1 8 AUG 2006 WD 03/070717 PCT/EP03/01738 11 PROCESS FOR THE MANUFACTURE OF
HMG- COA REDUCTASE | NHI BI TORY MEVALONI C ACI D DERI VATI VES The invention

relates to a process for the manufacture of HMG CoA reductase inhi bil 8okl 20860
process steps, to novel internediates and to novel catalysts. HMG CoA

reductase inhibitors (also called O-hydroxy-3-nethyl glutaryl-co-enzyne-A
reductase inhibitors and also called statins) are understood to be those

active agd¥@®/fiich may be preferably used to | ower PEEEPBEITS | evel s ‘ |
i ncludi ng chol esterol in blood and can be wused e.g. for the prevention or
treatnment of hyperlipidem a and artheriosclerosis. The class of HMG Co-A

r educt aserbeHak biok s MANTRALTURE SOFCARPEIANRIS uBBNE NS I tdrer hegrongé bl ur al

f eat ur es. pEowvaExanpl e, nenti on may be made of the conpounds which are
selected fromthe group consisting of atorvastatin, cerivastatin,
fluvastatin, lovastatin, pi tavastati n (formerly itavastatin), pravastatin,
rosuvastatin, and si m/ast atin, in each case, a phar maceutical ly

accept abl salt t Preferr t.as nhj are those
Sents wilhe Ruriioh RiASo pardeBrr Wﬁ%ﬁ*&?ﬁ@? Ficlialebbi, o

at or vast @tdcass ghepsate astehintennedistgedanddd hgvel datalyeisl ci um salt thereof, or
sinvastatin or a pharmaceutically acceptable salt thereof. Atorvastatin of
formula / I N CHCHO ~/ CH F is disclosed and clained in US

5, 273, 995IMG-CeA radustaset inhibiofs (Rlee ralled B-hy@oxiianatbdgutaiiros1zpneAl 7

PCT/ EPO3/ 4,6138% infibitord and also called statins) are understocd to be those active agents which
may be preferably used to lower the lipid levels including cholesteral in blood and can be
used e.g. for the prevention or treatment of hypetlipidemia 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

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

Cerivastatin of formula



OHOHO / OH | 3CNCH3 CH3 CH3 is disclosed and clained in US 5,177, 080.
(+)-(5S, 3R -Form of fluvastatin of forrula FOHdOH0 _ OH Nis disclosed
and claimed in US 5,345, 772. Lovastatin of formula HOO O O CH3 HBEUECHAS
CH3 is disclosed and clained in US 4,231,938. Pitavastatin of fornmula 1 8
AUG 2006 WD 03/070717 PCT/ EP03/01738 F OH OH OH N is disclosed and cl ai ned

in US 5, 856, 336. Pravastatin of fornul a
WO 03/070717 PCT/EPO3/01738

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

(+)-(55,3R)-Form of fluvastatin of formula

O OH OH 0

Oy

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



O HO1IOH HOCH3 H CH3 CH3 HOis disclosed and clainmed in US 4, 410, 629.
Rosuvastatin of formula H3 0,,1,,0 F | \/N HCAN 1" s N O OH OH © Ali38s
CH9 is disclosed and clainmed in US 5, 260, 440. Sinvastatin of forrmula 1 8
AUG 2006 WO 03/070717 PCT/ EP0O3/01738 -4- HOOHH 3 HO = 1-13CCHOHMH
CH

WO 03/070717 PCT/EP03/01738

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

Pravastatin of formula
0
~OH

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

Rosuvastatin of formula

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

Simvastatin of formula



3 HH3C His disclosed and clained in US 4,444,784. The structure of the
active agents identified herel nbefore or hereinafter by generic or 8 AUG 2008
tradenanmes may be taken fromthe actual edition of the standard coannd\g&g
"The Merck Index' or from databases, e.g. Patents International or
LifeCycle Patents International, respectively, (e.g. IMs World

Publ i cati QA§dsp7gie correspondi ng content thereof is hegpysniBg€or porated by
reference. Any person skilled in the art is fully enabled to identify the
active agents and, based on these references, and is |ikew se enabled to
manuf acture and test the pharnaceutréél i ndi cations and properties in
standard test nodels, both in vitro and in vivo. Acidic representatives of
HMG- Co- A reductase jnhibitors have been | aunched are being .devel oped as
salts, for exanpleﬁ ‘ n as sodiumsalt and pitavastatin as cal cium
salt. The corresporidi hg at¢tive ingredients or a pharmaceutically acceptabl e
salts theredH ~als Oused in formof a solvate, such as a hydrate or

i ncl udi ng other jjsol veryyS; used for, crystallization. Essentially, statins
conprise a c s .core efenent and a side chain elenment of formula 0" OH O

ox (A (ap3gs- ihgdnpx +hept-6-enoic acid noiety) that mght forma
correspondisng SgtqrieNar CH, structure of fornula 1 8 AUG 2006 WO
03/ 070717 PCT/ ER O

5= CH A0 .(B) ‘or OHOHCH
He™ kL

is disclosed and claimed in US 4,444,784.

The structure of the active agents identified hereinbefore or hereinaiter 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, and is likewise enabled to manufacture and test the
pharmaceutical indications and properties in standard test models, both in vitro and in vivo.

Acidic representatives of HMG-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 pharmacsutically 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

WOH
(A)

{a 3,5-dihydroxy-hept-6-enoic acid moiety) that might form a corresponding lactone partial
structure of formula



or (O (a 3,5-dihydroxy-heptanoic acid derivative) that mght forma
corresponding | actone partial H "0 O structure of formula (D). In said
side chain elenents (A) or (C, respectively, the 3,5-syn diol strudtnbs 2g
the R- configuration at C3 are essential features, as corresponding statins
with this specific elenment exhibit the highest biological activity. The

obj ective of the present invention is to provide an enanti osel ective

synt hesi s wif o3noeompounds of formula (1) resulting i n hepghEselzsks and nor eover
guaranteeing a mnimzation of the ecological pollution of the environnent,
bei ng economically attractive, e.g. ly using less reaction steps in the
reacti on sequence for the manufacture of conpounds of fornula I, and

| eading to largely enantionerically pure target products and to products of
high crystallisability. Furthernoreg,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 corresp ™NNg  production process. Furthernore,
there is a need to avoid any separiti of any stereoisoners. Surprisingly,
the process of the present inven |oﬁ)cléhrly nmeets the above objectives. The
process relates to an enanti os ctive synthesis by using essentially the
so-call ed transfer hydrogenation approactB)oFor exanple, an enantioner
excess (ee) of a conpound of formuyyaekl) of z 95% preferably ? 98% and
nmost preferably > 99% can be %%hLﬂksd\,ﬁ.8 4 U6 2006 W 03/070717

PCT/ EP03/ 01738 -6- The inventjch relates % process for the manufacture of
a HMG CoA reduct ase |nh|b|tof§ nmeval oni ¢ aé@h derivative of fornmula (I a)
OH OH O GnB3,Rdihwdroxy-heptanoic acid derivative) that might form a corresponding lactone partial

structure of formula (D).

In said side chain elements (A} or (C), 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 poliution of the environment, being aconomlcally attractive, e. g by using
less reaction steps in the reaction sequence for the manufacture of compounds of formula |,
and leading to largely enantiomerically pure target products and to products of high
crystallisability. Furthermore, ancther 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 of any
sterecisomers.

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 transfer
hydrogenation approach. For example, an enantiomer excess (ee) of a compound of
formula (1) of = 95%, preferably 2 98% and most preferably = 99% can be achieved.



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

thereof or a lactone thereof wherein the elenment - represents - CHz- Cgizilcaflb
-CH=CH and R represents a cyclic residue. A salt of a conpound of fornula
(I') is, for exanple, a salt with a base, preferably a correspondi ng
pharmaceutically acceptable salt thereof. A lactone of a conmpound of formula
(1) is repwessewrd by fornulae (I a) and (I b) 0 0O (PCO/EPGHIE a) or OH (I
b) R R Corresponding cyclic residue R conprises a cyclic residue sel ected
fromthe greup consisting of 1 6 AUG2006 WO 03/070717 PCT/EP03/01738 -7-
FF VI HH3C. 0 HSCI NCH3 'NY FCH3 CH3/ \' I , FOCH3 O CH3 Y19 H
H3C\ CH3 CH3 CH3 N

The invention relates to a process for the manufacture of a HMG-CoA reductase inhibitory
mevalonic acid derivative of formula (I a)

OH OH O

/"—"w\ou
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 formulae (! a) and (I b)

Q 0

(1a) or . (I b)
OH 'OH

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



CH3 HO'"H3 H3 O ONOF HCNYN~- HBCCFl HH 3C NCH3 1-13C CH3 HC H

Ext ensi ve experinental evaluations surprisingly resulted in a proceﬁsﬂh UG 7006
sequence for the manufacture that neets the above criteria show ng‘t %

i ndi cat ed advant ages. The process as disclosed in Bioorganic & Medi ci nal
Chem stry Letters 9 (1999) 2977-2982 for the manufacture of pitavastatin
(NK 104) mampsioreesr t he formati on of a racem c eryt hro- pefBepodiirydr oxyest er
that is hydrolysed to formthe corresponding acid. Wth a-nmnethyl benzyl am ne
a diastereoneric mxture of resulting,salts are forned that need to be
resolved into the different diastereoneric salts. The clear disadvantage of
this approach is that half of the naterial needs to be distroyed.

Accordi ngly, the process of the present i nvention can be carried out

wi t hout such a diastereoneric resqlution procedure. 1 8 AUG 2006 WO

t hereof or a | actone thereof, wherein

- CH=¢F==and R represents a cyclic
i nventi on characterized by (a)
) R2 ORA RBIOO(IIlI a),

eb esents -CH2-C
(n8.fto the present

the el eme -
resi due, r 8

H,C

J
N._N
H,C” 7S
N~

H,C” ~CH,

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

The process as disclosed in Bicorganic & Medicinal Chemistry Letters 9 (1999) 2977-2082
for the manufacture of pitavastatin (NK 104) requites the formation of a racemic etythro-g,5-
dihydroxyester that is hydrolysed to form the corresponding acid. With a-methylbenzylamine
a diastereomeric mixture of resulting salts are formed that need to be resolved into the
different diastereomeric salts. The clear disadvantage of this approach is that half of the
material needs to be distroyed. Accordingly, the process of the present invention can be
carried out without such a diastereomeric resolution procedure,



wherein Rl, R2 and R3, independently of one another, represents phenyl that
IS un- substituted or substituted by one or nore substltuents sel ect eéi Mm
the group consisting of Cl-Cral kyl, hydroxy, Cl-Cral koxy, A

C2- Csal kanoyl - oxy, hal ogen, nitro, cyano, and CF3, and R4 is an aliphatic,
cycloaliphatic, araliphatic or aromatic residue; with a conpound of fornula

R- CH( =0 (depl)m-,y»herel n Rrepresents a cyclic residuepcpphsndhy reducing a
resul ting conmpound of formula (Il c) ROR4 OO (Il c), wherein R and R4 have

t he neani ngs as defined above; in the, presence of a reducing agent selected
fromthe group consisting of acorrpou%d of formulae (11 d), (Il d), (Il
dll) (Il dlll), (11 'dllll), (Il dlllll), (Il llllll) and (Il dlllllll) R5 R5 | MRS
LL~-MNR8LL2HHRI (II d), RO (11 d') 1 8 AUG 2096 WD 03/070717

