WO 03/ 064392 PCT/ EPO3/ 00954 PROCESS FOR THE MANUFACTURE OF HMG COA
REDUCTASE | NHI BI TORS The invention relates to a process for the manufacture
of enantiwosioesbty pure HMG CoA reductase inhibitors, t®qrErogs®ssteps
and to novel intermedi ates. HMG CoA reductase inhibitors (also called

0- hydr oxy- (3-net hyl gl utaryl - co-enzyne- A reductase inhibitors and al so
called statins) are understood to be those active agents which nay be
preferably userbdess| pmerut henbriiTdrE erehigc-icoal rbuoTpraEhDhESteoRsl | N bl ood
and can be wused e.g. for the prevention or treatnment of hyperlipidem a and
artheriosclerosis. The class of HMG Co- A reductase inhibitors conprises
conpounds having differing structural features. For exanple, nention may
be made of the conmpounds which are selected fromthe group consisting of

at or vast ghi fhvefifidn \efiéso diprobbst/ds tdt rhanufh@Uddf @hhRtiomdtichMVARE MME-CoA
(formerly itavastatin), pravastatin, rosuvastatin, and sinvastatin, or, in

each caé&eductasgiibiigrd (@ Prosess stgpe apd kbnavebiptermediaiesof . Pref erred HVG Co- A
reductase i nhibitors are those agents which have been marketed, nost
preferred is fluvastatin, atorvastatin, pitavastatin, especially the

Cal ci um $WMG-Codaedugtaseinhibéprsifalse galiad [bhydiophBrmeibdaltiandicpenayeedt abl e sal t

t her eof . o i ! i | d

ol ai med” [UBlRR oD Bha S0 PR statins)alSiriotodd 6 bl ThogeRadfyB SbamE hrth

PCT/ EP03heaydprefepablyrusedde Iover3dhe lighslewelsondudiay clplexterol in blood and can be
used e.g. for the prevention or treatment of hyperlipidemia and artheriosclerosis.

The class of HMG-Co-A reductase inhibitors comprises compounds having differing
structural features. For example, mention may be made of the compounds which are
selected from the group consisting of atorvastatin, cerivastatin, fluvastatin, lovastatin,
pitavastatin (formerly itavastatin), pravastatin, rosuvastatin, and simvastatin, or, in each
case, a pharmaceutically acceptable salt thereof. |

Preferred HMG-Co-A reductase inhibitors are those agents which have been marketed, most
preferred is fluvastatin, atorvastatin, pitavastatin, especially the Calcium salt thereof, or

simvastatin or a pharmaceutically acceptable salt thereof.

Atorvastatin of formula

@\o OH OH O
N N/\)\)\)LG_'

is disclosed and claimed in US 5,273,995.

Cerivastatin of formula



1-13C CH3 CH3 CH3 is disclosed and clained in US 5,177, 080. Racemnc
fluvastatin with syn-configuration of the hydroxy groups in formula F OH
OH 0 OH weodiosssbnsed and clained in US 5,345, 772. LovastraTirPop6ossor nul a
HOO OO O011---rCH3 HI3C CH3 O CH3 is disclosed and clained in US
4,231,938. Pitavastatin of fornmula WO_Q3/064392 PCT/ EPO3/ 00954 -3- F OH
OHO OH 4N is disclosed and clained in US 5,856,336. Pravastatin of

formula 0 HO.."OH HO

is disclosed and claimed in US 5,177,080.

Racemic fluvastatin with syn-configuration of the hydroxy groups in formula
F

O OH OH O

5y

is disclosed and claimed in US 5,345,772.

OH

Lovastatin of formula

is disclosed and claimed in US 4,231,938.

Pitavastatin of formula



is disclosed and clainmed in US 4, 410, 629.
30" 1,5~ 0F S151 HSCN)111*~ NIl-z I", N
s disclosed and clained in US PCT6P34D54
3/ 064392 PCT/ EP0O3/00954 -4- HOOH CH3 00 H

-3-

CH3 CH3 C 0 HO HO C
Rosuvastatin of fornul
0O O06H OHVOH34064498 C CH 3 i
Simvastatin of fornula WO O
Hc 9CH 3 HH'CH3 H

HO 2
a CH

is disclosed and claimed in US 5,856,336.

Pravastatin of formula

WOH

is disclosed and claimed in US 4,410,629.

Rosuvastatin of formula

is disclosed and claimed in US 5,260,440.

Simvastatin of formula



1-13C His disclosed and clainmed in US 4,444,784. The structure of the
active agents identified hereinbefore or hereinafter by generic or

t radenanmewormapedse2 t aken fromthe actual edition of the st a&cdards/emspendi um
"The Merck Index"or from databases, e.g. Patents International or
LifeCycle Patents International, respegtively, (e.g. IM5 World
Publ i cations). The correspondi ng content thereof is hereby incorporated by
reference. Any person skilled in the art is fully enabled to identify the
active agents and, based on these references, |ikew se enabled to

manuf acture and te ceutical indications and properties in
standard test nodel sH'hQoth ijn vitro and in vivo. Acidic representatives of
HMG- Co- A regpct ase i nhiei t 0®s have been | aunched are being devel oped as
salts, for ¢xdnfle, fl Statin as sodiumsalt and pitavastatin as cal ci um
salt. The rrespondi ng Aactive ingredients or a pharmaceutically

accept abl ts Chereq Efay al so be used in formof a solvate, such as a
hydr at e G nctt_)lsl(\;ll'ng-I Ivents used for crystallization.

Essentlally, st g se a cycllc core elenent and a side chain

el ement of for
t hat m ght mja gpondi ng Iactone parti al structure of formula WO
03/ 064392 ERO03/00954 -5 0 HO O (11 b) or OHOH O OH or (11 O (a

3, 5-di hydr oxy- hept anoi ¢ acid defivative) that might forma correspondi ng
| act one jsedigdleged apd claimed in US 4,444,784,

The structure of the active agents identified hereinbefore or hereinafter by generic or
tradenames may be taken from the actual edition of the standard compendium “The Merck
Index” or from databases, e.g. Patents International or LifeCycle Patents International,
respectively, (e.g. IMS World Publications). The corresponding content thereof is hereby
incorporated by reference. Any person skilled in the art is fully enabled to identify the active
agents and, based on these references, likewise enabled to manufacture and test the
pharmaceutical indications and properties in standard test models, both in vitro and in vivo.

Acidic representatives of HMIG-Co-A reductase inhibitors have been launched are being
developed as salts, for example, fluvastatin as sodium salt and pitavastatin as calcium salt. .

The corresponding active ingredients or a pharmaceutically acceptable salts thereof may
also be used in form of a solvate, such as a hydrate or including other solvents, used for
crystallization.

Essentially, statins comprise a cyclic core element and a side chain element of formula

(1M a)
(a 3,5-dihydroxy-hept-6-enoic acid moiety) that might form a corresponding lactone patrtial
structure of formula



0 0O structu,re of formula (I | d). In said side chain elenents (11 a) or
(11 c), respectively, the 3,5-syn diol structure and the R configuration
at C 3 arwoaswenv: al features, as correspondi ng statins wPCh/EPa3/e098peci fic
el enent exhi bit the highest biological activity. The objective of the
present invention is to provide an enantg osel ective synthesis of conpounds
of fornmula (1) resulting in high yields and noreover guaranteeing a

m nimzation of the ecological pollution of the environnment, being
economcally attractive, e.g. by using.  less reaction steps in the reaction
sequence for the manufacture of conpou ds of formula 1, and leading to

| argely enantionerically pure target ucts and to products of high
crystallisability. Furthernore, another ¢bjective of the present invention
is to provide a process that can “cgrTred out in a larger scale and can
t hus be used for a correspondi ng roduction process. Furthernore, there is
a need to avoid any separation d di sposal F)cgny st ereoi soners.
Surprisingly, the process of the present inv A%ion clearly neets the above
objectives. The process relates to egtangi osel ective synthesis by using
essentially the so-called Wttig- ~Lpmons (Wttig-Horner) or
Wttig condensation via chem cgy desymetrisatigry For exanple, an
enantioneric excess (ee) of a conpound of formula (1) or a salt thereof of
95% pr ef@p&figydoxygieptancic aid ferhiadive) tha) rpight fogn gy qoxrsprndingrelpae parist eover
an ee of 99.5%can easily b®wbtained. Furthernore, according to the
present invention, a WO 03/064392 PCT/ EP0O3/ 00954 -6 diasteroneric excess
(de) of ~: 95% preferably~: 98% and nost preferably;-> 99% can easily be
achi eved for a conpound of Jfor a (1) or a salt thereof obtained according
to the present inventiof. Te ifention relates to a process for the

manuf acture of an enantfornerically pure formof a HMG CoA reductase

i nhi bi t osrusiereaafdermilaacl d deri vati (Bdpf formula (1) OH OH 0 OH

In said side chain elements (1l a) or (Il ¢), respectively, the 3,5-syn diol structure and the R-
configuration at C-3 are essential features, as corresponding statins with this specific
element exhibit the highest biological activity.

The objective of the present invention is to provide an enantioselective synthesis of
compounds of formula (1) resulting in high yields and moreover guaranteeing a minimization
of the ecological pollution of the environment, being economically attractive, e.g. by using
less reaction steps in the reaction sequence for the manufacture of compounds of formula I,
and leading to largely enantiomerically pure target products and to products of high
crystallisability. Furthermore, another objective of the present invention is to provide a
process that can be carried out in a larger scale and can thus be used for a corresponding
production process. Furthermore, there is a need to avoid any separation and disposal of
any stereoisomers.

Surprisingly, the process of the present invention clearly meets the above objectives. The
process relates to an enantioselective synthesis by using essentially the so-called Wittig-
Wadsworth-Emmons (Wittig-Horner) or Wittig condensation via chemical desymmetrisation.
For example, an enantiomeric excess (ee) of a compound of formula (1) or a salt thereof of 2
95%, preferably = 98% and most preferably = 99% can be achieved. Moreover an ee of =

99.5% can easily be obtained. Furthermore, according to the present invention, a



R or a salt, especially a pharmaceutically acceptable salt with a base,
thereof or a lactone thereof, wherein the el enent represents -CH2- CH2-or
-CH=CH awo0 0Ro643p2r esents a cyclic residue. A salt of a cecpaesiowss f or nul a
(1) is, for exanple, a salt with a base, preferably a correspondi ng
pharmaceutically acceptabl e salt thereqf6_ A |l actone of a conpound of
formula (1) is represented by formula (I"a) 00 0O 'r6 111, OH (I a) or

I I'11, OH(l b) R R ? Corresponding cyclic residue R conprises a cyclic
resi due selected fromthe group consisting of WO 03/064392 PCT/ EPO3/ 00954
-7- F (apﬁa@terormquogsq(@efkpg%, erederaiiy = $8% epd nmsiprefergblg)2t99% can sagiia CV

0 H H3C (hRchibbedidPa cBMpoufdiss PnhiiX ('R a Shk ttfredt obtdindd according to the present

invention.

The invention relates to a process for the manufacture of an enantiomerically pure form of a
HMG-CoA reductase inhibitory mevalonic acid derivative of formula (1)

OH OH [o]
R
)
or a salt, especially a pharmaceutically acceptable salt with a base, thereof or a lactone

thereof, wherein

the element — represents -CH,-CH,- or -CH=CH- and R represents a cyclic residue.

A salt of a compound of formula (1) is, for example, a salt with a base, preferably a
corresponding pharmaceutically acceptable salt thereof.

A lactone of a compound of formula (1) is represented by formula (| a)
O

" OH (1a) or 3 (1b)

Corresponding cyclic residue R comprises a cyclic residue selected from the group

consisting of



SI'l to ,NNF1CHHC""-r, 3-- CHB HCH3 NH3CCH3 H3C". H
Ext ensi ve experinmental evaluations surprisingly resulted in a process
sequence Wworosibs92 nanuf acture that neets the above crit eriPaTgiPoseIgs t he
i ndi cat ed advantages. Conpared to the process as disclosed in J. O g. Chem
1991, 56, 3744-3747, it has been surprisingly found that the process
according to the present invention can be sinplified by omtting (i) the
oxi dation step with N204 form ng the corresponding N-nitrosamne and (ii)
the hydrolysis to formof the free l_acid and (iii) the methylation to form
the nethylester. It has been proven,jthat the reaction sequence according
to the present invention, especiallyh_when using correspondi ng starting
I@

mat eri al and i nternedi ates exhibit he am deffunction wherein the am de

el enent i e ed by formula W 064392 PQELEP03/00954 -8 ) ~2 ~N
CH3 X3 pecially for exanple, insteg using a correspondi ng
ester exhryl tNhg pil al koh c el enept forny CH3 O leads to the

above- nent i onld ddvint ages. *Flof he ; in a receit p bl i cation [Bioorg.

ed LRI Ng _the step-by-step
n a mxture of

manuf act ur e ) 2
formati on of i =kai n of fo 11 a
E CH, %Hs )

. »
¥ 3 ’

Extensive experimental evaluations surprisingly resulted in a process sequence for the
manufacture that meets the above criteria showing the indicated advantages.

Compared to the process as disclosed in J.Org.Chem. 1991, 56, 3744-3747, it has been
surprisingly found that the process according to the present invention can be simplified by
omitting (i) the oxidation step with N,O, forming the corresponding N-nitrosamine and (ii) the
hydrolysis to form of the free acid and (jii) the methylation to form the methylester.

It has been proven, that the reaction sequence according to the present invention, especially
when using corresponding starting material and intermediates exhibiting the amide function
wherein the amide element is repesented by formula



di astereoners that need to be separated. Consequently, one half of the

di astereoner cannot be used. In opposite to said procedure, the process of
the presewDoBnesnti on is clearly nore econom c. The proc®s€3/HPOs/0M9RL

manuf acture of an enantionerically pure formof a conmpound of formula OCH
OHO OH Ror a salt thereof according_go the present inventions is
characterized by (a) reacting conpounds (ilia) or (111b) 0 X7-,X 8+

X40', 11 P_ X50 "P CH3 X/ 3 (111 a) or 6 Hal - (111 b), wherein X4 and X5,
i ndependently of one another, represents Cl-Cr-al kyl or phenyl-d -Cr7-

al kyl; X6, X7Xand X13, independently ©@Hsone another, represent phenyl that
i's unsubstiitufed o substituted py o nore substituents selected from
t he groupi™gghsitst A 392 PCT/ EPO3/ 00954 -9

hydr oxy, d -HC7al Ko C&; C8al kanoyl! -tbxy, gen, nitro, cyano, and CF3; and
Hal * represents~aAfalide aniop: with a negdf | ated al kane to formthe
corresponding ylide and t®P§CRMACting the resulting ylide internmediate

W th a crrBraifleOhsfead BHlsin®asofesbonding’sbtel Bthibiting thedkdthdtic Blementber ei n X
represents etherified hydroxy, esterified hydroxy, or unsubstituted or

mono- or fogpula

4\0 CH,

leads to the above-mentioned advantages.

Furthermore, in a recent publication [Bioorg. Med. Chem. Lett. 9 (1999) 2977-2982)] an
improved process for the manufacture of pitavastatin has been disclosed describing the
step-by-step formation of the side chain of formula (Il a) resulting in a mixture of
diastereome‘rs that need to be separated. Consequently, one half of the diastereomer
cannot be used. In opposite to said procedure, the process of the present invention is

clearly more economic.

