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PROCESS FOR THE PREPARATI ON OF ROSUVASTATI N Thi s

i nvention concerns a novel chem cal process, and nore
w@arBieuh@rly it concerns a novel chem cal proP€FEBR®IT/004590

t he manufacture of rosuvastatin and its

pharmaceutically acceptable salts, especially

rosuvastatin cal cium Rosuvastatin and its

pharmaceutically acceptable salts are HVMG CoA

reduct ase i nhibitors and have use in the treat ment of,

i nter al PROCHSGPEIR: ABF SSEBIBITEMY LFaREFIERET N

dysli pidem a. Rosuvastatin calcium (Formula (A)) is

mar ket ed under the tradenark CRESTO?(tn) Eur opean

glag 1 % 1§1e ﬂoln %gﬁclerong ngyglchgrglca rocess axch mo)e partlcuﬁwly it concerns

a nc(VE) cthr{l@’hl prbedss tarthpinenyfhourd of sepyaafyth azd ftnFialiddeamdally |

aCCWTb(l% %@F@I@b&¥%%ﬁt%%fﬁ§ﬁ¥n6 enoi ¢ acid

( r GedsuAstatih bA] iteptdrii@usQdl decpble safdhré aiveG m&%&dctase
,nhlér osuvastatin calcium il lustrated bel ow) and
1

Hoe @8 havsruse idhe treptmpnobtintshalia hyperehelesigeolemip ﬁnchwed

dysh%ﬁerﬁﬁa G eAtakif %Ell:ﬁ(mﬁ@%ﬁﬂﬁl@ PAﬁ i$RhriSted [fde? WMcatn88ark
er eé\p[gurécondensat i on of

CR@%’?@R poan Fatept Apnisatigy, B]lblyml@xy? (BPAX 8523471 discloses

®Y |145m g{wogn&ﬁ@ s)@&é{)g(ldﬁBﬁetg@pﬁgﬁﬂﬁﬁfo%ﬂ?m]pymmdm -

vi] (&RﬁfSD ﬁéﬂhhxdrcbwhyﬂ)teﬁmn%:) achd (pysuivastalinh exbitdsorahcaltydé calcium

saltgrosuvavfgn C crzlgep@? t?aﬁ l?el?(%vﬁfan‘:gg@gcegféhﬁxgﬁ%%gr% 16n.

hydronS|s

s

Ca

(A)

Rosuvastatin and its pharmaceutically acceptable salts are obtained therein by

condensation of methyl (3R)-3-[(tert-butyldimethylsilyl)oxy]-5-ox0-6-
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-oxo 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 00/49014 by reaction of diphenyl [4-
(4-fluoropheny)-6-isopropyl-2-[methyl(methylsulfonyl)aminopyrimidin-5-yimethyl]
phosphine oxide with tert-butyl 2-[(4R,6S)-6-formyl-2,2-dimethyl-1,3-dioxan-4-yl}acetate
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O her processes for the preparation of rosuvastatin
and its pharmaceutically acceptable salts are
waele®siedaed i n WO 00/ 49014 and WD 04/ 52867. ThePCDGBRMLI04590
and its pharmaceutically acceptable salts are obtained
in WO 00/49014 by reaction of di phenyl [4-

(4-fluoropheny)-6-isopropyly2-[ methyl (net hyl sul fonyl ) a

m no] pyri m di n-5-yl met hyl ] phosphlne oxi de with
tert-butyl

in th hdséRe Q) bg 5ol RIIBWLA By ?enﬁivﬁﬁffﬁychteétmé giﬂdu% awcﬂo4//55}867

etatein the presence of base, fo wed by renoval
dlscbifsespih@)tceldtmsngorgtbﬁ)lu%@no“ﬁ@)%V(Emlm@&ymgoﬁwoxo -3-

t [ O
trlpl}en%g (Crﬂ nT ;ee[ntan wtl)taltélyﬁ dﬂuorcgpﬁle?yl?F To)pro)ygl-Z _(ngr%etl Qfl—N-
methefnbﬁihi?ﬁy]hmhm}ﬁ kpyrmn&headﬂm&alﬂéryﬂa,rfellwqdby deprotection,
4- (4-fl uor.oph l)-6-i5s N- et hyl - Nnet hanesu
asyIp R}%é?ﬁj%BS‘foé%fr‘?’%%ﬁPpeaélg%%?& ehyde, fol | oned by
deRIRtQ6L theB is ASHMANERLE heedte dld:ﬁflfycﬂhteﬁlﬁtﬁ'ehﬁoébsm dorgh®up

and hydrol ysis. However ther dt
maroHERE PSR PR RETVE THROREELEEls BEor NRE PRt GPEStr

may, ?(ﬁl&(ﬁﬁ}gs@t Wikn@dehphied tcpﬁ@{/ﬂaﬁél? Hﬁdv@tﬁﬂ;ﬂo&’es@é@%&*@'c@nvement to
rocesses may, for exanple, when conpared

usethy mpore yiitabks] fgr l@fﬁ%ﬁal@fr@@@é@é@ gike th?ﬂ@“&*o‘ﬁ@éﬁ?t@ ryield.geduce
the Hl?rﬁber %ﬁ tg%{ Gveivid 1ﬁte&ﬂéd14t@§ \gﬁcﬁ%lnﬁ)rér@e@ﬂ{/ b latdCrequire less

oduct 'iI'n a better yield, reduce the nunber
conqﬁemmﬁsatm\tmmm@s useelesﬁsmecms ireageiss prdl/etheapase nor e

enfEninye8eREe | coq expensi ve reagent o andl or be more

en VWDGIBWB 80 Hosciitses apadogss fTONBBI TGS 82 stalis comiipesdsasuch as,
inter al?’f %ﬁgvafst%trm an r%];l?\/%gtléjtrme bgged%tn%% Iagyngnqe 10 gf&glsreg’cl%ﬁpl ug‘lﬁg a
chiral titanium catalyst. WO 03/42180 describes a similar process for the synthesis of
pitavastatin. Our co-pending application W02007/007119 (PCT /GB2006/003543)
describes an asymmetric aldol approach to rosuvastatin, using a dienyl silylenol ether as a
masked acetoacetate component in the presence of an amine such as TMEDA.

We have now discovered that an alternative diene component can be used to obtain
rosuvastatin and its pharmaceutically acceptable salts in good yield and enantiomeric
purity, without the need for an amine such as TMEDA.

According to a first aspect of the invention, there is provided a process for the

manufacture of a compound of formula (I)

M

or a pharmaceutically acceptable salt thereof, comprising

a) reaction of a compound of formula (II)
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inter alia, pitavastatin and rosuvastatin, based on an
asymmetric al dol reaction using a chiral titanium

w@2008l0yt0 WO 03/ 42180 describes a simlar proRP€BEEBR@N/004590

the synthesis of pitavastatin. Qur co-pending
application WO2007/0071 19 (PCT / GB2006/ 003543)
describes an asymmetric al gql approach to
rosuvastatin, using a dienyl silylenol ether as a
masked acetoacetate conponent in the presence of an
am ne such as TMEDA_: have now_ di scovered that an
alternative diene cg of e used to obtain
rosuvastatin and its phar eutically acceptable salts
in good yield and enanti d®ri cORurity, w thout the
need for an am ne such as TMEDA. According to a first
aspect of the invention, tHere is provided a process
f or t.her manuf Q 1a (1) (1)
whergf¥ gl FHUEGEFIHLE s (ERFEERCALG] o,
each@ipdspendenaly seleated from (df6Calkdrpd eyt 1 SC)3lsylinul a

(L) (H) wherein each .R1 }.S,/ I S :
or e P BIOKTHY BHETSGIT * B S8 PR ol GG elbRsT
grou?%}ﬁ{éhﬁ@ fubetuted wiiG)ladriy(L-4ahalkdrgydups), 6C) al kyl ; or the
~two R2 groups to her conprise a (1-3C) al kyl ene
Wﬁh@ﬁ@ﬂwoﬁﬁd?ﬁé%ﬂ@ﬁ%gf ocycl oal kyl group (optionally
substituted with 1 or 2 (¥-4C)al kyl groups);

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

RS

/
~Ti
| 0 N
B~ o
\R3

1v)
(wherein each R’ is independently selected from (1-6C)alkyl and A-B comprises an
optionally substituted biaryl derivative in the S-configuration) and an alkali metal halide

salt, in an inert solvent, to give a compound of formula (V);
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with a conmpound of forrmula (I11) (Il1) in the presence
of a titanium (1V) catalyst of formula (1V) (1V)

W@ aveei4m each R3 is i ndependently sel ected frpem/GB2007/004590
(1-6C) al kyl and A-B conprises an optionally
substituted biaryl derivative in the S-configuration)
and an alkali netal halidegsalt, in an inert solvent,
to give a compound of formula (V); (V) b) reduction of
t he keto-group in the conpound of forrmula (V) to give
a conmpound of formula (VI); (VI) and c) renoval of the
R2 group to give the lconmpound of fornula (I) or a salt
thereof; optionally | owed by formation of a
phar maceuti cal | y- aceeg al ) I'tow || be understood
that using the opposi f the titanium
catal yst will give ftieepposite antordner of the
conpound of f ol all(MJ and is thereby a route to nmake
t he enantiomer of NF oSNV a atin. It will be understood
that conpounds of sbgHyula (11) wherein the two R2
groups

V)

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

formula (VI);

(VD)

and
¢) 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.

It will be understood that using the opposite enantiomer of the titanium catalyst will
give the opposite enantiomer of the compound of formula (V) and is thereby a route to
make the enantiomer of rosuvastatin.

It will be understood that compounds of formula (IT) wherein the two R? groups
together comprise a (1-3C) alkylene chain or (5-6C)spirocycloalkyl group (optionally
substituted with 1 or 2 (1-4C)alky! groups) include the following structures:

R13SiOW R',SiO _ RsSi/O\o(\o(
0._0 O\_JO ij
Suitable conditions for the reactions are described below.

Suitable optionally substituted biaryldioxy derivatives represented by



toget her conprise a (1-3C) al kyl ene chain or
(5-6C)spirocycl oal kyl group (optionally substituted
wowaR/ods4or 2 (1 -4C)al kyl groups) include the fpCT/OBRIVG/004590
structures: Suitable conditions for the reactions are
descri bed bel ow. Suitable optionally substituted
bi aryl di oxy derivatives regresented byinclude those
derived fromthe following diols: A particularly
suitabl e biaryl derivative is that derived fromthe
following diol:1t wll be understood that the above
_Aaryl systens are chiral and are used in the
| configuration in the reaction of the invention. Step
B~ a4 Fhe use of the alkali metal halide is believed to be
essential for obtaining good yield and enantioneric
nwhﬁé@ﬁﬁ@d&ﬁkdhhhﬁhéﬁﬂmkmgﬁhwkth t he conmpound of fornula
(I'11). The nolar ratio of the al dehyde of formula
(III) and a conpound of forrmula (I1) initially present
in the reaction mxtures is conveniently between 1:1
and _1:6, such as fro A to 1.4, com en
Fwepn 1:1.5 and 1: (3 as 1:2. The
| anium (1V) caks of. formul a (1 VIO
ghyd€Hof formula (IT1)

|n|f%blly present
bet ween !
th as between 0O
of _the alkali ne ;
fornula (I11) initially s present in the reactlon
m xtures is conveniently between 0.03:1 to 1:1,

particul arly betmeen
¢4 99
OH OH
° RO¢
Br O
‘O "
Xy
‘,5“
Br
HO I
HO !