PCT/ EPO3/B’f?§§9ﬁsd°@h%mawa-ﬁélFfe of gpamnqupggfformas NH | ~ NH\ P NH P NHHal R

" Hal R6 (11d") RI5 (1id"'), 6\ Hal ol \' \ / Hai / i U P\ /NH'
PINH \ |\ o

R ()
or a salt thersof or a lactone thereof, wherein the element — represenis -CHo-CHg- or —
CH=CH- and R represents a cyclic residue, according to the present inventions Is
characterized by

(a) reacting a compound of formula (li a}
Ri1

H2—§|I°¢\|'(\|f0\ Fi4
18] 0O
R3 (3 &),

wherein R', R? and R®, independently of one another, represents phenyl that is un-
substituted or substituted by one or more substituents selected from the group consisting of
Cy-Cralkyl, hydroxy, C-Cralkoxy, Co-Cgatkanoyl-oxy, halogen, nitro, cyano, and CF3, and R*
is an aliphatic, cycloaliphatic, araliphatic or aromatic residue;

with a compound of formula R-CH(=0) (i b) wherein R represents a cyclic residue; and

{(b) reducing a resulting compound of formula (It ¢)

R\//\l(\ﬂ/oxﬁt;
°© 9 o,

wherein R and R* have the meanings as defined above; in the presence of a reducing agent

selected from the group consisting of a compound of formulae (1l d}, (Il Y, {1t d”), (1 &™), (]

d™), (I d"™), (0 d™), and (Il ™™}

R R°

Ox é L0 Ox).0

| [

L‘l\M/fTRS LT\M/N 1t Ra

\ \
T N

H 'Hs H Hg

(1 d), (1 d)



Pl/ \NH, \ \ P I \NH Hal I / / ~ Hal R (Ild"") R (Ild"" ). \ \ [/ s Hal
I \'' \' / e Hal P~-NII\NHzIl z P\I;NHz~ 1 '\ 11 NH\ \ NH 1 -P m'1mUE%BB
(rrd), R (lilf m) wherein Mis Ru, Rh, Ir, Fe, Co or N; L,
hydrogen; L2 represents an aryl or aryl-aliphatic residue; Hal is hal ogen;
R5 is an aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl or
aryl - al i phatgiogofogsi due, which, in each case, may be |pdilgasdiasa pol yner;
each of R6 and R, independently, is an aliphatic, cycloaliphatic,
cycloali phatic-aliphatic, aryl or aryl-aliphatic residue; each of R6 and R9
is phenyl or R8 and RO formtogether With the carbon atomto which they are
attached a cycl ohexane or cyclopentane ring; and 1 8 AUG 2906 WO 03/070717
PCT/ EPO3/ 01738 - 10- R16 is H halogen, am no nltro or Cl-Cral koxy; wherein
any aromatic resi tk I& a_compoun sof o |c|i_‘2i (I|d e (Lid"),

I .. ") 4

(rid* ), (lid lid" nsubstltuted or
substi t ut ed; s of " , (lid""),
(rid*""), (lidg It )al so th - or (S)-Bl NAP
are possi bl e; of forrrula (rr e

H Hal

do g a resfll
R Hal
(”d" ("dm)

-

OO P\GHal A OO P/R Tjw:zé N
somf) CC \>T """" T
(™), R (1™,
Hel
2 Rl
(™), (td™™)

wherein

Mis Ru, Rh, Ir, Fe, Co or Ni;

L; is hydrogen;

L represents an aryl or aryl-aliphatic residue;

Hal is halogen;

R°is an aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl or aryl-aliphatic residue, which,
in each case, may be linked to a polymer;

each of R®and R’, independently, is an aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl
or aryl-aliphatic residue;

each of R® and R® is phenyl or R® and R’ form together with the carbon atom to which they
are attached a cyclohexane or cyclopentane ring; and



R~~~~j~ ORa OHO (Il e), wherein R and R4 have the neani ngs as defined
above, with a conmpound of formula (Il f) HOR 16 (11 f), wherein RL® AUG 2006
represents an aliphatic residue, and (d) reducing a resulting conpound of
formula (Il gg OH~O~0 R_v v ORL6 (Il g), wherein R and R16 have the
nmeani ngs as defined above, and (e) hydrolysing a resulting conmpound of
formul a (lwolhdonwrr ~OH~-O- OHO R "~ \OR16 (Il h), wrerapres/Rsand R16 have

t he neani ngs as defined above, and (f) isolating a resulting conpound of
formula (1) or a salt thereof; and, if, desired, converting a resulting free
acid of fornmula (1) into a salt thereof or Into a lactone of formula (I a)
or (I b), respectively or converting a resulting | actone of a fornula (I

a) or (I i,ato, an acid aof a salt thereof, or converting a
resul ting cé%&'&'r?&erbﬁmi‘%““l\%%%%ﬁ" 03/ 070717 PCT/ EPO3/ 01738 - 11. formil a
(1) wher ewhermhengedrema!lluresidueeqbaesepmmd of@btr@ld-(Hla)ndild), Al el Yr(Hd™Bf, formula (1)

wher ei n tgﬁmeaﬁgeﬂ shﬂélah%s?t?t e general terms used

her ei nbef | nafter ave ovi ng meani ngs, unl ess defined
ot her wi seW mm@mmmunﬂ%ofﬁ@mumm|(I@”’Mmm”w (IZD Y er IS Rlsoi sopr opy!l

n-butyl, b&@dationswih {6y Br{SY-BINAPEArS possible; and

(¢) condensing a resulting compound of formula (If e)

R O.
7 R*

OH O (e),

wherein R and R* have the meanings as defined above,

H
OR'™

wherein R represents an aliphatic residus, and

with a compound of formula (Il f)

(),

(d) reducing a resulting compound of formula (Il g)
OH O O

R/wj\/u\oﬁw

wherein R and R'® have the meanings as defined above, and

M),

(e) hydrolysing a resulting compound of formula (li k)

OH OH O

N
R ORis 1.

wherein R and R'® have the meanings as defined above, and
(f) isolating a resulting compound of formula (I) or a salt thereof;
and, if desired, converting a resulting free acid of formula (1) into a salt thereof or into a

lactone of formula (1 a) or (1 b), respectively, or converting a resulting lactone of a formula (i
a) or {I b} into an acid of formula (J) or a salt thereof, or converting a resulting compound of



butyl or a corresponding pentyl, hexyl or heptyl residue, Cl-C4alkyl,
especially nethyl or tert- butyl is preferred. Cl1-C, Al koxy is for exaFQA%GZME
met hoxy, ethoxy, n-propyloxy, isopropyloxy, n-butyloxy, isobutyl- oxy,

sec- butyl oxy, tert-butyloxy or a correspondi ng pentyl oxy, hexyl oxy, or
heptyl oxy residue. Cl-C4alkoxy is preferred. Especially preferred is

met hoxy angobhgsthnbut oxy. C2- CBAl kanoyl in C2-Ceal kanowcTaeysonssi n particul ar
acetyl, propionyl, butyryl, isobutyryl or pivaloyl. C2-CSAl kanoyl is
preferred. Halogen is in particular hal ogen with an atom c nunber up to and
including 35, i.e. fluorine, <chlorine or bromne, and in a broader sense

i ncludes iodine. Fluorine or chlorine is preferred. An aliphatic

hydr ocar bon residue is, for exanpl e, Cl-Cral kyl, C2- Cﬁalkenyl or secondarily
C2- Cral kyn |s rn articular Cral ken dis, for

exanpl e, %?'%H)awréi@% P’%ﬁ'ﬂ‘é‘@ﬁ?@%ﬂt&ém ?R//F' F@'W%@)er red.
02-C7- Al kynyl is in parLLpuIar C3 Cr7al kynyl and is preferably propargyl. A
cycl oal i plvagrbin theagdroene 7S rémeseatealipl-€H.-a C3- Cecycl oal kyl or, secondarily,
C3- C3cycl oal kenyl . C3-CBCycl oal kyl is, for exanple, cyclopropyl,

cycl obutyl, cyclopentyl, cyclohexyl and cycl oheptyl. Cycl opentyl and

cycl ohexyThaganept efres used heleBb@B€\a0l berbikaitey havesha follqydng meanings, unless

C3- C7cyc|9§|§ggﬁgm%£g | s preferabl'y cycl opent-2-en-yl and cycl opent-3-enyl,
or cycl ohex and cycl ohex-3-en-yl. 1 0 AUG 2006 WD 03/070717

PCT/ EPO3/ 01738 - 12 A cycl oal i phatio-aliphatic residue is, for exanple,

C3- CBCycl bmw islrorezé}hmé/hethﬁr&mrna&w fe3 roﬁ@'r%(@l Gerbotiivi, se@bu&ﬂ@érisyl
Preferred cloef)rol_g%l An arzi\ Hi' due is in partlcular
IR Y CIRTICT R R0 T LA GOk especialy meiyiey it An
aromati c pegligprefeired. f or exanpl e, a carbocyclic or heterocyclic aromatic
residue, in particular phenyl or in particular an appropriate 5- or

6- menber ed and nonocyclic residue which has up to four identical or
di f f er ent ChrBiAdcasy istforexamgle gisthaxy, pihoxyorrpropylexyyigeanopyloxis ntbutyloxy, isobutyl-

oXy, sec-butyloxy, tert-butyloxy or a corresponding pentyloxy, hexyloxy, or heptyloxy residue.
Ci-Caalkoxy is preferred. Especially preferred is methoxy and tert-butoxy.

Cx-CgAlkanoyl in C.-Cealkanoyl-oxy is in particular acetyl, propionyl, butyryl, isobutyryl or
pivaloyl. C,-CsAlkanoyl is preferred. '

Halogen is in particular halogen with an atomic number up to and including 35, i.e. fiuorine,
chlotine or bromine, and in a broader sense includes iadine. Fluorine or chiorine is preferred.

An aliphatic hydrocarbon residue is, for example, Cy-Cralkyl, C.-Cralkenyt or secondarily Co-
Cralkynyt.

Co-CrAlKenyi Is in particular C3-Cralkenyl and is, for example, 2-propenyl or 1-, 2- or 3-
butenyl. C;-Csalkenyl is preferred.

Cz-Cr-Alkynyl is in particular Cy-Cralkynyl and is preferably propargyi.

A cycloaliphatic residue is, for example, a Cs-Cgoycloalkyl or, secondarily, Ca-Cgeycloalkenyl.
Ca-CsCycloalkyl is, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl

and cycloheptyl. Cyclopentyl and cyclohexyl are preferred.

