-[- PROCESS FOR THE MANUFACTURE OF THE CALCI UM SALT ,OF ROSUVASTATI N (E) -

7-[ 4- (4- FLUOROPHENYL) - 6- | SOPROPYL- 2

[ METHYL( METHYLSULFONYL) AM NO| PYRI M DI-N-S- YL] ( 3R, SS) - 3, 5-

DI HYDROXYHEPT- 6- ENO C ACI D AND CRYSTALLI NE | NTERVEDI ATES THERECF Thi s

i nvention concerns inprovenents to a chem cal process, particularly a

chem cal process for manufacture of (E)-7-[4-(4-fluorophenyl)-6-isopropyl -2-
[ met hyl (et hyl su[ f onyl ) am no] pyri m di n-5-yl ] (3R, 5S) -3, 5-di hydr oxyhept - 6- enoi
c acid RROCESHFQRTHEMANUFACTSIREXDRTHEEAMQMEAChOF RO S ASTATIN (Epe

pr oduct i bf-GFFLAIQROPHEELF6-E30PRAREI-2H in the treatnment of, inter alia,
hyper ¢ holMSTREY IdMETHEY L SULFON Y IDaM N0 YRIMID DSy L jed e asc| erosis. This

i nvent i ORI BROXYHERTHSENOISAGID ANE (RN STATHANBINSERSEDIATES THEREOREN cal
process. F [IHH Ca2 /OBI\N 2 The sodiumsalt (3) and calciumsalt (1) of
t he conpound (E)-7-[4-(4-fluorophenyl)-

6- 1 sopropyl - 2-[ et hyl (et hyl sul f onyl ) am no] pyri m di n-5-yl ] (3R, 5S) -3, 5-di hydr
oxyhept - 6- en h&:‘;‘5Yﬁ“B°"(‘f’i’é?°€}sr\’§Prf’é‘?m°Péf‘éﬂ"fl’éﬁlcﬁld’r%sst_l’?éncuﬁﬂéﬁlchﬂ‘m re

di scl osed pjofestfor plamFacnirabepl-7-fbalfublophen bjﬁﬁscﬁ,@dﬁp?m- al so describes a process
for the synt h?si of th%‘ calciumsalt s % via the di hédr oxy . ester (2) and
the sodi ubfehy °§‘1¥}5‘§1f‘5’§1 ARy pdia 25)er Bhydropsbert-oeRgicaidsal t t hus
formed i galdifiRBal@) (ilBGHR6H wel) ditiidds adfh] FRINB Prddh @Rl s6LphafbtickliRl as required.
WO 2005/ 042?@2@@/ GB2004/004481 -2 \ H_di et hyi pet hoxybgorane H H sodi um
bor ohydr i BN EgafmRent Ploys alia, hyprrchplgsterqlprgip, hyperlipoproteinemia and

atherosclerosis. This invention also concerns crystalline intermediates useful in the chemical

process.

Ca2+

The sodium salt (3) and calcium salt (1) of the compound (E)~7-[4-(4-ﬂuoropﬂenyl)-
6-isopropyl-2-[methyl(methylsulfonyl)amine]pyrimidin-5-yI](3R,55)-3,5-dihydroxyhept-6-
enoic acid (hereinafter referred to as the ‘Agent’) were disclosed in Eurapean Patent 0521471.
This patent also describes a process for the synthesis of the calcium salt (1), via the dihydroxy
ester (2) and the sodium salt (3), 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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Our International Patent Application WO 00/49014 describes an alternative route to
the calcium salt (1), also via the sodium salt (3), from the compound tert-butyl (E)-(6-{2-[4-

(4-fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yi]vinyl } (4R ,6S)-
2,2-dimethyl[1,3]dioxan-4-yl)acetate (BEM) (4), which is exemplified as shown in Scheme 2

below:
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As described in WO 00/49014, the transformation from BEM (4) to the calcium salt
(1) may be carried out via the methylamine salt (5) as shown in Scheme 2. Isolation of this
intermediate crystalline methylamine salt allows purification by recrystallisation before final
formation of the {amorphous) calcium sait. However formation of the methylamine salt
introduces an extra step into the process, which is generally undesirable for manufacture (for
example because of additional cost and the potential for introduction of additional impurities).

The transformation from BEM (4) to the sodium salt (3) in Scheme 2 takes place in

two steps as shown below in Scheme 3.



4 6 NaOH 9H 9H N~ coo- Na+ O 3 Schenme 3 Treatnent with hydrochloric acid
hydr ol yses the acetal to the diol (6) (referred to herein as BED), then
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Treatment with hydrochloric acid hydrolyses the acetal to the diol (6) (referred to
herein as BED), then treatment with sodium hydroxide hydrolyses the ester to give the sodium
5 salt (3) of the parent carboxylic acid. The intermediate compound BED (6) is not isolated in
the process described in WO 00/49014. The analogous methyl ester (2) was described in
European Patent 0521471 as a syrup and therefore, by analogy, isolation of BED (6) would
not be expected to provide any advantages to the process.
However we have surprisingly found that BED and other (1-6C)alky! ester analogues
10  are generally crystalline compounds which may advantageously be isolated and recrystallised,
thus removing the need for isolation of an intermediate salt such as the methylamine salt in
order for purification to be carried out.
Therefore the present invention provides a process for the manufacture of the calcium
sait of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-
15  yli(3R,55)-3,5-dihydroxyhept-6-enoic acid, comprising;
a) acid hydrolysis of an acetal protecting group in a compound of the formula (7)



wherein Ais an acetal or ketal protecting group and Ris (1-6C)al kyl, and
isolation of the resulting crystalline conpound of the formula (8); F OH OH
ONOR Il ~/ Ol N8 5 Db) optional recrystallisation of the conpound of

t he for mul awRpesna)s2kydr ol ysis of the ester group in thecRopBMiEI{sE) to
give a di hydroxy carboxylate derivatiwe (9) (wherein Mis hydrogen or a
nmetal counterion other than calcium or a conpound of the formula (1); and
FOHOHi OM N O 10 d) where negessary, conversion of a conpound of the
formula (9) into a conpound of the] formula (1). In a further aspect of the
invention there is provided crystdfy ne conpounds of the fornula (8).

Furt hernore, we have found that g conpoypuds of the fornula (7), which are
15 anal ogues of BEM (4) are also crystal |9neQandyare thensel ves usef ul

i nt ermedi ates whi ch nmay WO 2005/ 042 PO GB200M 304481 -6 be
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crystalline conpounds are F~eacth i ndependently provides a further
aspect of the invention. Thu®}in a fuyther aspect of the invention is

provi ded crystalline nmethyl (E)-(6-{2-[4

(4-fluorophenyl)-6-isopropyl -2-[ nmet hyl?( met hyl sul f onyl ) am no] pyri m di n-5-yl ]

vinyl b (GAR:SF Ais an acetal or ketal protecting group and R is (1-6C)alkyl, and isolation of the

resulting crystalline compound of the formula (8);
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5 b)optional recrystallisation of the compound of the formula (8);
¢) hydrolysis of the ester group in the compound (8) to give a dihydroxy carboxylate
derivative (9) (wherein M is hydrogen or a metal counterion other than calcium) or a

compound of the formula (1); and

oH OH

= oM
=

9
10 d) where necessary, conversion of a compound of the formula (9) into a compound of the
formula (1).
In a further aspect of the invention there is provided crystalline compounds of the
formula (8).
Furthermore, we have found that some compounds of the formula (7), which are

15  analogues of BEM (4) are also crystalline and are thernselves useful intermediates which may



5 2,2-dinethyl[1, 3] di oxan-4-yl)acetate having an X-ray powder diffraction
pattern with peaks at 2-theta = 9.5, 13.6 and 17.5. In a further aspect of
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In a further aspect of the invention is provided crystalline ethyl (E)-(6-{2-[4-(4-

20  fluorophenyl)-6-isopropyl-2-[methyl (methylsulfonyl)aminolpyrimidin-5-yl}vinyl } (4R,6S)-
2,2-dimethyl[1,3]dioxan-4-yl)acetate having an X-ray powder diffraction pattern with peaks
at 2-theta = 15.9, 18.4 and 19.5.

In a further aspect of the invention is provided crystalline ethyl (E)-(6-{2-[4-(4-

fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonylJaminoJpyrimidin-5-yl}vinyl } (4R,68)-
25  2,2-dimethyl[1,3]dioxan-4-yl)acetate having an X-ray powder diffraction pattern with peaks
at 2-theta = 15.9, 18.4, 19.5, 23.0, 24.3 and 25.0.

In a further aspect of the invention is provided crystalline ethyl (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-yl)acetate having an X-ray powder diffraction pattern with peaks

30 at2-theta= 5.9,8.0,12.2, 159, 18.4, 19.5, 19.7, 23.0, 24.3 and 25.0.

In a further aspect of the invention is provided crystalline ethyl (E)-(6-{2-[4-(4-

fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl}vinyl } (4R,6S)-



. 7. 2,2-dimethyl [1, 3Jdi oxan-4-yl )acetate having an X-ray powder diffraction
pattern substantially as shown in Figure 2. In a further aspect of the
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as shown in Figure 3.
In a further aspect of the invention is provided crystalline n-hexyl (E)-(6-{2-[4-(4-
20  fluorophenyl)-6-isopropyl-2-[methyl{methylsulfonyl)aminolpyrimidin-5-yljvinyl }(4R,6S)-
2,2-dimethyl[1,3]dioxan-4-yl)acetate having an X-ray powder diffraction pattern with peaks
at 2-theta= 5.3, 7.1 and 18.9.

In a further aspect of the invention is provided crystalline n-hexyl (E)-(6-{2-[4-(4-

fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl }amino]pyrimidin-5-yI]vinyl }{(4R,6S)-
25  2,2-dimethyl[1,3]dioxan-4-yl)acetate having an X-ray powder diffraction pattern with peaks
at 2-theta=5.3,7.1, 14.2, 14.8, 18.9 and 21.4.

In a further aspect of the invention is provided crystalline n-hexyl (E)-(6-{2-[4-(4-
fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yljvinyl }(4R,,6S)-
2,2-dimethyl[1,3]dioxan-4-yl)acetate having an X-ray powder diffraction pattern with peaks

30 at2-theta=15.3,7.1,11.4, 14.2,14.8, 18.9, 20.1, 20.4 and 21.4.

In a further aspect of the invention is provided crystalline n-hexyl (E)-(6-{2-[4-(4-

fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-3-yl]vinyl } (4R,6S)-



2,2-dinmethyl[1, 3]di oxan-4-yl )acetate having an X-ray powder diffraction
pattern with peaks 30 at 2-theta = 5.3, 7.1, 11.4, 14.2, 14.8, 18.9, 20.1,
20.4 and 21.4. In a further aspect of the invention is provided crystalline
n- hexyl ( E) WOG0§504p522 ( 4- PCT/GB2004/004481
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and 23.5. 15 In a further aspect of the invention is provided crystalline
et hyl 10 E)& 114, 124, 19.9,21.0 and 22.1.

fl uor ophenyl - - & A ' i, di n-5-yl] (3R,
55)- 5. 5 d nyds SR Rkt ot e TRbobthe M Meat i e SIUREL MR U N Y L
subst ant ifalokgphersyl s 6-dsuprdpy]-2fmethyEmEthylsuifenyl)aminogpyriasdiacd-yIgGRISER3j5Avent i on 1S
rovi ded talli | so-propyl -LE)-7-14-(4- 20 .

