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'PRODUCTI ON OF TERT- BUTYL |
(E)-(6-[2-[4-(4- FLUOROPHENYL) - 61 SOPROPYL- 2- [ METHYL( METHYLSULFONYL) AM NJ PYR

| M DI N-5-YL] VI NYL] (48, 6S) -2, 2Dl METHYL[ 1, 3] DI OXAN- 4- YL) ACETATE Thi s l
i nvent i JKOOYAW44 ns a novel chenical prbcess, and nore parGTAGBOYO0YST; ¢
concerns a novel chem cal rocess for the manufacture of tent- butyl 1
(E)-(6- {2 ﬂE FQRJ NG')F5TERT—BUTYL (E)—(6~[2-[4-(4-FLUOROPHENYL )-6-

i sopr opyI1 WHH‘OFJWRWQIImf’SYMV][WWﬂ@(@ﬁ(‘%@)" 2, 2di
met hyl [ 1, ét orrrulal, F  H-OMN SCZ ..ot3 Fornula |

~C(CH3) 3 10 here| nafter referred to as BEM which is useful, for exanple,

as a cheni calhis W@W%@@HF ADPYR cb@%ﬂﬂkﬂmwsﬁld@%@@ww L 8PDOGEfa| i n
the tr ea

|
and at ﬁler 8lscct (:61% rsorlte§s foflheBna GY&%&H? gf{_ﬁ%u‘?{ﬂtﬁ%g? [H'{(Ie uor, éff]%r ?1;% nem a !

hé' Iivent i on nov rting !
mat ensi 3io -vLﬁn&eyrﬁnahgar@@rmya)aﬁnﬁd]pymmums }u]wmm(PRe@ss) -3 the manufacture
of an H A reductase I nhibitor. S I n European Patens Appllcatlon |

Publ i cattinethyNd.31disrm-4-9badege Of@rmilbidl, osed

(E)-7-[4(4-fl uorophenyl)-6-isopropyl -2-[nmethyl (nmet hyi sul fonyl ) am no] pyri m d
in-5-yl'] (3R SS) - 3, 5di hydr oxyhept-6-enoic acid and its sodiumsalt and
calciumsalt (illustrated bel pw) 03,1 aN-~ 20b3 WO 00/49014 _ 2-

PCT/ GBOO/ 004 | SOz~,n3 2 (hereinafter referred to

++ Hs :
col | ecﬂﬂ“ﬂﬁ”ﬁlﬁ%[ﬂ@ﬁte Agent" ) -as i nhi bitors of HMG CoA reductase. The Agent 5
is obt via redy :

7-[4- (4-fl woeophenyl ) - 6-i so
(N-rret hyl - N- net hyl sul fonyi -a i ma@li n-§ ©3R) 3- hydr oxy- 5- oxo- (E) - he
[ Ho

MBI,

sleave-t e dcetorii dge @gectrng group)

ester) and (as descrl bed i n EPA 0521471 )
convengk ge\éo t he i nithCal | P alt to the free acid or the cal cium
salt. 10 have now di scover é'd a yseful and advant ageous process for

preparing BEM According stcpcghe invention there is provided a process for :
preparing BEM {fornula I) whi ¢th conprj ses reaction of diphenyl |
[ 4- (4-f1 uor opheny) - 6-i sopr opyl - 2[ net WWH@ hy! sul fony! ) ami no] pyri ni di n-5-yI

met hyl ] phosphi ne oxide of formula Ill F/ \ N~ ~P H3Cw ~/ N N SOzCH3 1 ~
Formula | | |

10 (hereinafter referred to as BEM) which 1s useful, for example, as a chemical intermediate in
the production of a pharmaceutical useful in the treatment of, inter alia, hypercholesterolemia,
hyperlipoproteinemia and atherosclerosis. The invention further includes the novel starting
material used in said process and the use of the process in the manufacture of an HMG CoA
reductase inhibitor.

15 In European Patent Application, Publication No. (EPA) 0521471 is disclosed (E)-7-{4-
(4-fluorophenyl)-6-isopropyl-2-[methyl(methyisulfonyl)amino}pyrimidin-5-y1}(3R,55)-3,5-

dihydroxyhept-6-enoic acid and its sodium salt and calcium salt (illustrated below)
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to as DPPO) with tert-butyl 2-[(4R 6S)-6-fornyl-2,2-dinmethyl-1,3

di oxan-4-yl }acetate of forrmula Il O OHC oc(CH3)3 Fornmula Il 5 {hereinafter
r ef e_rreq,(; /4%4BFA)_ in the presence o_f a strong base. Th%o?l‘?@ﬁ(ﬁ%ﬁdls
carried out in a suitable solvent, or Tt xture of solvents ToF exanpl e,
ethereal or aromatic solvents or m xtures thereof. Particularly suitable
sol vents include, for exanple, tetrahydrofuran (T di mret hoxyet hane and
toluene, or mxtures thereof. i O Particularly preferfred sol vents include,
for exanple, THF ahd THF and %t ol uene. Suitable bases|for use in the process
i nclude, for exanple, am de bases, alkyl netals and mqetal hydrides.

