1 0 EC 2066 1 PROCESS FOR THE PREPARATI ON OF 2-( 6- SUBSTI TUTED- 10 DEC 2004
1, 3- DI OXANE- 4- YL) ACETI C ACI D DERI VATIVES 5 The invention relates to Q
process for the preparation of a 2-(6- substituted-1, 3-di oxane-4-yl)acetic
acid derivative of formula 1 0 R3 (0)110 where X stands for a | eaving
group, and R, R2 and R3 each independently stand for an alkyl group with
1-3 carbon atons, starting froma conpound of forrmula 2 (2) OH 15 where X
is as defined abpreCASEFrDRI TIYE PREPAHATONDE aibSUBSTIRUTEDE i on agent, in
the presence of an acid cat al ., Jhe |one§ll W §I ates to the new
conpounds of fornul a L3-DIQXANG-4-YhiAll B PERVAIIMEST orrul a 3 that can
be obt aj ned therefrom 20 by (3) Wnere R, and R2 have the above-nentioned
meani ngs and where Y stands for an alkaline (earth)nmetal or a substituted
or non-substituted anmbhe invegtasuglases toariperssiorthe peaPagRien of 2@-Bec 2004 2
Appl i cant S A ituted
1, 3-di oxanyﬁ}ttﬁk%do{ % c{ﬂg%lnéél ﬁ}%gtﬁggé F\E/'}e\%gg%gﬁaﬁﬁatggl ned selectively and in
a high vyield fromthe correspondi ng conpound of formula (2), it being
possible to prepare these products which are relatively little stable,
under mld conditions. This 5 the nore interesting since this
c
e

provides a sinple route via orrespondi ng salt, the correspondi ng
t-butyl ester, and the 2-hy thyb- subst it ut ed conpound as
internedi ates in the prepar t|on of CoA reductase inhibitors.
Optionally the converstqn &Qding gn the reaction conditions
chosen) via an 3

10  where X stands for a leaving group, and Ry, R; and R; each independently stand

for an alky! group with 1-3 carbon atoms, starting from a compound of formula 2

@]
X N
(2)

OH

15  where X is as defined above, use being made of a suitable acetalization agent, in

the presence of an acid catalyst.
The invention aiso relates to the new compounds of formula 1,

as well as salts and acids of formula 3 that can be obtained therefrom

Ry

oY

where R, and R, have the above-mentioned meanings and where Y stands for an

20

alkaline (earth)metal or a substituted or non-substituted ammonium group or

stands for hydrogen.



intermediary salt or ester, with the ring in the conpound accordi ng ; @ 008
formula (2) 10 being opened An added advantage of the process accor PRB
to the invention is that both the stgrting conpounds of fornula (2) and
the products of fornula 3 are found o be crystalline conpounds. This is
advant ageous i n obtaining products wth a (chem cally and

stereochem cal l y) high rit This i art 15 in view
of the intended phar na%géjFF‘EéPaséﬁb?rlsmy GH" nd %P&’ng( htagegaappl ication in
par ti cul arq § i xaAR46P) acktic GeritRsilatvete-bb, &tﬁmwmﬁeulahawalmgram d

derivative Is 1inportant. It can be pre&)@%ed fromthe correspondi ng
6- subst i t wield fremithe oprrem;@ng MRoNE PbieERHRd2), tReINIRASHP|edA Pr?ﬂ’ﬂf?efore

3(' 50 rel alfsd groblifls A bRbefR gpm@%  h@e Ml cdnditidnl, RS Id g4l ar where

, 0 parti c es o suc oun O particular nore than 90
%of5 tneepmreuruerestnmmsnee lhmgbwﬁeﬁ am@e rQUéa via threeaeasponding sgltand 1: 6,

preferab'yhfgg}o»g%noaarr@ Al Ly a0 3. BAGLNC AL LOBRALE bGhESuad et Ween

0. 05 and nven ion al so
rel at es t casintdimpdiatdsoh ¢ préharatempiotdidG-06A faxtuntasea irfHibigrs Eptiohaityr

crystal |ing ' partlcles Wit sharo el 110080l kgl Tasdd) G e Products

(4R, 6S) - 2-jperpbbisty sar @dster with Brsang-irtthel doapBUe assirding & fovatiav@) of
formula 1 can according to the invention be prepared wth an enanti omeric
excess!0 (eb&iNg optNadbre than 95% in particular more than 99.5% and with a

di astereomeric excesspahGdBed a@fantRyetorttapro8899 adcBrdidy thithdlIndentigi ie t han
99.5% Exanples of suitable |eavi ng} rou s X that can be applied in the 30
et

process acibstith¢ha atting coRpPeHRGSRf )gge e prdugapt fortvlas @€, Br or I
tosylate g oyRShe %%aéhnﬁb%oa{pem Tﬁeyé Qé%n&ngH9§m dH’t‘auH@lPtp'r&:lUcf’sr acet oxy

and benzoyl oxy groups; an aryl oxy-, gartlcu ar benzyl oxy-
ni t r o- subswith afeentenlivend steapm«;allygwg PUfltFoTh@I’SamPPﬁaﬂ“ in @é\@'@ﬁ'@" CI is

pr ef erfsb | ym%ﬁﬂp@?ﬂtbﬁ@éﬁ %rﬂé@é&mlu&% DlicHtBH B Ftﬁe inBmddd B@a‘ﬁ@ﬁ

separ atel y stan ro th 1-3 carbon at preterably
met hyl or mdrhigular tha (4R &5)-R€6-shbstiutRg-1:3-@Bxane- mmarqelhc asidrdesvatpyegserred. 1 0

