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WD 2004/ 096788 PCT/ NL2004/ 000284 PROCESS FOR THE
PREPARATI ON OF ( 4- HYDROXY- 6- OXO TETRAHYDROPYRAN- 2- YL)

wWO\SKHIOM 78Rl LE AND DERI VATI VES THERECF 5 The i PUBNL20®000284

relates to a process for the preparation of a compound
of formula 1 OO NC OH (1) 10 The conpound nenti oned
above can suitably be used as an internediate in the
preparati on of several active ingredients of
pharmaceuticals, in particular in the preparation of
HMG CoA reductase inhibitors, nore in particular in
the preparation of statins, for exanple in the

pr epar atﬁ@cegsﬁé@g \rggtﬁéérﬂmm@f@ﬁ (s gycmoﬁv 6l8x0-

Kleena
- 3 10 IAGERO NG RIL4AE ANDFRIVATIVESD THEREOF

Georg Thi ene Verlag p. 146-150. The conpound of
formula 1 is prepared according to the invention by
reacting a cdohpdyautiossfrefatastalagraceads@r the pOepdratioR)of a compound
WSH&Y 4X stands for a leaving group with a cyanide

ron 1n water and by subsequent lowering of the pHto

a pH between 0 and 5. 25 Conpared to the known

processes topAtorvagtatin, the process of the WD
ﬁ 004/000284 -2 invention is a

acil e prlocess ich process is also efficient and
cost-effgctive. | Advantages of the present process are
it is well upscal eabl e, doe not
require for Ynstance ultral ow tenperature or hazardous
reagents |ike metal organics or alkylboranes. 5
Leavi ng grougg X, which can be used in this reactl@n
i ncl ude for

The compound mentioned above can suitably be used as an
intermediate in the preparation of several active ingredients of pharmaceuticals, in
particular in the preparation of HMG-CoA reductase inhibitors, more in particular in the
preparation of statins, for example in the preparation of Atorvastatin as described by A.
Kleemann, J. Engel; pharmaceutical substances, synthesis, patents, applications 4th
edition, 2001 Georg Thieme Verlag, p. 146-150.

The compound of formula 1 is prepared according to the invention by
reacting a compound of formula 2

0 0

OH
(2)

wherein X stands for a leaving group with a cyanide ion in water and by subsequent
lowering of the pH to a pH between 0 and 5.

Compared to the known processes to Atorvastatin, the process of the
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exanpl e hal ogens, in particular d, Br, 1|; sulfonic
acid ester groups, in particular tosylate, nesylate

woroobenzese sul fonate groups, each of which naRCT/NL2004/000284

optionally be substituted wizh a nitro or a hal ogen
group; acyloxy groups, in particular acetoxy or

benzoyl oxy groups. For practical reasons, X preferably
stands for . 10 For the above reaction, cyanide ions
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or lithium C?_/ ﬁgro%ﬁ%ﬁ'mcﬁ@éﬁ Be %éﬂnﬁh@%ﬂoﬁ%clu‘ae%r

for 15 exanple 1 amont um ¢
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5@42‘3?!0 %rolul%%{I "Hor g%tig%l $ s%?f)? Pl%?&%ﬁbl?&%ﬁ%%r élo ol es
per RCERt I ati on ‘of the yanide ions is
preferably chodbe abeveniegtticns czdidedess tiag, foTexample, be added to

tlhg 'F?&ﬁl@fa W@e%rﬂ Qle n‘a/%ﬁiﬁgtsbl@orj a5 é QOI‘RBIth%I’g&?'K;N) tan%a base. In

I ca
mrmmeaail Cyaait se0e Rnovpn tefthe abllgd bs"smemayel@e asedl. ER@nples of

Ele% ﬁ% ﬁ'{cmleyq%ﬂ dwgsﬁgs \%lﬂh %E %lk%ﬁ'%t%g%l\gv\ééﬁg‘} ?érfgglinﬁfé@odium
wao@n, betaskivrg Caamde di Iﬂglumyanldam}enidlemﬁmwﬂbla kautky cation, for

SRR Rk s O or BBl ol A Blatidh, For

wnnmeralapu@e sodium d¢yadidgior edtaSQBmcnyenIHev&eprefagredf t he pH
excess cyani Igr%férgl{ﬂ? t@on@gntra[tlﬁm\'ﬁ}% Hﬁ |oC;1%t|§ gple)é\%t 1 mole per

an oxi di zi ng agen
Ineponore prefarably |at igastd MRee pef hire mchmnp‘stqorafsraiﬂz;sa:trleénédo imoles

6@ Ilt?r‘e We' %Eﬁnt?’é%loh i ’?hegﬁy%lg% ?JHS l‘f glté?%éﬁg %?Qelnse%srﬁ%h as

nvent i on,
nqseﬂ;;teed W|th a base prior to be| ng reacted with a

cyani de ion t . e

the same reacl%o e eFea%%%Iolfﬂ{%h%g(éetﬁ%i'ce '?1%&?1 a3 'g‘gaq fﬂrexample

ttem@ewﬂee reyde qbrbsembetwempewnd 160°C. froefietdbly @twaerosmand 70°C,
a:gggl A3 %b%tﬂ,ggyégaﬁd s§id her in conbination with HCN

reaction with a cyanide ion, is in
princi pl e ndtowsringiof thle. pH3ozamp dstvesfentthareks5 vplnefetabi‘ydgetw&n 2

%%0446919&7 §<§1cf gyoMTr?gol%Aé( rﬂg%%nowﬁ per se, for example by the addition of
an acid, preferably a strong acid, for instance with a pKa<4, preferably with a pK, < 2.

If desired, before lowering of the pH, excess cyanide ions may be
removed by oxidation with an oxidizing agent, for example with chlorine, with
hypochlorite or with H,O,, for example as described in US 3,617,567.

In a different embodiment of the invention, the compound of formula
2 may first be treated with a base prior to being reacted with a cyanide ion. Both
reaction steps may be performed in the same reaction vessel.

The choice of base used in the conversion of the compound of
formula 2 into a compound of formula 1, either in combination with HCN or prior to the
reaction with a cyanide ion, is in principle not critical. Examples of bases which may
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sui tably be used include: alkali (earth) netal
hydr oxi des, e.g. sodium or potassium hydroxide,

wa@bdoalope7¢eart h) nmetal carbonates, e.g. sodi um BPEr/ND2@Y/E00284

or magnesi um carbonate, NH4&GH or N(al kyl ) 40H,

al cohol ates, NH3 or N(al kyl )3 and carboxyl ates. The
base is preferably used in a nolar ratio of between
0.3 and 3 as conpared to the 5 amount of conpound of

(50 R Oy 0 b
bydyosieiel alkati. (éamh)tmalmammat&s ep. $Qﬁ1wmlcarb2nahesarfrmag<s1tesnum
L4880 &d. MhidH 3r h?az@l),;éneal@oﬁtﬁg q\{H&oorkiﬁgmgﬁ[br}tdrE%réo%@ es.

guant ity of cyan fon
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il §, most prefesably ineametar vatptbeaNme anglef. ity bompeurel of formula 2
I f
g‘ﬁéﬁtrtrﬁéfé:d'o\{?ittfgb [ﬂ%elt %ﬂ?{lak%‘tl@ beg/\tr)%ﬁ Jhé ¥ot$l o‘,u%Xﬁ\g ggye{nf)c@ ion and
ihettolabaantiynaf cmmpowmd of fpmﬂ@ﬁaublpyefbr@buwwezen @Acn6,10, more
I i val ent s.
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reduci ng agents 1 ncl ude ride C|ng agents, for
exanpl e di balke Q@hpour@dﬂmrmuiﬂ Umanlb@r‘rhgj'lmelddiﬂﬂﬁ a suitable reducing
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compound of forrmula 2, wherein X stands for a |eaving
group may, for exanple, be prepared by an al do
condensati on between acet al dehyde and an 25 al dehyde
which is substituted on the 2-position by X, wherein X
is as defined above, in the presence of an al dol ase,
for exanple as described in US 5,795,749 and by WO

4/ 0967288 PCT/§L2004/9800284 -4 subsequent reaction

0 of formula 4, O OH X OH (4)

OH (3

The reducing agent may be chosen from the group of reducing
agents that is generally known to be applicable in the reduction of a nitrile to an amine.
Examples of reducing agents include hydride reducing agents, for example dibalH (di
isobutylaluminiumhydride); hydrogen reducing agents, for example Raney nickel with
Hz, Rh/Al,O3/NH; or Pd(OH), with H.,. 7

