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CHEM CAL PROCESS Thi s invention concerns a novel

chem cal process, and nore particularly it concerns a
woooelooneni cal process for the manufacture of PCT/GB2006/003543

rosuvastatin and its pharmaceutically acceptable

salts, especially rosuvastatin calcium as well novel

i ntermedi ates used in said _process and processes for

t he manufacture of the novel internedi ates.

Rosuvastatin and its pharmaceutically acceptable salts

are HVG CoA reduct aggy Mﬂb%tﬁéﬁﬂﬁg have use in the

treatnment of, inter—all sterolem a and

m xed dyslipiden1a. Rosuvastatln cal ci um (Formul a (A))

IPZ (s n% Iﬁ-gfpeﬁt?on énﬁ% Q%)L}%{ : ngtlngi pro s%sa;x!;g;tx r%%i@ﬁ;? & &hcerns

a ndved chasies process for the manufacture of rosuvastatin and its pharmaceutically

accg:gli)alflg ﬁé}rs)é ﬂg 3%{9? ta%}]gaécml Saospvsr/eqpﬁ/ove 1n[ermet:£¥£l:s(urg§§ Qlyslaid

progess @BRpSYssSs for the MysduRxyiRaTthdnEDinteraedistes.
(rosuvastatin) its so um salt and cal cium salt

(o RRSEt s 7048 PErmarond oY tcr et b ateIMEoA reductase

inhiRELMY Ha®d udehif te tREBRA! G infh a11£ SeRMYAS bighlahn@ Rxed
Its pharnaceutically acceptabl e salts are obtai ne

dydlipidestiay Bysuvasiafireataiye (FasmuledAdyis marketed under the trademark

CR{E?;:BP%@ Figﬁ%)(e Iﬁﬂz& g.:ppfgéaﬂéllx ?g&%ﬁ%@ﬁﬂo\hﬁ%ﬁ(bﬁiﬁl discloses
(E))ﬂ—[44G4=Fﬂwoﬁphﬂh—ﬁI-lgopﬁpyb@-[ﬁmel}hyl(mﬁ’&hy]’shlfmlyg)ﬂinino]pyrimidin—5-
ey SRR e PR B S FE b P R Bt S catciom

sala(sysomastatincalciail Gllusaated belbWparkt Dprocgs @it thediydeparation.
hydrolysis.

IT'

++

Ca

(A)

Rosuvastatin and its pharmaceutically acceptable salts are obtained therein by

condensation of methyl (3R)-3-[(terz-butyldimethylsilyl)oxy]-5-0x0-6-
triphenylphosphoranylidene hexanoate with 4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-
N-methanesulfonylamino)-5-pyrimidinecarboxaldehyde, followed by deprotection of the
3-hydroxy group, asymmetric reduction of the 5-0xo group and hydrolysis.

Other processes for the preparation of rosuvastatin and its pharmaceutically
acceptable 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-ylmethyl]
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O her processes for the preparation of rosuvastatin
and its pharmaceutically acceptable salts are
waleacnoted in WO 00/ 49014 and WO 04/ 52867. ThePCDGBRMGI03543
and its pharmaceutically acceptable salts are obtained
in WO 00/49104 by reaction of di phenyl [4-
(4-fl uoropheny) - 6-i sopropyl »2-[ met hyl (et hyl sul fonyl ) a
m no] pyri m di n- 5- ylnethyl]phosphlne oxi de with
tert-butyl

phoéphihé & e iR 1 QU Z—I%4l€'6§ 3@5 -2|2=-<?mlg{ QK@A:- cﬁ %5}4 acetate

acetate |nth—presence O Yy re
in th¢ prgseneeelid bage.gelbaypsl by\mnowl sﬁ%mﬁmgﬁb@m SWOHIéV52867

ORISR Bh of LBy P PR PO S
triphenyphesptopingkddne pamiyhd witiné-(pEndmpkenyd)tGisopropyl-2- (rI]\I -methyll -N-
-(4-f anesu

el A RO By b e bl EC B P Bty
asyeeqptid 1§dﬁdlt1©ﬁ of als@&rﬁm BioGp Eﬁﬂhﬁﬁ_&cﬂms of the 4-oxo0 g :j 0 ;J p
Si s er there i, continuing need to
d g‘ﬁ?%‘gr?g dicfeds A a?lrtvw@y%%e%@ﬁgnt&bﬁtwwmﬁga 9F theof
maﬁlﬁﬁétﬁﬁ%%‘f Alshivhs@ff ahd s PRALIREEIALY %@éebbébﬁ:%ﬁﬁ@tﬁkh @rocesses
salts. Such_ processes may, for exanple, when conpared

may,onpapply ¥hen ¢avenaredde peesely knpwn pacessen o g1oregrmvenient to
useuﬁcemog%um.:ef T 'fﬂréea&laf% ng BfalcélEéJ gl?é %ﬁgeﬂf g éttléf ﬁnlg,erreduce

give the product-in a better y
the ghmberag stepninblved) uswmmndlehewmcmaeanvm|eestﬂya5(éatn¢; reyuire less

e |ess. ¢omn i cation
COI?@@%%IX‘IﬂSé@&Hatuse Cpleg,gl 2 XCSS X ens1ve j Y&} ﬁ}enﬁ H/gr %ﬁ %lPIGb e nore
mnemnmmﬂﬂheﬁha&by frlendly MD 03/064382 descri bes a

P ooy A ACLLE O pstatin conpounds, cuch o,
int@ S} aAPRhVdsatia halPlostivaftih WasddIn ¥l a8ymmetric aldol reaction using a
chiral titanium catalyst. WO 03/42180 describes a similar process for the synthesis of
pitavastatin.

We have now discovered a particularly useful process for preparing rosuvastatin
and its pharmaceutically acceptable salts, using a variant of the process in WO 03/064382
which we have found to be particularly beneficial in terms of yield and/or enantiomeric
excess of the product.

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, comprising

a) reaction of a compound of formula (II)



chiral titaniumcatalyst. WO 03/42180 describes a
simlar process for the synthesis of pitavastatin. W
whaooeg/oomwe di scovered a particularly useful proP€FEBR@6/003543
preparing rosuvastatin and its pharnaceutically
acceptable salts, using a variant of the process in WO
03/ 064382 which we have found to be particularly
beneficial in ternms of yield and/or enantiomeric
excess of the product. According to a first aspect of
the invention, there is [ @ process for the
manuf act ur e of a conpouog ¥ g§g%ﬁla () (1) or a
pharmaceutically acce é t hereof , conpri sing
a) reaction of a conmpound of fo Rul a (II)(II) wher ei n
each Rl is independently sgﬁpcted from(l-6C)al kyl,
and Ris, selected from ( 6C) al kyl , (3- 6C30yc|oa|ky|
whegpingach R} isgrdeasndgnily wwdér%ﬂp@m&ybfand BrigwselestedIfioi) (1-

6C]a1k|yl X3J6@zéye%am?ﬁ§%gqv\ﬁer fiyli tanium (1V) catal yst of

formul a éach R2 is independently
5 W“%éP@@P@Hﬁﬂﬁémm4mlUE)aJkyI and t he bi naphthyl noiety is

10
(Iv)
(wherein each R® is independently selected from (1-6C)alkyl and the binaphthyl moiety is
in the S-configuration), an alkali metal halide salt and an amine, in an inert solvent, to give

a compound of formula (V);
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in the S-configuration), an alkali netal halide salt
and an amne, in an inert solvent, to give a conpound

wotoooord a (V); (V)b) reduction of the ket o- gpOUBBR0V6/003543
t he conpound of fornmula (V) to give a conpound of
formula (M); (VI) and c) renoval of the R group tp
gi ve the compound of formulg.(1) or a salt thereof;
optionally followed by formation of a _
pharmaceutical |l y-acceptable salt. Suitable condltlons

b) redctivi ef the &etoi gory iatie wepotibertoRlW) S8R 22bm
f B al kali nmetal halide and the am ne are be |eved

:mn§ h&b eéssential for obtaining good yield and

6r this reaction with the

). The nolar ratio of the

) and a conpound of fornula

n the re%ctign m xtures is

enanti omeric excess f
conmpound of fornmula
al dehyde of formula
(1) initially pres
conveni ently between .
1:4, conveniently betwger such as 1: 2.

The nol ar rath.,@he/[é |tan|un1(l\0 catal yst of
formula (IV) to ’t \de

Qyde of formula (111)
initially presentng: g he/reaction mxture is
conveni ently betweeA (.01:1 and

(VD)

and
c) removal of the R group to give tﬁe compound of formula (I) or a salt thereof:

optionally followed by formation of a pharmaceutically-acceptable salt.

Suitable conditions for the reactions are described below.
Step a)

The use of the alkali metal halide and the amine are believed to be essential for
obtaining good yield and enantiomeric excess for this reaction with the compound of
formula (TII).

The molar ratio of the aldehyde of formula (III) and a compound of formula (II)
initially present in the reaction mixtures is conveniently between 1:1 and 1:6, such as from
1:1 to 1:4, conveniently between 1:1.5 and 1:3, such as 1:2.

The molar ratio of the titanium (IV) catalyst of formula (IV) to the aldehyde of
formula (III) initially present in the reaction mixture is conveniently between 0.01:1 and
0.15:1, such as between 0.01:1 and 0.05:1.

The molar ratio of the alkali metal halide to the aldehyde of formula (IIT) initially
present in the reaction mixtures is conveniently between 0.03:1 to 1:1, particularly between
0.1:1 and 0.4:1. The exact quantity of alkali metal halide to be used will be understood by
the skilled person to depend on which amine is used and/or the amount of the titanium
catalyst used, and/or the concentration of the reaction solution. The quantities given above
are particularly suitable when the alkali metal halide is lithium chloride.

The molar ratio of the amine to the aldehyde of formula (III) initially present in the

reaction mixture is conveniently between 0.015:1 and 2:1, particularly between 0.5:1 and
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0.15:1, such as between 0.01:1 and 0.05:1. The nol ar
ratio of the alkali nmetal halide to the al dehyde of
woeromabA1I{ 1 11) initially present in the reactiPCI/GB2006/003543

m xtures is conveniently between 0.03:1 to 1:1,
particularly between 0.1:1 and 0.4:1. The exact

guantity of al kali netal hggtde to be used will be
understood by the skilled person to depend on which

amine is used and/or the anmount of the titanium

1.5 :? g‘%rgitel}’aﬁ}r a{s’ﬂ%ﬁﬁlt: 1 afh%/ e%%cttqgeﬁ%ﬁ&:a%é t%.tﬂech@ecp if lneeuanrdeerstood by

I on. € ities given above
the pldfi¢d medoand dersud balbihéchwindgre is heedank@l thermatoaht dfdhd tteniim

Lithiymchloride. The I rati t he am.ne t he,.
coalys g ATt B aPRi e e 5o v i FeleiRPR of g ediion
solutRaCTleQuantitick diven above Qi ifticiirlyysuhsilyveten (e Qhbielis TRIEDA.

