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calcium salt (1) (illustrated below), which is useful for the production of a pharmaceutical
useful in the treatment of, inter alia, hypercholesterolemia, hyperlipoproteinemia and

atherosclerosis.
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The sodium salt (2) and calcium salt (1) of compound (E)-7-[4-(4-fluorophenyl)-6-
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-ylJ(3R,5S5)-3,5-dihydrox yhept-6-
enoic acid (hereinafter referred to as the ‘Agent’) were disclosed in European Patent 0521471.
This patent also describes a process for the synthesis of the calcium salt (1), via the sodium

L5  salt (2), as shown in Scheme 1 below. The calcium salt thus formed is then collected and

dried and may be processed further as required.
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Scheme 1

Our International Patent Application WO 00/49014 describes an alternative route to
the calcium salt (1), also via the sodium salt (2), from the compound BEM (3), which is

exemplified as shown in Scheme 2 below:
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Schene 2 WD 2004/ 108691 PCTI GB2004/ 002373 As described in WO 00/49014, the
transformation fromBEM (3) to the calciumsalt (1) nmay be carried out via
the nethylam ne salt (4) as shown in Schene 2. Isolation of this
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[ met hyl (et day bfodbéteaatitaiaed. no] pyri m di n-5-yl ] (3R 5S) - 3, 5- di hydr oxyhept - 6- enoi
c acid calciumsalt, which conprises the steps a) to g): 20 a) reaction of
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According to the present invention there is provided an improved process for the

formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,55)-3,5-dihydroxyhept-6-enoic acid
calcium salt, which comprises the steps a) to g):

20 a) reaction of a (1-6C)alky! ester of (E)-(6-{2-[4-(4-flucrophenyl)-56-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-yljvinyl }(4R,6S)-2,2-dimethyl[1,3]dioxan-4-
yl)acetic acid in a water miscible organic solvent with aqueous acid at an elevated
temperature;

b) reaction of the resulting solution with an aqueous alkali metal hydroxide and

25  optionally washing the resulting aqueous alkali metal salt solution with a suitable organic
solvent;

c) adjustment of the pH of the resulting solution to between pH6 and pH11;
d) removal of the water miscible organic solvent;
e) optional filtration of the resulting mixture;

30 o addition of a water soluble calcium salt to the filtrate 5o as to form (E)-7-[4-(4-
fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,5S)-3,5-
dihydroxyhept-6-enoic acid calcium salt; and
2 isolation of the product of step f).



30 f) addition of a water soluble calciumsalt to the filtrate so as to form
(E)-7-[4-(4- fluorophenyl)-6-isopropyl-2-[nethyl (methylsul fonyl)

am no] pyrimdin-5-yl] (3R 5S)-3,5- dihydroxyhept-6-enoic acid calciumsalt;
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It will be appreciated that this process'échl eves the conversion of the
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[ met hyl (mat;;% ‘go%gll]g gmismordsm Fhiexampleloloa® 5S) - 3, 5- di hydr oxyhept - 6- enoi
c acid. 20 The starting material BEM nmay be nmade as described in WO
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il lustrated hereln er tep b) may be carried out
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general |y be understood to nean 20- 25C conveni ently approxi mately 25C.
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or aqueous sodighmHly B609afk&1 esters of the Agent are, for example methyl, ethyl, propyl,

- isopropyl, n-butyl, iso-butyl, pentyl or hexyl esters. BEM is a preferred example of a (1-
6C)alkyl ester of (£)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl{methylsulfonyl)amino]pyrimidin-5-yI}(3R,55)-3,5-dihydroxyhept-6-enoic acid.

20 The starting material BEM may be made as described in WO 00/49014. Analogues of
BEM may be made by analogous processes, as illustrated in the Examples hereinafter,

Step b}

Step b) may be carried out at a temperature of between approximately 10°C and
25  approximately 40°C. Conveniently, step b) is carried out at ambient temperature, which will
generally be understood to mean 20-25°C, conveniently approximately 25°C.
Suitably the aqueous alkali metal hydroxide is aqueous potassium hydroxide or
aqueous sodium hydroxide.
In one embodiment, the aqueous alkali metal hydroxide is sodium hydroxide. In this
30 embodiment, suitably the aqueous sodium hydroxide is about 1M and sufficient quantity is
added to form the sodium salt (2). It will be appreciated that the sodium salt (2) is not
isolated and that the product of step b) is an aqueous sodium salt solution, It will also be

appreciated that this aqueous sodium salt solution also contains acetonitrile.



I n one enbodi nent, the aqueous al kali netal hydroxide is sodi um hydroxi de.
In this 30 enbodi nent, suitably the aqueous sodi um hydroxi de is about 1M
and sufficient quantity is added to formthe sodiumsalt (2). It will be
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In a further aspect of this embodiment, the aqueous sodium salt solution is washed with ethyl
20  acetate,
In another embodiment, in step b}, the aqueous sodium salt solution is not washed
with a suitable organic solvent.
In an alternative embodiment of this invention, the aqueous alkali metal hydroxide is
potassium hydroxide. It will be appreciated that in this embodiment, the potassium salt
25  equivalent of the sodium salt (2) is formed as a result. In this embodiment, suitable
temperatures, concentrations of potassium hydroxide and washing solvents are those

described as suitable for sodium hydroxide hereinbefore.

Step ¢)
30 Adjustment of the aqueous solution to pH 6 - 11 is suitably carried out by addition of

hydrochloric acid, for example 0.02 to 1M aqueous hydrochloric acid. In one embodiment,
the solution is adjusted to pH 8-11. In another embodiment, the solution is adjusted to pH 9-
11, for example about pH 9-10.5, Suitably, the solution is adjusted to about pH 9-10.5 using



tenperatures, concentrations of potassium hydroxi de and washi ng sol vents are
those described as suitable for sodi um hydroxi de hereinbefore. Ste ¢ 30
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sui tabl e may "be used. Conveniently at a manutacturing sCale, a GaF filter
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is provided in the accompanying non-limiting Example.

Stepe)
20 Filtration of the mixture resulting from step d) removes any unreacted starting material

or insoluble impurities which may have precipitated during the distillation process of step d).
It will be appreciated that water may be used to wash the filter. Any filter known in the art to
be suitable may be used. Conveniently at a manufacturing scale, a GaF filter may be used (for
example, a GAF filter E6-1825, manufactured by "Haywood Industrial Products).

235 It will be appreciated that this filtration is not always necessary and may be omitted.

Step )

Generally, the water soluble calcium salt is suitably any such salt whose counter-ion
forms a water soluble salt with sodium, such that it is easily removed by washing the product
30 after isolation in step g). Suitable water soluble calcium salts include calcium chloride,
calcium bromide and calcium acetate, More suitably, calcium chloride or calcium bromide is
used.

In one embodiment, the water soluble calcium salt is calcium chloride.



25 It will be appreciated that this filtration is not always necessary and
may be omtted. Stgp f) CGenerally, the water soluble calciumsalt is
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tenperature for a period before filtration is carried out, for exanple for
10 to 20 mputes, conveniently for 15 mnutes. It wll be appreciated that
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i nvention there Igcﬂaﬁzfnqafltﬁke@mﬂnlsﬂpﬁa@?f@ﬂw@rﬁaﬁ@% ch@ediobeby fikfatigi,i on of
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example for 10 to 20 minutes, conveniently for 15 minutes. It will be appreciated that water

may be used to wash the filtrate.