P! vor ophepirodherdbemsath RSt kb vretdes tiiahenpruem withardyat 2ansias 5. yi
(3R, 59) - 3 53 dilhydiPxVIREPR199; BG4 S, DAY ki RS X-ray powder diffraction
pattern with peaks at 2-theta = 9 8, 17.3 and 21.1. In a further aspect of

t he i¥venti on Ine fisthey pspeek of ﬁlwnmnli'pm & rreddgstasyspallineythyl-(Ex-7([4-(4-
fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,5S)-3,5-
dihydroxyhept-6-enoate having an X-ray powder diffraction pattern substantially as shown in
Figure 5.

In a further aspect of the invention is provided crystalline iso-propyl-(E)-7-[4-(4-

20  fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,55)-3,5-
dihydroxyhept-6-enoate having an X-ray powder diffraction pattern with peaks at 2-theta =
9.8,17.3 and 21.1.

In a further aspect of the invention is provided crystalline iso-propyl-(E)-7-[4~(4-
flucrophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,5S)-3,5-

25  dihydroxyhept-6-enoate having an X-ray powder diffraction pattern with peaks at 2-theta =
9.8,12.2,17.3, 19.6, 20.1 and 21.1,

In a further aspect of the invention is provided crystalline iso-propyl-(E)-7-[4-(4-
fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)aminolpyrimidin-5-yI] (3R,55)-3,5-
dihydroxyhept-6-enoate having an X-ray powder diffraciion pattern with peaks at 2-theta =

30 9.8,12.2,13.6,17.3,18.5, 19.6,20.1, 21.1, 22.4 and 23.3,

In a further aspect of the invention is provided crystalline iso-propyl-(E)-7-[4-(4-
fluorophenyl)-6-isopropyl-2-[methyl (methylsulfonyl)aminolpyrimidin-5-y1](3R,55)-3,5-



fl uor ophenyl ) -6-i sopropyl - 2-[ net hyl (net hyl sul f onyl ) am no} pyri m di n-5-yl ] (3R
5S5)-3,5- 25 di hydroxyhept-6-enoate having an X-ray powder diffraction
pattern with peaks at 2-theta = 9.8, 12.2, 17.3, 19.6, 20.1 and 21.1. In a
further aspaewd2m§o0d282 i nvention is provided crystalline per/GB2004/004481

| so-propyl -(E)-7-[4-(4-

fl uor ophenyl) - 6-i sopropyl - 2- [ net hyl (met?nyl sul fonyl ) am no] pyri m di n-5-yl } (3R
55) -3, 5- di hydroxyhept - 6-enoate having an X-ray powder diffraction pattern
with peakdihydrosyhehic6-gneateshagngan ¥ -ray pavdsr diffraction patten sulgtagtialasshown im, 22. 4
and 23. 3. g further aspect of the invention is prOV|ded crystalline

| So- propy{J g‘?rls:’,) 7-[4-(4- fluorophenyl)-6-isopropyl -2-[ net hyl

(et hyl sul f onyin)adfrther]agpect of the imventioh fis $r8RAESry &alinkVer2RAA/ (#2752 24-

PCT/ GB2004/ 0044 9 di oa havi ng an X- r
di ffracti ﬁ‘ﬁ rﬁél Pél) £ ﬁ%f%yﬁgﬁ@y?ﬁ'ﬁmﬁ) “‘ﬁ %‘mg(‘Y]W‘g'@dfte'her aspect
of thesi n&iﬁ?&bﬂ}hepﬁ&@ﬁ% ﬁeﬂng:ﬁxyxtrajr bé\ﬁ&rﬂﬂfrhctfbﬁtp‘ﬁ&erﬁ Rithrebks dt -theta =
fl uorophen 6- i s%))ropyl - [ et hyl (et hyl sul f onyl ) am no] pyri m di n- 5- y1] (3R,

5S) - 3, 5- - | pt 6 enoate having an X-ray powder diffraction pattern

wi th peaks at I%attﬁﬁﬁﬁ I?ecst atﬁtla 1n17g11t§)n?§‘15¥031ﬁe or Eglhge Ec'ﬁﬂ' I%I.Eﬁr(Eﬁ‘%E[ﬁc(& of the

I nvention is prov Il ne tert-buty

f1 uor opheﬂWr))pl@nvﬁiﬁpB@JWﬂ }ﬁnwﬂtyﬁmemybuﬁymﬁlﬂhﬁmimmﬁ)-bﬂﬁﬂ,iﬂ)&iﬁ 5-yl]

pat torn wiksFREERIONE atlaf B Ryl B Rt e RN eabi BT 00 5. 1 1

a furtther98s1®rt199 20.620. HhmRITE.DN | S pI’OVI ded crystalline
tert-butyl-(E)-7-[4-(4- . L . .

f1 uor ophenyl ) -¥8-4 raspact of thednveRtiopispiyided sysfalling Lot Y Tritdin- 5-y1 ] (3R,
59) -3, 5- DORleth 1oed)] pattern
with peakghggsﬂ{eg?%gqg&p-rgp T Ht@dé%ugen%fg ﬁgmgm!&z JYQH 50, 83@1 22.1, 25.1
and 26. 3. dihgdroxyhept-Grendnte hawpgen Xty pmqrdﬁ&mﬂmmattgnpwmeamt@rty@a al line

tert-buty ( [
fl uorophe%w f)% e égpl A% O AP hgPe 28 ony 1 ) ani no] pyri mi di n-5-y11 (3R
59) - 31%- di hydln@@h&ﬂtasl_ﬁ:ceﬁﬁlhé i-hvbt&imﬁgplﬁmdé’d cyytaliapvterbudylf E)-adqai(en pattern
substanti 8 henyl? r%-130 ropy1—2-fn?e%y?(methylsulfonyl)mno] imidin-5-y1}(3R,58)-3,5-
% Py 3-y
dihydroxyhept-6-enoate having an X-ray powder diffraction pattern substantially as shown in

Figure 7.
A crystalline polymorph of BEM (4) is provided as a further aspect of the invention.
20 The X-ray powder diffraction spectra were determined by mounting a sample of the
crystaliine form on Siemans single silicon crystal (8SC) wafer mounts and spreading out the
sample into a thin layer with the aid of a microscope slide. The sample was spun at 30
revolutions per minute {to improve counting statistics) and irradiated with X-rays generated
by a copper long-fine focus tube operated at 40kV and 40mA with a wavelength of 1.5406
25  angstroms, The collimated x-ray source was passed through an automatic variable divergence
glit set at V20 (20mm path length) and the reflected radiation directed through a 2mm
antiscatter slit and a 0.2mm detector slit. The sample was exposed for 4 seconds per (.02
degree 2-theta increment (continuous scan mode) over the range 2 degrees to 40 degrees 2-
theta in theta-theta mode. The running time was 2 hours 6 minutes and 40 seconds. The
30 instrument was equipped with a scintillation counter as detector. Control and data capture
was by means of a DECpc LPv 433sx personal computer running with Diffrac AT (Socabim)

software.



A crystalline polynorph of BEM (4) is provided as a further aspect of the
invention. 20 The X-ray powder diffraction spectra were determ ned by
nounting a sanple of the «crystalline formon Siemans single silicon crystal
(SSCO) waf er WBAPSH4AY spreading out the sanple into a thyGEeMA04dit h t he
aid of a mcroscope slide. The sanple.ygs spun at 30 revolutions per mnute
(to inprove counting statistics) and irradiated with X-rays generated by a

copper | ong-fine.f rat 40 ke wavel engt h of
178306 25 angdt il @ iRrktd0 uRPRE 3l Suds N X0ty P R BRI 2

aut onmat i anayawarpslightld frear @emhing ko dnostet opfrond e (Rbpiertommibthet, andsdjheand t he
reflected yadiati pn directed throug 2 antiscatter slit and_ a 0. 2mm
det ect or “é{Uet A argapﬁ)tpg;emtrg Wgﬁfﬁ\“ﬁmﬁ@é‘% g &n t"@é@'?t'%ﬁgé?tﬁ@ 2-theta
| nCr eMeNtindefYidsiof YOS nSy¥ary REGHInG\S theloRSnth@GIOS the SADIEARIeF RerAD HRMEES 2-

theta in theta-theta node. "The running tine was 2 hours 6 mnutes and 40
seconds. intaesitys in fherkRipamacesinduded hiersieate ilustativesad netiinteadsdsn be vepdifer as
detector. r data capture was by neans of a DECpc LPv 433sx

per sonal agéan%fgﬁrnpﬁ}g’ﬁi ng with Diffrac AT (Socabinm) software. WO

2005/ 042522 PQht cBalive At btaincli@Gictdrding kd the preserd drvetmdart battstantisllyXrdchet a

| f - di ffracti tt i f
rach ne (P BAGEREYs B now el S PEeoREeometng P A { ES TS quot ed
are not t'QuideinGaNSréd Bsin dtheA§REING nohloryétal for@b'Sehal) Be UnEER§t6sPRAnda @at t he

relative intensities of peaks may vary according to the orientation of the
sanpll® uribredesirederystal form contpias s than il preferaply lessdhandif %, ragre prefaetlyided
herei n arng,..l IV, ' ( to be used for absolute
conparisg%§ gﬁ%égéﬁgﬁygﬁgnp%ﬁ%%&%@ggﬁﬁed according to the present
invention are substantially free fromother crystal and non-crystal forns
of each conpoynd .qQf the fornmula.7 or 8. The term . "subst.anf]i free from
ot her cr yot ot Shtebin gAIo e ot erecia gfap b it s SBEHOBEORSRIT: Ao 10°The
desi red girafeirad vdley @y ARis8lpispyliaste sh&ﬁ&aﬁﬁ%orﬁ;{cﬁh@bﬁ&bfoﬂnﬁﬂ@(gl)w 10% nore
preferably |ess than 5% of any other form of the conpound. Suitable val ues
for tife zeowarndpidhetormalg (@oup A are as described in EP0319847. A

preferred value for A is iso-propykidene such that the conpound of the
formula (7) is a

7a
Conveniently, in compounds of the formulae 7, 7a and §, R is (2-6C)alkyl. More
conveniently, R is (2-5C)alkyl.
Suitably R is selected from methyl, ethyl, propyl, iso-propyl, butyl, tert-butyl, pentyl
20  and n-hexyl,
Preferably R is selected from methyl, ethyl, iso-propyl, tert-butyl and n-hexyl.