2:1, particularly between 0.5:1 andl,5:1, prefer Q#%

abothe Tgacion mag be karEed gefdm e PR FrotfRolEnt sudhes (R dipiuran,
diethﬂemeld&nﬁﬁl@lﬁgxﬁyhaha%r&‘éﬂatwQaraﬁ?drgﬁﬂaﬂ. A SRenoR Bf WNaR

am ne i s used ‘and/ or the anount of the titanium
mayasabssed.used and/ or the ampunt of netal salt used

quatirpdcBEn G EE BAT88 bk BlorkrBnl € Rk BUEPC bRt 20 02
such Beframiabeuti19°d M=DAut € ané prifdrably ey dbeuicidrP Citeabont/30°Cn

a pol ar, aproti.c salvent, such as .tetrahydrofuran,
di et H&ﬂff‘é‘f%@&aarmed?%ﬁ%& iiglﬂﬁlaﬁ ,Oné? eferably

t et £ 3hydrafanlifdis NINOOROb A d 1R ctBYlefidh N STMBDAR! Afreive
used. The reaction may be carried out at a tegﬁerature

amipeine g RARGE (1.4-diarabicy ckd 8, 2]ectps), arorplhobing N-100C
e
¢ hl Iovangdes of (1-6C)alkyl include methyl, ethyl, propyl, isopropyl and tert-butyl.

Examples of (3-6C)cycloalky! include cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl. Examples of aryl(1-6C)alkyl include benzyl.

Suitably each R! group is methyl. Suitably R is selected from (1-6C)alkyl,
particularly R is ethyl.

A compound of formula (IT) may be prepared according to the procedures described
in WO03/064382 and W003/42180, and in J. Am. Chem. Soc., 1993, p. 830.

A compound of formula (IV) may be prepared according to the procedures
described in WO03/064382 and W003/42180.

A compound of formula (IIT) may be made by the following procedure, as

illustrated in the accompanying Examples and as shown in Scheme 1 below.



A preferred amne is
N, N, N, N-t etranet hyl et hyl enedi am ne ( TMEDA)

W@\RGoenoEte ve am nes i ncl ude DABCO PCT/GB2006/003543
(1, 4-diazabicycl o[ 2. 2. 2] oct ane), norpholine
andN, Ndi net hyl pi perazine. In one aspect preferred
am nes are bidentate. Exanpfes of (|-6C)jalkyl include
net hyl , ethyl, propyl, isopropyl and tert-butyl.
Exanpl es of (3-6C)cycl oal kyl include cycl opropyl,
cycl gbutyl, cyclopentyE and cycl ohexyl. Exanp es of
aryItI-6C3aIkyI i ncl ude benzyl. Suitably each
i s (fre SU|tany H selected from (-6

part e R.is ethyl. oung q&lfor (rr)
may | ccor di ng to?f%%fﬁﬁfﬂxﬁhu s descyi bed

\ 42180, and in J. i
Soc, R93, p. 830. Alsompouynd of fornula §$1$ i
prepfred according”?o Nhe Jprocedures des&Pi béd
W03/ 064382 and W03/ 424B80. A conpound of fopmyl a
(I11) may be nade by the follow ng procedure, as
illustrated in the acconpanyi ng Exanpl es and 3§D§pomn
in Scheme 1 bel ow. POCl 3 N net hyl met hanesul f ongm
Bu4NBr Pd[P(tBu)3]2 acrylonitrile

F F

N-methylmethanesulfonamide

Br Br
N ~ N -
l I
~ A
l}l N Cl/k\N
SO,Me (X) (|X)
Bu,NBr
Pd[P(tBu),l,
acrylonitrile
_N DIBAL
~ x _—
]
\[}l \N
O=?=O
(X1
Scheme 1

It will be understood that the present invention encompasses the use of the
compound of formula (IIT) made by any suitable method and is not restricted to that shown
in the above scheme. However the route shown in Scheme 1 is believed to be novel and is
provided as a further independent aspect of the invention.

In a further aspect of the invention, there is provided a process for the manufacture

of a compound of formula (IIT) comprising:
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DI BAL Schene 1 It will be understood that the present
i nvention enconpasses the use of the conpound of

wo ooomdAI{ 1 | 1) made by any suitabl e nmet hod andP@EGBR106/003543
restricted to that shown in the above schene. However
the route shown in Schenme 1 is believed to be novel
and is provided as a furthg;_independent aspect of the
invention. In a further aspect of the invention, there
is provided a process for the manufacture of a
conmpound of formula (I111) cenprising:(I11) i) formng
a conpound of fornmula (XlI) flroma conpound of fornula
(X); and ii) converting th mpound of formula (X) to
t he conpound of fornula (I ;. Sui tably the conpound
of formula (XI) may be made |by reagting the conpound
of formula (X) with acryl gy tyi ITHthe presence of a
transition netal catalyst, lksuth as a pall adi um
catal yst, such as Pd[P(tiu) 3] 2 Tpre-prepared or
generated in situ fronP=FoP exanpl e
bis(dibenzylideneacetonefpalIadiun(O) (Pd(dba) 2) or
tris(di benzyli deneacet one) di | adi um(0) (Pd2(dba) 3)
and Bu3PH BF4]. A phase tran r catal yst, such as
t eti) folomainglagomp oundrofforomlaeX rfrpmrecongednd Gifotnallh ¢X); and
conversign of the conpound of fornula (XI') to the
compound Jof forrmula (I11) may be carfied out by

reduct i sing DI BAL (diisobutyl al ni um hydri de).
Furt her
N
7
NZ N”
\N)\\ \NJ\\
! O:S}:O

(X)

(XI)

ii) converting the compound of formula (X) to the compound of formula (III).

Suitably the compound of formula (XI) may be made by reacting the compound of
formula (X) with acrylonitrile in the presence of a transition metal catalyst, such as a
palladium catalyst, such as PA[P(tBu)s], [pre-prepared or generated in situ from, for
example bis(dibenzylideneacetone)palladium(0) (Pd(dba),) or
tris(dibenzylideneacetone)dipalladium(0) (Pda(dba)s) and ‘BusPH-BF,]. A phase transfer
catalyst, such as tetrabutylammonium bromide may be used.

Suitably, conversion of the compound of formula (XI) to the compound of formula
(III) may be carried out by reduction using DIBAL (diisobutylaluminium hydride). Further
suitable reducing agents include the following and complexes thereof: Raney nickel (with a
source of Hy), tin(IN)chloride, lithium triethylborohydride, potassium 9-sec-amyl-9-
boratabicyclo[3.3.1]nonane, diisopropylaluminum hydride, lithium triethoxyaluminum
hydride, lithium diethoxyaluminum hydride, sodium diethylaluminum hydride, lithium
aluminium hydride, lithium tris(dialkylamino)aluminium hydrides, and trialkylsilanes in

the presence of appropriate Lewis acids.
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sui tabl e reduci ng agents include the foll ow ng and

conpl exes thereof: Raney nickel (wth a source OH2),
wa eevgodnehl oride, lithiumtriethyl borohydri de, PCT/GB2006/003543

pot assi um 9-. ?ec-anyl - 9- bor at abi cycl o[ 3. 3. 1] nonane,

di i sopropyl al um num hydride, lithiumtriethoxyalum num

hydride, lithium diethoxyal gm num hydride, sodium

di et hyl al um num hydride, |ithium alum ni um hydri de,

[ithiumtris(dial kylam no)al um ni um hydri des, and

tr irgbxl%hﬁdﬂlya Q&?vet)s‘ib& G PERTNEE o@ﬁomﬂﬂ& %@ fib %%an§¥‘6&1 of

aci More Suitably, conversion nmpoun
forrfralp iGAHT) anagy Yok catrigd phtév}'crgmgn usiog DiBAk fonexaniplg inrtelyertyent
Oo{;:arrl ed out by reduction using DIBAL, for exanple in
ol uene at O O0C. Further suitable conditi ons for these
r e eiﬁmhmumtﬂy ctaelitfons figh these tdaeti@s aoiyybe fyindgn ¢hearpdmsanying

e wel | own i e art. The conpound of forrrul a
exa’(nP ers)oraﬁea‘ﬁ%l g“or“frllﬂlfltefr{]4 fi uor ophenyl ) - 6-i sopropyl -
( 3-Theaw @uﬂ&cﬁ‘ﬂ&ﬂrﬁuwmlmndmeryamhkél\f N ("Eﬂﬁbk‘éplﬁhﬁ?ﬂ&&jpkcfﬁl-&

nam de i s believed to_be novel and pravid

G- qxepmelrel&@ﬁ&@l%ﬁﬂﬁéﬁ%@ﬂw@ﬁn%ﬁﬁ@a@&mIa t%(# i be novel

and/i@pV dRd M hﬂtheﬂ"e{% ¥f the 1nvent10n
4-(4-1luorophe I sopropyl pyrimdin- 2-ol is

o Thovetooort s CARbara S FetspheryA-¢-appiasy lpyrimidin-
2- o?%'%?ﬁve@?o EJ}FWE]E%E B b O%g%&le{ asea} ﬁ’%ng}gdp t 91{ t;é g{\r%

i s oPreaoyippymd crﬁfdnnnﬂaZG\dIII); sl 3-broew)- 4 (34 feorppheayl)@nd i s
1so;§)rop3>ipyrlenq1d1an§2 ol is %Eﬁer\]/gé 1o ovtel a%fd 1§ phrgwldgcy aesna %u%ﬂer aspect of the
invention.

The compound of formula (IX), namely 5-bromo-2-chloro-4-(4-fluorophenyl)-6-
isopropylpyrimidine is believed to be novel and is provided as a further aspect of the
invention.

The compound of formula (X), namely N-(5-bromo-4-(4-fluorophenyl)-6-
isopropylpyrimidin-2-yl)-N-methylmethanesulfonamide is believed to be novel and is
provided as a further aspect of the invention.

The compound of formula (XI), namely trans-N-(5-(2-cyanovinyl)-4-(4-
fluorophenyl)-6-isopropylpyrimidin-2-yl)-N-methylmethanesulfonamide is believed to be
novel and is provided as a further aspect of the invention.

An alternative process for making the compound of formula (III) is by reaction of a
compound of formula (X) with an appropriate vinylic boron species.