20 According to the present invention there is provided an improved process for the
formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl{methylsulfonyl)amino]pyrimidin-5-yl](3R,55)-3,5-dihydrox yhept-6-enoic acid
calcium salt, which comprises the steps a) to g):

a) reaction of tert-butyl (E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-

25  [methyl(methylsulfonyl)amino]pyrimidin-5-yl]vinyl }(4R,6S8)-2,2-dimethyl[1,3]dioxan-4-
yDacetate (BEM) in acetonitrile with aqueous hydrochloric acid at an elevated temperature;
b) reaction of the resulting solution with aqueous sodium hydroxide;

c) adjustment of the pH of the resulting solution to between pH6 and pH11;
d) removal of acetonitrile;

30 e) filtration of the resulting mixture;

) addition of calcium chloride to the filtrate so as to form (F)-7-[4-(4-fluorophenyl)-6-
isopropyl-2-[methyl(methylsulfonyl)amino}pyrimidin-5-yI] (3R,58)-3,5-dihydroxyhept-6-

enoic acid calcium salt; and
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é;]e?;;)IG:at ?(r;ﬁi gf 814'tﬁhe pro%kulgela of s{nvamfgﬂgﬂé urt hehﬁ&e@ﬁ%@%ﬁ?«%&ﬁ%zsem |g;)n

there is priormakioh cifE)- Wwﬂdoqophnngbaﬁ-lsmpropyﬂ:é- formati on of

E)-7-[ 4: (4: fI - : oo
Errzet hyl[( ( u W@H@?‘%@?)ﬁv gﬁ’m%’ﬁg?’ﬁﬁﬁ Y8R Sy droxYheph{#rai 9fidpt - 6- enoi
c acid cal @dldmﬂu%at twhioMcekbrised RE btefiSa) [ B)R), o), GPancEQ),as Bscibed KBreinbefordnd g) as

descri bed herei nbefore. According to the present invention is provided an
| nproved process for the formation of

E)-7-14-(4-fl : . i d
i(n25 1([) yl(] (SRU%@W@IR&%&OW ept Oggséum gg%%é%g?/cﬁérﬁeg%t%g%@%lﬁgy“ "
conpri ses t ofESTdp<4-fluprapbery])-6-isapiopyleZaetinm(nodth dsul fon @i3nsin&plrimidim - of

ikt ot 1ot RO RN F RS St crt TR 5t gthih comprises the steps 2 o &)

(4R 69) - 2, 25¢li meelivibh bf 21 b0y ﬂsterwaE)(‘(Gt{lzc[t!E(ﬁlfﬂlofdphé‘i?ﬁf-G-'i‘dob yieawi th
aqueous hydrochl oric acid at an el evated tenperature; reactlon of the

resul ting smmylwﬂwlﬁwoau%wg]mww K%Pe65h%2@;m@tbylﬁb$]M@n #f the pH
of the re?“gﬁdcgr?c %?4 mttr‘ﬂe Qﬁ#h"é@ﬁébup Béh%rﬁ'ﬂcfd at ag)e%e)(r&g%}é:?:pe&ﬁn

acetonitril on of resulting mxture, It1on G6f cal cium
chl ori de tob) he rhadtjbnaf thesesuttingtsolution with Bjuedug sbd{utn hydroxidghenyl ) - 6-

[ soprop - 2-] et | su nol pyrim 5- 3, 5-di hydr ox
yhept - 6 20%%noi a@}llgép@tgﬁ}h@pﬁﬁ%%q%esuw E}gé‘c’flé(bg F‘H‘rﬁ%& S‘T‘ﬁ{ﬁlﬁr oduct of step
f). In a fugy heraspaGE atodifife;| Nvention is provided an inproved process for

the formation
e) filtration of the resulting mixture;

f) addition of calcium chloride to the filtrate so as to form (E)-7-[4-(4-flucrophenyl)-6-
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,55)-3,5-dihydroxyhept-6-

20  enoic acid calcium salt; and
g) isolation of the product of step f).

In a further aspect of the invention is provided an improved process for the formation
of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl (methylsulfonyl)aminolpyrimidin-5-
yl}(3R,58)-3,5-dihydroxyhept-6-enoic acid calcium salt, which comprises the steps a’), b) c),

25  d), f) and g) as described hereinbefore.

In a further embodiment, the present invention provides an improved process for the
formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,5S)-3,5-dihydroxyhept-6-enoic acid

30 calcium salt, which comprises the steps a) to g):
a) reaction of tert-butyl (E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-yl]vinyl }(4R,68)-2,2-dimethyl[1,3]dioxan-4-
yDacetate (BEM) in acetonitrile with aqueous hydrochloric acid at 35-40°C;



of

(E)-7-[4-(4-fl uorophenyl)-6-isopropyl -2-[ net hyl (nmet hyl sul fonyl )am no] pyrimd
in-5- yl] (3R, 5S)-3, 5-di hydroxyhept-6-enoic acid cal ciumsalt, which
conprises theoswepsed' ), b) c), 25 d), fe'% and g) as des&f€THEBA0MEI28TIbef or e.
In a further enbodi nent, the present invention provides an inproved process
for the formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-

(3R, 59 -3, 00 nyfere B hL B RAlAEILEH sy M st o ot gbiont topperamee 1
steps a) t oang)optienally sasshing theasultbrgtagheuy bodiimh s{l6sdlution with a suitable organic

2-[4-(4-fluo oghenyl ) - 6-i sopropyl - 2-
[ met hyl (netsl‘?él‘fe I f onyl ) ami no] pyri mi di n-5-yl ] vi nyl

) (4R, 6S) - 2,d- di njustvhdnt ofShe b@tﬂﬂre‘kestﬂﬂ\;%@;ﬁmﬁaﬁ & s(bBEi\@}m'C?y ACEENIfLQIOb®L Wi t h
aqueous hydrochl oric acid at 35-40C 2004/ 108691 PCT/ GB20041002373 -9 b)
reacti o of2qupeushydiophlprigadidl uti on with 1M sodi um hydroxi de at anbi ent

t t ' - i PG ] .sodi 't
enperat ur &g a“%ﬂ%ggf%et&fuw&%&E@@&t?ﬁ%&%ﬂ&?m@ﬂ??ﬁ Sodi um sa

sol ution with a sui e org ustment of the pH of the
resul ting s®l ut ifitratton o lheeuresydtiige loixtaetdi ti on of <0.05M 5 aqueous

and 90-350. o) aiiph of FmoarusRbEPE el ofiodte Abvie Shetlrghcr G
aqueous  Sol afh oB).-Pf4-ERirtpheh BrissHRofi YR (el YLiErh i kiRt By Riceies. O

form

(E) - 7- [0 (411 (BRSF D Adliipidyorgheps Spmojpyacidzalcine balt, (rd-43/Cs ead onyl ) ani no] pyri ni d
ey O R PRt AP ERY DA saB AL, T V0L o2 10,
further enbodi nHnt fultiee epbediateht, the\pesstitdnvepti @Vproeidlesan imfpoved @tbcpisdacths f or
E Pneet h;IOE x% 4‘?&3@*&]‘“@%@#%&Mﬁéﬁﬂ%ﬂ%ﬁ%ﬁ%’%ﬁy}‘%:?Sgg; ogylt_) (ZZII hydr pxyhept - 6- enoi
o (1 60 a1 K R ey ok Bl efoid paig et on ©f
[ met hy| {3vet ¢ajdivrn salb mhichaoempabesthe stepsian-t8-gyl ] vi nyl } o .
oo 2, Do 3 AR el 36 Ao AR EIB M s D o,
W t h 1M sodimethyiesiotsutfeon wldansindlpetirnidire fyGviayi) (4R ,65)-2,2-dimethyl[1,3]dioxan-4-
yl)acetic acid in acetonitrile with aqueous hydrochloric acid at 35-40°C;
b) reaction of the resulting solution with 1M sodium hydroxide at ambient temperature
20  and optionally washing the resulting aqueous sodium salt solution with a suitable organic
solvent;
c) adjustment of the pH of the resulting solution to about pH9 by addition of <0.05M
aqueous hydrochloric acid;
d) removal of acetonitrile by distillation at 50-55mBar and 30-35°C;
25 e filtration of the resulting mixture;
f) addition of an aqueous solution of calcium chloride dihydrate to the filtrate so as to
form (E)-7-[4-(4-fluorophenyl}-6-isopropyl-2—[methyl(methylsulfonyl)amino]pyrimidin-5-
yll(3R,55)-3,5-dihydroxyhept-6-enoic acid calcium salt, at 32-43°C; and
g) isolation of the product of step f) by filtration at about 20°C.
30 In a further embodiment, the present invention provides an improved process for the
formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl}amino]pyrimidin-5-yl](3R,55)-3,5-dihydroxyhept-6-enoic acid

calcium salt, which comprises the steps a) to g):