D oSG ¥ AL, A SRR R AR B AR aa e sor o
with the D-erythrohexose. The invention, therefore, also relates to the starting compounds
of formula 1, in particular where X=Cl, and to particles of such compounds. In
20 particular more than 90 wt.% of the particles has a length/diameter ratio between
1:1.5 and 1:6, preferably between 1:2 and 1:4.4 and a length of the particles
between 0.05 and 2 mm, in particular between 0.1 and 1 mm. The invention also
relates to such particles. The compound of formula Il gives ciear crystalline
particles with a sharp melting point of 73-74 °C. The products of formula 3 derived
25  from the (4R 6S)-2-(6-substituted-1,3-dioxane-4-yl)acetic acid derivative of
formula 1 can according to the invention be prepared with an enantiomeric excess
(e.e.) of more than 95%, in particular more than 89.5%, and with a diastereomeric
excess (d.e.) of more than 90%, in particular more than 99.5%.
Examples of suitable feaving groups X that can be applied in the
30 process according to the invention are halogens, in particular Ci, Br or |; tosylate
groups; mesylate groups; acyloxy groups, in particular acetoxy and benzoyloxy
groups; an aryloxy-, in particular benzyloxy-, or a nitro-substituted benzene
sulphonyl group. For practical reasons Cl is preferably chosen as leaving group.
The groups R4, R; and R; each separately stand for an aikyl
35  group with 1-3 carbon atoms, preferably methyl or ethyl. In practice Ry= R;= R, =

methy! is most preferred.



al koxy groups each preferably having 1-3 carbon atons, for instance |
2, 2-di met hoxypropane or 2, 2-di et hoxypropane; alkoxypropene wth thé %P&%Q&
5 group preferably having 1-3 carbon .atons, for instance 2-nmethoxypropene
or 2-ethoxypropene. Most preferred’i's 2, 2-di met hoxypropane. This can
optionally be fornmed in situ from acetone and nethanol, preferably with
wat er bei ng renoved. As acid catal¥st use can be made of the acid catal ysts

known for ~acetal i zat ifo@MPaRR syiaPle pealalzalip) gasnbhiRLEI LR ARRIEE B¢ r ong
aci ds, fog eeﬁﬂ‘a%%sp cHBrdiid Bhﬁé‘!n@eﬁtfdnda"‘re g}dko‘)l?éiﬁbéﬁﬂ edmpbun@b ueetneul phoni c

aci d, nethane oni ¢ aci honi ¢ aci d; inorganic acids
wit h a noalkeyy breophiebtie peaferebly having 1@(@3@0'@33@015[;)%#'15@@& d, phosphoric

acid: aci r I i for exanple
a0 e e GRNARYSor 52 o G Y el Pl O X2l e
using & sgpmpqirefereitﬂy Bwingemts cartliomlaemsa‘drtristanceﬁeﬁetbowytpmpeahm be carried
out in an or ani ¢ solv crirg) 2F0 tf‘wtable o @anlc stol vi és are

ket ones, FrEPRYPIWPENSr ﬁﬁteqrﬁﬁge Srg Jeal B%S\Wé?f’a\”ﬁ-{p} FERCGPE %Y St i ¢

hydr ocar b@diedfi@kit® FamUARtdrRl dnantetharsd) Qéle?dﬂpdltﬂﬂwdfe@baihbmmovéd)r exanpl e

met hyl ene chloride. The tenperature at which the ac tallz ion reaction is
carried 20 out preferkbAqd FRlaYstHse @B be. ’Q@f@%maeéﬁ EWHWP Ar bet ween

0C and 30° a@etalnﬂ?ﬁn%@ét@hkZﬁéﬂe%w’%Piﬁudl?ébdhﬂlc@.[@ﬁ@é@% yorca(am;ﬁ@l out under an
inert at rmsPhere he nolar rati'o of acetalization agent to starti ng
p

conpodfd &tiphpoiEmgids. nPRrtinur eriglbege FripkomMeagigdRethane sWghote 3cidioh
particul ar, n&,fqarﬁgpr%rksaql mérg%ngc'a@'d@%tﬁ% rmnm&pﬁmwﬁlah fohe mol ar ratio

isin partlcu t ween he nolar ratio of acid catalyst
to starti rwgamoimmmr@famdf pheaphari¢ agid pacid on grangess fyexagel® 1: 1 and

0.001: 1, s edopgéalgfd:l? Y@%Qar%gjthels I@g@gg} geﬁ' éol}(a-lr&?s resul ting

2-(6- subst I Oxane- )ace Ivative can subsequently
be hydrol yzed i n the prresaretaizafionecdndsecamnet! oidtvethottousirgoa fegaratehe

corr e%gondl R/%ntsa} dtesu'ed {h%rrglajtlzt%n caR ls%sge gagngf_&lt%?gn organic solvent.

Examples of suitable organic solvents are ketones, in particular acetone,
hydrocarbons, in particular aromatic hydrocarbons, for exampie toluene,
chlorinated hydrocarbons, for example methylene chioride.
The temperature at which the acetalization reaction is carried
20  out preferably lies between —20°C and 60°C, in particular between 0°C and 30°C.
The acetalization reaction is preferably carried out under an inert atmosphere.
The molar ratio of acetalization agent to starting compound of
formula (2) preferably lies between 1:1 and 20:1, in particular between 3.1 and
5:1. Using an organic solvent the molar ratio is in particular between 1:1 and 2:1.
25 The molar ratio of acid catalyst to starting compound of
formula (2) preferably lies between 1:1 and 0.001:1, in particular between 0.01:1
and 0.05:1.
The resulting 2-(6-substituted-1,3-dioxane-4-yl)acetic acid
derivative can subsequently be hydrolyzed in the presence of a base and water to

30 form the corresponding salt of formula 3

R

X\)\)\)L X
oY



where Y stands for an al kaline netal, an alkaline earth netal, or a 0 DEC 7004
substituted or wunsubstituted amoni um group, preferably Na, Ca or é

t et raal kyl - ammoni um conpound. Cptiogplly, the hydrolysis is foll owed by
conversion to the acetic acid according to fornula 3 with Y=H 5 The
hydrol ysis of the conpound of fornula (3) |s preferably carried out with
at |l east 1 base equival ent artlcu relative

to the coiffelmy SENIEIPTAN %4“?'@)9 i, 3’??‘%‘8 r&%ar@ 'T‘%‘FE@F g%%h%@%ég&ﬁ be used,
but in pragtigssiddd gmHﬁMﬁjnl, YrotpesreftPantPNEECa any t@bedgl-agamniuie reaction is