A particularly suitable biaryl derivative is that derived from the following diol:
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0.1:1 and 0.5:1. The exact quantity of alkali netal
halide to be used will be understood by the skilled
w@ensoes4t® depend on the anmount of the titani uPET/GB2007/004590
catal yst used, and/or the concentration of the
reaction solution. The quantities given above are
particularly suitable whengqhe alkali metal halide is
lithiumchloride. o The reaction nmay be carried out in
a polar aprotic solvent, such as tetrahydrofuran,
di ethyl et her or dlnethoxyethane preferably
hydr of uran. A conbi nati on of solvents may al so be
g he reaction may be carried out at a tenperature
roni ab&it 00C to about 700C, such as from about 100C
3k 600C and preferably from about 15C to about
eferred alkali nmetal halide is lithium
Exanpl es of (I-6C)al kyl and (I-4C3a|ky|
include nmethyl, ethyl, propyl, isopropyl and
t efttwilibe yiderFnatibhiehe gfovabyprylisySaypsarr ghiral gad grgassed in the S-

al kyl ene i ncl ude net hyl ene,

‘mnﬁ?ﬂé¥@ﬁ%5§ﬁgpﬁ?%8 @eﬁ%ﬂéﬁ%anples of (5-6C)spiroal kyl
i ncl udespi rocycl opentyl and spirocycl ohexyl. Exanples

of (3-6C)cycl oal kyl include cycl opropyl, cyclobutyl,

clopentyl and cycl ohexyl. Suitably each Rl group is
ety bse Uhd ARAlYmeRCknliBe isiteliéved epbaetsattiay fos ebteimingdzood

from(l-6C)al kyl, partlcularl ach R2
yield sapaanibaraeaRs it (b Fseciaty i T Eomaned s SRt ¢« o
t hgRLQERIMESE tHEREEHYRE B 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 (II1) initially present in the reaction mixture is conveniently between 0.01:1 and
0.5:1, such as between 0.1:1 and 0.3:1.

The molar ratio of the alkali metal halide to the aldehyde of formula (III) initially
present in the reaction mixtures is conveniently between 0.03:1 to 1:1, particularly between
0.1:1 and 0.5:1. The exact quantity of alkali metal halide to be used will be understood by
the skilled person to depend on 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 reaction may be carried out in a polar aprotic solvent, such as tetrahydrofuran,
diethylether or dimethoxyethane, preferably tetrahydrofuran. A combination of solvents
may also be used.

The reaction may be carried out at a temperature from about 0°C to about 70°C,
such as from about 10°C to about 60°C and preferably from about 15°C to about 30°C.

A preferred alkali metal halide is lithium chloride.

Examples of (1-6C)alkyl and (1-4C)alkyl include methyl, ethyl, propyl, isopropyl
and tert-butyl. Examples of aryl(1-6C)alky! include benzyl. Examples of (1-3C)alkylene
include methylene, ethylene and propylene. Examples of (5-6C)spiroalkyl include
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in Organic Letters, 2005, 7, 2421-2423. Spirocyclic
conpounds of fornmula (Il) may be prepared by nethods
whp@snei4m t he art. Suitable starting material sSPEDGB2WE04590
conmpounds include spirocyclic acetoacetates such as: A
conmpound of formula (1V) may be prepared according to
the procedures described i W03/ 064382 and
W03/ 42180. A compound of forrmula (I11) may be made by
the follow ng procedure, as illustrated in the
i LA Shifo GRS BRENASs SHTOWE)dyidlorkhEREIude cyclopropyl,
Splrc%gﬁgé@gn&? gpécheme §It vvlllﬁ %g un%leyrrastg{gd that the
cycl@inmdeqytcldpm}rﬂnld(wdeh@(dhpasses the use of the conpound
of of; hl f, AP En Mk R 18 8¢edt&l from
ot Pl ey g’f@ugq?%@%lw R Rodeh ROl BRI N

tTic ove schene.
(1- 66w1mhjayt1oﬁ1taely©a¢mh cdthgf formul a (XI) may be made by

?‘yc} bm%f‘?$?fef%ffﬂm? k:[i) %?Ye%equé%% Q?acgg%lngﬁ Bltelpé%cedures escribed

in 0? 1) Nefers, 20UH) 7 a5124-2823. @db@mlc amaﬂxmﬁs ofsfartula §ll) may be

[PtBu)32[pre rep tufro
preppisi boarics KBy 6 1 D od R SHEEE GHOS T PRATD By o
ie{RAEHRBLEY a&e’f&a&ét&té@'é&ﬁ'agw i deneacet one) di pal I adi un( O)

and Bu3PH BF 4] . A phase transfer
cat al yst, such as f\e
used. Suitably,
(XI') to the co

ghut yl anmmoni
lon of t
J of, f or mul

) o)
3 and <

k¥ om de may be
ound of formul a

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



(I'11) may be carried out by reduction using D BAL
(diisobutyl al um ni um hydride). Further suitable

w0 e@8o63ag agents i nclude the foll ow ng and conpdE&82007/004590
t hereof: Raney nickel (with a source of H2),
tin(ll)chloride, lithiumtriethyl borohydride,
pot assi um 9-sec-anyl - 9- baqrat abi cycl o[ 3. 3. 1] nonane,
di i sopropyl al um num hydride, lithiumtriethoxyal um num
hydri de, |ithium diethoxyal um num hydride, sodium
di ethyl al um num hydride, |ithium alum nium hgdride,
[ithfumtris(dial kyl api.no) al um ni um hydri de

triga kyl silanes int r esence of appropri Lewi s
?gir I\/?re S Itaﬁleyco gver S ];ompé?ﬂz:cm'im& (?I Ind oLe
cabfigd out by reductfon using DI BAL, for anple in

t ol uepe O 0C. Furtherisuitable condit],
or are well known in t¥ig) art. An al ternativdVpocess
for maki ng the conpound of formula (I11) is b
reacti on of a conpound of fornmula (X) with an1 |
appropriate vinylic boron species such as with a Vvinyl
boronate of formula (XII) (XI1) wherein BYX is
selected fromB(OH) 2, B(OH) 3, B(OH 2F , BX3
(wherei n X=ha en),

N-methylmethanesulfonamide

N/
\N/k\N

|
SO,Me

(X) (1X)
Bu,NBr '
Pd[P(tBu),],
acrylonitrile
F
_N DIBAL
N* = -
I
\I}IJ\\N
O=?=O
(X

Scheme 1

It will be understood that the present invention encompasses the use of the
compound of formula (III) made by any suitable method and is not restricted to that shown
in the above scheme.

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 Pd[P(tBu)s]. [pre-prepared or generated in situ from, for
example bis(dibenzylideneacetone)palladium(0) (Pd(dba)) or
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B(OR 5)2, B(OR 5)2F , B(OR5MH) , B(OR 6)(OR 7), B(OR

6) (R 7)(OH) , B(ORE)(OR 7)F , BRS 2, BR)5(20—| Zand (
WBRDB/0654RS i s sel ected from (I-6C)al kyl, PCT/GB2007/004590

(3-60C) cycl oal kyl and aryl (I-6C)al kyl; R6 and R7

together forma two or three carbon al kyl ene bridge

bet ween the two oxygens togwhich they are attached,

optionally substituted by 1, 2, 3 or 4 nethyl or

phenyl groups; or R6 and R7 together form a phenyl

trls(dc})en%llltdgrpet(acggne{)cﬁpﬁla@ﬁlﬁ{(@)c(t?ﬂﬂ&agg') QHP'Bub IS B@‘X‘Fﬁ I¥se transfer
a ‘conpound of fornul a
catals(sXIshct}) as(tmtdbh)ylmrdommndbmmldﬁ mg¥ be Meéedeonpound of formnul a

( %l | ve t E

ot g R SO k) & 4 i) gt

(I1D) %&?U@&amgﬂﬁht ibp ¢ dudigorf wingeBAIl @liSHtuRAY Bminine h@dmdeé%@ﬁher
i s I ndepende cted fro C

suitablg trchlﬁ% Iag%q 151 ﬁ Xls zﬁwmg ?)ndr&g m&e)g((y tglnl)zeg Iﬁé@y nickel (with a

sour&%tf @B)( )(Hﬁi)ﬁMbn&éVMurﬁ ﬁ@etl@ﬂmyliﬂml&qiotayimlﬁlm-amyl 9-

Pref erablénCRP IS not an ester R on aspect
borat@picydo[8i3. Ragmng, fd@pog%%y,l,%p@m{lm rﬁ%f aﬁfl @P\l trie gqua uminim
hydr{d@,r ﬁtﬁfﬁw&gﬂhgﬁlamﬁlnﬁﬁrh }ﬁj_yamde, sodium diethylaluminum hydride, lithium
aluminium hydride, lithium tris(dialkylamino)aluminium hydrides, and trialkylsilanes in
the presence of appropriate Lewis acids.

More suitably, conversion of the compound of formula (XI) to the compound of
formula (III) may be carried out by reduction using DIBAL, for example in toluene at
<0°C.

Further suitable conditions for these reactions may be found in the accompanying
examples, or are well known in the art.

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 such as with a vinyl

boronate of formula (XII)

v BTN 0RP

(XID)
wherein BY, is selected from B(OH),, B(OH);", BOOH),F", BX3 (wherein X=halogen),
B(OR%),, B(OR®*),F", BOR®),(OH)’, B(OR®)(OR"), B(OR®)(OR")(OH), B(OR®)(OR)F,
BR®,, BR>OH" and BR’F’;
R’ is selected from (1-6C)alkyl, (3-6C)cycloalkyl and aryl(1-6C)alkyl;
R® and R together form a two or three carbon alkylene bridge between the two oxygens to
which they are attached, optionally substituted by 1,2, 3 or 4 methyl or phenyl groups;
or R® and R together form a phenyl ring;
and R” is a protecting group;

followed by deprotection to give a compound of formula (XIII):
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In anot her aspect Rp is tetrahydropyranyl. Suitably
BYx is B(OR6) (OR7) . Exanples of B(OR6)(OR7) include:

WO poosnes4aspect, B(OR6) (OR7) is:Suitably the relCt/GarooaHo4590

(XI'1) with (X) may be carried out in the presence of a
pal | adi um cat al yst such as
(I, r-bis(di-ter”-butyl phosphino)ferrocene)pall adi un(l
) chloride. The reaction nay be carried out in
acetonitrile and water, in the presence of a base,
such as potassium carbonate. Alternatively, the
reaction nmay be carried lout in the presence of
fluoride, see for exa | J. Og. Chem, 1994, 59,
6095-6097. It will be appreciated that for sonme val ues
of Rp (for exanple when Rp is Si(R4)3 , the silyl
group may be renoved i RZS] 0xda OHg step A). Wien Rp
i's tetrahydropyranyl\,/ﬁ§ 2 ate step may be required
to deprotect the intdfnéd¥iale allyl ether to give the
al cohol (XII11); thi%Smy be carried out for exanple by
hydr ol ysi s using aquéous hydrochl oric acid. This
deprotection step nay be(gﬁﬁfied out w thout isolation
of the internediate allyl” et’her, as illustrated in the
and acconpanyi ng exanpl es. \When Rp is p-net hoxybenzyl

oxid R s PR UL GRS B See R s PRI AR A%, |
ang@tgehwies adr Kandiideavdll inojn hSdiokgiptotecting gowpsiand lude
for eggtp]gﬂg ISli(IR)‘)g t(vcx)/hé‘:]rlcﬁ:i\r/1(:)e:acghI II{A i)s in(d‘egrtw%aenl%?y sgPexteg %‘O%.’la{l [é(,%glk%l){t
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 B(OR®)(OR’) include:

&
O—B\ o
o
O—B 0O—B
\ \O
Ph Ph

In one aspect, B(OR6)(OR7) is:

O—B
\
//7§>K(O
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manganese di oxi de, for exanple in toluene. O her
oxi dation conditions well known in the art nmay al so be

was@d/oefsor exanpl e variati ons on the Swern oxi BEX/G8r07/004590
such as woul d be achi eved using chlorine and

di met hyl sul fide. Further suitable conditions for these
reactions may be found in tqe acconpanyi ng exanpl es.
It will be understood that the reaction of (Il1) with

(III) in the presence of (IV) passes through an

o f
%%1 @F t'hghe%at%ﬁ yfgg ) gflth & HH\/}') g?( éa}f%éc% %L\Q’gt:l flhg, pg%ﬁ%cg uog a
palla(d‘i@m cdtaﬂyﬂ mm}fusr(l,éspm({h -tapf- buthlehq)sphmp)ﬂempene{)p‘d)adm}(llbe

ted and th d d t
chiog 3 i feoe R FAET FENCY b1 S S UL PRl b s BeAR e
basets M{Taﬂ aﬁg(gmgﬁm@bd}%&r Aubﬂn@uwecy, dwirdactibn mag )ba mnined out in the
etranydr or uran t
pressie of AUFIG Sec(UATERP ot 7Bt IS oD PSR (Vo -
Paﬁtt»blﬁlﬂe% ﬁécﬂﬁ@@ kiRt RASHERaliis of RAEREBRHd Wh&ﬁ‘RPE‘l@ sSEEY); ,

from(l-6 I kyl, are novel and_are prPV|de%
the sily} grioap may gqemrgovaﬁ i e QUROB HED O, WiHHLR B ARHTEgropganyL a

sepaggttg %(tlﬁ% mtap Be 9%99&%%68&@0%@%@1&)@)6 1871 étffer't8 givRtiydicohol
G s {0y bé coTiabiB iy KuBPlESD bv@pwsmzwmmﬁmoﬁyh%?%@lﬂmd
Thls[ (?ﬁpgom%cglﬂ% g{%ﬂ anapl%e %ar%ex 82& ﬁthom/ g fle %te@mgéhgt@ %ﬁ 1%ther

S Provi as a aspect of
as illudueled irohe a&loapadying examples. When R is p-methoxybenzyl group, 1t 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.

Further suitable conditions for these reactions may be found in the accompanying
examples.

It will be understood that the reaction of (II) with (III) in the presence of (IV)
passes through an intermediate enolate of formula (Va), which is generally hydrolysed
during work up to give compound (V). In another aspect of the invention, (Va) may be
isolated and then hydrolysed to give (V) in a separate step of the reaction, for example
using aqueous acid such as aqueous hydrochloric acid, for example in tetrahydrofuran.

This step is referred to as step a’) hereinafter.

(Va)
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Reduction of the keto group in the conpound of fornula
(V) may be carried out in the presence of a

waleqosoeri@l kyl ) met hoxyborane, such as PCT/GB2007/004590

di et hyl met hoxybor ane or di butyl net hoxyborane. Suitably
di et hyl met hoxyborane is used. The reaction is
general |y carried out in aqpolar solvent, such as

t etrahydrofuran or an al cohol such as methanol or

et hanol, or a mi xture of such solvents, for exanple a

m é‘é#&(lg Sh 3@&%?%%@5 g‘{/ d}éﬁﬁ&léﬁ?\bﬁé‘@bachW% hesheaiddy

agent 1s S reagent such as sodi um or

seledted ﬁromrﬁ h@bahltw,ohra: oavel @miatm pmlveﬂledi s Bolienapasty SRRy epsion.

}elgg Igﬂs gtgé% ﬂle c%%r [ e(fgf‘}%t@% %\fazg#@? gmﬁ)?)ﬂ&% 3-ethoxy-

7- (4F(afﬂdo€dpha{y1)ly6 &bpmpyl-ﬁQGntem}ahexhylsulﬁmﬁdoﬁmmﬂuém- -y1)-5-
di ast ereosel ect|yve reduct.ions r
hydpPRY A pHIcRgr Epn CPEORS 1 POTELAS & AECEbIFGH Fa g mvention
formula (VI) may be renoved by hydrolysis under
conditions well known in the art, to formthe conpound
&Qﬁﬁ formula (1), or a salt thereof. Such salts may be
P IBGRH L BRIKEY RGERR MM oBapdahd SF foffulABY) 8y b d out
trar?H?& rred%l%nto ﬂgﬁmacelj)t |p§al y-gcclclapt abl?sea(lza{rée outin
the ﬁ@senee(aﬁmh@pw@zlkmﬁyxemxm@hnm S}agle@rs Hothy lmegioprEbaragg & h

dlbLtal'Y lg))siybsocr)a euﬁﬂlﬂiéE&H&%hﬂ&elh%ﬁ%‘i&ﬂe%‘%eﬁO‘i*héJfBaétﬁJn is Qénerally

carried out in a polar solvent, such as tetrahydrofuran or an alcohol such as methanol or
ethanol, or a mixture of such solvents, for example a mixture of tetrahydrofuran and
methanol.

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 diastereoselective 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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A sui tabl e pharmaceutically acceptable salt includes,
for exanple, an alkali netal salt, for exanple a
W@ oaB065400 pot assi um salt, an al kal i ne earth nRCHEIGB2007/004590
salt, for exanple, calciumor magnesiumsalt, an
ammonium salt or a salt wth an organic base which
af fords a physi ol ogi cal | y-_ei?(;ept abl e cation, for
exanpl e with methyl am ne, efhylam ne, dinethylam ne,
tri met hyI am' ne nor phol i ne, di et hanol am ne,

H;\%i ted as its cal 1t as described
th]?rl s oxyme Iﬁhﬂglﬂﬁhe Fa?rsl 1nseca cr11uem (S:%rrapsound of
hereifneéfﬁtd Eht{ ta)lcmm satamkig be tbrasd iirestlyab e iprofuetadftheggaction to

desc ed herei nbe The. ¢
remel Rl GouR e PaR ey sp s S PRt e IRy (7 iR s
calcﬂﬁﬂﬂﬂrdxﬁdy sépaepl phisation €Fst1008/01 h@s%pmmumaumg arf dtemakizie
wi t h aqueous, ¢ Imum% dr i e patent . oo of
st o s et B P e o 5t B RRY S sonion ofs
suita®ld (%[c‘i\ﬁﬁ béﬁﬁces 8litab®f caldign QTR U df cafcumithlaridd gnd caldiuim
as the sodiumsalt, with an aqueous solution of a

acetaigi ThislisillositatsdimSeismed. Suitabl e cal ci um sour ces
i ncl ude cal ciumchloride and cal cium acetate. This is
illustrated in Scheme 2: (M) eg CaCIZ Schenme 2
Sui tfabl e condi ti ons for transfor rmtl on of the sodium
o the calciumsalt are desc d in EP0521471.
| be appreciated that the r ting caIOC| uom sal t

OH
MOH

OR? —

1< DN
eg M=Na or Li '}1

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 WO00/42024 and WO2005/023779).

According to another aspect of the invention, there is provided a process for the

manufacture of a compound of formula (I)



retreated if desired in order to obtain different
particle size, or different physical form (such as

wa@armBpbraus vs crystalline) by processes known PEI/GB2007/004590
art (see for exanple International Patent Applications
W00/ 42024 and WO2005/ 023779). Accordi ng to anot her
aspect of the invention, there is provided a process
for the manufacture of a conpound of formula (1)(r) or
a pharmaceutically acceptable salt thereof, conprising
a) reaction of a conpound of fornula (I1) (H) wher ei n
each Rl is independently selected from (l-6C)alkyl and
phenyl; each R2 is fependently sel ected from
(1-60C al kyl and ary 6C) al kyI or the two R2 groups
t oget her conprise a Pk eQ@chain or
(5-6C)spirocycl oal k C : substi tuted
with 1 or 2 (I-40 ; With a conpound of
formula (111) W:'mh he presence of a titanium (1V)
catal yst of fornu V)(TV) (wherein each R3 is
i ndependently sel 3(810 e from(l-6C)alkyl and A-B
conprises an optionally s tituted biaryl derivative
in the S-configuration) and an al kali netal halide

or a pharmaceutically acceptable salt thereof, comprising

a) reaction of a compound of formula (II)

R',SiO
W
2 2

OR OR
ey
wherein each R! is independently selected from (1-6C)alky! and phenyl;
each R? is independently selected from (1-6C)alkyl and aryl(1-6C)alkyl;
or the two R? groups together comprise a (1-3C) alkylene chain or (5-6C)spirocycloalkyl
10 group (optionally substituted with 1 or 2 (1-4C)alkyl groups);

with a compound of formula (III)

H3C\ | A
ITI N
SO,CH,

(1)

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



salt, in an inert solvent, to give a conpound of
formula (VvVa); (Vva) a') hydrolysis of (Va) to give a
w@eospoesadd of fornmula (V); (V) b) reduction of PEEGB2007/004590
ket o-group in the conpound of fornmula (V) to give a
compound of formula (VI);(Vl) and c) renoval of the R2
group to give the corrpounqllgf_ formula (I) or a salt
thereof; optionally followed by formation of a
phar maceuti cal | y-acceptable salt. In a further aspect
of the invention, there is pro&ided a process for the
manf acture of a conpound of fernmula (VI) (V)
conprising: a) reacti an-caf .aOcorrpound of formula (I1)
(H) wherein each Rl isl/i@dgpendently sel ected from
(1-6C)al kyl and phenylB: eachOR% i s independentl|y
selected from (1-6C) al kyl and Rryl (I1-6C)al kyl ;

av)
(wherein each R’ is independently selected from (1-6C)alkyl and A-B comprises an
optionally substituted biaryl derivative in the S-configuration) and an alkali metal halide

s salt, in an inert solvent, to give a compound of formula (Va);

(Va)

10 V)

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

formula (VI);



10

15

or the two R2 groups together conprise a (1-3C
al kyl ene chain or (5-6C)spirocycloal kyl group