The process for the manufacture of an enantiomerically pure form of a compound of formula

OH OH O

R (1)

or a salt thereof according to the present inventions is characterized by

(a) reacting compounds (llla) or (b}

X,0 ﬁ X L2
*“>P—CH "SPhcH,
X.0” 8 x?
5 (Mayor Hal ~ (1ll b),

wherein X; and Xs, independently of one another, represents C;-C;-alkyl or phenyl-C,-C-
alkyl;

Xe, X7 and Xg, independently of one another, represent phenyl that is unsubstituted or
substituted by one or more substituents selected from the group consisting of C;-Cyalkyl,



substituted amno; X, is protected hydroxy; X2 representsd -Cral kyl; and X3
represents hydrogen or one or nore substituents, e.g. selected fromthe
group coweioswe43gbf C ;' Cral kyl, hydroxy, d - Cr7al kOXY, C2- @gajErasagb4 oxy,

hal ogen, nitro, cyano, and CF3; (b) optionally, if desired, converting a
resulting conmpound of formula (111 d) _.§. X102 YN I X3 HH((III d),
wherein X, X2and X3 have the neani ngs as defined above and Y represents a
group of formula (X40)(X50) P(=O - or (X6)(X7)(X8)P ' Hal 'andXx4, X5, X6,
X7, X8 and Hal' hav meani ngs as_defi ned above; into a conmpound of
formil a WMdFQXYe%'C‘rQ_'kW» Gz Cerlisanqylpg) halggen.dyitrsyane: apd Oz t he neani ng

as defing gé’égﬁt\éeaﬁé]ﬂe\gﬂpohel n Y] represents hydroxy or protected hydroxy and
Y2i s hydrogen andy3i's hydroxy or protected hydroxy, and Yj and Y3 form ng

a syn- duwuth aostal lkaie todermypihercorraspending \iida aod tfmwegms/tb@wszﬂmg ylidey;
and Y3 tﬂ&%gﬁéterﬁmg\g@,%om{&&lfma and Al k being Cl-Cral kylidene; and Y2
i's hydrogen Y3 formng a syn-diol configuration;. (c) reacting
a conpound of forrrul a (I 1 e) i X3 and Y, have the meani ng as
defined above and wherein Yj ydroxy or protected hydroxy and Y2
is hydrogen and Y3 is hydro hydr oxy, and Yj and Y3 form ng
a syn-diol configuration; or Wnerg.q to?et her represent -0-AlKk-0-
and Al k being d -Cral kyl i dene; Y2'i's hydroge

wherein

X represents etherified hydroxy, esterified hydroxy, or unsubstituted or mono- or di-
substituted amino;

X is protected hydroxy;

X, represents C4-Cralkyl; and

X3 represents hydrogen or one or more substituents, e.g. selected from the group
consisting of C;-Cyalkyl, hydroxy, C,-Cralkoxy, C»-Csalkanoyl-oxy, halogen, nitro, cyano, and
CF5;

(b) optionally, if desired, converting a resulting compound of formula (lIl d)

Q X 0O X,

\ Xy

-
I “‘é
I

(nr gy,

wherein X;, Xz and X3 have the meanings as defined above and Y represents a group of
formula (X40)(Xs0)P(=0)- or (Xe)(X7)(Xg)P * Hal “and X, Xs, Xe, X7, Xs and Hal ~ have the
meanings as defined above;

into a compound of formula (1l e)
Y. Y, Y5 O X,

I\ X

=<
~
I Wy
I

(1t e),

wherein X, X3 and Y, have the meaning as defined above and wherein

Y, represents hydroxy or protected hydroxy and Y is hydrogen and Y3 is hydroxy or
protected hydroxy, and Y, and Y3 forming a syn-diol configuration; or wherein



and Y] and Y3 formng a syn-diol configuration; or wherein Y] and Y2

toget her represent the oxo group and Y3 represents protected hydroxyl
(correspowaionge43e2 conpounds of formula (11 d); with an al eemEpe3/afsf or mul a
(1 f) RCH(=O resulting in a conmpound of formula (Il g) Y1 Y2 Y3 0 ~2
N)(3 RHHGg),; wherein R X2, X3, Yl,49¥2 and Y3 and the el enent have the
meani ngs as defined above; if desired, reducing correspondi ng conpounds of
formula (11l g), wherein the elenent is -CH=CH to result in a corrpound

wherein said element is -CH2-CH2-: and (d) .if _a und of or mu 1]

i s obt aiYheand Yeiegether rgpesept @- Aélﬁ@ ?Bdﬁg‘%ﬁ"lﬂgtpﬁg‘rwa%@w a iy %g herg)
i's hydr a4 \Rranaok omf.mgjasgﬁxa,ngohﬁgﬁtmnect ed hydroxy and, in each case Y2
i s hydrogen; and Y are formng t he syn conflguratlon or Yj and Y3

t oget her represent -0-AlKk-0- d Al k being O -Cral kylidene and Y] and Y3
ﬁrg f or mi néF)t heeasiing @GﬁFPQHW%PffBH“U'ar(W &2 i s hydrogen; or by renoving the
ydr oxy | I dAdil O—|0....JJJ-tt
i R\ﬂ%ﬁélﬁ?@ﬂﬂﬁﬁ ?qﬁ)c{v‘é)thé %e@nﬁ‘@@%@éﬂﬁe@ébé@dﬁdvﬂweréﬁ

desi red, reducing corresg g ounds of
formul a \(11rmreﬁ¢nts\lw@r10év Ar PW&GC&‘%M‘%’W gngl Yaiigihygriogen, 'Pfg lst VPW SEonpound
wher ein dﬁ'@ffeglf 8 Hf‘diir Al Y %%rmm&@ ldi’&%%ﬁf?gd?éiﬂn@@@h&@%4 (e) if a

conpoun 111 t wh d Y2
Che oxoY cansUs tegetheriapiesam <OioDoanadlairasy oy Gows R Vel i,
conmpoundy ofy.f A% Brrhihd b h-diol BnfiguFABRCENEhGEInf ormula (11 1 i )

Y, and Y, together represent the oxo group and Y; represents protected hydroxyl
(corresponding to compounds of formula (1i d);
with an aldehyde of formula (Il f) R-CH(=0) resulting in a compound of formula (ili g)

Y, Y2Y3 0] X,

R H

(Il g);
wherein R, X, X3, Y4, Y2 and Y3 and the element — have the meanings as definied
above;

if desired, reducing corresponding compounds of formula (lll g), wherein the element =
is —CH=CH- to result in a compound wherein said element is -CH»-CHo-;

and

(d) if a compound of formula (1l g) is obtained, wherein one of Yy and Yj is protected
hydroxy and the other is hydroxy or both of Y; and Y3 is protected hydroxy and, in each case
Y, is hydrogen; and Y, and Y3 are forming the syn configuration; or

Y, and Y5 together represent —O-Alk-O- and Alk being C,-Cralkylidene and Y, and Y
are forming the syn configuration; and Y is hydrogen; or
by removing the hydroxy protection group(s) to a compound of formula

(I h); or

if desired, reducing corresponding compounds of formula (Il h), wherein the element —
is ~CH=CH- to result in a compound wherein said element is -CHz-CHa-;



O OHOX 2 NX Z-1W 13 RH by renoving the hydroxy protection group;
wherein R, X2, X3 and the el enent have the neanings as defined above; and
subsequenworiadessp: on of said compound of formula (111 i) teT&Po®AESLUNnd of
formula (11l h); (f) hydrolyzing a conpound of forrmula (Il h) to a
conpound of formula (1) or a salt therepf and (g) isolating a resulting
conpound of fornula (1) or a salt thereof; and, if desired, converting a
resulting free acid of fornmula (1) into a salt thereof or into a |actone
of formula (I a) or (I b), respectively, or converting a resulting | actone
of a formula (I a) or (I b) into an acid of formula (1) or a salt thereof.

Mbst prefera Y, ﬁ%nﬁgafj f 8Btalnbalwharein(Y, dnddy Sihb 11
Aot di. gr)]d 'f ?ﬁ)l& i B’P @;@ﬁ'agggéewé;%sﬁas et reman1d 3 %‘g@ thér fim el
A e

Accor di n@xq 8rouRe BrRetasshygey: (Kne oySE NG S&WWH&? f%?““!?n(y” 8k

bot h enafgé@&ab@nmrjomﬁn@(mmar ed, for exanple, by using either a conpound
of formula (111 ¢ .... ) or its enantioner for the desymetrisation step.

Furt hernore, by &p ﬁ Xhe racemc mxture of a conmpound of fornula (111
C.... ), racemij¢ f off the said HVMG CoA reductase inhibitors can be
obt ai ned. & g€n a; t @y her ei nbefore and hereinafter have the

fol | owi ngg’meani ngs, Mnl q.';; aﬂ t herwi se. WO 03/ 064392 PCT/ EP03/ 00954
-12 Etherified hydroxy is, for exa e, C -Cral koxy, ar-d -Cral koxy,

C3- CBey chp adrksuing theEbxy prstbaivhlgrburs) - C7al koxy. Esterified hydroxy is, for
exanpl e, R-CO 0, aroyloxy, C2-C8-alkanoyloxy, or ar-C2-CS al kanoyloxy. In

nono- or di-substituted am no the--am no g{rou IS nmono-substituted or,
i ndepend®Rerejn B¢ Xz, Xs and the element ~  havethe meanings as definied above ; and

subsequent reduction of said compound of formula (111 i) to a compound of formula (lll h);

1)) hydrolyzing a compound of formula (lll h) to a compound of formula (1) or a salt

thereof and
(9) isolating a resulting compound of formuila (I) or a salt thereof;

and, if desired, converting a resulting free acid of formula (l) into a salt thereof or into a
lactone of formula (1 a) or (I b), respectively, or converting a resulting lactone of a formula (|
a) or (I b) into an acid of formula (1) or a salt thereof.

Most preferably, in compounds of formulae (11l ¢), (Il d), (Il e), (111 g), (Il h) and (11l i), in
each case X; is methyl and X; is hydrogen. '

According to the present process described above and hereinafter any of both enantiomers
can be prepared, for example, by using either a compound of formula (lll ¢””) or its
enantiomer for the desymmetrisation step. Furthermore, by applying the racemic mixture of
a compound of formula (Il ¢””), racemic forms of the said HMG-CoA reductase inhibitors

can be obtained.

The general terms used hereinbefore and hereinafter have the following meanings, unless
defined otherwise.



one anot her, di-substituted by a substituent selected fromthe group
consisting of G- Cral koxy, d-Cralkyl, ar-d -Cra[ kyl, C3-C8-cycloal kyl,
C3- C8- CYGvoaBky439Cj - C7al kyl . G - C7Al koxy is for exanpl e merh®ey909st hoxy,
n- propyl oxy, isopropyl oxy, n-butyloxy, isobutyl- oxy, sec-butyl oxy,
tert-butyloxy or a correspondi ng pentyl gxy, hexyl oxy, or heptyl oxy residue.
G -C4al koxy is preferred. Methoxy is eég cially preferred. d-C7Akyl is
for exanple nethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert- butyl or a corresponding pentyl, hexyl or heptyl residue.
Cl - C4al k\Btherifieg dwiiroixy is, fasteiginple, €1-Coalkdxyy ar@:-Caakadyc Qe Cedyicloalkpxya 63-Cs-

C3- CBCYd ] cycl oal koxy-C -Cral kyl is preferably C3-
CeCyd oa|°§§§§'?%%%r@78@’r‘f cycl opropoxy, cycl opentoxy or cycl ohexyl oxy.

C3-Cacycl oal kyl is in partl cul ar C3-C6CYA oal kyl, such as cycl opropyl,

CY% o0 B LRGN K for BRI ol BPLOBKnbBOBEURLELEL |\

pr opi onylalkalngylyxwl |sobutyryl or pival oyI. C2- C5Akanoyl is preferred.

Hal ogen is in parti cul ar halogen with an atom c¢ nunber up to and including
35, i.e. fluorine, <chlorine or bromne, and in a broader sense includes

i odi ne. Hhgwnbner dirsubsiltated mminatheraniiee gredp is PlesoplbgituteCog [ikddpenderitiy of
parti cul I | .

& Cral e anaiep csupetted by p st iy sEBE K e 1nd ok odrphigHeH &1

2,2-pr op}ﬂﬂaﬂieine Cﬁ§37alhylla&91-6ral®l Lo5-Gutygloatieh @3@8-cy¢|oa|ky| C2C2dkybr

3, 3-pentylidene. C2-C5al kylidene is preferred. WD 03/064392 PCT/ EP03/ 00954
-13 Protected hydroxy(X2and/or X4) represents silyloxy, esterified or

et heri fi €H-Coithoay is, for exatrmpié wettepy s ethgtyo RiprofSidxy) isegropgoxy, orbueotcacypisebutyl-

tr| C7AI k)ﬂ?(gne I's prié{f er a%@%gp%? +c%£re%§55dirpg*’ﬁé(rlt%ogjwpﬂ§§gn&%¥e§% %@ﬂé& residue.

1 2- et hy|Gar2alkdxpis poefetred- Methopy iscespedially prefeoredonpr i sesC2- C7al kyl i dene,
pr ef er abl yC2- C4al kyl ene, for exanple, 1, 1 - ethylene, 1, 1 - or
2,2-propylidene. Most preferred is 2,2-propylidene. The aryl residue (ar)
is pref er(':a,kﬁ%lhybistfmrcexahipde methlyl, eyl b-epybisopyopyl,bi-pliginisoputylo seclydipl, terlyl , or
het er ocycbl h/? Braé Xen'eszrldﬁ&naﬁeﬁl){l{ 'thI or r‘?&ﬂ&ﬁéﬁ&d‘e" 'Cr?gl;g(k%, 8&359%%%{/ He%y‘f‘:qs or
substitute ne or

preferred

Cs-Cseycloalkoxy and Cs-Cgeycloalkoxy in Cs-Cgcycloalkoxy-Cy-Cralkyl is preferably Cs-
Cecycloalkoxy, for example, cyclopropoxy, cyclopentoxy or cyclohexyloxy.

Cs-Cgeycloalkyl is in particular Cs-Ceeycloalkyl, such as cyclopropyl, cyclobutyl, cyclopentyl,
or cyclohexyl. Cyclopropyl is especially preferred.

C.-CsAlkanoyl in C,-Cgalkanoyl-oxy is in particular acetyl, propionyl, butyryl, isobutyryl or
pivaloyl. Co-CsAkanoyl is preferred.

Halogen is in particular halogen with an atomic number up to and including 35, i.e. fluorine,
chlorine or bromine, and in a broader sense includes iodine. Fluorine or chlorine is preferred.

Phenyl-C,-Cralkyl is in particular phenyl-C,-Cjalkyl, such as benzyl or 1- or 2-phenethyl.

Ci-C7Alkylidene is in particular metyhlen, ethylidene, 1,1- or 2,2-propylidene, also 1,1- or 2,2-
butylidene or 1,1-, 2,2- or 3,3-pentylidene. C,-Csalkylidene is preferred.



nore, e.g. two or three, residues e.g. those selected fromthe group
consisiting O d-Cralkyl, hydroxy, d -Cral koxy, C2- C8al kanoyl - oxy, hal ogen,
nitro, cywo®oese CF3. The reactions described above and lpermros/onoshe
variants are carried out, for exanple in the absence or, customarily, in
the presence of a suitable solvent or _diluent or a mxture thereof, the
reaction, as required, being carried out wth cooling, at roomtenperature
or with warm ng, for exanple in a tenperature range from about -800C up to
the boiling point of the reaction nmedium preferably from about -100 to

about +2000C, and, if necessary, in a closed vessel, under pressur?, In an
I nert ga : i : I n
gasPreteorRaMyar mﬁéﬁtf/omﬂﬁfpré’éb'wsdéd?@y,g&ylﬂ g ?ﬂ%ﬁhﬁ%@%’%r (111

reaction St a), the reaction of a conpoun C .

b), res pé%tfq‘?@efqy&rw K- §'?MA$’|f%rt%"w'€kérﬂr&n'c‘sausﬂrallvl@w, espediallydert-onkyl-t

sol vent, ditétylasylery.et her, preferably tetrahydrofuran, and at |ow
tenperatures, for exanple, from-780 to OCOC, preferably at - 780C. The
subsequent addition of a conpound of formula (111 c) is effected under the

eqid § by Skabhe 16 ty. fuk d at
2780C. Prarerrag e %@é%ﬁ%yf‘ﬂes%éc’fbax?;@é aiflind, 32 Yhe 1526 €5
N- G - C7alPiSRYIene gnd@leq sampyises fretroalkylidene, mrefeeatiihCy Caalkylene, for example, 1,1-

N- et hy | ebinyigpeh 91y 0PI op HBERE NEHR Préterrdh 92,&}?%;}'5{%(5 g - Cral koxy-am no

derivatives are novel. Accordingly, the presen vention also relates to a
conpound of forrmula (Il c), wherein X represents

N-d - C7altky Iarwréaid@?(alr)liggbéf@fablg%arb%@%lnc amgﬁfgﬁfé%hﬁhﬁ%ﬂ%’@&r grgﬁa%ﬁgl%‘r" no.

WO 03/ 064392 PCT/ EP03/ 00954 -14 Metall at’e anes ‘are, for
al kane aPRieroGyelicAYls sudh aspysigyln Haprespendingaiedmshistijuted bt sutistitutast lay one or

ferre ted | &5 DYt L1 : AR i N
Bach casg oot er o e e Ot bed SR UTIrOR, B pith oNRind oP LRy,
met hyl  oPYHPRYIC1-Cealkoxy: &arfsrisangy-oxy, halogen, jHe.ccyape.ediGibl y, phenyl . Hal i de
Hal' is preferably chloride, but also brom de and i odi de.