Parti cul ar bases i pcl ude, anpl e, sodium bis(trinethylsilyl)an de,

pot assi um bi s(tri net hyl si | de, lithiumbis(trinmgthysilyl)am de,

butyl lithium and spdi um hyo . A party pref erred base is, for
exanpl e, sodium bi g{trinethylsilyl)am TNDS . The reaction may be
carried out at a tenperature &l 2 .exanmplg,-20C to -90C,
such as -40C to -90C, for a ~ A Ponveni‘ent tenperature at
which to carry out |the reagtioplis, for exanple, that of a m xture of
acetone and solid ¢arbonndi oxide tebout -75C). 20 The process is

advant ageously carfied ot with 1.9 to 1.2 equival entjs of base (per

equi val ent of DPPQ), suchP&dh1. 05 to 1.2 equi val ents |and preferably 1.05 to
1.12 equivalents. A though BFA can be present in |arge excess, it is
convenient to use 6 to 1.35 equival ents (per equivalent of DPPO), and
preferably 1.0Sto | .3 equivalents, especially 1.05 to |I .15 equival ents.
The process of the invention provides significantly inproved yields and

ual ity of. oduct C arison,.t.0 en..a cor.respondi i al kyl
ahospniistetie? stered TRl B 1 REFEn Pt bREBIE g Colrttoomeeo. o -
J U N 2408 VR i08bAREhereth vilBLGRIPLORERH Tm—(@ﬁf@m[;&gng%%;ﬁb yIPRPO,
which is a further aspect of the present invention, may be obtained as
deschbi (edndthyltendthgsgd ey -aene ) padfimetin- SsylaBR)3ghfdroxy-aroxat(kEyheptenoate
2-am no- 4- (4f | uor ophenyl ) - 6-i sopropyl pyri m di n-5-car boxyl ate, for exanple
the meghdpubsequsnt HWF%SH’“#HQ{%%CVSE)W&%&T¥H§y&€§@FqlbﬁﬁffPﬁ‘? EMheseatpghlent

Gobcr ; aati Ui sRIERE 4 oniRl ot B b Gy By B, B e AL SEE , 3°
( Exanmpk# dzpcribddfin EPRers2a4 pEcdonérsione fphemtilly foviaed sdntoithe frephcid@sshd or t he

manuf acture of a conpound of the formula IV F R H3OMVY SOzl .,n3 10 Formul a
|V in &Hcem Rt i s hydrogen or a pharmaceutical |y acceptabl e cation, which

conpr,i ses; 1) reaction of DPPO w th j of rong base
(agngescri béNde g%V§WeW l(S)cogvie\r/eed aB‘ﬁ@ﬁﬂfgh(a S?f‘%g&gvégg’Cg%Se‘?ﬁQ%ﬁ?rh‘hgg%

(acetoni de) Rkeideed fonBe BveHitord fhefe iSpsRic! BYradesdfdr kiYi§ IBEM $fizudst) by
using HCl in THF or acetonitrile); and (3 ?Ieavagexfgﬁa:hg ter?-butyl)ester

group whi@r cdnagises wantiort dfodipheny! {4f4rflacwop rfdisoproppie2f ormul a 1V i n which
R is pharmaceytical |y acceptahl e_cation or exanpl.e usi a solution
of o Bl Eeip e e RSP R Sy PO TAEORIF AbTommZRS "sodi um

hydroxi de 20 in ethanol or acetonitrile to formthe sodiumsalt),
optionally followed by neutralisation to give a conpound of the fornula IV
in which R is hydrogen: and/or opttonally foll owed by conversion to

anot her conpound of the formula IV in which R is a pharnaceutically
acceptabl e cation (for exanple co ion of the sodiumsalt to the

SO,CH,

15 Formula Il

|
1
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with a water soluble calciumsalt (such as cal cium chloride) under agueous
conditions). Suitable conditions for steps (2), (3) and the subsequent
optional steps are anal ogous to, or the same as, those disclosed in EPA
0521471 VAG/WIEPA 03 | 9847, which arg hereby 5 incorporaépéeigsgsn dY
reference. To obtain the calciumsalt of the conpound of fornula l \/ as
illustrated on page 1, preferably steps (2), (3) and conversion to the
calciumsalt via the ' nethylam ne salt are carried out as described in
Exanpl ehefeinXfid FI ] the i tion. It wll be
appr eciq.lat edyﬁgﬁg{‘x,eﬁi%ﬁ @%329%?@323@@&?9 §32@?F@£‘§6§%8-J§{mg%5%gpew-; €pl aced by

| 0 a donpodrd}aktadef fganeladl fornula V OP OP2 O OHC Op3 Fornula V in
which PP and P are al cohol protecting groups, or P and P - taken together
is al ,3-diol protecting group, &:ﬁ as those described in EPA 0319847 and
@B 2244705 which are 15 incl ude ein by reference, and P is a
carboxylic acid protecting grou fory exa@pl e (18C)al kyl (such as