W@ osioaiaad | y substituted with 1 or 2 (I-4C)al kp€T/GB2007/004590
groups); with a conpound of forrmula (I111)(II1) in the
presence of a titanium (1V) catalyst of fornmula (I1V)
(I'V) (wherein each R3 is i ggpendently sel ected from
(1-6C al kyl and A-B conprises an optionally
substituted biaryl derivative in the S-configuration),
an alkali netal halide salt in an inert solvent, to
gi ve a conpound of f¢rnmula (V); (V) and b) reduction
of the keto-group i e compound of formula (V) to
gi ve a conpound of la (MI). In a further aspect
of the invention, th¥re is grovRdedQa process for the

manfacture of a co Qf formy 2 \ﬂz)(V|)
conprising: a) reacti of a corrpounaO of forrmula (I1)
(H) NN

|
SO,CH,

(VD
and
¢) 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.
In a further aspect of the invention, there is provided a process for the manfacture

of a compound of formula (VI)

(VD)

comprising:

a) reaction of a compound of formula (II)

R',Si0
W
2 2

OR"  OR
1)
wherein each R! is independently selected from (1-6C)alkyl and phenyl;
each R? is independently selected from (1-6C)alkyl and aryl(1-6C)alkyl,
or the two R? groups together comprise a (1-3C) alkylene chain or (5 -6C)spirocycloalkyl
group (optionally substituted with 1 or 2 (1-4C)alkyl groups);

with a compound of formula (III)



wherein each Rl is independently selected from
(1-6C)al kyl and phenyl; each R2 is independently

wa@edoeosad from (| -6C) al kyl and aryl (I -6C) al kyl PCDGBRG2/004590

two R2 groups together conprise a (1-3C) al kyl ene
chain or (5-6C)spirocycloal kyl group (optionally
substituted with 1 or 2 (l-40Calkyl groups); with a
compound of forrmula (I1l) (111) in the presence of a
titanium (1V) catalyst of formula (I1V)(1V) (wherein
each R3 is independently gelected from(l- bC) al kyl
and A-B conprises an optipnally substituted biaryl
derivative in the S-config&yation) and an al kali netal
halide salt, in an inert vent, to give a conpound
of formula (Va); (Va) a' )Yhydrolysis of (Va) to give a

ket o-group in the conpolind mil a (V) to give a

conpound of for mul &% A) Suitable conditions for
steps a), a') and b) are as Hereinbefore described. In
a further aspect of tR&-%thvehtion there is provided a

process for the manuf actur(ﬁl)

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

R3
/

| /TI\
B=° O
N3
R

av)
(wherein each R® is independently selected from (1-6C)alkyl and A-B comprises an
optionally substituted biaryl derivative in the S-configuration), an alkali metal halide salt

in an inert solvent, to give a compound of formula (V);

V)

and

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

formula (VI).

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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of a conpound of formula (V) (V) conprising reaction
of a conpound of forrmula (I1) (H) wherein each Rl is
w0 pabsperadent | y sel ected from (I-6C) al kyl and pPergB2007/004590
each R2 is independently selected from(I-6C)al kyl and
aryl (1-6C)al kyl; or the two R2 groups together
conprise a (1-3C) al kyl ene ghain or
(5-6C) spirocycl oal kyl group (optionally substituted
with 1 or 2 (I-4C) al kyl groups); with a conpound of
formula (I11)(111) i the presence of a titanium (1V)
catal yst of formula (V) (1V) (wherein each R3 is
i ndependent |y sel ecfedfrom (I-6C)alkyl and A-B
[ [ bi aryl derivative

in the S-configuration) and 7 I metal halide
salt in an inert sol¥ a1 Ter? aspect of the
i nvention ther¢4¢s Br o\li ded a process for the

manuf acture of a \ of formula (V)

(VI)

comprising:

a) reaction of a compound of formula (II)

R',SiO
W
2 2

OR OR

ay
wherein each R! is independently selected from (1-6C)alkyl and phenyl;
each R? is independently selected from (1-6C)alkyl and aryl(1-6C)alkyl;
or the two R* groups together comprise a (1-3C) alkylene chain or (5-6C)spirocycloalkyl
group (optionally substituted with 1 or 2 (1-4C)alkyl groups);

with a compound of formula (III)

NI

H C\ I ~
e
SO,CH,

(I1D)

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



(V) conprising reaction of a conpound of fornmula (11)
(Hywherein each Rl is independently selected from

w@ keo8@ykyl and phenyl; each R2 is i ndependened/GB2007/004590
sel ected from (I-6C)al kyl and aryl (I-6C)al kyl; or the
two R2 groups together conprise a (1-3C) al kyl ene
chain or (5-6C) spirocycl oaI yl group (optionally
substituted with 1 or 2 (I- G al kyl groups); with a
conmpound of formula (I1l) (Il1l1) in the presence of a
titanium (1V) catalyst of forn‘Hia (I1'V) R.3 0V (V)
(wherein each R3 is |ndependen ly selected from
(1-60C al kyl and A-B cgncm\]s an optionally
substituted biaryl derlivat 've in the S-configuration)
and an al kali netal h& de s%{t in an inert solvent to
gi ve a conpound of fornula (VaB

av)
(wherein each R is independently selected from (1-6C)alkyl and A-B comprises an
optionally substituted biaryl derivative in the S-configuration) and an alkali metal halide

s salt, in an inert solvent, to give a compound of formula (Va);

(Va)

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

formula (VI).
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(vVa) a') hydrolysis of (Va) to give a conpound of

formula (V). Suitable conditions for this reaction are
wa@soodeeand bed herei nbefore for process a) and BCY/GBRW7/@04590

further aspect of the invention there is provided a

process for the manufacture of a conpound of fornula

(VI) conprising a) formng 8- conpound of formula (V)

as hereinbefore described; “and further conprising b)

reducti on of the keto-group in the conmpound of formula

(V) to give a conpoupd of formula (VI). (VI) According

to a further aspect ¢f the invention, there is

provi ded a process form ng a conmpound of formula

(1) or a pharmaceut |y accept abI e salt thereof,

conprising a) formng a comiun@ofQ fornula (V) andb)

formng a conpound 0 QU8 5

descri bed; and furt"her conpri sing c) Tenoval of the R2

group to gi ve q]l

t her eof ; optlona%%2 oIIovved by formation of a

phar rraceutl cally Eléfpt ble salt. (D

(VD)

Suitable conditions for steps a), a’) and b) are as hereinbefore described.

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

of a compound of formula (V)

V)

comprising

reaction of a compound of formula (II)

R',Si0
W
2 2

OR OR
(D
wherein each R! is independently selected from (1-6C)alkyl and phenyl;
each R? is independently selected from (1-6C)alkyl and aryl(1-6C)alkyl;
or the two R? groups together comprise a (1-3C) alkylene chain or (5-6C)spirocycloalkyl
group (optionally substituted with 1 or 2 (1-4C)alkyl groups);

with a compound of formula (IIT)
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Under certain conditions, as illustrated in the
acconpanyi ng exanples, it is possible to carry out the
w0 e@soeisom of conpound (V) to conpound (VI) aneCT/682007/004590
subsequent conversion to conmpound (1) or a salt
thereof, wi thout isolation of the internediate
conpound (VI). Tel escoping 4jwo reactions into one step
in this way woul d be expected to be efficient and cost
effective, provided product quality is not
conprom sed. According tora further aspect of the
invention, there is proviged a process for formation
of a conpound of fornul g ) or a salt thereof,
wherein steps b) and c) targ' carried out w thout
i solation of the internediate coffpound of fornul a
(VI). Exanples In the f A P -I|n1t|ng Exanpl es,
unl ess otherw se s evaporatlons were carried
out by rotary evapofa /Aﬂ mvacuo and wor k- up
procedures were Carr'%§>§ﬂ¢ af ter renoval of residua
sol ids such as drying " ag s by filtration; (ii)
operations were carried o%ngp roomtenperature, that
is in the range 18-25 0C and under an atnosphere of an
inert gas such as argon or nitrogen; (iii) yields are
iven for |IIustrﬁélon Q ‘not necessarily

in tHORECSTSA PhaH PR kgﬁtglys{] f%)%%{h%agsr uctures of the

end- products were confirnmed by/thIear (general ly

A—O~ -/O
CTi
I o) N
B o
\R3

av)
(wherein each R® is independently selected from (1-6C)alkyl and A-B comprises an
optionally substituted biaryl derivative in the S-configuration) and an alkali metal halide

salt in an inert solvent.

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

of a compound of formula (V)

V)

comprising

reaction of a compound of formula (II)
R',Si0
W
2
OR"  OR?

(D)
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proton) magnetic resonance (NVR); proton magnetic

resonance chem cal shift values were neasured on the
waeledosacseml e (relative to tetranethyl silane) apPdr/o8a007/004590

multiplicities are showmn as follows: s, singlet; d,

doublet; t, triplet; m multiplet; br, broad; q,

quartet, quin, quintet; (\)yinternedi ates were not

necessarily ful | y char act erl sed and purity was

assessed by thin layer chromatography (TLC), nelting

Whet%ﬁip{dg ﬂvﬁ) lPd%’?er 5 élﬁ? Eél%é(ﬁf'?&ﬁ Mg 6@}&!1511 ek ﬁféﬁﬂOQ raphy

anal SI S,

(v
eachFRfrls fndemnldcmlmlecﬂed ﬁna‘t(égﬁ@@ihyl agd ﬁ’é’ﬂ(erQ)alk ers to
col u h I
R SR R e R S
gro@&bﬁti@dﬂpﬂibsmteﬂgvmrleqnﬂc(ﬂe&ﬂ:)slkj/ll greupsart ri dges (from 4g
to such Bi ot age (Biotage UK Ltd, Hertford,
Wlthi—‘ie“ropg’ou[‘f% fogp using a punmp and fraction coll ector
system (V||) H| gh Resol uFi on Mass spectra (HRVS) data
was generated using a Mcromass LCT tine of flight
mass spectrometer. (viii Iting point data were
general |y neasured usin ferential Scanning
Calorinetry (DSC) using a|Perkin e mer Pyris 1. Val ues
guot ed are onset terrper vention wll be
illustrated by the felldw n exarrples in which the
fol | owi ng abbrevi at i’o K€ used: DI BAL di-isobutyl
al umi ni um hydri de éOZCHs

(11D)

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

R3

/

(@]
CTi

‘ o) A
B~ N ,
R

av)
(wherein each R’ is independently selected from (1-6C)alkyl and A-B comprises an
optionally substituted biaryl derivative in the S-configuration) and an alkali metal halide

salt in an inert solvent to give a compound of formula (Va);

(Va)
a’) hydrolysis of (Va) to give a compound of formula (V).