The reactions described above and below in the variants are carried out, for
example in the absence or, customarily, in the presence of a suitable solvent or
diluent or a mixture thereof, the reaction, as required, being carried out with
cooling, at room temperature or with warming, for example in a temperature range
from about -80°C up to the boiling point of the reaction medium, preferably from
about -10° to about +200°C, and, if necessary, in a closed vessel, under pressure,

in an inert gas atmosphere and/or under anhydrous conditions.

Step (a):

In reaction Step (a), the reaction of a compound of formula (lll a) or (11l b), respectively, with
a metallated alkane is carried out in an inert solvent, such as an ether, preferably
tetrahydrofuran, and at low temperatures, for example, from —78° to 0°C, preferably at —
78°C. The subsequent addition of a compound of formula (Il ¢) is effected under the same
reaction conditions, preferably in the solvent tetrahydrofuran and at —78°C.

Preferred X is C;-Cralkoxy, especially, methoxy or ethoxy, or N-C;-Cralkyl-N-C;-C-alkoxy-
amino, most preferably N-methyl-N-methoxy-amino. Corresponding N-C4-Calkyl-N-C,-
Cralkoxy-amino derivatives are novel.

Accordingly, the present invention also relates to a compound of formula (Il ¢), wherein X
represents N-C;-Cralkyl-N-C;-C,alkoxy-amino, most preferably N-methyl-N-methoxy-amino.



Preferred is the reaction with a conpound of fornula (111 a). For the
manuf acture of a conpound of formula (111 e), wherein X2, X3 and Y, have
the nmearnvogsaes3gefi ned above and wherein Y] represents hpdramprys/aos4
protected hydroxy and Y2is hydrogen and Y3 is hydroxy or protected
hydroxy, and Yj and Y3form ng a syn-diQqljsconfiguration; a corresponding
conpound of fornula (111 e), wherein Y] and Y2t ogether formthe oxo group,
is reduced with a suitable reduction agent. The reduction is carried our
Wi th an appropriate reduction agent, for exanple, by catalytic

hydr ogenation in the presence of a hydrogenation catalyst, for exanple, a

Rut heni urietakited MkBnesate hfoaéxa(rﬁiué Célléér(enérlkéim(e%alﬁe%wh' & dofy (J)nffnurmsbﬁs% ction

W|thah |de f dri esire npl ex,
such as eRPB?S %PWPWQH%%%PU%"W% 1 st and 3rd main groups

of the perl od| c table of the elenments, for exanple borohydride or
al um nohygride, for exanple lithium borohydri de, lithium al um nium hydri de,
di | sobut i ni um hydride (an additional reduction st ep usi ng al kal i

met al cyaracnbwstahé/ dh edéh cé%kécﬁre?éaﬂ?@#@hﬁ(yla%gégraﬂ?td Id‘ageh%gt s&gfferably

necessar;%é @HFO di bor ane preferred
exanpl e Wa for exanple, an al kalinmetal borohydrid, especially

sodi um borohydr| de, preferably in the presence of a di-d _Cral kyl -C, -

Cral koxyl)g ran nost. preferably diethyl-nethoxy-borane. WO 03/064392

PCT/ EPO3 %@Vﬁi' rPe'ﬂlf@PFSﬁsq prefaraplyeaheM. in an inert solvent, such as an
ether, preferably tetrahydrofuran, and at |ow tenperatures, for exanpl e,
from-78*a§_ agcC preferably at -78'C. To splitt a corresponding boronic
ester thé ‘geat'ﬂ [srPraferabiy ehlgride; hetalendbromidaiand iotidan oxi di zi ng agent, such
as a peroxide, especially, hydrogen peroxide. The oxidation is carried out
in an inert solvent, such as a nitrile, preferably acetonitrile, and in a
tenperatuf%err’%ﬁéh?ﬁﬁ?iloﬂ With aseepeLed of fogmil@ (i) t o the boi ling point of
the solvent, preferably in a range of 200 to 500C. If desired, in a
resultin corrpound of formula (111 e), wherein Y] represent hydr OXY andY2
is hydr %@%We naraifagide ek g cgrmpagnd/pf fosmpa dliles)t wiigreinot,, ¥xamplehaveythe eact i ng

W th an h%bhﬂ@as“déhne@é@é%'éﬁdwb &hi de of fornmula Yj-Hal and Hal being
hal ogen, especi al | lorid rom ne or
Y, represents hydroxy or protected hydroxy and Y, is hydrogen and Y is hydroxy or

protected hydroxy, and Y, and Y3 forming a syn-diol configuration; a corresponding

compound of formula (lll e), wherein Y, and Y, together form the oxo group, is reduced with
a suitable reduction agent.

The reduction is carried our with an appropriate reduction agent, for example, by catalytic
hydrogenation in the presence of a hydrogenation catalyst, for example, a Ruthenium
catalyst, such as (Ru(cod)(nu-3-(2-methylally))2, by reduction with a hydride, for example, a
hydride which, if desired, may be complex, such as a hydride formed from an element of the
1st and 3rd main groups of the periodic table of the elements, for example borohydride or
aluminohydride, for example lithium borohydride, lithium aluminium hydride,
diisobutylaluminium hydride (an additional reduction step using alkali metal

cyanoborohydride, such as sodium cyanoborohydride, may be necessary), and also
diborane.

A preferred reduction agent is, for example, a hydride, for example, an alkalimetal
borohydrid, especially sodium borohydride, preferably in the presence of a di-C;-Cyalkyl-C;-
Cralkoxy-borane, most preferably diethyl-methoxy-borane.



iodide. If desired, in a resulting conpound of formula (111 e), wherein Y]
represents hydroxy andY2 is hydrogen, the protected hydroxy group X, is
renoved, Worosxsapl e, by treatnment with a strong acid, s®&Ch/E®e3/e0984 ner al
acid, e.g. H3PO4. Especially, an etherified or esterified hydroxy group or
a silyloxy group is split by treatnment wgth an acid. For the manufacture of
a conpound of fornula (111 e), whereinXZ, X3and Y, have the neaning as
defined above and wherein Yj andy3together represent -0-A k-0- and A k

bei ngd - C7a[ kyl i dene; and Y2is hydrogen, and Yj and Y3forning a syn-diol
configuration; a corresponding conpound of fornmula (111 e) wherein Y] and

Y. 3 each Thepeésaioh idwaaiekyutdn aXheri é‘t)l\Fé‘ﬁﬂ sReIF Bs aﬁ'&ﬁwe}’) pr@fé?ab}ﬁlfeﬂﬁﬁ}d?«gfuﬁ]n

th fied t reat nen
cound 8 % S ETIPeTRlrER Tor R e B © 0°Crpiefasay aberiEe. oo sittase.
Step (c) coﬁ"eaibrﬁih)g b@onﬁ@éétbﬁ‘ﬂhe%écﬁoﬁ nfad&ﬁrd%m&‘dufé%ﬁ: Jpéﬁsxndéﬂg *égé‘ﬁ

al kane alk | inmetal, (fs eC|aIIy butyl lithium or

hydri de, SHF ah aLerexde. reregially hsErasndereddes cihg q"}ﬁaﬂP{Q E3Rrded QISZICaBmew a
bul ky amisBrents dGdh a’r>§a ﬂxmﬁe Cbréfe?éhlyﬁaéété}{lﬁﬂéa% ﬂlql‘feﬁ)p%r@y%hge RB5

1, 8-di aza-hic h‘[“ undec- 7-ene (1 DBU), especia I n the presence
of Lithi G¥RMPIgy BPNEC. Whaﬁoﬂmapmt ﬂfébaﬁolwdrmfed@ly eptasiga of 20%0IE0°Che
formation of a conpound of formula (Il is carried out in an inert

sol vent s tetrahydrofuran, or in rotlc sol vent such as an al cohol,
preferabl"fﬁlqsgﬁ 1 B &eR3Itingrcomnosng of fosmelai( ﬁ'@ veersisr Yt repeeseatriydraxy ang Yeis WO

03/ 06439By&6§é£%hw}|8§)4?roué@1 BRcR, forr@%mgléo&l rféet&@w eé’ﬁ hijld@ fpi nt of

t he sol vent ref erab rom.r oom t enper at ur e en |ng on the
base andS%yMg érﬁ" hadide, OelfPF’B'F'érYné'l:P' eadpeliprig M'OQQﬂ, eapeciglly, ¢hlq>nd@) bwmine bose
wher ei n YodidRpresent a group of formula (x40)(XsO P(=0 - andX4and Xr,, in
each case are especially, G-C4alkyl, preferably nethyl or ethyl. Step
(d): For the manufacture of a conpound of formula (111 h), a conpound of

formul a (fweglréﬁ in a\l“ébgﬂtfig'boﬁ%uﬁ’é onﬂorrﬁﬁ'IQ (M) SwiRdr & &E e BYHE R droRN Shd PSis
roxy or bo
other is (yrogen the protected hydroxy group X1 is removed, for example, by treatment with a
strong acid, such as a mineral acid, e.g. HsPO,. Especially, an etherified or esterified

hydroxy group or a silyloxy group is split by treatment with an acid.

For the manufacture of a compound of formula (Ill e), wherein X,, X5 and Y, have the
meaning as defined above and wherein Y, and Y3 together represent ~O-Alk-O- and Alk
being C;-Cralkylidene; and Yy is hydrogen, and Y; and Y5 forming a syn-diol configuration; a
corresponding compound of formula (Il e) wherein Y; and Y; each represent hydroxy and Y,
is hydrogen, and Y, and Y; forming a syn -diol configuration; is etherified by treatment, for
example, with a compound of formula Hal-Alk-Hal for example, in the presence of a base.

Step (c):

Step (c) is carried out in the presence of a base, such as an alkane alkalimetal, especially
butyl lithium, or a hydride, e.g. sodium hydride, or an alkali metal carbonate, especially
K2COs or Cs,COs, or a bulky amine, such as 1,5-diazabicyclo[4.3.0]non-5-ene (DBN) and
1,8-diaza-bicyclo[5.4.0]undec-7-ene (DBU), especially DBU in the presence of Lithium
chloride, or an alkali metal hydroxide, especially KOH. The formation of a compound of
formula (11l g) is carried out in an inert solvent, such as tetrahydrofuran, or in protic solvent
such as an alcohol, preferably isopropanol or ethanol, and in a temperature range from, for



is protected hydroxy and, in each casey2is hydrogen; and Y] andy3are
formng the syn configuration; or Y] and Y3together represent -0-Alk-O0-
and Al k bwpDrg@h43¢7al kyl i dene and Yj and Y3 are form ng tReTSEPN3/00954
configuration; and Y2is hydrogen; is used as starting material and the
protection hydroxy group(s) is renmoved _qg_the -0-A k-0- group is split by
treatnent, for exanple, wth a strong acid, such as a mneral acid, e.g. a
hydrohalic acid, especially HCl, or a phosphoric acid, especially H3PO4 If
protected h dro is a correspondl ng silyloxy group, it will be split off
with a fl198 Plfef o1 v8°(e 19 the keilingjaintof hebsalvant. farefsrablycrors roam temparataiee to,
such as aFMgIQe n%&t@&se@na%wgw*e acid, or a phosphoric acid,
especially H3P The hydroxy protection group is split off in an i nert
sol vent, such as a nitril, preferably acetonitril, and in a tenperature

range frqspeichel coﬁibé[mcﬁ@of fBan‘iUlé gﬁ%?:gve thBsd Wﬁerléﬁi i \'éc;ﬂ%&‘?ﬁ g r&f dfiGmifa vent.,

preferably in a ran he preferre ydr o rotectlon
group is( & H) (XQP( Wdaw@@ Pﬁy,l m@aﬂaﬁ@ﬂeampsg?mlky Gh&ualli% pegfierably methyby
using a I’Hr@ﬂ{yﬁ acid, e.g. H2SOM, HF, H3PO, especially HCl. Step (e): For
t he manufacture of a conmpound of for mul a (111 h), a conpound of formula

(rrr g), wherein Y] and Y2 together formthe oxo group and Y3is protected
hydr oxy; gtgg @ed as starti ng material and the protection group of Y3is
renmoved, Tor exanple, treatment with a strong acid, such as a m neral

acid, e.g. ﬁwmedﬁamtifecta@ ef 2 eampeupd ek formiad ki), @ 00@99%1 ofl foymulz@r@), WO
03/ 0643923y1dih BRO3f QPQMYs Tsjp??tbétea?\?&l%ﬁ# ﬁﬁ’d ﬁ%%ﬁ’é% hydr &ff&rtfoﬂ?&%dddagf

silyloxy group, it wl uori de’ sa
tetrabutﬁﬁr@f‘ﬁ?ﬁﬁ%‘ﬁdﬂ”ﬁ'@ﬂdﬁi@ 936h o@se K2 t§rhydfggen MWW&WMMQ theisyin e. g.
a hydr ob%hﬁgurgﬁdndor or a phosphoric acid, especially H3PO4. The hydroxy
protection group 1s split off in an inert solvent, such as a nitril,

pr ef er abl¥ 2868 Yedegetherireprapenti-@-Alkt@ranskAlk beingiGirgelkylidene andrY; ass Xepre, from

- 780C, . f 00
L300 POk T KRB i TS 0 1

t er t - but Protegtieatygiraxy |gmm)i%s@n<yed@pthehe@ AlksOs gtqup is giflit by treatwienty far mi ner al
acid, e. @xafBeQtith Bistrohlf B8, slRRRRE AlnkYal HGl; e.g. a hydrohalic acid, especially HCI, or

a phosphoric acid, especially HsPO,.

If protected hydroxy is a corresponding silyloxy group, it will be split off with a fluoride salt
e.g. tetrabutylammonium-fluoride, or with an acid, such as a mineral acid, e.g. a hydrohalic
acid, or a phosphoric acid, especially H;PO,. The hydroxy protection group is split off in an
inert solvent, such as a nitril, preferably acetonitril, and in a temperature range from, for
example, from -78°C, to the boiling point of the solvent, preferably in a range of 0° to 50°C.

The preferred hydroxy protection group is the tert-butyl-dimethyl-silanyl-oxy group that is split
off by using a mineral acid, e.g. H.SO,, HF, H3POy,, especially HCI.

Step (e):

For the manufacture of a compound of formula (Il h), a compound of formula (1l g),
wherein Yy and Y, together form the oxo group and Y3 is protected hydroxy; is used as
starting material and the protection group of Y is removed, for example, by treatment with a
strong acid, such as a mineral acid, e.g. a hydrohalic acid, or a phosphoric acid, especially
HsPO,.



The resulting compound of formula (111 g), wherein Y] and Y2together form
the oxo group and Y3is hydroxy, is reduced with a suitable reduction
agent, fowoesamsbe, by catalytic hydrogenation in the pr@sempes/afsa

hydr ogenati on catal yst, for exanple, a Ruthenium catalyst, such as
(Ru(cod) (nu-3-(2-methylally))2, by redugfion with a hydride, for exanple, a
hydri de which, if desired, nay be conplex, such as a hydride fornmed from an
el enent of the 1 st and 3rd main groups of the periodic table of the

el ements, for exanple borohydride or_ alum nohydride, for exanple |ithium
bor ohydr 'chéOtePtPQ HV@I%ISMQ\\TQ?HPWW Biydoxy aHPyR; BBMI'! be SPIf i vt fI’HRﬂ'IdE galt(an
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sodi um cyanoborohydrld may be necessary), and also di borane. ‘A preferred
reduct i oACIEgRITR Phaspheris acis, AspeeiallyHiRQyr iThe hysoxy eraiagtion greup igsrifioffieeal

bOthydrln@rt s%%ﬁ%@éﬂ é{s §9ﬁhluﬁﬂe¥é?é&{?lé9étbﬁﬁnl a%%%rt E&ra&&e?&l@eelqp ggce of a
di-d -Cra | - bor ane, " nost preferab oXy- bor ane.
The r edu@l‘ﬁfﬁlﬂed f§0fﬁ a?&%tp atbojling paint akthe sgbrpmentefergblwn asarme af R &g 50°C.

preferably tetrahydrofuran, in the presence of a protic solvent, such as

an al cohol, especially nethanol, and at low tenperatures, for exanpl e,
f r om - 788he grafensd hyrcs@eyrRIpleglion groug rcthe Tert-buiyl- qiltneﬁwd:@llanuls@wmwrgthab@rsom c

ester thggk Qi‘hb%r}nfﬁb?‘él ,@ &3. LISy, e ALESY cdpddaig@xi di zi ng agent, such
rae Ry gl

as a perox espeC|a rogen peroxi oxl dation is carried out
in an inert solvent, such as a nitrile, preferably acetonitrile, and in a

tenper at W'ﬁérés%ﬁﬂ cBFr{ESBhnci 8f foR@aIIgy). Whérdin Ydnd ¥,306&ReMBir t of the
or3y dob el B Ra

solvent, preferably In a range b to 500C. St EX
PCT/ EPO3R0DY5s hyq*myhydeduoyéaﬂth@rstgtable)reqiuqlom ggentr ior exarople, byt eatalgicanpl e, by
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aluminohydride, for example lithium borohydride, lithium aluminium hydride,
diisobutylaluminium hydride (an additional reduction step using alkali metal
cyanoborohydride, such as sodium cyanoborohydride, may be necessary), and also
diborane.

