28 March 2007 -1 PROCESS FOR THE PREPARATI ON OF (4- HYDROXY- 6- OXO
TETRAHYDROPYRAN- 2- YL) ACETONI TRI LE AND DERI VATI VES THEREOF simﬁch?bgft'on
relates to a process for the preparation of a conpound of fornu

O H (1) 10 The conpound nenti oned above can suitably be used as an
internediate in the preparation of several active ingredients of

phar maceuticals, in particular in the preparation of HMG CoA reductase
inhibitors, nore in particular in the preparation of statins, for exanple
in the preparation of Atorvastatin as described by A 15 Kl eemann, J.

Engel ; pharnmaceuti cal substances, synthe5|§ patents, applications 4th
edition, 2001 Georg Thiene Verlag, p. 146-150. The conpound of forrmula 1 is
prepared according to the invention by reacting a conpound of fornula 2 O
X 020 OH (2) wher 3t I 0 M-t |de|on|n
wat er and by subse(8 és @Q%JE%RE Beteer d 5. 25
Conpar ed to t hEEKRaWDRAOESASL- ‘ﬂd A@@T@HWLE M\JD DERWATQB’ES MEFREI@FZS
March 2Q07 -2 invention is a facile process which process Is also
efficient and cost-effective. Advantages of the present process are for
exanple that it is well Thpsvahtabletstegioasproneds foethei prepdration & etggound

ul tral ow tepmeralyrye or hazardous reagents |i ke netalorganics or

al kyl bor anes.

NC

OH (1)
10
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.
16 Kieemann, 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

20 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.

25 Compared to the known processes to Atorvastatin, the process of the



S Leaving groups X, which can be used in this reaction include for exanple
hal ogens, in particular G, Br, I; sulfonic acid ester group$gmdic 2&87
particular tosylate, nesylate or benzene sul fonate groups, each o I ch
may optionally be substituted with a nitro or a hal ogen group; acyl oxy
groups, in particular acetoxy or benzoyRoexy groups. For practical reasons,
X preferably stands for . 10 For the above reaction, cyanide ions may,

for exanple, be added to the reaction in the formof cyanide salts or as a
conbi nation of HCN and a base. In principle all cyanide salts known to the
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ion, is inopmnmtipl esenebdiomidyaoidk or Bsarpluescehideas pefsich may 28 March

2007 Preferably the concentration of the cyanide ions is at least 1 mole per

litre, more preferably at least 5 moles per litre and most preferably at least 10 moles
per litre. The concentration of the cyanide ions is preferably chosen as high as

20  possible.

The temperature of the reaction is in principle not critical, for example
temperatures may be chosen between 0 and 100°C, preferably between 30 and 70°C,
more preferably between 40 and 60°C.

Lowering of the pH to a pH between 0 and 5, preferably between 2

25  and 4 can be done according to a manner known 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
hypochiorite or with H,0,, for example as described in US 3,617,567,

30 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 vessael.

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

35  reaction with a cyanide ion, is in principle not critical. Examples of bases which may



-3 suitably be used include: alkali (earth) nmetal hydroxides, e.g. sodium
or potassium hydroxide, alkali (earth) netal carbonates, e.g h@ﬂghﬁﬁb
carbonate or magnesium carbonate, NH4OH or N(al kyl ) 40H, alcoﬁo at es, NHS
or ‘N(al kyl )3 and carboxyl ates. The base is preferably used in a nol ar
ratio of between 0.3 and 3 as conpared t®-the 5 anount of conpound of
formula 2, nore preferably in a nolar ratio between 0.5 and 1.5, nost
preferably in a nolar ratio between 0.9 and 1.1. If the conpound of fornula
2 is first treated with a base, the nolar ratio between the total quantity

of cyanide | I e f . c ound of formula 2, .is
preferably E@%v% léé'egq%%l@&%&!k%ﬁg?%dh)\é}&%@@ﬁrﬁ%@eﬁ,&%ﬁqw 2hePESsiPst
preferably betragdn alk (aath)2ndal dbbdrfatdshe.oc eogiomndrtafhafeosrmmbgnediuing not
first treat i ref erabl the | ar, ratio between the total
quantity of 8%9%%%@@%?% (Eﬁ‘ﬁ@‘*@gt %'FX“%ﬂSﬁtWyord\‘(a@és%%%@r Pt Sul a 2,
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bet ween 2. 5 uji val ents. Th ound of farnula 1 _may be
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i sobutyl a i e),;. hydrogen reducing agents, exanpl e Raney
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2, vvlhgrfléi n X stands forlfmelc&mvridmgdg)lfgmﬁauiarmmnof frist @%ﬁﬁ@kﬁhﬁbﬁs@{,ﬁpaa ed by
an aldol c i,on t wee ceta e an n 25 alde e ichis
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The compound of formula 1 may be reduced with a suitable reducing
15 agent to form the corresponding compound of formula 3:

HoN 0 o)

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 nitrite to an amine.
20 Examples of reducing agents include hydride reducing agents, for example dibalH (di
isobutylaluminiumhydride); hydrogen reducing agents, for example Raney nickel with
Hz, Rh/ALO/NH, or Pd(OH), with H,.
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
25  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



OH (4) wherein X is as defined, above with an oxidizing agent. 5
Preferably, in the aldol condensation for the preparation of .3 Hﬁﬁﬁ?d of
formula 4, the carbonyl concentration, - the sumof the concentration of
al dehyde, 2-substituted al dehyde and the internediate product forned in the
reaction between the al dehyde and the 24substituted al dehyde (a
4-substituted-3 hydroxybutanal internediate)-, is between 0.1 and 5 nol es
per litre of the reaction 10 m xture, nore preferably between 0.6 and 4
noles per litre of the reaction mxture. The reaction tenperature and the
H are not ¢ridl : n.as function of the substrate.
greferably %ﬂg%Fgggﬁ?%%mﬁgﬁ?E???@%pgﬁﬁmﬂwdfﬁéﬁngh?d phase. The reaction
can be carried out for exanple at a reaction tenperature between -5 and
45C, preferabl y. betweens 0 andpli0OC and a pH between 5.5 and 9, preferably
15 betmeenF? he ion is preferably carried out at nore or |ess
constant pH, | e being nade of a buffer or of automatic
titration, As a bufiffer for; exanple sodi um and potassi um bi carbonat e,
sodi um and pot assi hate, triethanolam ne/HCl, bis-tris-propane/ HC
and HEPES/ KOH can be plied. Preferably 20 a potassium or sodi um
bi carbonate buffer is applied, for exanple in a concentration between 20
and 400 mmol es/I of r tion mxture. The nolar ratio between the total
gquantity of al dehyde and the total quantity of 2-substituted! dehyde is
not very crwhereinlX g qufioédraboly withes dxetiaveeageht5: 1 and 4:1, in particul ar

between:1.8:1 and 2.2:1 abl.y, the al dol ase_used is.
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chosen as a function of the substrate. Preferably the reaction is carried out in the liquid

phase. The reaction can be carried out for example at a reaction temperature between
-5 and 45°C, preferably between 0 and 10°C and a pH between 5.5 and 9, preferably

15 between 6 and 8.

The reaction is preferably carried out at more or less constant pH,
use for example being made of a buffer or of automatic titration. As a buffer for
example sodium and potassium bicarbonate, sodium and potassium phosphate,
triethanolamine/HCl, bis-tris-propane/HCI and HEPES/KOH can be applied. Preferabiy

20 apotassium or sodium bicarbonate buffer is applied, for example in a concentration
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 particufar between 1.8:1 and 2.2:1.