DCM di chl or omet hane Et OAc et hyl acetate CDC
deut er ochl or of orm DMF di net hyl f ormam de MIBE net hyl
\N?gmmmﬁmuyl ether e.e. enantioneric excess Exan@l/6B1007/004590
, 5y)-fnf"-7-(4-(4- fluorophenvn-6-iso ropyl - 2- f Nret hyl
nethylsulfonan1do) Propy d
pyrim di n-5-yl)-3, 5- dlhydroxyhept 6- enoi ¢ acid,
caIC|un1saIt 5 Under a nitrogen atnosphere,
ulltalzlﬁ c??cﬁtlé}%\f this r acgon are as descr1bed hereinbefore for process al) and
7 uorop nylg I sopropyl - 2- ( Nret hyl et hyl sul f
a’). onam do) pyr|n1d|n 5-yl ) -5-hydr oxy- 3- oxohept - 6- enoat e

(200 30
nii0p s Scet et ol ekt Sl MR ARRDRY oy Altcrue
ofa &)‘ﬁﬁioﬁﬂd Ofornf@&(VIh@omptising O| ution was added

di et hyl net hoxybor ane d
s o) lognigg aRRBPuI S gael 0D 25 LYFF R SR oS it e ottt
b) relitidh b 8 k@to%btg) ehd Qpahdib formMa gV siigiveatcodtound of
m nut es at t hen sodi um bor ohydride (16.3 nyg,
formpla4¥Dhmol ) was added. The nixture was stirred for two
hours at -78, then the reaction was quenched with

acetic acid (86 ng, 1.44 mmol) and allowed to warmto
room

(VD)

10
According to a further aspect of the invention, there is provided a process 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) as
15 hereinbefore described; 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.

Q)

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

to carry out the reduction of compound (V) to compound (VI) and the subsequent
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20

25

30

tenperature. To this was added 2 nL of | M aqueous
NaOH, and the resulting solution was stirred for 90
wOorRewenes10 This was then diluted with 5 nL wat ePCEHGB2®7/004590
m. toluene, 5 stirred 30 m nutes, separated, and
aqueous concentrated in vacuo to give a pale oil. The
oil was dissolved in 5 nL _wgter, heated to 400C, then
aqueous cal ciumchloride (0.93 M 300nL, 0.28 mol)
was addled dropwi se via syringe. The resulting slurry
was Co ; - o didien
e R M e T
compmlg& (VIeBescdjieg tal ﬂleeattoedinscwnecssenm thas wey wauld\beerpegind to
nder vacyumto yield (3i - == (4- .
be eifigiepy %PB%WEEWV)E”- B2 V@S‘%)Prg Slilﬁﬁ Hﬁgl{tﬁﬂsrlrlg t %%ﬁgérfgﬁsﬁ?'s ul f onam
| daquydihgriot furthendspecBobihe thvhytttmothyieappro§ided e iprocassifor

calciumsalt (122.6 62% yi el d,. 99. 3%, e,
forman ¢ ey ourd ¢igouR IR oF prffertit Wirnnspe ) 8l e
carriFgs)ﬁ)ﬂ(rigfohgﬁgolﬁﬁmﬁéjin%ﬁed&té cOupdindloe ebroheBaMIpt i on.

)- r "s-ethyl
7-(4-(4-fluorophenyl)-6-isopropyl - 2- (Nnet hyl met hyl sul f
Fxa do) pyrimdin-5-yl)-3,5-di hydroxyhept - 6-enoat e

r a nitrogen atnosphere, )
7-1(141.1e§jf4H<6ng noptigitig) Exguriples pindgssy pthorv(isgriatedil met hyl sul f
onani, do £imdi n-5- - B - - B
a0 e Tl s by A PtegRgh bl e aoat
proc@ilgsOw e dairiad bk afier teatavalnyfdesidual slidaiswth e diyéng agents by

76C. To this solution was added di et hyl met hoxybor ane
filtratio§: M i n tetrahydrofuran, 1.15 ni, 1.15 nmol) dropwi sé

\éiolau i?(r)d.r?@&%oﬂsvﬁére 36\ iRi Bkt o8 SoonT RBpE RN, tha i ip dexratysl 186R§°C
and under an atmosphere of an inert gas such as argon or nitrogen;

(iii) yields are given for illustration only and are not necessarily the maximum
attainable;

(iv) the structures of the end-products were confirmed by nuclear (generally
proton) magnetic resonance (NMR); proton magnetic resonance chemical shift values were
measured on the delta scale (relative to tetramethylsilane) and peak multiplicities are
shown as follows: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad; q, quartet, quin,
quintet;

(v) intermediates were not necessarily fully characterised and purity was
assessed by thin layer chromatography (TLC), melting point (Mp), high-performance
liquid chromatography (HPLC), infra-red (IR) or NMR analysis;

(vi) Purification by chromatography generally refers to flash column
chromatography, on silica unless otherwise stated. Column chromatography 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.
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was stirred 30 m nutes at-75C, then sodi um borohydride
(43.5 nmg, 1.15 nmmol) was added. The reaction was
wa@risoedid or two hours at -65C, then the reactPONGBa®7/004590
gquenched with acetic acid (224 nL, 3.75 nmol) and
allonwed to warmto roomtenperature. It was diluted
with 100 nL of nethyl tert,putyl ether and 20 niL
water, stirred vigorously %or 10 m nutes, then
separated The upper organi c phase was mashed with 20
t f
i i il TR e FHERHE Qb Sl oo ne
aNn&@u@nyﬁeammale 0|I whi ch was purified by Biotage

chr tograh 0 EtO&%(ﬂelxane) to yield the title

pr (18 1' as a white solid. 1H NMWR

Eﬁ'@Mﬂ)Z) (ZC?ghﬁmdetga)inezg (6H, d), 1.28 (3H t), 2.45
s 37 (IH, 3.52 (3H, s),
FS@A(CBH syethylaceigie | 4 pr . g) 3m)74 (1H, ér. 553
§c(2H Q)deuéro%Rlofdf&mn) 4.46 (I1H, m, 5.46 (IH

6.6 H, 7.09 (2H, dd), 7.65 (2H, dd). Mp:
92DMFC HRlvfsln@@thﬁlmra]@%def or C24H32FN306S 509. 1996,

01?13'%(13509 1%311 et F&t?etﬁerrans Et hy|
7 4-f | uorophenyl Vo-1 sopr opyl - 2- ( Nmet hyl met hyl sul f o

naert.do) pyr iemugiomesicygkgess- hydr oxy- 3- oxohept - 6- enoat e

(S)- a"s-Ethyl

3- et hoxy-7-(4-(4-fluorophenyl)-6-isopropyl -2-(Nret hyl n
Examldw¢|(SR)SEpnaim-T}-(4-fluorophenyl)-6-isopropyl-2-(N-
met?/IrII onal l _ din y ,5-di %rd' i E%n&l
§lliand cool ed to (DC Aqueous hydrochl oric acid (2.0 M

0.75 niL, 1.50 mvl) was added via syringe and the

resulting solution

Under a nitrogen atmosphere, (S)-trans-ethyl 7-(4-(4-fluorophenyl)-6-isopropyl-2-(N-
methylmethylsulfonamido)pyrimidin-5 -y1)-5-hydroxy-3-oxohept-6-enoate (200 mg, 0.39
mmol, 99.3% e.e.) and methanol (0.67 mL) were dissolved in 5 mL tetrahydrofuran and
cooled to —70°C. To this solution was added diethylmethoxyborane (1 M in
tetrahydrofuran, 430 pL, 0.43 mmol) dropwise via syringe 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
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warmed to roomtenperature, stirred for 90 m nutes
then diluted with EtQAc (20 nL) and water (10 nL). The
WO aypsiesdner e separated and the organic |ayer WesSHes2007/004590
with water (10 nL), dried with MJSO, and concentrated
in vacuo to give the title conpound (113.5 ng, 92%
yield) as a pale oil in 97.46 % enantioneric excess.
1H NWR (400MHz) (CDCI3) d: 1.26 (6H, d), 1.28 (3H, t),
g 65 (IH, d), 2.66 (IH s), 2.89 (IH br. s), 3.34
ul, bgﬁfm?aihwgs %ﬁeé &?gw%l Vla%yﬁﬁgeg 31';% r§s|\allj:lm'§ dsgl)zry(vgalﬂ 6c§)§]%:d It-(l), room
temmbelture Dvar160(@iduted,dhen the 381616 e @élycted-mw@ltéamoe itk aelgmf-gyater

waslacz'@@e qogll\%%:) scrl cs)zvei‘rlesélged ot/é)ﬁi&ﬂt Rr FRAImhG ?yreld (3R,55)-trans-T7-(4-
(4-fRo®phaxi)- ezrsoﬁmbﬂ-z‘-(mn;ea;yhmyyl3ulﬁmamtqmpygﬁmidia-5(-ﬂbré15hy| m

. etlw sul fonam d ) ri i-3-5- . .
dinsgtosS heRoeRp st EIOEmARb Ro2iocE BRareld 90 Vhugbee 2 white
crys@a‘llm%%@ﬁ@r Phgsmal data were identical to existing standard and its published

rar-N f1 uorophenyl)-6-i sopropyl -5-(3-oxoprop-1en
deSGﬂP}lOlﬂ)yrl m di n-2-yl ) - N- net hyI rret hanesul f onam de (200
wg, 0.530 mml ), (5)-(-)-1,

(2 napht hyI ox )(d| [ sopropoxy titani um (48 ng, 0.11

: 2.5 L (YO- 'E’u 'ﬁ |) wer e
metﬂvﬁﬁe%x‘/lﬁﬂfdxﬁd-&&)[)%ih’{i i“fsusﬁ?? (i ok vitnt6ORhte
tenperature. 1Ne resuitrng red sofution was stirred

for 5 mnutes, then tooled to OC. To this solution was
added |, 3-di et hoxy-Latri nmet hyl si |l oxybut a-1, 3-di ene
(244 ny, 1.06 mml)pvvi se over 10 m nutes. The
resulting mxture wag stirr@d dBr 942 hours at room
tenperature, then ﬂh ed_at _B0Cwi th _25% aqueous
formc acid (0.50 LN and al'Towed Po warmto room

'?‘
0=8=
|

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 (506 mg, 1.00
mmol) and methanol (1.7 mL) were dissolved in 10 mL tetrahydrofuran and cooled to —
76°C. To this solution was added diethylmethoxyborane (1.0 M in tetrahydrofuran, 1.15
mL, 1.15 mmol) dropwise via syringe over 30 minutes. The resulting pale yellow solution
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 NaHCOs 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. 'HNMR
(400MHz) (CDCl3) &: 1.27 (6H, d), 1.28 (3H, 1), 2.45 (1H, s), 2.47 (1H, d), 3.37 (1H, m),
3.52 (3H, 5), 3.57 (3H, 5), 3.58 (1H, br. s), 3.74 (1H, br. 5.), 4.19 (2H, q), 4.22 (1H, m),
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tenperature. The m xture was stirred for 2 hours, then
diluted with nethyl tert-bntyl ether (20 rnL) and
woRe061® nl). The | ayers were separated and PEEGB2007/004590

organi c | ayer washed with water (10 nL), dried wth
MySOH4, and concentrated in vacuo to give a |ight
yellow oil. This was pritz?d by flash chromat ography
(2:1 hexane/ Et OAc) to yield the title conmpound (145.2

ny, 54%yield) as a light yellow oil. 1H NVR (400MHz)