Cs-CeCycloalkenyl is in particular Cs-C;eycloalkeny! and is preferably cyclopent-2-en-yl and
cyclopent-3-enyl, or cyclohex-2-en-yl and cyclohex-3-en-yl,



atons, preferably one, two, three or four nitrogen atons, an oxygen atom or
a sulfur atom Appropriate 5-nenbered heteroaryl residues are, for'p ?UP&@B
nonoaza-, diaza-, triaza-, tetraaza-, nonooxa- or nonothia-cyclic ary

radi cal s, such as pyrrolyl, pyrazolyl, imdazolyl, triazolyl, tetrazolyl,
furyl and thienyl, while suitable appropriate 6-nmenbered residues are in

particul ar Pyrrolyl. is, for exanple, 2- or 3-peMfge@¥aitss Pyrazolyl is
wBMS/? A -

3- or 4-pyrazolyl. Imdazol yI is 2- or 4- imdazolyl. Triazolyl is, for
exanple, 1,3,5-1 Htriazol- or §4tr|azol 2-yl. Tetrazolyl is, for
exanple, 1,2,3,4-tetrazol-5- yI furyT 2,’ - or 3-furyl and thienyl is 2- or

3-thienyl, Wnile sui tabl e pyrldyl Is 2-, 3- or 4-pyridyl. Appropriate
mul ticyclic residues are anthracenyl, phenant hr%’lb‘b benzo[ 1 di oxol e or
1))

pyrenyl . Asyloaliphatie-alphaticresidue is, for a¥aane GaSsoveion 9raéwlgprewlv% SOBH,
CHO, or di;-gylakiioioaslikytyPrefetle®is cfdipraprheii3H. Any aromatic residue is

preferably unsubstituted or substltuted for exanple, by one or nore, e.g.
two or three, residues e.g. those sel ected from the group consisiting of

C1- Cral ky ln aralmyratioyidudis iipéaticliarghenyZ,-Cltyk aiso phengh@e-CAlibryb@phenyi-t r o, cyano,
and CF3. E P/g&r“g may be pol ystyrene (PS), cross-linked PS (J), polyethylene
gl ycol (PE& silica gel residue (Si). Exanples are NH R15 wherein R 5
is C(O(CH2)n-PS or CCONH(CH2),; PS;, and -0 Si(R14)2(CH2), R15 wherein n is

(bt ai habl alomeliyfecdy )ty oximple, Ebaiboyoi bikhelbtabyli aftyizi e J5> ©F S

PCT/ EP0O31 gariiair phenyl qrin pagticyiar %n mmmta 5t wriGyemiareccand monpeygho resiquel d" '
(1id""), Ghicklhas dpto fdul' Rentichl o HifférbhtRetero dtorhé) @.ucflﬁls'rﬁi%éﬂ] oxyifef B §d1fﬁnances are

preferred | ndependent col | ect.i vel [ I nation or sub-
Conbi nat | BRSRITFEERH ondies, fhrod iy Binkash ated, 8 $B8h REBH BAYIRECRy | benzene,
benzene, RhpprepriztdBrmbebered beteromglirégidues ere, for efaeipl’eeldomcﬂza- diaza-, triaza-,
i sopropyl | e, hs r
4-chl oro- %‘? '16751% g'(? 368%e ng' E{n?a %gﬁga Iﬁadﬁglﬁyﬁucrpgl%%% %‘Wg?lyar%‘ l zgoiyl
triazolyl, tetrazolyl, furyl and thlenyl while suitable appropriate 6-membered residues are in
particular pyridyl.

Pyrroiyl is, for example, 2- or 3-pyrrolyl. Pyrazolyl is 3- or 4-pyrazolyl. lmidazoiyl is 2- or 4~
imidazolyl. Triazolyl is, for example, 1,3,5-1H-triazol-2-yl or 1,3,4-triazol-2-yl. Tetrazolyl is,
for example, 1,2,3,4-tetrazol-5-yl, furyl is 2- or 3-furyl and thienyl is 2- or 3-thienyl, while
suitable pyridyl is 2-, 3- or 4-pyridyl.

Appropriate multicyclic residues are anthracenyl, phenanthryl, benzo|1,3}-dioxole or pyrenyi.
An aryl residue may be mono-substituted by e.g. NH;, OH, SO;H, CHO, or di-substituted by
OH or CHO and SOsH.

Any aromatic residue is preferably unsubstituted or substituted, for example, by one or more,
e.g. two or three, residues e.g. those selected from the group consisiting of Cy-Cyalkyl,
hydroxy, C,-Cralkoxy, Co-Caalkanoyl-oxy, halogen, nitro, cyano, and CF,.

Polymere; may be polystyrene (PS), cross-linked PS (J), polyethylene glycol (PEG) or a silica
gel residue (Si). Examples are NH-R'® wherein R*® Is C(O)(CHz)x-PS or C(OQ)NH(CHz),-PS;
and -0-Si(R")x(CH.).R" wherein n is 1 to 7, R* is C;-Cealkyl, e.g. ethyl, and R is a PS, J,
PEG or Si (obtainable by Aldrich, Switzerland).



1-naphthyl, 5-nitro-I-naphthyl, 2-, 3-, 4-nitrophenyl, 4-vinyiphenyl,

4- bi phenylyl, 9- anthracenyl, 2,3 or 4 hydroxyphenyl, tolyl, phenanthryl,
benzo[ 1, 3] -di oxol e, di net hyl (napht hal ene-1 -yl )-am ne, nono to 18 AUG 2006
tristrifluoronethyl phenyl, chrysenyl, perylenyl or pyronyl or

2- phenyl et hene. Each of R6 and R7, independently, are phenyl, 4-nethyl phenyl
or 3,5-di nethyl phenyl, preferred is phenyl. Each of RS and R9 is phenyl or
cycl ohexyl waresswbst i t ut ed phenyl, preferably is phenylepcr/EPosdiessred Hal is
chloro. Preferred RI5 is H L1 is as defined above. In a preferred aspect,
the invention provides a process for _gde production of a conmpound of
formula I"a or I'b The reactions descri bed above and below in the variants
are carried out, for exanple in the absence or, customarily, in the

P otk oR o i e i e

or w t h waignificagcesfane prefearath Independantly, eojeetivatylor in anpoowbinatiomon sabout - 80C up to
t he boili %nlﬂﬁd.tigﬁ of the reaction nedium preferably from about -10 to

about +20 i f necessary, in a closed vessel, under pressure, in an
i nert gas h’dﬁﬁbdﬁh&rl@’ef&rﬂmvd:lﬂ under anhydr ous condi tions. Preferabl y, in the

process a 1 f ae (Il a),
Loy ‘i’.?@ s@b@ﬂ;}ﬁ&h&lﬁ%zﬁ&ﬁ?ﬁénd H%ﬁ%ih?ﬁgrﬁigﬁaagigﬂ%ﬁ eprréeﬂlslfléﬁ‘liéa or RLG.

respectleOPW@?}Fﬂ%%‘ﬁ?“%l C4al kyl , especially nethyl or ethyl or nost
pr ef er abl W iser brabut Zbyridfl @cmom-uphamw&a@o@phm}ea{eaﬂog gm)eﬁéﬁaas/ 01738

REALNA T f - EXEIMI I B e ot CIER IO L
such as aanthtacertyk 2,3es p dydretyblyengicietyh phdénanthegl, benzop [3pdioarig,tril e, and in a
tenper at Uty R EnthbigR3-1-{RbmkS AiRoTe thifiiBrontétiyipnb, LRGBS, bédignPe Nt

pyrenyl or 2-phenylethene.

Each of R%and R’, independently, are phenyl, 4-methylphenyl or 3,5-dimethylphenyl,

preferred is phenyl.

Each of R® and R® is phenyl or cyclohexyl or substituted phenyl, preferably is phenyl.

Preferred Hal is chloro.

Preferred R'"® is H.

Ly is as defined above.

In a preferred aspect, the invention provides a process for the production of a compound of
formula I'a or b

The reactions described above and below in the varianis 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 & 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.

Preferably, in the process according to the present invention compounds of formulae (1l a),

(i1c), (Il 8), (It ), (1 g) and (Il h) are used, wherein R* or R, respectively, represent C;-
C.alky), especially methyl or ethyi or most preferably tert-butyl.

Step (a):



of the solvent, preferably at the boiling point of the solvent. Ste b :
Reaction Step (b) is an asymmetric transfer hydrogenation, especi al Ii "fﬂ@
using a chiral Ru(ll) catalyst of fornula (Il d) and a hydrogen don B %&5
(b) is carried out In a suitable inert solvent, such as an ether,
tetrahydrofuran, an ester, such as ethyl acet ate, an nitrile, especr aIIy
acet oni t riwe.,3mevof10r mam de , especially di nmet hyl f or mramasEpomBsi N a
tenperature range from for exanple, from-78C, to the boiling point of the
sol vent, preferably at roomterrperatume Preferred catal ysts are foll ow ng
corrpounds RER6 0"1'0\ \ | Hal LI~ N1)c2rzTcl R7 Hal R6 \ \ \ / Hal P
INH2 P NHZ / 1-:" Hal R7 wherein L, is hydrogen and L2 represents an

| i phat i | oal r h
et duc: - Ingrekies Sl Bl he aefor 252 Brbuph it AL o Bt BB BRer . 1 6
AUG 2006 (prrs()ﬁfr@a @Uﬂrﬁaﬁm‘@bﬁm DIEBBsuck ps & sibrite, sspenialiy dcploaitrilacor
cycl oal i pp.%b.bramﬁcm .Réltén‘r?,ib%aro na;r{gb%ﬁrtfoP aftiolé! fréh 785Gt g% r?gf B! due:

wherein, n eac I'C resi ue of "a conpoun orrul ae (11
d), (11 dolthegnivepy, !lrefﬁtmyﬁtéherhﬂm)ﬂmttobthééommsubst|tut ed; Preferred Ru (11)
catal ysts of formula (Il d) are those wherein Li is hydrogen and L2 is

| sopropyi Ehené! , R is tolyl. A preferred hydrogen donor is, for exanple,
NEt 3/ H3P . di phenyl silan/ MeOH or a '

Reaction Step (b) is an asymmettic transfer hydrogenation, especially when using a chiral
Ru(ll} catalyst of formula (Il d) and a hydrogen donor.

Step (b} is carried out in a suitable inert solvent, such as an ether, e.g. tetrahydrofuran, an
ester, such as ethylacetate, an nitrile, especially acetonitrile, a formamide , especially
dimethylformamide, and in a temperature range from, for example, from -78°C, to the boiling
point of the solvent, preferably at room temperature.

Preferred catalysts are following compounds

R5
0@%//0 O A TS Hal
L N =P NH
e Vi
L] H O S —“T NH3*,
O D

/
/
g
=
Y

\

\
Ve
/

=

Ru
N
i . P \ Hal

R7

wherein L, is hydrogen and L represents an aliphatic, cycloaliphatic, cycloaliphatic-atiphatic,
aryl or araliphatic residue; Hal is halogen; R°, R® and R/, independently of one another,



“system-conprising 2-propanol, 3-pentanol, or nost preferably HOOCH in the
presence of an amne, such as triethylam ne, DBU or other tertiary am nes.
The hydrogen donor may also be used as inert solvent, especially 2-id A&
and nost preferably HCOOH An alternative hydrogen donor is 2-propanol in
the presence of various catal ysts and base, e.g.