Therefore according to a further aspect of the invention, there is provided a process
for forming a compound of formula (III) (as hereinbefore defined) comprising
A) reaction of a compound of formula (X) (as hereinbefore defined) with a vinyl boronate
of formula (XII)

NN
vB~ X"oR

(XID)
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The conpound of forrmula (I1X), nanely
5- br ono- 2- chl oro-4-(4-fl uorophenyl ) - 6-

w0 s@poopyd pyrinmdine is believed to be novel aPdI/GB2006/003543
provi ded as a further aspect of the invention. The
conpound of forrmula (X), nanely
N- (5- brono- 4- (4-f 1 uor ophenyl
i sopropyl pyrimdin-2-yl)-Nret hyl met hanesul f onani de is
bel i eved to be novel and is provi ded as a further

wh@r%ﬁﬁ?{' ok eléﬂfd(%&%{ ?Ebhgth\(, SRR B:0f (R An X,

B(GRDg Béﬁﬁé)ﬁﬂll B(GRSMS@HHR@ ORfﬁ Bi(@R2A(QR)OH )R ORINORAR,
eﬁghgﬁfaq%gﬁggs believed to be novel and is provided

pect of the invention. An alternative

R5 prseleess fiber(1eakilkg, (czta:)eymmlbsndn@& f(D-TGUJ)leyI(' 1) is by

tion of a conmpound of formula
R® s&&@%otﬁaqt%etr oA %SY‘M & tyse EROSHELY B brr)éi)aé P%tfwe%thsé% pYyasgs to
whic@ tli’eyfa% itﬁ@ﬁedawﬁﬁﬁlbﬁubﬁtﬁ‘tﬁteﬂ By &N3,1304}.4 th&iRY1%r plenyl groups;
ovi_ di process ormng a conpound of formul a
0T§H¥W#RG%ﬁﬂWéﬁémﬂhéﬁﬁﬂémﬁef|ned) conprising A reaction
3 formula (X) (as hereinbefore defined)
amPﬁ % gmggﬁgggﬁo onate of formula (XII) (X I)wherein
foleedl hy dspiotastiemitofgivna BnGdpad oBoGr)I8 (XIIT): B( OH) 2F , BX3
(wher ei n X=hal ogen), B(ORp)2, B(OR5)2F , B(ORSMXH) ,
B(OR6) (OR7), B(OR6) (OR7)( B(OR6) (OR7) F

(XIII)

and
B) oxidation of the compound of formula (XIII) to give the compound of formula (III).

Suitable values for R? include well known hydroxy protecting groups, and include
for example Si(R*); (wherein each R* is independently selected from (1-6C)alkyl),
tetrahydropyranyl, benzyl, p-methoxybenzyl, methoxymethyl (MOM) and
benzyloxymethyl (BOM). Preferably OR? is not an ester group.

In one aspect, R® is Si(R*); (for example trimethylsilyl, or tertbutyldimethylsilyl).
In another aspect R is tetrahydropyranyl.

Suitably BY is BOR®)(OR").

Examples of BOOR®)(OR”) include:
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BR5 2, BR5 20H and BRS5F ; R5 is selected from
(I-6C)al kyl, (3-6C)cycloal kyl and aryl (I -6C) al kyl; R6
waea7Rr711oget her forma two or three carbon al Rgl/6B2006/003543
bri dge between the two oxygens to which they are
attached, optionally substituted by 1, 2, 3 or 4
met hyl or phenyl groups; or_4g6 and R7 together forma
phenyl ring; and R3 is a protecting group; followed by
deprotection to give a conpound of fornmula (XI11):
(XI'11) and B) oxidation of the conpound of fornulay_—p
(XI'1l) QoBgi ve the conpound of forrmula (111). Sugtabl%
val ues/f orsR3 i ncl _erveII known lmydgoxy protec
gr oupy, i ncludg far exanple 3 (RA3 (wherei
R4 i s independentl'wsePected from (Il-6C)al kyl),
tetrahydropyranyl, benzyl, /7-nmethoxXybenzyl,
nmet hoxynet hyl (MOM and benzyl oxynet hyl (BOV).
Preferahly OR3 is not an ester group. In one aspect,
R3 is S{RB)3 (for exanpQsBrimethylsilyl, or
terbR | diget hyl silyl) { I'n gnother aspect R3 is
tetra'lgl;{dr yranyl .
ph Ph

In one aspect, BOOR®)(OR’) is:
0—B
\
0

Suitably the reaction of (XII) with (X) may be carried out in the presence of a
palladium catalyst such as (1,1 ’-bis(di-tert-butylphosphino)ferrocene)palladium(Il)
chloride. The reaction may be carried out in acetonitrile and water, in the presence of a
base, such as potassium carbonate.‘ Alternatively, the reaction may be carried out in the
presence of fluoride, see for example J. Org. Chem., 1994, 59, 6095-6097.

It will be appreciated that for some values of R? (for example when R is Si(R%);,
the silyl group may be removed in situ during step A). When R is tetrahydropyranyl, a
separate step may be required to deprotect the intermediate allyl ether to give the alcohol
(XTII); this may be carried out for example by hydrolysis using aqueous hydrochloric acid.
This deprotection step may be carried out without isolation of the intermediate allyl ether,
as illustrated in the accompanying examples. When R is p-methoxybenzyl group, it may
be removed under oxidative conditions which simultaneously oxidise the hydroxy group to
give an aldehyde of formula (III).

Suitably the oxidation of (XIII) to give (III) (Step B) may be carried out using
manganese dioxide, for example in toluene. Other oxidation conditions well known in the
art may also be used, for example variations on the Swern oxidation, such as would be

achieved using chlorine and dimethylsulfide.
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Suitably BYx is B(OR6)(OR7) . Exanples of B(OR6)(OR7)
include: I n one aspect, B(OR6)(OR7) is: Suitably the

wo eaecodam of (XI1) with (X) nmay be carried outPCTGBRE@®6/003543
presence of a palladium catal yst such as _
(I, r-bis(di-ter”-butyl phosphino)ferrocene)pal | adi un(! I
) chloride. The reaction maybe carried out in
acetonitrile and water, in the presence of a base,
such as potassium carbonate. Alternatively, the

r eag i Qudt .
e 5008 o RS cpmanin
eXagdes. 6097. It will be appreciated that for sone val ues

f e Sil oup
?rayﬂ%e gr?ovaégfm}r@g t i n%’%"gﬁél (4'W%rﬁl§tﬁ§‘¥bssg(r3
hydrexyipziny lj-pnm)f6aﬂWtOPyhvylsmphm-at}é)-Ntmﬁh};]iﬁiﬁthbﬁesﬁEmnﬁ?jis bélieved
t di ate all ether to give the
to%ﬁggﬂoﬁﬁ%%laﬁm%eﬁag’%ﬁt&@%e X%l%rop'ed out for exanple by
hydr ol ysi s usi ng aqueous hydrochloric acid. This

deprotection step may be carried out w thout isolation
‘%ﬂg\?the internediate allyl ether, as illustrated in the

ac CReqBN heé W esm H%ffo?m'ilﬁt 1P 8BZNkied out
h %Fﬁz? ??ﬂdsrfgy R@?ﬂgarr%{/ned under oxi dati vebzongl ti onle out in
(]

e of Adi(oxisedodmethoxybnrare, such ahylwﬂry%yetg@wbpran@ogu ve

dlbﬂt?}lrﬁétﬁicﬁ(?’) 91?1869 %u%%ﬂi%%ﬁyﬁl}%ﬁaxgb%gﬁé i@%%etﬂgg Fe aéﬁcgl i g?nerally
g’én‘d pushiasl tefrahysirofareany IaH alcohd] ehahens enetianbiesr

eth%fé“e’g’?g‘#@%“%iﬁﬁ%fhﬁ%?@# SHERTe PSR R tngRd
methgmih as woul d be

The reducing agent is suitably a hydride reagent such as sodium or lithium
borohydride, particularly sodium borohydride.

The reaction may be carried out at reduced temperatures, such as about —20°C to
about -100°C, particularly about ~50°C to about -80°C.

Similar chiral reductions are described in EP0521471.

Step ¢)

The R group in the compound of formula (VI) may be removed by hydrolysis under
conditions well known in the art, to form the compound of formula (@), or a salt thereof.
Such salts may be pharmaceutically-acceptable salts, or may be transformed into
pharmaceutically-acceptable salts. For example, R may be hydrolysed by treatment with
aqueous sodium hydroxide to form the sodium salt of (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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achi eved using chlorine and di nethyl sul fde. Furt her
sui tabl e conditions for these reactions may be found
w0 poovhe7iaconpanyi ng exanpl es. The conpound of PEDGB08/003543
(XI11), nanely rar-N-(4-(4-fluorophenyl)-5-(3-
hydr oxypr op-
1-enyl)-6-isopropyl pyrim di_fq2-yl)- N nethyl met hanesul f
onam de is believed to be novel and fornms a further
aspect of the invention. Step b Reduction of the keto

9r opR: dothpolifd SOBRAMUR @IIP %fma(rQétQ&‘Jis%s(c\ﬁcuP?%%? d%ﬁ‘%fbla@ d

out in the presence of a di (Il oweral ky oxybor ane,
hergigbeforgs Thi ealdiyinselt mex Yo rmed diggetly mbmpwqufmbmﬁamm

renh hﬁtﬁr gr)(l)q]é gt‘op X{aﬁgﬁw&ﬂﬁgﬁ%l QImp of fé)rrtl?neular gﬁf) aqiueous

genera ven
cal¢iemhytinpeirdef sge antemrapahcaabn: US(QIOOS/O t:hl68§) Grﬂiyhaatﬂhg @ alternative

xtur S ol vent for exa
s e AR Puegia & PinlyBIT et G ertiin Rl i ma 3o of
suitabjle ehlciugn mxrdeamlsabte daletling StRrdes a@RIdE caldiih @SorfdRGhd BA16m
#%t un1b roh ggl grticularly sodi um bor ohydri de.
ace %@f‘ﬁﬂa *®4¢ri ed out at reduced
t enper at ur es, such as about -200C to about -1000C,

partlcularly about -500C to about -80C. Simlar chiral
reductiong are described in EP0521471.

- M

(vh
eg CaCl,

Scheme 2

Suitable conditions for transformation of the sodium salt to the calcium salt are
described in EP0521471. It will be appreciated that the resulting calcium salt may be
retreated if desired in order to obtain different particle size, or different physical form
(such as amorphous vs crystalline) by processes known in the art (see for example
International Patent Applications W000/42024 and W02005/023779).

In a further aspect of the invention, there is provided a process for the manfacture

of a compound of formula (VI)
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The R group in the conpound of fornula (VI) may be
renmoved by hydrol ysis under conditions well known in

wao b®7a01119t o form the conmpound of formula (1), PCr/G82006/003543

salt thereof. Such salts may be
pharmaceutical |l y-acceptable salts, or may be
transfornmed into pharnaceuth al |l y-acceptabl e salts.
For exanple, R may be hydrolfySed by treatment with
aqueous sodi um hydroxide to formthe sodium salt of
(1). A suitable pharmgceutically acceptable salt
i ncl udes, for exanple,| an alkali netal salt, for
exanpl e a sodi um or gssium salt, an al kaline earth
nmetal salt, for exang cal ci um or magnesium salt, an
amoni um salt or a sal i ¥hi ¢ base which
affords a physi ol ogi ga RCCE gation, for
exanple with meghyl a '// et hyl am ne, di net hyl am ne,
trimet hyl am ne, ﬁﬁNﬁggil“‘ di et hanol ani ne,
tris(2-hydroxyethyébgﬁin= and
tris(hydroxynethyl)netﬁylanine.The conpound of formula
(1) is marketed as its cal @lym salt as descri bed
her ei nbefore. The calciumsalt nay be fornmed directly
as a product of the reaction to renove the R group
comfridingexanpl e by treating the conpound of formula (V)
wi t h agueous calciun1gydroxide, see patent application
a) 1epstiop 953 epperad sl fogulglly) r eat i ng an alternative salt
of the conmpound of formul.alh e SMcCh as the sodi um
salt, with an aqueous s 'Giéoésggﬁh sui tabl e cal ci um
sourLes include cal ci um
€. TRRs is illustrated in