(1-4C al kyl), to form a conmpoundl of e fqrmula VI F OP3 H3C-N | SOz, ~".3
Formul a VI The conpound of @HE foryril a (be,)converted to the Agent by
cl eavage of the al cohol or 20 dingl Hﬁr Ft ﬁcti ng groups and conversion of the
COOP' to a COOH group or a phar maCEMHI&HI 1y acceptable salt thereof. Such
genesal processes formfurther features of the present invention. The
invention is further illustrated but not limted by the foll owm ng Exanpl es.
0 s ~ (heniRRBrefedd BOIsAINNYin-thd preRiatt GBAQ(IORAABLPr eparation 1 Preparation
of DPPO A sﬁ rred m xture_ of _mat%yl 4- (4-fl uorophenyl)-6-i sopropyl -2

[ met hyl (et i}fl RIQCFSAY FarEed aef]ipwrsutiatl selvenicar mostyteatfe@olvidisGoddxahipld, 0l uene

(55n) -10C and di | sobutyl alum nium hydride (50 nml of a
1.5M seg%{%té?lg)ﬁ%f)ogﬁaﬁ% Stﬂ)g/r%%s R lﬁﬁset(l}e{?\f)gr b e IAYY Feitabls rlvens imgludhefor

t enperexampte, betabyvd QGiraA{ TEF), Addbthb@fbthdend e pas, stirred for 30

m nutes at 0OC. Met hanol (0.‘)64 m )] Q\A%s]adglgg‘lt%qg%ehgy\%l’){(l ffrséh%ﬁ‘i’ ntai ning the
t enpbriarticwarhy poretiselvenistineladevdsr dxaatpla dtiEtany EHFtAG (GlasksS to a stirred
m xture of &9 %tratrg)d h .drgchl oric acid (23.3 m), water (40.5 m) and
acetonitril® E‘%'% S§S 19F U8, the progassrinelide-fer esapie mpddabases, abifyl neealsri xt ur e
at  40GndAMhdteIrhyacidied | RRicdinen 4 irnred . at 40C for a further 30

ni nutes and thygn purged Wit ngl(linlr"l%lg%’\r,lﬂfF%énrl%ﬁos\?gmgwlsﬁ%’&my Helamigre

ni xt urketassigncois(techethy |2 Damidt, &tHiemetk(trimsthdad DhSde2 BufTik The. or gani ¢
phase was separ at e“(ﬂgand washed with a m xt u?sggo)f éoﬁcg%rggugﬁa%%/%ﬁbuc% oric
aci d_(Q999% 3 nardculprtvepretentsd baye is s examplei sodivra bistirimamdsindyesds o t he

or gani(NapiAsSg) and the m xture washed with a 15 solution of sodium

bi carbonate (0.038 g) in water (12Q m ). The organic phase was heated to
40C, and t Hidre rtacivn404y bOcaBRéd bisiian g tén MrhfRIBNhPHNIE of T i Xt Ur 8. \was
concenéélo ted by distillation at atnosp err iuc pr essd‘%g?f’cfgﬁe?ke@c Hl?fgg%%atr?i of
distil Sugeast GATE £9 199°C 2fr pkympla s4Gifiied 80TC t AcconoatiantEmbadusohut i on and
phosphat; tribrom.de 1.2 was .added with stirring, malntaining the

t enpe ?2{1%}?%) “{) (e U r)‘?%cdlroé 1t Oé@(aﬂ?@’ thatiof @ maittHre phacetangeandiselid caboms
stirreihade @B6uf-g5°@0 m nutes The m xture was added

20 The process is advantageously carried out with 1.0 to 1.2 equivalents of base (per
equivalent of DPPO), such as 1.05t0 1.2 equivalents and preferably 1.05 to 1.12 equivalents.
Although BFA can be present in large excess, it is convenient to use 1.0 to 1.35 equivalents

(per equivalent of DPPO), and preferably 1.05 to 1.3 equivalents, especially 1.05 to 1.15

equivalents.
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The process of the invention provides significantly improved yields and quality of

product by comparison to when a corresponding dialkyl phosphonate (-PO(Oalkyl),) starting

material is used instead of DPPO.



