PROCESS AND | NTERVEDI ATE COMPOUNDS USEFUL | N THE
PREPARATI ON OF STATI NS. PARTI CULARLY ATORVASTATI N The
w@e@son246 nventi on concerns a process and i nt ePOEABaG08/003206
conmpounds useful in the prqparation of statins,
particularly atorvastatin. ‘According to the present
invention, there is provided a process for the
preparati on of a conmpound of forrmula (7) or salts
pROEESE ANRINTERMEDA FEICOMPEUNHRRISE FUIRN TARTFREEPKRARON OF
hydrogen or a axl' cgr r R r fs a
hydr ogen or sgbstituct a hydrogen
or a hydrocarbyl group X represents a hydrogen or

SUb‘?ﬁéb Bht i \VéHt'iB "é@h@gn§O';B?Bée%g%n@)lntﬁbfﬁ&ﬁétb%nﬂ)ounds useful in

wherein Y represents a
ther?é f@flo&Pg sta‘gp%fp@p@gfw eforg@stain:  p1 represents

hy dAcapeding to thepredent tnivetiogy, thepe isaprdvitéd a prasses far the praparation

5 facéﬂ?@ounb%f‘f’&?ﬂnﬁf% (??orf&% &4fs hydrogen or a protecting
group, to give conpoun 10f forrrula (2): OP1L NCo w

b) reducing the conpo for H( to give a
compound of formula (SZL;SE Wc) coupling
of

the conpound of fornul ) with a conpound of formula
(4):to give a conpourfd Lformula (5):
wherein
R’ represents a hydrogen or a hydrocarbyl group
R? represents a hydrogen or substituent group
10 R® represents a hydrogen or a hydrocarbyl group
X represents a hydrogen or substituent group

which comprises
a) cyanating a compound of formula (1):

Y
15 oW

wherein Y represents a halo group, preferably Cl or Br; P' represents hydrogen or a
protecting group, and W represents =0 or —OP?, in which P? represents hydrogen or a
protecting group,

to give a compound of formula (2):

op'
NC
20 o W
b) reducing the compound of formula (2) to give a compound of formula (3):
opP'’

HZN/\/QW

c) coupling the compound of formula (3) with a compound of formula (4):
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OP1 R d) when Wrepresents -OP2, deprotecting and then
oxi di sing the conpound of fornula (5) to give a
wa@eovpods of fornmula (6): and e) subjecting thBCT/GB2004/003206
conmpound of forrmula (5) wh Wrepresents =0, or
conpound of forrmula (6) to“ing-opening, and renoval
of any remaining protecting groups, to give a conpound
of formula (7) or salts thereof: DH OH O OH
Hydr ocar byl groups which nmay ke represented by Rl and
R3 i ndependently include akky al kenyl and aryl
groups, and any conbi nati on Y hefeof, such as aral kyl
and al karyl, for exanple b Ogroups. Al kyl groups
whi ch may be represented by Rl, and R3 include |inear
and branched al kyl groups conprising up to 20 carbon
to give awompaund ofifoumdly (F)rom 1 to 7 carbon atons and
preferably from1l to 5 carbon atoesrs. \Wen the al kyl
groups are branched, thegroups g{ten conprising up to
10 branch chain carbom atjons, p grably up to
branch chain atons. In -8 2Re0g), rents, the aIkyI
group may be cycllc,rg nly conpri sing from3 to 10
carbon atons in the l'arggst ring and optionally
featurlng one or_,nore Dbridgi rin | es of
&) ey IV EsRbeRseIS P hOTRIgISRinG: @ﬁf@%ﬁ 's&'wﬁ%'éowﬁauwsof formula (5)
to gine buedmpoetdyl fornadlényd); propyl, 2-propyl, butyl,
2-butyl, t-butyl and cyclohexyl oups. Al kenyl groups
whi ch may be representedpy Rl a R3 include C2-20>
and preferably C2 al kegnyl e or nore carbon -
car bon doubl e bonds nm . e al kenyl group
may carry one or nore, tituents, particularly
phenyl substituents. "Exanpl es of al kenyl groups
i nclude vinyl, styryl and indenyl groups. Aryl groups
anghi ch may be represented by Rl and R3 nay contain 1
e) rs'ubj@cm’fg theocompaundf ofs fimuian®s wiienctv mepresentd wde or compound of

for?rﬁq tgwng o%ﬁ}{lnﬁoén&?%e&%géflggg %rlnglg@? %@%ﬁ%‘%s to give a

COlinﬁ@lp (7)°f6ﬁ?lt erﬁpﬁor ophenyl, chl orophenyl,
br onDphenyI trifluoroethyl phenyglk, cani syl, napht hyI

and ferrocenyl groups,_d
N OH

RZ
RS

Hydrocarbyl groups which may be represented by R' and R® independently include
alkyl, alkenyl and aryl groups, and any combination thereof, such as aralkyl and alkaryl,
for example benzyl groups.

Alkyl groups which may be represented by R' and R® include linear and branched
alkyl groups comprising up to 20 carbon atoms, particularly from 1 to 7 carbon atoms and
preferably from 1 to 5 carbon atoms. When the alkyl groups are branched, the groups
often comprising up to 10 branch chain carbon atoms, preferably up to 4 branch chain
atoms. In certain embodiments, the alkyl group may be cyclic, commonly comprising from
3 to 10 carbon atoms in the largest ring and optionally featuring one or more bridging
rings. Examples of alkyl groups which may be represented by R' and R%include methyl,
ethyl, propyl, 2-propyl, butyl, 2-butyl, t-butyl and cyclohexyl groups.

Alkenyl groups which may be represented by R' and R® include C,z, and
preferably C,s alkenyl groups. One or more carbon - carbon double bonds may be
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Whien any of R1L and R3 is a substituted hydrocarbyl

group, the substituent(s) should be such so as not to
wadwsnsehy affect the rate or selectivity of apPgT/GB2000®03206

reaction steps or the overgll process. Optiona

substituents include hal og&n, cyano, nitro, hydroxy,

am no, thiol, acyl, hydrocarbyl, heterocyclyl,

hydr ocar byl oxy, nono or di hydrocar byl am no,

pre?é(rqr o?ﬁé bé(l%etnﬂi rqu‘ﬁsﬁﬁ{} Scalrrgaé&agptrﬁe %Eﬂggﬁgeéamculﬁrly pheny!

honam d rou
suqsyweaféaﬁa9mp@swa§<eayl @IS (RFYALNY, gﬁwrﬁfnawaﬁﬁ@y' EREPD
nor Arys girsibk twhidh magdye represerted ihly. RExdR @sayoforfin dr rifgBor 2 or

moﬂar R#Q& rliﬂa%[s_agr‘ﬂ:hnmé? &cﬂgﬁ %}E@Sw?%mto‘t‘gﬁ)edgéﬁ vﬁ € Rhgs. Examples of

aWb@""PBbW‘é’%@n’méﬂ bgyrenresaredpY| fdansk ﬁqudﬁ meé@yl " fidorophenyl,
chldimﬂhél%I‘dﬁmho;gfeﬁypﬁlﬂasrod@ﬁhyWnﬂbWWlI reaphiRY) ard feerocenyl groups.
donWh' F ng; BS ’an‘al ﬁc d Q%thgﬁaﬁ‘fl#&ag@ﬁgﬁﬁup hlﬂleoéix%gt?tuent(s)

and
Sh%’&‘rh%ﬁp%h %a%@pb@ @crverﬁe!m@ff%f Sl?pra&%ﬁrsis%%qﬂﬁ@y gf any of the reaction
stepPbil 06 @lvér)éllibﬁhﬁkis t Obtshah blsxituen iy infledabdlygd, cyéri@nyl)o hydroxy,

ol SNt b BIBLE RN o o
hyq@mwl«rym@néy@mp@r@yl hig. &%?rabpybamaiﬁét mrb&né eéxna Q§r sulphonyl
andolIpRsrePvid e groups ivilrein aits Bpdrpcarpylagplis are ssubighned for R' above.