1)
wherein each R’ is independently selected from (1-6C)alkyl, and R is selected from (1-
6C)alkyl, (3-6C)cycloalkyl or aryl(1-6C)alkyl;

with a compound of formula (IIT)

source. Suitable calci
chloride and cal ci um@acet
Schenme 2: (V1)

O
H3C\ ~
SO,CH,

(II)

in the presence of a titanium (IV) catalyst of formula (IV)



eg CaCl 2 Ca2+ Schene 2 Suitable conditions for
transformation of the sodiumsalt to the cal cium salt
wae@®7dedey i bed in EP0521471 . It will be appr eRCHGB006/003543
that the resulting calciumsalt may be retreated if
desired in order to obtain different particle size, or
di fferent physical form (su P as anor phous vs
crystalline) by processes known in the art (see for
exanpl e I nternational Patent Applications WOOO 42024
I .

onfBRfh KT RBCRAIT Gt e biRaBhdl DY AR pdehidfon), an alkal

metatehafidetaitrand of amine ginpao it solveht tangibaa ¢arhpointl pf formula (V);
conprising: a) reactign of a conpound of formula (I1)
(H wherein each RlL i$ independently selected from
(I-6Calkyl, and R i el ected from (1- 6C)al kyl,
(3-6C30yc|oalky| or (1-6Qalkyl; with a conpound

in th@Wn?seieaof a titanium

V)

5 and
b) reduction of the keto-group in the compound of formula (V) to give a compound of
formula (VI).
Suitable conditions for steps a) and b) are as hereinbefore described.
In a further aspect of the invention there is provided a process for the manufacture

10 ofacompound of formula (V)

comprising
reaction of a compound of formula (II)

OSi(R"), OSIR"),
cﬁj;l\\‘\~::::/[\\()F2

ey
wherein each R! is independently selected from (1-6C)alkyl, and R is selected from (1-
6C)alkyl, (3-6C)cycloalkyl or aryl(1-6C)alkyl;

with a compound of formula (TIT)

15
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(1'V)(wherein R2 is (1-6C)alkyl and the binaphthyl
moiety is in the S-conf guration), an alkali metal
whadorderisal t and an amine, in an inert sol vent PCT/GBI06003543
a compound of forrmula (V); (V) and b) reduction of the
keto-group in the conpound of formula (V) to give a
compound of forrmula (VI). Sujst.able conditions for
steps a) and b) are as hereinbefore described. In a
further aspect of the invention there is provided a
process for the manufacture of a conpound of fornula
(V) (V) conprising reactigin of a conmpound of fornula
(1) (11) wherein each R i ndependent |y sel ect ed
from(l-6C) alkyl, and R electedfrom(l 6C) al kyl ,
(3-6C) cycl oal kyl or aryl (I ¥l : with a compound
of formula (1I11)(II1) in the pt gsence of a titanium
(1V) catal yst of fohargﬂlim(l/ (I\/)
N™ N
SO,CH,

(IID)

in the presence of a titanium (IV) catalyst of formula (IV)

/

O~

N
0 "o

av)
(wherein R? is (1-6C)alkyl and the binaphthyl moiety is in the S-configuration), an alkali
metal halide salt and an amine, in an inert solvent.
Suitable conditions for this reaction are as described hereinbefore for process a).
In a further aspect of the invention there is provided a process for the manufacture
of a compound of formula (VI) comprising
a) forming a compound of formula (V) as hereinbefore described; and further comprising

b) reduction of the keto-group in the compound of formula (V) to give a compound of
formula (VI).

(VD)
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(wherein R2 is (I-6Calkyl and the binaphthyl noiety
is in the S-configuration), an alkali metal halide
w@adog/oema® an anmine, in an inert solvent. SuitakCEGB2006/003543

conditions for this reaction are as descri bed

her ei nbefore for process a). In a further aspect of

the invention there is prouijged a process for the

manuf acture of a compound of formula (VI) conprising

a) formng a conmpound of forrmula (V) as herei nbefore
desaeddadifly torlrthet abhRt oﬁﬁ@ﬁfvbﬁtidﬂgth@e if (9:@9&1%& QBrfRbsstie

ket o-group in_the conp ound of fornula give a
forifigsiompoynd %ﬁomla(lé o1 3 Pharyrgentiendly arongtabls salt fhs:rqotﬁ,er
R of the invention, there is provided a process
for formng a conmpound of formula (1) or a
a) forainga cemppuns of forgrbe(yD aml b) @ahmgtahemeotgndbc;fd?mulas{\fig as
nmul a an ormng a
hera}lbétg%nragg&%b@?ornu a gﬁﬂ pras fher ei g?alzefore descri bed,;
c) ramdveﬂ @f thedk groupriargiwd theg cahpovadoy fdrmafa (DHhe aRalgthettpfit o

e ¢ und of faormula It t her eof ;
Opt%n | onzlg‘f) Wyggg PG ¥y W?‘ﬁtk?)ﬁu%f‘ccﬁpt e salt. _
phar maceutical ly-accefitabl e salt. (1) Under certain
conditions, as illustrated in the acconpanying
exanples, it is poss to carry out the reduction of
conpound (V) to conpsux (VI )Ol_?n%Ht h8 subsequent

)

Under certain conditions, as illustrated in the accompanying examples, it is possible

to carry out the reduction of compound (V) to compound (V1) and the subsequent
conversion to compound (I) or a salt thereof, without isolation of the intermediate
compound (VI). Telescoping two reactions into one step in this way would be expected to
be efficient and cost effective, provided product quality is not compromised.

According to a further aspect of the invention, there is provided a process for
formation of a compound of formula (I) or a salt thereof, wherein steps b) and c) are

carried out without isolation of the intermediate compound of formula (VI).

Examples

In the following non-limiting Examples, unless otherwise stated:

() evaporations were carried out by rotary evaporation in vacuo and work-up
procedures were carried out after removal of residual solids such as drying agents by
filtration;

(ii) operations were carried out at room temperature, that is in the range 18-25°C

and under an atmosphere of an inert gas such as argon or nitrogen;
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conversion to conpound (1) or a salt thereof, wthout
i solation of the internedi ate conpound (VI).

wdedoemeupd ng two reactions into one step in thPGI/GB006/003543
woul d be expected to be efficient and cost effective,
provi ded product quality isgnot conprom sed. According
to a further aspect of the invention, there is
provi ded a process for formation of a conpound of

f or iy 3idide arRgivenSe} HIubhRIoR Ghly MAIHE hbt $ceREriR)thaAtlxium

_are'ca ried out wthout isolation of the internedi ate
attaingldegpound of fornmula (VI). Exanples In the foll ow ng

imiti Ex | . o
oo afith The shEass PbE Pud-BReERF BT S HaAR BLELE Capfiistea by

nucleXAGEir AN pMRSTH B Ofeesiian s (NWIRY; $xaton apretit rabhaice
removal of residual solids such i ng agents

v as dr h
chemicp) shifavplyas werd measyeadan tBh delipescaledealaevado sriramstyigigng) and
peakt %ﬁg)%rcﬁ}eg% 2 sHoRA as'f%llé\ps:ts,hs‘?n 1@1%1 8€dotB1et20%i dUBRRHI&NDbr,

Q_t__sp eré of an Irnert gas such as argon Or nitrogen;
broadf g duartgt, @ulls qaineetgi ven for illustration only and are

o 001 B edietsets AL Gt S by et PO W o
asses&AY tﬁfﬁele%ch%%ﬁﬁtggfaPﬁ}g@[’L@){J‘hﬂe}ﬁn%rpéhﬁQMM@%'bﬁbrmance

o res nance I‘.O on rragnetl C resonance chem cal
liquidsdtirbmatogtapby (MELE) mefsweddR bor NNR adlysds;scal e

ETRENCTE TR Ty —
chrofRb8h gy, ohsilidal &b othetwikisthie®] @blumBrchromatography was generally
carried out using prepacked silica cartridges (from 4g up to 400g) such as Biotage
(Biotage UK Ltd, Hertford, Herts, UK), eluted using a pump and fraction collector system.
(vii) High Resolution Mass spectra (HRMS) data was generated using a Micromass
LCT time of flight mass spectrometer.
(viii) melting point data were generally measured using Differential Scanning

Calorimetry (DSC) using a Perkin Elmer Pyris 1. Values quoted are onset temperature.

The invention will be illustrated by the following examples, in which the following

abbreviations are used:

DIBAL di-isobutyl aluminium hydride
DCM dichloromethane

EtOAc ethylacetate

CDCl; deuterochloroform

DMF dimethylformamide

MTBE methyl tert-butyl ether
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broad; q, quartet, quin, quintet; (v) internediates

were not necessarily fully characterised and purity
wor®7asaessed by thin |ayer chromatography (TLE)T/GB2006/003543

melting point (M), high-performance |iquid

chromat ography (HPLC), infra-red (IR) or NVR anal ysis;

(vi) Purification by chrom ﬁgraphy generally refers

to flash col um chromat ogra% on silica unless

ot herw se stated. Col um chromat ography was generally

Ex ”%%heéx%&)-t}‘a%sl‘ﬂm%?ﬁ%?&ﬁ%nﬁg '6'-1% ﬁ%@@ iges (from 4g

T0 4007) sucias brotage |(

, Hertford,
x ¥ ept-6-aicadid, eglcbnm

system (vii) H gh Resolution Mass spectra (HRVS) data
salty s generated using a Mcromass LCT tine of flight
viii) nelting point data were
ising Differential Scanning

Cal orinetry (DSC) g a Perkin Elner Pyris 1. Val ues
guot ed are onset tewperat uspg. ofhe i nvention will be
illustrated by the ol Lowi hg &xampl es, in which the
fol |l owi ng abbrevi &'i 0 . PIBADdi -i sobutyl

al um ni um hydr i de Lehl or onet hane Et OAc

Under a nitrogen atmosphere, (S)-trans-ethyl 7-(4-(4-fluorophenyl)-6-isopropyl-2-(N-
methylmethylsulfonamido)pyrimidin-5-yl)-5-hydroxy-3-oxohept-6-enoate (200 mg, 0.39
mmol) and methanol (0.67 mL) were dissolved in S mL tetrahydrofuran and cooled to
—70°C. To this solution was added diethylmethoxyborane (1 M in tetrahydrofuran, 430
uL, 0.43 mmol) dropwise via syrine over 25 minutes. The resulting pale yellow solution
was stirred 30 minutes at —-78°C, then sodium borohydride (16.3 mg, 0.43 mmol) was
added. The mixture was stirred for two hours at —78°, then the reaction was quenched with
acetic acid (86 mg, 1.44 mmol) and allowed to warm to room temperature. To this was
added 2 mL of 1M aqueous NaOH, and the resulting solution was stirred for 90 minutes.
This was then diluted with 5 mL water and 5 mL toluene, stirred 30 minutes, separated,
and aqueous concentrated in vacuo to give a pale oil. The oil was dissolved in 5 mL water,
heated to 40°C, then aqueous calcium chloride (0.93 M, 300 pL, 0.28 mmol) was added
dropwise via syringe. The resulting slurry was cooled to room temperature over 60
minutes, then the solids were collected via filtration with a 1 mL water wash. The
collected solids were dried overnight under vacuum to yield (3R,5S)-trans-7-(4-(4-
fluorophenyl)-6-isopropyl-2-(N-methylmethylsulfonamido)pyrimidin-5-yl)-3,5-
dihydroxyhept-6-enoic acid, calcium salt (122.6 g, 62% yield) as a white crystalline solid.