preferably carried out a tenperature between 10 -20C and 60C, in
parti cul arcomewmaromgﬂafm treomdrotysds ﬁjalmegs@vscoeawsnoarto deAnstie agd carri ed

out in wat ?Eo@ﬁgtof&%@ swipheent, for exanple an al cohol, in particular

met hanol an aromati c hydrocarbon, for exarrple tol uene, or a
ketones in particul ar Fediydnsysis of thecoypounstifleruix &) inerelai®K), or a

m xture of an 0 al v r. d by a phase
transfer C8t" gldﬂ"?wqbf&f 8’r$§%5(§3 %q{l)\)rﬁ% lgpéglscgl bﬁeﬂﬁé%&ﬁh’%ﬁﬁfysi s can

al so be cagktiestoqné compyivmd dafcfa:lnhya (N hle prideipleraeldrglr astesseambe usetlj onal | y

bei ng hydrol yzed sel ectlvep/ Fﬁ{fﬁgs of e?a{%g s that can suitably be used
in the pr@@éwrafa&?@dhfamga' odc‘Leﬁé10 Y GV nzynmes with |ipase or
esterase activity, forrOeaymims pr@éréumrrferdm Bsetthqraraias: bétwepar ti cul ar
Pseudononas fluorescens, Pseudonobnas fracﬁ q) Burkhol deria, for exanple

Bur khdPder2& CGcaphds. in enitienasbvesn Oih anh3B%r ti cul ar  Chr onobact eri um

viscosum Baci |l us, I nragidi@iMdig@tan %ﬁékérhb!é behariEcRit eNb@E Wh, Baci |l us
licheniforms; A cal i genes, in particular Al caljgenes faecalis;

Asper gi | | usganinsgwenti onpxampegaraiohplid partiatar neathaRar ehandsapar t i cul ar
Candi da ag;}é%ée% @fmﬁé}ﬂ&k %5 é)&éﬂﬁ)’?&atolugﬁ@dér%akétéd@||M§érﬁéular%éﬂjr@30r

cyl i ndrac in particular Geotrichum candi dum Humi cola, in
parti cuI armélhmlsmmyllkangl (MES9; orAibdireldf @merganigiaitant andwatBni ci | | i um

cycle ! C{}}pé; &h%ltél eldirgr;)'é)@{\/’ageqratn'sfe’r %EXE%PITIO B%&@W tddotveRhi zomucor,

in par aotut ni cus m ehei ; Muicor, in
particul ar Micorj avani 'Clushy@dyﬁhlcalmpisg beicarrearaut Gﬂﬂmatﬂwhfzﬂ}ﬁm oryzae,

Rhi sopus. | SRt Sls T Re: SR A B R RS T P ase. “bovine
pancreas |ipase, pig |Exanplesbiesraymes Biatfcan abilaply be used in the process
“ according to the invention are enzymes with lipase or esterase activity, for
20 example enzymes from Pseudomonas, in particular Pseudomonas fluorescens,
Pseudomonas fragi: Burkholderia, for example Burkholderia cepacia,
Chromobacterium, in particular Chromabacterium viscosum, Baciflus, in particutar
Bacillus thermocatenulatus, Bacillus licheniformis, Alcaligenes, in particular
Alcaligenes faecalis; Aspergillus, in particular Aspergifius niger, Candida, in
25 particular Candida antarctica, Candida rugosa, Candida lipoiytica, Candida
cyfindracea; Geotrichum, in particular Geotrichum candidurm, Humicola, in
particular Humicola lanuginosa; Penicillium, in particular Peniciflium c:yc!oprum
Penicillium roquefortii, Penicillium camembertii, Rhizomucor, in particular
Rhizomucor javanicus, Rhizomucor miehei; Mucor, in particular Mucor javanicus;
30  Rhizopus, in particular Rhizopus oryzae, Rhizopus arhizus, Rhizopus delemar,
Rhizopus niveus, Rhizopus japonicus, Rhizopus javanicus, porcine pancreas
lipase, wheat germ lipase, bovine pancreas lipase, pig liver esterase. Preferably,
use is made of an enzyme from Pseudomonas cepacia, Pseudomonas sp.,
Burkholdena cepacia, porcine pancreas, Rhizomucor miehei, Humicola
35 lanuginosa, Candida rugosa or Candida antarctica or subtilisin. If an

enantioselective enzyme is used, even further enantiomer enrichment is realized



use is made of an enzyme from Pseudonobnas cepaci a, Pseudononas sp., £C 2004
Bur khol deri a cepaci a, porcine pancreas, Rhizonucor m ehei, Hum col al §5{J

| anugi nosa, Candi da rugosa or Candi da5 antarctica or subtilisin. If an
enanti osel ective enzyne is used, even further enantionmer enrichnment is
realized 10 DEC 2004 5 during the hydrolysis. Such enzynes can be obtai ned
usi ng commonly known technol ogi es- Many enzynes. are(r@rgﬁjulged on a

t echni cal d@ad thediydrelysss: USHPBAETST F3N bR APIRGRH LSingr8 YsKNO¥E ds) obt ai ned
are novel 4achgy @é_emahpenwﬁéﬁre;p%du%eabmtéairﬁamgcau@amaﬁee products of
formula 3 (3) OY where” X stands for a halogen, in particular G, Br or 1, a
t osyl at e ePmmasgiplit avalleblgr oup, an acyl oxy group with 3-10 carbon atons, or
a nitro-substituted b ; ;i , an

al kaline (earth) net alell,%ggrﬁg @%ﬂ%@?’?%ﬂee rgﬁgvﬁ'@ueblg?%rﬁﬁggg&g%'ni um group.
The reSul taisuyektd < todhedegrrodlicds 8f foemuladbsequent |y be converted into the
corresponding t-butyl ester (fornmula la with R3 = t-butyl), in a way known
15 per se. 0 R3 In the process according to the invention the conpound of
formula (3) can for exarrplep]be gsterified to formthe corresponding tert.
butyl 20 ester using the fol ’ Wl%g met hods, which in general are described
inliterature: reaction w ty i'sobutene and strong acid, for exanple
par at ol uene sul phonic acid pTS)O sulphuric acid or a strongly acidic ion
exchanger (US-A-332546§); reaction vija the aci dGehl oride and t-butanol,
under the influence 25 a base,~or ~exanple triethylam ne (Et3N),

di met hyl am no pyridine (DVMAP). The acid chloride can be prepared with the
aid of for exanple SOC 2, POC 3, (COCl)2 1 0 DEC 2004 6

where X stands for a halogen, in particular Cl, Bror |, a tosylate or mesylate
10 group, an acyloxy group with 3-10 carbon atoms, or a nitro-substituted benzene
sulphonyl group and Y stands for H, an alkaline {earth) metal, or a substituted or
unsubstituted ammonium group.
The resuiting salt of formula 3 can subsequently be converted
into the corresponding t-butyl ester (formula 1a with R3 = t-butyl), in a way known

15  per se.