A preferred reduction agent is, for example, a hydride, for example, an alkalimetal
borohydrid, especially sodium borohydride, preferably in the presence of a di-C;-Calkyl-C;-
Cralkoxy-borane, most preferably diethyl-methoxy-borane.

The reduction is carried out in an inert solvent, such as an ether, preferably tetrahydrofuran,
in the presence of a protic solvent, such as an alcohol, especially methanol, and at low
temperatures, for example, from —~78° to 0°C, preferably at —78°C. To splitt a corresponding
boronic ester the reaction mixture is then oxidized with an oxidizing agent, such as a
peroxide, especially, hydrogen peroxide. The oxidation is carried out in an inert solvent,
such as a nitrile, preferably acetonitrile, and in a temperature range from, for example, from
0°C, to the boiling point of the solvent, preferably in a range of 20° to 50°C.

Step (f):



The starting material of fornmula (Ill1 c) can be prepared, for exanple, by
esterification or amdation of a conpound of formula O X, 0 X 2 HQJL-
U-NS 1wox3o632c') in a nmethod known per se. The preseqt/EPoyerssi on
furthernore relates to a process for the nmanufacture of a conpound of
formula 0 X. 0 X -JN .2 XJLA xI> S 1 3gX3 HH (), wherein Xis
N-d - C7al kyl - N-d - C7al koxy-am no, preferably, N nethyl-N nethoxy-am no,
especially of formula 41--*~ Si 000 Nt"-~-N I H I-IluC said
process conprising reacting a conpound of forrmula WO 03/064392

PCT/ EPO3/Tgddrolysaten giep () iseagrigd qut, for examipler fay featingjtae pinistecat fermulp/ i ek y
especi al hjthtestiong Wakk, dicARisn kdibtheralhydroXide, preferably NaOH, or with Ca(OH), and

acidifying the resulting reaction mixture.

Step (q):

The isolation step (g) of a compound of formula (1) is carried out according to conventional
isolation methods, such as by crystallizing the resulting compound of formula (1) from the
reaction mixture or by chromatography of the reaction mixture.

The starting material of formula (11l ¢) can be prepared, for example, by esterification or
amidation of a compound of formula

HO N X
T 3

(ne)
in a method known per se.

The present invention furthermore relates to a process for the manufacture of a compound
of formula

X3 “.’J\(}xs
H

H (i ¢),

wherein X is N-C,-C;alkyl-N-C,-Cralkoxy-amino, preferably, N-methyl-N-methoxy-amino,
especially of formula

Si=¥—
/
0 0 0
\NWN
| H
/0

(e,
said process comprising reacting a compound of formula



O A~ especially 0 0 (cf. Conmpound (1)), with a conpound of formula X2
H2N X3 (111 c.... wherein X2 and X3 have the neanings given above, in the
presence WD oaob3pzlered am ne or prefarably in the preseneeTaEPI0095Last two
equi val ents of 1 -phenethyl am ne gi ven above, and. subsequent am dation
with N-d -Cral kyl -N-C - C7-al koxy-am ne, {g¢specially with N-nethyl-N

nmet hoxy-am ne. A hindered amine is, for exanple,

N-C - Cral kyl - N-C - C7- al koxy-am no, especially N-ethyl- diisopropyl-ani ne.
The process f b t he manufacture of the starting material of formula (111
c), especially”™f a conpound of fornmula (Il c) wherein Xis

N-d - C7al kyl -M O - C7- al koxy-am no, especially N nethyl-N nmethoxy-amno, is
| i kewi se a subject matter of the present invention. A significant higher
selectivity|can he achi eved. A conpound of formula (I1l c) wherein X is
N-C - Cral | koxy-am no, especially N nethyl-N nethoxy-amno, is

67-al
| i kewi se a subj ect mit%? of the present invention. WO 03/064392

PCT/ EPO3iveRIX, is Potbotet Ingdiony saspbtialiypiefbani-dintsteyisilyioryal so rel ates to
reaction step (a), especially when using a conmpound of formula (111 c¢),
wherein X is preferably N-C -Cral kyl -N-C - C7- al koxy-am no, nost preferably

N- et hyl - N- met hoxy-am g When applying this nethod, no substanti al
elimnation of the p ected hydroxy group X, is oberserved, especially in
view of the presence of the phenyl-ethyl am de that is stabilising the
protected hydroxy gr Qreventing P-elinnation and resulting in high

selectivity for the qubstitution reaction. Wen correspondi ng diesters were
used, it is known fr the literature that P-elimnation

especially 0 0 0 (cf. Compound (1)),

with a compound of formula

X

2

H,N

Xq

(III C"”)
wherein X, and X; have the meanings given above, in the presence of a hindered amine or

prefarably in the presence of at least two equivalents of 1-phenethylamine given above, and-
subsequent amidation with N-C;-C;alkyl-N-C,-C;-alkoxy-amine, especially with N-methyi-N-
methoxy-amine.

A hindered amine is, for example, N-C4-C;alkyl-N-C;-C;-alkoxy-amino, especially N-ethyl-
diisopropyl-amine.

The process for the manufacture of the starting material of formula (lll ¢), especially of a
compound of formula (Il ¢) wherein X is N-C;-Cralkyl-N-C,-C;-alkoxy-amino, especially N-
methyl-N-methoxy-amino, is likewise a subject matter of the present invention. A significant
higher selectivity can be achieved.

A compound of formula (Il ¢) wherein X is N-C;-C;alkyl-N-C;-C;-alkoxy-amino, especially N-
methyl-N-methoxy-amino, is likewise a subject matter of the present invention.



occurs as side reaction and selectivity is significantly |ower.

Furthernore, the present invention also relates to reaction step (b),

especi al I'wowbee3esi ng a conpound of fornmula (111 c), wheP€EITEPH3/E®54
preferably N-Cd -Cral kyl -N-C - C7-al koxy-am no, nost preferably

N- net hyl - N-net hoxy-am no. Here |i kew se20Ro P-elim nation has been

observed and a signicant selectivity of the reaction can be achieved. The
present invention furthernore relates to correspondi ng conmpounds of fornula

(111 d), Qﬁﬁé,rﬁ [?—,)é gﬁ' gl)?‘O’Qﬁ[Pﬁ'd"sgﬁ'elalteQ‘s 1 rb Y i%’ter?ogagfet%hgag whenusinga

tert- butyI I met resent inven
cor r esporeempguadaiformde (BEC)mheralnaX (smefe@bjy N&,r@;@lkal NACtQyealikoxpkaemiadn Y3 i S

Si | Yl OXY, nt
nvent 1 o BreTe PRl RUKoR St ek bR nR b NG IR Setapfal->c
conpound elifnirfationof the(ptdtécie, hyuhrwy grcnquG i$ eb@sérvé@,mpe@awna il of r;the o

- | - I ation has bee
obser ved PG bf eyt R amiddihy s sibliRG nd Broesied Bty SPaun Pyeiinomne
conpound Peélinfination| amd(resultirg ini Hghpseddativigbloy theesubestatisre@dablorf. ol | owi ng f or mul ae

OHOHo x NI I X3 HHHe'), 0OHNn2 wN I I X3 HHEe"), or W 03/064392
PCT/ EPO3/ 00954 -21 Alki 0 0 X

When corresponding diesters were used, it is known from the literature that B-elimination
occurs as side reaction and selectivity is significantly lower.

Furthermore, the present invention also relates to reaction step (b), especially when using a
compound of formula (11l ¢), wherein X is preferably N-C,-C;alkyl-N-C;-C;-alkoxy-amino,
most preferably N-methyl-N-methoxy-amino. Here likewise, no B-elimination has been

observed and a signicant selectivity of the reaction can be achieved.

The present invention furthermore relates to corresponding compounds of formula (i1l d),
especially those wherein X; is silyloxy, preferably tert-butyl-dimethyl-silyloxy.

The present invention furthermore relates to corresponding compounds of formula (Il e),
especially those wherein Yj is silyloxy, preferably tert-butyl-dimethyl-silyloxy.

Furthermore, the present invention also relates to reaction step (c), especially when using a
compound of formula (11l e), wherein Y3 is silyloxy, preferably tert-butyl-dimethyl-silyloxy.
Here likewise, no B-elimination has been observed and a signicant selectivity of the reaction
can be achieved.

The compound of formula (lil e) is preferably represented by following formulae

OHOH G
R L@”
NN
P X
H H H (il &),
0 OHo
Y\/U\/L/lL
DN
H o %

(I e”), or



.2 Y L~1;. aY X3 HHHwherein Alk, represents preferably
1-nmethyl -1, 1-ethylidene. The present invention |ikew se relates to a

conpound wbD oBos4spt ae (111 e'), (111 e") and (Il e... anacrhposrenryssf act ure
t hereof. The present invention furthernore relates to correspondi ng
compounds of formula (Il g), especialpy-those wherein Y3 is SHYl OXY,

preferably tert-butyl-dinethyl-silyloxy. The present invention |ikew se
relates to the novel conpound as described in the Working Exanples part.
The present invﬂQtion | i kewi se relates to the concrete products directly
obt ai ned by the\ 'process sequence or by the single process steps,
especially t cOrrespgndi ng products that are in an essentially
enantiongericallylpufle §6rm The conversion of an acid of fornula (1) into a
salt is ¢ Fes-GaE TN BT r known per se. Thus, for exanple, a salt
with a base offycggpoyhds t formula | is obtained by treating wth a
base. Salts can be cdnverted inflbet’he free conpounds in a customary manner,

and sal i a \ d, . nple, by treating with a
sui t abl e@grgc'ﬁggé'ﬁ#ﬁ%nt?%e%?&r‘ﬁeig?ﬁ%t%ﬁqﬁ%%&%(ﬁ%%rsi on of an acid of formula
(1) into a corresponding lactone of formula (I a) or (I b), respectively,
sui  abl e e BsehnbolfioRTRSTRS Fordtbs W BBy G\ 1filed o e B o3ard e " 2
acet oni t and the apdactureghereof.he acid, the conversion is carried out in a
tenperature range, for exanple, from-780 to the boiling point of the

sol vent. Most preferably, H3PO4 in acetonitrile at 600C i s used. The
conver si &he pfesant iavardine fwthefmoreukktdd toaprrespdniding)compesipds bi forhyla (lif)o a

b ot ¢ el o wieRGTN o, rcrRtebly e RIS RBR | o1

hydr oxi de, such as UOH, NaCOH or Ca(OH)2. Alternatively, the WO 03/064392

PCT/ EPO:S”I’RQ 8%§ent_ig\?ention likewise relates to the novel compound as described in the Working
Examples part.

The present invention likewise relates to the concrete products directly obtained by the
process sequence or by the single process steps, especially the corresponding products that
are in an essentially enantiomerically pure form.

The conversion of an acid of formula (1) into a salt is carried out in a manner known per se.
Thus, for example, a salt with a base of compounds of the formula | is obtained by treating
with abase. Salts can be converted into the free compounds in a customary manner, and
salts with a base can be converted, for example, by treating with a suitable acid agent to the
free acid.

The conversion of an acid of formula (1) into a corresponding lactone of formula (I a) or (Ih),
respectively, is carried out in the presence of an acid, preferably a mineral acid, in a suitable,
e.g. protic or aproctic, solvent, such as ethanol or acetonitrile. Depending on the acid, the
conversion is carried out in a temperature range, for example, from —78° to the boiling point

of the solvent. Most preferably, HsPO, in acetonitrile at 60°C is used.

The conversion of a lactone of formula (I a) or (I b), respectively, into a salt of the acid of
formula (1) is carried out, for example, in mixture of a protic solvent, e.g. ethanol, and water,
by using an alkalimetall hydroxide, such as LiOH, NaOH or Ca(OH),. Alternatively, the



| act one can be hydrol ysed by using an al kalinetall hydroxide, such as UCH,
NaCH and the resulting salt can be converted into the calciumsalt of the
acid of pwoamsaetsari n by addition of an aqueous sol uti on ®CTERCIMISH wat er.
A variant to the process according to the present invention conprises the
direct formation of a lactone of a comppund of formula (1). The formation
of said |lactone can be carried out by treating a conpound of fornmula (I1]
h) with an acid, such as a mneral acid, preferabl e wwth HIPO The process

[or the TBAEGkhe0 oSUAASS: 8 ol S by R U o3t e
manuf act ueamlim‘g safitican\besdoaverted WD 1 AIGHADSaIRT ThéROI3 bPPithastatid By éddnin)n of

| sobut yl - Iorofor i.ate nt hyl - hydroxyl Nz* NH, sj- -amin. si- or
000 &l 3 Hglepussel ‘6‘:(25)%'8(‘5"""%’ iw H)L ~~kAN - x N 0 ACD Tol uene H J15

H or COI’ldItIOI’lS A. X = CHN(OCH,) t-Butyf-nethyf-ether heptane -78 *C
Conditior)\s B: €§t: CHO F x&)- 9 IﬁuLI 0 W% JTHF 1 -78 1C F O X5 H si-
Sf - variant to the pfocess according fo the present invention comprises the direct formation of
a lactone of a compound of formula (I). The formation of said lactone can be carried out by
treating a compound of formula (lil h) with an acid, such as a mineral acid, preferable with

HaPO.,.

The process for the manufacture of compounds of formula (I) and salts thereof can be, for
example, illustrated by means of the following reaction scheme for the manufacture of
pitavastatin:



AN1T 1 0000000 NX-( O~ N HI HNCGCS2CO®B/ i-PrOH X5 or K CO /
Et OH H3p04 (Aeq.) / Acetonitrile For F HC / Ethanol 0 OH 0 1) NaBH4 CH
OH O N EtwBOmMec497z~ N N Hj)o 2) "202 1 0 kNA-)~ H H3PQ4 PrTN®RGM095H20 Et OH
Acetonitrile 2) HC --> R=H 3) NaCH F F 4) CaCl2 --> R=Ca2+ 0 0 OH OH
O Ilk Nz~ zz~!. OHOR O CN N R = H-@8-Ca2+ WO 03/ 064392 PCT/ EPO3/ 00954
-24- Wbrking Exanpl es: Manufacture of Starting Mteri al

-§- )( A: 12)) l;o‘;)_utyl-chloroformate
5 Dlmethyl-hydroxyl
Sl/ H, ?|L §|_/_
Jol\/o'\/ﬁ\ B:Mel/ KHCO, / DMF m
HO
————— ELQ —_— X l':ll
Toluene
or Conditions A: -> X = CH;N(OCH,)
t}%ugg-methyl-ether/ heptane . Conditions B: -> X = CH,0

Cs,CO,/ i-PrOH
or

K,CO, / EtOH
l HyPO, (Aeq.) / Acstonitrile

or
HCI / Ethand

1) NaOH/H,0/ EtOH
H,PO

3 s 2)HCl-->R'=H
Acetonitrile 3) NaOH

4) CaCl, --> R' = Ca?+

OR'

R' = H or Ca2+



Conpound (1) Si- 0 O A 3-(tert-Butyldinmethylsilyloxy)-glutaric anhydride
can be purchased fromAl drich. 3-(tert-Butyldinethylsilyloxy)-glutaric
anhydri dewoan/obs9prepared as follows: 0 )] OH 0 1 - KOH, Etrlcampoi/oosss er
0.~,~Ot-BDVM5-C 0O 1IlISI O Imdazole Xylen 0O 0 - I1-d 0 "Isi 2.