Ru( (1S, 2S) - p- TsNCH( C6H5) CH( CSHs) NH] ( n5- p-cynene) and base or,,in situ"

[ Ru(rl e- p- woyaemeyCl 2] 2 with chiral ligand (RR- or SS-PIDRPEM178mM no- al cohol)
and base. The preferred bases are: t-BuOK, KOH or i-PrOK. A preferred
hydrogen donor is, for exanple, a sysygem conprising HOOCH in the presence of
an am ne, such as triethylam ne, or nost preferably 2-propanol. The hydrogen
donor may also be used as inert solvent, especially HCOOH and nost

f bly 2- ., St . b i ed by h ti
PR R N R Y
(1id"), (ihesin)in chth ciss any &lomatid felidug dfiacbipdundiof fotrulie' (11'd), (I d) ash@cti vel y. A

sui table iy yent | . an ether, such as tetrahydrofuran, an ester,
such as 35%'%%8@2 '%g?eg,orgﬁosgnﬁ%% cohol, such as a Cl-C4al kanol, for exanple,

| sopropanol . Preferred Hal is chloro. Step c : Condensation Step (c) is

carried Oﬁefér%dtﬁﬁQHﬂaigaﬁgﬁcoZ{dﬁ@#t&(IPG)%‘?@[%@\M@FEWM% ARl ahd 3 Suitable

i nert solvent, suc . , especlally tetrahydrdfuran or
t ert - but yfsopopyphepylgistolyhnd in a tenperature range from for exanple, from
-78C, to the boiling point of the solvent, preferably at roomtenperature.

1 8 AUG 1Q06 03/ 070717 PCT/ EPO3 -16-_ A suitabl ndensatin
systemi s H’%T?r\r/&yﬁ‘ﬂgﬂ' RIS EL 8[e@m&'ﬁ@%ﬁ‘%&%ﬁﬁ&m@%’ﬁ%@%@a especigal ly
but I 11 ¢ e camprisiygecpde), Speptansy i oot ryrabtHOGGH I e resance by €
Especi a Y,

tho. pr oseTirBflef 5 i Bnhd Dol & b ARAG R b N AT YAt Locn: . "
for exanplbe uses dsynbrt sglventf especislii Ayprepanc anchinkgl Iptefrsakly HCOOH. An alternative
hydrogen doner is 2-propanol in the presence of various catalysts and base, e.g.
Ruf(15,28)-p-TsNCH(CgHs)CH(CsHs)NH](n°-p-cymene) and base or ,in situ® [Ru(n®-p-
cymene)Cl). with chiral ligand (R,A- or 8,5-TsDPEN, amino-alcohol) and base. The
preferred bases are: +BuOK, KOH or ~PrOK.

A preferred hydrogen donor is, for example, a system comprising HOOCH in the presence of
an amine, such as ttiethylamine, or most preferably 2-propancl. The hydrogen donor may
also be used as inert solvent, especially HCOOH and most preferably 2-propanol.

Step (b) can also be carried out by hydrogenating with hydrogen in the presence of a
catalyst of formula (I} ') or (Il d”), (I1d™), (I1d™}, (Hd™), (kd™™), (1d""™") or (IID™™),
respectively. A suitable inert solvent is e.g. an ether, such as tetrahydrofuran, an ester, such
as ethylacetate, or an alcohol, such as a C4-Cqalkanol, for example, isopropanol.

Preferred Hal is chloro.

Step (c):

Condensation Step (c) is carried out in the presence of a condensation system and in a
suitable inert solvent, such as an ether, especially tetrahydrofuran or tert-butyl-ethy! ether,
and in a temperature range from, for example, from -78°C, to the boiling point of the solvent,
preferably at room temperature,



bor ohydrid, especially sodium borohydride, preferably in the presence of a
di - C1- Cral kyl - G - Cral koxy-borane, nost preferably diethyl-nethoxy-Qq;ﬂmfﬂmﬁ
The reduction is carried out in an inert solvent, such as an ether,
preferably tetrahydrofuran, and at |ow tenperatures, for exanple, from-78
to OC, preferably at -78C. To split a correspondi ng boronic ester the
reaction ngghispnt s then oxidized with an oxidizing agenposnsugh as a
per oxi de, especially, hydrogen peroxide. The oxidation is carried out in an
inert solvent, such as an ether, prehfrably tetrahydrofuran, and in a
tenperature range from for exanple romOC, to the boiling point of the
solvent preferably in a range of 0 to 20C. Step (a): The saponification
Step ( is carried out, for exanple, by treating the ester of formula (I
FeRPiee b

h)  wi t h A suifablsrgndeasaling systam iscfo asgetush 2fgrikanelalimetds er abl y NaoOH,
or W th Cagdetllly batwuthuaﬁwhafhwm, égeoﬂaamtnydridag:reemurectmemﬁfx’aspfeeiauﬁt ep f : The
i sol ation Sfelp g% Ofecﬁt F? mﬁg hé {hs carrle out according to
convent i oR&f"ef Bijeyses 8§a'°%%°' "h‘%u @ ! 'N% 8|Pr‘%s?“°r? the resul ting
conpound disopropyianhige. (| ) fromthe reaction m xture or by chromat ography of
the reaction m xture. Inert solvents are those that do not react with the

correspond |n reactants. The present invention |ikew se relates to a novel
conmpound tmula (11 c). Especially preferred are conpounds of formula

(11 c), § | 070717
L EPOS% %ééfb_d'?er{u%tlcﬁl &%ﬁ’m) & eg@ﬂ_@drhe&o%@@% alkinB( O

C1- CAal koRgroh @ﬁ%@é?%faﬂlwsw vgide, ?fﬁfﬂ?t))' e prepence ¢f %Q';preFﬁ'EY"ﬁ"ﬂ esent
I nvent i on Cdlkeeysbsiand, flostipesierably dielhgivedthoxpbpansd of forrmula (Il c). Especially

preferred are conpounds of forrmula (Il c), wherein Ris a group of formula F
The reduction is carried out in an inert solvent, such as an ether, preferably tetrahydrofuran,
and at low temperatures, for example, from —78° 1o 0°C, preferably at —78°C. To splita
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 an ether, preferably tetrahydrofuran, and in a temperature range from, for
example, from 0°C, to the boiling point of the solvent, preferably in a range of 0° to 20°C.

Step (e):

The saponification Step (e) is carried out, for example, by treating the ester of formula (Il h)
with a strong base, such as an alkali metal hydroxide, preferably NaOH, or with Ca(OH), and
acidifying the resulting reaction mixture.

Step (f):
The isolation Step (f) of a compound of formula (1) is carried out according to conventional
jsolation methods, such as by crystallizing the resulting compound of formuta (1) from the

reaction mixture or by chromatography of the reaction mixture.
Inert solvents are those that do not react with the corresponding reactants.

The present invention likewise relates to a novel compound of formula (Il ¢). Especially
preferred are compounds of formula (Il ¢), wherein R is a group of formula



N 1Y the elenent - represents -CH=CH, and R4 is Cl-C4al koxy, especially
nmet hoxy or ethoxy or tert-butoxy. It is knowmn fromthe art that asy %m
transfer hydrogenation using a Ru (lI1) catalyst (esp. a Noyori catafgg@ﬁ g
carried out in the absence of water and under inert gas conditions.
Surprisingly, the transfer hydrogenation step according to the present
invention am@pnrfun in a water containing solvent syetrgpsamdsin the
absence of an inert gas. This neans that the reaction is successful even

t hough the sol vent used conpri sed qu r (e.g. 3 % by Karl- Fischer).
Furthernore, the compound of formula ?FI c) could - in view of the
esterified carboxy group - be a ligand of the Ru (Il1) catalyst as well.
Surprisingly, it has been proven that a conpound of fornula (li c¢) does not
forma ligand to the Ru catalyst. 1 § AUG 2006 WO 03/070717 PCT/ EPO3/ 01738
-18- It is known that quinoline.noietyes are desactivating the hydrogenation
catal ysts. Especially, in case of manuf acture of conpound of (1) being
pitavastatin, the person skilled in g art would expect that the quinoline
group desactivates the Flu catalyst. ISurprisingly, the asymetric transfer
hydr ogenati on step according to s$ent invention is successfully
carried out without that the ca formulae (Il d), (Il d), (11 d"),
(rid"" ), ¢creda ™y, (rtid""), (I r (lid"""') is being desactivated.
Accordingly, the present inventioh also \&fates to reaction step (b),
especially when using a Ru(ll) catalyst o6f fornmulae (11 d), (it d') or (I)
d"), respectively. R R 04 0 OS-OIl | LLI,,NREBLNRBDH'Rs HRs

mfgﬁ: 2 Ntlhe Iél%metlitz :Rere%%genli{s?-&%%l-ﬁ,s angﬁ; 'israghgl%) v’e es%ggallyR ?ne{h%xyaorgr oup of

ethoxy or tert-butoxy,

The present invention likewise relates to a novel compound of formula (Il ¢). Especially

preferred are compounds of formula (Il ¢), wherein R is a group of formula
F

v
Sy

------

the element — represents —-CH=CH-, and R* is C,-Calkoxy, especially methoxy or
ethoxy or tert-butoxy.

It is known from the art that asymmetric transfer hydrogenation using a Ru (1) catalyst (esp.
a Noyori catalyst) is carried out in the absence of water and under inert gas conditions.
Surprisingly, the transfer hydrogenation step according to the present invention can be run in
a water containing solvent system and in the absence of an inert gas. This means that the
reaction is sticcessful even though the solvent used comprised water (e.g. 3 % by Karl-
Fischer).

Furthermore, the compound of formula (Il ¢) could - in view of the esterified carboxy group -
be a ligand of the Ru (1) catalyst as well. Surprisingly, it has been proven that a compound
of formula (11 ¢) does not form a ligand to the Ru catalyst.



1 8 AUG 2006 WO 03/070717 PCT/ EPO3/01738 -19- R14 R14 Si

Y,- RIO Rii HN'L ~n R12 HN- R13 C\\
HOTS Il (CF3)" HIf N\ 1 \ OQor r /
Xi sOorS; R10 is polystyrol;
pol ystyrol;

wherein L1, L2 and R5 are
03/ 070717 PCT/ EPO3/ 01738

R11 is silica gel;
R13 is pol yet hyl ene-gl ycol;
or 3. The webdwwhng conpounds of formula (1id),
as defined above, are preferred: 1 8 AUG 2006

OH 6 PS
I 11 XORi QCHOHN NN
wherein nisO, 1,2,3,4,5, 6or7
R12 is cross-linked
R14 is Cl-C6ai kyl; and m
(11 d" permbda@izag ) or

-18-

It is known that quinoline moieties are desactivating the hydrogenation catalysts. Especiafly,

in case of the manufacture of compound of (1) being pitavastatin, the person skilled in the art
would expect that the quinoline group desactivates the Ru catalyst. Surprisingly, the
asymmetric transfer hydrogenation step according to the present invention is successfully
carried out without that the catalyst of formulae (It d), (It &%), (11 d), (1d™), (ild””), (Ild™™),

(1™ or (Hd™™) Is being desactivated.

Accordingly, the present invention also relates to reaction step (b), especially when using a
Ru(ll} catalyst of formulae (1l d), (Il &) or (! d”), respectively.