20 and optionally washing the resulting aqueous sodiumsalt solution with a
suitabl e organic solvent; c) adjustnent of the pH of the resulting solution
to about pH9 by addition of <0.05M aqueous hydrochloric acid; d) renoval of
acetoni tril ev@yo0di188691 | ati on at 50- 55nmBag, and 30-35C, 2BCEGBRIMOP23FI on of
the resulting mixture; f) addition of an aqueous sol ution of calcium
chloride dihydrate to the filtrate so as to form

E)-7-[4- fl W -(d: 4. onyl ' imd
o5 1] (3 5o e YL T Mt 32436 and
g) i sol at | dmenimedisuiiaudlamstolpyipidh Sy vinyl (ARAS) A2 dimethiiLi31doGn-60 | n a

further e i | Qv ' ' . | pved process for
the for matnBsoae GEM Refifilla b Sk b SRR 15

[ met h)d/l ( rreltHv)yI s ukdctioy bj tharesolting solotieh \m'rﬂﬁﬂyﬂ sb{iam, lﬁﬂ)ﬁﬁdé&tdﬂb}eﬂnﬁmy&/ﬁeﬁh 6- enoi
Cc aci al cium,sal t, ich co | ses the ste a) to : 004/ 108691
PCT/ GB2604/ @éé’?‘?@lalﬂy M\SAQ{'E B@&Eﬁ“ tig 2gpecu i gﬂjﬁ BlutloR Wi a surtable orgaiic
(B)-(6-{2- [&iefic f | uor ophenyl ) - 6-i sopr opyl - 2-

[ met hyl (et hyl sul fonyl)am no] pyrimdin-5-yl]vinyl } (4R 6S)-2,2-dinmethyl |
1, 3] di oxan-@- yladpstent of thephjof ithe raudtingspluipn to abontpH §Sussingyd@ ddhl ori ¢

acid at 35- . . of the resulting solution with 1M sodi um
hydr oxi de a%ggorﬂ%?%%{og@g%gdﬁ%t ure 5 and optionally washing the resulting

aqueous soddum gsambva of adetomitrilel Byhdistilkation 150 5aB3aad30-38Cyent ; ¢) adj ust nent
of the pH of the resulting solution to about pH 9-10.5 using < _0.1M aqueous
hydr ochtbri® acifdrgHon ol therstultne BEMEni trile by distillation at 50-55nBar

and 30-35C ) 10 gakitibh bt &PdduebusAblutibs of @itk CRg:ad eﬁhgdr@te_ta iheTieict ko 19 an
aqueous sol ution of calciumchloride dihydrate to the filtrate so as to
form form (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2~[methyl(methylsulfonyl)amino]pyrimidin-5-

s yi (SMERSER S b Re R gl Al L T 1527458 and
g) isolatiog) of jsdigioarodeheqirodict 6 sep fh by Hkration atrabbic@oe@f about 20C. 15 In a
further enbodi nent, the present invention provides an inproved process for
t he 15 In a further embodiment, the present invention provides an improved process for the
formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl}amino]pyrimidin-5-yl](3R,55)-3,5-dihydrox yhept-6-enoic acid
calcium salt, which comprises the steps a”) to g):
a’)  reaction of a (1-6C)alkyl ester of (E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-
20  [methyl(methylsulfonyl)amino]pyrimidin-5-yllvinyl }(4R,6S)-2,2-dimethyl[1,3]dioxan-4-
yl)acetic acid in acetonitrile with aqueous hydrochloric acid at 35-40°C;
b) reaction of the resulting solution with 1M sodium hydroxide at ambient temperature
and optionally washing the resulting aqueous sodium salt solution with a suitable organic
solvent;
25 ¢ adjustment of the pH of the resuiting solution to about pH 9-10.5 using <0.1M
aqueous hydrochloric acid
d) removal of acetonitrile by distillation at 50-55mBar and 30-35°C;
e) filtration of the resulting mixture;
) addition of an aqueous solution of calcium chloride dihydrate to the fiitrate so as to
30  form (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2—[methyl(methylsulfonyl)amino]pyrimidin-5-
yll(3R,55)-3,5-dihydroxyhept-6-enoic acid calcium salt, at 32-43°C; and
g) isolation of the product of step f) by filtration at about 20°C.



formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-

[ met hyl (et hyl sul f onyl ) am no] pyri m di n-5-yl ] (3R, 5S) - 3, 5-di hydr oxyhept - 6- enoi
c acid calciumsalt, which conprises the steps a') to g): a') reaction of a
(1-6C) al kyl YeQrem/ 108694 E) - (6-{2-[ 4- (4-fl uorophenyl) - 6-i soRCH{EB200/021373

[ met hyl (et hyl sul f onyl ) am no] pyri m di n- 5=1;1r] vinyl } (4R 6S)-2,2-dinethyl[1,3]d
| oxan-4- yl)acetic acid in acetonitrile with aqueous hydrochloric acid at

anbi ent 1 emper at el s Pot Pt Bt itherRPn Bobidetit PR AR b B um
salt sol uti foimatidriofdEpTH[4-§bFlaomplenyl)e-issmbpds2t; 25 c¢) adj ustnment of the pH
of the resu|ti sol ytion to about, pH 9- sjng.<.0.1M ueous,

hydr ochl or i @%@ﬁ@ﬁlﬂéﬁ%ﬁ%v’;@wﬁaﬁ@e@w&ﬁ?&%’%ﬁm"a@%%ﬂf&w%@%5 nmBar
and 30-35C, cal&hmfshl][t,twﬂﬁ%ﬂ&hﬁfsgéliﬁesdgﬁssﬂfo'gjg m xture; f) addition of an

aqueous solution of calciumchloride dihydrate to the filtrate so as to 30

form 5 a’)  reaction of a (1-6C)alkyl ester of (E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyi-2-

(E)-7-[4- (41f 3y - 2- | | ng] pydni di
b o1 SR lRRRaRto B RO YRR BN BB A Y e Y oL Y O C
g) i sol ati op)mbti¢ féd joraeebotitrile fwithtagpedul hipdrodhlérha @id a3sa0°@pout 20C. WO

2004/ 108691, PCTI (B2004/.Q02373. -11 . n a, further odi.nent, .t he present

i nventi on pPbvi d&&ctign of r’BintH‘gp‘Pé’@@ég“ql&M f‘ﬂé“m ggﬁﬂlﬁfi‘? ghfgyient ten?perature
(E)-7-[ 4- (44 pafyRREhhg fnd . o

[ met hyl Srret ?éldl ('}s#tﬁilbf onyl )g%lngﬁ%é] %@F%uﬁ&rgsg?wggt %%Bm%n vgl-t%l? F\L;/léla})lgxyhept - 6- enoi
c aci d 1@al bydresathen: estegior ethe ff;ses the steps a') to g): 5 a') reaction of
a (1-6Calk est g - - (4~ - ] . -

[ met hy] (et ﬁ/l su%f‘%r‘%%‘}téfn&‘ﬁgﬁéfﬁf‘érnéé‘%‘ﬁ9%0y 03%%% %’ﬁ%’ jé%) ‘?ég %{%Pﬁ‘et hyl [

1, 3] di oxan- 4quegtslgdsichioriaaéid i n acetonitrile wi th aqueous hydrochloric acid

at 35-40C reactign of the resulting solutjon with 1M sodi um hydroxide at
anbient te ratq?@@valé’ﬁﬁceé%%‘h%xmgﬁﬁé?'g 3 @8, PeBR ¢ aqueous” sodi um

salt sol utign W flagobdf thekRbRtiPmmeeocar bon, ester or ether solvent; c)
adj ustnment of the pH of the restlting solution to about pH 9-10.5 using