Sul furic acid Si Acetic anhydrid --> aee#ic acid OH 0 O Ethyl acetate 01"~CH
Xyl en, Tetrahydro-naphtalene -i Heptan O 0 O WO 03/ 064392 PCT/ EP03/ 00954
-25 A 4-necked, round bottoned fl ask, equipped with a nechanical stirrer,
digital thernoneter, nitrogen inlet-outlet and a condenser is charged with
3-hydroxyglutaric acid diethyl ester (107.5 g, 0.5 nole), imdazole (44.2
g 0.6 moMorkingiE (200 mL). The resulting mxture is heated to
70-800C and t-butyidinmethylchlorsilane (84.1 g 0.55 nole) dissolved in

xyl ene 100 nQ are added drop wi se over 30-40 minutes. Stirring is then
prol ongegﬂmgjgcmrggf StartivaMatedal 70- 800C. Afterwards the enulsion is cool ed
to roomtenperature and water (200 nQ is added. The | ower aqueous phase is
renoved and the remaining organi c phase washed again with water (100 mQ
Then, et E?H@lglﬁ%gﬁ 9 200 nQ and a solution of potassium hydroxide (119.8 g
a 49.2 % 1. are added to the organic phase. Stirring is maintained
for about 10-20, hours at 15-25*C. Then water (1200 nmlL) and ethyl acetate

3-(tert-Butyldimethylsilyloxy)-glutaric anhydride can be purchased from Aldrich.

3-(tert-Butyldimethylsilyloxy)-glutaric anhydride can be prepared as follows:

~ N
y N
o~ o /I i
)\)1/[?\ t-BDMS-CI o) O/SI o 1. KOH, Ethanol, water
e ——— -
o o Imidazole M/lj\ B
I\ Xylen o ok
[ |
Si—
o/
2, Sulfuric acid _Si™ Acetic anhydrid --> acetic acid
OH o lo)
Ethylacetate )\/K/U\
o Xylen, Tetrahydro-naphtalene
| OH_J Heptan 0 o o




(300 nL) are added to the slurry. The resulting enulsion is cooled to 0-1
50C and sulfuric acid (about 230 M 20 % solution in water) is added
car ef ul | yweto3064950C to end up with a pH val ue of 3.0-3. PCraPosiodsLati on
has to be done without interruption since the internediate nono potassium
salt is very |abile and may deconpose).ofbe enmulsion is then warmup to
15-200C and the | ower aqueous | ayer renoved. The renai ning organi c phase is
washed wth water (200 ni). Tetrahydronaphtal ene (100 M and water (200
ter .. .a. shor phase |s noved agai n,

m_ d ing. t

Thh the AR fobhd ArGmaR el ikt S SRt ea YR SictaboEToBEr a0

rzngazl 2) at nﬁ&géﬂﬁﬂ‘et-o'ﬂﬂet(‘)‘amt@gor:deaﬁéyidb{]ﬁgeﬂ iA{_ilB @h;gyowém&rmcﬁ) duemylaé&@@Th d over
m n 1 0 stiLrre ours e

sol ut i on?f@e%gh%gm(gét E"""tﬁsﬂg 'V/‘Q ) BNEXVIRRR 2@8(5@-) 16-redyipgmixturg h e

hept an ( t‘d)ﬁlaatéd}olm mﬁww nﬁ%yﬁﬁﬂtﬁg&ﬁet(m &'g’ 0355 H(bfé) WS%@N@& irf /lene

crystalli The s isS C for about 1 hour, and
cr zst al's (@em[:)oqrp@gg ﬂ%r%‘g'ﬁ%ﬂv%dﬁtong%wué% ?t!fﬂ'@g ﬁL?e’hﬂ@lor@P%‘H efer vacuo
( ﬁo C, 1@o2@ arrtzexsb%gmemawsf mrml?]dlssm |§dob%d&b$%%rwlt@npc§r8tlﬁ@95& {(vBfk kzo%i )
548,” PO LD § k5,156 488 depis-baee0e Snovesianddas Femalning ofganic phase

ﬁ) 3I [ (Nhﬁlﬁéd &uiry With veitdry(i 60 ||n]L} ) et eETahd ol(95 %, 200 mL) and a solutlon of t
- phen ent an aci rep are accord 0 a
plrooce)éur 8O fﬂg é@%ﬂf‘ld‘ég’ (lqﬁgg&n%lf‘%g %, 1 R%FQYF‘S\%T(W 9 Eorganic Rhgse. agﬁriﬂﬁck
Z Gﬁugotﬂrﬂalntahed%gabcﬁh 20120 s at51@r25'9@4f1'+%ﬁ47\|7atert(|t1@063%§ ﬁﬁtﬂ’@in é&td?@frﬂ()d
S ere ncor ent a icati r ef er ence e
pr ocedur Qﬁfﬁﬁ@&gi ‘g’? SELWC tél%eggsq i 'é'g'%f'(bs %R,qlﬁdevéy - §hrnd sulfuric

di aster eaaal (&isdut 280 hﬁS_'O f’/aedumrglheﬁawn) @ stRie8icatdiqiyde ol 150d 16 Ieﬁa hsrvmﬂfa%H by
W th nore hjndered base eci al

et byl o L% B § e Nom paitc o oMoyt IR iPten PROB e Blermpdieteos and
yi el ds ofohb@othesiurreshiids 6i/QIRIRNRH rhdy BRPOEER MHeRrhtlSIoN RIBSH Wafin @pgo  When
15-20°C and the lower aqueous layer removed. The remaining organic phase is washed
with water (200 mL). Tetrahydronaphtalene (100 mL) and water (200 mL) are added. After
a short stirring the aqueous phase is removed again, and the remaining organic phase
concentrated under vacuo to %2 (200-60 mbar) at 60-70°C. Then acetic anhydride (103.5 g,
1.0 mole) is added over 20-40 minute at 55-65°C and the solution stirred for 2-4 hours. The
solution is concentrated again under vacuo (jacket 80°C, 100-20 mbar). Then heptan (600
mL) is added slowly by 30-40°C to allow the product to crystallise. The slurry is cooled to —
15°C, stirred for about 1 hour, and crystals are collected, washed with heptane (100 mL) and
dried under vacuo (60°C, 10-20 mbar). The pink sand like crystals, M.p. 58-68°C (partial)
then 80-82°C are used as it for the next step.

Compound (2)



triethyl-amne is replaced with (S)-(-)-1 -phenethylam ne as a base, the
desired diastereoner is obtained in higher yield than descri bed by

Kar anewskyoaB/oed392 as wel | . This nmeans that at |east 2 nolPe3/EPD3/(BF4 (-) - |

- phenet hyl am ne are used, one nole as substrate and at | east one nole as
base. Best ratios and yields of the despged di astereoner are achieved, if a
second nol equivalent of (S)-(-)-1 -phenethylamne is used as a base,
instead of the tertiary amne. (3S,
|'"S)-3-[(tert-butyldimethylsilyl)oxy]-5-[(1

- phenyl - et hyl ) am no] - 5- oxopent anoi ¢ acid prepared by these procedures has

4 neckba ot e A PR iR bloneFepd Bt odh be (o

t her nonmepeaparechacaoodjeg to alpeoeeniutd es desatibad do Donaldes. Karanbaskye tany FhMah

&y
anhydrid o upd 1) (30 0n.123 ) - yl et hyl et her 1Q.m)
andyhept %H& (“%gg% O}Jg%‘f{és’ '{'g?irlg' CBPT |1§ﬁ*|%§%§6%ﬂ32%}cfbﬁﬁ°fr SQO?@'“&”%@R&@ a
slurry. (8ewjithlinqonsoratelyinte theprec&it. application 2y Ieferdnce99. 6 % ee) in heptan
(120 m.) is added slowy over 60-90 mnutes at -78/-750C. The clear viscous
solution is stirred for about 2 hours. Then tenperature is after then
rai sed to 20-250C. Water (100 nmQ is added followed by phosphoric acid
(about 106e proc2Buits of damnewsky et alataT e lmpretéedﬁo %hmiy htghe?(eigﬂetégeglect_ilygies
tenperature, between 30-35. C and. to end with a pH value o . D- . e
e o 28 PRERT 50 ghiE S debBrinetly SeBedment 3 Herdrafinsoitma e a0
m nut es. hiﬁhemdittasiasespeoialI)eN-eilijoliiMpréb)&@ﬁiiwe?CBhefic'ﬂ fé;%c@ﬁdnmdsen@i{weﬁghﬁt \)/\/ﬂl te
crystals ich ar hed with.a, mxture o ept water 1:

ol t oneardisane Sielatins ectesbiderioriet bioovragSa {2 ton thisrediong. Wilten nio

are dri etrietinglaminesie weplé&edH vath (S)-(-J&Ohﬂﬁbmétmtal)néiné/b@a bllazé,l-tﬂaé’ ?6&@&&\?@&?66\6892

PCT/ EPO3/ 00954 =27 (3S - 3¢ ert - hut i et Si y]-5-

oheny! - g e iTHgNed Viske B Panaioea sy Kengsb eL. B el S imsoncnas ohas

usual |y a8t 2rdiesasfdSFOBYephenetbplaminedle U8ed, cheindid as Sub$trale Bnd &'[d4st ondl J
mole as base. Best ratios and yields of the desired diastereomer are achieved, if a second

molequivalent of (S)-(-)-1-phenethylamine is used as a base, instead of the tertiary amine.
(85,1'S)-3-[(tert-butyldimethylsilyl)oxy]-5-[(1-phenyl-ethyl)amino}-5-oxopentanoic acid
prepared by these procedures has usually >98 % de and >98% ee.

An improved method is decribed below:

A 4-necked, round bottomed flask, equipped with a mechanical stirrer, digital thermometer,
nitrogen inlet-outlet and a condenser is charged with the anhydride (compound 1) (30 g,
0.123 mol) and t-butylmethyl ether (210 mL) and heptan (120 mL). The clear solution is
cooled down to -78 °C making a slurry. (S)-(-)-1-phenethylamine (31.3 g, 0.258 mol, 99.6 %
ee) in heptan (120 mL) is added slowly over 60-90 minutes at —~78/-75°C. The clear viscous
solution is stirred for about 2 hours. Then temperature is after then raised to 20-25°C. Water
(100 mL) is added followed by phosphoric acid (about 100 ml 20 % solution in water) in such
a way to keep the temperature between 30-35°C and to end with a pH value of 2.5-3.5. The
mixture is then brought to reflux (jacket 70°C) and stirred for about 30 minutes. Then it is
cooled down to 0-5°C and filtered to recover the white crystals which are washed with a
mixture of heptan/ water 1:1 (80 mL) followed by dilute ethanol (20 % in water, 100 mL).

The crystals obtained are dried under vacuo (50-60°C, 10-20 mbar). M.p. 170-172°C.



H

(3S5,1'S)-3-[(tert-Butyidinethylsilyl)oxy]-5-[(l-phenyi-ethyl)am no]-5-oxope
nt anoi ¢ awod3meB3hy| ester can be prepared according to treTEPOVeSH e of
Kar anewsky et al., cited above. Conpound (4) 41-11 SIi 00O H
(S)-3-(tert-Butyl -di net hyl -si | anyl oxy) = pgnt anedi oi ¢ aci d

nmet hoxy- met hyl -am de-((S)-1 -phenyl - ethyl)am de can be prepared as

foll ows: A 4-necked, round bottoned fl ask, equipped with a nechani cal

stirrer, dihgidal. .ther ter, . nitr n,inlet-qutlet and a condenser is
char ged \’\?#ﬂ $%é[(t3'31 H‘%ﬁ’ﬁﬁ‘é{ﬁﬂﬂ%ﬂ]fﬁ '%‘?”’Q‘F&W a”mP@ﬁOXQHa"taP%PB'Ponet hane
(200 nl) prégakdat hyhispropdure has (€udlp >08 % 84 ard >08%l de.i s added under
stirring at roomtenperature, to obtain a clear solution. The reaction

m xture is cooled down to -20 OC. Isobutyl-chloroformate (3.76 nlL, ca. 95
%V w purity, 27.36 mmol) is added WD 03/ 064392 PCT/ EP0O3/ 00954 -28 to the
reacti onComgaunel 3) -15 to -20 OC. The mi xture is stirred for 15 mn. at
-15to -20 "Cand is treated with N, O dinethyl-hydroxyl am ne hydrochl ori de
(2.695 g, 27.36 nmml,). Stirring is continued for 1 h and the reaction

m xture is allomﬂ/{o warmup to roomtenperature. The reaction mxture is
stirred for 1 h at \((;)é_;nterrperature and is treated with water (200 m) to
obtain a bi phasi c s®fFution. The | ayers are separated and the water |ayer is
extracted witly di ?ﬁ orgnmet hane (2 x 200 nL). The organic |ayer is washed
with brine (200 nLY, drjjed ofer anhydrous MgSO4 and the solvent is
evapor at eds r d DFe to obtain crude

(S -3-(tert9buty -di met hy A y) - pent anedi oi ¢ acid

met hoxy- et hyl - am de- ((S)-1 - ph et hyl )am de. The crude product is
recrystallized fromhexanes to obtain pure (S)-3-(tert-

but yl - di et hyl - si | anyl oxy) - pent anedi oi ¢ acid

net2 hoxy- (B8, h\3)-3dtertHButyidinethyishyloxy]-5-Kt *p}'lbmd-rdthiﬁa)arrﬂdoﬂ}&cg@p@ntaﬁbid a0ig; m{a@}/DZS:
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Compound (4)

(S)-3-(tert-Butyl-dimethyl-silanyloxy)-pentanedioic acid methoxy-methyl-amide-((S)-1-phenyi-
ethyl)amide can be prepared as follows:

A 4-necked, round bottomed flask, equipped with a mechanical stirrer, digital thermometer,
nitrogen inlet-outlet and a condenser is charged with the acid (compound 2) (10 g, 27.36
mmol) and dichloromethane (200 mL). N-Methyl-morpholine (6.03 mL, 54.71 mmol) is added
under stirring at room temperature, to obtain a clear solution. The reaction mixture is cooled
down to -20 °C. Isobutyl-chloroformate (3.76 mL, ca. 95 %w/w purity, 27.36 mmol) is added
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[(R)-4-(tert-Butyl-di net hyl -sil anyl oxy) -2-0x0-5-((S)-1

- phenyl - evbyBoesshanoyl ) - pentyl ] - phosphoni ¢ acid diethyl est@apogensbe
prepared as follows: A 4-necked, round bottoned flask, equipped with a
mechani cal stirrer, digital thernonetergg-nitrogen inlet-outlet and a
condenser is charged with net hanphosphonic acid diethyl ester (4.65 g,
30.59 mml ) and tetrahydrofuran (11 nL). The solution is cooled dowmn to -78
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[(R)-4-(tert-Butyl-dimethyl-silanyl oxy)-2-o0xo0-5-((S)-1-phenyl-ethyl carbanoy
| )- pentyl]-phosphonic acid diethyl ester as a highly viscous oil. [alD 20=

- 40.2'" (CHC13, C=1); M5 (ES+, niz): 522 ([M+Na]+, 100%; 1 R(Filn):
strong alxembkilons at 3297, 2930, 1717, 1652, ‘

a)

[(R)-4-(tert-Butyl-dimethyl-silanyloxy)-2-oxo-5-((S)-1-phenyl-ethylcarbamoyl)-pentyl]-
phosphonic acid diethyl ester can be prepared as follows:

A 4-necked, round bottomed flask, equipped with a mechanical stirrer, digital thermometer,
nitrogen inlet-outlet and a condenser is charged with methanphosphonic acid diethyl ester
(4.65 g, 30.59 mmol) and tetrahydrofuran (11 mL). The solution is cooled down to -78 °C
and butyllithium (15.3 mL of a 1.6 M solution in hexane, 24.47 mmol) is added. A fter stirring
for additional 60 min at -78 °C, a solution of (S)-3-(tert-butyl-dimethyl-silanyloxy)-
pentanedioic acid methoxy-methyl-amide-((S)-1-phenyl-ethyl)amide (2.5 g) in
tetrahydrofuran (10 mL) is added to the reaction mixture while maintaining the temperature



1542, 1254, 1026, 837 cm 1. Alternatively,

[(R)-4-(tert-Butyl-di methyl-silanyl oxy) - 2-oxo-5((S)-1-phenyl - ethyl car banoyl
)- pentylwephospboni c acid diethyl ester can be al so prepacedrosiags t he
met hyl ester of (3S,1'S)-3-[(tert-butyldinethylsilyl)oxy]-5-[(l

- phenyi - et hyl ) am no] - 5- oxopent anoi ¢ acidgas starting material instead of
(S)-3-(tert-butyl-dinethyl-silanyl oxy)-pentanedioic acid nethoxy-

nmet hyl - am' de ((S)-1-phenyi-ethyl)am de applying the above descri bed net hod.

b) S!
LRy a- ( EE78 Sl .ol for th gy tempatagure apldiye teaction is quenched by
- phenyl - @Wdﬂmmfmo)utpemf wtdtic goittd Bog)iin tethgdrdiurat (b5 attar78 0. e

FE %) aze?tffgar%glgl%h{lﬁ%dsm% e?"wlglé ?@ﬁ%@ég B %%Aéﬁtgﬁe qnd poured onto ethyl
- phenyl - acm[a:(aﬂﬁmh);aln)imeat(mq mL)p Hdspitiptmasic mixtute @8 stitdalfor €3 i ahdther epar ed
Zy ( ?gﬂ y'gﬂ'%y chgy ? %‘}%%tgfi :ﬂ}qd\g;t%r 'aggrdi§ %O ac%t%(gwﬂi ethyl acetate. The organic
- phenyi - &ykid ararcheningd) wasvedykiih- wdtes phied over axthydrods atdiybsiast Rilfate and the
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1256, 108Ben8B&biaiy {B)-4-Gtt-ButydimEhyFsilainyloRy)®R-Oxd\5-((S)-1-phenyl- ethylcarbamoyl)-
pentyl}-phosphonic acid diethyl ester as a highly viscous oil. [a]92°= - 40.2° (CHCl3, c=1); MS
(ES+, m/z): 522 ([M+Na]*, 100%); IR(Film): strong absorbtions at 3297, 2930, 1717, 1652,
1542, 1254, 1026, 837 cm’".