25 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 exampte the reactants applied, the reactant concentrations, the
deymdraKMWﬂem,medeamddumMonoﬁhemadbnandomeramanCGCMm.

30 The quantity of DERA to be used lies between for example 50 and 5000 U/mmole of



per mnute at 37C. The process of the invention is especially advantageous
since both 5 the preparation of a conpound of fornmula 2 fro §mHgFﬁ2 07

al dehydes and t he subsequent conversion of the conpound of formula 2 Into
a conmpound of forrmula 1 may be perforned in water. The use of water as a
sol vent has many advantages known to theb-person skilled in the art, for
exanple, water is a cheap, wdely avail able and environnentally benign
solvent. 10 As an oxidizing agent to be used in the oxidization of the
conpound of formula 4, in principle all oxidizing agents known to the

skilled per : i I jdati.on of an alcohol to. a ketone
can be aBpI ?%&.Ub%ggﬁgloggﬂ%ﬁb%gﬁ}éﬁd él§§$@§z?§g&5’ éﬁtasrn??.'s&r%aétﬁe@éym@%
NaCl O, N1lO4act@itpandnerremmooss thetbe choversiranpl @mdR0g. 2-TdexyaomgeesHnbogihator nul a

1 or a conp - la 3 may be 15 subsequently converted into a
conpound ofs#gﬁ'ﬁg{eagtg?% R3 O0<O0O0 R- O4 (6) wherein R stands for CN

or CH2NH2 and R2, R3 andh&dreeashof thdépeniitenitlegpsdiallythdvantag@busding toth Wit h

for inst@anc -.at reterably, 1-6 C-ato n al kenyl with for

i nst anctesal tﬁgjpi‘%%é gotn(%r];% ,C%g?pe 595&&’3'}@&%2 %9%853@? a&%@y@qso%ni@p siPEerUeBk

i nstance 3conve@sanarfehe eoroyairdladfkemyia dirtid afodomponsd anfoemda? Gapbens, an
instance 7 to

aryl with f i =10 C-atonms or an aralkyl with for
12" C atom,%ﬁgéﬁé%mt?r'%%a%gog NGy %%Ol\ée@tr)s?? %@Pé&déﬂaagﬁe’?WH ‘®%nd R3
may form a persan skdgetingre avt,tfor dxtaenp, atadem it @ cRbawhiigdly bhgwbar shdoound, use

bei ng nmade : i . al formng agent, in the presence of an acid
cat al yst, f%{\”rg?(@%%@pg%@i%@ﬁ%ed in WO 02/ 06266. The substituents on R2,

R3 and R4 are for exanpheahakidgemsagent toltyediseeian Benoxidigatps olithdcddsodnast ance
1-10 G ato i Ly .containing one or nore  heterpatons, for instance
Si, N, P, (r)gq. ’f%%ﬁé E’Qﬁ? ,pL’%Cr'gigratlllo.x' ”tt%'%?ﬁ“éﬂ foyfpe F@ﬁ%cfgerPB” 954 ght - chai n
as wel | as applitabémiotibel oxidatiar aftadhltytd akdione ehraba spplPsarRABBIobf tiwse are
methyl, et h:&‘d’izirﬂj Qée%é”n’clu'dé%ﬂ?&z,’Nazéol}/ﬁﬁ(ﬂ,] C%89§nd f:)groxides, for example HxO..
The compound of formula 1 or a compound of formula 3 may be
15 subsequently converted into a compound of formula 6,

R1\/[\)\/U\
OR* (6)

wherein R stands for CN or CH,NH, and R?, R® and R* each independentiy stand for
20 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 cycloalky! with for instance

3-7 C-atoms, a cycloatkenyl with for instance 3-7 C-atoms, an aryl with for instance

6-10 C-atoms or an aralky! with for instance 7 to 12 C-atoms, each of R2, R® and R*

may be substituted and wherein R? and R® may form a ring together with the C-atom to
25 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 |.

30 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,



n-butyl, t-butyl, hexyl and octyl. The term al kenyl relates to

strai ght-chain and branched unsaturated hydrocarbon chains, 'Mﬁﬁ hE

allyl and i-butenyl. The term cycl oal kyl conprises saturate rorng s aped
hydr ocarbon chai ns. Exanpl es of these are cyclopentyl and cycl ohexyl. The
term cycl oal kenyl refers to unsaturated-6i-ng-shaped 5 hydrocarbon chains.
The termaryl relates to aromati ¢ and heteroaronatic systens, as well as
substituted variants thereof. Exanples of these are phenyl, p-nethyl phenyl,
and furanyl. The tern1ara|ky| means a conbination of aryl and alkyl wth

f | e benzyl. Th
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p-t ol ueife sQlphalkjicmac pheferazay hretiey! @uéﬂnbppr&e@@ Xd?@taﬁ@é@h%@t@“'lrfhonk CI .
acid; or |nor§an| 2stﬁ;3 %?am EY’ with a a non-nucl eophi | i

anion, for &P & s Pdng dS”]q@ipref?ﬁc?gphorl c acid: acid ion

exchangers, for exarrpl eE)EXEMEé% o%u:t@@ﬂelaiemfdﬂﬁzmgf en®XREPLM Eé@pp?l@d m’—ﬁe
call ed hetero out W t hout

% acet al (g @IOI’] can be carried
using a separ ge[Sé: acg%r {P@nt ?Wa@aﬂ IBAUhEa KEREY PRAN SR RAUSEs EthdBe r i ed out
in an or gaml%mw@lrmteacli)paéfpia@%/ ha&fngsuefcahioﬂ A6rAAToLins@h¥ent s incl ude

I t dr ocar bons particul ar aromatic
nyclr ocaPborts? e A P aS b s B e ar ) Ra ey aPTsa b e Ak 6o

exanpl e metdngfeebty fehviray {-Gearbbreatb@BPRF Rbthee atm¥hb eafetal formng
rea(r:Ti on i o o |caI and pref e?@blé;/%l i es between -20C

rried out t cri
and 150C, | etﬁgﬂpr%qﬁngr MJBgtt ;%@%ﬁre 2 dlmethoxypropane This can optionally be
formed in situ from acetone and methanol, preferably with water being removed.

As acid catalyst use can be made of the acid catalysts known for
20 acetal forming reactions, preferably organic strong acids, with a pk, < 4, with a non-
nucleophific anion, for example sulphonic acids, in particular p-toluene sulphonic acid,
methane sulphonic acid or camphor sulphonic acid; or inorganic strong acids, with a
pka < 4, with a non-nucleophilic anion, for example sulphuric acid, HCI, phosphoric
acid: acid ion exchangers, for example DOWEX; or solid acids, for example the so-
25 called heteropolyacids.