SO. 1M &fuebus hadditizoiof en aguequs gplution of calcium chloride dihydrate to the filtrate so as to
form (E)-7-{4-(4-fluorophenyl}-6-isopropyl-2—[methyl(methylsulfonyl)amino]pyrimidin-5-
yl1(3R,55)-3,5-dihydroxyhepi-6-enoic acid calcium salt, at 32-43°C; and
2 isolation of the product of step f) by filtration at about 20°C,

In a further embodiment, the present invention provides an improved process for the
20  formation of (E)-7-{4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-ylJ(3R,55)-3,5-dihydroxyhept-6-enoic acid
calcium salt, which comprises the steps a’) to g):
a’) reaction of a (1-6C)alkyl ester of (E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-3-yl)vinyl }(4R,65)-2,2-dimethyl[1,3]dioxan-4-
25  yl)acetic acid in acetonitrile with aqueous hydrochloric acid at 35-40°C;
b) reaction of the resulting solution with 1M sodium hydroxide at ambient temperature
and optionally washing the resulting aqueous sodium salt solution with toluene, xylene,
MTBE or ethylacetate;
c) adjustment of the pH of the resulting solution to about pH 9-10.5 using <0.1M
30 aqueous hydrochloric acid
d) removal of acetonitrile by distillation at 50-55mBar and 30-35°C;

e) filtration of the resulting mixture;



d) renoval of acetonitrile by distillation at 50-55nmBar and 30-35C, e)
filtration of the resulting mxture; 15 f) addition of an aqueous sol ution
of calciumchloride dihydrate to the filtrate so as to form

(E) - 7- [ 4- (4W0 o4/t186any| ) - 6- i sopr opyl - 2- &get hyl (et hyl suP€BEBROOAAG23E] pyrim d
in-5- yl](3R, 5S)-3, 5-di hydr oxyhept -6-enoi© acid calciumsalt, at 32-43C, and
g) isolation of the product of step f) by filtration at about 20C. In a

further enhgdi W%H&m?ﬁ ?Eﬁgq@?g{szsgi_upwm&@ﬁ&@%@@&ﬁd}&%pﬁ;@@@é@&%@s for

the 20 forfmation o | uor ophenyl) - 6-1 sopropyl -

[ met hyl ( retfosth $EF - fluoroptenply-6iisipdipyl-3-pethyBRess)sulfpsyliintigolpprayidaps~ 6- enoi

i d | cj . whi ch i ses. t he. st ' - a' ti f
(160 o £y PSP il PP RS 8, i, 7 (57 " ¢
[ met hyl (metdyy| s udof i lof magﬂéﬂuam seapd) By ftmalidnyatabbut 20°C,

(4R, 6S)-2, 2-di net hyl [ 1, 3] di oxan-4- 25 yl)acetic acid in acetonitrile with
aqueous Shydr ochf®p & pbedimgny, the proserts jnvertion providesf antimprqvied processdorshe ut i on

with 1M sody i { | re and optionally washing the

resul ting %ﬁé@é% fﬁ%géﬁ]t E%tﬁﬁil?_gﬁ%ﬁilpﬁf’?bl uene, xSI ene, >I\//rI'BE or )

et hyl acet at[esethy)(methylsstfomyijanoholpyremidid-HH1] GRS SH-8 Sudih ydrgx yhepiué-exoic #cdd about pH

9-10.5 using, < O _IM. 30 aqueouys hydrachloric acid d) renoval of

acetonitri Icgl‘:b‘?n W%%*&ﬁ@ﬂsﬁﬁﬁ%ﬁg-%@%g)'and 30-35C; e) filtration of the

resul ting iyt UigiciWOEOAUCRRS Bhter 4PE)RETH ERL0OLOPRATB.c-fsbprapgliz  on Of an
e

aqueous sol ution of calciumchloride dihydrate to t iltrate so as to
form 10 [methyl(meﬂlylsu]fonyl)annno]pyrlmldm-S-yﬁvmyl}(4R,6S)-2,2-dimethyl[1,3]dioxan-4—

(BE)-7-14-( r.Q; oy I (2= (. | fonyl)am no] pyrimd
in-5- yl] éﬂjﬂh@?%ﬂgﬁﬁ?ﬁ &3@&@6@%“%@3%@%%?‘@ ?iy‘ﬁghd&sal t, at 32-43C, and
g) isolatid) of rtdetiopofittie cdsubihg selatorf withyMfsbdiumeliyideoxidet at atmbieht BfEeratard N a
further enmbodi ment. the .present invention provides an inproved process for
the 1 or ratAnGRPHFaEyashipg e FepIRg A8pRLs o S iabigpyrithioluete:

[met hyl (metdyy! s uifuemen) SRy HeTbsipRoblibl RRbES) prBo 0% Ritdr@xnept - 6- enoi
c acid calciumsalt, which conprises the steps a') to g): a") reaction of a
( 1- 6C) alXky|aquequs hydrpcklenic ¢@dd { 2-[ 4- (4-f | uor ophenyl ) -6-i sopropyl -2 10

[ et hy| (et 1 syl oy b) 2l AR dictforti $hJsShbk W55 2 2- di met hy! [1, 3] d

I oxan- 4-
e) filtration of the resulting mixture;

f) addition of an aqueous solution of calcium chloride dihydrate to the filtrate so as to

form (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-
20  yil(3R,58)-3,5-dihydroxyhept-6-enoic acid calcium salt, at 32-43°C; and

g) isolation of the product of step f) by filtration at about 20°C.

In a further embodiment, the present invention provides an improved process for the

formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-

25  [methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,55)-3,5-dihydroxyhept-6-enoic acid
calcium salt, which comprises the steps a’) to g):
a’) reaction of a (1-6C)alkyl ester of (E)-(6-{2-{4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-yl]vinyl } (4R ,6S)-2,2-dimethyl[1,3]dioxan-4-
yDacetic acid in acetonitrile with aqueous hydrochloric acid at 35-40°C;

30 b) reaction of the resulting solution with 1M sodium hydroxide at ambient temperature
and washing the resulting aqueous sodium salt solution with a suitable hydrocarbon, ester or

ether solvent;



yl)acetic acid in acetonitrile with aqueous hydrochloric acid at 35-40C, b)
reaction of the resulting solution with 1M sodi um hydr oxi de at anbi ent
tenperature and optionally washing the resulting agueous sodi um salt

sol uti on w tWO Rek/aesey; c) adj ust ment of the pH of the re®0TAGBAYW4SEBTX i on to
about pH 9-10.5 using <-O IM 15 aqueoud3hydrochloric acid d) renoval of
acetonitrile by distillation at 50-55nBar and 30-35C;, e) filtration of the

LB 10 B s e RIS AL 00l £ T '

(E) - 7- [ 4- (Zequboie ho@belilpti¢ addd i sopr opyl - 2- [ met hyl (et hyl sul f onyl ) ami no] pyri m d
I n-5- 20 ylllg (3R, 595) -3, 5-di hydraoxyhept-6-engoic acid calciumsalt, at 32-43C,
and g) isol t,oﬁergpvqlﬁgacgﬁqygg&byd#s lﬁwfft)sotﬁfrﬁqf‘?da%q 37Cat about 20C. In a

further e LratidnE Y SRRt rhﬁsﬁﬁgtlon provi des an inproved process for
t he fOI’ITB.tIOI‘erQP? E)-7-14-(4- f%uorophenyl) 6-i sopropyl -2 25

[ met hyl (Smetfy| suidditioy lof amaquedysysplutionl pfpasmyn Fhloride dihydrate to the filtrate so as to

3R 59)-3, 5 d b i
Sops ) comfE I LR ESaersas Rl RedfasurghaS BiiaiS- | "
(B) - (6-{2- [yt s5) tOTanpyaRRYhapt é-dnbRREARYIctn sal, at 32:43°C; and