to water (36 m) over 30 ninutes maintaining the tenperature at 2dC3 JOhe2003
m xture was stirred for 5 mnutes and the organi ¢ phase separated. The
organi ¢ phase was washed with a solution of sodium bicarbonate (0.027 g) in
wat er (o ddlado14f ol | oned by water (36 ). The organic ph til I ed
under reduced pressure until 29 m of rI“dl stillates was co ?’gﬁ’ﬁgﬁoﬂgg
m xture was cool ed to 60C and et hyl di phenyl phosphinite (7.47 m) was
added. The Thq stagtingunatenigls DEP Oy wbithds a 6other aspest ¢fahe presememvdmah efla¥ Be
and.the m xture cogled to 0C over 2

fl Tol 4 dd
Lgur gx bf‘ﬂg ‘i‘?fgff‘g%gjg) té%%f‘%%?lggﬂwmﬁﬁ% FERng{romaa g 1\%[%“!*\‘“@'61‘@ t ol uene (
10 m HNVR ( CDC
o ot et o AT o
Ar - beSolﬂﬁnékOas[ dies2tibedir, JRpanese Bdt;:nt?Amﬂlc(zﬁorKNS 0652‘563|‘1|®H;)r 18Ol Este3. 43

kep H, 25 [d, 6 3 J UN 2003 WO
([)0| A%O\Ihl h maycg_iep%x@%)@q %gfxgta_e[q\;gtﬁ%)yﬁ 0521471 ?BFA may be obtained as described in

4- (4-f r@pw&ﬁxaqnblgggropyl 2- [ met hyl (net hyl sul f onyl } anmi no) pyri m di ne5-c¢’

ar boxylate was prepare s follows: A mxture of nethyl

2-am no- 4- (A-fiuthar23peg Y the-fiedeB ORMERN- xpaﬁrd&ﬁlmerheqﬁm@wuet&a( 19.0 g),
sodiumtert-pentoxide (22.95 g) and di net hoxyet hane 190 M) was 5 stirred
for 3ccompoundsf the youlate stirred mixture was cool ed to -10C and

met hanesul fonyl chloride (8.4 m) was added dropw se, maintaining the
tenperature of the mxture at -5C. After 20 mnutes, dinethyl sulfate (8.1
m) was added and the mxture @ lowed to warmto 25C. The m xture was
stirred for one hour at 25C and a solution of sodiumtert-pentoxide ( 1.91
g) in dinethoxyethane ( 10 m )~ &dded. The m xture was stirred for one hour
at 25 C. A 10 solution of sof hloride (13.3 g) in water (133 m) was
added and the m xture was st egl for 10 m nutes at 25C. The m xture was
allowed to settle for 15 m nut ¢H aggeous phase was separ at ed
and di scarded. Water (38 rri) ngi ning mxture and the

m xture was stirred for 30 m BRre was then heated to

obtain a conplete solutio xture Was cool ed slowy to 2SC over one
hour. The 15 m xture \Mi@@,\g@'ﬂe o~0C stirred for one hour, and the
suspended solid coll ected | | tnation. The solid was washed with cold
(00 solution of 50:50 WatSQ)’bEl met hoxyet hane (20 m). The solid was dried
under vacuum at 60C to give meth

4- (Y1 uor ophenyl) - 6i sopr opyl - %@emﬁ rret hyl sul f onyl ) am no] pyri m di ne-5-c¢
arboxyl ate (19.35 g); ~HNWR (270 MHz, CDC13): 7.69 (m2H), 7.14 (m 2H),

3.71 , 3.60, 3.51 (3 x s, 9H), 320(m 1 H, 1.32 20 (d,6H). Exanple 1 A
m xt urie vefictDRP® l(ydi@geh?org)plmnﬂac’ébﬁcaﬂ@%cdﬁt@blelwtlenV\ﬁhm‘B@obfph@éd y to 40C
until a clear solution had formed then |nerted by the sequenti al

appl i ddi i orFeattiopRi ARy Qg th B Adpdie Rresgegeq of sprongdpse (Fhdeserped pbowga go
|rrrrers%e PﬁNFn acetone/ CQZ bath cooling the contents to -75C. Sodi um

bi s(trine silyl)amde (37.4 mM of | .OMsolution in THF) was added to

t hels qayt i QhledViaxé WF encQlBydrdRy Micoiohids) ﬁnﬁ&@i@%b gfb’i@xﬁﬂfﬁ'@ldysdcﬂg dr oppi ng
funnel maintaining the tenperature bel ow -74 formng a red solution of
t he arhydfplySFHFsu(:ll@S hV}lSmg Cliind&tF ertracowgghiritehe@ndr oppi ng funnel into the

m xt ur andthem t.ure irred a furt 1 hou -76C 30 formng a red

susperfd? on. EAEE 8 UL uiy £S5 Sgp ?@Pﬂ%ﬁ@‘@%‘?‘mtf’éﬂﬁm asempawectiof n
ort I
A i i f b R S SR S TR S

r i nsedsolitionugla thétllily logpoxide in afbid sdleht, Bud03 usind@q@064Xdthm hidroxide
PCT/GBOO/00481 funnel into the m xture and the m xture stirred a further 15

mi mft &8 e§ta“9W@Ce%tr%iol ﬁorrnghqﬁadmmt)l owered and the suspension al | owed
to war Qurs ial, aceti i ter (15
dBugfg 21:’0 ﬁd%\éﬁeéi bp}'oretl onsaruaolnst? fea ﬁgqpo%e?fatﬁ F%m{(“ia E\%Cg g’ﬁdhcﬁvgéol VI( ng

aII sq{ydd@geand the m xture was stlrred a further 5 mnutes.