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

30  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

35  preferably lies between 1:1 and 20:1, in particular between 3:1 and 5:1, Using an



and 100C. The nolar ratio of acetal form ng agent to the conpound of
formula 5 35 preferably lies between 1:1 and 20:1, in partigylyar..Ropyeen
3:1 and 5:1. Using an 28 March 2007 -7 organic solvent the nolar ratio is
in‘particular between 1:1 and 2:1. The nolar ratio of acid catalyst to the
conpound of forrmula 5 preferably lies bétween 1:1 and 0.001:1, in _
particul ar between 0.05:1 and 0.1:1. The conpound of formula 6, wherein Rl
stands for CN or CH2ZNH2 5 and wherein R2, R3 and R4 are as defined above
may be subsequently hydrolysed in the presence of a base and water to form

the corres ' f e O-0 QO RL OY (7) whereinY
stands for pgﬁqg{&%g i th% T&glrl" %ﬁb?sn’ét%%@@???weﬁﬁﬁ-gwg pot assi um
preferably 10 sodi um Jhearhd(m retieaf 4did ombigbt, tofiey cdrﬁ;ﬁ@ﬂ@fdfﬁf@!h%l um or

[ tituted, or subs t d amroni um
;?loﬁ:o?mpr 2; er a%?@%f%@a%myfa%mﬂ?ﬁn%“ RSB b%qe&%\ n# e hydrol ysi s
is followed by conversi onetcanudwndof foers;prarﬁjlm\)m\%reérﬁztflﬁs@uﬂﬁlfql?%:er\ﬁ ﬁrrgrl%)rla;; . of

in

ereingy | s describ
\t/\ﬂe corrpoun%jcwh%or nul’ %%n% ngarr%flérds WEPinRY W“%S%u%“ﬁ’ﬁ‘y%toﬂs%sﬁ I
base equi vathemregssinne phatbeebad whtet t@fdﬁl@&l@e eqispah@nt salt beloahiiye, t o the
compound of formula 6. In principle a |larger excess can be used, but in
practice this usually does not offer any advantages. The reaction is
preferably carriedRéut at_ R’ tenperature between -20C and 60C, in _
particul ar between 0O d 30C. 20 The hydrolysis can for exanple be carried
out in water, an ofgdni c™>gol vent for exanple an al cohol, in particular
nmet hanol or et hanol matic hydrocarbon, for exanple toluene, or a
ketone, in thyl isobutyl ketone (MBK), or a

m xture of ter, optionally catal ysed by a phase
transfer catal Y a cosolvent. 25 The comqound of

formula 6, WhSLAN B ds B?an%%(a?ﬂgetﬁa'for nstahice lithium, sodium, potassium, preferably

10 sodium; an alkali earth metal, for instance magnesium or calcium, preferably calcium;

or a substituted or unsubstituted ammonium group, preferably a tetraalkyl ammonium
group. Optionally, the hydrolysis is followed by conversion to the corresponding
compound of formula 7, wherein Y is H, for example as described in WO 02/06266.
The hydrolysis of the compound of formula 6 is preferably carried out
15 with at least 1 base equivalent, in particular 1-1.5 base equivalents, relative to the
. compound of formula 6. In principle a larger excess can be used, but in practice this
usually does not offer any advantages.
The reaction is preferably carried out at a temperature between
-20°C and 60°C, in particular between 0°C and 30°C.

20 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.

25 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

30 acompound of formula 6 into the corresponding salt of formula 7 include enzymes with

lipase or esterase activity, for example enzymes from Pseudomonas, in particular



defined above may al so be converted enzymatically to formthe correspondi ng
salt of fornula 7, wherein R, R2, R3 and Y are as defined 3bqye.Hoh
exanpl e .as described in WO 02/ 06266. Exanpl es of enzynmes that can SU|zany
be 'used in the conversion of 30 a compound of fornmula 6 into the
corresponding salt of fornmula 7 include-&nzynes with |ipase or esterase
activity, for exanple enzynes from Pseudononas, in particular 28 March 2007
-8 Pseudononas fl uorescens, Pseudononas fragi; Burkhol deria, for exanple
Bur khol deri a cepaci a; Chronobacterium in particular Chronobacterium
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comonl y kn c n r. are avai |l abl e. The salt of
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OXO 0O R~ cnlzsr Qﬁ?rased:’r\&fmafeiy rusk'is stadadé afh enzyche GomGPENBmoesH8aR2 and R3
are as defiped 8PAKEs 8Ndgknoideria cepacia, porcine pancreas, Rhizomucor miehei,
Humicola lanuginosa, Candida rugosa or Candida antarctica or subtilisin. Such
15 enzymes can be obtained using commonly known technologies and/or are

commercially avaitable.

The salt of formula 7 may be converted into the corresponding ester
of formula 8

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, propy!, isobutyl or tert butyl group. An
25 important group of esters of formula 8 that can be prepared with the process according

to the invention are fert butyl esters (R° represents fert butyl).

20

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

30 corresponding acid chloride and by contacting the formed acid chiloride with an alcohol
of formula R°OH, wherein R® is as defined above, in the presence of N-methyi



wherein R5 may represent the sanme groups as given above for R2, R3 and R4,
in a manner known per se (for exanple as described in WO oz&gq&ggh2059r
exanpl e RS may represent a nethyl, ethyl, propyl, isobutyl or tent buty
group. An 25 inportant group of esters of fornula 8 that can be prepared
with the process according to the invenbi-on are tent butyl esters (RS
represents tent butyl). In a special aspect of the invention the salt of
formula 7 is converted into the corresponding ester of fornula 8 by
contacting the salt of formula 7 in an inert solvent, for exanple tol uene,

w th an aci rmng agent to formthe 30 corresponding acid
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formul a RSOH, wherei n RIhescaischieide fierthiad eyent cah bt keogyresan ee @bubl-onet hyl

h| de f b
A L T e e

Sui t abl e exagpiteschileasaly chbrate tlﬁarfyothﬂbrnge F@gﬁﬂ’@j !arﬁlﬂ:li’@flt% G’Xe”:fbbélblyGthéO“ de,

hi d
oo & eabl BB it otmidedty BU8el b Dt e Ao SO LS sSh B of ©

formula 7, muﬁaﬁsﬁannﬁamm@é\eﬂ1 and 3:qaiiondd, s praf@aBly etlesinahb ¥nd
between 1.2 g@% r teqw valents. |If desired, in the acid chloride
formation aI avaaetnaﬁ yst may be present. The ambunt of cat al yst may for
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g:);gt ng’f o W%@”@NO@@@H ﬁ(?or{er@l r t gf fornula 7, in this special
aspect of t he inventi onTheasomitlof apenditof edrmINMVR GH Td Kdt&BEy drlicsiah e
eventual |y o%ﬁU&' %' P the salt of formula 7 and preferably is between 1 and 15 equivalent
calculated with respect to the amount of salt of formula 7, more preferabiy between 2
and 13, most preferably between 3 and 8.

20 In practice, in the conversion of the salt of formula 7, in this special
aspect of the invention, a small amount of NMM, efficient to catch eventually remaining
free HCI, for instance 1.5 to 2.5, preferably 1.8 to 2.0 equivalents calculated with
respect to the amount of salt of formula 7 is applied. When a large excess of acid
chloride forming agent is used, preferably higher amounts of NMM are used, and when

25  alower excess of acid chloride forming agent is used, preferably lower amounts of
NMM are used.