[rrethl(rrethylsulfonyl)amn prlmd|n5 IV|n

(4R, 6S) - 2, 2Xdi néQQi‘WOPPf@}ecHI hof@tep@ ?hf!@'talﬂ@n ¥’G‘“’|39 “Gcetonitrile with
hyd hl f.
agueous hydroc 2 gﬁﬂ%&bﬁ?@lmgﬁt ﬂ'lgg%'csg’lﬁ IR)enﬁ&P]%'HﬂaQs i &reﬁ ﬁ)‘dlssts f0%he

solution with 1 roxi de T erat ur vvashl ng the
resul tily alguasnion of GE)-THH-8bflborsptlenyl)-6risoprapyl-a- sui t abl e hydr ocar bon, ester or

11 i AT B e "

hydrochl or i G Gal WhichRHpis@ithealsanith gi:l € by di st I I at i on at 50-55nmBar
and 30-35C, e) fi 'tration of the resulti ng mxture; 5 f) addition of an

aqueous solall i oneastior af & (16 lelybestatef GG d Pdé&4-flooropbertyiiG-isaprep¥e-as t o

f
((I%; m? [ 4- (4n%elthL¥o(r ésr‘%§/ PS‘YI?”"“%}B%M “‘52 y][]vmylﬁ(ﬁR(’?*re)t%z"F's ﬁtl?ylhl %]Sham noj pyri mid
i n-5- yiy (Sﬂ)aﬁﬁiea’dxcﬁndbétyﬂﬁﬂa(whh[aqueﬁusalm&@hkﬁmdlcﬂalt ghdot®al t, at 32-43C, and

9) Psolation of t e RoPHe Sesulting 36i5Hon with M soturrhydoxids a ARbient taperature
and washing the resulting aqueous sodium salt solution with toluene, xylene, MTBE or
ethylacetate;

c) adjustment of the pH of the resulting solution to about pH 9-10.5 using <0.1M
20  aqueous hydrochloric acid

d) removal of acetonitrile by distillation at 50-55mBar and 30-35°C,

e) filtration of the resulting mixture;

f) addition of an aqueous solution of calcium chloride dihydrate to the filtrate so as to

form (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2—[methyl(methylsulfonyl)amino]pyrimidin-5-
25  ylI(3R,55)-3,5-dihydroxyhept-6-enoic acid calcium salt, at 32-43°C; and

g) isolation of the product of step f) by filtration at about 20°C.,

In a further embodiment, the present invention provides an improved process for the
formation of (E)-7-[4-(4-flucrophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-yl}(3R,55)-3,5-dihydroxyhept-6-enocic acid

30 calcium salt, which comprises the steps a’) to g):
a')  reaction of a (1-6C)alkyl ester of (E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)aminojpyrimidin-5-ylivinyl } (4R ,68)-2,2-dimethyi[1,3]dioxan-4-
yD)acetic acid in acetonitrile with aqueous hydrochloric acid at 35-40°C;



In a further enbodi nent, the present invention provides an inproved process
for the 10 formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-

[ met hyl (et hyl sul f onyl ) am no] pyri m di n-5-yl] (3R 58) 3, 5-di hydr oxyhept - 6- enoi
c acid cal VQRA0La08691 whi ch conpri ses thﬁ steps a') to g)’CT/&?B}w%@%i’é’ﬁ on of a
(1-6C) al kyl ester of (E)-(6-{ 2-[4-(4-fl 3ropheny|) 6- 1 sopropyl -

[ met hyl (et hyl sul fonyl ) am no] pyri mdin-5-yl] vinyl } (4R 6S)-2, 2- d| nmet hyl |
1, 3] di oxan-gy 15@5@@@6%1\3%3%&1@ sbmua&@mmgouh& w&&m&amai&%enmeﬁf efaRiOr i C

acid at 35-40C; b) reaction of "the resulting solution wth 1M sodium
hydr oxi de a@%h@gﬂlqrém%qus segiumiselé polwiépn wigh toduenést i ng aqueous sodi um
salt solutign vm,}d

the pH of tHe res 'éﬁlggpﬁfagflydg%ergs% %gpgé%l%ﬁgg@tfgng (?@*{USt rent of
aqueous hydaquedsﬁsdﬂydmmohcladal renoval of acetonitrile by d| stillation at
50-55nmBay and 30- 35 filtrat Qf t esul ti nxture; f) addition
of an aﬁjeo S sd‘P@f’Y%HfB‘%et Sﬂb)’n‘"itﬂlag?‘?ﬁg%(ﬁrsﬁﬁfféﬁ‘ggq"ésﬁe filtrate so as
to form ¢ fltratlon of the resulting mixture

(E)-7-[4-(4-11uorophenyl)-6-isopropyl [ et hyl (et hyl sul f onyl ) am no] pyrimd
in-5- 25 y|1])(3R sosmammmmppf@l@mcb%a ¢dlh&dnat§|tgmesémt9 s@8s 182- 43C;

d I d f t t.20C. |
furter onoraBnT 1RGP Chomhi 2 taiol A R BB RS {0,
the for maty1gBRSE)-$ E)chﬂydidbryhéptfd-éiﬁimﬂﬁﬂl&mu Balt, SOPI-PPPY); art
[ met hyI met hyI sul fonyl ).am ng%ﬂp%rl m di n- (3R 59) - 3 5- di hydroxyhept 6- enoi

c acid Hb c®) ci usplatignof thegpr wgaéxﬁ%%%%qb@u O°Cto g): a') reaction of
a (1-6C)al kyl ester of (B)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-

[ met hyl (et hyl sul f onyl ) am no] pyri m di n-5-yl ] vinyl }

(4R, 6S) - 2, 2- di mdtlayintter 8intiodixent, meMS):mdmtehﬁommbdidbmmmt@wﬂtprdchﬂ fod thé
aqueous hyd ochl ori V\D 2004/,108691 PCT/ GB2004/ 002373 -14
b) reaction HPa'%%é’ff@saﬁi‘fﬁ‘ﬂQ“%P‘Eﬁl RFAPYIRT sodi um hydr oxi de at anbi ent

t enper at ur e{meAnRS/Nulfen w@mﬁejgyﬁﬁucmgsaqm& -359dihydfos fHept-6@halt b@i@ W th

tol uene; c) adjustnent of the of the resulting solution to about pH
9-10. 5 Ui neplcienpsal, %@ﬁmmgﬁdh@msmte gaas ¢pscribed in any aspect or embodiment

hereinbefore or hereinafter, wherein, in step b), potassium hydroxide is used instead of

bt

sodium hydroxide.
The process of the invention generally results in improved overall percentage yield
(starting from BEM or other (1-6C)alkyl! ester) and a reduced number of steps in comparison
20  with the processes known in the art. It will be appreciated that a higher percentage yield may
provide a significant cost benefit when manufacture is taking place on a commercial scale.
The reduced number of steps in the process of the invention results in fewer operational
processes during the manufacture, which may translate into a more robust process. The
reduced number of steps in the process of the invention involves reduced handling of material,
25  which may result in less opportunity for degradation or contamination of the product. Also,
certain chemical reagents are no longer required and the total amount of waste and/or effluent
is reduced, providing an environmental benefit.
A further aspect of the invention provides the compound (E)-7-[4-(4-fluorophenyl)-6-
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,55)-3,5-dihydroxyhept-6-
30 enoic acid calcium salt made by the process steps a) to g) as hereinbefore described.
A further aspect of the invention provides the compound (E)-7-{4-(4-fluorophenyl)-6-
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,5S)-3,5-dihydroxyhept-6-



5 d) renoval of acetonitrile by distillation at 50-55nmBar and 30-35C, e)
filtration of the resulting mxture; f) addition of an aqueous sol ution of
calciumchloride dihydrate to the filtrate so as to form
(E)-7-[4-(4-fluorophenyl)-6-isopropyl ~3g[ net hyl (et hyl sul f onyl ) am no] pyri m d
in-5- yl](3R 5S)-3,5-di hydroxyhept-6-enoic acid calciumsalt, at 32-43C;, and
10 g) isolation of the product of step f) by filtration at about 20C. In a
further enbodi ment, the present invention provides an inproved process for
the formation of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-