One MeC%@gerﬂ?%x%%?e%%%%ﬁple%;%ﬁgé%ﬁﬁs having more

thaﬁ@ﬂb@“?@éﬂ%ﬁ Pr%@ﬂbh@vﬂ? -Gfh@deFNR R wherein Ra and Rb
ar esemllfudnngﬁm@@ AEh niaybe ofireseraed py Xudrat Rt intiegeraseytly include

h (fg%%@h angqugg eny(%q{{)ﬂ %t? tvI Oﬁoa}l #\é, Cege?r%ht H&%ﬁéagb@gups electron
withdDENIRG RISOUPSOTIRGEREANS HTHEteratEiRa RS RE UbSHiLERb gFauips areseommonly
selé&g@ﬁbﬁﬁrthé\’ghﬂptﬁﬂs@ﬂlﬁgr &%ﬂorﬂﬂl? BubSitnbd ﬁikoi)h@bYefélfa@Iy C,4-alkoxy),

ov@yaPEArosghied aBbrektnd PREVbcyptondlr ERSIF Pigny (prsteravly
phenoay), dedyatkylenecexide flpiefarakly modsthyianeonxide of mimf@mﬁ@ne oxide),
car%xyf Yhospratd, 7dulgto, Hittd, Ty bﬁ@rrﬁﬂcﬁ urtlio! =80JF, /hyM'_dxy ester -NR®R®,

ky'l Cg}llgq%r eghg&g’? gﬁ%h c%&gsfes Sr’lugglpﬁ%e St -SO,NR®?R"
wherein R? and R® are each independently H, optionally substituted aryl, especially
phenyl, or optionally substituted alkyl (especially Ci4-alkyl) or, in the case of -NR°R®,
-CONR®R®, -OCONR®R? and -SO,NR®R®, R? and R’ may also together with the nitrogen
atom to which they are attached represent an aliphatic or aromatic ring system; or a
combination thereof.

Preferably, there is provided a process for the preparation of a compound of
formula (7) or salts thereof:

wherein

R' represents an alkyl group, such as a Cys alkyl group, and preferably an
isopropyl group

R? represents an aryl group, preferably a phenyl group

R® represents an aryl group, preferably a 4-fluorophenyl group



10

15

20

R2 represents an aryl group, preferably a phenyl group
R3 represents an aryl group, preferably a
wd2dosaaphenyl groupX represents a group of fPETGB2004/003206
CQZ, wherein Z represents -OR4, in which R4 represents
an al kyl, preferably a nethyl or ethyl, group, or -
NR5R6, wherein R5 and R6 each independently represent
H, alkyl, or aryl, and preferably R5 is Hand R6 is

Pheﬂyﬂlepkdséﬁtb & gFoRbi sTE6rnRla FEMWh@@ai@ZCr@BF&t dAd @R*, in which R
or : 0 erej represents a ) I

or ofgrésehRan sh, el e of 881 EGEHb oI G negpin R anc
a pRoeach indgreydsnity represen Heglkdsermary!, and preferalgpR°® is h and R® is
whi glerf§?2 represents hydrogen or a protecting group, to

gi ve a conmpound of formula (2): b) reducing the

conmpound of fornmula (2) to give a conpound of formnula
whicBcomppgesH2N O W c) coupl i ng the conpound of formul a

¢ Mg & camssurrifsiniia figrmula (4): R O to give a
? cy%hn%o%dcof formul a (Sa)(:fg)(Pl &St O wd) when W

represents -OP2, deprotecting]and then oxidising the
compound of formula (5) to vy a conpound of fornmula
(6): 0 O and e) subjecti t he npound of formula (5)
when Wrepresents =0, or conpdun¥ of fornula (6) to

whereirgYoreprésegts amalo groopAprefdraibinyCir @nBi; IR N@preseh&Clydiggen or a
pro@gcﬂh'gr;’%ronfp? aHi MR rBpresents =0 or —OP?, in which P2 represents hydrogen or a
protecting group,

to give a compound of formula (2):
oP'

NC\/ﬁl
O w

b) reducing the compound of formula (2) to give a compound of formula (3):
OpP'

H,N /\/ﬁoj\w

c) coupling the compound of formula (3) with a compound of formula (4):

to give a compound of formula (5):
oP'
R1
X
—
N 07 "w
R? =
RS

d) when W represents -OP?, deprotecting and then oxidising the compound of formula (5)
to give a compound of formula (6):
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conmpound of forrmula (7) or salts thereof: 1 OH OH O OH
More preferably RL is an isopropyl group, R2is a
w@b@api22gé oup, R3 is a 4- fluorophenyl group apd/&BR@4/@03206
- CO2Me, - CO2Et or -CONHPh group. Protecting groups
whi ch may be represented by P1 and P2 include al coho
protecting groups, exanples of which are well known in
the art. Particul ar exanpl es include tetrahydropyranyl
groups. Preferred protecting groflps are silyl groups,
for exanple triaryl- andrespeci trial kylsilyl
groups, and hydrocar roups.| Especially preferred
are benzyl, nmethyl, trilmekniy g1 o
t-butyl di methyl silyl g t - but yl di phenyl silyl groups.
Protecting groups which rRay be represented by Pl and
anJ? may be the sane or different. Wien the protecting
groups P1 and P2 are different, advantageously this
e) pyRieting ofie reamnavad «af| ferpila £5) wienalV tpresents PO, o qeppound of
forRulaf(ey abtiyg-opérang,tdiel rehwivacsi &1y BIntifAg Eilotaaﬁmng?roaw to give a

°°”Sﬁ§{ F;SO?%trmuP]W@ s%lt??r%é@f or silyl group and P2 is

i'on, of conpounds of forrmula (1)
can be achi eved by jet ﬁods keewpH not he art for
di splacing a halo gr t a e. Preferably,
the process conprisge ntacting the ¥bnmpound of
formula (1) with aR<ou ce of cyanide. Preferred
sources of cyani de i ncRude cyani de salts, especially
armidaiieu prederably k&l iis met mbpropgngrdep, Rpdsta qhieayll grospdRins a 4-

flucPépHRAY RSN fh 480 Mé REOLEGH L @bhppp oq?gﬁ red pr ocess

co s contactin oun
O e b s R ey ot B i st
protﬂcmg grdups] Examples 6 whioht aret well keowe lidthe artof Parftiotlar examples

mcl@éf@rfﬁt'é%e dfcf;??ﬁn?ﬁg r%gﬁ@é e;gg%léﬁnq y%'ﬂcp | FFeOJs@QC?roups for

“a@édae iSSREGR K/cts'ﬁi!ﬁs'a%gwp% 6PMY5“(°25W!:5FPL!9§ Especially
prefecied eared bersayh gmethgil) cttimethyisiig! ¢batyldiragthylsityl tdrel &butyfdighenylsilyl
ro&;gke reduction of nitrile groups. Preferred reducti ons
systens jnclude reduction with Ranegynl ckel

hy diFSBERLNG GXaHES MBIShHINE PRYRRTBRRAE] Ph@"ﬂrpeéé?ﬁ(: ke gre same or
differamtal When tise plotecting gréupdi RinarenPE arebdifierent idoantagedisiynis may
alloM8 thd S ele B hvadt By driF?! Beterably, when the protecting groups P’
and P? are different, P' is a benzyl or silyl group and P? is a methy! group.