In the process according to the invention the compound of
formula (3) can for example be esterified to form the corresponding tert. butyl
20  esterusing the foliowing methods, which in general are described in literature;
reaction with isobutene and strong acid, for example
paratoluene sulphonic acid (pTS), sulphuric acid or a strongly acidic ton
exchanger (US-A-3325466),
reaction via the acid chloride and t-butanol, under the influence
25  of a base, for example triethylamine (Et;N), dimethylamino pyridine (DMAP) The
acid chloride can be prepared with the aid of for example SOCI;, POCl,, (COCl},



and catal yzed by for exanple dinethyl formam de (DVF) (J. Og. Chem g@EEZDDL
2429 (1970)); reaction via the acid chloride with Li-t-butanol ate (

Synth. 51 5 10 15 96 (1971)); transeséerlflcatlon with t-butyl acetate
under the influence of a strong acid (Z. Chem 12(7) 264 (1972)); reaction
of the salt with t-butyl bromde, preferably in DIVF d| met hyl acet am de

(DVMAA), 1-net hyl -2-pyrrolidi and tr cat al yst
(PTC) (Tetq’”dq_ IyzesizPV(f%?X gﬁ@r\gp )f‘afmar"éa% [ﬂ@@ (gt Ot *tf&t@%“?h

t - but anol @ndl cycl ohexyl carbodiimde (DCC) and DI\/AP (Synth. Comm 9,
542 (1979)) reaction of the acid with t-butyl-trichloro_acetanidate (Tetr.
Let. 39, 1557 (1998));reaetat viathadcid plodda withhkittrpulanaidir fPraiSyRthaazol e (CDI)

and t- but h 1reactlon of the acid with pivaloyl chloride and t-butanol
under the PFU)ence of DVAP or N nethyl-norpholin (NVMM (Bull. Chem Soc.
Japan %2 (7) 1989 ( 19fra)sestearifeationovithafbutyh ecefatetungiet thednflueene of But yi

di car bonat thesis 1063 (1994)); 20 reaction of
the acid vﬁ'tolq &9'{%@ 8ge@h %’WEQJ‘ gﬁggyri dine or triethylamne (Org Process
R&D 3, 172 (1999); Het @aﬁtﬁg{tbfﬁtﬁeséltw&htBmﬁ&romﬁmmeferamen Desul ting t-butyl
ester of 2-(6- substltut EM Iygaacetgﬁﬂﬁ 3 can s sequently be
converted fiRedvt ?Féa@mtd@( pyio ' ANGIPREA @SS Ci d, for
exanpl e asyReGcappt | WG}S(Tétr5§&43c5éﬁ69)V4mm(1995)) EP- A- 1024139, ln t he
presence of a tetraal kyI anmoni um hal oaenl de and/ or cayr boxyl i c acid in

the sal®, via conver si &achion of te @giyatddugnot drardicycianeyl §HPeINIdS -yt |

and X = an 'é??&yDMﬁ\Pr(S%lﬁnéb@mﬁ@ 9@@(1@% group. The acyl oxy group can
subsequent e converted via solvol ysis, |n a way ot herw se general |y

known, to a hydr oxyl gfeggon qftfbe%lﬁ\Y‘ﬂﬂhﬁ?UéV'(tf%'%%aﬁ%@M%G sing a base
Let. 39, 1557 (1998));

reaction of the salt with carboxyl diimidazole (CDI} and t-butanol;
15 reaction of the acid with pivaloyl chloride and t-butanol under the
influence of DMAP or N-methyl-morpholin (NMM) (Bull. Chem. Soc. Japan 52 (7)
1989 (1979));

reaction of the salt with di-tert. butyl dicarbonate, DMAP and
t-butanol (Synthesis 1063 (1994)),

20 reaction of the acid with cyanuric chloride and pyridine or
triethylamine (Org Process R&D 3, 172 (1999}, Heterocycles 31 11, 2055 (19290)).

The resulting t-butyl ester of 2-(6-substituted-1,3-dioxane-4-

ylhacetic acid can subsequently be converted into the 2-(6-hydroxymethyl-
1 3-dioxane-4-yl)acetic acid, for example as described in US-A-5594153 or in

25 EP-A-1024139, in the presence of a tetraalkyl ammonium halogenide and/or a
carboxylic acid in the salt, via conversion into a compound of formula 1a with
R, = t-butyl and X = an acyloxy, for example an acetoxy group. The acyloxy group
can subsequently be converted via solvolysis, in a way otherwise generally
known, to a hydroxyi group. The solvolysis can be performed using a base

30  (Na,CO0s, K:CO,, or sodium methanolate in methanol), optionally by simultaneous
distillation of the methyl acetate formed.