R° R’
0%40 0%//0
L‘.\M/'{l LN /rl\' R

oy N
H ‘"° H R°

wherein M, Ly, Ly, R® and R® are as defined above and R is a group of formula

O/ OOH

T Rus dhos

is 1, 2
(l I dll ll)
WO



-20- -5 R OS50~ 1'OLj~, NLi~, RN IL~HLZHR R O™4-S,:~0
&z~ sl,:~0 L,, N or L1-,, N, LZNLZN..,, Conmpounds of formula (|Id2
(rid), (rid"") or (lid""") may be prepared by reacting a conpound 48 AUG 7006
formula VI R O/OR NH2N R wherein R5, Re and Rs are as defined above,
with [ MC12(p-cynene)] 2 in conventional manner. The hydrogenati on may be
carried ouiygmpm7sui table inert solvent, such as an etferepeseishs
tetrahydrofuran, an ester, such as ethylacetate, a hal ogenated sol vent, such
as nethylenchloride, supercritical CJ2, ionic liquids, a nitrile,
especially acetonitrile, an am de, 3Uth as dinmethylformam de or

di met hyl acetam de and in a tenperature range from for exanple, from-78C,
to the boiling point of the sol vent, preferably at room tenperature.
Preferred catal ysts ofn Yormula (11 d) are those, wherein L, is hydrogen and
L2 represents phenyl br pdhenyl substituted by one, t{wo, three, four or five

al kyl residues, esp y by once | by isopropyl,such as 4-isopropyl-phenyl,
and R5 reprgsents p enyI or heny bs
five al kyl |due D

t ut ed on®y two, three, four or
Lyl di
<0: :’:
O
1
HN N
H

et hyl phenyl, or
R
R )J\M/\ CHO
5 n R Hoxg ol

whetein
nis0,1,2,3,4,5,60r7;
XisOorS§;

R'® is polystyrol;

R'is silica gel;

R is cross-linked polystyrol;
R" is polyethylene-glycol;
R* is Cy-Cgalkyl; and
mis1,20r3.

The following compounds of formuta (lid), (1d"), (Ild"™) or (™) wherein L, L and R® are
as dsfined above, are preferred:



2,3,4,5, 6-pent anet hyl - phenyl . Especially preferred is the catal yst of
formula (Il d) or (1d"'), wherein L, is hydrogen, L2 is isopropyiphegﬁluﬁﬁmg
R5 is tolyl. 1 8 AUG 2006 WD 03/070717 PCT/ EPO3/ 01738 -21- The pres é
invention |likewi se relates to preferred catalysts of forrmula (11 d) being
those, wherein L, is hydrogen and L2 represents phenyl or phenyl
substi t ut egvgayomme, two, three, four or five al kyl residiesei7gspeci ally by
once by Isopropyl such as isopropyl - phenyl, and R5 represents a residue

sel ected fromthe group consisting of (? or 3- or 4-pyridyl, 4-chloro-4-
phenoxy- phenyl , 4-phenoxy-phenyl, cﬁ(n)ethylanlno I-naphthyl

5-nitro- I-naphthyl 2-, 3-, 4- nitrophenyl 4-vi nyl phenyl , 4- blphenylyl

2- phenyl - et hen and 9- anthracenyl EspeC|aIIy preferred are those catalysts
of formula (I 1d), wher ei n R°he | i gands L, aRt L2 have the S or R
configuration and/ or mhe(pthDhe correqumqug phenyl rings attached to the
1, 2- diam noethyl noiety ar® I'n the R R-co Tgur n or S, S-configuration.
Preferred catal ysts ofy fornpul a & )L and I|d" e those, wherein Hal is
each case is chloro; %ﬁ} NANR Wy ents phenyl or phenyl
substituted by one or r -C a kyI' egi al Iy 3, 5-di met hyl phenyl . The
present invention |ikeW s rélates to %%s--nd|ng conpounds of formula

(I'h d"). Especially preferred/a those ca aI x of formula (Il d'),
wherein the Bl NAP noi ety ha R- or S-co ati on. Preferred catal ysts
of formula (Il d*) and (lid""\=sx/e those, wheret#/ Hal, in each case, is

chloro; R6 and R, in each case, represents phenyl or phenyl substituted by
one or nore Cl- Cral kyl, espagially 3,5-di neggthyl phenyl. The present
invention |ikew se relatesdo |/gorrespond|dwg| ggnpounds of formula (11 d"")
and (lid"""). Especially pr§$rred are thoses” cat al ysts of forrmula (Il d"")
and (lid"""), whereint e BI P noi e} o ;has the R- o 8- configuration. Most
preferred are correspon petnds 1". (Il d*""") and (lid""").

Li kew se preferred are cEzprp(\)un for 2006 WO 03/070717

PCT/ EPO3/ 01738 - 22-

Compounds of formula (Hd), (lld"), (Ild"™) or {lld"™) may be prepared by reacting a

\h‘:[:ﬁa (V)
H,N ]

wherein R, R® and R® are as defined above, with IMClL(p-cymene)]z in conventional manner.

compound of formula VII

The hydrogenation may be carried out in a suitable inert solvent, such as an sther, e.g.
tetrahydrofuran, an ester, such as ethylacetate, a halogenated solvent, such as
methylenchloride, superctitical CO,, ionic liquids, a nitrile, especially acetonitrile, an amide,
such as dimethylformamide or dimethylacetamide and in a temperature range from, for
example, from -78°C, to the boiling point of the solvent, preferably at rocom temperature,

Preferred catalysts of formula (Il d} are those, wherein 1.4 is hydrogen and L, represents
phenyl or phenyl substituted by one, two, three, four or five alkyl residues, especially by once
by isopropyl such as 4-isopropyl-phenyl, and R° represents pheny! or phenyl substituted by
one, two, three, four or five alkyl residues, especially phenyl, tolyl, 3,5-dimethylphenyl, or
2,3,4,5,6-pentamethyl-phenyl. Especially preferred is the catalyst of formula (! d) or (Id),
wherein L, is hydrogen, }.2 is isopropylphenyl, and R’ is tolyl.



6Hal N1 /NH2' O p /R~ { NHZ Hal R7 The present invention |ikew se
relates to the novel conpounds, e.g. starting materials or interrredi168tmﬂmﬁ
respectively, as described in the Wrking Exanples part. The present

i nvention likewi se relates to the concrete products directly obtained by the
process sequence or by the single process steps, especially the
correspondivogspmducts that are in an essentially enamteposvsal |y pure
form The conversion of an acid of formula (1) into a salt is carried out in
a manner known per se. Thus, for exajgple, a salt with a base of conmpounds
of the formula | is obtained by treating wth a base. Salts can be
converted into the free conpounds in a customary manner, and salts with a
base can be converted, for exanple, by treating with a suitable acid agent
to the free acid. The conversion of an acid of formula (lI) into a

cor r esponthemedeadtwentiondikewiss relates t¢ prefejredeatflystdf formulagibddieingetase, i s carri ed
out int ' sui t abl e,
org.  pr ot e e iinctlon 3R Eiibitosdii ey ohofly SRR o0 el frdh, 0 20 T g
on the aclow, ortflwealkyd;@ﬁ!d@ee‘»seamcmlbr by anee hydsaptepylisichastieapppylnhand andRge, for
exanpl e,  fohREans 5re§i@ué éb‘?ec%'ﬂlohﬂﬂe Bn‘alé&éonsigﬁngtohﬁ- sal Htedjﬁyndwtlﬁéhlo% gierably,

H3PO4 in acetonitrile at i's_uge conversi on of a |actone of fornula
(1 a) or Qhenw-phpryg,ﬁ@fen%-ppenyl mdmiethylaminogk-naphibyige-nitfod faphtaf B s (1) is

carried oahitrofhehylxaihenyl,i4bigheRjiyi {2 8HRngHethan BAdS-bh@edyent , e. g. et hanol ,
and water, by using an al kalinetall hydroxide, such as Li OH NaOH or

Ca(OH) 2. AI ternatively, the |actone can be hydrol ysed by using an
al kal i met Bipecitliyqgraerredeyre thosehcatedystsioDidrmiia (Tid), suhereih thie RjafisAq@6d LANGv® 3/ 070717

PCT! EPO3/ 4 638 oo SRRY Wb AL oLRRAAFORANI 10 SOyl 2l of um

salt of the aci uéous sol Ution of
CaCl 2 i n diamigesthyl mo:ety areinthe R R-conftguratlon or 8,S-configuration.

Preferred catalysts of formula (Il &) and (lld™) are those, wherein Hal Is each case is chloro;
R® and R, in each case, represents pheny! or phenyl substituted by one or more C-Cratkyl,
especially 3,5-dimethylphenyl. The present invention likewise relates to corresponding
compounds of formula (Il d). Especially preferred are those catalysis of formuia (!} &),
wherein the BINAP moiety has the R- or S-configuration.

Preferred catalysts of formula (il d”} and (Hd””) are those, wherein Hal, in each case, is
chloro; R® and R, in each case, represents phenyl.or phenyl substituted by one or more C;-
Cralkyl, especially 3,5-dimethylphenyl. The present invention likewise relates to
corresponding compounds of formula (Il ") and (lld™"). Especially preferred are those
catalysts of formula (Il d™”) and (lid™”), wherein the BINAP moiety has the R- or S-
configuration. Most preferred are corresponding compounds of formula (Il d™} and {1id™™).

Likewise preferred are compounds of formula



A variant to the process according to the present invention conprises the
direct formation of a |lactone of a conpound of forrmula (1). The for iOﬁ
of said |lactone can be carried out by treating a conpound of fornuﬂgPéU@ B
(I' h) with an acid, such as a mneral acid, preferable wth H3PO4. The
conversion of a resulting conpound of formula (1) wherein the elenent '-'
represent syo@disédr | nto a conpound of formula (1) whereirmrdihersgl enent -
represents -CH2-CH2- is carried out by selectively hydrogenating the double
bond -CH=CH-, especially wth an apgﬁgpriate reducti on agent, for exanple,
by catal ytic hydrogenation in the preSence of a hydrogenation catalyst, for
exanpl e, a Ruthenium catal yst, such as (Ru(cod)(nu-3-(2- nethylally))2, by
reduction with hydrogen in the esence of a hydrogenation catalyst or with
a hydride, for exanple, a hydri @hich, if desired, may be conpl ex, such as
a hydride forned froman elenmep of the 1st and 3rd main groups of the

periodic table of the el ggent pr exanpl e borohydri de or al um nohydri de,
for exanpl e Ry AR bor?ﬁydric thium al um ni um hydri de,

di i sobut yl ‘ hydyi délglan~addi f4emal reduction step using al kal

met al cyanehgrelydri-de;P uchrﬁ%Esod' opMjeohydri de, may be necessary),
and al so I nste of : f{ a resulting conmpound of fornula
(I') wherein the el enent - resents CH into a conmpound of formula (1)

wherein t t he hydrogenati on of the double
bond - CH=QJ e ef f {ectHed, w compounds of formulae (Il e), (I1 g) or
(It h)y, re ¢ elg. in addition to reaction steps (c), (d) or (e),
respectively. The procef®7 for the manufacture of conpounds of forrmula (I)
and salts thereof can be, for exanple, illustrated by neans of the
foll owi ng reaction schenme for the manufacture of pitavastatin: 1 8 AUG 2006

WO 03107 O'Flﬁle?prgsgﬂ_{ iRkl reftbs® fﬁ‘e/novéﬁgglﬁpou nd%, é<.g.} starting materials or

intermediates, respectively, 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 a2 base of compounds of the formula | is obtained by treating
with a base. Salts can be converted into the free compounds in a customary manner, and
salts with a base can be converied, for example, by treating with a suitable acid agent to the
free acid.