Alternatively, [(R)-4-(tert-Butyl-dimethyl-silanyloxy)-2-oxo-5((S)-1 -phenyl-ethylcarbamoyl)-
pentyl]-phosphonic acid diethyl ester can be also prepared using the methyl ester of
(35,1'S)-3-{(tert-butyldimethylsilyl)oxy]-5-[(1-phenyl-ethyl)amino]-5-oxopentanoic acid as
starting material instead of (S)-3-(tert-butyl-dimethyl-silanyloxy)-pentanedioic acid methoxy-
methyl-amide-((S)-1-phenyl-ethyl)amide applying the above described method.

b)

[(R)-4-(tert-Butyl-dimethyl-silanyloxy)-2-oxo-5-((S)-1 -phenyl-ethylcarbamoyl)-pentyl]-
phosphonic acid dimethyl ester can be prepared as follows:
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(B)-(R-3-(tert-Butyl-dinethyl-silanyl oxy)-7-[2-cycl opropyl -4-(4-fl uoro-phe
nyl ) - qui MeDIROB+3YE | - 5- oxo-hept-6-enoic acid ((S)-1 -phenpCTaPaydPsam de
can be prepared as -foll ows:

[(R) -4-(tert-Butyl-dinethyl-silanyl oxy)g8-~oxo-5((S)-1

- phenyl - et hyl car banoyl ) - pentyl ] - phosphonic acid diethyl ester (3g, 6 nmol)
is placed in a 4-necked, round bottoned flask, equipped with a nechani cal
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over n| ghtacigtdietbyrestesnper at ur e. Then, the reaction is quenched by addition
of an aqueous citric acid solution (60 nL) and the aqueous m xture is
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(B)-(R) - 37?¢1&H0m8utyl dlnethyl S|Ianyloxy) 7-[2-cycl opropyl - 4- (4-fl uor o- phe
nyi )- quinolin-3-yl]-5-o0xo0-hept-6-enoic acid ((S)-1 -phenyi-ethyl)-am de as
a light-yellow solid foam [a]D20= - 28.80 (CHC13, C= 1); Ms (ES+, mz):
659 ([ MtNa] +, 100%; 1 R(KBr): Strong absorbtions at 1647, 1605, 1540,
1513, 128B, 1223, 1094, 1066, 837, 778, 763, 6999 cni. Alternatively,
(B)-(R-3-(tert-Butyl-di net hyl - S|Ianyloxy) 7-[2-cycl opropyl -4-(4-fl uoro-phe
nyl)- quinolin-B8-yl]-5-0x0-hept-6-enoic acid ((S)-I-phenyl-ethyl)-am de can
be prepared froQ[(R) - 4-(tept-Butyl-dinmethyl-silanyl oxy)-2-o0xo0-5-((S)-1
- phenyi - ethyltafbsnnyl) pent lzphosphonic acid dinmethyl ester e.g. by
using the fol ogyxg proceduré?
: Ayl oxgy) - 2- 0x0-5-((S)-1
I ho~nhon c acid dinmethyl ester (424.9q,

ne kKed, Nroung” bofjtoned flask, equipped with a
digital therm)r'ileter rogen inl et-outlet and a

910 nmol )
mechani cd

(E)-(R)-3—(tert-Butyl-dimethyl—silanyloxy)-7-[2-cyc|opropyl-4-(4-ﬂuoro—phenyl)-quinolin-3-yl]-5-
oxo-hept-6-enoic acid ((S)-1-phenyl-ethyl)-amide can be prepared as follows:

[(R)-4-(tert-Butyl-dimethyl-silanyloxy)-2-oxo-5((S)-1 -phenyl-ethylcarbamoyl)-pentyl]-
phosphonic acid diethyl ester (3g, 6 mmol) is placed in a 4-necked, round bottomed flask,
equipped with a mechanical stirrer, digital thermometer, nitrogen inlet-outlet and a
condenser. Isopropanol (12 mL) is added to obtain a solution. Caesium carbonate (1.96g, 6
mmol) is added, followed by the addition of the 2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-
yl]-8-carbaldehyde (1.75g, 6 mmol). The reaction mixture is diluted with isopropanol (6 ml)
and stirred overnight at room temperature. Then, the reaction is quenched by addition of an
aqueous citric acid solution (60 mL) and the aqueous mixture is extracted twice with tert-
butyl-methylether (2 x 120 mL). The organic layers are combined, washed with water (120
mL.), dried over anhydrous magnesium sulfate and the solvent is evaporated under reduced
pressure to obtain the crude product as a brownish-yellow foam. The crude product is



condenser. Ethanol (950 nL) is added to obtain a solution. The solution is
cooled to 0-4 OC in an ice bath. Finely powdered potassium carbonate (1
19. 89, 8580b3mwwb) i s added, followed by the addition of PCREP03/00954

2-cycl opropyl - 4- (4-fl uoro-phenyl)-quinolin-3-yl]-3- carbal dehyde (250g,
858.1 mml ). The reaction mxture is diguted with ethanol (950 m) and
allowed to warmup to roomtenperature. After stirring for 30 mn at room
tenperature, the reaction mxture was heated to 40-45 'C and stirred at
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product, which can be purified by col um chromatography as descri bed above
to obtain pure
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(B) - (R) - geidtden¢thpiestdr-ed. g tusing-tse falloywingypygcedufe3- (4- f | uor o- phenyl ) - i
-isopropyl -1 Hindol-2-yl]-5- oxo-hept-6-enoic acid ((S)-]I

- pheny| - §Brdt(Jerbibutyledimatnybsilapylepyr2zoxd-5-4(8)-3-ghenfitetoylcarbiraayl)-perityi]-

E It :?ff gﬁ ?s]pgléhlc{%g%l (ﬁfé\%}‘h&ﬁ%?%]x@)ggéggg(@ rgn_n{o?)g% i)%bed in a 4-necked, round bottomed

- phenyl - ﬁamlaqarpbadwth) a peechanicap kiirserh digital thanhoinelﬁer;emhm’geremlemouﬂacmcd ang

-to the 85.%?.9&‘# eEtHSﬁoq éébe%L?EO\fﬁedAb })t?talncahéocftrﬁa O pso)(u'uon is cooled to 0-4 °C
in an ice bath. Finely powdered potassium carbonate (119.8g, 858.1 mmol) is added,
followed by the addition of the 2—cycloprobyl-4-(4—f|uoro-phenyl)-quinolin-3-yl]-3-
carbaldehyde (250g, 858.1 mmol). The reaction mixture is diluted with ethanol (950 ml) and
allowed to warm up to room temperature. After stirring for 30 min at room temperature, the
reaction mixture was heated to 40-45 °C and stirred at this temperature for 48 hours. The
reaction is then quenched by pouring onto a 5% solution of aqueous citric acid (1800 mL).
The reaction mixture is transferred into a separation funnel and is extracted with t-butyl-
methylether (3500 mL). The layers are separated and the organic layer is washed with water
(8500 mL) and brine (3500 mL). The water layers are extracted again with t-butyl-
methylether (5500 mL) and the organic layers are combined. The organic layer is dried over
magnesium sulfate (70g) and the solvent is evaporated in vacuo to obtain a braun honey-like
crude product, which can be purified by column chromatography as described above to
obtain pure (E)-(R)-3-(tert-Butyl-dimethyl-silanyloxy)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-
quinolin-3-yl]-5-oxo-hept-6-enoic acid ((S)-1-phenyl-ethyl)-amide. Alternatively, the crude
product can be used for the next step without further purification.

d)



silica gel wth n-hexanes / ethyl acetate (7:3) as eluent,
(B)-(R-3-(tert-Butyl-di nmet hyl -
si | anyl oxwyP-0340p4839% 4- f | uor o- phenyl ) -1 -i sopropyl - | H i ndol - 2P¢IT]EPS3/00964 hept - 6-
enoic acid ((S)-i- phenyi-ethyl)-am de is obtained as a yellow foam Rt =
0.65 (TLC on silicagel with ethyl acetgbe hexanes 9:1 as eluent). [alD 20=
- 40.1 - (MeOH, c=1); M5 (ES+, nmz): 649 (100% M+Na') | R(KBr):
characteristic signals at 3309 (broad), 3062, 2954, 2929, 2884, 2855,
1652, 1591, I;L540, 1496, 1453, 1371, 1339, 1251, 1222, 1156, 1138, 1093,
1015, 970, 887, 778, 743, 9, 565 cm1; Mcroanal ysis: calculated (found)
for C 38HA7DN2Q3Si: 72.81—(A2.69) %C, 7.56 (7.73) %H, 4.47 (4.61) %N,
3.03 (2.99) 4.48 (4.36)si%Si. e) FOOHO N H AN
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-hept-6-enoic \acid ((3)-I-Fheny] -ethyl)-am de can be prepared as foll ows:
7-[2-cycl opropyl-4-(4-fluoro-phe

(E)- (R -3t t- utyl-dinethyl-silpanyl

nyl ) - qui @ =N{] -5- oxo-hept -6-enoi & ag¥d ((S)-1 -phenyl -ethyl)-amn de
(2.0 g, 3\=/mvl )[is placed in a 4-necked, round bottoned flask, equipped
with a nechanical /stirrer, digital thernonmeter, nitrogen inlet- outlet and

a condenser. Acetonitril (30 nL) is added and the mxture is stirred to
obt ai n a(E)94&)-3t{tevButi-gimetiol-sizchyloay)uT-[3@-fforgphemiet-lsoppyid H-hdokr2-yips-a 1 M

sol ution_j t 1S and t reaction mxture is heated to 450C.
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silica gel with n-hexanes / ethyl acetate (7:3) as eluent, (E)-(R)-3-(tert-Butyl-dimethyl-

)

silanyloxy)-7-[3-(4-fluoro-phenyl)-1-isopropyl-1H-indol-2-yl]-5-oxo-hept-6-enoic acid ((S)-1-
phenyl-ethyl)-amide is obtained as a yellow foam. R = 0.65 (TLC on silicagel with ethyl
acetate / hexanes 9:1 as eluent). [a]p>= - 40.1° (MeOH, c= 1); MS (ES+, m/z): 649 (100%,
M+Na') ; IR(KBr): characteristic signals at 3309 (broad), 3062, 2954, 2929, 2884, 2855,
1652, 1591, 1540, 1496, 1453, 1371, 1339, 1251, 1222, 1156, 1138, 1093, 1015, 970, 837,
778, 743, 699, 565 cm’; Microanalysis: calculated (found) for CsgHarFN-O3Si: 72.81 (72.69)
% C, 7.56 (7.73) % H, 4.47 (4.61) % N, 3.03 (2.99) % F, 4.48 (4.36) % Si.

(E)-(R)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl}-3-hydroxy-5-oxo-hept-6-enoic acid
((S)-1-phenyl-ethyl)-amide can be prepared as follows:



An anal ytical sanple of the crude product is purified by colum

chromat ography on silica gel wusing ethyl acetate as eluent and
subsequernwby3o6433t al | i sed fromtert-butyl-methylether / Rexa®Pe3/ 00964 obt ai n
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20= - 26.9" (CHC13, C=1); M5 (ES+, niz): 545 ([ M+Na]+), 523 (MH, 100%;
IR (KBr): Strong absorptions at 3344, 1693, 1631, 1603, 1549, 1513, 1488,
1409, 1344, 1219, 1055, 1030, 768, 697 cm1; Mcroanal ysis: calcul ated
(found) for C33H3, FN203: 75.84 (75.74) % C, 5.98 (6.13) %H 5.36 (5.39) %
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of a brapn, honey-|ike cruyde uct . e e product is dissolved in
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hour s at aBsorflionshe 3344, 1693, 1631, 1603, 1549, 1513, 1488, 1409, 1344, 1219, 1055, 1030,
768, 697 cm”; Microanalysis: calculated (found) for CasHaFN,Os: 75.84 (75.74) % C, 5.98
(6.13) % H, 5.36 (5.39) % N, 3.64 (3.63) % F. '
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Alternatively, (E)-(R)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-3-hydroxy-5-oxo-
hept-6-enoic acid ((S)-1-phenyl-ethyl)-amide can be prepared using hydrochloric acid for
deprotection according to the following procedure:

Crude (E)-(R)-3-(tert-Butyl-dimethyl-silanyloxy)-7-[2-cyclopropyl-4-(4-fluoro-phenyi)-quinolin-
3-yl}-6-oxo-hept-6-enoic acid ((S)-1-phenyl-ethyl)-amide (655.1 g) from example c) is placed
in a 4-necked, round bottomed flask, equipped with a mechanical stirrer, digital
thermometer, nitrogen inlet-outlet and a condenser. Ethanol (2400 mL) is added to obtain a
solution. The solution is cooled to 0-4 °C and hydrochloric acid (2M agueous solution, 657.1
g, 1276 mmol) is added dropwise at this temperature. The reaction mixture is warmed up to
25 °C and stirred at this temperature for additional 4 hours for completion of the
deprotection. The reaction mixture is then poured onto an aqueous solution of sodium
bicarbonate (7400 mL of a 2% solution) and extracted with ethyl acetate (5000 mL). The
organic layer is washed with brine (1800 mL), the water layers are combined and extracted



solid product is isolated by filtration, the filter cake is washed with
i ce-cold n-hexane (502 nQ and dried in vacuo to obtain
(E) - (R) - Wp2a3woysbopr opyl - 4- (4-f 1 uor o- phenyl ) - qui nol i n- 3- yiPLTEP03/00954
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(E)-(R)-7-[3-(4-Fluoro-phenyl)-1-isopropyl-1H-indol-2-yl]-3-hydroxy-5-oxo-hept-6-enoic  acid
((8)-1-phenyl-ethyl)-amide

can be prepared from (E)-(R)-3-(tert-Butyl-dimethyl-silanyloxy)-7-[3-(4-fluoro-phenyl)-1-
isopropyl-1H-indol-2-yl]-5-oxo-hept-6-enocic acid ((S)-1-phenyl-ethyl)-amide by deprotection
with HCI in ethanol according to the procedure described above for the preparation of (E)-
(R)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-3-hydroxy-5-oxo-hept-6-enoic acid
((5)-1-phenyl-ethyl)-amide. Chromatography on silicagel with ethyl acetate / n-hexanes (9:1)
as eluent affords (E)-(R)-7-[3-(4-Fluoro-phenyl)-1-isopropyl-1H-indol-2-yl}-3-hydroxy-5-oxo-
hept-6-enoic acid ((S)-1-phenyl-ethyl)-amide as a yellow foam. R;= 0.30 (TLC on silicagel,
ethyl acetate / hexanes 9:1 as eluent). [a]p™ = -35.5° (CH3OH, c= 1) MS (ES+, m/z): 535
(IMNa]*, 100%); IR (KBr): 3307 (broad), 3061, 2973, 2932, 1645, 1590, 1539, 1495, 1452,
1421, 1871, 1339, 1273, 1221, 1155, 1138, 1105, 1095, 1048, 1016, 973, 910, 839, 815,
744, 719, 700 cm’. Microanalysis: calculated (found) for CsHasFN,Os: 74.98 (74.20) % C,
6.49 (6.49) % H, 5.46 (5.49) % N, 3.71 (3.58) % F.