The t-butyl ester of 2-(6-hydroxymethyl-1,3-dioxane-4-yl)acetic
acid is a desirable intermediate product in the preparation of various statins, for
example ZD-4522, as described in Drugs of the future, (1999}, 24(5), 511-513 by

35 M. Watanabe et al,, Bioorg. & Med. Chem. (1997), 5(2), 437-444. The invention

therefore provides a novel, interesting route to these intermediate products and to



30 (Na2CO3, K2CO3. or sodium nethanol ate in nethanol), optionally b?/ﬂ 0L
sinmul taneous distillation of the nmethyl acetate formed. The t-buty Qé%ur
of 2-(6-hydroxynmethyl- 1, 3-di oxane-4-yl)acetic acid is a desirable
internedi ate product in the preparation of various statins, for exanple
ZD- 4522, as described in Drugs of the future, (1999), 24(5), 511-513 by 35
M Wat anabe et al., Bioorg. & Med, Chem (1997), 5(2), 437-444. The

i nvention th?f?é‘ﬂé’l‘%‘i‘@%r"bf&%ﬁ%afastﬁﬁ\?el , interesting route to these

i ntermediate products gRd stating GnipobinGs 808fmita bhanesichphliss s, in
particular statins. The starting conpounds of formula 2 can for exanple be
obt ai ned asbtdwsd e igegcitedWDWVO-GIFITS. The invention will be el uci dated
with reference to the f ' iEEPETRE ; I I
restricted by these. Ex?#%wepgﬁ@glar at | éﬁaﬁ%?\?ﬁi%fﬂ%‘gknl%@‘fﬁh% fom’%ﬁ@

- 4- hy drioxyegnpién vdtnethiydwaver beihg destisiediby thesde  (Conpound 11; covered by
formula 21 10 At roomtenperature 2.1 nl brom ne was added in 45 mnutes to
a mxture of 6.7 g (40 nmol) 6-chloro-2, 4, 6-trideoxy-D- eryt hro-hexose
(conpound Ekamplegpared according to the nmethod described in WO A-96/ 31615)
and 6.7 g _sodi um bi % nate in 40 m nerh I?ne hloride and 10 m water.
C2 gas e loN, G4 | 5 ' €l ¢89%g for one hour,
accordi ng E(g)@@mhﬁplcbombgbgwrﬁmmggraphy (A&C) the starting material had
been fully converted. e romne excess was neutralized with solid
Na2S20 After phase sEbEUR (EHPAREE A PTYNAE YARLIIBIT 2R TWWIGE ©h 2 ti nes
100 m et hylnigegt ey gTHE nfrRiPs-B8Ero- 2 U BRRHE RS ABhWEHEROSK [Rfhgaval Na2SO4

and filtered. After rotavap evaporation 5.5 % el l ow oil was obtained (82%

yield of therepampdaseprdng tothmmeihedyesgribed -96(31PdPldNdR 79 conpound
). "H NVR_(2 - ; roarl . 3.5-3.8
(2t ( Oty RoraArg mPmiudiche tniofis 8l 10 8y Sraer o gast)

escaped, while the pH remained at 5. After stirring for one hour, according to gas-

15  liquid chromatography (GLC) the starting material had been fully converted. The
bromine excess was neutralized with solid Na,5,0,. After phase separation the
water phase was extracted with 2 times 100 mi ethyl acetate. The combined
organic phases were dried over Na,SO, and filtered. After rotavap evaporation
5.5 g yellow oil was obtained (82% vyield of the compound of formula (2) with

20 X = Cl relative to compound |}.

'H NMR (200 MHz, CDCl,):
5 1.8-2.1 (m, 2H); 2.6-2.7 (m, 2H); 3.5-3.8 (m, 2H (CH,CH)}, 4.4 (m, 1H),
4.9 (m, 1H).

25 Example |l
Preparation of (4R 6S)-4-hydroxy-6-chloromethyl-tetrahydropyran-2-one

(Compound |l; covered by formula 2)

To a solution of 75g (450 mmole) compound | in 380 ml water
was added 114g (715 mmole) of bromine at 15-25°C in 3 hours. The pH of the
30 reaction mixture was maintained at 5-6 via the simuitaneous addition of sodium
carbonate (88g total amount). The excess of bromine was neutralized with sodium
bisulfite. The product was extracted from the water phase with ethyl acetate
(counter-current extraction).
The product was crystallized from ethyi acetate/ heptane
35  (125g/62g).After cooling to 0°C, the crystals were filtered, washed with 50 ml of



Preparation of (4R, 6S)-4-hydroxy-6-chloronethyl -tetrahydropyran-2-o0 Q UEC 7004
(Compound 11; covered by fornmula 2) To a solution of 75g (450 nnnle?
conpound | in 390 M water was added,114g (715 mmole) of bromi ne at 15-25C
in 3 hours. The pH of the 30 reacti ofi m xture was maintained at 5-6 via

t he sinultaneous addition of sodium carbonate (88g total amount). The
excess of brom ne was neutralized with sodium hisu The product was

ext r act ed eptanerthylaceiptaiay s il andedring vigldEa4%29 J@%dﬁﬁﬂ%‘ﬁ’e&r rent

extractlortgo mpbifd B BELGhp AR |péy@5:alrlels§ﬁéeéné§mnq$ hslma@)et ate/ heptane 35
(125g /629 &ter cooling to OC, the crystals were filtered, washed with 50

m of 1 O DEC 2004 8 heptane / ethyl acetate (ww = 9:1) and dried,

yi el di ng 4@ R % relative to conpound I). of conpound li as col ourl ess
|74C) Exarrpl e Il I 5 Pr epar ation of
(4K &-(chlagon {2 0]

needl es (
(4R ci $) - BPreg ; d gh-4- :
ester (co oun esl 1) . 5.5 1 corrpound Il as obt ained in exarrpl e | was
added to nmet hoxy propane and 100 ng p-tol uene sul phonic
acid nonohydrate at rsergcbfemipmbahdmes obtdiad istekampled Wasradded tdiour at room
tenperature 10 G.C analg}éla shovved tthCEu” co ver5| 06 had taken pl ace and
a clear scAQFY epMmBEAlskBeinesy PraganegE 0L Egerte ﬁ”%F”'B NegCiNaHco8 stirring

t ook pl acemB@éhf%Ebt@aﬂwoﬂstempemem ARSPSi@igoLondhd @ at Fddnh fedipepatuand r ot avap
evapor ati on ound LIl was obtained as a light-yellow oil (91%

rel at i e t@L@@ﬁﬁUﬁ'ﬁéhPY"?d that fyl\geRV¢r360 Wﬁﬁakeemcf)andlasclgarls%modt 1H;

1.40 (s, afgéjdbé'en‘\‘grn(xéd A@t’é'}addlﬂor?& E(D@tm%ﬂdaﬁbo %tn‘}%g(t&ﬂq pléceﬂ)or 2.58 (Ad, 1
H, 3.40 1H); 3 1.H; 4.3 (m 1
H) . 20 Exadpiminutes qirrgprartgmp@r@t@p After filtratlon and rotavap evaporatlon 719

g:ﬁa?' ?éomoﬁ&ﬂﬁ?t%gﬂb}al%dzasdé & 8liow o O ¥RRRR Y ¥omBa&id 1B, aci d et hyl
'H NMR (200 MHz, CDCly):
15 §1.25(dt, 1H); 1.40 (s, 3H); 1.47 (s, 3H);
1.79 (dt, 1TH); 2.42 (dd, 1H); 2.58 (dd, 1H);
3.40 (dd, 1H); 3.52 (dd, 1H); 3.70 (s, 3H);
4.1 (m, 1H); 4.35 (m, 1H).