Physical data were identical to existing standard and its published description.
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DMF di net hyl f or mam de MIBE net hyl tert-butyl
et herExanple 1: (3i ,5 )- 5-7-(4-(4-fl uorophenyl

WO georeapiopyl - 2- r Nmet hvl et hyl sul f onam do) PCT/GB2006/003543

pyrim di n-5-v p-3, 5-di hydroxyhept - 6-enoi ¢ aci d,

cal ciumsalt Under a nitrogen atnosphere,
(S)-trans-ethyl
7-(4;(4-f|uorophenyl)-6-i§&8f0pyl-2-(Nnethy|nethylsulf
onam do) pyrimdin-5-yl)- 5 hydroxy 3- oxohept - 6- enoat e

00 3 T Bt ( 7 niL) were
@‘éﬁét%&%@lé}vqﬁf@ﬁd. “0}0 %gl ls Iéll}zggl\g cooled to -70Q0C.

ethyBuEohathido)p

i n tetrahydrofuran, 430 nL O 43 nnDI) dropwi se vi a
syrine over 25 m nutjes. The resulting pale yellow

sol uti on was stirr~o 30 mnutes at -78 0C, then sodi um
was added. The

m xture was stlrred for t w@Hh &t sQat -78, then the
reaction was quenc@:‘ , i ek (86 ng, 1.44
mmol ) and allomed O Warmto roomtenperature. To this
was added 2 nL oN aqueous NaOH, and the resulting
sol uti on was soi= Bﬁed for 90 mi nutes. This was then
diluted with 5 ml water and 5 nL tol uene, stirred 30

Und@r&”éirs&en&?%%%é?% rreeBit b Greghrvafb i 3T
%ylsﬁ!?&kﬁx@dgé@rﬂ@iﬁvs M&@%ﬁﬁb@@ﬂ@m@aﬂm eBa (506 inde1.00
300 was added dropw se vi

mm@y alilcwgethannh 6.7 e mererfbssglvm)i iy 1 Quanky ety dratren sskgpled to -
76°¢, e’?‘? s sc g[tﬁ)nWas 'Aflcﬁeg di@tﬁ%fn@ﬁmx§%%et(f‘ MR ﬂeﬁlﬁly‘ﬁfd'fﬁran 1.15

tration wth wat er wash
mL, 1.15 mmol) dropwise via syrine over 30 mlnutes The resulting pale yellow solutlon

was stirred 30 minutes at —75°C, then sodium borohydride (43.5 mg, 1.15 mmol) was
added. The reaction was stirred for two hours at —65°C, then the reaction was quenched
with acetic acid (224 pL, 3.75 mmol) and allowed to warm to room temperature. It was
diluted with 100 mL of methyl fert-butyl ether and 20 mL water, stirred vigorously for 10
minutes, then separated. The upper organic phase was washed with 20 mL water, 20 mL
saturated aqueous NaHCOj3 solution, and then with 20 mL water, then concentrated in
vacuo to give a pale oil, which was purified by Biotage chromatography (50:50
EtOAc/hexane) to yield the title product (182 mg, 36% yield) as a white solid. "H NMR
(400MHz) (CDCls) 8: 1.27 (6H, d), 1.28 (3H, t), 2.45 (1H, s), 2.47 (1H, d), 3.37 (1H, m),
3.52 (3H, s), 3.57 (3H, 5), 3.58 (1H, br. s), 3.74 (1H, br. 5.), 4.19 (2H, q), 4.22 (1H, m),
4.46 (1H, m), 5.46 (1H, dd), 6.64 (1H, dd), 7.09 (2H, dd), 7.65 (2H, dd). Mp: 92-94°C.
HRMS calculated for C,4H3,FN306S 509.1996, found 509.1999.
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coll ected solids were dried overnight under vacuumto
yield (3i?,55-"rar-7-(4-(4-
wo pwanapnenyl ) - 6-i sopropyl - 2- (N- et hyl net hyl suP¢DOBR06003543
)pyri mdin-5-yl)-3,5- dihydroxyhept-6-enoic acid,
calciumsalt (122.6 g, 62%yield) as a white
crystalline solid. Physical ,data were identical to
exi sting standard and its p&bllshed description. (3
, 55r)-~fl"s-ethyl
(!gzn{nﬁtﬁxﬁ-@.% G@e\@géﬁ@g@pﬁi g NTet hyl met hyl sul fo
nami yhept - 6- enoat e
rydiase theylsp o) pyrimidiph®vh-5-liRiroxy-3roxelépityG-enoate
7-(4-(4- quorophenyI)F6 i sopropyl - 2- (Nmet hyl net hyl sul f
onam do) pyrim din-5-)l)-5-hydroxy-3-oxohept-6-enoat e
(506 ng, 1.00 nmol) gaid nmet hanol ( 1.7 L) were
di ssolved in 10 niL&g rahydrofuran and cooled to -

(1.0 M|r1tetrahydrg/-]', > &5 mol )

dr opwi se vi a serngQv=r 30 ninutes. The resul ting
pal e yel |l ow sol utNon MasYystirred 30 minutes at -75 0C,
t hen sodlunlbordhﬁéﬂ de (43.5 ng, 1.15 mol) was
added. The reactidn was stirred for two hours at -65

t -1-
UI;S@éZ; 2&14&11?@géntaﬁl$%s'bﬁrﬁ%g %&gﬁﬁ@g 4%%?%&11%%1 1£bp?dé)§i 543 %%ﬁilop 1
enypprpmidie-dryd)-Nimethglmetipnast behawiide(1 00z, H65 @ﬁncvi‘ht q:syl( )1,1°-bi-
(2- E%H{hXI 0x (Hﬁgopﬁoggxégta%gltv@ﬁ ki ?du9r3 B%go g agg Ii]lﬁllijﬁc’m éhlon&e (40.2
mgyx84 mmi)a‘del‘mdisiﬂoliéﬂ 1rr11;etmydroﬁ1ré}f)(1&hnls)aﬁ tooad tedlpatqtlne@ UEhe

T L M
2.5puwmhdl) wds WeBNﬁ&ﬁ@@ep&Hﬁ@ﬁ@tﬁé@bﬁﬂbﬂ td &dn&Dfrom red to oran e To
thivoﬁ%%%ﬁ&%&# ogyé@{ngtg%rlgl Xy t! ?ho%ﬁﬂgfi% (slene 1.4 r‘rg g, 5 30
mmol) via syringe pump over 1 hour. The reaction mixture was stirred overnight at room
temperature, then quenched at 0°C with 20% aqueous trifluoracetic acid (2.5 mL) and
allowed to warm to room temperature over 1 hour. The mixture was cooled to 0°C, then
25% aqueous phosphoric acid (4 mL) was added and reaction was allowed to warm to
room temperature. It was stirred for 1 hour, then diluted with methyl zert-butyl ether (50
mL). The mixture was separated, and the aqueous layer was extracted with methyl tert-
butyl ether (2 x 50 mL). The combined organic fractions were washed with water (2 x 100
mL), dried (MgSOy), and concentrated in vacuo to give a light yellow oil. Purification by
chromatography (Biotage cartridge, 40:60 EtOAc/hexane) gave the title compound (1.221
g, 91% yield) as a pale oil in 99.3% enantiomeric excess.

"H NMR (400MHz; CDCls) &: 1.26 (6H, d), 1.28 (3H, 1), 2.65 (1H, d), 2.66 (1H, s), 2.89
(1H, br. s), 3.34 (1H, m), 3.44 (2H, s), 3.51 (3H, s), 3.57 (3H, s), 4.21 (2H, q), 4.65 (1H,
m), 5.45 (1H, dd), 6.67 (1H, dd), 7.11 (2H, dd), 7.63 (2H, dd).

HRMS calculated for C,4H30FN304S 507.1839, found 507.1870.
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(400MHz) (CDCA3) d: 1.27 (6H, d), 1.28 (3H, t), 2.45
(IH s), 2.47 (IH, d), 3.37 (IH m, 3.52 (3H, s),
w@287/0083H s), 3.58 (IH, br. s), 3.74 (I1H br.PGI/&B2006/003543
4.19 (2H, q), 4.22 (IH m, 4.46 (IH ), 5.46 (IH,
dd), 6.64 (IH, dd), 7.09 (2H, dd), 7.65 (2H, dd). M:
92-940C. HRVS cal cul ated f oy, C24H32FN3C6S 509.1 996,

found 509.
1999. nethvlnethvlsulfonan1do)pyr|n1d|n 5-yl)-5-hydroxy
'y Qwﬂ{trrqen at nospher e,

anl

= 0-TSOPT O -5- (3- oxoprop-1 eny
) pyr|n1d|n 2-yl)- N—nethylnethanesulfonanl|de (1.00
g, 2.65 mol), ()-( " -bi?

(2- napht hyl oxy) (di i SoprQpoOX® ;BSaniun1(41.8 ng, 0.093
mmol ), and lithium chl orji de %‘ 2 ng, 0.94 mmol) were
di ssol ved in tetrahydl a0 ( ) at room
tenperature. The so was stjrred for 10 m nutes,
then N,N, N N -tetranethyl ethyl enedi am ne (397 nL, 2.51

Unm hitro atﬁQg;ﬁQreV t.f’} (5)1[ '1"3(9@; =L H31)1800 g, BB MidoPNtithRium

change fron1re hi s 'solu |on was_added
tetraisoprapozide (3 (atlhy I@ummcxly ;md p@tdw;dy@utnalepulgr sl ven 00 mg) svere
sus;%ndé!t é%ldﬂ%h%zeﬂﬂb& 2y frfL{SI gfa B f0Véile t%vupﬁ%om {3erature. The
reaction mxture Irre vernlg t at room
solidsewpre fitetedeft, tinbthe filimtecdvadentated @ widuh 1@y ide (Pe(t)sl,1’-bi-(2-

i fl acetic .
naphslse RReRiop i Satuh ol 80l 5 et RN Bhjen
wastiRedRGubddaadht 2a¥icag wethust fphks phdficaioaci d (4 nlL) was

added and reaction was allowed to warmto room
tenperature. It was stirred for 1 hour, then diluted
4y SFieivh- G robHWimRliHiotoI(50 ML) . The mixture vas
Separaft e € aqueous Tayer was extracted with
net hyl tertbutyl et her (2 50 nlL). The conbi ned
organi c fractions were with water (2 x 100

Ve
D

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
mixture was stirred for 10 minutes at 0°C, warmed to 10°C, and then stirred at this
temperature overnight. The mobile slurry was warmed to 25°C and acetic acid (4.4 mL)
added, followed by water (37.5 mL). The mixture was stirred thoroughly for 5 minutes and
then allowed to stand. The lower phase was run off and discarded. A 5% sodium

bicarbonate solution (16 mL) was charged to the upper phase, stirred for 5 minutes and
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m.), dried (MgSH), and concentrated in vacuo to give
a light yellow oil. Purification by chronmatography

w@ Biooweryes cartridge, 40:60 Et OAc/ hexane) gave PBEEGBRG06O03543

conmpound (1.221 g, 91%yvyield) as a pale oil in 99.3%
enanti omeri c excess. 1H NWVR (400MHz; CDC 3) d: 1.26
(6H d), 1.28 (3H, t), 2.652 IH, d), 2.66 (IH s),
2.89 (IH, br. s), 3.34 (IH , 3.44 (2H, s), 351
(3H, s), 3.57 (3H, s), 4.21 (2H, q), 4.65 (IH, ,