and/or optionally followed by conversion to another compound of the formula IV in which R’

1s a pharmaceutically acceptable cation (for example conversion of the sodium salt to the



5 The'm xture was concentrated by distillation at atnospheric pressgse;y 2003
(jacket I 10C) to a tenperature of 94C collecting a total of 274 ni
distillates. The concentrated m xture was cooled to 40C, water (40 m) was
added ana, t®?9%éture stirred for 5 mnutes then allowed to settle for I 5
m nut es. "Ehe' r aqueous phase was didSscarded. Sodi um hyBEBgH0/8G8bonat e
(2.99 g) in water (40 mM) was added and the m xture stirred for 5 m nutes
t hen aldapwegh dafl ; ' : I r_.agueous, phase was

di scarded. Wat erb}?%e%ﬁﬁrﬁd)t %vvl\i/z!g‘1r ‘g%itgregehéwn% géiﬁgm&)l(tt(ger{@ _%Stcl(arcr“ga cp&’%é) H?\Agﬁjt es

t hen aldqueeuk ¢camdgmins).e for 15 m nutes. The | ower aqueous phase was

di scar ded. Tge.?g)ligani C. phzse was transferred to a distillation apparatus
wi th t ol ueneSHEPIRFNdLioRs £5iitehs(2af B Ang yheubsequent epsional sterisnavs piveogsus

B ot 115y SR e b ke Glsbiokon o RETRSE B BaRl EEA 0847 b e ey
di st i3 lint@poradd lecin dhy trefefent € MPE bBalir tBe @ﬂci%ﬁﬂsa@-of?ﬂ@c&ﬁ?ﬂ}%d@ﬁ?ﬁ@gg@?ﬂ ed

and the concentrated m xture allowed to cool to 80C. Wa
50C) wes Herieed an preedpprsierably steng (An@) e corversioratol thaveslctuen s Fiagigo! t o -

20C I I ' tine. | id . ited. Th [
vas 1 urtar oAy e bt Er Rl e hich Fepsdomwadunbarapectd by

filtratdfeoie pvedidi nter and pulled as dry as possible The solid was washed
with cold MeCH (60 m, 2C) and again pulled as dry as possible then
transferred It ovilh bo apprecinted ¢imt an dhaipioectsawisitgltabo 6O BF 2 By HeGE facdll M NY
BEM@l%Ol , g?ﬂf?. '-l—| NNRI( 1,, 270 MHz) 7.65 [m ZIZL Ar-H, 7.09
[m 2H2 Ropgund oF & gegeral forgulay cp=cH) | 5.47 [dd, 1 H, 25 ArCH=CH|, 3.57,
3.50 [2 x s, 6H, NCH, SO-CH3], 3.3C§3P1[h%%g., 1H, Ar-CHw,], 2.45, 2.30 [2 x
dd, 2H, CH,CO-~tBu], |.55, |.13 [dty dd,j 2H, Oacetonide CH2], |.50, 1.40 [2 x
s, 6H, acetonide C(CH3)Z], 1.45 [sl_9Hl cod(CH3),], 1.27 [dd, 6H,

Ar CH(CH3) ,] Exanples 2-6 30 TBHCProcedure-as O@scri bed m Exanpl e 1 was
carried out using the ratios of re ctanfs\ﬁand the tenperatures given in
Table 1. There was thus obtai ned BERITH'@Ye yields given. 0 3 J UN 200
WO 00/ 49014 _ 9- PCT/ GB0O/ 00481 Table 1 W DPPOTenp. (C)Egq. NaHVDSEQ.
BFABEM Yi el d10. 00 g-751. 121. 2069. 2% 8. 12 g- 751. 121 . 2069. 6%4.2. 08

g- 751. G6 WhAB7R' BUIAS aferalgohdD prddécting §Efp? 30 .F5 an@ PO Gikef pelif 2 V8. K4

g-601. 051. 1070. 1% Exanple 7 5 A m xture of BEM (5.0 g) and acet onlltri le (35
m) waSTUEFHIEHOURPEEh athpsredascribaddn FRér @3 19847 a@] GB. T2ZM7AY swhicthdrer i ¢ aci d