acid ((S)-1 -phenyl-ethyl)-am de can be prepared as follows: A dry,
3-necked, round bottoned fl ask, equipped with a stirring bar, digital

t her nonetwo oanad39ar gon inlet-outlet is charged with dry tecrairgsiecsur an
(7.5 nL) and is cooled down to -78 OC. Sodi um borohydride (172.5 ng, 4.56
mol ) is added under an argon stream f@65kowed by the addition of

di et hyl - net hoxyborane (0.694 g of a 50% solution in tetrahydrofuran, 3.47
mmol) at -78 OC. The mixture is stirred for 5 mn at this tenperature.
Then, a §2Iution of crude (E)-

(R -7-[2-Cycl opropyl - 4-(4-fl uoro-phenyl)-quinolin-3-yl]-3-hydroxy-5-o0xo- hep
t-6-enoic acid g(S)-1 -phenyl-ethyl)-amde (1.84 g, 3.52 nbl) in dry
tetrahydrof uran| (1.8 mQ and dry nethanol (2.2 nlL) is added slowy during
ca. 30 mn at '\Sx:and stirring is continued for another 1 h at this

t enper at ur e. or k- up, the reaction mxture is poured onto a sol ution of
sodi um bi carbdpatg)(0.383 g) in water (12 mL) and isopropyl acetate (30 ni)
is added. The Dbyphasic s@HItiOH isQstirged for 30 mn at roomtenperature,
until gas evolutjon is cedsed.

| ayer is W AL BRLATE & P
to obtain ¢l | ow solid. The so”i 5 50l ved i n i sopropyl acetate
(15 nL) and e sotNtion is heated to 45-56..Q2 Hydrogen-peroxide (0.994 ¢
of a 35% aqueod% solqp’on, 10.23 mmol ) is sllowy added at 45-50 OC and
stirring is continued Yor additional 2h. The reaction is quenched by
addition of brine (15 nL) at 45-50 'C. The biphasic mxture is stirred for
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Finally, the organic layer is washed wth agueous, half-saturated NaC
solution (15 nL), dried over magnesium sulfate and the solvent is
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I's di SSOt(gﬁa—ﬁi-dhgn);l-%'iﬁy'l)-amide (1.84 g, 3.52 mMol) in dry tetrahydrofuran (1.8 mL) and dry

methanol (2.2 mL) is added slowly during ca. 30 min at -78 °C and stirring is continued for

t is evaporated in vacuo

another 1h at this temperature. For work-up, the reaction mixture is poured onto a solution of
sodium bicarbonate (0.383 g) in water (12 mL) and isopropy! acetate (30 mL) is added. The
biphasic solution is stirred for 30 min at room temperature, until gas evolution is ceased. The
layers are separated and the organic layer is washed with brine (2x30 mL). The solvent is
evaporated in vacuo to obtain a dry, yellow solid. The solid is dissolved in isopropyl acetate
(15 mL) and the solution is heated to 45-50 °C. Hydrogen-peroxide (0.994 g of a 35%
aqueous solution, 10.23 mmol) is slowly added at 45-50 °C and stirring is continued for
additional 2h. The reaction is quenched by addition of brine (15 mL) at 45-50 °C. The
biphasic mixture is stirred for 20 min at 45-50 °C and the layers are separated. The organic
layer is treated with an aqueous solution of Na,SOj3 (0.658 g in 15 mL water) at 45-50 °C,
the mixture is stirred for 5 min and the layers are separated. Finally, the organic layer is
washed with aqueous, half-saturated NaCl solution (15 mL), dried over magnesium sulfate

and the solvent is evaporated in vacuo to obtain the crude product as a yellowish solid foam.



butyl -nmet hyl ether (10 nL) and hexane fraction (4 nlL) is added dropw se
under stirring. The «clear solution is treated with a' suspension of a small
porti on oWOggmeh3er ystals and stirring is continued for amCadguod/dosal hour
at roomtenperature. The suspension fornmed is cooled down to 0-5 'C and
stirred for 2 h at this tenperature. Thgsproduct is isolated by filtration,
washed with ice-cold hexane fraction (5 nm.) and dried in vacuo at 40 OCto
obtain crystalline
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hour s to e I-ntaining the reaction tenperature at -78
oC. After® Qt??’?%ﬁéh)%ﬂn;(m]:a@ﬁ%%ne hour at -78 OC, the reaction m xture

wator | (RSBREY, oo dFSE et e ol e R i kP
m Xt ur e hept@-emaiedcid |(8)H1-phenyl-ethiyB-amigeh pieepitated ffopt fahgbne] Ban be ganvdarddager

3150 n R R e 4 B BoresF R RS bt BB b o 3RS © {2

acid ((S)-1-phenyl-ethyl)- amlde also by the following procedure:

Sodium-borohydride (30.26 g) is placed in a dry 4-necked, round bottomed flask, equipped
with a mechanical stirrer, digital thermometer, nitrogen inlet-outlet and a condenser. Dry
tetrahydrofuran (1877 mL) is added and the suspension is cooled down to -78 °C. A solution
of diethyl-methoxyborane (54.85 g, 548.4 mmol) in tetrahydrofuran (54.85 g) is added during
15 min. at -78 °C and the reaction mixture is stirred for additional 5 min. at this temperature.
A solution of (E)-(R)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-3-hydroxy-5-oxo-hept-
6-enoic acid ((S)-1-phenyl-ethyl)-amide (290.7 g, 556 mmol) in dry tetrahydrofuran (488 mL)
and methanol (581 mL) is added slowly during 2.5 hours to the reaction mixture, maintaining
the reaction temperature at -78 °C. After stirring for additional one hour at -78 °C, the
reaction mixture is poured onto an ice-cold solution of sodium bicarbonate (92.15 g) in water
(4610 mL). Isopropyl acetate (7346 mL) is added and the biphasic mixture is stirred, until two
clear phases are formed. The organic layer is separated and the aqueous layer is extracted
with isopropyl acetate (2 x 3150 mL). The organic layers are combined, washed with brine (2



WO 03/ 064392 PCT/ EP03/ 00954 -37 x 3150 nQ and the solvent is evaporated in
vacuo to obtain a solid as a yellow foam The solid is dissolved in

i sopropylwamamet’g2 (630 nlL) and the solution is warnmed up POTEPI/HIGS4

Hydr ogen peroxide (174.02 g of a 35% aqueous sol ution, corresponding to

60. 907 g hydrogen peroxide, 1790 mwol ). 37s added over a tine period of 45
mn. at 50 'C and the reaction mxture is stirred for an additional hour
at this tenperature. The reaction is quenched by addition of brine (3980
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- 38 suspension is warmed up to 30 °C and stirred for 15 min. at this temperature. The
suspension is allowed to cool down to 25 °C and stirred over night at this temperature.
Finally, the suspension is stirred for 2 hours at 0 °C and for 3 hours at -20 °C. The product is
isolated by filtration, washed with n-heptane (2x75 mL) and dried in vacuo at 40 °C to obtain
crystalline (E)-(3R,58)-7—[2-Cyclopropyl-4-(4-f|uoro-phenyi)quinolin-3-yl]-3,5-dihydroxy—hept-
8-enoic acid ((S)-1-phenyl-ethyl)-amide as a solvate with t-butyl-methyl ether. Melting range
58-69 °C. According to HPLC, the crystals comprised 99.89 % of the desired syn-(3R,5S)-
product and 0.11 % of the anti-(3R,5R)-epimer.
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(BE)- (3R, 5S)-7-[3-(4-Fl uoro-phenyl)-1-isopropyl-1

H i ndol - 2-yl ] -3, 5-di hydr oxy-hept-6-enoic acid ((S)-1-phenyl-ethyl)-am de
can be prwpased3dr om (E)-(R)-7-[ 3-(4-Fl uoro-phenyl) - 1-i sopCompo3/10954

H i ndol - 2-yl ] - 3- hydr oxy- 5- oxo-hept-6-enoic acid ((S)-1-phenyl-ethyl)-am de
according to the procedures described .ggove for the preparation of
(BE)-(3R,5S)-7-[2-Cycl opropyl -4-(4-fl uoro-phenyl)quinolin-3-yl]-

3, 5-di hydr oxy- hept-6-enoic acid ((S)-1-phenyl-ethyl)-am de. Chromatography
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the addition of calciumchloride (0.049 g, 0.044 mmol) under stirring at
30-35 C. WD 03/064392 PCT/ EP03/ 00954 -39 Precipitation occurs. The
suspensiﬁs s allowed to cool down to roomtenperature. The suspension is
stirred

n i
or 2 h at roomtenperature and for additional 2.5 h at 150C. The
F

(E)-(8R,58)-7-[2-Cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yi}-3,5-dihydroxy-hept-6-enoic
acid, calcium salt can be prepared as follows:

(E)-(3R,5S)-7-[2-Cyclopropyl-4-(4-fluoro-phenyl)quinolin-3-yl]-3,5-dihydroxy-hept-6-enoic
acid ((S)-1-phenyl-ethyl)-amide (0.50 g, 0.95 mmol) is dissolved in ethanol (12.5 mL). Water
(12.5 mL) and sodium hydroxide (5 mL of a 1M solution, 5 mmol) are added and the mixture
is heated to ca. 80 °C in an oil bath. Stirring is continued for 18 h at ca. 80 °C. The solvent is
distilled under reduced pressure and the residue is dissolved in water (50 mL). The water
solution is extracted twice with tert-butyl-methyl ether (2 x 50 mL). The aqueous layer is
concentrated in vacuo to a final volume of ca. 25 mL. Water (25 mL) is added, followed by
the addition of calcium chloride (0.049 g, 0.044 mmol) under stirring at 30-35 °C.



precipitate is isolated by filtration and the filter-cake is washed with
water (5 mL). The product is dried in vacuo to obtain the Calciumsalt of
pi t avast awDr3ae43:2 whit e powder. The acid conponent of th@CT&PO3/0@®54
identical with the acid conponent of an authentic sanple of _

(BE)- (3R 55)-7-[2-Cycl opropyl - 4- (4-fl uor-@gphenyl ) - qui nol i n-3-yl ] - 3, 5-di hydro
Xy-hept-6-enoic acid, calciumsalt (corresponding to the pitavastatin
calciumsalt) in IR and HPLC. Alternatively,
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extracted with tert-butyl-nmethyl ether (3 x 80 m.) and the organic phase
is removed. The water phase is evaporated under reduced pressure and the

id nL of a
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the layers are separated. The organic layer is washed with water (90 ni).
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hours at 65'5‘% ﬁ%o% aJA@% t8 'bpe%b(i\‘trate the aﬁ(&l, F’o‘ilg\ﬂe&) gy the addition of ethyl acetate (176
mL). The mixture is stirred for 15 min. and the layers are separated. The organic layer is
washed with water (90 mL). Charcoal (0.5 g) is added to the organic layer and the mixture is
stirred at 30-35 °C for several hours. Filter-aid (Cellflock, 1.0 g) is added and stirring is
continued for additional 30 min. The charcoal is removed by filtration on a filter-aid to obtain
a clear solution and the solvent is evaporated at 30-35 °C under reduced pressure, to obtain
(E)-(3R,5S)-7-[2-Cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-y1}-3,5-dihydroxy-hept-6-enoic
acid as a white solid. For the formation of the calcium salt, the acid (2.55 g, 6.05 mmol) is
suspended in water (40.5 mL) and sodium hydroxide (0.260 g, 6.5 mmol) is added to obtain
a clear solution of the corresponding sodium salt. A solution of calcium chloride (0.399 g,
3.49 mmol) in water (2 mL) is added dropwise to the solution of the sodium salt. A
suspension is formed immediately upon addition of calcium chloride. The suspension is
stirred for 4 hours at 20-25 °C and for 2 hours at 15-17 °C. The product is isolated by
filtration, the filter cake is washed with cold water and dried in vacuo at 20-25 °C to obtain



filtration, the filter cake is washed with cold water and dried in vacuo at
20-25 OC to obtain WO 03/064392 PCT/ EP03/00954 -40

(E) - (3R, 58p-0306B9Lycl opr opyl - 4- (4-fl uor o- phenyl ) - qui nol i nPBTEPP3/@95+ di hydr o
xy-hept-6-enoic acid, calciumsalt as a white, crystalline powder,
conprising 10.6 % (WW water. [a] D2~---4822.920 (1:1 acetonitril / water, c
= 1). X-ray analysis revealed the presence of the crystal nodification A
The ratio of the enantionmer having (3S, 5R) configuration was bel ow t he

nad o o R 5987-CAeBloREPIEhitehailk 0o B oA BB e e o o

of the cacidsplondi sait asspivhile, scrjstalhne);bommj'cdrdmls(r@aﬁ% @) watks. [ T:

, PLC Th di | t
o T3, MG (Sl PLE | EPh e LISRAESRENNR EL S
' ~~ONa modlchE)lorQ ARTBbS)ativ-df 3hd dndritionteo havien (39, -513) cbﬁﬁg@ﬂ&twﬂwéh below the

H i ndol - gic.acid di n, be prepared
From ( 5 ekaymy & Db A6 8R0 8 cRDR ei8ioDoBaf, e Hiedustfi moyd 16 5.
di hydr ox\e%ikartea® mnity acaaedidg (o ISIPLC anplvemprised Owb)arw%detrb}bohﬁégﬂi&i s with
;?g:o;;nawg éjls((i% %f@%ﬁg @3#? the (%hoﬁde%gn?ergevsvﬁlch l\?v%(rje r?obtos\é%arfa?erd mrll-lPLC)
Cycl opr ofyle-obrredpdriding lactphe oyl nqtibe dbtieated-ay b ldetbclionliiil 8f 008 ah&dt - 6- enoi ¢
acid. After conpletion of the hydrolysis, excess sodium hydroxide is
neutralised by addition of hydrochloric acid and the solvent is evaporated
under reduced pressure. As a work-up variant, the residue is dissolved in
wat er at j60-70 OC and the solution is allowed to cool down to room
tenperature. Crystallisation occurs. The fornmed suspension is cool ed down
to 5 OC, stiffred for several hours at this tenperature to conplete the
crystallisatipn and the product is isolated by filtration.

(E)- (3R, 5S) -7-T3x (4- Fl uor o- phenyl )-1 -isopropyl -1 Hindol-2-yl]-3,5-

di hydr oxy- he enoic acid sodiumsalt is obtained as beige to yell ow
crystalline o

ONa

(E)-(3R,5S)-7-[3-(4-Fluoro-phenyl)-1-isopropyl-1H-indol-2-yl]-3,5-dihydroxy-hept-6-enoic acid
sodium salt

can be prepared from (E)-(3R,5S)-7-[3-(4-Fluoro-phenyl)-1-isopropyl-1H-indol-2-y]-3,5-
dihydroxy-hept-6-enoic acid ((S)-1-phenyl-ethyl)-amide by hydrolysis with sodium hydroxide
according to the procedure described above for the preparation of (E)-(3R,5S)-7-[2-
Cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-3,5-dihydroxy-hept-6-enoic acid. After
completion of the hydrolysis, excess sodium hydroxide is neutralised by addition of
hydrochloric acid and the solvent is evaporated under reduced pressure. As a work-up
variant, the residue is dissolved in water at 60-70 °C and the solution is allowed to cool down
to room temperature. Crystallisation occurs. The formed suspension is cooled down to 5 °C,
stirred for several hours at this temperature to complete the crystallisation and the product is
isolated by filtration. (E)-(3R,5S)-7-[3-(4-Fluoro-phenyl)-1-isopropyl-1 H-indol-2-yl}-3,5-
dihydroxy-hept-6-enoic acid sodium salt is obtained as beige to yellow crystalline product.