20  Example iV
Preparation of (4R-cis)-8-(chloromethyl)-2 2-dimethyl-1,3-dioxane-4-yl| acetic acid

methyl ester (compound ill}

To a solution of 49.2g (300 mmole) of compound Il in 100 ml of
toluene was added 47g (450 mmole) dimethoxy propane and 850 mg p-toluene
25  sulphonic acid monohydrate (4.5 mmole).
After stirring for one hour at room temperature, GLC analysis showed complete
conversion of compound |l
The toluene phase was washed with 50 ml of a 0.2N NaOH solution in water. After
evaparation 679 of compound Il was obtained as a light-yellow oil (94% relative to

30 compound ).

Example V
{4R-cis)-(6-chioromethyl)-2, 2-dimethyl-1,3-dioxane-4-yl-acetic acid, sodium salt

{compound IV}

35 55 g (233 mmol) of compound [lt was added to 200 ml water. At



To a solution of 49.2g (300 mmole) of conpound Il in 100 M of tol WENR (VIeR
added 47g (450 mmol e) di net hoxy propane and 850 ng p-toluene 25 sul phonic
acid nonohydrate (4.5 mole). After %fl rring for one hour at room

tenperature, G.C anal ysis showed conpl ete conversion of conpound H The
t ol uene phase was washed with 50 m of a 0.2N NaOH solution in water. After

evaporation 679 of co ung i obtained as a light-yellow.oil (94%
el ot ve (M ERRsALR ARG 7 oot BABHERen i waly Vs Aiied ABRRRR) | -

2- di met hy lr-pbugs stipghkane: #hy hydeRtis vad Ghahitofdisig @@@IAﬂe(rQQ@lﬂégl IV 35 55 ¢
(233 mml ) of conpound IIl was added to 200 mMl water. At 1 O C 2004 9

r oom t enpé?BRINRE coMstgNtoEorCAyHEIABASBICHE B WAt YRgH&? Iawes NEdRIAE dr opwi se i n
2 hours aloPthawater phise WYSWALNE WitV pso r%P&hPI%c_%%té@hd‘&éﬁe%te&L&iﬁb 20 g the
pH remained constant. Concentrated hydrochloric acid was used to | ower the
pH t o 510 .a rotawapaliheroipfheamed was digdbicstripping witb @baslutetatijanohaerd at e and
evapor at ed_usin . ; i d. i LRARINg with
absol ut e g?lﬂe;&r?oﬁhgﬁghéﬁég\é@ﬁeeq '-'I;Ehﬁzedb's@ %C%%V\%anﬁg? rgé%%lgﬂ?%j @%b@? acet one,
filtered aadonastield afier hacoinddryangedDbg. = J0%INE sdit refativatoucompetupidnig: 45.6 g =

O8R4 AT oo B e M, SRR 2

H); 2.45 (dd21 ditHH); 3.36Gs, Avm 1236)s, a1l (m 1 H); 4.36 (m 1 H). Exanple VI

(4R-ci s)-(6-chl oronet hych%-Z 2-di net hyl - 1, 3-di oxane-4-yl -acetic acid, sodium
salt 195 (lcChisbumt: 2951 ,éﬂ)i%@”%ﬂ{\"ﬁ@-% conpound |, a solution of

conpound Ik 2“1;4.{@@”1,1 - ¥ag (pr ¢ppr ed as described in exanple I'V. 5g
met hanol and 25 m of water were added. At roomtenperature 25g of a 50%

solution of NaOH in water was added dropw se in 1 hour.
Example Vi
{4R-cis)-(8-chloromethyll-2.2-dimethyl-1,3-dioxane-4-yl-acetic acid, sodium salt

15  (compound V)

Starting from 49.2g compound |, a solution of compound {ll in
toluene was prepared as described in example IV.
5g methanol and 25 ml of water were added. At room temperature 259 of a 50%
solution of NaOH in water was added dropwise in 1 hour.
20  After stirring for 4 hours at room temperature, GLC analysis indicated complete
hydrolysis.
The excess of base was neutralized to pH 8.5-9.5 with 33% HCI solution in water.
The waterphase was separated and dried via azeotropic distillation using 470 ml
of toluene, yielding 65g compound IV as a 16 w/w% suspension in toluene with
25  KF<0.1%.

The suspension can be used for the synthesis of compound V.

Example VI
{4R-cis)-(6-chloromethy)-2 2 dimethyl-1,3-dioxane-4-yl-acetic acid, t-butyl ester

30 {compound V)

45.5 g IV, sodium salt (186 mmol) was added to a solution of
159 g ditert. butyl dicarbonate in 1400 ml dry tert. butanol. After addition of 6.8 g
dimethylamino pyridine stirring took place for 16 hours at 40°C. The reaction
mixture was poured out into 1500 ml ethyl acetate and 1000 mi saturated

35 ammonium chloride. The water phase was re-extracted with 1500 ml ethy!