The salt of formula 7 is preferably contacted with the acid chioride
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

30  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

35  chioride, and subsequently the acid chloride is contacted with the alcohol of formula



free HCl, for instance 1.5 to 2.5, preferably 1.8 to 2.0 equival ents
calculated with respect to the anount of salt of fornula 7 b§NﬂﬁQh5§ﬁ?
Wien a | arge excess of acid chloride form ng agent is used, preferably

hi gher amounts of NWM are used, and when 25 a | ower excess of acid chloride
formng agent is used, preferably |ower-&bounts of NWM are used. The salt
of fornmula 7 is preferably contacted with the acid chloride form ng agent
at a tenperature between -30 and 60C, nore preferably between 20 and 50C
The conversion of the acid chloride into the ester of forrmula 7 preferably

is 30 carri e . tween 20.an 0C,. e preferably
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cor r espondi Agerebee witbfNMMamathaaBoas ed fating RWH i s speci al aspect of the
invention may be carrie ut in opne ..step. Preferably first the salt of
formula 7 is converted ?H?SOW%U% r‘?"gk%ogtapﬁsg%éﬁ@%'}éeetl’ﬂrﬁpirlfé‘?'”g??d’be
subsequent | fedubhed aih d schbide reteicing went eabed the ddircspendhediapodid igrmul a 28
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with a suitahl educi ent to . formthe correspondi ng conpound with Rl
5 stands fo%wsuéﬁg?(g%meg FEHTARE 24 ar e the reduci ng agents known
to the person skilled inigddiso adljisittl@édoﬁaﬂﬁz@hi 8@ bhgntiometibgllyr&digped on of ba
nitrile to ine.and e es such reduci ng agents are given above.
It is also %%%%%Bé)f R mg{aaf &)n?r?%ﬁegfﬁe ENAHACE gie@g'i‘tl"gn%ﬁﬁl%ﬁ’érdf edonmpound of
formul d 32 t @nprcepes.eArt éreamiorrfeﬁsaﬂlyregﬂﬂriﬁlgedcﬁmﬁm ma;'&jfd ifc?rﬁifu'la’Z Grlmyifghﬂgtaﬂrge, he
conpounds. .enant i onerica enriched conmpound of fornula 2 may for
i nst ance, b@qa'§%$§¥ ﬁ@g? i/cweéfs%tlﬂ” tl%‘ﬁ%%h@%?'%“ﬂ@t%@ﬁ‘ Adevdeddhsuié and an
al dehyde whiubhtifuted suthe Hasttied bgrX hitee Bra3estd bODERY 6k BséM@ichikesgrge of

DERA from herichia coli as described above. Starting from (4R,
6S) - 6- chl or%%%@ﬁ%ﬂ%hc’éfﬁahydr o-pyran-2,4-diol, via 15 cyanation of its

oxi di zed form (4R, 6S) - Saahgaroometr)BS)4-dnistoemesmi-RifaPydRryp andia- vigne to
Form the co LRaRAN ST ormar 6 W Mooy Pa Hs o Yty B e ey ) -
one to form the corresponding ((2R, 4R}-4-hydroxy-6-oxo-tetrahydro-pyran-2-yl)-
acetonitrile and subsequent acetalisation of ((2R, 4R)-4-hydroxy-6-oxo-tetrahydro-
pyran-2-yl)-acetonitrile, an ester of ((4R, 6R)-6-cyanomethyl-2,2-dimethyl-[1,3]dioxan-
4-yl}-acetic acid, for instance its methyl ester, its ethyl ester or its terf-butyl ester, may
20 be formed. Preferably, the enantiomeric excess (e.e.) of the obtained enantiomerically
enriched compounds is > 80% ee, more preferably > 90% ee, even more preferably
95% ee, even more preferably > 98% ee, most preferably > 99% ee.

If in the conversion of the ester of (4R, 6R)-4-hydroxy-6-

cyanomethyl-2,2-dimethyl-[1,3]dioxan-4-yl)-acetic acid to the corresponding salf, an
25  enantioselective enxyme is used, even further enantiomer enrichment is realized during
the hydrolysis.

The compounds prepared according to the process of the invention
are particufarly useful in the preparation of an active ingredient of a pharmaceutical
preparation, for example of a statin. A particularly interesting example of such a

30 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-8-oxo-tetrahydro-pyran-2-yl)-

35  acetonitrile, 6-(2-amino-ethyl)-4-hydroxy-tetrahydro-pyran-2-one, (6-cyanomethyl-2,2-



acetonitrile and subsequent acetalisation of ((2R

4R) - 4- hydr oxy- 6- oxo-t etrahydro- pyran-2-yl)-acetonitrile, ﬁzﬁ%h(ﬂ)of(‘m
6R) - 6- cyanonet hyl - 2, 2-di met hyl -[ 1, 3] di oxan- 4-yl)-acetic aci 3 i nst ance
its methyl ester, its ethyl ester or its tert-butyl ester, may 20 be
formed. Preferably, the enantioneric exceéss (e.e.) of the obtained
enantionerically enriched conmpounds is > 80%ee, nore preferably > 90% ee,
even nore preferably 95% ee, even nore preferably > 98% ee, nost
preferably > 99%ee. If in the conversion of the ester of ((4R

6R) - 4- hyd d t d dt
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pat ents, apghylpamd-dmetidt-fi, Eidiokaz@n yi|2081c a@@@b@)pﬂ@s@ﬁw\(@fahﬁiﬁb ethy)) p40- 150.
The |nvent|é)ne h? :ggre als l;ate to t e novel internmediates in such
prepar ati on BW '85%6 %e 'ﬁaﬁaé’rrﬁfﬁ’w%s% %o-t et rahydr o- pyran-2-yl) 35
acetonitrile, 6-(2-anm nohethyhordnbydrexyisd @eﬁ@@w@k{ I@Mé@ﬂmgreﬁ%ﬂ&
(6-cyanonet hyl - 2 g %% March 2007 -11 dineth di oxan-4-yl)-acetic
aci d met hyl & Y aﬂc?rﬁérf’?ﬁﬁs a§09rdm9nt€tt 'InV TtP”S}? Broeasemeyey ideat i ¢
acid etilyl s&sﬁrepreférﬁbhywammhwbr a,sart doredrhk mkﬂanaé ¢ exaninfisal iha A& C
acid |-pror%§7 ester C anorrethy % di meth [1 3] di oxan-4-yl)-acetic
acid n- wn éaﬁrg uc:h rocesses a ewelf nown in th

[ 6- (2-am no-ethyl) - 2 2-di met hyl -[ 1, 3] di oxan- 4- ylj-acetic acid net hyl ester,
5 [6-(2- amno- e hyl ) -2, 2-di net hyl -[ 1, 3] di oxan-4-yl]-acetic acid ethyl ester,
[6-(2-am no—-——glq&%g) 2,2-dinmethyl-[1, 3]di oxan-4-yl]-acetic acid

i -propyl ester, [6- (2 am no- et hyl)-2,2- dinmethyl-[1,3]dioxan-4-ylj-acetic

aci d n-propyl -m.ahe inve over also rel at es to a process,
wherei n"a  EoMbGtHd- 584! i saudrexyioxedetrahvar-pan2nlbaaetesirile
further Corw:eebmdlom@mcﬁala/ en‘mhscﬂ a@maourw@fffgmhéy) Atorvastatin or a salt

t hereof, for instance |ts gg ﬁlé In a manner known per se. Such
processes are wel |l knoVUﬁ i ec round-bottom flask equipped with a dropping

funnel, a mechanical stlrrer and water-bath cooling, 42 g (4R, 6S)-6-chloromethyl-4-
hydroxy-tetrahydro-pyran-2-one (an enantiomerically enriched compound of formula 2

20 wherein X = Cl) were suspended in demineralised water (25 mL) with stirring. An
agueous potassium hydroxide solution (28 g, 50% w/w) was added dropwise over a
period of three hours. The dropping funnel was rinsed with water (4 mL) and removed.
Solid potassium cyanide (26 g) was added at once and the flask was warmed to 45°C
(water-bath temperature) for 5 h and subsequently to 50°C for another 30 min. The

25  water-bath was replaced with an ice-bath, and excess cyanide was removed by
addition of copper(ll) acetate hydrate (1 mg) and dropwise addition of agueous
hydrogen peroxide (8.1 mL, 50% w/w) over a period of 30 min (Taax = 60°C). After
stirring 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 hydrochioric acid (35 mL, 37% wiw) was