The compound of formula 2, wherein X stands for a leaving group
may, for example, be prepared by an aldol condensation between acetaldehyde and an
aldehyde which is substituted on the 2-position by X, wherein X is as defined above, in
the presence of an aldolase, for example as described in US 5,795,749 and by
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wherein X is as defined, above wi th an oxidizing
agent. 5 Preferably, in the aldol condensation for the

w@e@paseass on of a conpound of fornula 4, the PEF/NDRZIPH/000284

concentration, - the sum of 4the concentration of

al dehyde, 2-substituted al dehyde and the internediate
product formed in the reaction between the al dehyde
and the 2-substituted al dehyde (a 4-substituted-3

QM%r i ia&g) [ n 0.1 and 5
no ggé%rg?é?&it%bglfo e}tB'[IﬁéHr ea tqugﬁc’?ffgﬁmgifure nor e
preferably between 0.6 and 4 noles per litre of the
ofhe reaction tenperature and the pH
2 and both are chosen as a function of
the subgtrate. [Preferably the reaction is carried out
in the ljiquid |[phase. The reaction can be carried out
a reaction tenperature between -5 and
45C, prefergbly between 0 and 10C and a pH between 5.5
and 9, preferably 15 between 6 and 8. The reaction is
preferably ggrried out at nore or |less constant pHy,
use for exanpl e being made of a buffer or of autorrgt)i c

vherex X énas defingd palfove with@n oxishzinenagentodi um and

pot assi um bi paghap Hcgt f: thé&gbl%hé&%aﬂeﬁ mymeg%ﬁenm

tri et hanol am ne/ bi's-tris-propane

sqrrpnR Ot feraland the parbery! ceneshisatigyl, y tEcsum poiha seneantration of
S19&H Q'SG%tﬁﬁggtatﬁlﬁg&éﬁnéc %%d Aﬂ@@ﬁ)éo?ﬁefj )Jfﬁ)é?nq@ch fA tft'né‘ réhction

concen rati on reactli on
Petween the ateehydslaad th%iisub%@ﬂe@eldehm (act-substiiwtatk 3t y of
a f
I%{ﬁ&@%g%n?gﬁtﬁgrﬁ@e%@ Lsrki t%@él ca}{d gﬁga 5 n% Iéé’ E%I l|t|te%f%je reaction
'E?é‘f%@e'ﬁo@ @efﬁra%hetwein Oi6ranglt 'mpb@m@r lltr%pﬁ/tée meaptlen mixture.

and 2.2:1. 2 'tamff

2- deoxyri bos?és(e%gﬁnatgh%s S%base ' : B@i& cEﬁ:caA and Eotﬁsare
erosan adedHnctiearcé Subéﬁr@ep?réfeéa@lbﬂ;e IBEEYRNfis oAtried out in the liquid
ﬁ%@ﬁ'hé’ﬂéa@h&?&én b@&arﬁe%ﬁt%e@ﬁ{p‘f‘@%t a LES’(ICH’H% eFéfurgfbetween

be used I's not very critica

é éTﬂQ‘r?@t Copregaralply petwegmd! a@dtWeC ra@d@t;dﬁbgtmpm&%and 9 hceeferably
lgeq@gg@gtane ncentrations, the desired reaction rate,

desired duration of the reaction and ot her
econom c f acT"tﬁ@aC'fBIm i Reefeyably chirigd ot BiFRWretar I¢rs apssidnt pH,
lideSs I -
5503, D8 B R B0a T QubMHe i Ast oy for
QAT SOdium & d Rotrsijiaebicarbenate rsodium gncaweaesum@hmphaltﬁs
tﬁgﬂéﬁaﬁﬂnﬁhe/lgg gl CfFlé’— ?HPQBQIPIU gﬁcﬂ)ﬂ @Ehs‘n@of-l*b%n%‘érb‘bﬁﬁ?% oIf’lreferably

eoxy ose- ate per
zgp@assmm or sodlum bicarbonate buffer is apphed for example in a concentratlon

between 20 and 400 mmoles/! of reaction mixture.

The molar ratio between the total quantity of aldehyde and the total
quantity of 2-substituted aldehyde is not very critical and preferably lies between 1.5:1
and 4:1, in particular between 1.8:1 and 2.2:1.

Preferably the aldolase used is 2-deoxyribose-5-phosphate aldolase
(DERA, EC 4.1.2.4) or a mutant hereof, more preferably DERA from Escherichia coli
or a mutant hereof. The quantity of DERA to be used is not very critical and is chosen
as a function of for example the reactants applied, the reactant concentrations, the
desired reaction rate, the desired duration of the reaction and other economic factors.

The quantity of DERA to be used lies between for example 50 and 5000 U/mmole of
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The process of the invention is especially

advant ageous since both 5 the preparation of a
w@eooopotes of fornmula 2 from sinpl e al dehydes apdI/Nhz004/000284

subsequent conversion of theé conpound of fornmula 2

into a conpound of fornmula 1 nay be perforned in

wat er. The use of water as a sol vent has nmany

advant ages known to the person skilled in the art,

r I o P i.deal. vai | abl n ,
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agjivity andchreespoeds tathé benvexsioh gfat pronleadf 2tdeoxyribgsetbaghosphate

d 4~ in principle all oxidizing agents known
?%”{”ﬁé%ﬁ-/l%‘d person to be applicable in the
oxi dat i on of The pedcesthaf the mventiontis repexiaily ladvaiagecrd since both
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pers@HIRIR! ik &2, folRSxaamle, Réteras h cheats pédele atdibletandd
: ' f i nst 1to 12 C atons,
%r?{lar]pgrr%ggﬁyy ?éé&és%%rﬁs O;nl glskgﬂflle Wi tg for instance
1 to 12 C at Asen opideingragehitobefisEdan thesgxidizatipo lob tlekopmpound

thibulis, BB ARt ddn S it BB MR ekt € 8

pplicanis ircthe axidatien &fydn alcahol foca ketose emrclee Zppplied 12xamples of such

o 0 . B2, stityted an
A0 RorBR ki B, ENARID, o, B, 34 RutBRGpe b iaraie nio.
C-atomt o 25Thdcarhpaineyof frmulaolioda cerapolbe ofdormadte3 afayde

[ f.arm ' e presence of an
Sty RofiHep o8 ARERTr b bea” n v
02/ 06266. The substituents on R2, R3 and R4 are for
exanpl eghal oge or hydrocarbon groups with for
i nstance 1 -atons, optionally containing one or
nmor e he;:;ﬁgzgi;, for instance Si, N, P, 0, S, F, O,
Br or 1930 ThQterm aPkyl refers to straight-chain as
wel |l as |to branghed sjturated hydrocarbon chains.
thyl, ethyl, n-propyl,

yl, / NL2004/ 000284 -6 (6)

n-butyl, t-butyl, hexyl and octyl. The term al kenyl
relates to straight-chain and branched unsaturated

W&éﬁ%ré?%s%gﬁbﬁ)ﬁr CHLKR, ¥haKE Rk S it ddpehEEMYy stand for

e termcyclo
an alkyl with for instance 1 to 12 C-atoms, preferably 1-6 C-atoms, an alkenyl with for

instance 1 to 12 C-atoms, preferably 1-6 C-atoms, a cycloalkyl with for instance

3-7 C-atoms, a cycloalkenyl with for instance 3-7 C-atoms, an aryl with for instance
6-10 C-atoms or an aralkyl with for instance 7 to 12 C-atoms, each of R? R® and R*
may be substituted and wherein R? and R® may form a ring together with the C-atom to
which they are bound, use being made of a suitable acetal forming agent, in the
presence of an acid catalyst, for example as described in WO 02/06266.

The substituents on R?, R® and R* are for example halogens or
hydrocarbon groups with for instance 1-10 C-atoms, optionally containing one or more
heteroatoms, for instance Si, N, P, O, S, F, Cl, Bror |.