More preferably R is selected from ethyl, iso-propyl and tert-butyl.
In a further aspect of the invention there is provided a process for the manufacture of
the calcium salt of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
25  [methyl(methylsuifonyl)amino}pyrimidin-5-y1}(3R,5S5)-3,5-dihydroxyhept-6-enoic acid,
comprising:

a) acid hydrolysis of an acetal protecting group in a compound of the formula (7a)



15 conpound of the formula (7a). F A OR SO N~ 7a Conveniently, in
conpounds of the fornulae 7, 7a and 8, Ris (2-6C)alkyl. Mre conveniently,
Ris (2-5C)alkyl. Suitably Ris selected fromnethyl, ethyl, propyl,

i so- propyl , wiouzogde42s2ert - butyl , pentyl 20 and n- hexyl. Pref/eBzibl/g048R1i S
selected frommethyl, ethyl, iso-propylyg.tert-butyl and n-hexyl. More
preferably Ris selected fromethyl, iso-propyl and tert-butyl. In a further
aspect of the invention there is pgovided a process for the manufacture of
the calciumsalt of (E)-7-[4-(4-fl yorophenyl)-6-isopropyl-2 25

[ met hyl (et hyl sul f onyl ) am no) pyrighi®j n-5-yl ] (3R, 5S) - 3, 5- di hydr oxyhept - 6- enoi
c acid, conprising: a) acid hyd 5i S of% acetal protecting group in a
conmpound of the fornmula (7a) WO 2005/ 042592 BCT/ GB2004/ 004481 -11- F O i
OR 01 7a wherein Ris ethyl i?l <hutyl, and isolation of
the resulting crystalline co olnd/ 8); FOHHOR

PN
NN

7a

wherein R is ethyl, iso-propyl or tert-butyl, and isolation of the resulting crystalline

compound of the formula (8);

F
OH OH
ﬁ: n{\ =X OR
/%“ N

5  b) optional recrystallisation of the compound of the formula (8);
c) hydrolysis of the ester group in the compound (8) to give a dihydroxy carboxylate
derivative (9) (wherein M is hydrogen or a metal counterion other than calcium) or a

compound of the formula (1); and

F
OH OH
q N}'\ X oM
/%\N N

o
9
10  d) where necessary, conversion of a compound of the formula (9) into a compound of the
formula (1).
In a further aspect of the invention there is provided a process for the manufacture of
the calcium salt of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-y1]1(3R,55)-3,5-dihydroxyhept-6-enoic acid,

15  comprising:



O 8 5 Db) optional recrystallisation of the conpound of the fornula (8); c)
hydrol ysis of the ester group in the conpound (8) to give a dihydroxy
carboxylate derivative (9) (wherein Mis hydrogen or a netal counterion

ot her than e ziosid2s2r a conpound of the fornmula (1); aprdr/EBSHdsOdd4siNz~ OM
0 N41 ~+ yN 9 10 d) where necessary,.g@qnversion of a conpound of the
formula (9) into a conpound of the fornmula (1). In a further aspect of the
invention there is provided a procgss for the rranuf acture of the calcium
salt of (E)-7-[4-(4-fluorophenyl)-4-isopropyl -

[ et hyl (et hyl sul fonyl ') ami no] pyri gt n- 5-yl | (3R 5S) - 3, 5- di hydr oxyhept - 6- enoi
c acid, 15 conprising: WO 2005/ 04522 PCT/ GB2004/004481 12- FHH O7 OR
%N N O1 8 a) hydrolysis of the edter grU ¢t @ crystal line conpound of
the formula (8) (where Ris a?? "1 i

/S\\

a) hydrolysis of the ester group in a crystalline compound of the formula (8) (where R is as
hereinbefore defined) to give a dihydroxy carboxylate derivative (9) (wherein M is hydrogen

or a metal counterion other than calcium) or 2 compound of the formula (1); and
F

OH OH

= oM

RS
~ g\"NJLN/
Ol
5 ‘ 9
b) where necessary, conversion of a compound of the formula (9) into a compound of the
formula (1).
The compound of the formula (8) in this aspect of the invention may be made by any

convenient method such as those described and referenced hereinbefore.

10 In a further aspect of the invention, there is provided the use of a crystalline
compound of formula (7a) as an intermediate in the manufacture of amorphous bis[(E)-7-[4-
(4-fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)aminojpyrimidin-5-ylJ(3R,58)-3,5-
dihydroxyhept-6-enoic acid] calcium salt.

In a further aspect of the invention, there is provided the use of a crystalline

15 compound of formula (8) as an intermediate in the manufacture of amorphous bis{(E)-7-[4-(4-
fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl}(3R,55)-3,5-
dihydroxyhept-6-enoic acid] calcium salt.

Under some conditions for the hydrolysis of the acetal group A in a compound of
formula (7), the group R may also simuitaneously be hydrolysed which may result in

20 formation of the crystalline lactone (10) {(E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-y1}(3R,58)-3,5-dihydroxyhept-6-enoic acid-(3,6)-
lactone; also described as N-(4-(4-fluorophenyl)-5-{(E)-2-[{28, 4R)-4-hydroxy-6-



her ei nbefore defined) to give a di hydroxy carboxyl ate derivative (9)
(wherein Mis hydrogen or a netal counterion other than calcium or a
conmpound of the formula (1); and FOHOH OM -+NNO1 5 9 b) where
necessary, wonuesngison of a conpound of the fornula (9) iRATEGROIMMPEUN of
the fornmula (1). The conpound of the.f®rnula (8) in this aspect of the

i nvention may be made by any convenient nethod such as those described and

referenc j fLE . of e invention, there is
provi dedeo? ﬁ%ﬁé@g@?ﬁ% carny59 g{"‘pﬁ“ﬁé} '&l"%soﬁl%gﬂlﬁgﬂ%ﬁ?'g?y%ﬁé (7a) as an

i nt er medimdttieylmeathbtesulfierantide] t Thiecahpoand isgiemirsfter dfs¢Ciif)ed /s [Tactone”.
(4-fluorophenyl)-6-isopropyl -2-[ et hyl £ met hyl sul f onyl ) am no] pyri m di n-5-yl]
(3R, 5S) -3, 5- di hydroxyhept-6-enoic acid] calciumsalt. In a further aspect
of the invention, there is provided th&yuse of ga crystalline 15 conmpound of
formula (8) as an internediate in thé i e of anor phous
bis[(E)-7-[4-(4-
f1 uorophenyl) - 6-i sopropyl - 2- [ et hy! (et S RQA 4d%m no] pyri m di n-5-yl] (3R
5S) - 3, 5- di hydroxyhept - 6- enoi ¢ acll d] ficallci um salt. Under sone conditions for
the hydrolysis of the acetal gref M~ axconpound of forrmula (7), the
group R may al so simultaneously b& thydr ol yssed which may result in 20
formation of the crystalline |actone (10)

[ (E)-7-[4-(4-fluorophenyl)-6-isopropyl -2- 10

R s

(E) - 23] { 3f3o azba)npduﬂwafrfomn?(mrzom;smme Pre RETEH GBI BalleOGyIatRil (suchlB
- 2H pyran-.2- - 6- | yrim din-2-yl)-
ot hyl o HEHREETS BARAHaTRota] of SRS HRt e PISNIARKR oF efiete SEMTEEY o

"1 act one"(methyl tert-butyl ether). The crystalline lactone (10) may be isolated instead of the

compound {8) and then converted into a compound of the formula (9) or formula (1) by
hydrolysis in aqueous base.

10 Therefore in a further aspect of the invention there is provided a process for the
manufacture of the calcium salt of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
{methyl(methylsulfonyl)amino]pyrimidin-5-yl1(3R,55)-3,5-dihydroxyhept-6-enoic acid,
comprising:

a) acid hydrolysis of an acetal protecting group in a compound of the formula (7)

15 7
wherein A is an acetal or ketal protecting group and R is (1-6C)alkyl, and isolation of the

resulting crystalline compound of the formula (10);



FOIN OH 11 /SO N 10 Suitable conditions for conversion of conpounds of
formula (7), for exanple (7a), 5 into a conpound of fornula (10) are, for
exanpl e, treatnent with aqueous acid (such as hydrochloric acid) and renoval
of water bywezessimzymzc distillation of toluene or MIBE KGRGBR#P4/G0¢481 - but vl
ether). The crystalline |actone (10) nay4be isolated instead of the
conpound (8) and then converted into a conpound of the formula (9) or
formula (1) by hydrolysis in agqueoug base. 10 Therefore in a further aspect
of the invention there is provided a]jprocess for the nmanufacture of the
calciumsalt of (E)-7-[4-(4-fluoropfienyl)-6-iGopropyl-2-

[ met hyl (et hyl sul f onyl ) am no] pyri m¥& B8R, 5S5) - 3, 5- di hydr oxyhept - 6- enoi
c acid, conprising: a) acid hydroly i an deet al protecting group in a
conpound of the formula (7) F QA R s T opgherein Ais an acetal or
ketal protecting group and R isl(1- C 3 and isolation of the resulting
crystal line conpound of the fof T WO 20051042522 PCT(GB2004(004481
-14- FO OSOi OH O

10
b) optional recrystallisation of the compound of the formula (10);
¢) hydrolysis of the compound of formula (10) to give a dihydroxy carboxylate derivative (9)

(wherein M is a metal counterion other than calcium) or a compound of the formula (1); and

d) where necessary, conversion of a compound of the formula (9) into a compound of the
formula (1).
Preferably step c) is carried out by hydrolysis in aqueous base, such as alkali metal
bases, for example sodium hydroxide (M is Na), or potassium hydroxide (M is K).
10 In a further aspect of the invention there is provided a process for the manufacture of
the calcium salt of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-yl1(3R,5S5)-3,5-dihydrox yhept-6-enoic acid,

comprising:

10



10 b) optional recrystallisation of the conpound of the fornmula (10); c)
hydr ol ysis of the conmpound of fornula (10) to give a di hydroxy carboxyl ate
derivative (9) (wherein Mis a netal counterion other than calcium or a
conpound of wdmodmesml a (1); and OHH OM SO i N5 d) WhERCEGRHOLSEIHY,
conversion of a conpound of the formul.gs(9) into a conpound of the formula
(1). Preferably step c) is carried out by hydrolysis in agueous base, such

as al kali . S odi u roxi de ' .. Or potassium
myclr ox; e RPeLrsig ot iEster lpof P4 ByaBE bl op ikl | B s € £

provi ded dihpiroxyessbdxglatet deeivatve (D nGtherein M is atnfetal calbrtérivn ahdrithafcalcium) or
(BE)-7-[4-(4-f1 uorophenyl) - 6-1 sopropyl - 2-

[ met hyl ( ?‘P’:@R%ﬂ?‘f’g%{‘]%/fﬁﬂ%}?ﬁ?&i m di n-5-yl ]

(3R, 5S) - 3, 5-di hydr oxyhept - 6-enoic &cid, conprisingi FOOH O 10 WO

2005/ 042522 PCT/ GB2004/ 004481 -151a) hydrolysis of the ester group in a
crystalline conpound of the for ‘

derivative (9) (wherein Mis a ¥ A
conpound of the formula (1); and FIOH OH K'r

5  b) where necessary, conversion of a compound of the formula (9) into a compound of the
formula (1).

In a further aspect of the invention is provided crystalline (£)-7-[4-(4-fluorophenyl)-6-
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,55)-3,5-dihydrox yhept-6-
enoic acid-(3,6)-lactone having an X-ray powder diffraction pattern with peaks at 2-theta =

10  7.9,15.9 and 20.3.

In a further aspect of the invention is provided crystalline (E)-7-[4-(4-fluorophenyl)-6-
isopropyl-2-{methyl(methylsulfonyl)amino}pyrimidin-5-y1](3R,5S)-3,5-dihydroxyhept-6-
enoic acid-(3,6)-lactone having an X-ray powder diffraction pattern with peaks at 2-theta =
79,119, 15.9, 20.3, 21.7 and 22.5.

15 In a further aspect of the invention is provided crystalline (E)-7-[4—(4ﬂuorophenyl)~6-
isopropyl-2-{methyl(methylsulfonyl)amino]pyrimidin-5-yi}(3R,55)-3,5-dihydrox yhept-6-
enoic acid-(3,6)-lactone having an X-ray powder diffraction pattern substantially as shown in
Figure 8.