Cyanation of compounds of formula (1) can be achieved by methods known in the
art for displacing a halo group with a cyanide. Preferably, the process comprises
contacting the compound of formula (1) with a source of cyanide. Preferred sources of
cyanide include cyanide salts, especially ammonium or alkali metal cyanides, particularly
sodium or potassium cyanide. A particularly preferred process comprises contacting the
compound of formula (1) with 5 molar equivalents of KCN in the presence of
dimethylsulfoxide solvent at a temperature of, for example, from 50 to 120°C preferably
from 60 to100°C and more preferably from 70 to 90°C, typically about 80°C.

Reduction of compounds of formula (2) can be achieved using reduction systems
known in the art for the reduction of nitrile groups. Preferred reductions systems include
reduction with Raney nickel and hydrogen, reduction with hydrogen in the presence of a
catalyst, such as palladium on carbon, reduction using hydride reagents, such as LiAIH4.
Most preferred is reduction using boranes such as borane-THF. When palladium on
carbon catalysed hydrogenation is employed, preferred conditions comprise the use of
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Most preferred is reduction using boranes such as

borane- THF. Wen pal | adi um on carbon cat al ysed
whyasogesat i on i s enpl oyed, preferred conditi OPCT/GB2004/003206

conpri se the use of net hanol; sol vent at el evated

tenperature, such as about 400C, in the presence of

fromabout 0.01 to 100 nol ar equival ents of ammmoni a.

The coupling of the compound of forrmula (3) with the

methanplosohénobt Eleiated aer('iﬂéraﬂl?é’ P | eYabRNA01G, QR She presence of from
ab&:‘t‘@'o‘?%%oh%lér'%gﬁgﬁﬁﬂg o'?? lﬁ%g/ 07598 for the

rrespondi n ondi tions preferably

conphq §@Jnlleglth¢1gomn@ur¢cbﬁb@cmul§ @ Wﬁ’(brthellcarr(p@)mdmﬂ formula (4)
may €mpldy @)W@h@%ﬁéb@@uéﬁﬂ th@Qé glV%HQII‘i' W@B@/Q’WQ@%r e correspondlng

o 4,2 Bl s 2 B o 1o 03
(4) riep? éygliﬂcerbepzsolwm puaht @8 ttPligne) ras ugy clahgxdree, ranmixutes dhereof,
folld\ﬁ&dbﬁcdméﬁ‘tw 0O &wn@eémfsgﬁ@gewm nt he art for
exahEEW Boardrents Bp2 F Reftthl Stodiyh BE PemptRefogyrm 2 hyaroy
groél@)rwa[ﬁ@th%’& hn%WrSGUHEearbfor ftheioemeleal ioh the giveh pastecting group.  For
exah@lld, %Wltp)‘d)@&ﬂ‘%r@reﬂbéc meP bl Q'@mo@e%)b@cﬂﬁyét v@th‘?#@&:ré@%f fRride ion,

| t

suchy 3% o SRy ARSI afdiden ) b TGP dpBorbe removed by
hyd@depalysisrsush asaeadion adthfhydrogen bythe @parsenee of pailadizm on carbon.

CONpRAYAIGH ‘M"'Qfoﬂ*\d’cbuWé FOMNRRLD SdeprQD gtrd'ﬂﬂbf e&}?ﬁﬁaﬁpds wherein W
repW?’i‘ﬁ ()—Io?lt"ﬁa)b?wgl% ﬁ@gg'?%k’?% 'UotEe ?Hg‘?f th; Q?@?“P?l of pyranols to
pyrarcoepr @tkinclude tpsgagiven Tr LPofipehensien®tgank Tankfrmations”, R.C.
Largékd 2Bk @t@gg? %g??z&bllﬂ;&giﬂya}vﬁ’% WH%#;&}SO%?&()Q?S'” by reference
ProtdieA AT YTE MRkt ABFT QL0 S R R, Celie 2o AG2CO3),
broihiniet FSwig2 Caatiorberddasseviarnpernidinengaixidatiomr Dess- Marti n

perRlﬁ& 'oB@ﬁiﬁ %ﬁ“ﬂ%ﬁ%drﬁébun& 38 PG ('38 Wert \hﬁre‘bfé@?gnésor formula

represent =
(6) 5}% | %ﬁ%ﬁ ‘3%‘ﬁ§"§2W8M theha far oy oReging: P}y PYIgERAMNg Pegferably,
the alrpysanmned By ebetaabith 4 Ibase, sgech as cpeied Hygroxie! Mdthanol is

Con%,{,ght@, edSicd A%t sodi um hydroxi de. Methanol is
veni ent ed as sol vent. Renmi ni ng protecti nrg
g%f‘;sea'ww P&e%m@;@&swam FRSRRYed Ry Rethers iioway in thepart for the
renbhai ofetimevgileroprdtéetingi greap.prFdresxXaimple, gSilpL protéaling groups may be
rem%?f@drBl/ %ont%bL\X/Ith B e bfnﬂﬁgiﬁg snEP( a@%ﬁ?ﬂﬂ%ﬁgﬂrr@ﬁlum fluoride,

cont act source

bengd thass ay ReFBmPYed by Mwwolm@nw memwbacetaﬁwau@e removed by
treatraerdwetth dilyteracdieogeasysi s, and net hyl acetal s may be

r eWﬁ%e%cédn?s%tdqﬁ&twﬂgnt)b réﬂreéeﬁw?s 58%%8%% f@rﬁiuﬁjai —-COORY?, this may
be converted to a group wherein X represents —CONR°R® at any stage during the
process, for example by reaction of the corresponding compounds of formulae (4), (5), (6)
or (7) with a compound of formula HNR®R®.

It will also be recognised that compounds of formulae (2) and (3) may also be
subjected to oxidation (when W represents —OH) or deprotection and oxidation (when W
represents (-O-protecting group) to form the corresponding compound wherein W
represents =0.

Preferred compounds of formula (1) are compounds of formula:
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It wll be recognised that when X represents a group
of formula - COOR4, this nay be converted to a group

wob@seindX represents - CONRSR6 at any stage dpeT/682000003206

process, for exanple by re§ction of the correspondi ng
conpounds of fornulae (4), (5), (6) or (7) with a
conpound of fornmula HNRSR6. It will al so be recogni sed
t hat conmpounds of formulae (2) and (3) nay al so be
subj ected to oxidation (whengd&¥represents - OH) or
deprotection and oxidation (Wen Wrepresents
(-Oprotecting group) to fofmfhe correspondi ng
conpound wherein Wrepresgn Preferred conmpounds
of formula él) are conpounds of ‘?’or mul a:t wherein W
P1 wifereiv \ir B’ and Y aesaorrevipugledesqribed. Preferred

CONPRENES @RinmdodhddibiFoldlia () @re esrsaunds obformhamnul a:
wherein Wand Pl are as previgusly descri bed.