The conversion of an acid of formula (I) into a corresponding lactone of formula (! a) or (1 b),
respectively, is carried out in the presence of an acid, preferably a mineral acid, in a suitable,
.g. protic or aproctic, solvent, such as ethanol or acetonitrite. 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, HsPQy in acetonitrile at 60°C is used.

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



\~/ 4\ 0 R4/ N Acetonitril, ~s Rfl., 20 h o==0 OH/ \ \' \ R4 i-PrCH,
Rt. I V\\/ N/ NFlo ;,O0OH Borhydrid CJ—|Et,BCJVleCJ—|CJ—|\\\CJR’ERIIX%{S']M}5
OH N or 1 B AUG 2006 WO 03/070717 PCT/ EP03/01735 -25 Rellux CH, CN,

Ol V'V OR CNOCN PRR -RaFit,,cr NaCO Re IO aeynma ID R2-P~~ B-F X

eats st Noyal OR Tofuol, RT R8~ ORS CH, cy, VW/ ~~ ~~~ /1] ~~_ORa reducion R3
11 X : Hal wosdrof7OH ~ORfe \ \ \ OR \ ORB,. | / PCT/EP03/01738
-23 .

the 'resulting salt can be converted into the calclum salt of the acid of pitavastatin by addition
of an aqueous solution of CaCl; in water.

A variant to the process according to the present invention comprises the direct formation of
a lactone of a compound of formula (). The formation of said lactone can be carried out by
treating a compound of formuia (1) or (Il h) with an acid, such as a mineral acid, preferable
with HaPO.,.

------

represents -CH=CH- into a compound of formula (I} wherein the element — represenis
~CHz-CH;- is carried out by selectively hydrogenating the double bond —CH=CH-, especially
with an appropriate reduction agent, for example, by catalytic hydrogenation in the presence
of a hydrogenation catalyst, for example, @ Ruthenium catalyst, such as (Ru{cod)(hu-3-(2-
methylally))2, by reduction with hydrogen in the presence of a hydrogenation catalyst or 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 exampte lithium borohydride, lithium
aluminium hydride, diisobutylaluminium hydride (an additional reduction step using alkali
metal cyancborohydride, such as sodium cyanoborohydride, may be necessary), and also
diborane,

------

represents ~CH=CH- into a compound of formula () wherein the element — represents
-CHg-CH,-, the hydrogenation of the double bond —-CH=CH- can be sifected, with
compounds of formulae {1l &), (Il g} or (Il h), respectively, e.g. in addition to reaction steps
(c), (d) or (&), respectively.

The process for the manufacture of compounds of formula (1) and salts thereof can be, for
example, Hlustrated by means of the following reaction scheme for the manufacture of
pitavastatin:



LDA, THE N -78.0 t. Et,aOMC, Na8H 2 No, OH ON OH OH |I. NaCH, MOCH Ca'a \

\' \ O NK5104 (PllavaNalln) x MN 880.98 M. COwmt CaF, N, O The procgsﬁs f[i?f[}ﬂﬁ
t he manuf acture of conpounds of forrmula (I) and salts thereof can be, P‘%
exanple, illustrated by nmeans of the follow ng reaction schene for the
manuf acture of fluvastatin: 1 8 AUG 2006 WO 03/070717 PCT/ EPO3/01735 - 26-

F F C'_BCNP—LRAW@% PflflarR, O asymetric 1 $~ 11 NaO pRiyebosnoizgam’ Nuym -
{ RF -- pvp(/ll reducllon OR P3~ OR Toluol, R R3~ oR CH2C4 X Hal F

F OHO11 QOHO0 ORL _oa.
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F'271’%/ﬂ\/ij\? * @ o
4
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Acetonitril,
Ril, 20 h

I-PrOH, Rt

-

Borhydrid
Et,BOMe

-..—.-.-—.——b..
NaOH




\ Olly\\ OR LDA THE Y NY 78C k\ J N 11. EL2BOWb, NaBH4 2. |lip, F F
OHOHOHOHON NaFH MOH OR1I8 - NH O\ / r (FlU/aMON MV : 433.281 %:
CH NaFNO4 Wor ki ng Exanpl es: Manufacture of Starting Material for AUG 2006
Pitavastatin: Preparation of (3-ethoxycarbonyl-3-oxopropvl) triphenyl
phosphoni um chl ori de: According to Literature: C. M Morhoff; J.C S. Perkin
Trans |, 1Q@4304937) To a solution of ethyl-4-chl or-acgiiaesiigdlg (16. 46 g,

100 nmmol) in 50 m. anhydrous toluene is added triphenyl phosphine (26.25 g,
100 ‘mmol ) under argon atnosphere at rgom tenperature and stirred for 4
days. The suspension is filtered and Washed with 3 x 30 ml of 1 8 AUG 2006
WO 03/070717 PCT(EPO03/01738 -27- toluene. The colourless crystals are dried
in vacuumto give (3-ethoxycarbonyl-3-oxopropyl) triphenyl phosphonium
chloride. Ms: 426.88

CH,CN, Rellinx

oRr*

PR, m1, o Nazcoa asymmetric
XMOR' - RZ%P' J)L calalyst Nworl
Toluol, RT on“ CHCL, reduction

X :Hal

oo
el rrr—

LDA, THF
=78°C

NatH,

=

\/
1. EL,BOMe,
210,

1, NaGH, MeOH Ca
.___-—b
oR™ 2, 6acl,
L NKS104 (Pitavastatin) 2
MW : 860,96

MF: Gy H, Car N0,

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
fluyastatin:



a) Preparation of ethyl 3-oxo0-4-(triphenyl phosphoranylidene)butanoate: To a
sol ution of (3-ethoxycarbonyl-3-oxopropyl) triphenyl phosphoniumchl.t)gi%zm]B
(11 g, 25.77 mmol) in 100 M dichlormethane is added within 30 m nu $
(mn) under vigorous stirring sodiumcarbonate (3.38 g, 27.36 muvol) in 100
m water at roomtenperature and stirred for 4 hours (h). The yell ow
organi ¢ phgasfishsrseparated, washed with 30 nl wat er angoGidosel7Rver
anhydrous sodium sul fate. The solvent is evaporated and the oily residue is
dried in vacuum to maintain a waxy s. After adding diethylether the wax
crystallizes to formslight yellow cFfystals of
3-0x0-4-(tri phenyl phosphor anyl i dene) but anoate. M5 : 390.43 'H NVR ( CDCl 3,
400MHz): 8=7.56 (m 6H,Qrtho H phenyl), 7.44 (m 3H, para H phenyl), 7.35 (m
6H, mreta H-phenyl), 4.Q8 (g, 2H, OCH CH3), 3.72 (d, | ®H H4), 3.26 (d, 2H
H2), 1.17 (t, 3H, { b
5- (2- Cycl opropyl - 4-f | uofo- phenvl | - pui nol i n-3-yl | -3-0x
ethyl ester: The yli deAs i
g, 12.36 mmol) is sofveads under argon atnosphere in
Under vigorous stirri 2?6yc|opropy|-4-(4-
fl uor o- phenyl) - qui nol i ne- 3-car bal dehyde (3 pg, 10.3 mmol) 1s added in 5
portions and then heated to reflux. After pO h the readtion is cooled to
room t enperagur Thﬁ@sllghh-gromn | vegt Vapor, tiel t he residue is
dried undéh/@aJEumﬂEggﬁbtar N&Q qﬁgLEijgp gﬁgphy over silica
gel with hexapg: ethylacetate (4:1 / v v) glve a yellom/ il of 5-(2-
cycl opropyl - 4-f | uor o- phenyl ) - qui nol i n- 3-yl ) - 3- oxo- pent - 4- enoi ¢ aci d et hyl
ester. Ms: 403.45 ¢)
5-f 2-Cvcl opropvl - 4-(4- oro-phenyl)-pU|n/ijn 3-vil -3 Aaydroxy- pent - 4-enoi c
Oaldo

acid ethyl ester: 85.
5-(2-cycl opropyl - 4-fl uor g
ethyl ester are solve 10 m et hanol wuneer argon e -uphere and cooled to
-15C. 1 8 AUG 2006 717 PCT/ EPO37*(F1738 - 28- 4Sgi orhydride (8.58
nmg, 0.22 nmmol) is added under vigorous stirring. During the reaction tine
the m xture becane slightly yellqw. After 3 h the reaction is allowed to
rise to roomtenperature angﬁ?%lrred for another 1.5 h. Then the m xture is
guenched with 15 m of

210,
OH OH
OH O©OH N o Na
NaDH EtOH Q
) e

{Fluvasiatin}

M 43321
MF: G, M, NaFNO,

Working Examples:

Manufacture of Starting Material for Pitavastatin:

Preparation of (3-ethoxycarbonyl-3-oxopropyl) triphenyl phosphonium chloride:

According to Literature: C.M.Moorhoff; J.C.S. Perkin Trans I, 1987 (19987)

To a solution of ethyl-4-chlor-acetoacetat (16.46 g, 100 mmol) in 50 ml anhydrous toluene is
added triphenylphosphine (26.25 g, 100 mmol) under argon atmosphere at room
temperature and stirred for 4 days. The suspension is filtered and washed with 3 X 30 ml of



a saturated ammoni um chl oride solution. After extraction with diet hyI et her
(3 x 15 m), the conbined organic layers are washed with water (15 ni

dried over sodiumsulfate, filtered and evaporated in vacuumto gi Vb8 AUG 2008
yel l ow oil of rac5h-[2-cyclopropyl-4-(4-fluoro-phenyl)-

qui nol i n-3-yl]-3-hydroxy-pent-4-enoic acid ethyl ester. MS: 405. 47

HPLC- Anal ywoasorofdhi racel - OD 10m | ength: 250mm i nt erncalepabm7sd. 6 mm

i sokratic n- hexane: 2-propanol 96:4; flowate:0.6m mn; colum tenp: 35C, W
detection wavel ength: 230nm chromigne: 45m n; inject.volune: 10g|

(1.022mg/ M i n n-hexane: 2-propanol 96:4) Ret.Tine 1:16.17mn; 51.52 %
(area) Ret.Time 2: 18.00m n; 48.48 % (area) d) Procedure for the

enant i ose \

fl uoro- phleoﬁ'%b% ‘ﬁ'nwc.{c]a@ ﬁ(—.rsggrygt%e a@‘ﬁggrﬂo@\& uﬁtﬁg%%%%tg?x%%éqﬁm)? 03[/’\'08%[{ er: |: A
m xt ur e ofriphenyl phosphonium chloride, MS: 426.88

(E)-5-[2-cycl opropyl -4-(4-fluoro-phenyl)-quinolin-3-yl]-3-0xo-pent-4-enoic-a
cid- ethylester (105.8 ng, 0.262 mol) and Ru[ (I R, 2R) - p- TsNCH( C6H5) CH
(C5H5) NH] Example Kynene) (6.2 ng, 0.104 nmmol) in 2-propanol (2.6 m) is
stirred at 23 C for 72 h. The reaction mxture is concentrated under
reduced pres i cpronatography on silica
gel using? HYRXQ- A y ®ri xture as eluent to
af ford of