It will be appreciated that the process described in WO 00/49014 for isolation of the

20  amorphous calcium salt of the Agent, or the process described in W02004/014872, for
precipitation of the amorphous form of the calcium salt of the Agent from a (substantially)
aqueous solution of a different salt form, will generally lead to a proportion of residual
calcium salt of the Agent in waste solutions such as the mother liquors remaining after the
precipitated salt has been filtered off. Even a very small proportion of such residue may

25  represent significant financial loss if the process is catried out repeatedly on a commercial
manufacturing scale. Any reduction in such residue also potentially provides environmental

benefits, reducing the amount of treatment that effluent requires before it can be disposed of,



O N 5 b) where necessary, conversion of a conpound of the formula (9) into a
conpound of the fornmula (1). In a further aspect of the invention is

provi ded crystalline (E)-7-[4-(4-fluorophenyl) - 6-

i sopropyl - 2wpreedsigiseret hyl sul f onyl ) am no] pyri m di n- 5- yl [PCT/GB2004/004481

(3R, 5S) - 3, 5-di hydr oxyhept - 6- enoic achﬁ(S, 6) -1 actone having an X-ray powder
diffraction pattern with peaks at 2-theta = 10 7.9, 15.9 and 20.3. In a
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proportion of residual calciumsalt of Agent in waste sol utlons such as
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potenti al ntal . benefits, reducing the anmount of

t r eat nentdl%ﬁtg ﬁ?% u@ﬁ{"ﬁ%ﬁﬁ%’é@% ore it can be disposed of. WO

2005/ 042522 P@4 ?Bﬁa@ﬂﬁ?@&/&ﬁ&k inveh@oN\ghdigiéPrévadradnd fisatoftittend @ss may be
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avoi ded by treat nent sai d waste solutions (such as nother Ilquors) such

t hat IShe heeinhefrae definefllam asprpeesying il doriglationnl pmgehpapbighBH7-46@-cryst al | i ne
Lglctc one, ARIPABAN-¥.idoBrop Y2 [kt REEFRA B A8 Iy FiEAGES - f1f3R Ys)slshe desired
dihydroxyhept-6-encic acid] calcium salt.
In a further aspect of the invention, there is provided the use of lactone (as
hereinbefore defined) as a processing aid for i‘ecovery of amorphous bis[(E)-7-[4-(4-
20 ﬂuorophenyl)-6-isopr0pyl-2-[methyl(methylsulfonyl)amino]pyﬁnﬁdinls-yl](3R,SS)-3,S-
dihydroxyhept-6-enoic acid] calcium salt from waste solutions.
In a further aspect of the invention, there is provided the use of lactone (as
hereinbefore defined) as an intermediate in the manufacture of amorphous bis[(E)-7-[4-(4-
fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-y1}(3R,55)-3,5-
25  dihydroxyhept-6-enoic acid} calcium salt.
MTBE may be used to isolate crystalline lactone from waste solutions such as mother
liguors. MTBE is also a suitable recrystallisation solvent for lactone.
The utility of the compound of the formula (f) formed by the process of the invention
may be demonstrated by standard tests and clinical studies, including those described in EPA
30 521471.
A further aspect of the invention comprises a compound of the formula (I) obtained by

the process of the invention as hereinbefore described.



salt of the Agent. Thus | actone has value as a processing aid for isolation
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further aspect of t I nvention, there is provided the use of |actone (as
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I sol ate cr taI act fro te solutions such a her I i quors.
MIBE is &l i?ﬁﬁ%tﬂ ? qvqé%?mgeffis %@%EWF“‘P&‘W e utility
of the cqjmﬁnmdumj‘auyb@eﬁmbleuh@ef 1) formed by the process of the i nvention

may be denonstrated by standard tests and clinical studies, including those
descridbed in Spgh C‘B‘BP‘B"EP@?P&YRGP@mmﬁé?mfh@ﬁ@@f‘aféﬁnﬁnﬁ%f forihe diseass cerdiion ses a

compound gf; it gecg‘leawgeat,(fo) exXBipR BYestalYopichl) ParRhiBRE HRcA, nhlif, VaBiHGNdd On as

her ei nbef ore describ
rectal administration or by inhalation. For these purposes the compound of the formula (I)

may be formulated by means known in the art into the form of, for example, tablets, capsules,
aqueous or oily solutions, suspensions, emulsions, creams, ointments, gels, nasal sprays,

20 suppositories, finely divided powders or aerosols for inhalation, and for parenteral use
(including intravenous, intramuscular or infusion) sterile aqueous or oily solution or
suspensions or sterile emulsions. A preferred route of administration is oral. The compound
of the formula (I) will be administered to humans at a daily dose in, for example, the ranges
set out in EPA 521471. The daily doses may be given in divided doses as necessary, the

25  precise amount received and the route of administration depending on the weight, age and sex
of the patient being treated and on the particular disease condition being treated according to
principles known in the art.

According to a further feature of the invention, there is provided a process for the
manufacture of a pharmaceutical composition containing the compound of the formula (I) as

30 active ingredient, which comprises admixing the compound of the formula (I) together with a

pharmaceutically acceptable carrier.
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conpri ses a conpound of the fornmula (1) obtainable by the process of the
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war m bl ooded manmal an effective anmount of a conpound of the formula (1)
formed by the cess,.of the invention. e:i.nvention al so . relates to the
use of corrpoungrgglrgfn?%w\‘lg‘?%ﬁ%ﬁﬁtfa%&ym%f wf%eexB‘PB%sgl ¥&®i nventi on
in the manmhlsddusingef BaukeEDPXA0® 0ferating fat alfield istterftitofSA00M L andlinileen. The
conpound of, the invention may be adm nistered to a warm bl ooded aninal, 10
par ti cul arQtjeryisg were,rynan gevterephlerotory, Cherpigal shifts ags gigeryingans perimglligni ch
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pharmaceuti cal conposition. Therefore in another aspect the 1nventi on,

t here i pepioh dedivartghtr trindesudd € doubded wHdwibiets dt £ dayietf miplets, e smpdbpiet of t he
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phar maceut i cal II{/@glcé%aBE’%ngerdgg?qr%l?ee%sﬁfg&éjﬁgﬁgg%dﬁﬁggji“ﬂllugaﬁgb ﬁal%lf/i (g)é%&

adm ni st ereeghtallinedtctomta roy nddicionalfyde chirecieliseé bg etheomeihbdOimownliathe dit. | S
desired to treat, for exanple by oral, topical, parenteral, buccal, nasal,
vagi nal or rectal adm nistration or by inhalation. For these purposes the

compound OfereRf) proéelur@fdr! yntHERY o%cﬁ@ﬁ&ﬂﬂd%ﬁf@&ﬂﬂa!@?”s known in the art
into the formot, for exanple, tabplets, capsules, aqgueous or oily

sol uti¥hs, suspensions, enulsions, creans, ointnments, gels, nasal sprays, 20
SUPPOSI t OrgR5 o bbb le ds RS 606294 PP A Srobifnyh ARbALNAS. and for
par ent er al~use y ] ' ISTU | on) sterile
aqueous or[netHyi(imet ‘ itnin o p e - i iRe i N dioRarp4-ef er r ed
rout e of agm' nistration is oral. The conmpound of the formula (1) wll be
adm ni st ered#¥¥Ehumans at a daily dose in, for exanple, the ranges set out
i n EPA 521gbkm Hib@riseink il pi9asige (B0 7RRL,A1.0M M telaliidrbreag (‘T'HFP_SN&%%&%C essary,

t he 25 grem se anount feceived and the route of ‘adm nistration dependi ng on

t he weldghtdropwjee tariccogled solgtion pdiphenybidt(4fiornphenyd-&riseprepid2on t he particul ar

di sease copglpl @RISR APy RERARE SRkl pHspHIE! BLiGS@HRAS Y74 Bnddfnd ¢
THF (477.1 mL) at —-65°C over 30 minutes, maintaining the temperature at -65°C. Tsopropyl-
2-[(4R,6S)-6-formyl-2,2-dimethyl-1,3-dioxan-4-yl }acetate in toluene (21.68 g) was added

dropwise to the solution over 35 minutes, maintaining the temperature at —65°C. The contents

20  of the vessel were kept at —65°C for 15 minutes, then allowed to warm evenly to 10°C over 80
minutes. Water (40.4 mL) followed by acetic acid (6.87 g, 114 mmol) 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% wiw sodium bicarbonate (92.6 g), 1.8% w/w sodium bicarbonate (91.1 g) and water

25  (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 ~ 229ml of distiliates). 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 50°C was added to the
solution and the batch cooled io 40°C over 30 minutes. The batch was cooled to 25°C over 30

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%).



According to a further feature of the invention, there is provided a process
for the mnufacture of a pharmaceutical conposition containing the conpound
of the formula (1) as 30 active ingredient, which conprises adm xi ng the
conpound of wiouoseiesemal a (1) together with a phar maceut i RGV/GEH208¢MHk abl e
carrier. WD 2005/042522 PCT/ GB2004/ 004484. -18 The invention will now be
illustrated by the follow ng exanples. 'H NVR were anal ysed usi ng a Bruker
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mllion rsdrtng meterids,t with thecfbligwingleageptiom®eak nultiplicities are shown as: s
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5 9 i?ﬁy%"?‘ﬁﬁ 12??% é‘ﬁﬁ‘i‘_‘ﬂ -65C over 30 minutes, maintaining the
tenperature at -650 Isopropyl

2-[ (4R 68)-6 forrryl-2 2- d| rrethyl 1, 3- d| oxan- 4-yl| }acetate in toluene (21.68
g) was addiece p formiuls BREXW Aut es, nmai ntaining the

t enper at ur o arl?(ﬁ-ﬁe éir em %H?eﬁixsgerglgn ?A];ml&lgr@ éﬁ?%%elh@%r\ﬁasiﬁﬁgéd it ?gt?rg?lg

m nut es, rmev ovVeér m nut es
m) foll ovmdl-l’a:)namxt €15 L patiathb{eht &npgranitd. 4Afrente)resubtire; effbehescenoce hidstopped t vvo

phase gh eIIo soluthn e batch at at pheric
pr essuﬁe '&3 on W&%%‘F?Eedoglg @ié)’é‘fr}uﬁsﬁ iéhyq% % @0 4'dét4 fg'}‘? 'hed
sequent i al 1lsbpraysﬂh [Hﬁﬁ@[(rﬂcﬁf&ldﬂfbnyl)ﬁ%?ﬂﬂdﬁpﬂyﬂﬁh?]}gm ooabe (92.6 g), 1.8%
w w sodi um bi car bonat é

dimethyl[1, 3]d10xan~4—y1)acetate (2 g, 3.6 mmol) was added to the solution in one portion.

After 90 minutes, acetic acid (263 mg, 3.6 mmol) was added to the reaction mixture and the

solution left at ambient temperature for 16 hours. The solvent was removed on the rotary

20  evaporater (oil pump) and then dissolved in ethyl acetate. The solution was evaporated to
dryness onto silica and purified on silica eluting with 20% ethyl acetate in iso-hexane. The

resulting pale yellow oil was crystallised from methanol as described above.