The term alkyl refers to straight-chain as well as to branched
saturated hydrocarbon chains. Examples of these are methyl, ethyl, n-propyl, i-propyl,
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conprises saturated ring-shaped hydrocarbon chai ns.
Exanpl es of these are cyclopentyl and cycl ohexyl. The

wa eoonioperes oal kenyl refers to unsaturated ring-BCENERZDOE000284

hydr ocar bon chains. The terméxyl relates to aromatic
and heteroaromatic systens, as well as substituted

variants thereof. Exanples of these are phenyl, P -m
et hyl phenyl, and furanyl. The term aral kyl neans a
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I r [
Seidine BRI gRD e P LTR Hitand! GRTRRGPrB RLER Sy grove
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dosi rod the Feadf LanbELIR RoIHREE FrnE 3ol Rt pown for
apetr Mrmirgpleactitns, khefenadly srganic strong abide, withga pk.c< 4, with a non-

AIREBRNS bR 147 Bxethe BiiRners =87, i BreBlofF S suipronic acia
rhehhaee(aulphmié atid eneamplidr suiphanie dcidy dr incgabiostond "“‘,’?;M’th a
. i d T ure. [ .
B T PRSI for SRS bR EA R aEi ) Bp6ebnoric
apid: tacicidon axchapgeseioabkample EOWEXweresolid 26iGs dodexdniil therso-
c%"f}&% h?tlé]l'ognromigltd@{een 0OC and 100C. The nolar ratio of
acet a rmng

agent to the conmpound of formula 5
The acetal formation can be carried out without using a separate

solvent; if desired the reaction can also be carried out in an organic solvent. Examples
of suitable organic solvents include ketones, in particular acetone, hydrocarbons, in
particular aromatic hydrocarbons, for example toluene, chlorinated hydrocarbons, for
example methylene chloride.

The temperature at which the acetal forming reaction is carried out is
not critical and preferably lies between —20°C and 150°C, in particular between 0°C
and 100°C.

The molar ratio of acetal forming agent to the compound of formula 5
preferably lies between 1:1 and 20:1, in particular between 3:1 and 5:1. Using an
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between 3:1 and 5:1. Using an WO 2004/ 096788
weaDARR2804/ 000284 -7 organi c sol vent the nol BCT/NR2G0@000284

is in particular between 1:%7and 2:1. The nolar ratio

of acid catalyst to the conmpound of formula 5

preferably lies between 1:1 and 0.001:1, in particular

between 0.05:1 and 0.1:1. The conpound of fornula 6,

R N A T B AW

hydr ol ysed i fihe triodarpatesafraciel aatalyst bathe cangbouad ef fotroula 5
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2 @3 t al ce na
SRt R £B0 & B0 el o el S DB R GRL A S Rea i
hequdsnice of e@as&mmndwwaher tpr foup thepeasfesparding salt eftforaallky )
amoni um group. Optionally, the hydrolysis is
foll owed by conversion to the correspondi ng conpound

of form@ka 7, rein Yis H for exanple as described
in WO 02/0 6. The hydrol ysis of the conpound of
formul a gferably carried out 15 with at |east

articular 1-1.5 base

o the conmpound of formula 6.
ri l e ess can be used, but in

practice th™s wusually dod¥ not offer any advantagéd.

im&efne@ fa'neg dr%n%ﬁl@aﬁﬁﬁ%@@ér ﬁ%{é&ggﬂthﬂ% b u?n |o’g¢1rssium, preferably

enper a ure IM "part
mummn akalperitrgodtal, 20 lﬁ's'fhmdeyda@eysmnsonmimdm,rpreﬁeeaw ealcium;

QL?:{ stit u‘?éjd Mnskgftml&ﬁ Bmnfhidh g?orﬂlbh%reﬁe%ﬁff Qttetrer ‘ﬂ{){}i%rgpﬂonlum

e an al co particu ano
gmular@ptmnatty tmajhhrchiclasis)tsrfplld\md yxampérsiondd Umrrespomjmg

éﬁﬁ&dﬁ%a (debé%% Y %He?ém i 9GEHORS F%mBﬁtJ%chesbr?ooe%% WQ 02/06266.

1 base eqU|vaIe t,
equi val ent s,

ani ¢ sol ve
wat er, opti ofiag hxdrglwabymed:owoand pﬁaemaula Bas pifefarably carried out

ith Qﬂ 1454 é 1(¢Dgg)eq9va%qg i éﬁ&lﬁgr @h%%%%\éal&galegtg é%\%ve o the

conpoun
eampaiediof tmalteo dn palyame sdarper @crsecareke usery bt in peddtige this

i L A8 HF RERRARR o) L T Tor L [ e
descri bed i nThe reaction is preferably carried out at a temperature between
-20°C and 60°C, in particular between 0°C and 30°C.

The hydrolysis can for example be carried out in water, an organic
solvent, for example an alcohol, in particular methanol or ethanol, an aromatic
hydrocarbon, for example toluene, or a ketone, in particular acetone or methyl isobutyl
ketone (MIBK), or a mixture of an organic solvent and water, optionally catalysed by a
phase transfer catalyst (PTC) or addition of a cosolvent.

The compound of formula 6, wherein R, R? R® and R* are as
defined above may also be converted enzymatically to form the corresponding salt of
formula 7, wherein R', R?, R® and Y are as defined above, for example as described in
WO 02/062686.

Examples of enzymes that can suitably be used in the conversion of
a compound of formula 6 into the corresponding salt of formula 7 include enzymes with
lipase or esterase activity, for example enzymes from Pseudomonas, in particular
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WO 02/ 06266. Exanpl es of enzynmes that can suitably be
used in the conversion of 30 a conpound of fornmula 6

WO p0a/09d4188 cor r espondi ng salt of formula 7 i ncl BCENL2004/000284
enzynes with |ipase or ester@ase activity, for exanple
enzynmes from Pseudononas, in particular WO 2004/ 096788
PCT/ NL2004/ 000284 - 8 Pseudononas fl uorescens,
Pseudononas fragi; Burkhol deria, for exanple
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icul i Ci.l i i Peni ci Ll i .
gt R b LT 5Pl b oot
Benitilliom eamdrhbeartinBbizomascanin pasticulah if%m%nmor Javatiais, Rhizomucor

! . : i zapu n
M58} e R BNty SRR U o R R Propus onyzce,
Hﬁgwhﬁgk,dﬂdgqpu@@e@mﬁmtmmjveab,i RRipesisggmmiaissRhizopus
AR B B3 a8 FhES SRR poyREpRyerFse fhase. g
lest estasse. Prefdrablpblsg,is omee iof amanzyned fram RzenyoreoidsasBpacia,
BSUAIAS S BRAP sy ERBUIEIPARR P ATSHES o
MHumicola landgimsg) Gasdida Cgoda daCandjds anterctiﬁhnds’;ulﬁilti)sin. Such
[ il S 15 e

SRRk s bR Pt Rocdn RERU RGeS AP e o
commercallplebgilableai | abl e. The salt of formula 7 nmay be
comher e i e P3O0 %574 gt S gl e
afifor@@NBR2, wherein R2 and R3 are as defined above and
wher ei nRBS may fsepresent the sane groups as given
above for and R4, in a manner known per se
(for ex%rz\pkz\$e<s§descriged in WO 02/ 06266) .

R1\/K/K/“\
OR® ‘ (8)

wherein R' stands for CN or CH,NH,, wherein R? and R® are as defined above and
wherein R® may represent the same groups as given above for R% R® and R?, in a
manner known per se (for example as described in WO 02/06266).

For example R® may represent a methyl, ethyl, propyl, isobutyl or tert butyl group. An
important group of esters of formula 8 that can be prepared with the process according
to the invention are tert butyl esters (R® represents fert butyl).