4.46 gﬁﬁf%)( % 49(1b}% d%g)é(dﬂlﬂt étd)i io@(zrf Gk, 7685 (2111 &g) W,9219)4°c

HRMS édlcubdted Br ELH: Y3089 509319% 1(03&115%9)199 11 (2H, q)
4.17 (2H, ddd), 4.40 (IH, m, 4.99 (IH s), 5.51 (IH,
dd), 6.63 (IH dd), 7.10 (2H dd), 7.63 (2H, dd). HRVS
1b): Camwaabmhﬂofnmmmmwﬂaﬂ:wnd
53522151fld 3

nitrogen atnDsphere F(5) (- )-I "-bi (2- naphthol) (500
nmg, 1.74 mmol), tlt.-lun1tetra|sopropOX|de (500 ni,
1.69 mmol) and powd d 4A nol ecul ar sieves (500 ny)
wer e suspended in d | or orgf hgnep(25 nlL) and stirred
for one hour at roomtenperlat ufe. JIThe_solids were
filtered off, and I YT ate conc@ﬁ??ated i n vacuo

to provide ()- (2-
naphthyloxy)(dlls_pr y)tltanlun1(980 ngy, 126%
yield) as a dar®§ powder which was used in

subsequent reactions w thout further purification.
(S)res-Ehy( A-eBloupi7e(pHdriipbjopBerydopisoppbyyd-(0i di n- 2- ol The

met‘%a %,y{sk} Sed %{Sf))gﬁt?%is X@%ﬁﬁ?&)&yh%ﬁ 4-BRAGHINLY nfY b 61
mmol) was d1ssolved in tetrahydrofuran (5 mL) and cooled to 0°C. Aqueous hydrochloric
acid (2.0 M, 0.75 mL, 1.50 mmol) was added via syringe and the resulting solution was
warmed to room temperature, stirred for 90 minutes, then diluted with EtOAc (20 mL) and
water (10 mL). The layers were separated and the organic layer washed with water (10
mL), dried with MgSO, and concentrated in vacuo to give the title compound (113.5 mg,
92% yield) as a pale oil in 97.46 % enantiomeric excess. "H NMR (400MHz) (CDCl3) &:
1.26 (6H, d), 1.28 (3H, t), 2.65 (1H, d), 2.66 (14, s), 2.89 (1H, br.s), 3.34 (1H, m), 3.44
(2H, ), 3.51 (3H, ), 3.57 (3H, 5), 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 Co4H30FN;304S 507.1839, found
507.1870.
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distillation prior to use. Fresh toluene (100 nL) and
potassiumtert-butoxide (7.50 g, 64.8 mmvl) were
wehb@sgedid o t he vessel and stirred to form a sPar/GH2007/004590

The m xture was cooled to - 9C and 3-net hyl - 2- but anone
(3.63 g, 41.7 mol ) added. The m xture was warnmed to -

5C and stirred for 30m ns._ogt hyl - 4-fl uor obenzoat e

(6.25 g, 36.8 mml) was dissolved in toluene (4 nlL)

and added via a syringe followed by a small tol uene

10): (! @lerdrds ¥ &ho; &- .ZMIH&% 156didopesh oL 0
V\ﬁrrre. . an . ten St|rred at

marned to 25C and acetlc acid (4 4 L) added fol | oned
by water (37.5 nL). The m xture was stirred thoroughly
for 5 mnutes and théﬁ all onwed to stand. The | ower
phase was run off a i scarded. ;A 5% sodi um
bi car bonate sol utio 6 nmL) was jcharged to the upper
phase, stirred for 5Yn nut eQHarfdlt hen al | owed to stand.
The | ower aqueous | t he upper
organi ¢ phase mas?ﬁEL ice wwth water (5 nL). The
remai ni ng tol uEp i was dried by azeotropic
distillation (refddsg ng With Dean- Stark trap in

pl ace) and the sollution cooled to 600C. Uea (5.1

84.9 mmol) and isopropanol (20 nL) were charged and

stirred vigorously during the addition of hydrochloric
Und®€ h ditfoed &tm@sﬂﬂe'ten t;hﬁ@]&ir(@ﬂa-mﬁlbl;opﬁéhyb -G¥ispprdBBFF-9xopiipel -

enyDepnen QiR ey Gern g Lk el Bpdad
bi- (Q %aﬁﬁthyﬂ)éy)mﬂ@ép)mpoﬁwtﬁmﬁn (ax@p, of 1dﬂ;1112,1)h@mr13h1am B0 (9.0

ture was cooled to 600C a
mg, O 21 mmol) were dissolved in tetrahydrofuran (5 mL.) at room temperature. The

resulting red solution was stirred for 5 minutes, then cooled to 0°C. To this solution was
added 1,3-diethoxy-1-trimethylsiloxybuta-1,3-diene (244 mg, 1.06 mmol) dropwise over
10 minutes. The resulting mixture was stirred for 42 hours at room temperature, then
quenched at 0°C with 25% aqueous formic acid (0.50 mL) and allowed to warm to room
temperature. The mixture was stirred for 2 hours, then diluted with methyl tert-butyl ether
(20 mL) and water (10 mL). The layers were separated and the organic layer washed with
water (10 mL), dried with MgSO4, and concentrated in vacuo to give a light yellow oil.
This was purified by flash chromatography (2:1 hexane/EtOAc) to yield the title compound
(145.2 mg, 54% yield) as a light yellow oil. 'H NMR (400MHz) (CDCl3) §: 1.25 (1H, t),
1.27 (6H, d), 1.32 (3H, 1), 2.12 (1H, br. s), 2.29 (1H, d), 2.30 (1H, s), 3.35 (1H, m), 3.51
(3H, s), 3.57 (3H, s), 4.11 (2H, q), 4.17 (2H, ddd), 4.40 (1H, m), 4.99 (1H, 5), 5.51 (1H,
dd), 6.63 (1H, dd), 7.10 (2H, dd), 7.63 (2H, dd).

HRMS calculated for CoeH34FN3O06S 535.2152, found 535.2215.
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water (50 nl) added. After stirring for 15 minutes,

the m xture was allowed to stand and the | ower aqueous
webasessdun of f and retained. The aqueous phaseP@EEB2007/004590

stirred and sodi um hydrogen carbonate (6.9 g) added

portion wise until pH=7. The product crystallised from

spl ution and was then coolgd_to 20Q0C. The solid was

filtered off and washed twice with water (20 nL) and

dried in a vacuumoven at 500C overni ght.

= i Fuhi (4.92 g)
yi el d;
1H NMR (400MHz; CDO 3) d: 1. 41 (6H d), 3.08 (IH m,
6.69 (IH5 s), 7.17 2H dd), Ngg__g (2H, dd), 13.57
9

(IH, br. s). M: 2 HR | cul ated for
C13Hi 3N2CF 232. 1014 a0 @32,.0963; used in

subsequent reaction w t out Tu&rt her purification. If):
5- Brono-4-(4-fluorg F 0 s6) yl pyri m di n- 2- ol
4- (4- Fl uor ophenyl) - sopy opyl pyrimdin-2-ol (8.00 g,
34.1 nmml) was charged to a reactor followed by DV

Undéﬂaodﬂﬁg%&ratﬂ hSHSEE: épﬂ b‘.{gﬁlaﬁﬁﬂl{)lﬁ b0 1690 7adnih6l) -tRHm

nosucci n| m 8 mmul ) . added. The
tetra!seampomde (ROR (i b69va@nchhmﬁim@W@éreQ @g@%ﬁ@ﬂagts}ew pg00 mg) were

suspen dr}II’I Iithtor dp%l?gne KZ’ISOI?LP%XI)d AR d FHE Bl r&olf}?tefn% %ﬁu‘r@ NThe

uean ne mxture stirred hour
sohcba;f/@e @lténedl bEY arxigheaiﬁﬂtrate'ﬁoacanggﬂeétieng@tq ovidss (%gﬁ@]d -bi-(2-

naplvﬁgélaﬁ#}%t &{gg{x?fgﬁéﬁ?m I@QO rgngg%eyleﬁgj Asda cﬂﬁi 4 pb&}dé} which

was Dsd¥ i0¥Bbsdqueht fehttono pitaoutifrtier bsdfvadpyl pyri ni di n- 2- ol
(10.45 g, 97%yield) was obtained as a white solid;

I~

1e):  4-(4-Fluorophenyl)-6-isopropylpyrimidin-2-ol
F

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 (7.0 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 smail 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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1H NMR (400MHz; CDCI 3) d: 1.39 (6H, d), 3.57 (IH m,
7.16 (2H, dd), 7.66 (2H, dd). Mo: Deconposes at 1990C.

woRSocsalcul ated for CL3H 2N20OFBr 310.01 17, fPCmdB2007/004590

310.01 16; used in subsequent reaction w thout further
purification. 1g):

5- Brono- 2-chl or o- 4- (4-f 1 uogpphenyl V6-i sopropyl pyri m di
ne Phosphoryl chloride (5.%8 m., 53.8 nmol) magyadded
to 5-brono-4-(4-fl uorophenyl)-6-

then %lg)g&%??cg%ca@&/ . h@l«%f@q §'ue% agglqggs r¥n off2nd gle'ﬁﬁﬁér)org"dﬁﬂ: phage

me\m an internal tenperature
washed tva6: &ith Waer (Ambure was then stirred for 150 ninutes

at this tenperature, then allowed to cool to 250C. The
reacti on m xture was quenched by dropw se addition
The &%ﬁlﬂg&@m%e futich @Ae dfiédisespotratiodiatilition (refuxig with Deat-

s e i ML PRI LA (1
1sop1§13£1%[ Qe '}l\f;\%)gve(rél ShaYcdasldethrd DvipesIle dintigtthahddition ofhe

hen extracted with ethyl etatfe (4 X 79
hydredhjoricPiesl (SigaM t iptpaenagold?-a mlo ABIHEED aHF S&fWﬂg*& WaF ppred
to Sanh%{g LR tfgp ?ﬁédﬁ%é&le%ﬁgﬁrg & h§&béﬁlbr‘iﬁ1&c\ﬁﬁﬁ isopropanol

ere i at onaceous earth, and
@ mnphk:mntot)al‘-\ﬁek 4 i LG hogrsysit 806, thramieciury Wagenrldngo°C and

Wate% @9 8 féd (()é/gf tﬁ 21%{&"]'? %‘%a a%mr% %ﬂov@&l td st§1)4d and

the 10ér a%ﬁedu@ﬁﬁhse Hﬁﬂ\ﬁf eal retaimetl €thef aguedds Phiise I\@F@l@d and sodium

327.9778, nd .use
by SO s o ‘f&‘ég o “?H}’ﬁj 38 RGN o Bl #om
solu{}br{ B RMRardobKd td wcomemh)wa@ filtered p6fat mestiddriivibie it

| VNmet hy| net hanesul f onam §5

water (20 mL) and dried in a vacuum oven at 50°C overnight. 4-(4-fluorophenyl)-6-
isopropylpyrimidin-2-ol (4.92 g) was isolated as a white powder in 56% overall yield; 'H
NMR (400MHz; CDCL) &: 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;13N,OF 232.1012,

found 232.0963; used in subsequent reaction without further purification.