(9. : L Retes to the resultant solutjon, maintaining

t heqt5 211 rr%cél\é%tﬁut?egggig ygé@,&tﬂ ggl?glgﬁ Frecarhaxy E? 8°‘a£§°t§‘ftmgr%rau1&tf0w@mr&¢ (B hours
then c8ahaidyt Guabss (114C)RINyBOG furm RYERaShio el Bkl (- 5 M) was added with
stirring at 25C and the m xture was stirred for an additional one hour at
25C. Sodi um 10 chloride (4.7 g)f was added and the nixture was cooled to -5C
over one hour. Sufficient of ajsolution of 1 Mhydrochloric acid (9.5 m)
and sodiumchloride (2.4 Q) axflded at -5C to achieve a pHof 3.4 to 4.0
and the mxture stirred at t bnperature for 5 mnutes. The m xture was
allowed to settle for 10 mn 8 1 give two |layers. The | ower |ayer
was separated and discarded. Acetonitril (650%1)Oat -5C was added to the
filkered through a filter agent.
s adde®prt -5C and the m xture
mai ntai ned at this tenperature for 90
m nutes. The m xture was t 5l'e¢-to OC over 40 minutes and maintai ned
at this tenperature for 90l m nutes. \The resultant solid was collected by
filtration and washed wi t S@&konitrile (2x12 nl). The solid, which is the
nmet hyl am ne salt of the Formula VI

40% et hyl am ne solution in
was warnmed to 30C over, 40 m

The compound of the formula VI may be converted to the Agent by cleavage of the alcohol or
20 diol protecting groups and conversion of the COOP* to0 a COOH group or a pharmaceutically
acceptable salt thereof. Such general processes form further features of the present invention.

The invention is further illustrated. but not limited by the following Examples.



20 conpound of .formula IV (R~ = MeNH, +), was dried under vacuum at 03BJuN 2003
(3.87 g). 8% w w aqueous sodi um hydroxide (5.44 m) was added to a stirred
m xture of the nethylam ne salt (6.0 g) m degassed water (30 m) at 20C and
the m xtwhGoNsdps Stirred for one hour. The mixture was filg@Fggy
concentr at ec{ under reduced pressure at 40C until 24 nil f C{I st ate
collected. Water (24 m) was added and the m xture again concentrated under
r educe®repam@tio0/149014 - 10 PCT/ GB00100481 i 0 3 J U N 2003 | pressure at 40C
until 24 m of distillate collected. Water (30 ml ) -was added and a sol ution
of cal eGPk I hydrate ( 1.03 g) in water (6 m) was added dropw se

at 20C. The Aﬁﬁgr rrﬁn&@% of b it ggqv&féto%uo\%g%k{&pﬂtéaégﬁ&gg ge resultant solid

filtered. The so was wash (36

40C to [@bﬂ@l(ﬁﬂt&lﬂﬁdli@h}dlmmb]p}@fmlﬁﬁ)e -SfedroxXylath (12.0 g) in toluene (55ml) was

fl uor ophenyl ) - 6-i sopropyl - met hyl (met hyl sul fonyN%am no] pyri mdin-5-yl] (3R
, SS) 33 cgaheﬁy@rl&xglweétdnml@% ra'@iuan ydpdey(59 mbpofi moplgoa)was 11-
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3 ] di oxan-45 yl)acetate which conprises reaction of diphenyl
[ 4 (4- fthasenpetatury k) 06-.| Ehmmgque-\gas then added over two hours to a stirred mixture of

ort - niegreosbeieslore ol 2 il 61 A R P et e
S R ST ST A1

3. A prioe€dsr afurthbad Rinites dpldahen purged &ithingt&gen (tmnsdvremmg ifvdagankp Bidi um
bis(trinethylsilyl)amde. 15 4. A process as claimed in claiml, 2 or 3
wher ei mnixkie maseedlehto 20°Camndialigwsdtio ptancafos d0vammtites e (T aganic pase was

t et r ahydr of t t.h d t t . A

pr oces SR A TER A BFROre Aol s e oA 6 PSR n  ent
of _basgz@hﬂ) foé‘éiomne enLinyAlaHdded td e opga@.w;bua@@almmmx%@e@vasﬁedo\rvﬁﬁ%ss as
claimed in any clains 1 to 5 wherein 1.0 to 1.35 equival ents of

ter tMUtS_SblM@ﬂ[O@QMlﬁIﬁ)b{@KbQItBMO-@8%)(1]!1 mtdnﬂlZOlmB} di oxan- 4-yl ] acetate are used
Fir { lelq]ch: \ngr O’Q%é}%f%r;lpg hosphl ng g(g(h(?"% th7en ;I-OQE 489(5(?0%@% usi gg?l}/trogen
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( E) ( 6- c{ths[tAla(e4 Adettﬁﬁt@n%@lyhl))-\@slaﬂdw wopli¢ edjoertriyd coatiby b.ﬁdll bhespitbani noj pyr

imdin-~-yl]vi nly -(4R 6S)-2,2-dinethyl[ 1, 3]di oxan-4 30 3[( )acetate 9. A
pr ocesdripiamidpé %ﬁﬂhwa%@ voth HireagBRRRIBRS {hedemperatire of Yie mixtgeat 3 | J N

200320 20°C. After addition, the mixture was stirred at 20°C for 30 minutes The mixture was added
to water (36 ml) over 30 minutes maintaining the temperature at 20°C. The mixture was
stirred for 5 minutes and the organic phase separated. The organic phase was washed with a
solution of sodium bicarbonate (0.027 g) in water (36 ml), followed by water (36 ml). The
organic phase was distilled under reduced pressure until 29 ml of distillates was collected.