Analytical Data: for R-(E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-
25  [methyl(methylsulfonyl)amino]jpyrimidin-S-yl]vinyl }(4R,68)-2,2-dimethyl{ 1,3]dioxan-4-
yl)acetate

R 'H NMR (ppm)
Iso-propyl | 1.15 (g, 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 (sptt, 1H), 5.47
(dd, 1H), 6.52 (d, 1H), 7.08 (t, 2H), 7.65 (dd, 2H)
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Example for iso-propyl analogue:
Hydrochloric acid (17.24 mL, 0.02M) was added dropwise over 100 minutes to a warm

solution of iso-propyl (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl{methylsulfonyl)amino]pyrimidin-5-y1](3R,55)-3,5-dihydroxyhept-6-enoate (10 g, 17
mmol) in acetonitrile (69 mL) at 35°C. The mixture was agitated for a further 80 minutes then
allowed to cool to 25°C over 30 minutes. Sodium chloride (9.26 g) in water (23 mL) was
added to the mixture, which was agitated for 15 minutes then allowed to settle for 16 hours.

solution left at anmbient tenperature for
The sol vent was renoved on the rotary

16

The organic layer was separated off and the aqueous layer extracted with acetonitrile (15 mL).

The combined organic layers were evaporated to dryness and the residue recrystallised from
toluene (40 mL). The solid was dried in a vacuum oven at 40°C, 620 mbar, yield =7.06 g

(79.3%).

Analogues with different ester groups R may be made as above with the following exceptions:

for the ethyl derivative, the product did not crystallise from toluene: this solution was

evaporated to dryness and purified on silica to afford an oily solid which was then treated

with a 1:1 mixture of iso-hexane:toluene and filtered by vacuum filtration.
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The sol ution

dryness onto silica and purified on silica eluting with

in iso-hexane. The resulting pale yellow oil was
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[ met hyl (et hyl sul f onyl ) am no] pyri m di n-5- yI]vi nyI}(4R 6S)-2,2-dinethyl[1, 3]d

i oxan-- vyl te | 1.15.(9, 11-1), 1.24 (dd, 6H),
1.27 (dd, M k ﬁ@&@?%ﬁ?gﬁ "‘5°P‘EP3§‘5?q(d 1H), 2.34 (dd,
111), 2. SQnﬁmgil(mém&)sulf&yii)&mﬁrﬁﬂpymﬂl%-S jﬂl](BR 5(5",&3 5- cﬂﬂ)idi:oﬁyheﬁt Géndate, 311), 4.32
(m 111), 43 (m—1Hy 5. 04 (sptt 211 6.52 (d.111),
7.08 (t, 211)R 7 65 (dd, 2H) WO 2005/ 04’5%1%@?}1%82004/ 004481 -20 Ethyl
1.14 (q, -But o127 &6 f, 1HY, 1] S1.58-1,50 (0 1 %ﬂlﬁ,
111), 3 4T S CooRE ot {1 P SR T8, @ 5 28 28, 37T
(s,  311), 4.21-4 Gg, lH) 325141)(s, 341)375?1(8331{)( 6165Il1ﬂ)1H) 4,804, le) ¢ ﬂrM:Llﬂm, .47
(dd, 111)|, 6.53 (d 1 1) 6 mﬁ&y 1H)
1.27 (dd,| 611), 170 484341?'(8 (1%“453‘36( 8, 15, ?64%9%32@9 J’S}@d?‘g‘g 111),
2.57 (dd,| T30l . Br.21-3p5 (mliﬁl:‘[), 1&5@& (), 1%@11551 5FI) (§43 135, 3 33 (Z (s,
311), 4. 37- }né)gﬁ( 111)l 4.46-4 %‘brrb @i @ % [Q}i) 111),
7.08 (t, [211), 7.6 rTL"D( §l (931, 13 Hsx 5%@5( iH),él’f’i!)(bS iHi54 4 1%)1 18, 27 (dd,
611),1.37-1,29 (M4 41k fﬁﬂ(ﬁﬁ 16 63674)11 5 211),
2.38 (dd,| 111), 2| 554( gﬁ,(ﬂllll L 35? 37 5 ﬁ% iﬁ) 5]1( (s, ), 2%?)36t §§r)gf]8 (s,
311), 4.10 (t, 214¢dd, 2H)36-4.29 (m 111) 4 46 4. 41 (m 111), 5.47 (dd,
111), 6- ‘-L/{i,ﬂ} AY j_-_nQ (4- ’)M) = f“l:_f A\LAA;ZJIMA Qamlm al Nnmduvn -For
conpoundd 61 or rrui-é”'(‘é?f(m’ %ﬂphiséﬁfr JJIFT_):"i 56(9'16?%%I %nﬁ%&gm?mwo dri ¢
acid (17.[24 nL, O} 98Ms, 3683 3FIABE 180,057 SV 8.70 K0 1H), BUDg, 219), 22841 1N
(m, 1H), 4.47-4.45 (m, 1H), 5.46 (dd, 1H), 6.64 (d, 1H),7.09 (t, 2H), 7.65 (dd,
2H)
Procedure for Formation of Lactone (3R, 58) (a)
5 (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-
yl1(3R,58)-3,5-dihydroxyhept-6-enoic acid calcium salt (30.0 g) was dissolved in acetonitrile
(300 mL) and saturated brine (50 mL) was added. The solution was then chilled to 0-5°C. The
pH was adjusted to 4.0 with a mixture of 4N HCI (15 mL) and saturated brine (35 mL). An
extra portion of water (15 mL) was added to dissolve the solid, resulting in two clear phases.
10  The aqueous layer was separated off (112 mL) and the organic phase dried with magnesium
suiphate. The solution was distilled at atrnospheric pressure until ~100 mL of acetonitrile had
been removed, then toluene (250 mL) was added gradually to maintain the distillation fl@sk
volume at 200 ml. . This resulted in collecting ~390 mL of distillates at a final head
temperature of 106°C. The solution was allowed to stir at ambient temperature overnight and
15  was then heated to reflux for two hours. The mixture was cooled to 0-5°C and the resulting

20

solid was filtered, washed with toluene (2 x 20 mL) and dried at 35°C under vacuum.

'"H NMR §:

1.28-1.26 (m, 6H), 1.69-1.62 (m, 1H), 1.94-1.88 (m, 1H), 2.66-2.60 (m, 1H),

2.72 (dd, 1H), 3.33 (septet, 1H}, 3.51 (s, 3H), 3.57 (s, 3H), 4.34-4.30 (m, 1H), 5.26-5.21 (m,
1H), 5.49 (dd, 1H), 6.72 (d, 1H), 7.11 (t, 2H), 7.62 (dd, 2H)
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dryness aﬂférﬁahﬁbﬁt@B(ﬁd{(E)Jzﬂ[M(%ﬂhaﬂobh@@l}ﬂ ié@pfbﬁ))ﬂlﬁ-mﬂgil(lﬂd&yﬁu)fonﬂih@ﬁﬁ@ id was
dried in a vacyum Qven at 40C. 620 nbar, n_%/le d =

Anal ogues R Styllethenyl) (R.€9)-24-dimsihyk 1 Fodioraa-4ryliesetate @Bhﬂi""’g,ﬁoﬁiﬁ"f"g@
fol I ow ng e xCemfitiR Q40 nﬁf)ratm 91%5'%01%'3‘5@@ b4bre érgtﬁlapﬁdzﬁﬁtﬁltof%&@roaﬂﬁmc

crystallise fromtoluene® this solution was evaporated to dryhess and
purified @piddDORMa35 mla‘lfat 3)$°§2 éﬁhemsulnng@vlmowmammdgt 336 mntit hatresdtiomi t h a

1:1 mxture dfl| d vac | 0 WO
3005/ 04263 o BRI AR 27 3R H%ﬂ?t( 15 Sadyodtg Hpdbkie LA, St

- (B) - 7- [ 4-va4-aldedoit Qﬁ‘?&‘ﬁnd thc &sﬁlﬁﬁ@ﬁﬂmtﬂesﬂrred at this temperature until the reaction was
[ met hyl (et hy] sul f onyl ) am n0818¥” m di n- 5- yItL(3R 55) - 3, 5- d| hydr oxyhept - 6- enoa

te R 1H 0Pl modiunmchligride(19:3g) yas @ﬁﬁda@ omixiyre cealed to §°CySodium gy

1.58-1.50 o roa 3H),
385 (bo. (imnflégﬁnérg?egggd{o@moﬁﬂmd?ﬁ? was &?ﬁ adddi ks ?rre%&n%§4 it?n(nlm:mé{ ia\/lt( S 4E')

(dd, 119), 06C6mtﬂ( aipH oHY way adideved, Tie 1w phase §%stqra ovas 2li)wadso sestlo py0°Clang The] . 25
12 5 37
LM ( ;D ﬂ?“’r dyftos| s pa Sbé‘%?f tetadveg }‘t %aéi'e ﬁ?@m és%’l() “%Héﬁd Syl o o ( m
II7.H%)9 ( :1 42 1?-s)e4ﬁid miirturelwasldistiliad @bathnsgih cnd-id)npef?ﬂ.ﬂ?m(tﬂ glielt)ﬁkl)ture Geaﬁl{bd(ad 1H),
111), 1. 60-tamgsa ?ﬂﬁgggﬁa%@h{%’f& % Sélé“@ﬂisébﬁﬂ gﬂsed “néef@ie‘?(ﬁ&?l%cﬂﬁm"@ 51
(bs, 111) ol RfthésS6 hotikddt 103°C Ohé BiixtuidWras ffiowd {otboolid)amifent &ntbefature before
15  isolating the crystalline lactone. The material was washed with methyl] t butyl ether (100 mL)

r\;

before drying in a vacuum oven at 22°C under nitrogen to yield 12.8 g of dry lactone.

'H NMR (500MHz, DMSQ d6) 8: 1.23 (d+d, 6H), 1.64 (m, 1H), 1.76 (m, 1H), 2.40 (ddd,

1H),

2.66 (dd, 1H), 3.36 (spt, 1H)*, 3.46 (s, 3H), 3.56 (s, 3H), 4.08 (m, 1H), 5.16 (m, 1H), 5.26
20 (d, 1H), 5.57 (dd, 1H), 6.76 (dd, 1H), 7.31 (t, 2H), 7.70 (dd, 2H).

*Partially obscured

Procedure for conversion of Lactone to Calcium Salt (1)
Aqueous sodium hydroxide (4% w/w, 38 ml) was added to a stirred solution of N-(4-(4-

25  fluorophenyl)-5-{(E)-2-[{2S, 4R)-4-hydroxy-6-oxotetrahydro-2H-pyran-2-yllethenyl } -6-
isopropylpyrimidin-2-yl)-N-methylmethanesulfonamide (16g) in acetonitrile (148 mL) at
20°C. The reaction held at 25°C for 2.5 hour with stirring. Aqueous hydrochloric acid (29
mL, 0.1M) was added to adjust the pH of the solution to approximately pH10.5. Water (71
mL) was added so that the combined charge of water and hydrochloric acid (0.1 M) (from the

30 previous pH adjustment step) was 100 mL. Toluene (125 ml) was then added and the mixture
stirred at 40°C for 30 minutes before it was aliowed to settle for 1 hour at 40°C. The aqueous
phase was then separated from the organic phase at 40°C, The agueous phase was then

distilled under reduced pressure (53mBar, <40°C) until the volume was reduced to 135 ml..