30  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 agueous phase which
phase was then further extracted continuously with ethy! acetate for two days. The

35  unified organic phases were dried over sodium sufphate, filtered and evaporated in



Exanmples. 15 Exanple 1: Preparation of ((2R

4R) - 4- hydr oxy- 6- oxo-t etrahydro-pyran-2-yl)-acetonitrile an
enantionerically enriched conpound of formula 1). In a 250 m%ayar{(eﬂ& 007
round- bottom fl ask equi pped with a dropping funnel, a mechanical sti rrer
and water-bath cooling, 42 g (4R, 6S)-6-¢chi oronet hyl -

hydr oxy-t et rahydro- pyran-2-one (an enantionerically enriched conpound of
formula 2 20 wherein X = C) were suspended in dem neralised water (25 nL)
with stirring. An aqueous pot assi um hydroxi de solution (28 g, 50% ww was
added dropvm se o of three . _The dropping funne

rinsed with wafel® a(ﬁg @fﬁjgefﬁms?%m%ﬂe O’Q@F‘ ?P"HHFS@%%%F@%HWB%UTJZ%E@) was
added at onde) —amgldﬁohﬁ—ﬁfdm&létrmrcwgy’rﬁﬁdz ylpaé’&&ltrl(é/‘%h%rnahﬁérheﬁc%ﬂp@ﬁrﬁﬁﬂéﬂe) for
5 h and subse uentl f? oth r. 30 (% e 25 wat er-bat h was
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copper(l1) acetate hydratserr(o;le @fg%e@ﬂtﬁedfréﬁlm 810 gpielhd bmze@fby&%ﬁ%@mn
hydr oge er a period of 30 (Tmax = 600).
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washed f ourcdmpesdwiad 4W¢3rfyd(c§>@ B1bxEREBhydrd HOranm 9!’) %Qetofﬁtﬂlié irfofn RS
Wi thyl acetate for one day. Another portion of

cont i nuousl xtract ed
aqueous hyd}r@g@n 0&3 it %W@g('@ﬁwb vagyeiy w) was added to the aqueous phase

whi ch 1phase was then levam(mtwagtc@@mgotﬂe@wgaﬁ}ddemetrélegfsbwbn%et ate for
two days. Theaﬁiﬁum i ed organic phases were dried over sodi um sul phate,
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vi scous or a(age Jai {7 shat HgomqusﬁdQ T?@‘?d& @r;qp;t 5cpﬁp&um¢1 (_(_%)RQ 95 (dd, J =
4R) - 4- hydr oxy- 6- 0xo- t et r ahydr o- pyr an- b) acetoni t
enant i oner i 86 Bar 1 @@@Hz@wpgé@éﬁcbff? -8 HE) 1 Hcef SHdiGhY, 4.45TL 4md NVR

anal ysi s. \mel]qa, 2078.4B7((FHY [ C roduct (1.0 g) was
purifi ed by flasr)1 col S% S/Q:H r%ﬁgmggﬁﬁiﬁgé W |ca 60, 230-400 nesh,

3 cmdi'ameter col um, elatNMR: (\KﬁtWHéc%t rﬁﬁ@tﬁtﬁtfim#%v%m@ﬁmtﬁ@am 7 vlv,
20 ni fractnmasd:28)s nal ¥58 &hggoRpeu 15 agt per e
uni fi ed and evapor at e%gpﬁ vacuo | 'eavi 25)90@%.?[ (C% 5?%06?210 4«%% c%:%%%und
2R, 4R) - 41R2ARy 182 91&B-et r ahydr o- pyr an- 2- I) acetonitrile in formof a
(( ) - y y Py y
Elemental analysis calculated (%) for C;HsNO; (155.15): C 54.19, H
5.85, N 9.03; found: C 54.4, H 5.8, N 9.0,
20 'H-NMR and elemental analysis resulis prove that the compound
formed is ((2R, 4R)-4-hydroxy-6-oxo-tetrahydro-pyran-2-yl)-acetonitrile.

Exampfe 2: Preparation of (4R, 6R)-6-cvanomethyl-2,2-dimethyl-[1 3ldioxan-4-yH-
acetic acid methyl ester (an enantiomerically enriched compound of formula 6 wherein
25 R'z=CNandR?=R®=R*=Me)

A round-bottom flask equipped with a reflux condenser and a
magnetic PTFE-coated stir bar was charged with 0.56 g crude ((2R, 4R)-4-hydroxy-6-
oxo~tetrahydro—pyran¥2—yi)—acetonitriie as obtained in Example 1. 2,2-
dimethoxypropane (3 mL) and p-toluenesulphenic acid hydrate (15 mg) were added,

30 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 ethy! acetate (30 mL). The unified organic



white solid after drying in high vacuum 10 'H NWR (300 MHz, d6-DMSO,

resi dual undeuterated solvent as internal standard: 2.51 pp :M{[éﬁz v
1.72-1.81 (m 1 H H3), 1.88-1.97 (m 1 H H3), 2.44 (d" : = 99
-2'H, 1 H H5), 2.70 (did, 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, Jt347.1, 4.6 Hz, | H of CHCN),
4.15-4.21 (m | H H4), 4.77-4.87 (m 1 H HZ2), 537 (d, J =3.4Hz, 1
H OH. 15 13C-NWR (75.5 MHz, d6-DWVMSO deuterated sol vent as internal
standard: 39.5 ppm: S= 23.5 (CHZCN) 33.9, 38.2 (C—3/C—5) 60.9 (C4),
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was char gﬁd Wi t h 0 56 g'HeNuRe (F002RH1z AR cH-ayidu@XyrdButerated solvent as znternal
oxo-tetra y

onjtrile as obtained in Exanp .

di met hoxypr 5'&% E%E?%gﬁbd” ﬁ%“?%H@sﬂﬁpﬁ@ﬁép%{épt?%%ﬂé@és (18, W‘@) 1v€é‘re
added, 30 a@adstrhmam wwcet V\@s 1|2Q“ﬁt~Qdizt@H¢ﬂs}l>2 Joofgy B-15ANRtha, ﬂqfo‘f' on of
p-t ol uenesuég% 54 cid 3/ Eia é:’B )6 was added, and heating
continued f HarCePtEr Of 38-8¥stegof %%O%ﬁé’ﬁ?mpé%@ﬁgtﬁ@r(éd %ﬁe
m xt ur el onas1437 1840 e, wWHdT o), aeetater (SOowih,), and washed H.a4 th1gguepus
sodi um bi ca]gggmgte sol uti on (5%vv/w) The phases wer e separated, and the

a

aqueous ph s extracted with ethyl acetate (30 nL). The un|f| ed organic

28 March 2007 13 phase$cwavr: m@mdiszsbbga@lé{ﬁ@ﬂé%eé@éiwr%@%térﬁgﬁéﬁﬂd‘éﬂ«h oride
over sodium sul phate iltered orated I n vacuo,

|
i o o E BaPb= 18 ey BOSCR 8. AenB5caAas bl cHapo0Me), 817
G - 6- Cyandweichy 2020 el dtlc bt lscaxanid el by 26ad foodied methy! esteer

(an enantlorrerlcally enriched Q%ound of rern 5 CN and
R2 = R3°= R = M) accoH‘N%aﬁé @N%@swmor@mart%it@e comnpguid fornBl ig (45%) .

((4R, BR)-6-cyanomethyl-2,2-dimethyl-{1,3]dioxan-4-yl)-acetic acid methy! ester.