In a special aspect of the invention the salt of formula 7 is converted
into the corresponding ester of formula 8 by contacting the salt of formula 7 in an inert
solvent, for example toluene, with an acid chloride forming agent to form the
corresponding acid chloride and by contacting the formed acid chloride with an alcohol
of formula R°OH, wherein R® is as defined above, in the presence of N-methyl
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For exanple R5 may represent a nethyl, ethyl,- propyl,
i sobutyl or tert butyl group. An 25 inportant group

wo@Rooemeeass of formula 8 that can be prepared WETINLE®4/000284

process according to the imgntion are tert butyl
esters (R5 represents tent butyl). In a special aspect
of the invention the salt of fornula 7 is converted
into the correspondi ng ester of fornula 8 by

§H°th%ﬁ’irrﬂﬁ"'we salt of formula 7 in an inert solvent,

'ol uene, with an acid chloride formng
agent to forhe beid 3blodde foem‘rmgragiengcambajcmisbmmdﬂhagcbup of

' d ' id t
BroPRPNERL darelFmBhIRR o’ RuREuR Rikrleh f g0 ftofife Rrming
agentpinelida oRalpif chidridet mphyl\m&ﬂewogmg and POCIS Preferably the
0 /
7 s uiibden e e dH AR REA P e ettt s
foeraglarm, fortifsddndeseesesr band/3 kquivaleats, muEprefSutiypbétereen 1.2 and
| s Ff acid chloride form ng agents include
ox%@v chtor i de, thionyl chloride, PCI 3, PC5, and
POCI 3. Pr ef elfdbsired; meh& aaldiodloubdta] Gorimaidor talsgiartgataﬂg@ntayit&
t o, the amun he
e T BmBlREY RabRathay fr iBiares AP ot Prlfehydios
emmealep'rtefoamtaitgd i respect 1o theamobunt oBsﬂk:pilchdMﬁ Highdr amounts
8}(‘2& l)ge/sq?ré leé Egssﬂog% g)g ill nr&?ﬁgllér%%ﬁ{o' %&ra?agﬁgmég?o%esﬁect.
IPr@ferablsttlmmaoumrof/ catelyst, O-afy, vill bé eetxizen (IIaﬁgarﬁd aa equwalents
i : th to.t
U8y b Tearfd € hpafeaollid Fr et i BEYP st
garenallydmswblie acdelgrateidcld crlrdxrrldagélatyné{’uiﬁn,a‘onmsw:qte falmethylformamlde
e amount o
@M Iygxﬂ%?hyﬁym?émel(%)g;?mgn 0.05 and 0.2
equi val ent s Tivaamolrttod dicahdl fof fwmpmdisal-oistrimieveﬂ;ylct'iti@‘l in the
Lo S t ,
oSEREE G st SR FuBEL Ry BelerBh0 o BinERh 3o RoR mseivaiert
cfadnulatas wah c&sp@chtettlhwhrhoumtmfrsﬂéof fﬂ:&"ﬂ(lf)lWF?oaTWeLer?bly ?etween 2
nmount of al cohol o
%}%r w%&s&égﬁ gﬁgﬁve&g ancdrei:’rt |ecgl in the conversion
of the salt Iofprécmceruh&Qcmdrsm‘nedfemakéltyofif&n’uﬂ Yeir thid special
i.val I I t t t i
B BRI oo LT Opb a5 5 2biereainn
feaedH Q@B forrimstanger €5 &r 26) pfeieedblweels t8 2anetybvalettds talculated with

B i 5 SOV EILR Bl Fhon b RS o s
dtlmmetfomﬁlng\lbgd;ntes‘ fisecli preferaialy h@hehamuﬂms o NMM arencssied | avgl when

le_rog/%egge&g log%%g cﬁlé f%gmlélg e\%%pﬁ SecP rp% era%PyI IXwélr' a8mct)t9nts of
NMM are used.

The salt of formula 7 is preferably contacted with the acid chloride
forming agent at a temperature between -30° and 60°C, more preferably between 20
and 50°C. The conversion of the acid chloride into the ester of formula 7 preferably is
carried out at a temperature between 20 and 80°C, more preferably between 20 and
50°C.

The conversion of the salt of formula 7 into the corresponding ester of
formula 8 according to this special aspect of the invention may be carried out in one
step. Preferably first the salt of formula 7 is converted into the corresponding acid

chloride, and subsequently the acid chloride is contacted with the alcohol of formula
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respect to the anount of salt of fornmula 7 is applied.
When a | arge excess of acid chloride formng agent is

wais@d/ooqgsef er abl y hi gher anmounts of NMM are uskC/NR2NE4/000284

when 25 a | ower excess of aci1®-chloride form ng agent
is used, preferably |ower anpbunts of NWMM are used.
The salt of forrmula 7 is preferably contacted with the
acid chloride formng agent at a tenperature between

S 8P A R ke BB R BTG s
Guenchéedwith P @nd ttheyalcshoB6f foamula ®&IOBUt at a

bet ween 20 ahtF Sagco s ARG SR AR ol o8 RiFr o hyrein may be
feducad \&itfy aisnitablé teelucing mgemtdo tirmghe sbeespohding compbandwith R

FEREL Pt Ca T o S REcBo BB e Bleusiobd FeHs RS the
erséroskilidodin The art toovevapieable Jilt’cbetrd;ductic_m(ij Dﬁ;?imgm aming and
SRS L AR BRSPS BB oS oh
PCT/ NL2004/ Olﬂ&Zé_%Sb peskm):]%%mﬂdrg:\dmﬁnggth?rg?my :egnidhedl y
B R e oS s ROL SRR B
mnqmumddsAmbrtdméi&hg?d;}aﬂm (éﬂritﬁ:ﬂ;ﬂbcfﬁ?mﬂnd:iﬁiﬁi’mmagnmey gir ;hgtance, be
: a_su .
T8 by B8 STt e SrBo A P A eleoerGoE B S Hoghtd Bhith s
sD2titRd Buthe 2position dy ¢d indhexpesésceasf®BERYe fromdEsshatehia coli as

wn to the person skilled in the art to be
cge%gﬂ%)%da}ﬁ]o&ei n the reduction of a nitrite to an am ne

and exanpl eStadingsooh(4R 689:-'6@\Iaageehyl-tatrahygiw—pyraa%iol, via

o : o .
SRl AR o, B LOMAD ERBL TR rn 2
wer todgpothei amg_eepulnldtrigc((ﬁﬁ, iﬁgl-bydmnyi&hmg&eir? gy;ma-fwwme@yl)-

- enri che

BB AT SR A0 Y
Hyedrvw@o1)-ametandtild edny etercof (4 6&)-Gedypdemethylcd)2-dimethyl-{1,3]dioxan-
B T BB 3 Bl LG oo, may
kst farrmed gPfefarably ARe enantiomeric excess (e.e.) of the obtained enantiomerically
5 PR Bl B BN ot o) e el prdray
%) €6 elehonaeprdfylably-~h9&t @eymbet prafeyabiyo> P9¥aee. 2- one

o e SR BRBEOR 8B i e cron-o-
@ertroathyk2,Raliraettlyld 0 3kbaaant-ylpaedtiel dckitb ittncafespb@ding salt, an
e%g%fig'éetﬂé/c%\r/é) )e(Xiy|6ﬁeoi)s( %'S(ta&terng udr[hoe? enantiomer enrichment is realized during
the hydrolysis.

The compounds prepared according to the process of the invention
are particularly useful in the preparation of an active ingredient of a pharmaceutical
preparation, for example of a statin. A particularly interesting example of such a
preparation is the preparation of Atorvastatin calcium as described by A. Kleemann, J.
Engel; pharmaceutical substances, synthesis, patents, applications 4th edition, 2001
Georg Thieme Verlag, p. 146-150.

The invention therefore also relates to the novel intermediates in
such preparation e.g. the compounds (4-hydroxy-6-oxo-tetrahydro-pyran-2-yl)-
acetonitrile, 6-(2-amino-ethyl)-4-hydroxy-tetrahydro-pyran-2-one, (6-cyanomethyl-2,2-
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pyran-2-yl)-acetonitrile, an ester of ((4R
6R) - 6- cyanonet hyl - 2, 2-di met hyl -[ 1, 3] di oxan-

wa20op9Eset i ¢ acid, for instance its nmethyl esPEF/NL210$/000284

ethyl ester or its tert-butylilester, may 20 be forned.