H,. d
eSSl ol T g g oot Bt
washéiltwi&EABit &¥ler {5thL)." - bi - (2- napht hyl oxy) (di i sopr opoxy)
t| tam um Under a ni trogen at m)sphere (>1?)-

(-
naph hol
TheprimpiERe SRR G Pb et oY Heegiphie, Ur St bR Biih Raen-
StarKQxlaE @ﬂibl@&e)%h@ﬂ@%olﬁla&ocmad tWBDEC, smap(amﬂg ®4i9mmol) and
| or onet hane % and stirred for one hour

isoprepsapk @Apdy g @argpﬁén irredyiggapushy dyring thspddition °£n d
hydfcﬁgiloglh la&]ﬁzﬂ fo %m?ngtpf% ﬁ(?hiﬁvbomc Y k80191 IsdRition was heated

Xy) (dii sopropoxy)titani um
to SO%aldﬁylrrenlm%Sﬁ leuet) befiaye ghatging myoseihyslsowhdariowiaiddh ispprppanol

@ nrk)taﬁﬁ frflnga]?.iu%i?]&%{&nlt of 1§93 %5:99580¥Ct 8 Whinduh Wdl&hooled to 60°C and

watdr-(6@ nfE}) uddab Adrydteifs fos 0 mopaspiheimik tikawa-blowEhe stand and
t t h dri

e 5§ gl Tt £ A TEE PP BB PO DS

hydfdges barb@ﬂldﬂce(w @h@ﬂed@o}ﬁ@ﬂﬂlsa Ohtﬂqﬁ{#i}’ml“heplbdlhiﬂ b@XﬂaHﬁed from

Sohélppr%waf gl@? S?crrﬁ@togl‘)%ﬁ 131 Qﬁi‘% Q{fwih g*ﬁg%wﬂh

wat&Q@o AN add CBEW o v%cm 8naNe 50X S@rfghtdd-(4 ﬂmbﬁenwite d.
he m xture was warned to - .
1sopropy1pyr1mld1n-2 ol (4.92 g) was isolated as a white powder in 56% overall yield; "H

NMR (400MHz; CDCls) 6: 1.41 (6H, d), 3.08 (1H, m), 6.69 (1H, s), 7.17 (2H, dd), 8.14
(2H, dd), 13.57 (1H, br. s). Mp: 215-217°C. HRMS calculated for C;3H;3N,OF 232.1012,

found 232.0963; used in subsequent reaction without further purification.

5-Bromo-4-(4-fluorophenyl)-6-isopropyvlpyrimidin-2-ol
F

4-(4-Fluorophenyl)-6-isopropylpyrimidin-2-ol (8.00 g, 34.1 mmol) was charged to a
reactor followed by DMF (100 mL). The suspension was stirred, cooled to -3°C and N-
bromosuccinimide (6.25 g, 34.8 mmol) added. The reaction mixture was warmed to 20°C
and stirred overnight. Water (100 mL) was charged to the reaction mixture and the
crystalline mixture stirred for 1 hour before filtering off. The isolated solid was washed

twice with water (25 mL) and the solid dried in a vacuum oven at 50°C. 5-Bromo-4-(4-



10

15

20

50C and stirred for 30m ns. Ethyl-4-fluorobenzoate
(6.25 g, 36.8 Mol ) was dissolved in toluene (4 nlL)

wanw7mdded via a syringe followed by a small tPCTI6EB2006/003543

(I'm) line wash. The m xture was stirred for 10

m nutes at 0C, warned to 100C, and then stirred at
this tenperature overnight.,,The nobile slurry was
warmed to 250C and acetic dtid (4.4 nl) added,

foll oned by water (37 5 nm). The m xture was stirred

o RS P (P4 98, Sl Al

solidyi car bonat e solutlon (16 L) mas charged to the upper

B Fomihea e LE 1 2 B SV IR LR B0 B P

Mp: %@&ﬂpé‘sep RSB @aHRSME talduledfot Ulsm;wzoFBSsmol 17Thv@nd
remai ni ng tol uene sol ution was rlegfby azeotropic

310.81 K mpdan sehfequest Tepstion grithrwtfure priseatiop ¢ rap in
pl ace) and the solution cooled to 60C. Urea (5.1 g,
84.9 nnDI) and |sopropanol (20 m.) were charged and
0Q-L-8 ' LI PN cjsonropylpmimidine of hydr ochl oric
aC|d (5 to 6 Min |sopropaﬁol 32.3 nL, 183nmol). The

bef ore chargi ng nore hyd

il oric acid in isopropano
(2 nL, 11 nmol). After a

al of 112 hours at 80C,

hydr ogen carbonate (6.9 g) adoed portion w se until

pH=7. The product crystallised fromsolution and was
Phosp’n@ryl cbloridel (3@ RUNT.8 Mhwl)swisiaddedle Sthromerted-Hiorophaayl)-6-

1sopropyli]pyr1m1mn-cle—OWS t097 g, 15.28 mmol) and the reaction mixture was heated to an
internal temperature of 90° C. The mixture was then stirred for 150 minutes at this
temperature, then allowed to cool to 25°C. The reaction mixture was quenched by
dropwise addition (with 30 mL of EtOAc rinses) into a stirred mixture of ice (60 g), water
(40 mL), and sodium bicarbonate (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 the title compound (4.98 g, 99% yield).

'"H NMR (400MHz; CDCl3) &: 1.34 (6H, d), 3.64 (1H, m), 7.17 (2H, dd), 7.73 (2H, dd).
Mp: 99-101°C. HRMS calculated for C13H1N,FCIBr 327.9778, found 327.9752; used in

subsequent reaction without further purification.
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water (20 nmL) and dried in a vacuum oven at 500C
overnight. 4-(4-fluorophenyl)-6-

w0 s@poapyd pyrimdin-2-ol (4.92 g) was i sol at edPE@FGB2006/003543
white powder in 56% overall yield; 1H NVR (400MHz;
CDCl 3) d: 1.41 (6H, d), 3.08 (IH m, 6.69 (IH s),
7.17 (2H dd), 8.14 (2H dd), 13.57 (IH br. s).
215-217C. HRMS cal cul at ed for CiSHlShQCF 232.1012,
found 232.0963; used in subsequent reaction w thout

N-(5- BH‘BM auﬁlicrﬂoﬁi%etnlvﬁr&-isom:opv rimidin-2-yD-N- . .
TONMO-4-( &4-11 uorupnenyl)-%ml‘mp'mp%)'p'y'- rim di n-2-ol

methﬂ@tﬁhuﬂsulfme) - 6-i sopropyl pyrimdin-2-ol (8.00 g,
34.1 mmol ) was charged to g reactor followed by DV
(100 mL). The suspension was stirred, cooled to -3C
and Nor onosucci ni m de (6. , 34.8 mmol) added. The
reacti on m xture was war 0 200C and stirred
overni ght. Water (100 niL) s charged to the reaction
m xture and the crystalling\pgisture stirred for 1 hour
before filtering off. Theyis¢lated solid was washed
twice with water (25 ntm solid dried in a
vacuum oven at 500C.
5- Br ono- 4- (4- fluoropheny?4ﬂ6 I sopropyl pyri m di n-2- ol

Sod ey h?l&l& M&BO ka@d V@S{ ng)e?isﬁﬁq% ?ﬁ’n@al\@m 8s @9%}[1%3&' withH
hexz‘inel@ x( 0HALY dhd DMSE0 1), wag dhen apied, Belbooved by ésbramo Loddeo-4-

_%g@&%%f%&t %P’%%m@sez%e nt g’zeac?gﬁg Pvl\}lllehoﬁtﬂgﬂsﬁq%?mn

waspbleflite aTiChand N-methylmethanesulfonamlde (2.585 g, 22.5 mmol) was added,

- Br ono- 2- ro-4-(4-f1 uoro rop
wasa? B BT A D a0 R R OTR R ird T LY
ethyl Qc&tate (SR % télderel (LOY MDH @AY |w)1te6(120 mL). The organic phase was
separated, and the aqueous phase was extracted with a mixture of ethyl acetate (20 mL)

and toluene (30 mL). The organic phases were combined, washed with water (2 x 40 mL)
and then brine (20 mL), and dried over anhydrous magnesium sulphate. The solution was
concentrated in vacuo (with 2 x 20 mL hexane azeotropes) to yield the title compound
(5.50 g, 91% yield).

"H NMR (400MHz; CDCl3) &: 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: 122-125°C. HRMS calculated for C;3H;7N3;0,FSBr
401.0209, found 401.0225; used in subsequent reaction without further purification.

trans-N-(5-(2-CyanovinyD-4-(4-fluorophenyl)-6-isopropyvlpyrimidin-2-yl)-N-

methylmethanesulfonamide
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I sopropyl pyrimdin-2-ol (5.027 g, 15.28 mmol) and the
reaction mxture was heated to an internal tenperature
wW®@R2009007@19 The mi xture was then stirred for 150P@i/GBR@S/003543
at this tenperature, then allowed to cool to 25C. The

reacti on m xture was quenched by dropw se addition

(with 30 nL of EtOAc rinses)sinto a stirred m xture of

ice (60 g), water (40 nlL), and sodi um bi carbonate (10

g). After conpletion of the addition, sodium
N-cxsymmomm-ﬂuc(ra@aegyl)@da@%ﬂyqayﬁﬁﬁ&ﬁh@-ﬂ?iwtﬁl%yﬁﬁéthaﬁéﬁlfonamide
20;&_“45”'2 was t hen _extracted with et hi acetate (4 x 70
(20| 8> 4971 gl deira-Ndhdaameping bremisek2a4 ankd mmpB cangjbistri-tert-
bu?@hb@ihﬁiéﬁ)allﬁﬁﬁ}ﬁﬁﬂ) SIMSSQ 1AL Ro]) ke SiRkdL1I1OR 5ﬁﬁ-ﬁ1 arﬁlénd bottom

iltered throu ad of di atomaceous eart

flagko e Fleplavagilyshed fae Ebe minwgsarith nitvegen; thew todusnp GAA9dnL),

. 04 Vi 1 4 M ; 34
ciopdoRRyfiei SN, PO i W) 2 DA . 7o were
addep viaggringd andiEhe 1eRNBn cas stitrad. €lhefresul @i inbeNRIE oBrwas heated in
an %&?ﬁg ég §}°SI %?ou%sz, Zwe%?}%éh HR€ 91 bleirée %yetc)lspﬁgtlél %Qéanrtg gr%nl %He
reagtiomi wascaibivedtoNopBo Bﬂ@lmnqaﬁfawa \r?rcﬁm&_ﬁw{h) ésﬁhé}@ﬁ@ (20PYL),

[l | n-2-v[x: t net hanesul f on e Sodl um .
thef é%‘%l?n%g’“ﬂqif. Ug}gd,\'l "B %eﬁlﬂ?f{ﬂ“’; W@%%%ﬂ%@&gﬁ@ﬁm #ndivashedawith
isoQiekane@S 108811560 ¥ivé B chaX BRRué3 Igs%g? E%n)sistiﬁ'é‘ﬂfl oML 85Y% trans

. L) was then added, foll owed bi/ ono- 2-chl oro-4-
1somgt. £1q {§e s1vee Aspdyct auas addsdapshanpt (1AD iy end thegemlting sugpetsion

IRt el | SRRAS ol - .70 .
Wa.a nd %ﬁ@%ﬁ@%@‘%ﬂ%ﬁw onam élglg? \5\6@%@89 ,8 e(glz-[chg Wr]rlllrtgloﬁ'mume
soligla & eppaeptleotedness filbrdtiomangi dried DNeEn{gh Oinral Yacwifin evemit give ehenithe

' Frnd 7 urS... It he I luted with ethyl

fongé:dg% g?gj{%’& O%ﬂl?ld?% au‘é%%e “(r{%ﬂﬂﬂﬁoﬁﬁand water (120 nl).
H FMR (H09Miilx; GDICISE: Ve (6H, d), 3.29 (1H, m), 3.51 (3H, s), 3.58 (31, 5), 5.31
(1H, d), 7.18 (2H, dd), 7.49 (1H, d), 7.58 (2H, dd); Mp: 134.5°C.