25 The mixture was cooled to 60°C and ethyl diphenylphosphinite (7.47 ml) was added. The
mixture was stirred at 60°C for 3 hours, then heated to reflux. Toluene (40 ml) was added and
the mixture cooled to 0°C over 2 hours. The product was collected by filtration, washed with
cold toluene (10 ml) and dried under vacuum at 50°C to give DPPO (14.66 g); 'HNMR
(CDC1,, 270 MHz): 7.42 [m, 10H, P(CH,),}, 7.12 [m, 2H, Ar-H}, 6.92 [m, 2H, Ar-H], 3.92

30 [d.2H, CH,P]. 3.51,3.46 (2 x s, 6H, NCH, SO,CH,]. 3.43 [hept., 1H, CH(CH,),], 1.25 [d, 6H.
CH(CH,),}

dri ed under vacuum at
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which R is hydrogen or a pharnaceutically acceptable cation which
conprises 5 (1) reaction of Biphenyl

[ 4- (4-f]l uorophenyl)-6-isopropyl -2[ net hyl (et hyl sul f onyl ) am no rimdin-5-y
| met hyIYV}S’rﬂ%‘B *ne oxi de with tert-but*y'x 2-[ (4R, P 0s]
6S) - 6-fornyl -2, 2-di net hyl -1, 3-di oxan-4-yl ]acetate in the presence of a

strong base V@i RRbprRAy Blo-i [-2-[methyl(methylsulfony)ami imidine-
(B)-(6-{2-] ye?hz?g Ao oph%ny}l?- SOy eyl metyLsulfony Damind)pyrimidine 01 py
ri m di f-carbplkylaienyhs grépyrébas plidwdi net hyl [ 1, 3] di oxan-4-yl )acetate of formula
l; 10 (2) cleavage aof the _dihydrox rotecting.group framthe product of
step (1 ); Amiiueelmayl graming 4 Aleapiany e o pepY IRIGRC Has ¢

condi tj C t (5 ormul a
Vi SIS HETI 0D BB enfhRR OFlos i aaf e SRIRRHR1 90 Pl iy D)

f ol | owestrdayfon 80 mtiahies at 1550, thegtivred migmnpwandodiéd thd 0POrAd heethaviekulforyl ch R
is i hydrogen; and/or optionally followd by conversion to another conpound
of thecllevide(%d m)) was sdeied drgpwipe mpipRingbetempepiye aEdeprixbire acdfCon. 20

10. A pr.ocgss..for the ufacture of a u of .. the f.ormul a VI 031
U N 20055089 Bindis fﬂfﬂggsflé%{#déﬁ@/%ﬁf@%g?g‘@%wmﬁm SRS Vi 0P
whi ch oonpr TRERIFIBRGKAOMrRH f&H dadir bt 25°C and a solution of sodium tert-pentoxide

[ 4- (4-fluorophenyl)-6-isopropyl-2[net hyl (et hyl sul fonyl)am no] pyri m di n-5-y
| met hy(].phgsmhiimethoxietbani ({1 A nad) eddedo g noifktiBe whae sfioedridrany hoRt atQB2CO AHC
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T e DRI Sl i e,

M 15 mixture was cooled to 0°C, stirred for one hour, and the suspended solid collected by
filtration. The solid was washed with cold (0°C) solution of 50:50 water/dimethoxyethane
(20 ml). The solid was dried under vacuum at 60°C to give methyl 4-(4-fluorophenyl)-6-
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidine-5-carboxylate (19.35 g); THNMR (270
MHz, CDCly): 7.69 (m,2H), 7.14 (m,2H), 3.71, 3.60, 3.51 (3 x 5, 9H), 3.20 (m, 1H), 1.32

20 (d.6H).

Example 1
A mixture of DPPO (19.17 g) and THF (227 ml) were warmed briefly to 40°C until a
clear solution had formed then inerted by the sequential application of vacuum and nitrogen
25 (5 cycles). The mixture was immersed in an acetone/CO, bath cooling the contents to -75°C.
Sodium bis(trimethylsilyl)amide (37.4 ml of 1.0M solution in THF) was added to the reaction
mixture over 10 minutes from a pressure equalising dropping funnel maintaining the
temperature below -74°C and forming a red solution of the anion. THF (10 ml) was rinsed
through the dropping funnel into the mixture and the mixture stirred a further 1 hour at -76°C
30 forming a red suspension. BFA (80 ml of ~13.5% w/w toluene solution) was added in
portions to the suspension over 20 minutes from a pressure equalising dropping funnel

maintaining the temperature below -73°C. Toluene (20 ml) was rinsed through the dropping
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Example 7