(m IH, 4.47-4.45 (m 1H), 5.46 (dd, 111), 6.64 (d, 1H),7.09 (t, 2H), 7.65
(dd, 2H) Procedure for Formation of Lactone OR 5S) (a) 5
(E)-7-[4-(4-fluorophenyl)-6-isopropyl -2-[ et hyl (et hyl sul f onyl ) am no] pyrimd
i n-5- yl](3Rccds@262di hydr oxyhept - 6- enoi ¢ aci d cal ci um BEI/GBZ08g003484) was

di ssolved in acetonitrile (300 nm.) andasaturated brine (50 nL) was added.
The solution was then chilled to 0-5C. The pH was adjusted to 4.0 with a

t fw t f
e Sl ¢ s g B Bl 37032 koo iR 0" ©
phases. 16070 bcmmnﬂdumnloayeolumsommamtlﬂmdﬂdl-wafh& @105 g}ﬁldwatbe(zaﬁgﬂn) c

h dried Iht Th ' distilled at
P mospher AECTBEL RERARE terghht T AE?o| {11 Lo had been removed, ¢ hen
toluene (29 réion'sxtad R sBfr@ifoah FortheP1 TRin Ut A0YC, ithéh éﬂ)b&i:l'té bed @ sfitask

volume at 200 nlL. This resulted in collecting -390 m. of distillates at a
final Readtthistpaperatyreiopp fql@iwcﬁnme The restliting suspension wasddteresl, washed gtithanbi ent

tenperatu e fd 04 two hours. The
m xture mvi'até%?f&@%%@ a%ag&e @m@ F?lﬂltﬁg g@ S\R/gép?ﬁter ed, washed
with tol ue{neth@]lmxtl@ﬁulf@ylMajpyrﬂnidmts FHCRHSYPB15- dlhymoxyheptkﬁ-éim &id 1. 28-1. 26
(m 6H, 1. 9-1.3@2(7 )’LH), 1.94-1.88 (in, 1H), 2.66-2.60 (m 1H), 2.72
(dd, 1H), °§'§”(tegtg]ll3§‘1l—l), 3.51 (s, 31-1), 3.57 (s, 3H), 4.34-4.30 (m
1H), 5.26-5.21 (in, 1H), 5.49 (dd, 1H), 6.72 (d, 1H), 7.11 (t, 2H), 7.62
(dd, 2H) 20 WD 2005/ 042522 PCT/ GB2004/ 004481 -22 Procedure for Formation of
Lact ol oSyntheyis ofstawting mateyials ¢ y |

(6- £(B) -2 bl 7ok aRensl 06 SR0EAPY G LG NALIRS hY! sul fony!) ant nol
pyrim di n-5= et hyT - I, 3-di yl)acetate (20.Qg)
was di ssolGhiatineigas 2469 6mlk., rMBem(ldl}Lﬁamﬂs)ar@ﬂ tdl@ﬁene lf&?rS 3cmb) mdéﬂ?ﬁl Ebfiethef or e

dual dr ochl 35C  The | t
Jotut on VRSB en Ly | Soanbhn s teadiddromene i ColsioutB e R o0t od 1 0°
25C.  Acet Qhinbies, keerfifg 1hb bomBiits SQ@QG”A}}@BOMﬂﬁes(almenﬁﬁram@é isopespypglded at

25C and the resultlng mxture stirred at this tenperature until the reaction

was  dénmI [R5 Sotormin-2 R rdimethy- 1. 3-dioxan-4 whiacelatg (@4 4 @ $hamellin teleene - 2d t o

0C. Sodiu "ThL) was added dropwise to the vessel over 30 minutes, maintaining the internal temperature
at -60°C. The reaction mixture was agitated at -60°C for 30 minutes followed by the

dropwise addition of triethylamine (26.36 g, 261 mmol) over 30 minutes, allowing the
internal temperature to rise to =50°C. The reaction mixture was then allowed to warm to 25°C -
20  evenly over 75 minutes. The resulting slurry was stirred at 25°C for 30 minutes, then water
(77 mL) was added and the mixture agitated for 30 minutes. The agueous layer 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 mL) and the organic portion separated for vacuum distillation at 150
mbar, Distillation was continued until ~350 mL of toluene had been removed. Toluene (350
25 mL) was added to the flask and the vacuum distillation repeated at 150 mbar to remove ~350
mL of toluene. The resulting solution was transferred to a flask containing activated 4
angstrom molecular sieves and left at ambient temperature overnight. This solution was used

directly for the coupling stage.

30  Analogues with different ester groups R may be made as above with the following exceptions:
for the methyl analogue, the distillations were performed at much higher vacuum (and

therefore at lower temperatures).



chl oride saturated hydrochloric acid (1 M was then added to the stirred
reaction mxture at 10 OC until a pH of 4 was achi eved. The two phase system
was allowed to settle at 0OC and the | ower aqueous phase was renoved to
wast e. Tol ueme 2¢08642s52.) was added to the organic phase OWGH2MHOIEZWAS
distilled at atnospheric tenperature untjgl. the nxiture reached a
tenperature of 105C was achieved. The sol ution was then heated under

. ) 1 1921 The m xture was

' " sor-ati ng the crystalline

| act one. Tﬁﬁsﬁ&hﬁdﬁﬂnﬂlm&aﬂ&m&&hﬁﬂlg\ﬂhdﬂ’rmtlﬂayﬂesbnbeﬂm[EPOBMH 100 nL) before
drying in a vacuum at 22C under n| nto Id 12 8 g of dry

| act one. 1APNREVEE %@l\ﬁgemﬁl\?é@' quaB ewd(m 1H), 1.76 (m
1H), 2.40 (ddd, 1H), 2.66 (dd, 1FD 3 36 (spt, 1FD* 3 46 (s, 3H), 3.56 (s,
3H), 4.08 (m 11-1), 5.16 (n1 1H), 5.26 20 (d, 1FD 5 57 (dd, 1H), 6.76
(dd, 1Hy, Diph L8 §)-6dsb ] athky) e eaRLg-e for

38 nml) wasYatdb PIGSRIILC idesd sol ution of N-(4-(4- 25

fl uor ophen

4R) - 4- hydrg&)}? éHlégg(ot etrgﬁaﬁro 2 S%%breg#]ngat?/ tﬁgphcaﬁonw 00/49014

i sopropyl pyrimdin-2-yl)- N—nethylnethanesulfonanlde (16g) in acetonitrile
(148 nL) at 20C. The reaction held at 25C for 2.5 hour with stirring.
Aqueous hydrochloric acid (29 nL, 0.1M was added to adjust the pH of the
solution to approxi mately pH10.5. Water (71 nL) was added so that the

conbi ned charge of water and hydrochloric acid (0.1 M (fromthe 30 previous
pH adj ust nent step) was 100 ni L. Toluene (125 m) was then added and the

m xture stirred at 40C for 30 mnutes before it was allowed to settle for 1
hour at 40C. The aqueous phase was then separated fromthe organi c phase at
40C. The aqueous phase was then distilled under reduced pressure (53nBar,
540C) until the volume was reduced to 135 nL. WO 2005/ 042522

PCT/ GB2004/ 004481 .23. Water (35nL) was added to bring the total volunme to
170nL. The solution was heated to 40C before addition of a solution of
calciumchloride di-hydrate (3.05 g) in water (29.5 nL) over 20 mn,

mai ntai ning the reaction mxture at 38-41C.




The reaction m xture was stirred for a further 15 mn at 40C, then cooled to
20C and stirred 5 at this tenperature for a further 15mn. The resulting
suspension was filtered, washed with water (3 x 53 nL) and dried to give
(E)-7-[4- (4-WDuorseprsanyl ) - 6-i sopropyl - 2- PCT/GB2004/004481

[ met hyl (et hyl sul f onyl ) ami noj pyri m di n- 5;8y1 J(3R 5S) - 3, 5- di hydr oxyhept - 6- eno
c acid calciumsalt (17. 13g) 10 Synthesis of starting materials |sopropyl-

2-[ (4R, 69S) - 6_foinyl-‘ 4-y11 ac te Chl ori ne gas
(2469.6 nL Fignre Lo U OSYODYES" at - 60C. Di net hyl
sul phi de ( }# lignsp! ution

over 30 mnutes, keeplng : i's

t enper at ur glacetater opyl 2 15

[ (4R, 6S)-6-fornyl -2, 2-di net hyl -1, 3-di oxan-4-yl }acetate (24.56 g, 95 mmol) in
toluene (46.7 nl) was added dropwi se to the vessel over 30 m nutes,

mai ntai ning the internal tenperature at -60C. The reaction m xture was
agitated at -p0OC for 30, m nutes foll owed by the dropw se addition of
triethylam el (26.36 g,i{ 261 mmmol ) over 30 m nutes, allowing the internal
tenperature tp rise to LSOC. The reaction mxture was then allowed to warm
to 25C 20 evenly over 7p mnutes. The resulting slurry was stirred at 25C
for 30 mnutes, then wafer (77 nL) was added and the m xture agitated for
30 m nut es. «fhe aqueous) | ayer was separated and the pH checked (pH should
be between 7.6 and 8.5)} The resulting organic portion was washed with
water (23.3 ML) and the}j organic portion separated for vacuumdistillation at
150 nbar tillationfwas continued until -350 nL of toluene had been
removed. Té ne (350 2b nl) was .ddeo to the flask and the vacuum
distillatién Jepealed 150 ynbar jto fenove -350 nL of toluene. The

resul ting solution] was ransﬁerreo tol a flask containing activated 4
angstrom no ul ar| si evies and | eft] dt] anpi ent tenperature overnight. This
solution was used jdiregtly flor the [coupling stage. 30 Anal ogues with

di fferent ester grpups R nmay [be negdqg {ap |hbove with the foll ow ng exceptions:
for the nethy] anaj ogu t he j dlst|II  u'- were performed at nuch hi gher
vacuum (and™ or ef jat Io e el bt fes)., WO 2005/ 042522

PCT/ GB2004/ 0 -2 " |
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5 2-Thela - Scale
2-theta d-spacing Relative Intensities
57 154 51
8.7 10.1 25
9.5 9.3 100
13.6 6.5 54
17.5 5.1 58
19.0 47 41
19.9 45 53
20.8 4,3 29
21.8 4.1 34
224 4.0 41




| so-pronvl 2-f (4R 6S)-6-fornyl-2.2- ' ethyl-1, 3-di oxan-4-yl|l acetate This
conpound may be nade using the procedures described in EP0319847. Anal ogues
with different ester groups R nmay be nade by a simlar nethod. 5 D phenyl
f 4- (4-f 1 uor opleenesiodss22 sopr opyl - 2- f i net hyl (et hyl sul f ony| )roT/GEdepyovisst di n- 5-
yl met hyl | phosphi ne oxi de This conpound_gan be nmade as described in Patent
Appl i cati on W00/ 49014 WO 2005/042522 PCI/ GB2004/ 004481 -25 Figure 1
Met hyl (E) ¢
I met hyl ( me=S
| oxan- 4- J-ﬁﬁ s
Intensities
19047411)&1%4553 20.8 4.3 29 2184134 22.4 4.0 41 WO
2005/ 042522 pRCT/ GB2004/ 004481 -26 Figure 2: Ethyl
(B)-(6-{2-(4244-fl uorouhenvf-6-isopropyl -

5!’.:%

6S) -2, 2-di methvl [ 1, 3] d
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2-Theta - Scale
5