1£): 5-Bromo-4-(4-fluorophenyl)-6-isopropylpyrimidin-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-
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Sodi um hydride (1.20 g, 30.0 nmol, 60% suspension in
m neral oil) was washed with hexane (2 x 10 nL), and
wormsH&310.) was then added, followed by PCT/GB2007/004590
5- br ono- 2- chl or o- 4-
(4-fluorophenyl)-6-isopropyl pyrimdine (4.944 g, 15.0
mol ). The resul ting suspengi.on was cooled to - 70C
and N- et hyl net hanesul fonam de (2.585 g, 22.5 mmol)
was adgf?, washed in with DM (10 nL). The m xture was
fluoraphdny B %-sGiro iAol HHvess diohutyeeldywidobediiag as a white
_a&etgpe f%% %%?é toluenet(lodgnt))ﬁadgwmaterﬂ%azo m).
solidThe organi c phase was o separated, and the aqueous

TR PO NG 8yl e ks o,

Mp: Crobipeds at\/l@Q?(édHRMSlca\lwta@ed K)QC)GHM)%@EBI& OklRefoud i ne
310.45%: Betiie P Tl o PP R SuBEBSE Th o5 & 20

hexane azeotropes) to yield the title conpound (5.50

122- 125C HRVG cal cul at ed
found 401. 0225; used in

urther purification. li):
- f1 uor ophenyl V6-i sopropyl p

(2H dd) 7.77 (2H dd)
for CI3HL7N3Q2FSBr 401. 02
subsequent reaction with
a"5-N-(5-(2-Cvanovinyl) -
yrim di n-2-yl)-No

met hyl met hanesul f onam de
6-1 sopropyl pyrim di n-2-yl) - N met hyl met hanesul f onam de
(20.0 g, 49.72 mol ), a ut yl ammoni um br om de
(3.24 g, 10 mml ), and bis(tril-tertbutyl phosphine)

Phosphoryl chloride (5.00 mL, 53.8 mmol) was added to 5 -bromo-4;(4-ﬂuor0phenyl)-6-

ono- 4- (4-f 1 uor ophenyl) -

isopropylpyrimidin-2-ol (5.027 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) 8: 1.34 (6H, d), 3.64 (1H, m), 7.17 (2H, dd), 7.73 (2H, dd).
Mp: 99-101°C. HRMS calculated for Ci3HiiNoF ClBr 327.9778, found 327.9752; used in

subsequent reaction without further purification.
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pal l adium(O (1.48 g, 2.89 mvl) were charged to a
500n round bottom flask. The flask was flushed for
WO pawg/06s4mut es with nitrogen, then toluene (200PEi/EB2@7/004590
di cycl ohexyl net hyl am ne (31.6 ni, 147 nmol),
acrylonitrile (3.60 nL, 54.67 mvl) were added via
syringe and the reaction was.stirred. The resulting
anber solution was heated in an oil bath at 500C for 7
hours, over which tine a beige precipitate began to

Hﬁﬂﬂmﬂmﬁﬂnﬂmﬂﬁ_ﬁnﬁkher to - 8OC The precipitate was
col | ected by flltratlon and washed with 10 zso- hexane

consi sting of roughly 859

product was added net hana

suspension was stirred at

m nutes, then cool ed to- §# R

solids were collected by ifiljtration and dried

overnight in a vacuum MntO~give the title conpound

(13.1 g, 70%yvyield) as %? whitelcrystalline solid. is

1H NWR (4OON+B CDdl 3) 1.32 (6H, d), 3.29 (IH, m,
Sodiggf‘lilyd(rﬁ%l %' 38:008mbB gg%ssizl?geﬁsﬁrlm(ﬂnlﬂeraﬂ()ﬂ) was 3BishedHyith
hexaml(%&llatn@d mirD éﬁﬂgﬁ&m@% ?qgeﬂef%gOWnghphg%WR%ﬁ&‘@m 4
A-flubo -6- Ipyrimidine (4.944 g, 15.0 mmol). The resulti
-blopheny - R PP YRR (L 984 B 0 el 4 gées‘éx‘“g Son e
wasublpd td +°Giand N—mpﬂlymth%ﬁ%lﬂfhyamlét @45)
washed in with DMF (10 mL). The mixture was stirred for 17.5 hours, then diluted with

ethyl acetate (80 mL), toluene (100 mL), and water (120 mL). The organic phase was

ans i soner. To the crude
30 nL) and the resulting

¥ white crystalline

was added,

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 (2x40mL)
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; CDCl;) 8: 1.32 (6H, d), 3.49 (3H, s), 3.55 (3H, 5), 3.63 (1H, m), 7.16
(2H, dd), 7.77 (2H, dd). Mp: 122-125°C. HRMS calculated for Ci3Hi7N;O2F SBr
401.0209, found 401.0225; used in subsequent reaction without further purification.

1i): trans-N-(5-(2-Cvanovinvl)-4-(4—ﬂuorophenvl)—6-isopropvlpvrimidin—Z-vl)—N—

methylmethanesulfonamide
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Aral 75-N- (5- (2- Cyanovi nyl ) - 4- (4-f | uor ophenyl ) - 6-i sopro
pyl pyri m di n-2-yl) - Nret hyl net hanesul f onam de (12.83 g,
wWQ@2008/63am®w| ) was di ssol ved in toluene (750 nlL)PErGB2007/004590
cooled to - 90C. To this solution was added DI BAL (20%
solution in toluene, 34 nL, 41.1 25 nmol) over 45
m nutes via syringe punp, ygintaining an internal
tenperature of below - 6C. After the addition was
conplete, the reaction was allowed to warmslowy to

N-(5- %@%Lﬁ@?&%ﬂﬁﬁ&yg\@ﬁ&r épﬁﬁhqdﬁlt@ﬂ)ﬁuﬁﬁﬂl Bﬁ’etﬁﬂn‘ahﬂfonamlde

I'T owe ).

(20.0 g4 72 mgloguisbehéblﬁvﬂama@nﬂlm remidy, (g e I%W@rol)aefwelaifgl -tert-

buty(lggl%? e;)ﬁ)a]tlltaglu ) v%a% ?f fevg? Wﬁtz e-HA'tQ %@ﬁmo)%?& B¥tIm
flask. hHld‘ﬂ%ﬁkl kvt flgstsd s&nefn/smmnummtﬁ mltnogeme dlenTMBenea(%Q @the re

et R T BB AR B3R Bl BB S A b Pl
addddlA® syHnpe ah @B rédcged Kek stiritel. WhSEswltink MobertsolBNod @as heated in
carbon, filtered, and entr edlnv oto
an ol By AL SOl T PSS VRS At G5y R B8 00 Y. T
reac@l@h %?ﬂ?ov&‘eﬁrtg tbS 98100k RHpEEMe, Has Hilgbdwith &ottekh® (200 mL),
ound (9.7 g, 76%vyield) as a pale eI | ow armrlgegwlt

thersm ed further save8°Ca Jlwmpecipaipic] vy ceblecteddy @ﬂlonoﬁ)ﬂ was

_ iso- gé)%lg {ﬁ)ihl (?0 drg?) {oﬁ"% a§%rudé?’pr§@uc( gﬁg w%)c) coﬁs@t&g(df 'fbugﬂgf) 85% trans

isormllr; Thhe G6de5BodudRIVES adtkd sickacel (151 10 @YD E egeids suspetsion
was\ﬁglgrﬁ_} %t?{g ?%ft%ﬂeg?tgr;egfg% (f]%%u‘[oels ktgenhcog}eg )’(c())/ Bfri °§p Ihe grlllyl/tf crystalline
solid9 wéreicIdqaxeaityl ﬂiycamdn a}hdldfled overmght in a vacuum oven to give the title
comzpo\lgr% hl- 3 qegt, h/}S‘lA yiel )aa{]seasw 1Ie crystalldne solid.

'H NMR (400MHz; CDCl;) 8: 1.32 (6H, d), 3.29 (1H, m), 3.51 (3H, s), 3.58 (3H, s), 5.31
(1H, d), 7.18 (2H, dd), 7.49 (1H, d), 7.58 (2H, dd); Mp: 134.5°C.

HRMS calculated for CisH;oFN4O,S 374.1213, found 374.1210.

11): trans-N-(4-(4-Fluorophenyl)-6-isopropyl-3-(3-oxoprop-1-eny)pyrimidin-2-yl)-

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 HCl1
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To a roomtenperature solution of (I,r-bis(di-"er
- but yl phosphi no) ferrocene) pal l adiunm(11) chloride (162
worenos06334® nmmol ) and pot assi um car bonat e ( 10. 3PQT/GB24006/004590

nmmol) in acetonitrile (40 nL) and water (40 niL) was
added rar-4,4,5,5-tetranet hyl - 2-(3-
(tetrahydro-2H pyran- 2-yl @gy).prop-1-enyl) -1, 3, 2-di oxab
orol ane (see Synthesis, 2004, p. 1814-1 820; 11.9 ¢
(70% strength), 31.1 mml) as a solution in

(41. Pﬁﬁ? Ofhd febdlﬁn% ﬁ{épéﬂs])onwaﬁ IRltreting@ novvérraq@eo(li Biybr atlie filfthe

m xt ure was irred for 5mnutes t he
was pepaBitdsk Jg-ongapig-layer of the filtrate was treated W1th 1 M HCI (100 mL), and

the reéulft r[g?ﬁ%ﬂ&hﬁ v\?i Eﬁ%@&g?ﬁ’%&&l@%&é Wbl@'sgpagaté‘d andhﬁléTEltgk&Ml: [@femas

mol was ad as a white
was]sadl with Brodel (0w L patmetaagidons NapiCOs (meme a@ql water (I8 mL),

thenﬂaea{eg wﬂih&é%&é‘} a}n \@ %X %251%?116, fhéme%lﬂit éd)[lgatrafte%rzn ﬁu!zéitg to

to CcO room erature.

givel@sg j{iidllbwtcﬁld Thést \h?]sl\ﬁﬁlﬁﬁed 33 mrnm)itogmdhy\éilehagé( qmldg\t,)loo%
ar nd the hed
DR RoNe s TS omRanE BB AE ard T TRTRoT sl Wiy
'H Eﬂ\/ﬁg g@tompat/\@ulmj) 3 mzs(m&i)gs Ba11nas), 853 $3H, B .60 (3H5E), 6.22
onitril e
(UG, BEh 281 98, 30P a1 Do) 38 rB s ah 0 B Mrabbirme
HRMQ%Hichia{éa 87 A LML ENYES Bitnoedodiars743106.nut es at r oom

tenperature, then quenched W th sodi um bi carbonate
(2 52 g, 30 nmmol ). The m xture was diluted wth

1Kk):

2-vxymamtlwlﬁ1mhanesuﬁanmuhd over sodi um sul fate,
concentrated in vacuo, and purified by chromatography
(1:1 iso-hexane/ Et QAc, 450 g silica gel) to yield the
title conpound (8.29