[ met heybi¢ el bajtismlsilomyde) tgrrha@hegs stepsdiine B)-ap ldp8BRdSBRrA33spedt bigntiodimehe pt - 6- enoi
C acid.é@ falciun1salt, whi ch conprises the steps a') to g) as described in
any ASBFUREKy enbodi ment hereinbefore or hereinafter, wherein, in step b),
pot assi um hydroxi de is used instead of sodium hydroxide. The process of the
i nvent i on Therérah fuytheraspdct of therinventipw predidesaegraduct puginabi yghe prioedselof thesgregent ng
fro”HﬁE%&&{ other (1-6C)al kyl ester) and a reduced nunber of steps in
conparison’ 20 with the processes known in the art. It will be appreciated
that a higher percentage yield may provide a significant cost benefit when
manuf act urdnothsr asakdt afthp ineretion prayides armtededt abtaisedbiethe prppess pleldie presEnhinksépn. of
steps in the process of the invention results in fewer operational

processes 1o Rgtidnheremaufiaehid 8y ebihinBXahpigsl ate into a nore robust
process. The reduced nunber of steps in the process of the invention

i nvol yes reduced handling of material, 25 which may result in |ess
oppoﬁé@ﬁﬂ&?—for'degradation or contam nation of the product. Also, certain
chemi cal reagents are no |onger required and the total anount of waste

and/ BEM{I0.0g¢ mhs disspived deetdpitrge OvDad Ryl (B4, tbenvéooed mehicalbefvenghdual adAitibuint her

aspect ,of the i i r oM, t he conpound -7-14:L4-1l uorophenyl) - 6-

e TR A T s p T AR G e S A
yhepteople@Qh@ntobied &CISEC CSuld imtdeaide (narie3 ) tvieadgedResT. sidepsreaitidgnigireas
herei nbefore described. A further asgect of the invention Pr%videi the .
conp Cf’ﬂﬁﬁfj 2(tEl)|§ 'fpp‘n[pgr_ziwp_ lfnltl_h@re 6‘?5‘FIW55-C81- plete. Aqueous hydrochloric acid (1 M) was added to adjust

| SoprRdyt olmé Rk pred. Mk soilid rwds hamiQQInBY b dicél feRusl $Lndb3r 2380, mrdi hydr ox

yhept-6 -15- enoic acid cal ciumsalt nade bﬁ/the process steps_a[%_to g) as
descrappredinaphalipmé shrsetonigile/sigiso Badheser remesde Wakse f PPe]) v added gpdigtilfaipn her

as pecctonﬁnle(tj DRt L RYRRE | %1 BF Q¥R AvaRE REMEEN QB ZR r%sxmfngtrﬁﬁupg Q&8FRQf the

pr esent
through a filter pad, the filter washed with water (30ml) and the filtrates heated to 40°C before addition of a

solution of calcium chloride dihydrate (3.07g) in water (29.5m!) over 20min, maintaining the reaction mixture

at 38-41°C.

The reaction mixture was stirred for a further 15min at 40°C, then cooled to 20°C and stirred at this temperature
for a further 15min. The resulting suspension was filtered, washed with water (3 x 50ml) and dried to give (£)-

7-[4-(4-fluoropheny!l)-6-isopropyl-2-



I nvention. Another aspect of the invention provides a product obtained by
the process of the present invention. The invention is further illustrated
by the followi ng exanples. Exanple 1 BEM (20.0g) was dissolved in

acetonitri | WQ2%oR6%1at 40C, then cool edlﬁt]o 35C before gRGEAGBINHWAIBI on of
hydrochloric acid (0.02M 35nl) at 35C e resulting solution was stirred
at 35C until the reaction was conplete then cooled to 25C ~Sodi um hydr oxi de

l. 38 h
Eerrpoglratur ﬁ%@étﬁg a@g@@n%@@gy 'je;(?gtﬁsggare%@%@ roch osc?ac?&acfdlfl M

was added wcalciti sadit (15:8ge849b1yistd)t he sol ution to pH9. The sol ution was
distilled under reduced pressure (52nBar, 540C) until approximtely 100mn
of acetonitrile/water had been renoved. Water (I 00n))) was added and
distill atiwi nued until a further 100mM of acetonitrile/water had been
renoved, resul fi xture was filter through a filter pad, the
filter was H‘Sﬁ smﬂeqslswg%ﬂ%we ﬁﬁlil%a ﬂ%qﬁ'éatfff baloh ferdheise PERPY whalnsee bGF o

addi tion ofpAcnRQ Lt bedBadd by Rhiipdcelied i de di hydrate (3.07g) in water
(29.5m ) over 20m n, maintaining the reaction m xture at 38-410C. The
reaction mxture was stirred for a further I5mn at 40C, then cooled to 20C
and stlrred al;ro. v ‘

suspensi on e

7-[4- (4- 1| peFi N &&3&@20041002373 -16
[ met hyl

P su o D 3 5. di hydr oxyhept - 6-
AT gﬁﬁfetﬁﬁ% %Siﬂftglpg_),l T Whscpdier oo g ool o
anal ogues QfpB&ML &p ﬁe'ngp[at(aam%fb?halr,gggéﬂﬁoﬁm{hﬁﬁgkmwsuﬁeﬂhﬁsﬁm Q her

anal ogues can be simla I 'so-

(E)-(6-(2- fp&n(ntldmﬁwdmtphlémmmph@euomdp(%a g, 25 mmel) hyTI(IFré‘mw mly) 4t60§10 evei nol

d | 4 1d t 10 Sodi
b St 1 et pOvEmYET e Bieg e Gbidtah i, Bonp B e RN e Lo o
F20|( idf I SO|dEﬁ1d;]tW1 13?3 gtd)kmhefyy]acTtate in tohtlchnel(%l 68 g) vlvas ald]ged d1‘|o§)w1se to the solution
uor ophen i sQpr o me ul f onyl ) ami no
pyrim dPn- 5?3’% 356%%4’}91‘3]5 3 pyngBe @EHPB’@“%QL@? @%I% Th SOW?R%f of the, vqsgi Weaekept i)

at -65C ov 1’3“&11?1 yl
2-[ (4R 69) %{6'6f5§§ {68 f8ftneg “H‘*‘“ﬂﬁ’?’"@%“’é‘” o“’xaﬁ’ﬁ%?‘“é‘é”?% 80 miditls, gdlaﬁeg%{edjle 68

g) was addenl..)(fo]dxpwcﬁg a:cgth drad @6@ﬁ7Lg il b4qmmol) were added to give a two phase light yellow
solution. The batch was then distilled at atmospheric pressure to remove ~ 485 mL of

distillates. This solution was washed sequentially with water (84 mL), 7.0% w/w sodium

20  bicarbonate (92.6 g), 1.8% w/w sodium bicarbonate (91.1 g) and water (63.5 mL). The
resulting organic phase was distilled under vacuum at 270 mbar to leave ~ 95 mL of solution
in the distillation flask (removing ~ 229mlL of distillates). Methanol (202 mL) at 50°C was
charged to the flask and the solution distilled at atmospheric pressure, removing ~ 134 mL of
distillates. A further portion of methanol (229 mL) at S0°C was added to the solution and the

25  batch cooled to 40°C over 30 minutes. The batch was cooled to 25°C over 30 minutes, 0-5°C
over 30 minutes, then chilled to —8°C over 20 minutes and kept at this temperature for 30
minutes. The solid was collected by vacuum filtration, washed with 2 portions of cooled (-
8°C) methanol (2 x 80.6 mL) then dried in a vacuum oven at 50°C, 200 mbar, yield =28.9 g
(68.3%).