Preferred conmpounds of fornulk (3) are conmpounds of

formula: OP1 H2N O"vaherei and P1 are as

previ ously descri bed. e{\er conmpounds of fornul a

(5) are of formula: OP1 where?n ®1, R2, R3,W X and P1

ar ewherejpr\whand U laye depaviobsigl desuribkdr red conpounds of

for ,ﬁ&ﬁ[ R3,
ﬁ?ﬁ#ei;e&@ggﬁ%)?g@%%ﬂfg n;]‘/m%j@cngo qu%g?)érre rlg‘zorrpounds

of formula (7) are of fornula: RlCHV\/nereln Rl, R2,

R3, and X are as previ ously Sey i bed. Compounds of

fornmula (7) are advantageqQu cpnverted to

phar maceuti cal » accept 88l e aI s, VYespecially their

cal GhatBinSA dng- @%‘F@Qé‘rﬁgeglogfsl fd@EéﬂL')'eé (4) are

dvanta eousl| re t haods given in
Preferged comp%uﬁds gfa}ormula YS) are o formu a: g

1

R1
X
e
N7y
.
RZ
R3

wherein R', R%, R%, W, X and P' are as previously described.

Preferred compounds of formula (6) are of formula:
OH

R‘l
X
/ AY
\N/\-“ 0" o
3

R2

R
wherein R, R? R®, and X are as previously described.

Preferred compounds of formula (7) are of formula:
R1
X OH OH O

N OH

R2

R3
wherein R, R?, R?, and X are as previously described.
Compounds of formula (7) are advantageously converted to pharmaceutically

acceptable salts, especially their calcium salts.
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J. Med. Chem, 1991, 34, pp357-366. Particularly
preferred conpounds of forrmula (4) are conpounds of
wo ooosiiaic o 9. Et O or Compounds of formnul a (1)PrP@r/eB2004/003206
advant ageousl y prepared bysgenzyne catal ysed
condensati on of acetal dehyde and 2- hal oacet al dehyde,
for exanple using the nmethod given in US patent
5,795, 749. Conpounds of fornulae (2) and (3) and, when
W i €ompeyundsoafifoinaula $4) dre edvaniagasesly aserared byfthe methods given in

J. NEETHaM. | ToaNsE Pp357 368! PhRcLRy FRIBREEEMEunts biMétAula (4) are

2 nd, (3 P_lls a protecting group and preferably W
C°’§%%ﬂ”§§8ﬁ%’§’¥“-"aop2. When P1 is a protecting group and W

represents - OP2, prefexeably Pl and PX-are different.
g )\ and (3) are
yl"9roup and W
HUP. Preferred
nds| where Pl is
presents =0 or

conpounds where R&ol s
represents OP2 where b
conmpounds of for (5) are co
hydr ogen, benzyl OFSi S0 W
OP2 where P2 is a neth gr oup. l\/breferred
conmpounds of fornula (5) are conpoundsfwhere Rl is a
d*al kyl group, R2 is anfaryl ogroup, R¥is an aryl

or oipmBpus; S REHE (e S iRk HoralefBy Enfiihe cataysed
coridedeqtion defnadejaliiehyidg cansly thalpiakstpldehydsy or exampleg using the method
givgyg,r@gggtenpgmgy,wspr silyl group and Wrepresents =0 or

conpORATSro BT e LR wB I EE Riroy PR @ oy furter
aspestspf dpg/pregerdupventon.i s a phenyl group, R3 is

4- f | B RN Wonfolihdd bP¥Rmuta (D Sk (WNef 8s 4 botédRfg group and

¥\lnere Rlepried = .l | e%h. ! F u i o roZ I g’n W’ﬁ? resents —OP?
prefiiep s WARPRESTS Ry SN Bnlf RBrFdngiordis S W re '
preferablp & and P2 awydifferensi | yl group and Wrepresents =0 or

OP2)\ e pefdited SorfipdlRHEYF féHHRIP2) BRE (BN¥RNEdAFoUrdls where P is a
ber%zlyl grssﬁl{/lagtrggp grYd \t/\Fr%pIeglel\tg\%lg}QNh%)ég Bp!seasfnethyl group.

Preferred compounds of formula (5) are compounds where P* is hydrogen, benzyl
or silyl group and W represents =O or OP? where P? is a methyl group.

More preferred compounds of formula (5) are compounds where R' is a Cyealkyl
group, R? is an aryl group, R® is an aryl group, X is COZ where Z is OR* where R* is an
alkyl group or Z is NR°R® where and R® and R® each independently is hydrogen alky! or
aryl, P! is hydrogen, benzyl or silyl group and W represents =O or OP? where P? is a
methyl group.

Most preferred compounds of formula (5) are compounds where R’ is an isopropyl
group, R? is a phenyl group, R® is 4-fluorophenyl aryl group, X is COZ where Z is OR*
where R* is a methy! or ethyl group or Z is NR°R® where and R® is hydrogen and R®
phenyl, P' is hydrogen, benzyl or silyl group and W represents =O or OP? where P? is a
methyl group.

The invention is illustrated by the following Examples.

Example 1 - Preparation of Chlorolactol methyl acetal ((2S,4R)-2-(chloromethyl)-6-
methoxytetrahydro-2H-pyran-4-ol), a compound of Formula 1 where Y = Cl, P' =
and W = —OP?, in which P? = Me.
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Exanple 1 - Preparation of Chlorolactol nethyl acetal
((2S,4R) - 2- (chl oronet hyl ) - 6-

woredosoxuet r ahydr o- 2H pyran-4-ol ), a conmpound PET/GB2004/003206
Formula 1 where Y = d, P1 H andW= - OP2, in which
P2 = Me. Crude chl orol act ol S{159) was di ssolved in
nmet hanol (150m ) and heat ed to 400C for 2 hours in the
presence of 0.1m sul phuric acid. The sol vent was

r emorede thloroRictyl msgya@@ Hi%%bl%tj incmahémﬂ o] sdw ﬂﬁcpﬁé’éiéd 40°C for

2 liP 18 4 BBk Bt R eipblF 8D o 5“@8?%?%36%%%4 by rotary
evﬁreﬂr@fé-m toafferd @ﬁtﬁf@@u%yﬁs ﬁcﬁaalf hroupflewing pibnThe peodiicl was dissolved
in OGM @ihd dvashedswith gedilimbsieabordi® wWongo® |The\A€thVéht\W§s. removed by

rotgﬁ/r dé\ffﬁl%tl?ﬁ( tocé\#otﬂ%cgr gn%ta%%ﬁaﬁﬁ]%%n ﬂo}yg)ig ?pn | h was purlf ied by
colymg.chrgmatagraply (16410) /e 1A9) 149 and 118 tlmnzH;DCla 3P-B1fi(m 2H), 4.1
(m11H=I)8)L, 1.8-136 &n2H), 4.6 (dHH), 13G. @(Fﬁ 2&;)2 grgﬁlﬁég &35 (s 3H); "°C nmr
coih 3 z#ﬂéhg&fﬁé&ﬁg%t hyl acetal ((2S 4R)- 4-

(benzyl oxy) - 2- (chl or orret hyl ) - 6- net hoxyt et r ahydr o- 2H py
Exaiple 2 CO paticH &Oraﬁ%ﬁzﬂ cHiGrofactol™ rhéthy Placetﬁz ((zs 4R)-4-

e R K T
FormulajhwheterY 81 B 3Bg ando isn-OR % i whichi 3= Me. THE (5n1)

at Cﬂ%lbﬁ&lﬂﬁétﬂ?l%&tal @@)Ms JPJSQWSQ% ﬁ'ﬂiF?Q%I)‘%ﬁgﬁ rcﬂgféfég to sodium
v GBRUEE G359 NindBE SR Tt il 2 Jermderdine.: Bsey bromide
(1.8@twascaddedidroppdsecand the dnassheatedrio @AY &l 2tidurs. wdetbanol (2ml) was
adde¥eald ﬂﬁa‘"h‘és@%‘é arondd 'b%gwé@ﬂdDEW wierY 8R4 WMRSthen washed with
walef o HHE Grgahe ph asrfg]’)(as G ShiP ssfie i rorsmedy iy ygporaton
to affooi @nlor@agb ﬂbv(lng aiH(2. Bgmér@lz?;‘;a 228 ;ﬁs{ﬁ{dfw&m r‘m-lgirl)r7C[gnClg 1.6-2.0
(m(4m)131),&345 $my, 148 18 & 1H), 4.0 5 (] 2M), 47 @ 1H), 7.3-
TS e A A e B et