(55 (> pyglons gy@.élmf,ﬁcaw@ 0 RSN s B Y 4 i Pt -4
(E) - 5-[ 2- owrel) apmml dichlograptitang ésrasldgshwitiyi1 30-rinutesiming ugderivigo@ustiingent - 4- enoi c-
aci d-et hyl &fﬁ}rr?éarls afé ( xi;;%sﬁsem&?m 1&5’|ﬁ1ﬂﬁater at room tergperature an%stgred for

R 2R) - p- TsNCH(C6 -p- cynene) ny, mmol ) and a
m xture of organic @wwfparatﬁﬁmshadow 68 &l wetersandidied 3ver s~ heat ed
:v; BEEDNFS( Ga&yaﬂo)as ﬁdtu?pstf?atfaowhe?&lx}ént ié\bVabratell ahd thb 8ilysresitiid .@anddSn vellihrit Ed Wit ht ]
neutralised wi uous wor k- up w
NaG ol ol TG A it Pt P %efdm'gareﬁﬁ@ﬁﬁtaewe%wgﬂ"ﬂz3§ Rl SURVRIP g1 ve t he
crude pr odysthls of Ewoekidphamndpbbsphorngidénejiatamedte UBIBNGIE43: 1 hexane- MTBE m xture
as eluent to afford of (E)-5-
[ 2- Cyci op ropyl-4 (4-f1 uoro-phenyl)-quinolin-3-ylj-3-hydroxy-pent-4-enoi c-aci
d- et hyl estFéNMRICBClé\G@OMBQGS WD 03/ 070717 PCT/ EPO3/ 01738 - 29-

8=7.566 {m,6H,ortho H-phenyl), 7.44 (m, 3H,para H-phenyl), 7.35 (m, 6H,meta H-phenyl},
4.08 (g, 2H, OCH.CHg), 3.72 (d, 1H, H-4}, 3.26 (d, 2H, H-2), 1.17 (t, 3H, OCH,CHs)

b)  5-(2-Cyclopropyl-4-fluoro-phenvl}-quinolin-3-yl)-3-oxo-pent-4-enoic acid ethyl ester:

The ylide 3-oxo-4-(triphenylphosphoranylidene)butancate (4.82 g, 12.36 mmol} is solved
under argon atmosphere in 100 ml acetonitrile. Under vigorous stitring 2-cyclopropyl-4-(4-
fluoro-phenyl)-quinoline-3-carbaldehyde (3 g, 10.3 mmol) is added in 5 portions and then
heated to reflux, After 50 h the reaction is cooled to room temperature. The slight brown
solvent is evaporated and the residue is dried under vacuum to obtain a brown waxy oil.
Chromatography over silica gel with hexane:ethylacetate (4:1 / v:v) give a ysllow oil of 5-(2-
cyclopropyl-4-fluoro-phenyl}-quinclin-3-yl)-3-oxo-pent-4-enoic acid ethyl ester. MS: 403.45

othyl ester:

85.8 mg (0.21 mmol) of 5-(2-pyclopropyt-4-fluoro-phenyl)-quinolin-s-yl)-3-oxo-pant-4-enoic
acid ethyl ester are solved in 10 ml ethanol under argon atmosphere and cooled to ~15°C.



"H NWVR (400 MHz, CDCI3): 7.96 (d, 2J: 8.4 Hz, 1 H, 7.60 (t, 2J: 6.6 Hz 1
H, 7.38 - 7.28 (m 2H, 7.25 - 7.15 (m 4H), 6.61 (d, 2J: 16.3 Hz,

5.65 (dd, 2J: 16.2, 5.7 Hz, 1 H), 4.57 - 4.51 (m 1 H, 4.17 (q, 2J: 78&%%5
2H), 3.10 (br s, 1 H, 2.44 - 2.37 (m 1 H, 2.36 (t, 2J: 9.4 Hz, 2

-1.25 (m 2H), 1.29it, 2J: 7.2 Hz, 3H), 1.04 (dd, 2J: B. 1, 2.8 Hz,

13C NWR (100 MHz, CDCI3): 172.2, 163.6, 161.1, 160.7, 146.9, 144.4,

138. 2, 133. wo08®70, 131.9,131.9,131.8, 129.0, 128.9, BCOWEFS30IIP6. 1, 125.5,
115.5, 115.3, 68.8,41.1,16.1,14.2, 10.4,10.3. MS: 405.47 Literature for the
preparation of the catal yst: Haack, Kg2gJd.; Hashiguchi, S.; Fuji!, A;

| kariya, T.; Noyori, R Angew. Chem, Int. Ed. Engl. 1997, 36, 285-288. e)
(E)-(S)-7-f2-Cycl opropvl -4-(4-fl uoro-phenyl)-qui nolin-3- vil-5- hydr oxy- 3- oxo-

hept-6- e 'S‘éthﬁmﬁé‘rhﬁnélé(stsstiﬂé |22‘?4§ﬁ<ﬂ}r ] added @n&? ln?&rbﬁ&ﬂstiﬂfngd Dhﬁ%Rgé;gy lnagu Ele E g gg

g, 9.20 rrrml? |ntetra'%/ﬁ}rof @3’1‘ %’P&

m, 8.88 feAstongimethe meduts besprmeslightly yellpne, Alips B hdheseadion jsgowssite 882130 nin t he
S 35”5 i on Ir@:nﬂ:mﬁbadtut'e;?nd stiBedGopaibtter hahy Thanhé mixtird i qﬁ&oaed With3® mspl ) i s
added over ter

transferr g&aﬁl@te? aggpcﬂwnbﬁhl%'\%e Eﬂ;l]tl ﬁﬁerzree%racthonn\%t ethﬁétl?erg (f X15 mg tC s
cycl opr opygbmidingdiorgdnicdaymrypdre mashed quith waler (16 3l)y drjed dvénsddiom sulfste) fiketedznoi c- aci d- e

t hyl ester m' “ H}@ ﬁ"; Grial ion is
stirred 3 ﬁ&)e%gorgtg%'rﬁerrper at \)eew(% &%% og}ylclt f“ fmgr()}% Fi I s added.
The ni xt ukeinplis-adld-ydravrpentieaneie acid etiiesten MSHi0b4ét ed with MIBE (50 ).
The conbi ned organic extracts are dried over Na2SO4, filtered, concentrated,

and the residue Ipurlfled b& flash chromat ography (hexane/ MIBE 5:1) to af f or d
ket oest er HPE=Analytics: Chiracel- OD 10um, length: 250mm, mternal-dm 4.6 mm,; isokratic n-

(S) - 7-[ 2- Q¥sdne- &Bpﬁnol%ﬁ(éﬂ&dirﬁtéfwﬂ/ﬁﬂiﬂw&mﬂtéh?%wWd&dcﬂc’?r\.’ﬁb‘ﬁ%ﬁﬁw 3- oxo- hept
-6-enoic acid tert- Eﬁ%{rwbyst er

(E) - ( 3R, 58P chromyfimeg wetzi\"e'umﬂ%ﬂoﬂzﬁwefﬁinn)n*eﬁmﬂﬁ -PRRaol86:4) 3, 5- di hvdr ox
v- heat - 6- FROVIMe 1878, frntie s kY4 heapst er: To a sol ution of ketoester

(B)-(S)-7- .C (A:fl uoro-phenyl)-quinolin-3-yl]-5-

hydr oxy- 3%55"%%{5)@"@%&?@86(&{ Geayert butyl ester (0.80 g, 1.68 mml) in THE
(20 M) and MBCOH (4 m) at -78 C is added diethyl met hoxyborane (2.10 m of

a 1 Msol ;Lliil OBrobdliuyrkHbr the &ndk e)tra th%ro&engtl 31" H:‘% S(TQ g}e 1&% gqyl- 543|6 mol ) is

added. Af
fol | owed [Hyorpptmayl-auinelin-3-yilF3-fay yeste IVEO—| (6

I: A mixture of (E)-5-[2-cyclopropyl-4-(4-fluoro-phenyl}-quinolin-3-yl]-3-oxo-pent-4-enoic-acid-
ethylester {105.8 mg, 0.262 mmol) and Ru[(1A,2R)-p-TsSNCH(CeHs)CH (CsHs)NHI(R -p-
cymene) (6.2 mg, 0.104 mmol} in 2-propanol (2.6 ml) is stirred at 23 °C for 72 h. The
reaction mixture is concentrated under reduced pressure. The residue is purified by flash
chromatography on silica gel using a 4:1 hexane-MTBE (methyl-tert-butyl-ether} mixture as
eluent to afford of (E)-5-[2-Cyclopropyl-4-(4-flucro-phenyl)-quinolin-3-yl]-3-hydroxy-pent-4-
enoic-acid-ethylester.

II: A solution of (E)-5-[2-cyclopropyl-4-{4-flucro-phenyl)-quinolin-3-yl}-3-oxo-pent-4-enoic-
acid-ethylester (1.6 g, 3.97 mmol), Ru[(1R,2R)-p-TSNCH(CgHs)CH(CsHsINHZ]CY(n°-p-
cymene) {12.6 mg, 0.02 mmol) and a mixture of HCOOH (1.095g, 23.8 mmol) / NEt; '
{0.963g, 9.52 mmol} is heated in DMF (6.0 ml) at 50 °C for 20 h, After that the solution is
diluted with MTBE (5 ml) and neutralised with NaHCO; (4 ml), Standard agquous work-up with
NacC! solution and extraction with MTBE and removel of the solvent give the crude product.
Chromatography on silica gel using a 4:1 hexane-MTBE mixture as eluent to afford of (E)-5-
[2-Cyelopropyl-4-(4-fluoro-phenyi)-quinolin-3-yl}-3-hydroxy-pent-4-enoic-acid-ethylester.