20 After stirring for 4 hours at roomtenperature, G.C anal ysis indgﬁg}ﬁc} 1
conplete hydrolysis. The excess of base was neutralized to pH 8.5 i
33% HCl solution in water. The vvater1r6hase was separated and dried via
azeotropic distillation using 470 nl "“of toluene, yielding 659 conpound IV
as a 16 w wb suspension in toluene wwth 25 KF< 0.1 % The suspensi on can
be used for the_synthesis of co ound V. EX I

(4R cis)- Gestetf Jhsn:@frﬁmd FoaTaphersnrers wES ALY EnE0% m patyrated Nag g,

t-butyl eshRfion fhel ll’é’yérM)asﬂiﬁe@o@er'Nézsmdﬂtmmhtthéri&ﬁapﬁfméd was added
to a solution of 15 %dltert butyl dicarbonpate in 1400 dry tent.
i

but anol . Afder vasgdm yielling 5598 )G“O‘MPIH:TQM gRtys tgepmary 'é’ﬁl rring took

pl ace for 16 hours at %p@w R,y M xture was poured out into 1500
m ethyl acetate and 1 IEH saturét ed 33)5 ammoni um chl ori de. The wat er

phase ®as 5r’e45~xt3:ﬁ(m;eﬁ-{)\zmt4lﬁ (8 53H); M45ds.B3H); 10 DEC 2004 -10 acetate. The
conbi ned or e 600 m saturated NaC sol ution.
The organik‘gf gﬁ?\l&? @‘r\q@:‘j%%@ﬁ%&&n |tered and t hen evaporat ed

under vacuyy#1 rgl4g|(ag ﬁi; 949 y@HIH)w.{IB fm,(1H)0228 éhattive to conmpound V). '"H
NVR (200 MHz, .15-1.33 (m 1 H); 1.40 (s, 3H); 1.45 (s, 3H);
1.47 (s, 9H) 177(dt 1H) 233(dd, 1 H,; 2.46 (dd, 1 H; 3.40 (dd, 1
H); 3.49 (g@mbl)“408(m 1H); 4.28 (m 1 H). Exanple Vill 10
2-di met hyl - 1, 3- dloxane 4 I-acetlc aci d,

: ' ‘ BE Wlobt ai ned

accordi ng . & I, |n16 hours 29 g of corrpound VI was obtai ned at
100C accor%%ﬁgﬁ@bs-_ﬁ%%?ﬂ? éu5| ng tetra-n-butyl amoni um acet ate
and in 200 m DWF), 15Stasting fewn 3 gﬁ@@mp@m%\/@bﬁlr@@ta%ﬂrwwm 75 m hept ane.
HNWR ( 20%3%& Vﬁ:[?g%)hours 29 g of compound V1 was obtained at 100°C according to
US-A-5457227 (using 40 g tetra-n-buty! ammonium acetate and in 200 ml DMF),

15  as a solid after crystallization from 75 ml heptane.
'H NMR (200 MHz, CDCly):
5 1.1-1.3 (dt, 1H); 1.39 (s, 3H); 1.45 (s, OH);
1.47 (s, 3H); 1.57 (dt, 1H); 2.08 (s, 3H), 2.32
(dd, 1H); 2.46 (dd, 1H); 4.0-4.2 (m, 3H); 4.3 (m, 1H).
20

Example X
(4R-cis)-6-[hydroxymethyl]-2,2-dimethyl-1,3-dioxane-4-yl-acetic acid, t-butyl ester

{compound VII)

Starting from 22 g of compound V| according to example V,
25  25.0 g compound V!i was obtained as a light-yellow oil with e.e. = 100%,
d.e. = 99.9% (according to G1.C) according to US-A-5457227 (use being made of
6.9 g potassium carbonate in 300 mi methano).
'H NMR (200 MHz, CDCl):
Spectrum was in line with literature (Synthesis 1014, 1995).
30



S1.1-1.3 (dt, 1 H, 1.39 (s, 3H); 1.45 (s, 9H); 1.47 (s, 3H); 1.57 (ﬁj 1
H: 2.08 (s, 3H); 2.32 (dd, 1 H; 2.46 (dd, 1 H; 4.0-4.2 (m 3H: 4.0 éf}ﬁﬂﬂﬁ
1 H. 20 Exanple I X (4R-ci s)-6-4hydroxynethyl]-2

2-di met hvl - 1, 3-di oxane-4-yl -acetic adild, t-butyl ester (conpound V11)
Starting from?29 g of conmpound VI according to exanple V, 25 25.0 g
conpound VII was obtained as a light-yellow oil wth e.e. = 100% d.e. =
99. 9% (according to GLC) accordi ngCiAIVEs A- 5457227 (use being nade of 6.9
g potassium carbonate in 300 m nethanol). 1H NVR (200 MHz, CDC 3):

Spectrumwas in_line h | Sy jt8d-1 BldioxdriRsy)adflicl 0 DEC
2004 - 111 cLAIRAECESS eémFt?beeFlsrgb?%?‘s‘?ﬁf:a %f%%ﬁal?fﬂton of . W

2- (6- subst i t ut eskd ddrivditiox ahirdulal ) acetic acid derivative of formula 1 50
P.3 (1) where X stands for a |eaving group, and Rl, R2, and R3 each

i ndepéndently represent an alkyl group with 1-3 carbon atons, starting
froma compound of formula g 1q§2( 2) OH where X is as defined above, use

bei ng nade of an acetalizatiog dgent, in the presence of an acid catal yst.
15 2. Process according to claim 1, ve_lpere X stands for C. 3. Process
according to either of clai | r 2, where RL = R2 = R3 = CH3. 4. Process
according to any one of clajns 1t3, erg t he 2(-4 6- substi t ut ed-

QPR

where X stands for a leaving group, and Rs, R,, and R3 each
independently represent an alkyl group with 1-3 carbon atoms, starting

from a compound of formula 2

10
NN
2
where X is as defined above, use being made of an acetalization agent,
in the presence of an acid catalyst.
15 2. Process according to claim 1, where X stands for Cl.
Process according to either of claims 1 or 2, where R; = R; =Ry = CHa.
4. Process according to any one of claims 1-3, where the 2-(8-substituted-
1 3-dioxane-4-yl)acetic acid derivative obtained is subsequently
hydrolyzed in the presence of a base and water to form the
20 corresponding salt of formula 3