Q/ano O benzyl lactol nethyl acetal ([(2R 4R)-4-

Exéuh RZY4 QX plefirafbfho hé*b(ii Rzyt HAYS |2 ietay! bde@) Ofli2R 4R)-4-
P o P el Bpfad tatGIo ety BBEH

(beﬂé!'O thmt xyigtranygro-2h- er y -vllalﬁeéweftraew arretq‘PWPOU“d of
Foanelaa whiéng)P \weBz did 3 Fv-@F’] invDMBﬁ)P(ZSiMé) cont ai ni ng

Pot BSsnyfil &N&&E&a &é@%l oAy Z@c‘@tvﬁg dis¥ond %I o p’ﬁlfﬁ? Fﬁm%ontammg

The nmass” was t1on ween

PO*(E‘B%JH‘I“)CYQH'Sev(/’éQ)e?“d( q for A daysraj 89 €. ﬁt‘i‘&s’@aﬁﬁa‘yas then partitioned
betweem disthylethere(bOamtidandhwateo [(5@mi). Was drgamly @Hasy waetramdved, dried

anP¥RRBIVER! W55 Fetnd¥el B FofBnPdalotibn to Kt a5k B WHidredas purified
by column chromatography m/z 261, 229, 184, 123, 107, 91; '"H nmr CDCl; 1.6-1.9 (m
4H), 2.5 (m 2H), 3.4 & 3.5 (s 3H), 3.6 (m 1H), 3.8 (m 1H), 4.5 (s 2H); "*C nmr CDCl, 24,
34, 36, 54, 56, 58, 68, 73, 98&100, 117, 122-128.

Example 4 - Preparation of Aminoethyl-O-benzyl-lactol methy! acetal (2-[(2R,4R)-4-
(benzyloxy)-6-methoxytetrahydro-2H-pyran-2-yllethanamine), a compound of
Formula 3 where P' = Bz and W = —-OP?, in which P? = Me.

Borane —THF complex (1 molar solution) (1.19mls) was charged to a nitrogen
purged flask at 10°C and diluted with THF (2.5mls). Cyano-O-benzyl lactol methyl acetal
(0.05g) was dissolved into THF (7.5.5mls) at 10°C and charged to the borane. The
resultant mixture was then heated at reflux for 9 hours. The mixture was cooled,
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by col um chromat ography mz 261 , 229, 184, 123, 107,

91; 1Hnm CDCI3 1.6-1.9 (m4H), 2.5 (m2H), 3.4 & 3.5
W@ 3003#002248. 6 (m 1H), 3. 8 (m1H), 4.5 (s 2H); 1BC/GBR004/003206
CDCl 3 24, 34, 36, 54, 56, 68, 73, 98&100, 117,

122-128. Exanmple 4 - Prepa tion of
Am noet hyl - O benzyl -l act ol nethyl acetal
(2-[ (2R, 4R) - 4-

quenBREY WltHWéthQﬁéTB(tl ?ﬁ’i VAR {:&I?%Fhr V\ﬁe@*’h RYUEGH)- % Vﬂrﬂh%f' tﬂﬁé‘%@hons of

bt O SRR ol b R s T
fnacﬁswnnféntnat)on(aﬁomﬂaj%ogr@Smﬁhar gg:l to a nitrogen purged

LS | &) l%%ela%}%tap 50 slhe ‘1\)’%6 CyEHﬁ résidual nitrile.
iz 33 AT, Sl G0k Tl 97 %@Hia(ig&%@g PGS (@), 36 (m,
1HY, B (boridiet.5 EhaH)esT(matt), mixtyce).was t hen heated at
cehifrctiol o, %, (ggéﬂfsﬂ%@ 58,878 981 0R0PARGagueNChed

hano and concentrat I'n vacuo. A
further two portions of Methanol (2 x 10mMs) were
Exadpled - Brubatétbmb@m@!etﬁutaeo-anﬁnactm Bﬂbtlhyl atetales sompound

of J% g%&&%eﬁ, ﬁth' Qaf RS 8&“‘8& . C v m@gran-u-\ﬁ =—-0P?%in

Wh!frhd?n' ﬁo resi dual nltrlle mz 265, 233 107 91; 1H
nmAleBGbﬂhy[LOEbebzﬁ 4l Iﬁbﬂ‘}yl 3cetal&( 100 wWas diskblved.irb THF (10ml).

Dik éflteﬁﬁ deﬁ&ﬁlo@v@h (%chtuﬁéudz(gml)zéﬁd @é rﬁgﬁﬁ% heated to

80°gdor 2daygpgA e;r;pong@t@ilg@ in yacpio theg re@maés was partitioned between
dietRylegthsrat1oamn a1id Jiter ploenESTIRY ofgahierphbe Mastoolledt®d, iried (MgSO,),

an%%t%%zﬁﬂg%%@&%uo tg In%aso g@ﬁ\ﬁl mc?;g;{s plﬁ% V\ﬂ Pt@ column
chr@zategwhy/@rﬁmetl\ﬂ{;tl 56 Bz §60.118¢1 91 Hﬂtmryp%aei :15 (t, 3H), 1.3 (d,
6HY, 3.6009 Ymves), @I4S&<3I4se(d 3H), 3R 201,08 Jm, M)k BARSUEN, 4.1 (q 2H), 4.5

foI I ovved by acetic acid (2m) and
(s, é'ﬁkﬁg@m ./agg e?JI4Ho 8Q0C for 2 days. After
19Fcme e Shifttane n0Gppny Hilietot Brter) atkSpem (REpskictias
partitioned between diethyl ether (10m) and water

T |
ERBESY - ERESAB s o VA OPe AR (CELE o BElTamehy goetal, 2
compownd of Fornutars where)R'= fFrrechmPh;d? ErinFEsHao XBEEHANEHY P! = Bz
ancIW 380p2 iNwhich P99 M&67, 460, 107, 91; 1H nnt CDCl 3

ég&)lé E%l% Q%gﬁ!zy cg)q?%ﬁthél%ceflaé%%gﬁﬁ W%—IS"SSQLIV%&& tn Dﬂ?ﬂl:‘E (5ml).
Amm (1.0p) svagsaddediand she7mixtyre higlated 2o ﬁoiGTfor]mm)oursl%ﬁefmoohng and
coneBhitdtioh iR TadfGRE PeddibKaiads Rk atitibRed boiveh stRd ediek (5ml) and
water (Sml). The organic phase was collected, washed further with water (5ml), dried
(MgSO0,), and the solvent removed in vacuo to afford a brown oil which was purified by
column chromatography (0.26g). M/z 646, 614, 507, 107, 91; "H nmr CDCl; 1.3 (d, 6H),
1.6-1.9 (m, 6H), 3.4 & 3.45 (s, 3H), 3.5 (2H), 3.6 (m, 2H), 3.8 (m, 1H), 4.5 (s, 2H), 4.7 (m,
1H), 6.8 (br.s 1H), 7.1 (m, 19H).