30 HNMR §: 1.15(q, 1H) 1.24 (dd, 6H) 1.27 (dd, 6H) 1.40 (s, 3H) 1.49 (s, 3H) 1.55 (dt, 1H)
2.34 (dd, 1H) 2.50 (dd, 1H) 3.38 (spt, 1H) 3.51 (s, 3H) 3.57 (s, 3H) 4.32 (m, 1H) 4.43 (m, 1H)
5.04 (spt, 1H) 5.47 (dd, 1H) 6.52 (d, 1H) 7.08 (t, 2H) 7.65 (dd, 2H)



15 over 35 mnutes, maintaining the tenperature at -65C. The contents of the
vessel were kept at -65C for 15 mnutes, then allowed to warmevenly to 10C
over 80 mnutes. Water (40.4 nl) followed by acetic acid (6.87 g, 114
nmmol ) wer ewadelosd1 gi ve a two phase Ii%ht yel | ow sol lRGTHGEB20T49235at ch was
then distilled at atnospheric pressure to°“renove - 485 nL of distillates.
This solution was washed sequentially with water (84 nL), 7.0% w w sodi um 20
by car honat fobRpyP odtar de B2 9 Mo DL CALRRBRYS eddad O) and vaLer (63.5
m.). The ursti acuum at 270 nbar to
| eave - 95Chlorin gan(2d69.6 mL, il h8 minml)diastchhdged fodnlubhea@H3.8 mindGireigyol) aR260C. of

distill ates). hano t 50C arged to . the fl.ask.and the
sol ution dﬂ@F%ﬁ’ﬁdﬁ’aﬁﬁ%Bﬁt#ﬁmﬂ}o s‘%%&%fn @%&Pﬂ 15¢ tol‘gﬁ C’?ﬁ}e‘gﬁd&m

di stil | at esverA0fhinhte€ kedpitig the BoéntR-BETN A fe? 39 miutesalt thdempesnaldrd to the
solution and the 25 batch cooled to 40C over 30 m nutes. The batch was

cool ed 50. P%Yb%‘é@Rﬁ)'ﬁthd{@é@?@ﬁS%Z'@%ﬁﬂsm'ﬁi‘ﬁﬁ‘@'&sﬂ}ﬂfﬂétﬁ (&h9e &89 ol gC
over 20 mi pu eS8 % wad addBd &XEE%S‘S \%E;&Eﬁ%lf&ér P i %ﬁﬁta@@@ olid was

col l ected by vacuumfiltration, portions of coo 80
met hanol ( thtern#lGeBperhtyretan e60°dx Theireaction miaturwascagitated it SO f@G0 mibetes yiel d =

28.9 68..399 ...30 ' NMR 8:,.1.1 . 1 4 6 1.2 dd, 6 1.40
c0 958 1 Hytoptea b he dropis fdinerat oigyiiing 126 6,4 98 il it 5q bifsesgs) o
1H) 3.51 ( gllowi tr?z.iﬁtzn{aﬁneg@bi)atﬂe drise 1o —-30°0. Pheddadtioh mikbire WasQfled ARWwed id7) 5. 47

(dd, 1H) 6.52 (d, 1H) 7.0 (7t _2I-? 7.65 (dd, 2H) WD 2004/108691
PCT/ cB}004maor 47 25°C_eyenly gvsery 3inutes. The resulting slurry was stirred at 25°C for 30 minutes,

2-f (4R 6S) - f - di - di - | i s

(24&39. 6 n{ﬂ@ﬂ@%ﬁ{ ‘%L(?v‘é"g‘l‘ gc%?é‘g%ﬁ? gmg%‘%@ir}%é? gd;;ﬁ%%h@&f}gb %‘@{e°€§13?&at - 60C.
Di met hyl s wiapbepdmtediahd @i pH chetRed (pHshpuldbs betiveen a6 dedi8 d). dheirsselting otdasicc ool ed
SOl Ut N pun 30 Pl S8 o) S PR o’ Rrafl el U €S 2
2- [ (4R, 69) dfasinMsBnQxX Y5®mBM. DistiBatthin®dsihtinhied ntil 0330 nft- M thlussceiaatRed 24. 56 g,

95 mmol) in toluene (46.7 nL) was added dropwi se to the vessel over 30

m nut ed? neapAvERnTolepne k350 mh) waspsided toriheflaskape thervacwyrdistiiiptiop sepeatedat i xt ur e
CL at | . . L ¢

e et iyl ami by B3Rl 530 ol Bbfodne, ri Wil BluddiSyfBMESE) il 20, 0

t enper at ur eortainingseti tated-SHEstrdh moleealat sioves and lefirat ambient timperatureoovechigho. 10

warmto 25C evepnly over 75.m es. The resulting slurry was stirred at 25C

for 30 ni n&pjésspﬂmﬁggﬁsngre?tgr%@fcagﬁmga@gﬁ ang t he m'yxture agitated for

30 mi nutes. The aqueous | ayer

20  Iso-propyl 2-[(4R,6S)-6-hydroxymethyl-2.2-dimethyl-1,3-dioxan-4-yl }acetate
This compound may be made using the procedures described in EP0319847.
Analogues with different ester groups R may be made by a similar method.

Diphenyl [4-(4-fluoropheny)-6-iso 1-2-[methyi{methylsulfonylaminolpyrimidin-5-

25  ylmethyl] phosphine oxide
This compound can be made as described in Patent Application W000/49014

Example 3: Procedure using wash in step b)
BEM (20.0g) was dissolved in acetonitrile (140ml) at 40°C, then cooled to 35°C before

30 gradual addition of hydrochloric acid (0.02M, 35ml) at 35°C. The resulting solution was
stirred at 35°C until the reaction was complete then cooled to 25°C. Further acetonitrile (8 ml)
was added before sodium hydroxide (1.0M, 38ml) was added at 25°C and the resulting

mixture stirred at this temperature until the reaction was complete. Aqueous hydrochloric



was separated and the pH checked (pH should be between 7.5 and 8.5). The
resulting organic portion was washed with water (23.3 nlL) and the organic
portion separated for vacuum distillation at 150 nbar. Distillation was
conti nued uwa 2004/BBO1nl of tol uene had been 15 renoved. AOIGBINMGIBE nl) was
added to the flask and the vacuum disti M8tion repeated at 150 nbar to
remove -350 nL of toluene. The resulting solution was transferred to a fl ask

Fenper at ur S5Y0YED Sty BadRiS LT AR CHE Lol BB R MGy pBlI0 B WUER e
stage. 20 laddedsodhmy theZofmbined volume of water and hydrochloric acid (0.1M) (from the previous

4R. 6S)-6-h |- 2.2-di npthyl - 1. 3-dj -4-y] te Thi d
(AR B A, By e O e A8 A Wm0 oo ST
different ekl atd0AT RS 3B nifhitedSefbRIEWR)AlIBWEd 15 sele foet R at 2W°CNERYAqueous

f4-(4-fl uorovheny)-6-isopr ogyl - 2-f met hyl (et hyl sul fonyl ) am nol pvri m di n- 5-
25 y| nmef hy Phase s gien sepasstedigomphesorganiephaseat d8nC o Thewaeeoys phass e gistlladn