Preferably, the enantioneric excess (e.e.) of the

obt ai ned enantionerically enriched conpounds is > 80%
nore preferably > 90% ee, even nore preferably

3%@% el Drdelc R Platad 88 vl gt Rt
BR)didxdnyrdiytracetic acid ethyl ester, (6-cyanomethyl-2,2- dlmethyl [1,3]dioxan-4-yl)-
SRR oRE s8h BB iR SURERR G iRttt o o
mnpylr&sters[&(ﬁeidmn@eﬁwl)m tinethye{ro8itiosame-d-wracett esid imatisylester,
e Set den fu Y RERp Tuecsfc BRERMERn Gre-amine-
ethel_)-ﬁa qilmthyaﬁl &]dmsaﬁ-@ylhanemd]mlqbr-ﬁfpa}?lasteor[6 -(H- a?mo ethyl)-2,2-
reparation,

ﬁelt%@:\{n‘%ﬁ{&g#f‘ QSA]S%CS ‘F‘ﬁ‘%ﬁr"g@yﬁﬁ iédfgrl ypl ntp eresting

exanpl e of stThinge@dnpnepavartasorelatestthe momsrwherem af
I
@r?gﬁe Vuﬁw%lt %gér lﬁlreaog@u%rgg%sg ggr?ﬁ\r g?de lwerﬂtlﬁg 8§ @ﬁﬂ% %dgx?ged into a
stpiin, ipceferabhysAtdtvasiatin br aralt 2@0bf, fﬁblostgnimltsacaimwarslaag) a manner
Bk 8 b BAET el OBLBIARR A, TS 1P
conmpounds (4- hydr oxy- 6- oxo-t et rahydr o- pyran-2-yl) 35
itrile,

%a%‘rit :]IO gt hyl ) - 4- hydr oxy-t et r ahydr o- pyr an- 2- one,

(6 cyanonet hyI 2,2 WO 2004/096788 PCT/ NL2004/ 000284
I ¥\}—%—.oxo etra%vgl%l gvrgr? E V}S-acetomtrlle

(8] dinartiomerically emrimbed com QDlﬂhCEd)ﬂflv mtéa;ﬂ )gr
(6- cyanormet h%l ESOZmE 3erg%¥<gé( and]UoﬁLl% f28R1Y quE{ec) with a dropping

acetic acid i -
fusnalyanmebartigal sﬂrr@' ahdmvedtérybath todindi 4X g1i4R-63))6-etderbimethyl-4-

et S R by B e e Palichs e foRog e o faynula 2

Wigeraini XI =g}t \Iﬂgﬂe&rsmndeﬂ in demineralised water (25 mL) with stirring. An
og.le()as gwagﬁuﬁtm c%< d% é"? gn rrg%gw%l 50["/1 w?v]/)dv{/é)sxaa deé d¥oplw:se over a
eiriogllof {Ze@ hdmme't'liwdrobmngjmnek\aas Anseld]withoedtec(4anli)dand removed.
6 °
SRRRAETR i) 485 Ao Y ans Bnf e ask e o 457
(Wa@rrhaﬂetammtnm) &mﬁd'r ared subseeliatip$o 5@ Cafopanathsrs30 min. The
accordin
GF-Bh]ufhs SRRV ER LB, A B ER R V6 PEal b
qﬂdﬁfoerc:ibbgpeﬁlk)lavetatedmdrat@ﬂ ag$ ahd driopeisecddditiboiof aqueous
' u kno pe .
Ot B L 80 ) ofhe & AEPRE" 2p (T e PR Ater
stirrlng at 22°C for 1 h, the mixture was cooled with an ice-bath, antifoam (Sigma type
204, 0.02 mL) was added, and aqueous hydrochloric acid (35 mL, 37% w/w) was

added dropwise over a period of 2.5 h. The acidified mixture was filtrated through
paper, and the filter cake was washed four times with water (10 mL each). The unified
filtrate was continuously extracted with ethyl acetate for one day. Another portion of
aqueous hydrochloric acid (3 mL, 37% w/w) was added to the aqueous phase which
phase was then further extracted continuously with ethyl acetate for two days. The
unified organic phases were dried over sodium sulphate, filtered and evaporated in
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4R) - 4- hydr oxy- 6- oxo-t et rahydr o- pyran-2-yl)-acetonitril
we@200¢4av7eant i omerical ly enriched compound of POY/NUL@4/000284

1). In a 250 nL 3-necked roun@-bottom fl ask equi pped

with a dropping, funnel, a nechanical stirrer and

wat er-bath cooling, 42 g (4R 6S)-6-chl oronet hyl -

hydr oxy-tetrahydro- pyran- 2-one (an enantionerically

T e o

4R)- 4-rh|yd|g>xy-Amxoae[mhydm potresianehynitriexan ensmtionterioally @Biched

oot B RSB RS NG e BEr B b o)

m.) and rermAesrémple&)‘lth@Icrplde@e@luummyga)nhmpqrﬁiéd@)/flw&scolumn

P ot A8 ob) AR R8T bl S cpon

échﬂ)rﬁltnn‘e/dmluiblfmmetMerﬁ/h viviae nﬂ&ramablesizé))ab lanakgse tmmboamnd.
d
Yhe PorB1 R hars, PR Ap SR Tostty iR Wi S the target
cropaursie (2R) dllR)+4d1wdodxye&qmexgtesr?h%%d4p9@ezﬁTyjpam¢blcéigilé B.férm of a
0 nm n max = )
%ﬂe ?‘9'00%% w%lry%gqrgp%? %E‘II‘%P the m xture was cool ed
with an ice- H&tNVR (amummmew@@areswpel urdiedterdled 2olugnt as
ed, 35 7%
78 SR a2t ot 1 B U HO P Do st o T i), 2.44

@et i £ Hed, /2 eyt o, Wes), 2.70 (datuedi1 2.bronek, 1 papes), 288ddd, J =

TS R B S LR BB RER). 418421

ext Hag) 807wl $h(netthi) H2g,e.31 @1, Uer3. e, day OMANOL her

Do omes, o CHIE (BRI Gl Shlellion sl % e

étuﬁ&ahaf3®5bﬁm§tﬁd2®QIOCHEGN’)USBXB 88 bhceyby), @0@(@4? M5 (C-2),
e 35 unified organic phases were drie
bllet (@'ﬁhﬂﬁﬁﬁég’l@hate filtered and evaporated in V\D

2004/ 096788 E’@Méﬁta?@@é%?@@a’d&ﬂated%%) V&@;Hmbﬁﬁ%%ﬁbm 19, H

gﬂ&% VI SCOUS ar anlgle5 glf\ll 9t hat conpri sed the tar get

4R) 4- hydr ost ﬁam@nd abmehﬁédé@awg RBulés pove mtmdnmdund
an_enantioneri cal IE% enri ched onpound of fornul a

R el R AL SR s AL A

(7699 . A sanpl e of the crude product (1 0 g) was

éMe‘hB acﬂ(iﬁétﬁ |etsfér| Qﬂ( &h&ﬂbﬁéﬁé&l 'éﬂﬂ&we%l/ c% o\{lnd %pfo%ula 6 wherein
yaction sgge 0, analyse the conpoun e pures
and evapor at ed in vacuo,

| eavi ng O. 31A90Lﬂ'fd Bd¥@ni fdsd u1p§@c!m/ﬂh‘ B¢eﬂdx2&3ndenser and a

% tgg/_l%roxgl edoxo t\(levtrahyro- ran- I)-acetorlltrll -
wagheticdtiHFopoated siHibReWaR Fhzfoed 1 O(ﬁsyg G4 H2R) §f)-4-hydroxy-6
M@ctetBhydro-pyran-2-yl)-acetonitrile as obtained in Example 1. 2,2- '
dimethoxypropane (3 mL) and p-toluenesulphonic acid hydrate (15 mg) were added,
and the mixture was heated to reflux for 5 h. Another portion of p-toluenesulphonic acid
hydrate (15 mg) was added, and heating was continued for another 5 h. After cooling to
ambient temperature, the mixture was diluted with ethyl acetate (30 mL) and washed
with aqueous sodium bicarbonate solution (5% w/w). The phases were separated, and
the aqueous phase was extracted with ethyl acetate (30 mL). The unified organic
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10 1H NWR (300 MHz, d6-DMSO, residual undeuterated
solvent as internal standard: 2.51 ppn): 8= 1.72-1.81
W@ Pgo4/09d488 H-3), 1.88-1.97 (m 1 H H 3), 2.44 p¢TNL2004/000284
= 17.5, -2 Hz, 1 H H5), 2-183-(dd, J = 17.5, 4.7 Hz,
1 H H5), 2.95 (dd, J = 17.1, 6.6 Hz, 1 H of CH2CN),
3.05 (dd, J = 17.1, 4.6 Hz, 1 H of CH2CN), 4.15-4.21
(m IHH-4)477487(m1H H2), 5.37 (d, J =

ehabeRSuersubinsdhin bl sRlRted epiin fhbtiod Sy g over

Sdidd sElphﬁﬂdZﬁ]Id)ed 38d 8ya@Bat2d (rovauG; Baving @.y8liqvCeol hat comprised

e g S e A P ESH by

atid heltly) eNeB(a@iﬁnahtnmmhcaﬂ?y &rriched korap8und\bfJoinul@8 wherein R'=
A hReands ha oLl ooanalors & SRHUAR BLRYS. VIR ol s
4R) - 4- hydr ox{H-BMBRX (300 A IO 1g resid@E uRdgutdratecietobuaint a4 Internal