Example 7 - Preparation of Pyrrole Anilide OH lactol methyl acetal (Lipitor Lactol-
OMe) a compound of Formula 5 where R'= iPr, R>= Ph, R*= 4-FC¢H,, X=C(O)NHPh, P’
= H and W = —OP?, in which P? = Me.

Pyrrole Anilide O-benzyl lactol methyl acetal (0.15g) was dissolved in Methanol
(5ml). 10% Pd/C (0.1g) was added under Nitrogen. The system was flushed with
Hydrogen, the heated under an atmosphere of hydrogen for 6 hours. After removal of the
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Exanple 6 - Preparation of Pyrrole Anilide O benzyl

| actol nethyl acetal, a conmpound of Fornmula 5 where
waRicesPr4g R2= Ph, R3= 4- FC6H4, X=C( O NHPh, PlPcT/8B2@nd03206

W= - OP2, in which P2 = Pyrrol e Ester O benzyl

| actol nethyl acetal (0. 3(’%5 was di ssolved in DW

(5m). Aniline (1.Q0g) was added and the nmi xture heated

to 8Q0C for 18 hours. After cooling, and concentration

PdiCby G atibnt, BRd teRsEntraiorBiSthe \WekctiBA dsk i@ Oé’éhobmé’\@gﬂual brown oil

wal G 26 ‘Rl = 58P, ol FLARY ol T30, o)
1. 6(%9@49!4) &l & H85 <01 3BnB.5r @MvBE (Ma 26ackB (Mo 1k 47 dma 1H), 6.8

(brBrMeT. o, WH)ch was purified by col um chromat ography
(0.269). Mz 646 614, 507, 107, 91; 1H nnr CDCI3 1.3

(d, 6H), 1.6-1.9 (m 6H), 3.4 & 3.45 (s, 3H), 3.5
Exqmpbe 8 3P@p(amtloz1-9f P)gr@e(Arnlllc_l_q-pH lac®l (Idpitor-h.actal),7a campound of

. 3 = 1 = 2
F°rm'a 56%%’%2‘ o P%y}wrz? Ph, R4 IR CLALI=CROMAPR, T A o

I Lactol- Owe) a conpound of Fornula 5 where
R1_Pyrm-le ARificte O] |arBrt mbtisbaERtal (R-0500) NePIdjssived inHVethanal (2ml),
and: watéP?Zml Mdﬁ“'a@ﬁefzfoﬂo%d By ol N Q-I(ﬁn(idwl‘jje Qﬁ@te'%ﬁbﬁng at room
tempBfiigie f&féﬁéﬂféﬁfmﬁafe AR ConeA e e b PP P GG he pEpuct as a
coleyyiese oil iz B1RsHiAd 5861 i Ripd COGEN1.3t(HebMp dtted.oUndéH)ad45 (2H),
36Qﬁ”QHPf3€E§n0fH)??@ ROAM, BB d(blg% Eggﬁﬂ a@f%ﬁ)of@{mﬂﬁéoéf 91.6ppm
(LaFtQE@ Fg}{?nﬁég ) é‘HE , the resi dual brown oil was

purified by colum chromatography. Mz 556, 524, 506;

aHTbI@rg ﬁ@ﬁaﬂon?’ of Lackfik, aJco%ﬂou?\c(m F@l’?pi a36 &Ihg‘re?’R‘LSIPr R’=
Ph'lFEI)' 43!5_%@'4 %Sr C&gmeh-,P I‘"( m 14H) Exarrpl eI_I% -

Pr e E}mra)je Aurfhdé’;Ol-ﬂ tectol ABfirhg, de063rhrhal} tnodiicklbiopetizane (0.5ml) was
adde@@b Peks- l\ﬁarﬁrp C{ d):@é’r@’bﬂn%o\’)%ﬁesgﬁ%\? at Fo %Z’nperature for
PR i o e o RS < A
The( fha38Oylerevtiendiepsmaitadeand the Meddricediurh@ méguced vl vaeuerto afford the

crué@?ﬁ Yy added, followed by O. 1N HCl (1m). After
rein omtenperaturefor hours, the m xt

" s SO SR GBR e F G e i 7 208, DHhE B rh At . 39, 3.2
26cnhoudless oil. Mz 542, 524, 506; 1H nnr CDCI3 1.3

13(:%\%1 ﬂngﬂz éog ) Fég)g 1§9€‘35 %2 173437 %é'é‘ ’3_%*): 11%6?1284
127,812 1g5§ 07 193 1178, 1184, 256 221 293 /305 345,728,
36.8,61.0, 38.3.

Example 10 - Preparation of Atorvastatin (hydrolysis of Lactone), a compound of
Formula 7 where R'= iPr, R%= Ph, R*= 4-FC¢H,, X=C(O)NHPh

The lactone (1.1g) was dissolved in ethanol (10ml). Water (2ml) and Ca(OH),
(0.15g) were added and the suspension warmed to 60°C for 3 hours. A further 10ml of
warm water was added, then the mixture allowed to cool slowly to room temperature. The
precipitate formed was filtered and dried to give atorvastatin calcium salt (0.3g). The
material was identical to an authentic sample by mixed melting point, NMR and mass
spectrometry.
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(Lactol ©); FTIR: 1652cm 1 (Am de) Exanple 9 -

Preparation of Lactone, a conpound of Fornmula 6 where
wW®RieosioP246 R2= Ph, R3= 4- FC6H4, X= C( O NHPh, Pl1p¢i/GiB2004/003206

Pyrrole Anilide CH | actol 5ng, 0.065mmol) in

di chl oronet hane (0.5m ) waS™ added to Dess-Martin

peri odi nane (30ng, 0,07mml) and stirred at room

tenperature for 2.5 hours. The reaction was

lnde?ﬁﬁ&édtqfk‘éﬂa&%\‘ve&%ﬂrMuéQﬂiiH&é O IRXIR IR 13ic8dINYd compound

. _The' ph th t )
of ERyPita 5 Whare 1= 1o, Hat Bo RIS e e KX IR A o7 Hefea = ~OP%
in which PEi2 Hfrorb GANAdth&GIMd SourBe f Lictone7. 28, 7.2, 7. 08,

7.0 : 9y 2.

1 g 2SR arfpe B acting (5 e i 1 ghpcrgy OYF (o)
follq\ggi_ oy |rr1@ag_ol;q (1 zg@gg,them@awsfg@_ngg (3172137_194.’ ggmgt,ure was stirred at
roofi2féniperatdre. Aftet B2hdlyrs, 126 reactidrl a8 wotkied. @ byl 48ditlon @6EHBO (30ml)
ool G T Seoded,obin® gri SosChrdlr Wi i wour 2
20, qrigd: @RE ) congertiAtemb ih¥ago eoafiRif aS"Y'aWS’e'PétO s ér"‘,’h'te powder
(478g, B%).R3= 4- FC6H4, X=C(O NHPh The | actone (1.1g) was

di ed..j . r. .