HRMS calculated for CigH;9FN4O,S 374.1213, found 374.1210.

trans-N-(4-(4-Fluorophenyl)-6-isopropyl-5-(3-oxoprop-1-enyDpyrimidin-2-yI)-N-

methylmethanesulfonamide

trans-N-(5-(2-Cyanovinyl)-4-(4-fluorophenyl)-6-isopropylpyrimidin-2-y1)-N-
methylmethanesulfonamide (12.83 g, 34.27 mmol) was dissolved in toluene (750 mL) and
cooled to —9°C. To this solution was added DIBAL (20% solution in toluene, 34 mL, 41.1
mmol) over 45 minutes via syringe pump, maintaining an internal temperature of below —
6°C. After the addition was complete, the reaction was allowed to warm slowly to room

temperature overnight and then quenched with methanol (3 mL) followed by 1 M HCI
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separated, and the agueous phase was extracted with a

m xture of ethyl acetate (20 nL) and tol uene (30 ni).
wab@7oegani ¢ phases were conbi ned, washed w t hPGEGBR006R03543

X 40 mL) and then brine (20 nlL), and dried over

anhydr ous magnesi um sul phate. The sol uti on was

concentrated in vacuo (w thpg x 20 nlL hexane

azeotropes) to yield the title conmpound (5.50 g, 91%

yield). 1 NWR (400MHz; CDCl 3) d: 1.32 (6H, d), 3.49

@1.{ ﬁf]l';_} She reg’ulﬁﬁ_’g £u"§gl?nsﬁﬁl wad fidred) did 16Wer aduebs (adbt ofdhk) filtrate

s o w5509 o e o i gbb Gt HEL L, and
the &Hﬁ&@aﬁ%m%ﬁ ek ERG e Tﬁk;)ldﬂferg %Ee@@ﬁarﬂb’d hdd t6@bicahlic layer was

washyldayieh rinti (29 i NG 1 S dedovetss BRI
then|4L 4 fllﬁ'l%ﬁ?é ﬁlﬁ%ﬁvﬂ%?@@éﬁe% gfﬁ%géd”btfq i&ngnﬁ/alte)d' iNRELY

AaAd]
givet 12tg ﬁellblwbult )ﬂ]‘hmmatsmumﬁb&b by nindma’(ograzhy (Biotage eariidge, 19AW

ol bR P S5 PR A B s

1 Nivers keooReZ, Coengd: i (bHye), B3R snvE 5B (BHLts), oag@q(,sﬂi; I;l)eﬁ 22

(Hdy “ﬁﬂ%@{zﬁgb e ki S0 A B A G Ve e

HRIAGAGRuMicd 16YC HRYBNOS 3716 208F6hidyT7Mass.stirred. The
resulting anber solution was heated in an oil bath at

500C for 7 hours, over which tine a belge precipitate

trargﬁ\g- 4L AI ?lufo% Drdy By1EPmidiA-2-yD)-N-

gmygahhﬁnu@ggmgg further to -8C. The precipitate was
collected by filtration ghd washed with o-hexane (4 x
100 nL) to give a crude product (3 Ig wet) consisting
of roughly 85%trans

To a room temperature solution of (1,1’-bis(di-tert-butylphosphino)ferrocene)palladium(II)
chloride (162 mg, 0.249 mmol) and potassium carbonate (10.3 g, 74.6 mmol) in
acetonitrile (40 mL) and water (40 mL) was added trans-4,4,5,5-tetramethyl-2-(3-
(tetrahydro-2H-pyran-2-yloxy)prop-1-enyl)-1,3,2-dioxaborolane (see Synthesis, 2004, p.
1814-1820; 11.9 g (70% strength), 31.1 mmol) as a solution in acetonitrile (35 mL) with a
water rinse (12.5 mL). The mixture was stirred for 5 minutes, then N-(5-bromo-4-(4-
fluorophenyl)-6-isopropylpyrimidin-2-yl)-N-methylmethanesulfonamide (10.0 g, 24.9
mmol) was added as a white solid followed by water (12.5 mL). The reaction was heated
to reflux (77°C internal temperature) for five hours, then allowed to cool to room
temperature. It was diluted with MTBE (150 mL) and water (150 mL), separated, and the
organic layer was washed twice with water (50 mL) then concentrated in vacuo, providing

16 g of a brown oil. This material was dissolved in 150 mL acetonitrile at room
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i sonmer. To the crude product was added net hanol (130
nm.) and the resulting suspension was stirred at room
wo eovpesAature for 30 m nutes, then cool ed to-8CTHE8B2006/003543
white crystalline solids were collected by filtration
and dried overnight in a vacuumoven to give the title
compound (13.1 g, 70%yield)sas a white crystalline
solid. 1R NWR (400MHz; CDO 3) d: 1.32 (6H, d), 3.29
(IH, m, 3.51 (3H, s), 3.58 (3H s), 5.31 (IH d),
temqerétgreé%d IOqQ)aqueZ)uélﬁyc(rbéﬂlo@ acid/(338ml. 230 mﬁﬁ@gawdmadded The

HRVS cal culated for C18HI9FN4R2S 374.1213
resuftingmaixRyerwasstigred for 45 minutes at room temperature then quenched with

e (
B T e
and svrted €150 rnL), separated and orgamc layer was washed tw1ce w1th water (40 mL).

The )?F%é??c-lﬁqle Wﬁ’ ér % 3vem«f 1%9 att%"rolfcle}f Qor gnl;,}ﬁ;]ﬂéu() ("u?éf)‘%gp

chroddatefaphiyl ) meSexdmdB@Ate d50 gsilicd gedne y@e'lc’.ﬁﬂreﬂiﬂ): cannﬂound (8.29

e, 74G0tRGH ey s HaR (ol e U Tlgit @, 53

(1Hnin§“3tﬁ5(3H| ), §y7 (J}Q%) Mmzﬂnay stsel(m rtﬂd)ale ssr(uﬁrd[tml) 7.09 (2H,
erature of bel ow - After the ad
dd),c7 28; ad). HRM? ealeylpisd f%é%s%zzﬂ&ﬁeé 38 16\%& ﬁ?@ﬂé\%?ﬁ%
room tenperature overnight and then quenched with
nethanol (3 nL) follomed by 1M HO (41 1 n|L) The

;;;;

trate was separated The organlc Iayer
s treated with 1M HO (100 nL), and
the resulting suspension flas filtered. The | ayers were
separated and the organi
(125 nL), saturated aqu
(125 nL), s then treated™>th MyO4 and Novit SX I G
carbon, filtered, and cong [

lha erthz(l) fest onaf I1lle

N

O=?=O

To a room temperature solution of #rans-N-(4-(4-fluorophenyl)-5-(3-hydroxyprop-1-enyl)-
6-isopropylpyrimidin-2-yl)-N-methylmethanesulfonamide (1.81 g (95% strength), 4.53
mmol) in 25 mL toluene was added manganese dioxide (10 g (85% strength), 97.77
mmol). The resulting suspension was stirred for 18 hours, then filtered through a pad of
Celite with a toluene rinse. The solvents were removed from the filtrate in vacuo to give
the title compound (1.33 g, 75% yield) as a yellow oil that rapidly became a crystalline
solid. 'H NMR (400MHz) (CDCl3) &: 1.32 (6H, d), 3.39 (1H, m), 3.53 (3H, s), 3.60 (3H,
s), 6.22 (1H, dd), 7.15 (2H, dd), 7.52 (1H, d), 7.59 (2H, dd), 9.61 (1H, d). Mp: 86.5°C.
HRMS calculated for CigH20FN303S 377.1209, found 377.1196.



give 12 g yellow oil. This was purified by
chromat ography (Biotage cartridge, 100 DCM to yield
w0 b@700the conmpound (9.7 g, 76%vyield) as a paP€r/g8Ri06/M03543
anor phous solid. 1 NWR (400MHz; CDC 3) d: 1.32 (6H
d, 3.39 (IH m, 3.53 (3H, s), 3.60 (3H, s), 6.22
(IH dd), 7.15 (2H, dd), 7.54_(IH d), 7.59 (2H dd),
9.61 (IH d); M: 86.5C. o HRVS cal cul ated for
C18H20FN3O3S 377.1209, found 377.1 196.
Claifls5- N- (4- (4- Fl uor ophenyl ) - 5- ( 3- hvdr oxypr op- | - enyl V6-i
sopropyl pyrimdin-2-yl)-Nnet hyl net hanesul fonam de s To
aroomtemmr&uresohﬂionof(1 1

[ 5?§§ adi un(I1)

L chI J%ﬁ)gcg%ss(t‘fftge H{QL,}(% mc‘a&}’g dp%r sésjebm car bonat e
(10.3 g, 74.6 nmmol ) in acetonltrlle (40 nL) and wat er
(40 m.) was added r w4, 4,5,5-tetranethyl - (3-
(tetrahydro-2H pyran- 2L yl oxy) prop-1-enyl)-1, 3, 2-di oxab
orol ane (see Synt hesi o 1814- 1820 11.9 ¢
(70% strength), 31.10ompl) as a solution in
acetonitrile (35 nL) R rithse (12.5 nL). The
m xture was stirred 33! =
N- (5- brono-4- (4 ¢ P
fl uorophenyl) - 6- |S®or.u pyr i m di n-2-yl)-Nnet hyl net ha
nesul f onanm de (10. @0?3324.9 nmol ) was added as a white
solid foll owed by water (12.5 nlL). The reaction was
heated to reflux (770C i nt€Wnal tenperature) for five
hours, then allowed to cool to room5 tenperature. It