R Rz



1, 3-di oxane-4-y 1) acetic acid derivative obtained is subsequen
hydrol yzed in the presence of a base and water to formthe goecglr?/eépg}op“n% Zr%l‘
salt of formula 3 0Y (3) 1 0 DEC 200 5. 5 6. 7. 10 8. 15 0 R3 (1a) where
R,, R2 and X are as defined in any ornd-of clains 1-3 and where R3
t-butyl. 9. Process according to claim38, which process further conprises
the 20 subseqLLerﬁléreOOrRAmlfbparafastdaénefémlalﬁhbﬂ@sﬂtcﬁm(ﬁa‘%?’rﬁﬂ%f“’l a, where

R3
3-di 2;2235; 3{)%055? Yn@h%%nt ?al&%nea'fgﬁll létégrtherﬁétﬁf%n;

su%s |@|‘teft)’6|rr oxymet h

J&ess dceor ditng alm9, whi

yl 1,
ch

process further comBfituERBarhMBniufpdegUENt Cconvers f
obt ai ned into austat |ln 25 11. ! Co o cor itn |tc;(r)1 g%r%agg;ggmyl oreir
is a hal ogen, aProssys ase@rdigd P2 n‘ﬁg‘iffﬂf%ta ‘?SOGB,N aft SCY1 60Xy gg ou

aryl oxy- substi ul phonyl

?é S phonérﬁh%g‘}orﬁg%gaﬁné phonyl group, or a nltro substituted
12. Partigles oPrca:eseﬁp@mlﬂgé@éiémﬁrP@ ctagm S ¥ ioqgég“f &P
30 ratio betvveen 1
where X, R and S

benze

nd whereby the conpound is theg\g?gR 6
PHT

e as

for an al kal i netgfetralila Jamvital¥ead.i ne earth netal or a substituted or

7.
10
8.
15
9.
20
10.
25 11
12.

30

Process according to any one of claims 4-6, whersin the (4R,6S)-2-(6-
substituted-1,3-dioxane-4-yl)acetic acid derivative of formula 3 is
prepared with an enantiomearic and a diastereomeric excess that are both
higher than 99%.

Process according to any one of claims 4-7, which process further
comprises the subsequent conversion of the salt or acid obtained into the

corresponding ester of formula 1a:

R. R

/KZ

g o Q

x\)\)\)J\O Ry (1a)

where R,, R; and X are as defined in any one of claims 1-3 and where
R; = t-butyl.

Process according to claim 8, which process further comprises the
subsequent conversion of the resulting ester of formula 1a, where R,
stands for t-butyl, into the t-butyl ester of 2-(6-hydroxymethyi-
1,3-dioxane-4-ytyacetic acid.

Process according to claim 9, which process further comgprises the
subsequent conversion of the t-butyl ester obtained into a statin.
Compound according to formula (2}, wherein X is a halogen, a tosylate
group, a mesylate group, an acyloxy group, an aryloxy- substituted
benzene sulphonyl group, or a nitro-substitutad benzene sulphonyl
group, and whereby the compound is in the (4R,63) form.

Particles of a compound according to claim 11 having a length/diameter

ratio between 1:1.5 and 1:6 and a particie length between 0.05 and

wherein X
p, an

S) form

I di aneter

e%}ignt%q\ééﬁcsl ngcg(ﬂh@sﬁ%ﬁthuﬁb@Ht@ﬂ@tdbebehwemcﬁrdﬂﬁg and -12

inclaiml or in claim?2 and Y stands



unsubsti tuted amoni um group. Process according to claim4, where Y1 Etﬂgﬁg@
for Na, Ca or a tetraalkyl ammonium conpound. Process accordl ng to.clal ﬁl
or claimb5, which process further conprises subsequent conversion of the
salt obtained into the acetic acid acdording to fornula 3, with Y=H
Process according to any one of clainms 4-6, wherein the (4R 6S)-2-(6-
substituted- 1,3né#hoxane-4-yl)acetic acid derivative of formula 3 is
prepared with an enantioneric and a r i eSS 1 bot h

hi gher thah 990k amiFlse &8 CREWEHE AT Y'Y ngi@%gﬁﬂﬁg?j %ﬁ%}‘é&ﬁ%ﬁs%ﬁ%ﬂﬁé process
further conprisesatosHBReaUsnt a kPgtAdishoter odtiottiwasn 1:1d7 261 obt ai ned
into the correspondi ng ester of forgbljé Hé a; 1 0 DEC2004 -13 2 mm 13.
Particles of a a%pmﬁ@'%'@ﬂ@ﬁhdqeﬁ@“? PRAPAYT2), wherein X is as defined

inclaiml, or c h ﬁﬂatﬁ/ HaARE b Ringtatiamebe tragepetbetn5 and 1: 6
and a:barblcle F g'le%at? e g'?\oc @rﬁ@mn 14 Particles according to

clai m 13, havi ng: Qaarlcbhgtahﬂm %mi%}eﬂﬁétti’%wﬁ%@ Qée%‘ 1™89-and 1:4 and a

particle |length &Ny ydLatic acid derivative of formula 1 or 3,
2- (6- subst1§t ut eagg t)%g#égggxés]acejt)l C LaC|C‘ derivative of for(rﬂwltg’l alor 3,

wherein X repr eaeatein a rep@sknly agediny gIIQIJP iR Rardd iR e35b ideRgapeident | y
t | 10
2l kal ine (eart )’g%?eoﬂ?uﬁra\f@ gl?égt |'?’ut e rb"&E%’EB?n%Qﬁd Y cbgseRg s an

al kaline (earth unsubsti tuted amoni um gr oup.
16. 24§6- Substi iapek ﬂea&hﬂnﬂ*ﬂnea&uwtﬁacépr gnaudistituthsy aRENIKEY 8EBr di ng to
cl ai m 13, where and

R S Qe YcToldhg 162 OF @
tetraal ky|10ammﬁrﬁ§rﬁ>%w&ﬂ1a3di&an %FCR@C aaé(&?grér%get Sc%n gone of clains
11- 16, where X simAds, iv@ere@R,, Rhand, if present, Ry = CHy and Y = Na, Ca or a

tetraalkyl ammonium compound.

17. Compound according to any one of claims 11-16, wheare X stands for Cl.

15