1 19 XV 0 A8 oG v o
thep gpolgd fRyuf&'C ynde( Nitragen 1DIBALIP- 1AV MM teluepakwagiaddpd dropwise
and fRnmibhgrendtiviedrier abl ainatkstat -getg. Sthewnixtire wazothen quenched by
oo BBl o BBl g e
Afterapagition ohdethedcHiehieramethanan1QTNER Watera o). e rthasas were
sepZeted Apd i Biganid¥Rase drisdasd specintratedtin watutd ePea desidual oil was
ol SR SletbaRfy B I bRRS D ek o (omicel
Stretph aREE35GoY dbRrIONSIAC(EYIHPIESEP = H and W= - OP2, in

V\fnit The t@;@léted",laol‘tdlql‘l?@?g)aitvbb @lstsblge@wram@yd@éqswmo NeF.pidine was

U C_S e ,0 n ve
st TSR LSt RORat 0 Rt Sar el s ofod Trass e
quarisbed TEhi\Eherfangr sageuny dicerpnateTpeluliankt he Phasesssenaratgd and the
aqutlou’ pAA l@éﬁk%fxggéttéé witAfeltiedr. ghb Qrdhic pHRes e@tsé E@?bib\%di,)dried and

WOr Ke u a . 0
evapiated st itaie A 7Bl Bl 942k 507, d0gi e ol ) 6r, 16
1.9v(et 6H), (4% (ZnB)6, (miraHd3. 84 16BN 8. El)eB.8i (ar.g dEo7 -8 ¢m, 14H);
Boarhratoics oh BbaigHadtaict P FeIRe:S 65281 { AmRIRYd e r



10

15

20

(470mg, 73% . The silylated | actone (233ng) was

di ssol ved i n anhydrous dichl oronethane (5m ), then
wa@owksewt2t® - 780C under Nitrogen. DI BAL (0. 31nmPCT/GBR00A/003206

tol uene) was added dropw sg and the m xture stirred

for 10 mnutes at -780C. The m xture was then quenched

by addition of 1m of 10% aqueous Rochelle's salt and

allowed to wvarmto roomtenperature. After addition of

further dichloronmet hane (¥mpsand water (10m ), the

phases were separated and e organi c phase dried and

concentrated in vacuo. The residual oil was purified

1. by Aplacens fontheeparatigrhyf o &bpdoingd Of fanmblax@her) salts THareof:
1668 cm1 (amde). Stretagh at 13@58P1 L (Lactone) no
(

| onger present. The sk IatWOOng) was
di ssol ved i n anhydrous g i thNeowas added
(0.1m ) at 00C and alg to warmto room

tenperature. The nmass wasiquenched with ether/and
sodi um bi car bonate sol ution. The phases separated and
t heVaqGeous phase back extracted with ether. The
or gani ¢ Bhiepeasemisrachysiovgsinms @ hydracatbyher@uvapor at ed t o
e 3 1. 30 ey o papoacep sot, o 2ty 3. 6
- =3 f . iy . . f .
(m 2%0,&3%*9(5&{%5%!"“@96(%3 %",CE%”.VEQTHS.S 1H, 7.1
(m 14H) X re@esanty a QpiTpgeroar. sipgituentareud C); FTIR
1652cm 1 (Am de) CLAIMS 1. A process for the
preparation of a conpound of formula (7) or salts
Wh'?%@S’@B?S.eSRl | OH OH O OH wherein Rl represents a
a) dypdatmgencampaunt yflfoowelaly): group R2 represents a
hydr ogen or substituent grouprR3 represents a hydrogen
or a hydrocarbyl group X represents a hydrogen or
substi tuent group which conprides a) cyanating a
conpound of formula (1):Y

o7 "w

wherein Y represents a halo group, preferably Cl or Br; P' represents hydrogen or a
protecting group, and W represents =O or —OP?, in which P? represents hydrogen or a
protecting group,

to give a compound of formula (2):
opP'’

NC\/ﬁj\
o w

b) reducing the compound of formula (2) to give a compound of formula (3):
op'

HZN/\/QW

c) coupling the compound of formula (3) with a compound of formula (4):

to give a compound of formula (5):
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o w wherein Y represents a halo group, preferably C
or Br; Pl represents hydrogen or a protecting group,
wa@oesMinepr esents =0 or - in which P2 reppP&B6BR®4/003206
hydrogen or a protecting g{‘?up, to give a conmpound of
formula (2): OP1 NC O Whb) feducing the conmpound of
formula (2) to give a conpound of formula (3): OP1
H2ZN O Wc) coupling the conmpound of forrmula (3) with
a compound of forrmula (4): to giwee a conmpound of
formula (5):0 Wd) when Wrepresgnts -OP2,
deprotecting and thenxoxi|di si nd the conpound of
formula (5) to give a mula (6): o and
e) subjecting the co of formula (5) when W
represents =0, or coﬁpou d of forrrul a (6) to
ri ng-openi ng, and renov remai ni ng protecting
d) WheasUWsTerteseqisvePa d@@Fﬁmwa aafi ”P%‘r Peiflising #ye epmeqyndsof formula (5)
to diveecda emhpouhd ohfgmute®s according to Caim1l for the
preparation of a conpound of foromla (7) or salts
thereof: Rl wherein Rl rgpresents an al kyl group, such
as a Cl al kyl group, sand|preferfablly an isopropyl group

R2 represents an aryl o\p; % bly a phenyl group
R3 represents an ary}la2 p, preferably a
4-f 1 uorophenyl group R

and

e) subjecting the compound of formula (5) when W represents =0, or compound of
formula (6) to ring-opening, and removal of any remaining protecting groups, to give a

compound of formula (7) or salts thereof:
R1

X OH OH O
—
N OH
RZ
R3
2. A process according to Claim 1 for the preparation of a compound of formula (7) or
salts thereof:
R1
X OH OH O
—
N OH
—_—
R2
RS

wherein

R' represents an alkyl group, such as a Cs alkyl group, and preferably an
isopropy! group

R? represents an aryl group, preferably a phenyl group

R® represents an aryl group, preferably a 4-fluorophenyl group

X a group of formula —COZ, wherein Z represents -OR*, in which R* represents an
alkyl, preferably a methy! or ethyl, group, or -NR°R®, wherein R® and R® each
independently represent H, alkyl, or aryl, and preferably R® is H and R® is phenyl

which comprises
a) cyanating a compound of formula (1):
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X a group of formula - CQOZ, wherein Z represents -COR4,

in which R4 represents an al kyl, preferably a nethyl
woroosiaghe group, or - NRBR6, wherein R5 and RBCE&BR004/003206

i ndependently represent H, él kyl, or aryl, and

preferably R5 is H and R6 phenyl which conprises a)

cyanating a conpound of formula (1): OP1 O Wwherein Y

represents a halo group, preferably d or Br; Pl

represents hydrogen or a prot@tting group, and W

represents =0 or - OP2, in ch P2 represents

hydrogen or a protecting gr@up,) to give a conpound of

formula (2): OP1 b) redut d Wcorrpound of formula

(2) to give a conpound of fornula (3 Pl H N O Wc)
wherenpY i regrespits co hplougrauBf Prefarakly £ (0.‘5) iR Heare@entﬁdmaogen or a
pro@ctlﬁ@@%aaﬁ&w réfre$éhtg E0E0P—OPHTIP WHLhOP? fepréBeng hydrogen or a

en Wrepresents -0OP2, depr otecting and then

pr°g%?}lv'aq roH ; the conpound of forrmula (5) to give a
to giverpeempeburd of formwlaa(2):6) : R and e) subjecting the

conpound of fornmula (5) when $'represents =0, or

compound of forrmula (6) to riag-opening, and renoval

of any remai ni ng protecting|[groups, to give a conmpound

of formula (7) or salts”‘t’ OH O 3. Aprocess

according to Ca is an |sg 8 roup,
b) rrgugiRg '@eﬁﬁMP"%PfJGB“U'W) tggkye@ GRIBH A ﬁw i§ldlip and
Xis a-CO2Me, -COaEt or - CONHPR group 4. A process

for the preparation of a/c\on/‘pf&jci of formula (2)
H,N 0" w

c¢) coupling the compound of formula (3) with a compound of formula (4):

to give a compound of formula (5):
op'
R1
XI>
—
N 07 "w
—
RZ
3

d) when W represents -OP?, deprotecting and then oxidising the compound of formula (5)
to give a compound of formula (6):