WO 03/ 064392 PCT/ EP03/ 00954 -41 The crystalline product can be dissolved
in water and Iyophilised to obtain a Iyophillsate, which is soluble in
organi c swbwefss92 e.g. in dichloronethane. [alD = -200 (cPCUEP03/NIS4 _
di chl oronet hane). The acid conponent of the salt is identical to the acid
component of Fluvastatino in none-chiray.HPLC. IR and M5 spectra of the
product confirmed the proposed structure and were in accordance wth
publ i shed data for (E)-(3R 5S)-7-[3-(4-Fluoro-phenyl)- 1 -isopropyl-1

o S el R o 5l

(E) - (3R, 3@jchis pGlublk-ifrbrgani- saifemid, k-dl in disldpropmsthank. [a], = -20° (c= 0.8 in

H i ndol - - -di\h ¥ hept - 6- enoi ¢ .Aaci. odLum salt{ can be prepared
by hyar ofiictopafipl"sts S5k ol PBhant i eSS identitluoferdtid oqrdmmenndh <1
H- i ndol - Fluyeptatinhinliond-chiralr HRlyG.tIBtanalhME spegts ofth@ prJIECNVEchirm @ prédosEd0 O
(4R 65, - &R 94 ere o e e R gt SRtB F (- IS (- BLgIormeyy | - 4
- hydr oxy -ltisgpregy-d Fldﬂd@ﬁ-wwz-dm&ir@?’rhmGFﬁrﬁlb@édlﬁfs@ﬁurﬁ l@_talt (égtéi'll'e]m%(inSetdeitl.hydr ox
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3(/E%]eé?RGﬁ'gi{ag%&g%ﬁ@’%?ﬁ&%gb%’&ﬁgn - gﬂnc/)l I)O am'ygeq( 0.2 g, 0I %8(118mr)nl_g I's

i = d. fl tonitrile (1 S
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The orgaMa©OH.ayer is dried on anhydrous nagnesium sul phate and the sol vent
is evaporated in vacuo to obtain 135.2 ng crude product as a colourless
solid foam The crude product is purified by colum chronmat ography on

silica gel with ethyl acetate / hexane fraction (7:3) as eluent. NMS(ES+,
m z): 404) ( MH+,

(4R,6S)-6-{(E)-2-[2-Cyclopropyl-4—(4-fluoro-phenyl)-quinolin-3-y|]-vinyl}-4-hydroxy-tetrahydro-
pyran-2-one can be prepared as follows:

(E)-(3R,5$)-7-[2—Cyclopropyl-4-(4-fluoro-phenyl)quinolin-3-y|]-3,5-dihydroxy-hept-6-enoic
acid ((S)-1-phenyl-ethyl)-amide (0.2 g, 0.381 mmol) is placed in a 3-necked, round bottomed
flask and acetonitrile (10 mL) is added. The solution is treated with ortho-phosphoric acid
(0.118 g, 1.14 mmol) and heated to 65-70 °C. The reaction mixture is stirred for 18 h at 65-
70 °C. For work-up, the mixture is diluted with tert-butyl-methylether (30 mL) and the product
solution is washed three times with water (3x30 mL). The organic layer is dried on anhydrous
magnesium sulphate and the solvent is evaporated in vacuo to obtain 135.2 mg crude
product as a colourless solid foam. The crude product is purified by column chromatography
on silica gel with ethyl acetate / hexane fraction (7:3) as eluent. MS(ES+, m/z): 404 (MH+,



WO 03/ 064392 PCT/ EP03/00954 -42 100%; IR(KBr): Strong absorptions at

3410, 1736, 1709, 1513, 1490, 1216, 1159, 1062, 1038, 970, 766 cm 1.

1H NVR cowbiosiedsr he proposed structure. F O"//OH N PCT/EP03/00954

(4R, 6S)-6-{(E)-2-[3-(4-Fl uoro-phenyl)-1 -isopropyl -

H i ndol - 2-yl ] -vinyl } - 4- hydr oxy-tetrahyda@- pyran-2-one can be prepared from
(BE)- (3R, 5S)-7-[3-(4-Fl uoro-phenyl)-1-isopropyl-1 Hindol-2-yl]-3,5-

di hydr oxy- hept - 6- enoic acid or its derivatives according to known

L0 S e S MR i 50

H- i ndol - 2038,]978, mydﬂ'bNMFlquIFrﬁecéﬂmmomedstmanrdoe prepared fromthe
correspondi ng sodiumsalt [cf. (j)] by acid neutralisation e.g. with HCl
and extraction with ethyl acetate which can be evaporated under vacuum WO
03/ 064390 PCT/ EP03/ 00954 -43- Wat is claimed is 1 A process for the
manuf acture of an enantiornerically pure formor a racemc formof a
conmpound of Lornula HOHO ... ~~-OH R

(4R,6S)-6-{(E)-2-[3-(4-Fluoro-phenyl)-1-isopropyl-1 H-indol-2-yl]-vinyl}-4-hydroxy-tetrahydro-
pyran-2-one

can be prepared from (E)-(3R,5S)-7-[3-(4-Fluoro-phenyl)-1-isopropyl-1H-indol-2—yl]-3,5-
dihydroxy-hept-6-enoic acid or its derivatives according to known procedures, see e.g. F.G.
Kathawala, WIPO Patent WO 84/02131 (1984).

(m)

F

i OH OH O
OH

(E)-(8R,5S)-7-[3~(4-Fluoro-phenyl)-1-isopropyl-1H- -indol-2-yl]-3,5-dihydroxy-hept-6-enoic acid
can be prepared from the corresponding sodium salt [cf. ()] by acid neutralisation e.g. with
HCl and extraction with ethyl acetate which can be evaporated under vacuum.



or a salt, especially a pharmaceutically acceptable salt with a base,
thereof or a lactone thereof wherein the elenent represents -CH2- CH2- or
-CH=CH awo oRosspz esents a cyclic residue; conprising (apPCTE&EPos/H0Ig
compounds (ilia) or (lIllb) O X7"1,.~ X18 X40", 11 P CH x 0 --,P-CH 3 x /
35 (111 a) or 6 Hal - (11l b), whereing¥4 and X5, independently of one
anot her, represents O -C7-al kyl or phenyl-d-C7- al kyl; X6, X7 and X8,

i ndependently of one another, represent phenyl that is unsubstituted or
substituted by one or nore substituents selected fromthe group consisting
O d-Cral kyl, hydr oxy, C -Cral koxy, C2-C8al kanoyl -oxy, hal ogen, nitro,
cyano, aﬂmgtﬁgg sHal" represents a halide anion; with a netallated

al kane to formthe corresponding yllde and then reacting the resulting
ylide internmediate with a conmpound of formula 0 X1 02 JW ~Nxz z | |
X3 H H (M1 B)processdortha manuégeties @hts epbitidimdrically gure fenvor £eicBiid foftfl of a

hydr oxy, ted or nono- or di- substituted amno; X 1is
pr ot ect eg&%{/ﬁg“ @%g})@”?epresents Cl - Cral kyl ; and WD 03/ 064392

PCT/ EPO3/ 00954 -44 X3 represents hydpogem @ one or nore substituents,
e.g. selected fromthe group /_woﬂ
R )

or a salt, especially a pharmaceutically acceptable salt with a base, thereof or a lactone

thereof wherein the element —— represents -CH,-CH,- or -CH=CH- and
R represents a cyclic residue; comprising

(a) reacting compounds (llla) or (1lib)

X0l X2
NN AN
_P—CH, « /P CH;
5 (Na) or 6 Hal " (Il b),
wherein X, and Xs, independently of one another, represents C;-C;-alkyi or phenyl-C,-C;-

alkyl;

Xe, X7 and Xg, independently of one another, represent phenyl that is unsubstituted or
substituted by one or more substituents selected from the group consisting of C,-Calkyl,
hydroxy, C4-Cralkoxy, C,-Cgalkanoyl-oxy, halogen, nitro, cyano, and CFg; and Hal -
represents a halide anion;

with a metallated alkane to form the corresponding ylide and then reacting the resulting ylide
intermediate with a compound of formula

QX 0 X

I ““g

(l ¢),

wherein

X represents etherified hydroxy, esterified hydroxy, or unsubstituted or mono- or di-
substituted amino;

Xi is protected hydroxy;

Xz represents C;-Cralkyl; and



consisting O d -Cral kyl, hydroxy, Cl-Cral koXY, C2-C8al kanoyl -oxy, hal ogen,
nitro, cyano, and C173; (d) optionally, if desired, converting a resulting
conpound wboBosaset a (111 d) O X, Y| 1. 0, x 2 WN | X3PHATHP(3NI5H) ,
wherein X1, X2 and X3 have the neani ngs as defined above and Y represents a
group of fornula (X40)(X50)P(=0)- or (-¥4a)-(X7)(X8)P ' Hal "and X4, X5, X6,
X7, X8 and Hal - have the neanings as defined above; into a conmpound of
formula (111 e) Y1 Y2 Y302 YN I I X3 HH(111 e), wherein X2, X3 and
Y, have the Y e dr oxy or
protected hy rag?( Hegergéggﬁrkg&ﬁ%@% %ﬁn%%uggﬁpgﬁtﬁydboée?g%?dsﬁ%'ﬁ?eeértoé'ﬂ

hydr oxy, censistifig afrisi- Gﬁ@lldybhsrdmgy L19Gralaiky|Ceoyaflkiagaylaixy cralogen, nitrey @jano,Yandnd
Y3 toget represent -0-Alk-0- and Al k being d-Cral kylidene; and Y2 is
hydr ogen, %5nd Yj and Y3 form ng a syn-diol configuration; (e) reacting a
conmpound of formula (111 e) wherein X2, X3 and Y, have t he neani ng as

cef| ned 200 BRI sty SIS TeAE B A BE Y oon 2

a syn-di ol co@flgturgl ;o or wherer n Y] and Y3 together represent -0- Al k- 0-
and Al k bei ng||C 3 i dene; and Y2 is hydrogen, and Y] and Y3 formng a
syn-di ol ¥ap erein Y] and Y2 together represent the oxo
group and Y3 reprﬁsents Ct ed hydroxyl (corresponding to conmpounds of
formula (11 d); (Il dj,

wherein X, Xz and X3 have the meanings as defined above and Y represents a group of
formula (X40)(XsO)P(=0)- or (Xs)(X7)(Xg)P * Hal “and X4, Xs, Xs, X7, Xs and Hal ~ have the
meanings as defined above;

into a compound of formula (11l e)
Y, V.Y O X,

N
H %3

—
N
Yy

(N e),

wherein X,, X3 and Y, have the meaning as defined above and wherein

Y+ represents hydroxy or protected hydroxy and Y, is hydrogen and Y; is hydroxy or
protected hydroxy, and Y, and Y3 forming a syn-diol configuration; or wherein

Y, and Y; together represent —O-Alk-O- and Alk being C,-Cralkylidene; and Y, is hydrogen,
and Yy and Y; forming a syn-diol configuration;

(e) reacting a compound of formula (Il e)
wherein X,, X3 and Y, have the meaning as defined above and wherein
Y, represents hydroxy or protected hydroxy and Y, is hydrogen and Y3 is hydroxy or
protected hydroxy, and Y, and Y3 forming a syn-diol configuration; or wherein
Y, and Y3 together represent —~O-Alk-O- and Alk being C;-C;alkylidene; and Y, is hydrogen,
and Y; and Y; forming a syn-diol configuration; or wherein
Y, and Y3 together represent the oxo group and Y; represents protected hydroxyl
(corresponding to compounds of formula (II d);
with an aldehyde of formula (lll f) R-CH(=0) resulting in a compound of formula (Il g)




wi th an al dehyde of formula (11l f) RCH =0 resulting in a conpound of
formula (111 g) Y1 Y2 Y3 02 N ~Zs%1 X3 RHH (Il g); W 03/064392
PCT/ EPO3/W03546439215 wherein R, X2, X3, Y1, Y2 and Y3 and Ph#/EP®a®HM have
t he meani ngs as definled above; if desired, reducing correspondi ng

conmpounds of formula (Il g), wherein thag-element is -CH=CH to result in
a conpound wherein said elenent is -CH27CH2-; and (d) if a conpound of
formula (I I | g) is obtained, wherein one of Yj and Y3 is protected

hydr oxy and the other is hydr oxy or both of Yj and Y3 is protected hydroxy

and, in h 2 en; Y|, and"Y, formng the_ syn

confi gur a 6‘?.'%@?( 3’Xh %%‘d{@%’étdﬁa %Qﬁ"ésent ﬁ% eAEﬁR Ipgan aﬁlqgf'ﬁ'éﬂng

Cl - Cral kydhbodene and YJ and Y3 are forming the syn configuration; and Y2 is
hydr ogen; or by rermvi ng the hydr oxy prot ectio_n group(s) to a conpound of

formul a %—K}DX I N X RHH& : I f desired, reducing -
cor r esporltfgRyedd ‘éﬁﬂﬂjgorbefs"f’ﬁ A3 £Y E"PLI"]dSr?f focmlé?éh"rg)t\ﬁl@erennéh%ﬁlremeiné TCH=CH
to resul tlsJ—OHBCEIOWOIG|M@6rﬁpdumhbr§ih%ﬁﬂréleménh§}@42 (e) if a
conpound of, formula (111 g) i s obtained, wherein Yj and %(? toget her form

the oxo a(j‘fjoup =0; and Y3 is prot ected hydroxy (Xi); converti ng said

co oundoffr la (I a compound of forrmula (111 i) 0 OHO X N
/ ,rrpl m+ ognpoun%)of formula mg)rrlg obtained, wherein one ((>f Y, and)Y3 is protected

hydroxy and the other is hydroxy or both of Y, and Y is protected hydroxy and, in each case
Y2 is hydrogen; and Y, and Y3 are forming the syn configuration; or

Y, and Y; together represent ~O-Alk-O- and Alk being C4-Cralkylidene and Y; and Y
are forming the syn configuration; and Y, is hydrogen; or

by removing the hydroxy protection group(s) to a compound of formula

(1 h); or

if desired, reducing corresponding compounds of formula (Il h), wherein the element ——
is =CH=CH- to result in a compound wherein said element is -CH,-CHa-;

(e) if acompound of formula (Ill g) is obtained, wherein Y; and Y together form the
‘oxo group =0O; and Yj is protected hydroxy (X); converting said compound of formula (lil g),
to a compound of formula (111 i)

O OHQ X,

%

N
X
R H 3

(')

by removing the hydroxy protection group;

wherein R, X,, X3 and the element —— have the meanings as definied above ; and
subsequent reduction of said compound of formula (IIl i) to a compound of formula (Il h);

® hydrolyzing a compound of formula (lll h) to a compound of formula (1) or a salt
thereof and



RHHC((IIl i) by renoving the hydroxy protection group; wherein R X2, X3
and the el enent have the neani ngs as defini ed above; and subsequent

reduct i orwofo3med3dz conpound of fornula (111 i) to a conpoumrdTafrod/emsul a (111
h); M hydrolyzing a conpound of formula (Il h) to a conpound of formula
(1) or a salt thereof and WO 03/ 0643924BCT/ EP0O3/ 00954 -46 (g) isolating a
resul ting conpound of forrmula (1) or a salt thereof; and, if desired,
converting a resulting free acid of formula (1) into a salt thereof or into

esulting. | Bt ondsastng sl eorhodliy o TR )Gl s e BBR o1 ' Formut a (1)

or a salt thereof. 2. A process according to claim1l for the manufacture of
) . f .ein t I t
Fepr ceentio: il idhyeithaHreBuRT s hOFSF Rrmu i iR salingiio & ¢
?r 4N ﬁ lateecafdernuia (@) o (‘Ing),trespnécﬁi/eiy,lor@b?@}rﬁNW&lr@uni(n? imorml ! ?ﬁo}ﬁrﬁi&l)ﬁf(t ‘(3211
t : ISt C 0 o] or mul ae c), :
e; ?m(l I ?ag?PH?’lﬂgﬁﬁ aé'ér?@ﬂ:(rﬁufaav))oqirgsqﬁgg%ﬁd'vvherei n, in each case, X2 is

met hyl and X3 is hydrogen. 4. A process according to claim1l or 2, wherein

a conpound of I Jadk S JUSE, wherein X is
N-O - C?allékyl L @%@Pé@@-@ﬂ% 11 ‘g'ﬁ %Wi@?@ea’ée&mpﬁgw gf formyla,(h opa 2,
wherein a compound sel ected from.the group consisting of a conpound of
f or nul ae sélk therdofcwhersin the elenlent) S  tepRsbenithalipicH-Xand S tert-butyl -
di et hyl -si l yl oxy,. and .fromth ro consi sting of a conmpound of formnul ae
(111 e, qepfesgyt)égn%cycgl?,rqs%eﬁif@mu@%d, wherein Y3 is
tert-butyl-dinmethyl-silyloxy. F

F

3. Aprocess according to claim 1 or 2, wherein a compound selected from the group
consisting of a compound of formulae (Il ¢), (Il d), (Il e), (Il g), (Il h), and (Il i) is used

’

wherein, in each case, X, is methyl and X; is hydrogen.

4.  Aprocess according to claim 1 or 2, wherein a compound of formula (Il ¢) is used,
wherein X is N-C,-Cralkyl-N-C;-Cralkoxy-amino.

5. Aprocess according to claim 1 or 2, wherein a compound selected from the group
consisting of a compound of formulae (Il ¢) and (Il d) is used, wherein X is tert-butyl-
dimethyl-silyloxy, and from the group consisting of a compound of formulae (e, (IN g) and
(11 h), is used, wherein Y3 is tert-butyl-dimethyl-silyloxy.