SR R OREL 7 185 J AR e i -B) Suposaanetond. 38 G pH. M), 1.44

@CBH, Me’:)C1 ?s (wt’hyk 1231; ez H(zam He Rigd)t zemwd c/ai h;’we@n th¢qh of

of for
SRS et Fets Rt i BudOolf Ssmi etonce 3 (4, =
(AL I-KzomdBoFfSIGHZCMOB 67 (38 e3OOCRIFE1eqmt edHsHiB), D81 (m,, 1
harged with 0.56 g crude ((2R,  4R)-4-hydroxy- 6-
|glala'-‘lsetrahydro pyran-2-yl)-acetonitrile as obtained in

Exanpl e 1. 2132-NMRH(E’BWMQYOID@QGde(Lﬁerﬁie):I s@ﬂt@nt as mternal standard
i.)?-tol uenesul Ehonl c acid h
n

S Opmig 55 10 Bl e BN 28 £ el B BLe0's (€ ST oRNa), 51.7
(@mmge@s opsM ctamasy lopohow-2), 4666 (cn%/dwtoe(dotﬁm@p)

was ad was continued for anot her

After cooli né’"‘f“@;‘g%tﬁiljfb%m\"ﬁ EspiEs Rreve that fheecompeupd éorw&é is
@R BRGB-¥dnbmRtfVD, 2asebdye1(33@oxdn4-9 mﬁé@dimemyi Sster.

aqueous sodi um bi carbonate sol ution (5% w w)
phases were separat ed, and t he aqueous phase vvas

SO' uti on, drlh%dzw\ﬁﬂ'fs neTREW FHUng %ﬁ&ﬂtﬂ@sk Eddlbﬁcﬁﬂlth 8QFbpping
evapor at ed i.n vacuo, IeaV| ng a yell ow oi |

fugnglr @ Bieghani¢al s@rgﬁr@@p mel( @Qg:\@R 6S)-6- chloromethyl 4-hydroxy-
t@ﬁ%h@r Qf%hQWeréZs@s(J@hﬂ&i inderdideralisdd Wetel- (domh) withCifring. An
a

aci ester n enantionerically enriched

a&é&?ﬁ% FRteFIU v iDKEe GO hIer E149: RQ% WiY) weS adedgropwiss over a
5%4106 dVero ﬁ&ﬁ'@ rmertglo\‘ﬁﬁngnuﬁnél%m%%hw@dt& (4nfinedrid:removed.

3i residu

al
QIWH@LI‘%% %g@ itien @@t%ﬁ@rag{ge pﬁ@grrﬁqﬂtlgl?gmxture rose from 25°C to 35°C.

After stirring for additional 45 min solid potassium cyanide (35.6g) was added at once.
Within two hours the temperature of the reaction mixture rose from 30°C to 65°C (no
external cooling or heating applied). Subsequently the temperature of the reaction
mixture was kept between 50 and 55°C (with an oil bath) for additional two hours.

External heating was stopped and the reaction mixture was stirred at
room temperature over night.

The thermometer was replaced by a gas-outlet leading to a wash
bottle filled with 50% w/w KOH (to scrub the excess cyanide). Via a dropping funnel
aqueous hydrochloric acid (42ml, 37% w/w) was added over two hours while applying a
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standard: 7.26 ppm: 8= 1.12-1.38 (m 1 H, HY5)

superposed on 1.36 (s, 3 H M), 1.44 (s, 3 H M),
wa2g/o9a8s ", J = 12.6, -2 Hz, 1 H HD5), 2.39 ¥AUNLI004/000284

15.7, 6.1 Hz, 1 H of CH2CN)-,142.49 (center of

AB- system 2 H, CH2COOwe) superposed on 2.56 (dd, J =

10 15.7, 6.9 Hz, 1 H of CH2CN), 3.67 (s, 3 H, COOCH3),

4.13 (nme, 1 H H6), 4.31 (e, 1 H H4). 13CNW

SR R oSy tHeG bR RS iff' Pt e e ofne
addijgn. Aﬁellﬁvardls)me ré&ctibn CHid e purbdd for sixGOOEHBIth I"liﬁ"ﬁgéh to
4 (C-.4] G H), 99.5 (C2), 116.8 , 171.0 (COOwW) .
%%%’EI%W%?%@BC— NVR Eesul)ts pr ove(ﬂ:')at t he cof‘rpound)
formed is (THducitifpd Brixdyraveseitated @y gt papehgmd fhe filter cake
\&aé3 legéﬁ) ur tlr%{é%\e@h\%ie? (‘PCF I%agﬁ)t. li%la uﬁﬁé@ ﬁltrateEv)v(éasngcln%ngéusly

reparati
@m)actbdhylth eihyd -aBetajecfot ene diny dnothey pantio2 of/4quemas hgdriothiblic acid

Gmiote R PR 5 S BTN oot o B e
&xractd, coatimekywithadthyd acehaﬁarfoatvm days hEenumitigceorganig phases were
4 - .. . . .
i oyt dRf PR PR Pt KRR i vacvalsmiis aiptgyiscous
oibthet cc(nﬁmlsbm thve tlges tompourgl (2R 4R)guieyminexypd b Etrahydropyran-2-
Xgée%ﬁ]uﬁj?e %%t%grezél%fl 50% w w) was added dropw se

er a per hours. The dropping funnel was
rinsed with vvater (4m) and renoved. 25 During the

a;crdtlc amgcmetbﬁleetar oy anand;er $§Sfe ﬂha}n ewamg edded at once

Wthin two hours the tenperature of the reaction
m xture rose from30C to 65C (no external cooling or
heati ng applAealnd Bttbseftpsk etilippedeith emgfrxaiondenset ahtie

Tt T R T R
h&ahydngowms&s@qnptedntraie ds tobtainegido ekampleiix 2 2rdimetitoxypropane
{ t . ]
Al 308 R et BB Ml g v
[voas fat Iohdemlpera‘tur%)en-tmer’(rjesﬁﬁb%mbwfcnld(ﬂylgll(at@gs@gggﬂasst dueled, and
[0 .
N R LR e S R
thixture wakidilated pyith \eithiyd) ) aZﬂQa@b%lﬁﬁﬁﬁ&queous saturated sodium
r

QRS PO ThE ebpss i Ribariad 897 R HHEB LS SRR Ve
ediwcteddinree Aifrtes wmhraﬂbyl betatec h¢ unifiedrorganicephasss weregeathed with
éqq.lreoaé éatl]noaltjerdS sovéﬁum cﬁorldreogtﬁ&l drleae o %o&ér%es%ﬁatwtered, and
evaporated in vacuo leaving an orange oil that was purified by column chromatography
on silica (solvent: petroleum ether/MTBE gradient from 5+1 to 1+1). The resulting
yellow oil comprised the target compound ((4R, 6R)-6-cyanomethyl-2,2-dimethyl-[1,3]-
dioxan-4-yl)-acetic acid methyl ester. Yield: 12.7g (46%)
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The acidified m xture was filtrated through paper and
the filter cake 5 was washed four tinmes with water

W@ 1@a9esch) . The unified filtrate was conti nURPCENY2004/000284

extracted wth ethyl acetate fier one day. Another

portion of aqueous hydrochloric acid (1 m, 37% ww)

was added to the aqueous phase which phase was then
further extracted continuously with ethyl acetate for

two days. The unified organi c phases were dried over

sodi um sul phate, filtered and evaporated in vacuo

Exsuplad: Rrepacdiion of/Ssdlun_rgjﬁu_Rl aR){6-dvaadmethyp?, Q&Hdeﬂdvleﬁ 3]-dioxan-