OH
R1
X
—
N 07 o
S
R2
R3
and

e) subjecting the compound of formula (5) when W represents =0, or compound of
formula (6) to ring-opening, and removal of any remaining protecting groups, to give a
compound of formula (7) or salts thereof:
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OP1 NC O Wwhi ch conprises cyanating a conpound of
formula (1): OP1 o Wwherein Y represents a halo
w@e@ap122ps ef erably G or Br; Pl represents hydrOmeB2@nd/003206
a protecting group, and Wgepresents =0 or - OP2, in
whi ch P2 represents hydrogen or a protecting group. 5.
A process for the preparation of a conpound of fornula
(3): OP1 H2N O W whi ch conpri ses reduction of a
conpound of formula (& : OPNCy; W wherein P1
represents hydroge Wgroup, and W
represents =0 or - 2 N7 h™~P2 "Pepresents
hydrogen or a pro ng group. 6. A process according
to daim4 or Caimb5RrRhWherein P1l represents a benzyl

or a silyl group, and Wrepresents =0 or - OP2, in
whi ch P2 represen

ts a u . ess
3.t hé PPeeRsr2ACPEINGI0 ga%%ﬁ'@{ﬁﬁﬁ'gﬁl B a“dﬁ?%g?ﬁ)gr%’%ﬁm? gpheny!
groUiaOR?JTsl§$ﬂu@0plpényhgohbanddrrpau6®zMé 1Csr-Etib e Gy HPIoprpup
O Wwi th a conpound of formula (4): wherein R1

represents an al kyl group, such a kyl group,
4. and pipegssrfanihg péﬁi’afaé'@BPéEme@P ff?&“"ﬁ%?r)esent s an

aryl group, preferably a phe group;
NC
0”7 "w

which comprises cyanating a compound of formula (1):
op'

Y
0 w

wherein Y represents a halo group, preferably Cl or Br; P' represents hydrogen or a
protecting group, and W represents =O or _OP?, in which P? represents hydrogen or a
protecting group.

5. A process for the preparation of a compound of formula (3):

which comprises reduction of a compound of formula (2):
opP'

Nc\b\
0o W

wherein P! represents hydrogen or a protecting group, and W represents =0 or —OP?, in
which P? represents hydrogen or a protecting group.

6. A process according to Claim 4 or Claim 5 wherein P' represents a benzyl or a
silyl group, and W represents =O or —O_Pz, in which P? represents a methyl group

7. A process for the preparation of a compound of formula (5):
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R3 represents an aryl group, preferably a

4-f 1l uorophenyl group; X a group of fornula - CQZ,
WoOLh@sei24Z represents -OR4, in which R4 represPOT/SBat4/003206

al kyl, preferably a nmethyl, or ethyl, group, or -

NR5R6, wherein R5 and R6 edch independently represent

H alkyl, or aryl, and preferably R5 is Hand R6 is

phenyl ; Pl represents hydrogen or a protecting group,

preferably a benzyl or silyl grouap; and Wrepresents

=0 or - OP2, in which P2_.represents hydrogen or a

protecting group, preferably ere P2 is a nethyl
group. 8. A conpound o £2N,y OP1 NC wherein P1
represents hydrogen o rotecting group, and W

represents =0 or - OPF2, kN which P2 represents
hydrogen or a protecting group. 9. A conpound

Whiﬁ%é@ﬁﬂﬂﬁ'?ﬁ@ qoypmgdhﬁpswcg?frﬁow'a @)a protecting group
and preferably Wrepresents - OP2, and nore preferably
P1 and P2 are different.10. A ggnmpound according to
Claim9 wherein P1 is a benzyl Jor silyl group and W
represents OP2 where P2 is a frethyl group. 11. A
conmpound of formula (32': - OWwherein P1
represents hydrogen or oy pr ot elti r\f‘@ group, and W

with & gb@peidsoffornaula (4)OP2, in which P2 represents
hydrogen or a protecting groug. 12. A conpound
according to Caim 11 wherginlPl is a protecting group
and preferably WrepresentsT- 2, and nore preferably
P1 and P2 are different. . aonpound according to
Claim 12 wherein P1 is a benzyl or silyl group and W
represents OP2 where P2 is a nethyl group. 14. A

whereimpound of fornula (5): OP1 R1 o w

R' represents an alkyl group, such as a Cys alkyl group, and preferably an isopropyl
group;

R? represents an aryl group, preferably a phenyl group;

R? represents an aryl group, preferably a 4-fluorophenyl group;

X a group of formula ~COZ, wherein Z represents -OR?, in which R* represents an alkyl,
preferably a methyl or ethyl, group, or -NR°R®, wherein R® and R® each independently
represent H, alkyl, or aryl, and preferably R® is H and R°® is phenyl;

P’ represents hydrogen or a protecting group, preferably a benzyl or silyl group; and

W represents =O or —OP? in which P? represents hydrogen or a protecting group,
preferably OP? where P? is a methyl group.

8. A compound of formula (2):

wherein P' represents hydrogen or a protecting group, and W represents =O or ~OP?, in
which P? represents hydrogen or a protecting group.

9. A compound according to Claim 8 wherein P is a protecting group and preferably
W represents —OP?, and more preferably P' and P? are different.
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R3 wherein Rl represents an al kyl group, such as a C
al kyl group, and preferably an isopropyl group; R2
wo epsesemt s an aryl group, preferably a phenyl PQr/GBp04/003206
R3 represents an aryl grous preferably a
4-1| uorophenyl group; X a group of fornula - CQZ,
wherein Z represents -OR4, in which R4 represents an
al kyl, preferably a nethyl or ethyl, group,
10. NREREOMRpRENG 2ACIREiNg ridl %neadvharﬂdébelﬁcpehemgyl pepﬂsésgémp and W
reptdsets 0P wiftre 8 16l a mafhy| grogperably RS is Hand R6 is
phenyl ; Pl represents hydrogen or a protecting group;
and Wrepresents - OP2, in which P2 represents
11. hy d egapowd of fermsda()i ng gr oup.

or'

HZN/\/(b\w

wherein P represents hydrogen or a protecting group, and W represents =0 or —OP?, in
which P? represents hydrogen or a protecting group.

12. A compound according to Claim 11 wherein P' is a protecting group and preferably
W represents —OP?, and more preferably P' and P? are different.

13. A compound according to Claim 12 wherein P' is a benzyl or silyl group and W
represents OP? where P? is a methyl group.

14. A compound of formula (5):

opP'
R1
X
—
N 07 "w
S
RZ
R3
wherein
R' represents an alkyl group, such as a C,; alkyl group, and preferably an isopropy!
group;

R? represents an ary! group, preferably a phenyl group;

R® represents an aryl group, preferably a 4-fluorophenyl group;

X a group of formula —COZ, wherein Z represents -OR®, in which R* represents an alkyl,
preferably a methy! or ethyl, group, or -NR°R®, wherein R® and R® each independently
represent H, alkyl, or aryl, and preferably R® is H and R® is phenyl;

P' represents hydrogen or a protecting group; and

W represents ~OP?, in which P? represents hydrogen or a protecting group.