2-theta d-spacing Relative Intensities
59 15.0 23
8.0 11.0 33
122 7.3 21
15.9 5.6 100
18.4 4.8 65
19.5 4.6 82
19.7 4.5 45
23.0 39 53
24.3 3.7 37
25.0 3.6 29




finethyl (methvl sul fonvl)am nol nyrimdin-5-vllvinyll (4R 6S)-2.2-di nethvl f

1. 31di oxan-4- |acetate :maaa aam aoi as :mam a m"m ,tea am 2-Theta -
Scale 5 2-theta d-spacing Relative Intensities 5.9 15.0 23 8.0 11.0 33
12.2 7.3 21 W03063/082582 100 18.4 4.8 65 19.5 4.6 82 19. PCA/GBUGI002810 3.9
53 24.3 3.7 37 25.0 3.6 29 WO 2005/ 042522 PCT/ GB2004/ 004481 -27 Figure 3:
| so-Propyl (E)-(6-42-f4-(4-fluoronhenvD-6-1sonrouvl -2-

Fi 3: iso-Propyl (E)-(6-{2-[4-(4-fluorophenyl
methyl(methylsulfonyl)amino]pyrimidin-5-yi]vinvl}{(4 -2.2-dimethylj1.3]dioxan-4-
yDacetate

M,Ww

2-theta d-spacing Relative Intensities
6.0 14.7 35
7.0 12.6 41
7.8 11.3 90
8.7 10.1 37
10.4 8.5 27
11.6 7.6 100
13.0 6.8 20
14.7 6.0 19
15.5 57 56
20.2 4.4 53




finethyl (et hyl sul f onvfam nol uvri m di n-5-vllvinyl) (4R, 6S)
| acetate e, mem I~ ,ml,m
ueema, 5 2-,tare- scale 2-theta d-spacing Relative Intensities 6.0

2,2-di nethvl f1, 31di oxan- 4-

14.7 35 7.0W020@/042227.8 11.3 90 8.7 10.1 37

, M em goo am

10. 4 8. 5 mi/GEcboesfosasb 100

13.0 6.8 20 14.7 6.0 19 15.5 5.7 56 24 .2 4.4 53 WO 2005/ 042522

PCT/ GB2004/ 004481

(E)-(6-(2- L
finethyl (

1. 3| di oxanfmdethyl(methylsulfonyl)amino

Lin (é:oums)

4:f1uor

-28 Flfure 4: n-hexvl
v '

-2,2-dimethvl[1.3]dioxan-4-

6S) - 2. 2-di met hvl f

7 - e —r ey
) 2-'|':;ta- Scale i

2-theta d-spacing Relative Intensities

53 16.8 18

7.1 124 100

114 7.8 10

14.2 6.2 19

14.8 6.0 14

18.9 5.7 27

20.1 44 10

20.4 4.4 5

214 4.1 12
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| acetate IEOO 3.(r) J 2-t.ia SCBIB 2-theta d-spacing Relative Intensities
5.3 16.8 18 7.1 12.4 100 11.4 7.8 10 14.2 6.2 19 14.8 6.0 14 18.9 5.7
27 20.1 4.4 10 20.4 4.4 5 21.4 4.1 12 5 WD 2005/ 042522 PCT/ GB2004/ 004481
-29 Figure S5WORMPSM2PL) - 744- (4-f 1 uor ophenvl) - 6-i sopropy! - ACFGREb4IHk4EM

tt hvl sul fonvl ) am nol pvr hnl di n-5-yi | (3RSS)y- 3, 5- di hvdr oxvhept - 6-enoate 3 C
160 L S S b mb 2-Theta-Scale 2-theta d-spacing Relative Intensities 4.3

20.4 13 81?1:L %éL 5:0 10]8&1 1-(F)-7-[4-(4-fluorophenyl)-6-isopropyl-2-

[methyl(methylsulfonyl)amino]pyrimidin-5-yll(3R.55)-3.5-dihydroxyhept-6-enoate

g
H

Lin {Counts)

L il

LI e o e e B e B e e B LA s p p s s e |

2 L -] L] -

2-Theta - Scale

2-theta d-spacing Relative Intensities
43 204 13
8.1 11.0 100
11.3 7.8 48
124 7.1 21
15.1 5.9 18
19.9 4.5 56
21.0 4.2 41
21.7 4.1 18
22.1 4.0 26
23.5 3.8 15




11.3 7.8 48 12.4 7.1 21 15.1 5.9 18 19.9 4.5 56 21.0 4.2 41 21.7 4.1 18
22.1 4.0 26 23.5 3.8 15 5 WD 2005/ 042522 PCT/ GB2004/ 004481 -30 F ieure 6:

i so-Pronvl - (E)-7-[4-(4-tl uorouhenvl)-6-isonroavl-2 imethyl (nme

hhvl sul f onyl YW&A0042822i mi di n-5- vl | (3R 5S) - 3. 5-di hvdr oxyhertréspopaius; e 8
6ku a a 2-Teta- scale 2-theta d-spacing,Rel ative Intensities 9.8 9.0 88
12.2 7.3 24 13.6 6.5 20 17.3 5.1 57 185 4.8 18 19.6 4.5 24 20.1 4.4 53

21.1 4.2 100 22.4 4.0.20 23.3 3.8 16
lg‘i eg: Aiso- opvl- 7-[4

[methyl(methylsulfony)amino]pyrimidin-5-y1](3R.55)-3.5-dihydroxyvhept-6-enoate
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2:Thets - Scale
2-theta d-spacing Relative Intensities
9.8 9.0 88
122 73 24
13.6 6.5 20
17.3 5.1 57
18.5 4.8 18
19.6 4.5 24
20.1 4.4 53
21.1 42 100
224 4.0 20
23.3 3.8 16




5 WD 2005/ 042522 PCT/ GB2004/ 004481 -31 Figure 7:
tert-Butvl-(E)-7-[4-(4-fluoroohenvl)-6-isonronvl -2-

fi net hvl (et hvl sul f onvfam nol avri m di n-5-vl | (3R 5S)-3. 5-di hvdr oxvheot - 6- enoa
te .AD a w WORW5/04282Thet a- Scal e 2-t heta d-spaci ng Rel atRGIGB2004£008481 i €S

9.8 9.1 31 17.2 5.2 13 18.2 4.9 35 19;4 4.6 15 19.9 4.5 50 20.6 4.3 33

20.8 4.3 100 22.1 4.0 12 2513510 .3 3.4 18 5 WD 2005/ 042522

PCT/ 6B2004/ 044 0 : envl ) - 6-1 sopropyl -

f met hyl (rre ot . RIBEIDYIST - di hydr oxvhept - 6- enoi
c acid- (3 ﬁie ulfon QWno 5-1 3R.55)-3.5-dihydroxyhept-6-enoate

Lin {Counts}
g

2-Theta - Scale

2-theta d-spacing Relative Intensities
9.8 9.1 31
17.2 5.2 13
18.2 4.9 35
19.4 4.6 15
19.9 4.5 50
20.6 4.3 33
20.8 43 100
221 4.0 12
25.1 3.5 10
26.3 3.4 18




11le mem sap sop *' e io n eo ae 2-Theta - Scale 2-theta d-spacing
Relative Intensities 7.9 11.1 76 11.9 7.4 25 15.9 5.6 69 20.3 4.4 100
21.7 4.1 59 22.5 3.9 31 5 -33- Cainms 1. A process for the manufacture of
t he cal ci umve@bdos/od2532E) - 7- [ 4- (4-f | uor ophenyl ) - 6- PCT/GB2004/004481

i sopropyl - 2-[ et hyl (net hyl sul f onyl ) am naj,

pyrimdi n-5-yl] (3R 5S)-3, 5-di hydr ox

yhept-6- enoic acid as illustrated in Fornula (1) F HHN COO Caz+ / | 'N

1, z 1 co

acetal protecting group in a

-dihydroxvhept-6-enoic acid-

" —-r

L1

a 2-Theta - Scale

2-theta d-spacing Relative Intensities
7.9 11.1 76

119 7.4 25

15.9 5.6 69

20.3 4.4 100

21.7 4.1 59

22.5 3.9 31




OR 11 O1 - ON7 wherein Ais an acetal or Ketal:-protecting group and R
Is (1-6C)alkyl, and isolation of a resulting crystalline conpound of the
formula (8); FOHOH NOR N O 8 b) optional recrystallisation of the
conpound of the fornmula (8); c) hydrolysis of the ester group in the
conpound (8) to give a di hydroxy carboxylate derivative (9) (wherein Mis
hydr ogenCim@ net al counterion other than calciun) or a -34- conmpound of the
formula (1); and F OH9H g 1~ OM % N N 01 d) where necessary, conversion
of a compound of the fornmula (9) into a conmpound of the fornmula (1). 2. A
process as clmpnowls fonthenaanufadredtthe calcidr ealtod MPeldd 4 dfuofopleny6rul a (7) is a

conpound, of opropyl Wm&h)glsﬁi)onyl)mmno]pynmldm -5-y11(3R,55)-3,5-dihydroxyhept-6-
enoic acid as 1llustrated in Formula (1)

G 321-

, comprising:

a) acid hydrolysis of an acetal protecting group in a compound of the formula (7)

wherein A is an acetal or ketal protecting group and R is (1-6C)alkyl, and isolation of a
resulting crystalline compound of the formula (8);

H OH
\
e *
/S\;\\'N N

b) optional recrystallisation of the compound of the formula (8);
c) hydrolysis of the ester group in the compound (8) to give a dihydroxy carboxylate

derivative (9) (wherein M is hydrogen or a metal counterion other than calcinm) or a



OR Il I~ 01 7a and wherein Ris as defined in"'claiml1. 3. A process for
the manufacture of the calciumsalt of (E)-7-[4-(4-fluorophenyl)-6-

i sopropyl - 2-[ met hyl (et hyl sul f onyl ) am no] pyri m di n-5-yl] (3R, 5S) -3, 5-di hydr ox
yhept-6- enoic acid, froma crystallinggconpound of fornmula (8) as clained
in steps _c¢) and of Claim 1. 4. A process as clainmed in Caim1l or Claim
2 or d afgﬁpgm@ﬁgg%foamﬁal(@ aﬁ%t hyl, ethyl, iso-propyl, tert-butyl or hexyl.

5. A process as clainmed in any pbne of Clainms 1 to 4 wherein Ris ethyl,

i so-propyl or tert- butyl. 6. rystalline conpound of the fornula 7 as
defined in Caim1, which cry line compound is nmethyl (E)-(6-{
2-[4-(4-fluorophenyl)-6-isopropyl-2- o1 oH
[ met hyl (et hyl sul f onyl ) am no] py&d g A< I d'MnyI }

(4R, 6S) -2, 2-di net hyl [ 1, 3] dilox -4 -35- yl)acetate having an X-ray powder
diffraction pattern with peaksS @t ~2<theta = 9.5, 13.6 and 17.5. 7. A
crystalline conpound of the"fornmula 7 as defined in Caim1l1, which
crystalline conpound is ethyl (E)g(6-{ 2-[4-(4-fluorophenyl)-6-isopropyl-2-
[ met hyl (et hyl sul f onyl ) am no] pyri m di n-5-yl ] vi nyl

} (4R, 6S) - =l I qoll - 4 | powder

by act (- n s pREls; oheltth B5Amtmi o BE Rt ¢} gofifuda bl E°5°"
cryst al | ifermuladipound of the fornula 7 as defined in daim1, which
crystalline conpound is iso-propyl

(B)-(6-{2-] 4-34-f| uor ophenyl ) - 6-i sopr opyl - 2-

(et hyl ( et hyppercess ay tlpizned sroClaip 1 whetein ths compepind pf th formula (7) is a

(4R, 6S) can}%uﬁumﬁmgmaﬁ;}lgi oxan-4- yl)acetate having an X-ray powder
diffraction pattern with peaks at 2:theta = 7.8, 11.6 and 15.5.