Example 3: Preparation of ({2R, 4R)-4-hydroxy-6-oxo-tetrahydro-pyran-2-yl}-acetonitrile
on a larger scale than example 1.

20 In a 250ml 3-necked round bottom flask equipped with a dropping
funnef, @ mechanical stirrer and a thermometer 50g (4R, 6S)-6-chloromethyl-4-hydroxy-
tetrahydropyran-2-one were suspended in demineralised water (30ml) with stirring. An
aqueous potassium hydroxide solution (34g, 50% w/w) was added dropwise over a
period of two hours. The dropping funnel was rinsed with water (4ml) and removed.

25 During the addition the temperature of the reaction mixture 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.

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

The thermometer was replaced by a gas-outlet [eading to a wash
bottle filled with 50% w/w KOH (to scrub the excess cyanide). Via a dropping funnei

aqueous hydrochloric acid (42ml, 37% wiw) was added over two hours whife applying a



"H-NVR (300 MHz, CDCI3, residual undeuterated solvent as internal

standard: 7.26 ppm: S= 1.12-1.38 (m 1 H H5) superposed o 3 H
Me), 1.44 (s, 3 H M), 1.75 (d"t", J =12.6, -2 Hz, 1 H, H@g)hé)fgh%goz :
J =15.7, 6.1 Hz, 1 Hof CH2CN), 2.49 (center of AB-system 2 H CH2000w)
superposed on 2.56 (dd, J = 10 15.7, 6.914, 1 H of CH2CN), 3.67 (s 3 H,
COOCH3), 4.13 (me, 1 H H6), 4.31 (nm0, 1 H H4). 13CGNWR (75.5 Mz,
CDC13, deuterated solvent as internal standard: 77.2 ppm: S= 19.6 (I\/E)
24.9 (CH2CN), 29.7 (Me), 35.3, 408(C—5/CHZOOOI\/E) 51.7 (COOCH3), 65.0,
65.4 (C 4/ G ! 6y 1710 (COONe 13C- NVR
resul ts prov@h’% Higrt%gghé ée’s(s)%rg—%*d ? &% ereafttoEFme ure%vas%atjfheév%gﬂﬁe

6R) - 6- cyanoa@tiﬂﬁm.Aﬁe@uaidsrﬁtehyhct[oh,@k@r@m&mpérg;@b)feresmhdms&ﬁﬂhmitrﬂ@tehyb ester.
Exarrpl e 3: Pr r ((2R

4R) - 4- hydr o%ﬁ c%%%é S&t@&hydro pyran-2-yl)-acetonitrile on a |larger scale
t han exarrpl e 1. 20 I n aTe&@atifidd mﬁkmdw&mimﬁlteb@rﬁrb()@ﬁa pheslanequé ppedakeé th a

05 "B OB or WAL Saendy BRCAABL Ofh pBld LATH 3001 Fre DT Tkt 120 Spbittiousi o
deni ner al i S@dranmdwlwﬁﬁma)cewm f;arsh(éldéy NEhotHn poawneﬂ@ﬁu@@ésa@?kmdﬂﬁ@rcwi d'(la'h

| ut 3 % ropwi se over. od of two hours e
Z(r)ogp: ﬁg 1£u ﬁﬁlelléa}g W/W nseag%ﬁ{ﬂﬂ ?%Qe%@aﬁﬁ?s%wbrcsgﬁg%wasé@nﬁa;ﬂpeﬁg t he

addition t h@tmelme]oatamurcejstyfwatHMhylmeteit@fmrImi/dtiavsem@%ﬂlﬂfaﬂ @F@a%&%ﬁe@e@%re

After stirr diti olid potassi umcyanid

added atI on(%:r({aé% %\E?C%fd gﬁufger?ﬁgnﬁ gtlear"év%‘?uot'ﬁ V'?%ﬁgtq(h nV‘Srﬁ ?ure
rose friém mlcmatoco@taﬁs(enme xdet combogaDl( PR G4 RK-4-hedbkne-cxB Rk & bropyran-2-
Subsequentl C%?On't?[@&eﬁ%ﬁpd%éghe reaction mxture was kept between 50

and 55C (WI an ol ditional two hours. 30 External heating
was st opped and the reaction mxture was stirred at roomtenperature over
ni ght . Theé Teb 2D Iead|n,to %v'vash

Gt

bottle fill=d

dr oppi ng f waTetd acid ®s dn@dhﬂ ers@ai@mad éﬂw 37%W/W) was added over

two hoygs while applying a 28 March 2007 -14 sllght nitrogen overpressure.
The pH'of the reaction mxture was 3 at the end of the addition.
Afterwards the reacti orA mutidurcgtormeiasRietgiefed @fth sirsfilosdrRiensdriunaid rogen to

magnetic PTFE-coated stir bar was charged with 199 crude ((2R, 4R)-4-hydroxy-6-oxo-
tetrahydropyran-2-yl)-acetonitrile as obtained in example 1. 2,2-dimethoxypropane

(133ml} was added and the mixture was heated to reflux (solubility of substrate was

20 poor at low temperatures). p-toluenesulphonic acid hydrate (0.5g) was added, and
heating was continued for three hours. After cooling to ambient temperature the
mixture was diluted with ethyl acetate and poured into aqueous saturated sodium
bicarbonate solution. The phases were separated, and the aqueous phase was
extracted three times with ethyl acetate. The unified organic phases were washed with

25  aqueous saturated sodium chloride solution, dried over sodium sulfate, filtered, 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%)

30



renove excess HCN. The acidified m xture was filtrated through paper and
the filter cake 5 was washed four tinmes with water (10ml eaoz? 9007
unified filtrate was continuously extracted with ethyl aceta ¥ “one
day. Another portion of aqueous hydrochloric acid (1 m, 37%ww was
added to the aqueous phase which phase w#s-then further extracted
continuously with ethyl acetate for two days. The unified organi c phases
were dried over sodiumsul phate, filtered and evaporated in vacuo | eaving
a highly viscous 10 oil that conprised the target conpound ((2R,

4R) - 4- hydr oxy- 6- oxo-tetrahydropyran-2- yl)-acetonitrile. Yield: 36g (76%.
Exanpl e 4: Preparation of (4R, 6R)-6-cyanonethyl-2 2-dinmethyl-f1 31

di oxan- 4- y| Exarapletsi ©rapeiratiomedf [Bodives i{eR, 6R)-8-cl s@gesthgcad-ginidiap | EXRmpka-2. 15

A round bot kewp edvm a.reflux condenser and a magnetic
PTFE- coat edti gﬂh—%ﬁ? s E H%ﬂ—%ﬁ@”—é&%&@é&@ﬁ# —ﬁya&@%c-@ 0XO0-

t et rahydropr:a?f’-MevWNacet onitrile as obtained in exanple 1.