B?%R%Met MnNall I e. Vi eI d: 369 (76% Exanpl e 4:
Prepar ati on

6R) - 6- cyano rrétr %@]@t@"}jﬂﬂteﬁwppqugﬂ 3 pagngtc B 1§ Fycoated stir bar
Wafthargent ivith BB@K!AR &R)-S-cyanomeingk- 2 2rdirsethlle1 Bpaivxan-4-yl)-acetic

db fl ask d, wi
ST PRI Bsigb e e . Sl s, o PR DR 3bbH By o) and
water (Ghai) g8oldiwn thydibigle solution (F2RWHR.9 4) Wasladaed Gropwize over 10

bk 4 0R S At IR e B o oSS Rt By e

teheentutefoefounisoune dthedoluend phdsaxvdsssepalzted ayd discarded and most
F1BE B R e BoGRoreyarad T BLE Ridous psusegfar the

folawinggeawtisn.cont i nued for three hours. After cooling
to anbient tenperature the mxture was diluted with
et hyl acetate and poured into aqgueous saturated sodi um
Bxarawle 6n Btepasatibn bf (4R, AReES-piamesetivwtlP-disetivi] ie8l:diexat-4-yi)-
h - aaueots. hase was extracted three tinmes with
. The unified organi c phases were washed
wi th 25 aquebhescrade wsidued pblod) fromadxaopled® waes lttahsferred to a

d
G RefF B MPReR bR Breohede PR oS purmey BBl g star
frag. Time rehdmwasngmapﬂswazaotroplcIdlsmﬂat(oawmeuIUen@eﬂtﬂtm endrof the
G A g VM g s AL st
1) F@ﬁ@%ﬂﬂ?@jﬂb&)&bﬁdﬁ (z-ﬂimﬂmis%ddd[ed dﬁjpwme vna a syringe over 2.5 hours
- 4- -acetic ac
A BIR abetisd i 8 skt PR IG b e feSEudg paintained.
AfterPhe pdditidn was ﬂxflslﬁmdthdﬂreéctﬁtﬁlﬁlmlxturegwas stlrred at room temperature for
i met hy
AR BT dRfe mirtnsiet 1oLie BHEE uamgsertin te
foflofing stepa 7 wherein R =CN, R2=R3=Me, Y=Na). 5 A
round bottom fl ask equi pped with a nagnetic

PTFE-coated stir bar
Example 7: Preparation of 1,1-Dimethylethyl ({(4R, 6R)-8-cyanomethyl-2.2-dimethyi-

[1,3]-dioxan-4-yl)-acetate (an enantiomerically enriched comioound of formula 8
wherein R'=CN, R?=R%=Me, R%=tert buty):
A round bottom flask equipped with a magnetic PTFE-coated stir bar

was charged with tert-butanol (10 ml) and N-methylmorpholine (8 ml). To this solution
the toluene suspension was added at room temperature over 30 minutes. The resulting
dark brown solution was stirred at room temperature for 12 hours. After dilution with
toluene the organic layer was washed three times with aqueous saturated sodium
bicarbonate solution, once with aqueous saturated ammonium chloride solution and

once with aqueous saturated sodium chloride solution. The organic layer was dried



was charged with 6.4g ((4R
6R) - 6- cyanonet hyl - 2, 2-di net hyl -[ 1, 3] - di oxan-4-yl) -acet

WO 2004004788 met hyl ester as obtained i n exanpl e BCT/NL2004/000284
toluene (10 m ), nethanol (436-ng) and water (6 m).
Sodi um hydroxi de solution (32 ww¥g 3.9 g) was added
dropwi se over 10 mnutes at roomtenperature. The
resulting two phase m xture was stirred at room 10

t erat urge f four _hours. The tol uene. S ST .
VEPER P S ot ieketh e Varkmed T VP ML AT B A B wpepus o
thaswey pyifiedtoy columnveiromatoghephg oncitica ésilvibne psérsleusesther/ethyl
%c%’eiﬁte 3%1). TRE QMY JoRE B ked G IRIG BimpbltP TR 5RJ% 1
@aheémewaz,ammhmw[z , Z-dtixem4hpi)-adelic atid derd kagl &bt Yieldt 3.3g
gtic i oride: The crude residue (pH >9) from
@%gﬂrﬂvgratér%ﬂsg%sr ansferred to a round bottom fl ask
equi pped w t TheNhikeata iof the Taiget oo maling tare ideaticah tullitarature data

n Stark. trap. The_resi was dried by azeotropic
@f@???c{@fh’é%éﬁﬁ%nggﬁﬁéﬁ)?% the end of the drying
process 100 m toluene was left with the solid sodium
salt. The Dean Stark trap 20 was renoved.

Oxal yl chloride (3.5 m) was added dropwi se via a
syringe over 2.5 hours at roomtenperature while a
per manent nitrogen flow through the flask was

mai ntai ned. After the addition was finished, the
reaction mxture was stirred at roomtenperature for
an additional four hours. The orange suspension that
had fornmed was used in the follow ng step. 25 Exanple
7: Preparation of 1,1-Dinethylethyl ((4R

6R) - 6- cvanonet hvl - 2, 2- di net hyl -

[1, 31-di oxan-4-yl)-acetate (an enantionerically

enri ched conmpound of formula 8 wherein R =CN,
R2=R3=Me, R5=tert butyl): A round bottom fl ask

equi pped with a magnetic PTFE-coated stir bar 30 was
charged with tert-butanol (10 m) and

N- net hyl norpholine (8 mM). To this solution the

t ol uene suspensi on was added at room tenperature over
30 mnutes. The resulting dark brown solution was
stirred at roomtenperature for 12 hours. After
dilution with toluene the organic |ayer was washed
three tinmes with aqueous saturated sodi um bicarbonate
sol ution, once wi th aqueous saturated amoni um
chloride solution and 35 once with agueous saturated
sodi um chl ori de solution. The organic |ayer was dried
WD 2004/ 096788 PCT/ NL2004/ 000284 -16 with sodi um

sul fate, filtered, and evaporated in vacuo |eaving 79
of a dark viscous oil



that was purified by colum chromat ography on silica
(solvent: petroleumether/ethyl acetate 8+1). The
WO e®4l9d788) sol id conprised the target conpoundPCT /AR2004/000284
6R) - 6- -17 -
cyanonet hyl -2, 2-di net hyl -[ 1, 3] - di oxan-4-yl ) -acetic
acid tent butyl ester. Yield: 3.39g 5 (43% over three
steps. The NWVR data of the target conmpound are
j jcal to literature data published for this
nd (EP 1077212). WD 2004/ 096788
PCT/ NL2004/ 000284 -17- CLAIMS 1. Process for the
repargtion of..a conpound .of fornula NC 5 OH
P2y P PlerEt BLrE BT AP e ool B ey v 10
(2) wherein X stands for a leaving group is reacted
with a cyapide iomyin watgr and wherein the pHis
subse | yNower e pH between 0 and 5. 15 2.
Proces aim1l, wherein the cyanide ion
concentration |s at lgast 1 nole per litre. 3.
Process accor di laim1l or claim?2, wherein the
nol ar ratio betwe the total quantity of cyanide ion
and the total quantity of conpound of fornmula 2, is
between 0.5 and 1 20 4. Process according to any of
clains 1-3, wherein the conpound of formula 1 is
first treated with a base prior to being reacted with
a cyanide ion. 5. Process according to cligi m 4,
wherein the base is used in a nolar ratio of between
0. 3 andheteing commeard@f fsmulde2 anount of conpound of
formula 2. 6. Process according to any of clains 1-5,
wherein the conp%und of 5ornul alis

X

OH
()

wherein X stands for a leaving group is reacted with a cyanide ion in water
and wherein the pH is subsequently lowered to a pH between 0 and 5.

2. Process according to claim 1, wherein the cyanide ion concentration is at least
1 mole per litre.

3. Process according to claim 1 or claim 2, wherein the molar ratio between the
total quantity of cyanide ion and the total quantity of compound of formula 2, is
between 0.5 and 10.

4. Process according to any of claims 1-3, wherein the compound of formula 1 is
first treated with a base prior to being reacted with a cyanide ion.

5. Process according to claim 4, wherein the base is used in a molar ratio of
between 0.3 and 3 as compared to the amount of compound of formula 2.