Pat ent Appl.[cati : i i _step b)
BEM ( 20. nghﬁ%g&%?g&é@?%é%g@%ﬁgcér oni (ﬁpr?lem{ﬁ(ﬁﬁﬁngwag{cﬁ%%ﬁ@'c Sl ed to 35C
before 30 rgiuhisigabusadslidlutivh wds fhiyeesdabdhgh 4 filtaad addthe Zilder Whiitd with wable. The
resulting solution was, stirred at 35C until the reaction was conplete then

cool ed to 2BEcomhipgdwith theSapione FarionBIuPY, suGhiGatiheiatel pelugeot desfrating
hydr oxi de_(ududold soibhw 0903 4els Sdiufon‘wad Marbd' 408 Bedord fiditBndr4'sBlufiba ' I e

at this tenperature until the reaction was conpl ete. Aqueous hydrochloric WO
2004/ 10869 vf punineRhboide dorghrade (3.0%) dwivatex @O15W)) awes 2@mdie thaintainidg thetreactien pH of
t he sol utiagn ttocagﬁg_r4ﬁx‘gnatel y pH10.5. Water was added so that the conbined

vol ume of WAte&r ydrochloric acid (0.1M (fromthe previous pH

adj ust ment Tt egptigrdbduresss 3B088 for 4 lrhents 1qih2H 4040, thwaoblad o 20°dead atited he
m xture stirred at 40C for 30 m nutes before it was allowed to sett|le for 1

hour at 4o0e@t thisjemperaes for & fysthss g The esultiagsyspensipnsvas filterrd, Washsd Pithphase
at 40C. Th : i Sirh . k). egsure (53nBar,
2400y unt (18 {ER SomBIRE B Bhe(E) 7 Bl A B B Bl ot
sol uti dfd wdmethyKmethgldulfénybaminodpyriniitiorS-pHARANH3 S Hdehidrdxybeptviasrioikeid t h wat er
and conbi ned, wi t h.t reagt | sol.ution, such that the total volune
of the res( ’luﬁbs_altaggé.%&gf@%fmn &%%‘% m. This solution was heated to
40C bef or e 'AdeNIRI g N . BAf (dad SgH)UL B2t LA, 5¢ adt CIHY ™ 0D (@, 1HG 4 (M drdt $.42 3. 050)
in water (29.5nl) over 20nm n, maintaining the reaction

(spt, 1H)* 3.45 (s, 3H) 3.54 (s, 3H) 3.77 (m, 1H) 4.21 (g, 1H) 5.53 (dd, 1H) 6.51 (dd, 1H)

7.27 {t, 2H) 7.71 (dd, 2H)

20 [The 1H NMR was carried out as a 3% w/v solution in d® DMSO (where d°> DMS0=2.518)].

*partially obscured

25



m xture at 38-41C. The reaction mxture was stirred for a further 15 mn at
40C, then cooled to 20C and stirred at this tenperature for a further
15m n. The resulting suspension was fil?ered, washed with water (3 x 53nt)
and dried to give (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2 15

[ met ,ln(srret hyl sul f onyl ) am no] pyri m di n-5-yl ] (3R, 5S) -3, 5-di hydr oxyhept - 6- enoi
c act calciumsalt (14.79g @ 100% strength, 85%vyield). "HNWR S: 1.21
(d+d, 6H) 1.32 (dt, 1H) 1.51 (dt, 1H) 2.00 (dd, 1H) 2.14 (dd, 1H) 3.42

(spt, 1H)A r3ee§s5fo(1$.e fc;ﬂﬁ)ttlc;ﬁ 05‘@)(-754(al'ﬁ)uoﬁ)pﬁ%y()féhso']ﬂ@py4221 (g, 1H) 5.53 (dd, 1H)
6.51 211) 7.71 O [The 1H NVR was carried out as
a 3%199‘x)('§%1rwﬂfewllawm@y Dutet %é D%@EZY pienoic aggd eleiamsglt 3hich yr ed 25
- 19zofhkedBe bepsAy Ry @cess for the fornatlon of

(E)-7-14-(4- quorop enyl) 6- i sopropyl -

[ met hyl (et hyl sul f onyl ) am no] pyri m di n-5-y L(SR 59)-3,5 dlhydroxyhept 6- enoi
c ae) d catactiamnf e &l-6C)alkiy] ester Ow-h%ﬁsﬂtﬂmm@ apb- 6a1)?0m@pyg¥ reaction of a

(et Rl SRORRRI ki s2ak it (il d O 0BREAVh ?3]@05(59@999%{,0 24 in a water

} (4ARigY)le Fediakomsthyil] dudjudrad atrensleyitpdicepératueci d in a wat er m sci bl e
organl c solvent with aqueous acid at an el evated tenperature; reacti on of

was ng. tHEoh LBt e R Bt R T wgqeeﬁ”t%%ﬁ{‘i' K

or gagiuking Aué@ntajkali netlliahSbEed widh a buli@blp bigadic tdie:nt;esul ting sol ution to about
pH9-10.5 by addition of aqueous hydrochloric acid; d) renoval of the water
m sci bl e organic solvent; e) optional filtration of the resulting m xture;
t) &Hdi t reHSteEntef harBrof disresyitive salhiqnuprpioxt pHY-60-§ hyaddigionof pgseais 'agwfdoww%
(B)-7-14-(4-11 uorophenyl) 6- |sopropyl

t hyl | di n-5-yl] (3R, 5S) -3, 5-di hydr oxyhept - 6- en
mcqzmdré' %ﬂﬁrﬁe&l{t‘?% @gh%?l'&s)%(fl%ﬂ on of the product of step t). 2. A
process as clainmed in Caiml wherein the water mscible organic solvent is
acetepni t pplidhal Atratidnpf deesaitiag mittaened in Caiml or daim2 wherein in step
a) the aqueous acid is hydrochloric acid. 4 A process as clained in any one

of the preceding clains wherein step b? conprises: reaction of the
) addition of a water soluble calcium salt to the filfrate so as to form (E)-7-[4-(4- ﬂuomphenvl) -6-isopropyl-

2-[methyl{methylsulfonylamino |pyrimidin-5-y1](3R,55)-3,5-dihydroxyhept-6-enoic acid calcium salt; and

g) isolation of the product of step f).

[

A process as claimed in Claim 1 wherein the water miscible organic solvent is acetonitrile.
3. A process as claimed in Claim | or Claim 2 wherein in step a} the aqueous acid is hydrochloric acid.

4 A process as claimed in any one of the preceding claims wherein step b) comprises: reaction of the
resulting solution with aqueous sodium hydroxide and washing the resulting aqueous sodium salt solution with a

suitable hydrocarbon, ester or ether solvent.

5. A process as claimed in any one of the preceding claims wherein the aqueous sodium salt solution is

washed with toluene, xylene, MTBE or ethyl acetate.
6. A process as claimed in Claim 5 wherein the aqueous sodiumn salt solution is washed with toluene.

7. A process as claimed in any one of the preceding claims wherein the (1-6C) alkyl ester is the tert-butyl

estet.



resulting solution wi th aqueous sodi um hydroxi de and washing the resulting
aqueous sodiumsalt solution with a suitable hydrocarbon, ester or ether
solvent. 5. A process as clained in af@-one of the preceding clains wherein
t he aqueous sodiun1sa|t solution is mashed wi th toluene, xylene, MIBE or
ethyl acetate. A Erocess cl ai ]ln Claim5 wherein the agueous sodi um
salt sol PTOB?FSF%dM BEMROEHOkTRY RIEFFEMS glaing Wietsinde &ds %‘Trﬁfiﬁ%ﬁtﬁ?\“gﬁy one of
the preceding clains wherein the (I -6C) alkyl ester is the tert-butyl

ester. -ZQrc8s 2L IRMRE §5Ry 3Re G R SEZ gD cl@ﬁlﬁ’s vg{éﬁeupiteﬁ K18s &'h‘raeg%qlt eﬂgmﬁieﬁ’t' s
wherein step a) is carried out at 35-40C . A process as clained in any
onele@PerttHE. precedi ng cl ai ns wherein step b) is carried out at anbient
tenperature. 10. A process as clained in Caiml mherein in step b), t he
apuRpus Skal okl LK) SR Pk M B o AL BERI RS o
a piydssidee of <55nBar and a tenerature of <45C. 12 A process as clained in
any one of the preceding clains wherein in step f) the water sol uble cal cium
salt is calciumchloride. 13, A process, as clainmed _in any one of the

pr elledi nfy PRICET Abcloier & 48y iope %fttEﬁ)PleceElﬁé claigtsoyisrRIs e d>.1%°aa%raé)at af@ pegssurefc,

<55mBar and a temerature of <45°C,

12. A process as claimed in any one of the preceding claims wherein in step f) the water soluble calcium salt is

calcium chloride.

13. A process as claimed in any one of the preceding claims wherein in step f) the calcium salt is added at 32-

43°C.