2, 2-di hoxypropane (133m dded and th m xture was_heated to
reflux (solubility of s ngc}a?(gg%ﬁ g‘(ff%] dpit I%Waﬂ%tﬁég Htfurealgd stir bar

p- t ol uenesukphomrgediaitd Gm)gd(ltm BF)G%- @@how@myag@@tme@M1 efbtanos- Wécetsc
conti nued for thre cool i n% to anbient tenperature t
n

m xture was i Pﬁ{@gem A 8?%%88&?:8’6%?@@ B8 éa M h st ek 6w f@%)taﬁ}dat ed

sodi um bi caateo(Eatb, sm;ummaroxm@dah@aqsz wam% senaflsethdedRtbfie: @diQoUS
phase was extract ed three acetate, The unified organic

phases wer € WaSH ea&rwrpﬁerﬁ%era %Sﬂﬁ?r@%"ﬂ'm% hasaiMiEN Ve PiEESHIreeon,

dried over teo@ewmrsddar’ffat}ehodrs|Tr@teﬂ:en@ﬁﬂas@)@p%@ér%d|a'ﬂd\éﬁ9§éﬁﬂie6%ﬂ'rﬁ'&tan
orange oi | tEat was col umtm chr onat ogr aphy.  on silica ﬁsol vent :

et ot eum cITEE PATRES R E TP ORI £ 07 & HrRICR e MeR HaE (etow of |
conpri sed tfhinviag geicticonpound ( (4R, 6R)-6-cyanonet hyl -2, 2-di nethyl -[1, 3] -
di oxan-4-yl)-acetic acid nethyl ester. Yield: 12.7g (46% 30 28 March 2007
15 Exanpl e 5: Preparation of Sodium ((4R, 6R)-6-cyanonethyl-2 2-dinethyl-f1

31- di oxan- Ebeavriple acRicatiatian oenantmp@tmﬁin@th\wz@hﬁﬂmﬂ%@%%@ﬁ yhormla 7
wher ei QS acetsc aggg cﬁ%rtye

The crude residue (pH >9) from example 5 was transferred to a

round bottom flask equipped with a magnetic PTFE-coated stir bar and a Dean Stark
trap. The residue was dried by azeotropic distillation with toluene. At the end of the
drying process 100 ml toluene was left with the solid sodium salt. The Dean Stark trap
20 was removed. Oxalylchloride (3.5 ml) was added dropwise via a syringe over 2.5 hours
at room temperature while a permanent nitrogen flow through the flask was maintained.
After the addition was finished, the reaction mixture was stirred at room temperature for
an additional four hours. The orange suspension that had formed was used in the
following step.
25 .
Example 7: Preparation of 1,1-Dimethylethyl ((4R, 6R)-6-cyanomethyl-2.2-dimethyl-
[1,3]-dioxan-4-yl)-acetate (an enantiomerically enriched compound of formula 8
wherein R'=CN, R*=R*=Me, R®=tert butyl):
A round bottom flask equipped with a magnetic PTFE-coated stir bar

30 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 agueous saturated ammonium chloride solution and

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



5 A round bottom flask equi pped with a magnetic PTFE-coated stir bar was
charged with 6.4g9 ((4R 28 March 2007
6R) - 6- cyanonet hyl - 2, 2-di net hyl -[ 1, 3] - di oxan-4-yl )-acetic aci 8 R est er
as 'obtained in exanple 4, toluene (10 m ), nethanol (450 np) and wat er (6
m ). Sodi um hydroxi de solution (32 ww¥418-9 g) was added dropw se over 10
m nutes at roomtenperature. The resulting two phase m xture was stirred at
room 10 tenperature for four hours. The tol uene phase was separated and

di scarded and nost of t he aqueous | ayer was evaporated in vacuo. The crude

resi due was ed for ng rea Exanpl e_6: Preparation_ of
(AR 6R) - e lE SRUHET R, T i R bR 2 tesh P e BOADG 7§ of 2 5oataiob gt d

chl oride: Thmt waader;megsmmerﬁ@qua%atégrammamae sOIVMAS pbiF ABTH REHeR@H

round bottomflta%‘ gqﬁﬁépag t} g ‘53 PTFE-coated stir bar and a Dean
Stark trap i §'d Ingyrqlid #opiPriast bieriapiet cPReUNd R Gt h t ol uene.
At the end o)fanbhethymw QighefiydLessdid -4 1) bebttensy mdtﬁfegtewladt@egsol id
sodi um 46& Starktrap 20 was renoved. Oxalylchloride (3.5 m)
was added dtg’ Oé/gf %€ &°8yringe over 2.5 hours at roomtenperature while

a permanent ni trogen fI qmet\tmaugtla df s {fatg%%omgurtmétr@t@érrtegt to liRkdtare 4418
addi ti on was ,f.ini act|on m xture was stirred roomterrperature

for an add?tql’ﬁﬂ%qsgfgﬂ? C%H?@d he!'Yrahge suspension that had forned was
used in the follow ng step. 25 Exanple 7: Preparation of 1 1-Di nethyl et hyl
((4R, 6R)-6-cvanonethvl-2 2-dinethyl- f1,31-di oxan-4-yl)-acetate (an
enantionerically enriched conpound of fornmula 8 wherein R =CN R2=R3=Me
R5=tent butyl): A round bottom flask equi pped with a nagnetic PTFE-coated
stir bar 30 was charged with tert-butanol (10 ml) and N-m et hyl nor phol i ne
(8 M). To this solution the toluene suspension 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
solution, once with aqueous saturated ammoni um chloride solution and 35
once W th aqueous saturated sodium chloride solution. The organic | ayer was
dried 28 March 2007 -16



with sodiumsulfate, filtered, and evaporated in vacuo | eaving 7g of a dark
viscous oil, that was purified by colum chromatography on §§hhﬁ§h2007
(sol vent: petroleumether/ethyl acetate 8+1). The resulting sol

conprised the target conpound ((4R, 6R)-6

cyanonet hyl -2, 2-di net hyl -[ 1, 3] - di oxan-4-y}t)-acetic acid tert butyl ester.
Yield: 3.3g 5 (43% over three steps. The NVR data of the target conpound
are identical to literature data published for this conpound (EP 1077212).
28 March 2007 -17 CLAIMS 1. Process for the preparation of a conpound of
formula 1 N S5 OH (1) wherein a conpound of fornmula 2 O X O 10 OH (2)
wherein X s for a leaving group is reacted wwth a cyanide ion in water
and wherein the pHis subsequently |lowered to a pH between 0 and 5. 15 2.
Process acc?rding to cI?in11, wherein the cyanide ion concentration is at
least 1 rmole per [9EFEOr e prBrald g PG A Y ¥M4lan 1 or ¢l aim 2,
wherein the nolar ratio between the total quantity of cyanide ion and the
total quantity of conpound of fornulg 2, is between 0.5 and 10. 20 4.
Process accordi ng to-any~of Pai -3, wherein the conpound of fornmula 1
is first treatedVwith a Hase prifor to being reacted with a cyanide ion. 5.
Process according to claim4, wherein the base is used in a nolar ratio of
between 0.3 and 3 as conpared to 't he anount of conpound of fornula 2. 6.
Process according to any of Ims 1-5, wherein the conpound of formula 1
i's

wherein a compound of formula 2

O ]

10 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.
15 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,
20 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.
8. Process according to any of claims 1-5, wherein the compound of formula 1 is
25 reduced with a suitable reducing agent to form the corresponding compound
of formula 3:



25 reduced with a suitable reducing agent to formthe correspondi ng
conpound of formula 3: 28 March 2007 -18 H2N O O CH (3) 72 'ﬁﬁ%Sﬁ%@o'f
~according to any of clains 1-6, wherein the conmpound of fornu?a )

wherein X stands for a leaving group is prepared by an al dol condensation
bet ween acet al dehyde and an al dehyde whith-is substituted on the 2-position
by X, wherein X is as defined above, in the presence of an al dol ase and by
subsequent reaction of the fornmed conpound of formula 4, O OH X 10 CH (4)
wherein X is as defined above, with an oxidizing agent. 8. Process
according to claim7, wherein the al dol ase used is 2-deoxyri bose-5-
phosphat e al dol ase (DERA, EC 4.1.2.4) or a nutant thereof. 9. Process
according to any lfN.cl ai - 8, rein conmpound of forrmula 1 or a 15
conpound of fornmula 3™ i a conmpound of formula 6, R2 R3 O><
OOOCM (6) wherein R stand or CH2NH2 and R2, R3 and R4 each

i ndependently 20 stand for an al kyl,| an al kenyl, a cycl oal kyl, a
cycl oal kenyl, an aryl or an ar roup and wherein R2 and R3 may form a
ring together with the CGatomto 28 March 2007 -19 which they are bound
use being made of a suitable acetal formng agent, in the presence of an
acid catal yst and wherein the conmpgund of formula 6 with R stand (Bpr CN
is optionally reduced with a suitable reducing agent to form the
correspondi ng conpound of formula 6 with RL stands for CH2NH2.. 5 10.
Process accaor di ngProoesd Ricordhg wheweif Blagns o bk fhel @mpslusd 6f forpared,n Rl

5 wherein X stands for a leaving group is 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 and by

subsequent reaction of the formed compound of formula 4,

0 OH

10 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

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

A A
OR4 (6)

wherein R' stands for CN or CH,NH, and R?, R* and R* each independently
20 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



stands for CN or CH2NH2 and wherein R2, R3 and R4 are as defined above is
subsequent|ly hydrol ysed in the presence of a base and water to formthe
corresponding salt of formula 7, RR R O< OO R 10 OY (7) a‘?&ﬁ'zlfo?
stands for an alkali metal or a substituted or unsubstituted anmmoniu

group, optionally followed by conversion'®f the salt of formula 7 to the
correspondi ng acid (the conpound of fornmula 7, wherein Y stands for H) and
wherein the salt or acid of formula 7 with R stands for CNis optionally
15 reduced with a suitable reducing agent to formthe corresponding salt or

acid of fornula \Zh%ttﬂay%re %B@f'ﬂﬁt?sef ] &%HE‘%{}a%&itadgé 8?&@%%9?%8%%& 0

claim 10, wherein the salt of formu
converted into th&edsescaspeha ﬁgdeetaefrst afid Wbenein the 8ompsuiRBoTorrRila BOVIORS ( 8)

wherei n Rl standsifgr mr@Nl Na'ﬁali [RHNifR2, ?tn‘gbﬁsregﬁ t\}@gggﬁfﬁkﬁﬁﬂ above

and wherein R5 may represent & Sane groups as gi Ven
Ra 25 12. Pr ocessfha@@mmqmglngcmm;)@und mflformhlerﬁemrh Rhaasd& for @M,Nok.ul a 7 |s

convert ed |.[}5 0 the, g&ré&gw rl@an%%% evrhep&%%%é%f% ofé rﬁ&tntfia%t'e% &he sal t

of formula in an 1nert mng agent to
form the correspaonahdsgor Q8- OFZB'izNhtzcdmdM&Temé& B/° ad Bf‘ ackeaadefingy abont BCt i ng

the fornmed acid ¢ of e R5|s as
defi ned above, i nﬂbﬁéd&%tl%kcg@geéhtﬂ enc%{%ﬁ%ﬁ %ﬁﬁl@%,{o Sher ei n
the salt or acid @frrefsmrrdutwsa:ft afiformuid 7,stands for CNis optionally reduced
with a suitable reduci ng agent to formthe corresponding salt or acid of
formula 7 wwth Rl stands ;or CHZI;IHZ

R R

a ' ><
\\,

R‘]\/I‘\/J\)J\
10 oY {(7)

wherein Y stands for an alkali metal or a substituted or unsubstituted
ammonium group, optionally followed by conversion of the salt of formula 7 to
the corresponding 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

15 _ 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 termula 7 or the acid of

formula 7 is converted into the corresponding ester of formula 8

20 ORS (8)

wherein R' stands for CN or CH,NH,, wherein R? and R® are as defined above

~

“ -
.
S

and wherein R® may represent the same groups as given above for R? R®and
R4

25 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



13. Process according to any of clainms 7-12, wherein the conpound with a
nitrile group (R stands for CN) is reduced with a suitable reduci ng agent
to formthe corresponding conmpound with an am ne group (R stands for
CH2NH2) .. 14. Process according to any of clainms 1-13, wherein the obtained
conpound is enantionerically enriched. 15. Process according tmfﬁﬂ!r&fzow
clainms 1-14, wherein the obtained conpoungpis further converted into
statin, preferably Atorvastatin or its calciumsalt, 16. Use of a conpound
obt ai ned by a process according to any of clains 1-15 in the preparation
of a phar maceuti cal preparation, preferably a statin, nore preferably

At orvastati n. {jrpgl &‘? ct ec{ fromthe group consisting of
(4- hydr oxy- 6- oxo- #4Y FARY 8”?)65( &pniacng)the dumHiacid ghoride with an alcohol of
6- (2-am no-et hyl ) - bezhylé@@% Wtefeﬁlrhﬁd@a@é(éfﬁﬁ@ﬁ%be\%’m thea{:g spnee of of N- methyi

(6-cyanonet hyl - 2, 2-di rre r\%l 3] di oxan- 4- -acetic
( 6- cyanonet hyl - ZmHFWFQ i) gpdivéiespin e W Oraif}éfttbdermﬂfaJTe’tlﬂﬂﬁ ﬁ&tcbrfor

(6- cyanonet hyl - > ZCNlléTBﬁtfb)ﬁbny [[eauéédimwg%uﬂamé}ecﬁfe bidgeftflodofis RleoPY! ester,

[ 6- (2- am no- ethyl)-22 di et i oxan- 4- I C aci rrethylester
[ 6- (2- ami no- et hyl )QOV@SQOW%%EH%W qqd fainolark MﬁwyFR starwist fioc ChiglNd,. et hyl est er,

nd [6- (2-
gr op£/I es'g er amlgo QtIBM%QlJSqa%Cg??o % O-fkpa”ﬁé gI@X‘%Her\é/\ébrpe/tlp]glcﬁ%hgﬁ%ghggdﬂﬂiel S
enantiomerical |y ®aWR thedands for CNYis reduced with a suitable reducing agent to form the

correspolndzng compound with an amine group (R stands for CH,NH,).
14, Process according to any of claims 1-13, wherein the obtained compound is
enantiomerically enriched.

15. Process according to any of claims 1-14, wherein the obtained éompound is
further converted into statin, preferably Atorvastatin or its calcium slaEt.

16. Use of a compound obtained by a process according to any of claims 1-15 in
the preparation of a pharmaceutical preparation, preferably a statin, more
preferably Atorvastatin.

1. Compound selected from the group consisting of (4-hydroxy-6-oxo-
tetrahydro-pyran-2-ylj)-acetonitrile, 6-(2-amino-ethyl)-4-hyroxy-
tetrahydro-pyran-2-one, (6-cyanomethyl-2,2-gimethyl-[1,3]dioxan-4-
yl)-acetic acid methyi ester, (6-cyanomethyl-2,2-dimethy!-[1,3]dioxan-
4-yl)-acetic acid ethyl ester, = (B-cyanomethyl-2,2-dimethyl-
[1,3]dioxan-4-yl)-acetic acid. n-propyl ester, [6- {(2-amino-ethyf)-2,2~
dimethyl-[1,3]dioxan- -4-yll-acetic acid methylester, [6+(2-amino-ethyl)-
2,2- d|methyi [1,3]dioxan-4-yi]-acetic acid ethylester, and [6- -
(2-amino-ethyl)-2,2-dimethyl-[1,3]dioxan-4- -yl]-acetic acid n-
propylester.

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



