- (4-fl uorophenyl) - 8 I sopropyl - 2- am nopyri m d
i ne; and

5-?50 (4.4 é&‘ ﬁlrjgr'gg en %i)-%glaépqgwl 9%104?#84‘111{151 rophenyl ) - 6-isop

s thereof. 17. A
5 MHMGMnﬁhcﬁ@mhﬂ) fesbprapyLR-ahlorap§rimidind) i s
rohe [)-6: 25 . ...
> FEIBWFJC:’&/?[ ‘%O?Iﬁn qpr(,\ég'llféfcgliﬂr%qﬂ%ﬂw *ani no) pyri m di ne
5- tr1ﬂlﬁ>rorﬂ@'lﬁy1§.ﬂﬂ$ﬂ91'dﬂ¢-4 (4-fluorophenyl)-6-isopropyl-2-chloropyrimidine;
dr ox 4-f | uorop henédeiy? i sopropyl pyri m di ne.

5- i??)’mOA4 t ﬁe%rggh%%) ~OriRRPTRRYS pyfmidine;
520day41(40ﬁyor&pheﬂylj BHQTpQ%ﬁQY&sMon%Quﬁ@Q@r opyl pyri ni di ne,

sai d process conprisin reaction of
5-ehlaga-4-44-flpereplshe 'ﬁd&‘ﬂéowl‘tzﬁOS’lQWP}‘fWLdeut anone in

#r?ﬂldﬁ?&ﬁ fnﬁs go\ﬂ?lo%é c1A(21 ﬂuoro g})f-1§9rgio%yl-2-tosyloxyg)grlmxdme

oro ne as a ution
54meQ341-l(|4}ﬂeoroalmmwM§ 126186125308%1166}'19@1?10@26@516004999 -50
I uene. v wi th urea and

S-ﬁ%}i&[ ggﬁuogaqhggylgg-lsolg)mpgopr enhalla 1hopyTimi

5-chloro-4-(4-fluorophenyl)-6-isopropyl-2- methylammopyrlmldlne
5-trifluoromethylsulfonyloxy-4-(4-fluorophenyl)-6-isopropyl-2-methylaminopyrimidine;
5-bromo-4-(4-fluorophenyl)-6-isopropyl-2-methanesulfonylaminopyrimidine;
5-i0do-4-(4-fluorophenyl)-6-isopropyl-2-methanesulfonylaminopyrimidine;
5-chloro-4-(4-fluorophenyl)-6-isopropyl-2-methanesulfonylaminopyrimidine;
5-trifluoromethylsulfonyloxy-4-(4-fluorophenyl)-6-isopropyl-2-
methanesulfonylaminopyrimidine;
5-bromo-4-(4-fluorophenyl)-6-isopropyl-2-aminopyrimidine;
5-iodo-4-(4-fluorophenyl)-6-isopropyl-2-aminopyrimidine;
5-chloro-4-(4-fluorophenyl)-6-isopropyl-2-aminopyrimidine; and
5-trifluoromethylsulfonyloxy-4-(4-fluorophenyl)-6-isopropyl-2-aminopyrimidine; and the

salts thereof.

17. A compound as claimed in claim 16 which is 5-bromo-4-(4-fluorophenyl)-6-

isopropyl-2-(N-methyl-N-methylsulfonylamino)pyrimidine.
18.  The compound 2-hydroxy-4-(4-fluorophenyl)-6-isopropylpyrimidine.

19. A process for the production of 2-hydroxy-4-(4-fluorophenyl)-6-
isopropylpyrimidine, said process comprising
a) reaction of ethyl-4-fluorobenzoate with 3-methyl-2-butanone in toluene to give 1-(4-

fluorophenyl)-4-methylpentane-1,3-dione as a solution in toluene; and
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b) reaction of said solution in toluene with urea and hydrogen chloride in isopropanol.