7a

and wherein R is as defined in claim 1.

3. A process for the manufacture of the calcium salt of (E)-7-[4-(4-fluorophenyl)-6-
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,5S)-3,5-dihydroxyhept-6-
enoic acid, from a crystalline compound of formula (8) as claimed in steps ¢) and d) of Claim
L.

4. A process as claimed in Claim 1 or Claim 2 or Claim 3 wherein R is methyl, ethyl,

iso-propyl, tert-butyl or hexyl.

5. A process as claimed in any one of Claims 1 to 4 wherein R is ethyl, iso-propyl or tert-
butyl.

6. A crystalline compound of the formula 7 as defined in Claim 1, which crystalline
compound is methyl (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-



9. Acrystalline compound of the forrmula 7 as defined in Caim1l, which
crystalline conpound is n-hexyl (E)-(6-{
2-[4-(4-fluorophenyl)-6-isopropyl -

[ met hyl (et hyl sul f onyl ) am no] pyri m di ns$-yl ] vi nyl

} (4R 6S)-2, 2-di net hyl [ 1, 3] di oxan-4- yl)acetate having an X-ray powder
di f f r act iybaceiR hawing an Ay prwdesdifffactionippitam, with pealss at 2-thetays 9.5, 1868nd 19 A

crystal | ijgg. conpound of the fornmula 8 as defined in Caim1, which
crystalline conpound is ethyl-(E)-7-[4-(4-fluorophenyl)-6-isopropyl -
[ met hyl (et hyl sul fonyl ) am no] pyri m di n-5-yl ] (3R, 5S) - 3, 5- di hydr oxyhept - 6- enoa
te having, anA>6r)TsﬁMm@@dﬂﬁﬂ’undjbﬁtﬁdﬁﬁﬁﬂl@ﬂasﬂﬁﬁﬁdﬂﬁmcwlﬁh witadksysalling- t heta = 8. 1,
11.3 and 19.9. 11. stalline co 0 e formula 8 as defined in

%’ p.%gﬁ—g-lsopropyl- -

Caiml, caﬁpwd&r%ﬂ @T( & Edome

i so-pr Op){hetﬁmﬁlm&h)ﬁﬁﬂfbﬂylfa}m&ﬂh?ﬁﬂﬁﬁﬁﬁﬁ M]ﬁnylﬁ(an,laspy,iz difnethyl[1,3]dioxan-4-

[ met hyl (et hyl sul f on am no rimdin-5-yl] (3R 5S)-3, 5-di hydr oxyhept - 6- enoa
t e havi ndacesate bavinggn wdeddfffractienriatiam [ith peaksrat dfhets bk 48.4nd>_t heta = 9. 8,
17.3 andigl. 1. 12. A crystalline conpound of the fornmula 8 as defined in
Caim1, which crystalline conpound is
tert-butyl-(E)-7-[4-(4-fluorophenyl)-6-isopropyl -

[ met hyl (sret hﬂlcﬁkﬂﬂaﬁ:ﬁﬂéﬁrﬂp@ﬁﬂd@ﬂﬁi@ﬂﬂlﬁﬁﬂwﬂeﬁneﬁhﬂ €13k ﬁ%hmla%eéstdh&ydr oxyhept - 6- enoa

te havin action tter W th peaks at 2-theta = 18. 2,
19.9 ana"%?@ @d’sﬂ’ g’ﬁg%@%?&“ﬁ% “%I?Pé“"w REPYTE of the calciumsalt of
(B)-7- [4{niet41y](1hmmlmelIyl)yihme]fiyndem-S-yl]vmy]}(4R 6S)- 22—d1methy1[1 J3]dioxan-4-

i sopro th ul,f a n-

(3R 58 ek TRy bl TR I e A R} SR N O it 0 (1) -36- F

H H Q N-5300 Cax+ Irej%0|l z 1 conpri sing: a) aci d hydrolysis of an
acetal protecting group in a conpound of the formula (7)
9. A crystalline compound of the formula 7 as defined in Claim 1, which crystalline

compound is n-hexy! (E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-
{methyl(methylsulfonyl}eminolpyrimidin-5-yllvinyl H4R,68)-2,2-dimethyl[1,3]dioxan-4-
yDacetate having an X-ray powder diffraction pattern with peaks at 2-theta = 5.3,7.1 and
18.9.

10. A crystalline compound of the formula 8 as defined in Claim 1, which crystalline
compound is ethyl-(E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-3-yl](3R,55)-3,5-dihydroxyhept-6-enoate having
an X-ray powder diffraction pattern with peaks at 2-theta = 8.1, 11.3 and 19.9.

11. A crystalline compound of the formula 8 as defined in Claim 1, which crystalline
compound is iso-propyl-(E)-7-{4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-y1)(3R,55)-3,5-dihydroxyhept-6-enoate having
an X-ray powder diffraction pattern with peaks at 2-theta = 9.8, 17.3 and 21.1.
12, A crystalline compound of the formula 8 as defined in Claim 1, which crystalline
compound is tert-butyl-(E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino}pyrmidin-5-yl} (3R,5S)-3,5-dihydroxyhept-6-enoate having
an X-ray powder diffraction pattern with peaks at 2-theta = 18,2, 19.9 and 20.8,

13. A process for the manufacture of the calcium salt of (E)-7-[4-(4-fluorophenyl)-6-

isopropyl-2-[methyl(methylsulfonyl)aminolpyrimidin-5-y1J(3R,58)-3,5-dihydrox yhept-6-
enoic acid as illustrated in Formula (1)



FOA fl~OR OiN7 wherein Ais an acetal or ketal protecting group and
Ris (1-6Qal kyl, and isolation of the resulting crystalline conpound of
the formula (10); F OOR o0iA 10 b) optional recrystallisation of the
conpound of the formula (10); c) hydrohysis of the conpound of fornula (10)
to give a di hydroxy carboxyl ate derivative (9) (wherein Mis a netal
counterion other thanreal ciun) or a conpound of the fornmula (1); and F / OH
OHONOVM GO Nd) where nechsary, conver $i on of a conpound of the formula
(9) into a conpound off the rmula (1). -37- 14. A process as clainmed in
Claim 13 wherein the # of thefiormuja (7) is a conpound of the
formula (7a). F O OR c00- | ezt

1 , comprising:
a) acid hydrolysis of an acetal protecting group in a compound of the formula (7)

wherein A is an acetal or ketal protecting group and R is (1-6C)alkyl, and isolation of the

resulting crystalline compound of the formula (10);
F

fl
/&{g?lN/

10

b) optional recrystallisation of the compound of the formula (10);
c) hydrolysis of the compound of formula (10) to give a dihydroxy carboxylate derivative (9)

(wherein M is a metal counterion other than calcium) or a compound of the formula (1); and
F

OH OH g

x OM

Ty
- S\\"N/I\N/
Of
, O
d) where necessary, conversion of a compound of the formula (9) into a compound of the
formula (1).



15. A process for the manufacture of the cal ciumsalt of

(E)-7-[4-(4-fl uorophenyl) - 6-

i sopropyl - 2-[ met hyl (et hyl sul f onyl ) am no] pyri m di n-5-yl ] (3R, 55) -3, 5-di hydr ox
yhept-6 enoic acid, froma crystallineonpound of formula (10) as cl ai ned
in steps c¢c) and d) of claim13. 16. Crystalline

(E)-7-[44( 4-A p@@gswﬁ@hgepl}‘n@am@@p\fhgpiwthczompound of the formula (7) is a

[ met hyl (cgﬁ%da“&weff&ﬂMia)(mi no] pyri m di n-5-yl] (3R, 5S) -3, 5-di hydr oxyhept - 6- enoi
c acid-(3,6) lactone having an X-ray powder diffraction pattern with peaks
at 2-theta = 7.9, 11.9, 15.9, 20.3 21.7 and 22.5. 17. A process for
formati on of anorphous bis[(E)-7-] 4-f | uorophenyl ) -6-i sopropyl - 2-

[ met hyl (et hyl sul f onyl ) ami no] pyri 3R, 5S) - 3, 5-di hydr oxyhept - 6- enoi
c acid] calciumsalt conprising i & crystalline conpound as
claimed in Caim116 froma solutiol and sSubseguent conversion to the

anor phous formof bis[(E)-7-[ 4-ﬂ( 4-'\1f | yor ophenyl') -

6- i sopropyl - 2-[ et hyl (et hyl sul ST)’nsw no] pyri m di n-5-yl ]

(3R, 5S) -3, 5-di hydroxyhept-6- enolc acid] calciumsalt. 18. The use of a
conpound as clainmed in Claim 16 as a pfocessing aid for isolation of

anor phous bi s[(E)-7-[4-(4-fl uorophenyl)-6-isopropyl -2-

[ met hyl (et hylppdekds @0 e TR AlDY thd Balliufi sz 3 (kX RE-@Bhordpmapdl)-£ly AT OXyhept - 6- enoi
c acid] ,calciumsalt. 19. The use of a conpound_as clained in daim16 as a
pr ocessi PRy fsthyliaethyjifgnybpminglpypnidiafylIGR,55)-3,5-dihydroxyhept-6-

bi s[ ( E)endic [adid,(fibnf 4 crystalpiecopippurGl of Sapruiad¥0)-a2 elaimed in steps ¢) and d) of claim 13.

[ 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] , . calciums fromwaste solutjons. 20. The use of a conpound as

cl ai med 'fn r’ﬁ%ﬁ@'&?‘%ﬁ“?%@yﬁfgﬁ%f?@' 'n the manufacture of anorphous

bi s[ ( E) {oetfylim¢itylsulfonghaiwdpmsihitinG-llS&SE)APydihy@roxyhept-6-enoic acid-(3,6)-

[ et hy! (qhd Bebishitn SORY SohsF ok fOA kit pksh 1 63R=55) 13, Brodli hydr oxyhept - 6- enoi

c acid] calciumsalt.
20.3,21.7 and 22.5.

17. A process for formation of amorphous bis{(E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,5S)-3,5-dihydrox yhept-6-enoic acid]
calcium salt comprising isolation of a crystalline compound as ¢laimed in Claim 16 from a
solution and subsequent conversion to the amorphous form of bis[(E)-7-[4-(4-fluorophenyl)-
6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,58)-3,5-dihydrox yhept-6-
enoic acid] calcium salt.

18.  The use of acompound as claimed in Claim 16 as a processing aid for isolation of
amorphous bis[(E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
{methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,5S)-3,5-dihydroxyhept-6-enoic acid}
calcium salt.

19.  The use of a compound as claimed in Claim 16 as a processing aid for recovery of
amorphous bis[{(E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,55)-3,5-dihydroxyhept-6-enoic acid]
calcium salt from waste solutions.

20.  The use of acompound as claimed in Claim 16 as an intermediate in the manufacture
of amorphous bis{(E)-7-[4-(4-fluorophenyl}-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-y1](3R,58)-3,5-dihydrox yhept-6-enoic acid]

calcium salt,