To a room temperature solution of (1,1’-bis(di-terz-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-yI)-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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g, 72%yield) as a light yellow oil. 1H NVR (400MHz)
(CDA3) d: 1.27 (6H, d), 3.38 (IH, m, 3.51 (3H, s),
w@2®3/063H) s), 4.20 (2H, d), 5.65 (I H ddd), 6rGBGBLI7/004590

ddd), 7.09 (2H, dd), 7.59 (2H, dd). HRMS cal cul at ed
for CL8H22FN303S 379.1366, found 379.1392. Im: /
"5-N-(4-f4-Fl uorophenyl ) - 6-4ss0pr opyl - 5- ( 3- oxopr op-1| - en
yl)pyrimdin-2-v - N nethyl met hanesul fonani de To a
room tenperature solution of

tempptathte ( a9 Nt QAP RERY b orR- dcR (BYAh0X30RAMBE) whs 8d36l) The
6-1sopropyl pyri m din-2-yl)-N-nmethyl met hanesul f onani de

resultibg @dixiyre 9BFisEd g minutas 3oemignperaiurpSher quegehizd ydth
was .. added Nepa : o1 S

sodiffy b e RS RISPBuE P TRE Rt e bR nl)

and ilw&feh OLs0snL); feparated] 4relraeghnidlapargies avapled toyfce @dthi waser(f@ mla.
tol uene ri

. Th . .
The eyt i s o B0 B0 o S EHRY b atrel Md fiisd by
chroh&%gtfé@?r@ 11 Q@-l'ﬁa_xgﬁi/ﬂiltﬁ)ﬂﬁoﬂo ¢ kitita gedpiodiield the cisleeorapound (8.29
crysta I n . :
5, 7¢telgyes a3 low oty 1 B AP ELCOIGE  oii g as
Al A} 57 GHLR), 420, (28dd), 5.65 PR, (ddth, 6BR.(1H, &R),7AH, (2H,
(GRS 4 801 (S PRl g b1 g8

dd), 3. S-ebF 49 raleland fardepip2BY:0:8 3794308 fonpde 72
(S)-trans-Eth\l|

7-(4-(4-fl uolr?oph_enyr)l- 6-i sopropyl - 2- (Nnet hyllmst hyl sul f

To a room temperature solution of trans-N-(4-(4-fluorophenyl)-5-(3-hydroxyprop-1-enyl)-
6-isopropylpyrimidin-2-y1)-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) (CDCl;) &: 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 C1sHaoFN303S 377.1209, found 377.1196.
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pyri m din-2-yl)-N nethyl met hanesul f onam de (200 ng,
0.530 nmmol ), (S§)-(-)-1,1"

wheeogA6aapht hyl oxy) (di i sopropoxy)titani um (48 Pgr/GB2M7/4004590
mrol ), and lithiumchloride (9.0 ng, 0.21 nmol) were
di ssolved in tetrahydrofuran (5 nL) at room
tenperature. The resulting.3ged solution was stirred
for 5 mnutes, then cooled to QC. To this solution
was added |, 3-di ethoxy-I-trinmethylsil oxybut a-1, 3-diene

Exafhpfd:®)-1rdnddBit LX-(4LnaB¥dphen@)L6isobBoyvil s. The

mxture was stlrred for 42 h(lalurs at

ste h&[g(ﬁ%ﬁ'h%hﬁx%' d (O 75 nL 1 50 mml) The resultl ng
med to roomtenperature, stirred for

120 minutes, then di Futed with MIBE (20 nL) and water
(10 nmL). The |l ayers wgre separated and organic | ayer

washed with water ( ‘dried with MySO4, and

Dhe cr ude product .
Purification byflas ch Rt ogr aphy ABi ot age on
silica, 2:1 hexane/E Qfc) provided (°S)-trans-Q hyl
7-(4-(4-fluoropheq > opr opyl - 2- ( Nmet hyl net hyl sul f
onani do) pyrim dLA=§- 5- hydr oxy- 3- oxohept - 6- enoat e
(107.9 ny, 40%y|qald) asapale oil in 98.2%

Uncteeg ;rr]l}tglg);g? atlrr;)gpel{)f(:%a?r%zm—N (ﬁ'?@u%mqg% 6 %o%rng %ﬁ-gyﬁoptop 1-

eny? fr'gm(ﬂﬂ_h gBrN nﬁhyh%etﬁé‘ne@ﬁlfénaﬂde (§OO41ﬁg,(02ﬁO rﬁﬂml)3($i( )-1,1"-

bi-(8- mﬂltbylpxy)ﬁﬂl);oprgpcgcy)t(tqqmm@% r(ng 70 1?_%1{1}29 ar{g]d)thlurp cg%m(lg Q?.O

mgg(g%l. T@%gp%ﬂl@dqg tgtﬁflycggﬁﬁ%qg m%a‘o%gyteﬂagé’i%ﬁuré OrHed

resulting red solution was stirred for 5 minutes, then cooled to 0°C. To this solution was

added 1,3-diethoxy-1-trimethylsiloxybuta-1,3-diene (244 mg, 1.06 mmol) dropwise over
10 minutes. The resulting mixture was stirred for 42 hours at room temperature, then
quenched at 0°C with 2.0 M aqueous hydrochloric acid (0.75 mL, 1.50 mmol). The
resulting solution was warmed to room temperature, stirred for 120 minutes, then diluted
with MTBE (20 mL) and water (10 mL). The layers were separated and organic layer
washed with water (10 mL), dried with MgSOs, and concentrated in vacuo to give the
crude product. Purification by flash chromatography (Biotage on silica, 2:1
hexane/EtOAc) provided (S)-trans-ethyl 7-(4-(4-fluorophenyl)-6-isopropyl-2-(N-
methylmethylsulfonamido)pyrimidin-5-y1)-5-hydroxy-3-oxohept-6-enoate (107.9 mg, 40%
yield) as a pale oil in 98.2% enantiomeric excess. '"H NMR (400MHz) (CDCl;) &: 1.26
(6H, d), 1.28 (3H, t), 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, 5), 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 CosH3FN306S 507.1839, found 507.1870.



1. A process for the manufacture of a conpound of
formula (V) (V) conprising a) reaction of a conpound
w@booBoesrmd a (11) (H) 1o wherein each Rl is PCT/GB2007/004590
i ndependently selected from (Il-6C)al kyl and phenyl ;
each R2 is independently selected from(I-6C)al kyl and
aryl (1-6C)al kyl; or the twyssR2 groups together
conprise a (1-3C) al kylene chain or
(5-6C) spirocycl oal kyl group (optionally substituted
Clai}‘_}gsth 1 or 2 (I-4Calkyl groups); wth a conpound of
mula (111) (H') in the presence of a titanium(1V)
cat al yst of forrrula (IV)(I'V) (wherein each R3 is

L. Inn‘pﬁggegggélﬁ%o% ona ?Oﬂ&gﬂs&:u{ng%%hgl grg ddé;l vative

in the S—conflguratlo) and an al kali netal halide
salt, in an inert solwgnt. 2. A process for the

manuf acture of a co d of formula (V) as clained in
claim11 conprising regcti
(1) wth a corrpound

V)

comprising

a) reaction of a compound of formula (IT)

R',Si0
W
2 2

OR"  OR

ay
wherein each R! is independently selected from (1-6C)alkyl and phenyl;
each R? is independently selected from (1-6C)alkyl and aryl(1-6C)alkyl;
or the two R? groups together comprise a (1-3C) alkylene chain or (5-6C)spirocycloalkyl
group (optionally substituted with 1 or 2 (1-4C)alkyl groups);

with a compound of formula (III)

NT
H3C\'?1)I\N/
SO,CH,
(I1D)

in the presence of a titanjum (IV) catalyst of formula (IV)
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in the presence of a titanium(lV) catal yst of fornula
(I'V) and an alkali netal halide salt in an inert

W@ 00806141@ 0 gi ve a conpound of fornula (Va); (REh/GB2007/004590
hydrol ysis of (Va) to give a conpound of fornula (V).
3. A process for the manufacture of a conpound of
formula (VI) conprising a).sgaermng a conpound of
formula (V) according to claim1 or claim?2; and
further conprising b) reduction of the keto-group in
the conpound of formula (V) toggi ve a conpound of
formula (VI).(VI) 4. A procesg for formng a conmpound
of formula (1) or a pharorageutically acceptable salt
t hereof, conprising a) /t@fn‘r(gg a conmpound of formula
(V) and b) form ng a conmpound\ formula (V)
according to claim3; and further conprising c)
renoval of the R2 group t ive the conmpound of
formula (1) or a salt thereof;, optionally followed by

(whéreinrea¢hi Rnis dfdependheihyragtesist iom dlyﬁ %@é‘pﬁlléké{‘@ ceapIses @)

optici)5 all§ sRIsRRERS bi K ﬁ%rgﬂ}aﬂg ﬁl(%h&é-%bﬁ@igdflr%ﬁ5 SldurSHeRSnddl BN
cr§ AFECRFTT 840Ut W t hout

salt, in an inert solvent.

2. A process for the manufacture of a compound of formula (V) as claimed in claim 1
comprising reaction of a compound of formula (II) with a compound of formula (1ID),
in the presence of a titanium(IV) catalyst of formula (IV) and an alkali metal halide salt in

an inert solvent to give a compound of formula (Va);

(Va)
a”) hydrolysis of (Va) to give a compound of formula (V).

3. A process for the manufacture of a compound of formula (VI) comprising

a) forming a compound of formula (V) according to claim 1 or claim 2; and further
comprising

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

formula (VI).



i solation of the internedi ate conpound of formula

(VI). 6. A process according to any one of clains 1 to
wh20be6ain the al kali nmetal halide is |ithiumedi/oBR@E/004590

7. A process according to any one of claims 1 to 6

wherein each RL is nethyl.8. A process according to

any one of the preceding chgins wherein (each) R2 is

i ndependent|y selected from(l-6Calkyl. 9. A process

according to claim8 wherein each R2 is ethyl. 10. A

process according torany one of clains 4 to 9 wherein

the conpound of formila (1) is isolated as its cal cium

salt. 11. A process tording to any one of the

ip;ecedl ng cl ai ns n th%HcogBougd of formula (1V)

(1S)-(-)-I,I'-bi-(%|- R pht X FIgQpr opoxy) titani um

. 12. The co gnd (S){trans-et\xyl

3- et hoxy- 7- (m N FORhenyl ) - 6-i sopropyl - 2- (Nmet hyl m

et hyl sul f onani do){.

pyrimdin-5-yl)- 5S%yla“r oxyhept - 2, 6- di enoat e.

(VD

4. A process for forming a compound of formula (I) or a pharmaceutically acceptable
s salt thereof, comprising

a) forming a compound of formula (V) and b) forming a compound of formula (VI)

according to claim 3; 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 sait.

10

@

5. A process according to claim 4 wherein steps b) and c) are carried out without
isolation of the intermediate compound of formula (VI).

15

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

lithium chloride.

7. A process according to any one of claims 1 to 6 wherein each R! is methyl.

20



WO 2008/065410

PCT/GB2007/004590
-40 -
8. A process according to any one of the preceding claims wherein (each) R? is
independently selected from (1-6C)alkyl.
9. A process according to claim 8 wherein each R? is ethyl.
5
10. A process according to any one of claims 4 to 9 wherein the compound of formula
(I) is isolated as its calcium salt.
11. A process according to any one of the preceding claims wherein the compound of

10 formula (IV)is (S)-(-)-1,1’-bi-(2-naphthyloxy)(diisopropoxy)titanium:

O

Ti<
12.  The compound (S)-trans-ethyl 3-ethoxy-7-(4-(4-fluorophenyl)-6-isopropyl-2-(N-

methylmethylsulfonamido)pyrimidin-5-y1)-5-hydroxyhept-2,6-dienoate.
15