COMPISING | yted with MIBE ( 150 nL) and water (150 ni),

a) REARAF 8 dompiild bhorRbBaM) c | ayer was washed twi ce with

water (50 nL) then concentrated i.n vacuo, providing
OSi(R"), OSI(R),

/OR

dDn
wherein each R! is independently selected from (1-6C)alkyl, and R is selected from (1-
6C)alkyl, (3-6C)cycloalkyl or aryl(1-6C)alkyl;

with a compound of formula (III)

AN
H,C. /L\,/

SO ,CH,

(IID)

in the presence of a titanium (IV) catalyst of formula (IV)
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15

16 g of a brown oil. This material was dissolved in
150 nlL acetonitrile at roonmtenperature, and 10 M
waeowaoed1hydrochloric acid (3.0 ni, 30 mMmvl) wesT/a#®d 003543
The resulting m xture was stirred for 45 m nutes at
room tenperature, then quenched with sodi um
bi carbonate (2.52 g, 30 mMplg. The m xture was dil uted
with toluene (150 nmL) and water (150 nli), separated,
and organic |layer was washed twice with water (40 ni).
The organic |ayer wasydri ed over sedium sul fate,
concentrated in vac d purified by chromat ography
(1:1 iso-hexane/ Et OAss @\MQCa gel) to yield the
title conpound (8.29 ¢ 20/@)y 'el d) as a light yellow
oil. 1H NWR (400MHz ©9® )y d: 94, 27 (6H, d), 3.38
(IH, m, 3.51 (3H, 57 (3H, B), 4.20 (2H, d),
5.65 (IH ddd), 6.58 (IH ddd), 7.09 (2H, dd), 7.59
(2H, dd) HRVS cal cul at ed (fwy C 8H22FN3O3S 379. 1366,
f ound
(WhFTﬁﬂPa?@ 16415 ersz)ep?rtﬂap%wémd)ﬁ%n (@l andghe Bingphilpy gpigty is
in RSP idaibisl 4 AkMI hedRAAY bdreindan amitd ananheesoleena
roomtenperature solution of
ra '5-N-(4-(4-fluorophenyl)-5-(3-hydroxyprop-I-enyl)-
P%}%BE&%?Y& J i dRird oybleor{%\bdiﬁa By foh: aiagvmkﬂpﬁ@ﬁgl de
95% st rength) ) i t ol uene
a) fmmdm@om gﬁfmageladw sdegulingltoclyin 8 samdsforther gomprising

0 Sl TR Dy BB TR, NP e

forrindh (M)e rinse. The solvents were renoved fromthe
filtrate in vacuo to give the title conpound (1.33 g,
75%yield) as a yellow oil that rapidly becane a
crystalline solid. (400VHz) (CDCl 3) d: 1.32
(6H, d), 3.39 (IH, .53 (3H, s), 3.60 (3H, s),
6.22 (IH dd), 7.15 dd) OH7. 88 (®H, d), 7.59 (2H,
dd), 9.61 (IH, d).

OR
e, I o
N
|
SO,CH,
(VD)
3. A procéss for forming a compound of formula (I) or a pharmaceutically acceptable

salt thereof, comprising

a) forming a compound of formula (V) and b) forming a compound of formula (VI)
according to claim 2; and further comprising

¢) removal of the R group to give the compound of formula (I) or a salt thereof;

optionally followed by formation of a pharmaceutically-acceptable salt.
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HRMVS cal cul ated for C18H20FN3G3S 377.1209, found
377.1196.Clains 1. A process for the manufacture of a
we@eoopooena of fornmula (V) (V) conprising a) reakCT/GB2@b/003543
a conmpound of forrmula (I1) (H wherein each Rl is
i ndependently selected from (l-6C)alkyl, and Ris
selected from (1- 6C)al kyl,_43-6C)cycl oal kyl or
aryl (I -6C)al kyl; with a compound of forrmula (I11) (H)
in the presence of a titanium (1V) catalyst of formula
(IV)(1'V) (wherein eachkf R2 is independently sel ected
from(l-6C)al kyl and the bi naphthyl noiety is in the
S-configuration), an Ral i netal halide salt and an
amne, in an inert selwent. 2. A process for the
manuf acture of a conpound of §%r il af(Vi) conprising
S ’ according to
claim1; and fuptherjjconprising b) reduction of the
ket o-group in th& gonpgind of fornmula (V) to give a

conmpound of fornul QOZQ:\[I).

4. A process according to claim 3 wherein steps b) and c) are carried out without

isolation of the intermediate compound of formula (VI).

5. A process according to any one of claims 1 to 4 wherein the alkali metal halide is

lithium chloride.

6. A process according to any one of claims 1 to 5 wherein the amine is N,N,N,N-
tetramethylethylenediamine (TMEDA).

7. A process according to any one of claims 1 to 5 wherein each R' is methyl.
8. A process according to any one of the preceding claims wherein R is (1-6C)alkyl.
9. A process according to any one of the preceding claims wherein the compound of

formula (I) is isolated as its calcium salt.

10. A process for the manufacture of a compound of formula (III) as defined in claim 1

comprising:



3. A process for formng a conpound of fornmula (1) or
a pharmaceutically acceptable salt thereof, conprising
w@200f0071iNg a conpound of fornula (V) and b) fPCHGBR0E/003543
conmpound of formula (VI) according to claim2; and
further conprising c) renoval of the R group to give
t he conmpound of formula (1).5r. a salt thereof;
optionally followed by formation of a
pharmaceutical |l y-acceptable salt. (1) 4. A process
according to claim3 whereinFsteps b) and c) are
carried out w thout isolati of the internediate
compound of formula (V). process according to
any one of clains 1 to 4 in the alkali netal
halide is lithiumchloride. 6. Alprocess according
to any one of clains 1 to o Hhe amine is
NONSNSNt et r amret hyl et hy [ (TMEDA). 7. A
process according to any lone of (clains 1 to 5 wherein
each RL is nethyl. 5 8. rocess according to any one
of the preceding clains wherein Ris (lI- Calkyl. 9. A
process according to any one@fy the preceding clains
E?In t he conpognd of fornula (I') is isolated as its
cal ¢ F UM omppgnd of forawa £XD) iom 2 pemprand pAfrunle (%); and

compound f formula (111) as deflned inclaiml
conmprisipg: (I11)

N
NZ NN
I
S N
SO, Me 0=8=0
? (X) |
(X1)

ii) converting the compound of formula (X) to the compound of formula (III).

11. A process according to claim 10 wherein step i) is carried out by reaction of

compound (X) with acrylonitrile in the presence of PdA[P(tBu);],.

12. A process according to claim 10 or claim 11 wherein step ii) is carried out by
reaction with DIBAL.

13. A process for forming a compound of formula (III) (as defined in claim 1)

comprising

A) reaction of a compound of formula (X) (as defined in claim 8) with a vinyl boronate of
formula (XII)

N
Y8~ X" 0oR

(XID)
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i) formng a conmpound of formula (XI) froma conpound
of formula (X); and ii) converting the conpound of

wo eoomabA1I{ X) to the conmpound of formula (111).PAWGB2006/003543
process according to claim10 wherein step i) is
carried out by reaction of conpound (X) wth
acrylonitrile in the presepgg_of Pd[P(tBu)3]2. 12. A
process according to claim10 or claim 11l wherein step
ii) is carried out by reaction with DI BAL. 13. A

wheR&iR BRESs §eldotddtdh BEOR),CRIMDLNE (O, FOBKUH (@ hbreln X=Kabten),
defined in claiml (_:orrgr ISl E%EA) reaction of a .~ '
B(QFoimpB(PR)T, BORM(GH)B(ORaXOBek B HOR dQADMBEPRWORE
i i -of formula (XIlI) -.3 YxB OFT
BR%W)Z%%?%REYX is select ((ad faom B(OH) 2, B(OH) 3 ,
R’ iBgipdtai-from BB Clalitidr (8i6€) o¢challyl erdryl(BEORNY2, B( ORS) 2F
B(,QR5) 2 OR6)(OR7), B 7
R IR e g 5 g eloa T o Bikeon e g ey o
whith digy @le atfa€hed| dptional(y3ubsiiratyd by & Zkh)ZI or ?rmethyl or phenyl groups;
I (l-6C)al kyl ; d R7 together forma two or
or Q%@?W@%ﬁéﬁﬁﬁﬁ%ﬁﬁﬂﬁ dge getween the two oxygens
andtF0 is a protecting group;

followed by deprotection to give a compound of formula (XIII):

F
S Ol
\I,Tl \N
O=&l‘,:0
(XIII)

and

B) oxidation of the compound of formula (XIII) to give the compound of formula (IIT).
14. A process as claimed in Claim 13 wherein R is tetrahydropyranyl.
15. A process as claimed in Claim 13 or Claim 14 wherein the BYy is BOR®)(OR?).

16.  The compound trans-N-(4-(4-fluorophenyl)-6-isopropyl-5-(3-oxoprop-1-
enyl)pyrimidin-2-yl)-N-methylmethanesulfonamide.

17.  The compound 4-(4-fluorophenyl)-6-isopropylpyrimidin-2-ol.
18.  The compound 5-bromo-4-(4-fluorophenyl)-6-isopropylpyrimidin-2-ol.

19.  The compound 5-bromo-2-chloro-4-(4-fluorophenyl)-6-isopropylpyrimidine.



whi ch they are attached, optionally substituted by 1,
2, 3 or 4 methyl or phenyl groups; or R6 and R7

wo ogebmir9 f orm a phenyl ring; and R3 is a protBCL/GB06/003543
group; followed by deprotection to give a conpound of
formula (XI11): (XII1) and B) oxidation of the
compound of formula (XII1)_4p_ give the conmpound of
formula (111). 14. A process as clainmed in Caim13
wherein R3 is tetrahydropyranyl. 15. A process as

ol o o/ .Chai el .

20, (gag%zgr& %n@'ﬁ@l%%gg goqlnlgdégisr%ﬂy%%@rw@ﬁm 2L)-N.

metindmetiagesulfanaplideor ophenyl ) - 6- i sopr opyl - 5- ( 3- oxopr op- 1 en
yl') pyrimdin-2-yl)-Nnethyl met hanesul f onam de. 17.

The conpound
21. 4- (Ilhefcbmpmﬁﬁhmyﬂ\}ﬁ@(z’p@am\mpw -py4-flooplengh €. 18. The

ISOPSOPEFWWIQIH(ZZIYlP%@thﬁlﬁgﬂvpfsugo?a%lf}? ‘opyl pyri midi n-2-ol .
19. The conpound

22. |5n2[‘r hgggm%ﬂlgl%%éﬁ@dél ffhlolflggh%%;b g 5)hygrolx3§p% Ig p}glle-%[ hmd

1sop%ﬂy%}}?ﬁ19mﬁ Al g‘f\T b ti ABaltbngnidsopr opyl pyri mi di n- 2-y

thylne anesul f onam de. 21. The conpound

aras- N (5-(2-cyanovi nyl )-4-(4-fl uorophenyl) - 6-
i sopropyl pyrimdin-2-yl)-N nethyl net hanesul f onam de.
22. The conpound
ra"s-N-(4-(4-fluorophenyl)-5-(3-hydroxyprop-1|-enyl)-6-
i sopropyl pyrimdin-2-yl)-N nethyl net hanesul f onam de.