5 A mixture of BEM (5.0 g) and acetonitrile (35 ml) was stirred under an inert

atmosphere at 40°C. 0.02M hydrochloric acid (9.5 ml) was added over 30 minutes to the
resultant solution, maintaining the temperature at 35°C to 42°C. The mixture was stirred at
40°C for 3 hours then cooled to 25°C. 1.0M sodium hydroxide solution (9.5 ml) was added
with stirring at 25°C and the mixture was stirred for an additional one hour at 25°C. Sodium

10 chloride (4.7 g) was added and the mixture was cooled to -5°C over one hour. Sufficient of a
solution of 1M hydrochloric acid (9.5 ml) and sodium chloride (2.4 g) was added at -5°C to
achieve a pH of 3.4 to 4.0 and the mixture stirred at this temperature for 5 minutes. The
mixture was allowed to settle for 10 minutes at -5°C to give two layers. The lower layer was
separated and discarded. Acetonitrile (65 ml) at -5°C was added to the remaining solution and

I5 the mixture was filtered through a filter agent. 40% methylamine solution in water (1.1 ml)
was added at -5°C and the mixture was warmed to 30°C over 40 minutes and maintained at
this temperature for 90 minutes. The mixture was then cooled to 0°C over 40 minutes and
maintained at this temperature for 90 minutes. The resultant solid was collected by filtration
and washed with acetonitrile (2x12 ml). The solid, which is the methylamine salt of the

20 compound of formula IV (R' = MeNH,"), was dried under vacuum at 35°C (3.87 g). 8% w/w
aqueous sodium hydroxide (5.44 ml) was added to a stirred mixture of the methylamine salt
(6.0 g) in degassed water (30 mi) at 20°C and the mixture was stirred for one hour. The :
mixture was filtered and concentrated under reduced pressure at 40°C until 24 ml of distillate

collected. Water (24 ml) was added and the mixture agamn concentrated under reduced
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Claims
1. A process for the manufacture of tert-butyl (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-
5 yDacetate which comprises reaction of diphenyl [4-(4-fluoropheny!)-6-isopropyl-2-

[methyl(methylsulfonyl)amino]pyrimidin-5-ylmethyl}phosphine oxide with tert-butyl 2-

[(4R,68)-6-formyl-2,2-dimethyl-1,3-dioxan-4-yl]acetate in the presence of a strong base.

2. A process as claimed in claim 1 wherein the reaction is carried out at a temperature in

10 the range of -20°C to -90°C.

3. A process as claimed in claim 1 or 2 wherein the strong base is sodium

bis(trimethylsilyl)amide.

15 4. A process as claimed in claim 1, 2 or 3 wherein the reaction is carried out in a solvent

selected from tetrahydrofuran, dimethoxyethane and toluene, and mixtures thereof.

5. A process as claimed in any of claims 1 to 4 wherein 1.0 to 1.2 equivalents of base are
used per equivalent of the phosphine oxide.

20
6. A process as claimed in any of claims | to 5 wherein 1.0 to 1.35 equivalents of tert-
butyl 2-[(4R,6S5)-6-formyl-2,2-dimethyl-1,3-dioxan-4-yl]acetate are used per equivalent of the
phosphine oxide.

25 7. The compound dipheny! [4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-ylmethyl]phosphine oxide.

8. The compound tert-butyl (E)-(6-{2-[4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino}pyrimidin-5-yljvinyl}-(4R,68)-2,2-dimethyl[ 1,3}dioxan-4-

30 ybacetate

9. A process for the manufacture of a compound of the formula IV
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Formula IV
in which R' is hydrogen or a pharmaceutically acceptable cation which comprises

5 (1) reaction of diphenyl {4-(4-fluorophenyl)-6-isopropyl-2-
[methyl(methylsulfonyl)amino]pyrimidin-5-ylmethyl]phosphine oxide with tert-butyl 2-[(4R,
6S)-6-formyl-2,2-dimethyl-1,3-dioxan-4-yl]acetate in the presence of a strong base to give
tert-butyl (E)-(6-{2-[4-(4-fluoropheny!)-6-isopropyl-2-[methyl(methylsulfonyl)amino]-
pyrimidin-5-yl]vinyl}(4R,6S)-2,2-dimethyl[1,3]dioxan-4-yl)acetate of formula I;

10
2) cleavage of the dihydroxy protecting group from the product of step (1);
(3) cleavage of the tert-butyl ester group under basic conditions from the product of step
(2) to form a compound of the formula IV in which R'is a pharmaceutically acceptable cation;
15

optionally followed by neutralisation to give a compound of the formula IV in which R' is
hydrogen; and/or optionally followed by conversion to another compound of the formula IV

in which R' is a pharmaceutically acceptable cation.

20 10. A process for the manufacture of a compound of the formula VI
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Formula V

in the presence of a strong base, wherein P' and P* are alcohol protecting groups, or P' and P*

taken together is a 1,3-diol protecting group, and P’ is a carboxylic acid protecting group.