6. Process according to any of claims 1-5, wherein the compound of formula 1 is
reduced with a suitable reducing agent to form the corresponding compound

of formula 3:
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25 reduced with a suitable reducing agent to formthe
correspondi ng conpound of fornmula 3: WO 2004/ 096788

wWOeODARRZ804/ 000284 -18 RN OO Y OH (3) 7. RIDNEI®4/000284

according to any of clains }-18,- wherein the conmpound

of formula 2, 5 wherein X stands for a | eaving group

is prepared by an al dol condensation between
acet al dehyde and an al dehyde which is substituted on

the 2-position by X, wherein X is as defined above,

in the presence of an aldolase and by subsequent

0 Rd of formula 4, O OH X

10 OH (4) efi ned above, with an
oxi di zi ng agent. according to claim?7,

wherei n the al dol ase used jis 2-deoxyri bose- 5-

phosphat e al dol ase ~ EC 4.1.2.4) or a nutant
thereof. 9. Process acg¢ording to any of clains 1-8,
wherein a conpound of {formula 1 or a 15 conpound of
formula 3 is convertedOHnto a conpound of fornmula 6, O (3)
><r RL OR4 (6) wherein Rl stands for CN or CH2NH2 and
R2, R3 and R4 each independently 20 stand for an

&l kyl , Praness daaeniding @ anyof olainks/1-6, whergil thelckmpylind afiformula 2,

aryl
For m andiEn’t Sl e TR o Iy R LS B o A1 PR engn
PCT/ NL@@W%@M@dehyd:eganMan(ﬂidQHydy which i eulraituiged ob Hienyposition
made ' {
pr esendR TR B Rk a6 B 2BREEnoq B ar dblzce ana by
of f orsubsequ@eniiedstionRof the mrmeﬁ@pnﬁmmdsofdptmldadl, I y
reduced with a suitable reducing agent to form the
correspondi ng corropound of formula 6 with Rl stands for
CH2NH2. . OH

X

OH 4
wherein X is as defined above, with an oxidizing agent.
8. Process according to claim 7, wherein the aldolase used is 2-deoxyribose-5-
phosphate aldolase (DERA, EC 4.1.2.4) or a mutant thereof.
9. Process according to any of claims 1-8, wherein a compound of formula 1 or a

compound of formula 3 is converted into a compound of formula 6,

R1 \)\/UJ\
OR? 6)

wherein R* stands for CN or CH,NH, and R?, R® and R* each independently
stand for an alkyl, an alkenyl, a cycloalkyl, a cycloalkenyl, an aryl or an aralkyl
group and wherein R? and R® may form a ring together with the C-atom to
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5 10. Process according to claim9, wherein a conpound
of formula 6, wherein RL stands for CN or CH2NH2 and

wobere9aTsR2, R3 and R4 are as defi ned above i SPCT/NL2004/000284

subsequent |y hydrol ysed in t+t#® presence of a base and
water to formthe corresponding salt of formula 7, 3
O > R 10 OY (7) wherein Y stands for an al kal i
nmetal or a substituted or unsubstituted anmonium

0040 WPl LGSR oA S,

of f or thelpresenceloéae iaud\éa’ealyaham Wwbereh) the @oohpotned efi farntdie 6 with

S

t o f or thetdoerespondirgpantiongd stdormola GagithdR’ thniﬂﬁfolmjl-aNHg

f 1P )
ai m Heeanarardhy B ibronpaaipoyRT bR fingein R
f or mul staiids &or ChheraCHAtH,i artdovhdreindyr R& apd Ri areggassdfmed above is

St ands Y BPLRIH M Eieel 1 Peseicedr  hattal et form the

def i necoredspordingnalt offemailm7R5 may represent the sane
groups as given above for R2, R3 and R4, in a manner
known per se. 25 12. Process according to claim 11,
wherein the s&¢ of fRYnmula 7 is converted into the
correspondi ng es of forrmula 8 by contacting the

salt of formul im™~gn inegt solvent with an acid
chloride formng agenf to fopmthe correspondi ng WO

-20 acid chloride and

hl ori de with an al coho

of fornmuld R5CH, wherei W R5 i s @&s defined above, in (7

the pr |

wher gl \ﬁﬁ%ﬁ@e\g g{atn% F@taﬁﬂd(ah?&{tﬁ t?)? srﬁ%%t(tl}ugm]dr I@g\ﬂistltu

for GChnimondm groop) cbgtlon@tydcltydvedn hylcoavaensionalf khee sadtchiidormgla 7 to
agent 49 cfo%g'ﬂc}rﬁ%g acid (the compound of formula 7, wherein Y stands for H)

and wherein the salt or acid of formula 7 with R" stands for CN is optionally

reduced with a suitable reducing agent to form the corresponding salt or acid
of formula 7 with R" stands for CH,NH.,.

11. Process according to claim 10, wherein the salt of formula 7 or the acid of
formula 7 is converted into the corresponding ester of formula 8

R1M/“\
ORS5 (8

wherein R" stands for CN or CH,NH,, wherein R? and R® are as defined above
and wherein R® may represent the same groups as given above for R?, R® and
R* in a manner known per se.

12. Process according to claim 11, wherein the salt of formula 7 is converted into
the corresponding ester of formula 8 by contacting the salt of formula 7 in an
inert solvent with an acid chloride forming agent to form the corresponding
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5 corresponding salt or acid of formula 7 with Rl
stands for CH2NH2. 13. Process according to any of

W@ k@its6788 12, wherein the conmpound with a nitrPCENL2004/000284

group (Rl stands for CN) is -r28duced with a suitable
reduci ng agent to formthe correspondi ng conpound
with an am ne group (Rl stands for CH2NH2). 14.
Process according to any of clains 1-13, wherein the

bt ai ned d, 0. ' i cal . i,ched
00t 5 BB v BRI LR e B oo
t he obfoannledR° Cbtypbareh Rsis dsudefihed alcamy Fhrthiedrdsahc:e ?f N-methy!
[ i Ly A t.af, it [ S [
2 © ran el At S WARER bistheffor 550 s sl b B 1 ffncs for
by a pCNdespticnalipreducey with asyitafle eldacing ageritdo form thé
o ot or G858 o 8 RFEBERYS 1530 R SHGh etk
13. Process according to any of claims 7-12, v;her?ain the compound vlvith a nitrile
4- hyd - : tet ydr o- - 2- -acetonitri

b (2 R G R Rl R s ebiee R e B fom the
(6- cy acwrespbrydingcétaph umetwithl ar{ dmide draupaR’ Stangs JoraBHENHS).

|dnﬁ1hl aesé:% ing tg. of claims 1-13, in the obtai compound is

- cyanSFETHRACOS N8 Ig;amK ch§iRIMS -4 P whisrgin the gptpinsg

[ tidmeti gdhed,

?5 62;%1?%&;;5;%5 tgiarrrl?to;] XI'afan% -:?11 dvivf?exrg'lﬂ _tﬁ'e_ that)ai_ngg %toimc ound is
ac‘idi-% pyi cest'et’, ' | mp
( 6- cy amdhert dopverBsdinidi statinh preférably | doroxstatirdoniis)catohet isalt in a

id - I t
?gl- ( 2-"3@&%%%?‘?@?5’%-2- di met hyl - [ 1, 3] di oxan- 4-yl ] - acet
1& aciUdse ofedt ¢yrhmsindroptained by a process according to any of claims 1-15 in

i[ 2 (agltﬁcren pgéjq%%%t@ﬁ{oi?%hgfn‘%iéc%h@f lpFJp%ra%i]og,l p%%péb?i 3 lsla_ti%,c Shre
[ 6- ( 2-@eierableAtoptastatin2- di met hyl - [ 1, 3] di oxan-4-yl ] - acet

{e- (- GRS B nurmp vy acciamiiis, Q2 Ay ety

I ¢ acihydroxygeioghydespyean-2idie, @cjaoometrgs2 ardineiyk[d,3]dioxan-4-

g'nf‘: L"Hé)ggce%%‘a'n’i‘etﬁﬂ%s%‘r’, QRSP QIR £ Bldidkan-4-yi)-
acetic acid ethyl ester, (6-cyanomethyl-2,2-dimethyl-[1,3]dioxan-4-yl)-acetic
acid i-propyl ester, (6-cyanomethyl-2,2-dimethyl-[1,3]dioxan-4-yl)-acetic acid
n-propyl ester, [6-(2-amino-ethyl)-2,2-dimethyl-[1,3]dioxan-4-yl]-acetic acid
methylester, [6-(2-amino-ethyl)-2,2-dimethyl-[1,3]dioxan-4-yl]-acetic acid
ethylester, [6-(2-amino-ethyl)-2,2-dimethyl-[1,3]dioxan-4-yl]-acetic acid i-
propylester, [6-(2-amino-ethyl)-2,2-dimethyl-[1,3]dioxan-4-yl]-acetic acid n-
propylester.

18. Compound according to claim 17, wherein the compound is enantiomerically

enriched.