1 8 AUG 2006 w O 03/070717 PCT/ EPO3/01738 -30- - m) and 30 % aqu. H2Q2 (6
m) is added slowl ey. The cold bath is renbved and the solution stinfrfef)§ 1860
1.5 h. The mxture is poured into NaHCOs (60 m ) and extracted with CH2Cl 2
(3 x 50 m). The organic extracts are dried over Na2SO4, filtered, and
concentrated. The residue is dissolved in hot EtOCAc (10 m), filtered and
stirred fogoldendt RT. After filtration diol (E)- PCT/EP03/01738

(3R, 5S)-7-[2-cycl opropyl -4- (4-fl uoro-phenyl)-qui nolin-3-yl]-3,5-di hydroxy- he
pt-6-enoic acid tert-butyl ester is_.gptained. MS: 477.58 @)
(E)-(35.55)-7-r2-Cycl opropyl -4-(4-fl uoro-phenyl)-quinolin-3-vll-3.5-di hvdr ox
y-kept-6- enoic acid tert-butyl ester: To a cooled (-35 C solution of

Ve INB( 0n6) Rhactindz, cocER 71887, 2.x'dh AL T, 266 4 Ge ey 1r)7.88 - Y 2e 000 2
(E)-(5)- 72ﬁ27@§el7d|5r(mp‘9*ﬂ)v a.6( @, f4 198 bz iB585 (ddGitn 612, 573z, 1H), 4.57 -

yi]-5-hyd t 0= 05 mol )
yil-5hy agxmm@kﬂﬁpﬂfﬁﬁm@ £ @ 4 3, ztau-gésgq@t fh, 236 2084 20> 01
m n bef or Hh‘éi‘)rdt%dﬁ‘- 1), bgﬂﬁsé?j%i"Z@b'&h‘lt%(@fbri Bels @802 ) is added. After

&gzgog Egé’cmmanswmﬁ e@cmow(rjz?déws ﬁeﬁﬁa@é% {4%% 444, 199@ 1@3310’{3280 OndOI )
adde e or arated an e

aquous | a>1/gi'3'|1§$3'x1%r1 f%’dyMQ% 12855 1( %5‘7’711){5 31@%3 éﬂrﬁbﬁkﬂea 481 gani c

extracts ao.e, idd. eaB: 40587 Na2SO4, filtered, concentrated, and the residue is

purified by flash chromat ography (hexane/ MIBE 1:1) or crystallization

(ethylacetate = EtOQAc) to afford diol (E)-(3R 55)-7-[2-

cycl opr op\dteraturgorfiiereparation nithy cajalystdiaack, K.y} HasBighehd SyflijipAy Hatyet - 6- enoi ¢

acid tert by : 8S

s !lliig’drnzﬁ.d&;yew chbh., A E? j%]gmgsn 36, p85-28

(BE)-(3R 5 opropvl -4 [ uor b- pheny 8‘5-ouinolin-3-v|]-3.5-dihvdrox
v-heat-6- enoic acid calciumsalt: To a solution of diol

(B)- (3R 5§) - 7(55-231w2-b9a6&@aﬂ-4~f’¢-mra-éﬂéaﬂpqmﬁwﬁf}sﬁs@ @g&s -Siotiepld-- 3. 5-

di hydr oxy-hept-6-enoi c acid tert-bufyl ester .0 0, no in EtOH (5
m) is ad L terbhutdiesters| ution of NaOH (10 mi, 1 M and the resulting
suspension is stirred until the ester disappeaered. After conpletion of the

oLyl SRR BebnfRinh ot asd ahii Rleubie GBS0 emoved 11

°C is added n-BuLi {5.55 m!, 8.88 mmol of a 1.6 M solution in hexane) over 10 min. After 30

min the solution is cooled to — 78 °C and t-butyl acetate (1.03 g, 8.88 mmol) is added over

10 min. After 30 min the resulting solution at —78 °C is transferred to a solution of {E)-5-{2-
cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yi}-3-hydroxy-pent-4-enoic-acid-ethylester {0.90 g,

2.22 mmol) in THF (11 ml) at 0 °C. The solution is stirred 3 h at room temperature (RT). A

NH,CI solution (3 ml) is added. The mixture Is poured into water (5 ml) and extracted with

MTBE (50 ml). The combined organic extracts are dried over Na,SQy, filtered, concentrated,

and the residue purified by flash chromatography (hexane/MTBE 5:1) to afford kefoester (E)-

(S)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-5-hydroxy-3-oxo-hept-6-enoic acid tert-
butyl ester. MS: 475.57

fy  (BE)-{3R.5S5)-7-[2-Cvclopropyl-4-{4-fluorc-phenyl)-quinolin-3-vil-3, 5-dihydroxy-hept-6-
gnoic acid tert-butyl ester:

To a solution of ketoester (E)-(S)-7-[2-cyclopropyl-4-{4-fluoro-phenyl)-quinolin-3-yt]-5-
hydroxy-3-oxo-hept-6-enoic acid tert-butyl ester (0.80 g, 1.68 mmol) in THF (20 ml) and
MeOH {4 ml} at =78 °C is added diethylmethoxyborane (2.10 ml of a 1 M solution in THF,
2.096 mmol). After 1 h NaBH, (0.127 g, 3.36 mmol) is added. After an additional 3 h at—78
°C pH 7 buifer (5 ml) is added followed by MeOH (6 ml). After 10 min a solution of MeOH (6



separated. The aqueous |ayer is extracted wwth CH2CI2 (2 x 30 m) and the
conbi ned organic extracts are renoved in vaccum The residue is dlaf@él\f[’ei
in HO (20 m) and a solution of CaCl2 (8 m, 0.1 M is added dropw SE: ﬂﬁe
reaction solution is stirred overnight and the resulting white precipitate
Is collected by filtration to obtain (E)-(38,55)-7-[2 1 8 AUG 2006 WO

03/ 070717 ﬁggg@ﬁgi/MBS -31 - PCT/EP0O3/01738

cycl opropyl -4-(4-1fl uoro-phenyl)-quinolin-3-yl]-3,5-di hydroxy-hept - 6-enoi c
acid calciumsalt. M 880.98 Manufagyure of Starting Material for .
Fluvastatin: 1. (E)-5-[3-(4-Fluoro-phenyl)-1-isopropyl-1 H

I ndol - 2-yl ] -3-0x0-pent-4-enoic acid ethyl ester: The ylide

onaera GO B BH R PR AR ShaRb e SR s iR mdiovef s A Rod £ g
3- ( I4- FI uosﬁrrngm .- The mistoperioporkedinta aHGOL ﬁoml)fmdtrmirmmm QHICIZ (3K %Oi Ee
Teact i on DS ThooBaAobliadBardtida by st Mieion) flcSiehitiion. Hreiboidtd, |

evapor at eé digsaivecie hetd3Ofe € 0im), Hitarastand stiead forai@ hahRTo Alist filratiomdibk{(8n waxy oi | .
Chr omat og{£rpbwy.- z@gcuo‘yrdpyp@(@mbmvphbhyn)Wmﬁs-ﬁyﬂ,xldm%f}&pﬁééﬂoié add V) give a

yel l ow oi | of > .

[ 3- (4-FI u@ﬁ‘%b-"ﬂﬁw 51’9 obfaineds MK AG1-58 H- i ndol - 2- yI ] - 3- oxo- pent - 4- enoi ¢ aci d
ethyl ester. Ms: 393.46 . (E)-(S)-5-[3-(4-Fluoro-phenyl)-1-isopropyl-1
H-i ndol - 2- yI ] - | ' h - A sol ution of
(E)-5-[3-@%- opyo J drgxsn

acid et hghoiesdidieri-p@ylester: 5. 08 Mol ), Ru[(1
R, 2R) - p- TsNCH( C6H5) CH( CBH5) NHOCI ( ge- pcynene) (12.8 ng, 0.025 mmol) and a

m xture of HCOOH (1.40g, 30.5 mmol) / NEt3 (1.23g, 12.2 mmol) is heated in
DVF (8. 0 Py caeled@B5CH) setutipn ohMeNHEERAQHABS ghis26 mingl) indvieGN/AeHH (iSewd, wi th  MIBE
(5 m) and;m%t&ﬁ&&iamo%ﬂ{aﬁba ngdope ggg@{fﬂg@ygiem-qtmalﬁ:@p wi th Nad

btggi 4.
solution and extracti on w MTI BE S’;I‘E‘f’)ld [r enov sol ven I ve the crude

product . YERMHHEVSR*aRERt-&enels aoiddert-puly! egte; @04 208 mmelk iMEHOMNER Mh-xt ur e as
el uent t o TAé il Btirtdd)at ~§53C for § B afidlatfel “CISIBOPIE Btbe-alsolutiers BMbsidm
Hindol - 2- bl B h 8 1P S ea  ARDY0 it Duss b i dn 1€58.55d into CHLCly (30 mi)

and a solution of NayCOj5 (7 ml) is carefully added. The organic layer is separated and the

aquous layer is extracted with CH.Cl, (2 x 50 ml). The combined organic exiracts are dried
over Na,SO,, filtered, concentrated, and the residue is purified by flash chromatography
(hexane/MTBE 1:1) or crystallization (ethylacetate = EtOAc) to afford diol (E)-(3R,58)-7-[2-
cyclopropyl-4-(4-flucro-phenyl)-quinolin-3-yl}-3,5-dihydroxy-hept-6-enoic acid teri-butyl ester.
MS: 477.58

h)
enoic acid calclum salt:

To a solution of diol (E)-(3R,55)-7-[2-cyclopropyl-4-(4-fiuoro-phenyl)-quinolin-3-yl}-3,5-
dihydroxy-hept-6-enoic acid tert-butyl ester (1.0 g, 2.09 mmol) in EtOH (5 ml) is added an
aqueus solution of NaOH (10 mi, 1 M) and the resuiting suspension is stirred until the ester
disappeaered. After completion of the hydrolysis aqueous HC! (15 ml, 1 M) is added and the
solvent is removed in vaccuum. Then CH.Cl, (10 ml) is added and the organic layer is
separated. The aqueous layer is extracted with CH,Cl, (2 x 30 mi} and the combined
organic extracts are removed in vaccum. The residue is dissolved in HzO (20 ml) and a
solution of CaCl, (8 mi, 0.1 M) is added dropwise. The reaction solution is stirred overnight
and the resulting white precipitate is collected by filtration to obtain (E)-{3R,55)-7-[2-



M5: 395.48 k. (E)-(S)-7-[3-(4-Fl uoro-phenyl)-1-isopropyl -

H i ndol - 2-yl ] - 5- hydr oxy- 3- oxo- hept-6-enoic acid tert-butyl ester: g’ Eigﬁ
solution of dilsopropylamne (0.96 g, 9.53 nmol) in tetrahydrofura1n ?"I1 I;L}
(10 M) at 0 Cis added n-BuLl (6.32 m, 10.12 mol of a 1.6 Msolution in
hexane) over 10 mn. After 30 mn the solution is cooled to - 78 C and t
-butyl agghfl@eit- 17 9. 10.12 nmmol ) |s added over 1GCHEPORBEer 30 min the
resulting solution at -78 Cis transferred to a solution of (E)-
(S)-5-[3-(4-Fluoro-phenyl)-1-isopramyl-1

H i ndol - 2-yl ]-3-hydroxy-pent-4-enoic acid ethyl ester 1 8 AUG 2006 WO

03/ 070717 PCT/ EP03/01738 -32- (1.0 g, 2.53 nmmol) in THE (12 m) at 0 C. The

solutio r tion (3 n)
"o, addod? I Er thei ORISR Aoy cofono A EL || 07 17\ ek
(50 nl). M&Wéoé%nbl ned organic extracts are dr| ed over Na2SO4, filtered,
concentrated, and the residue purified by flash chromatography (hexane/ MIBE
5:1) to af f or d ket oest er ,
(E) - ( S) -HAOUECRY i Staring, =4 f§88:phenyl ) - qui nol i n- 3-yl ] - 5- hydr oxy- 3-
0Xx0-hept-6-enoic acid tert-butyl ester. MS: 465.57 1.

E 3R,.5 4 H h
) ndol Pl R S3PRERH- L 2 PS ARV epon i uspier . To o
sol ut i orThefylidest-o®st- (@mhelﬁ)ph(:@emnflﬁel(eabwdnuate G.phad findh lssolpedlpyjbr-

I2-i- |1 gdol %géﬁ a]tm%g %&Wyl%c&éﬁfn%équ% Xﬁ@%gstﬁmg%(t&gﬂor@é%ﬁghﬁt er (1.0 g,

di et hyl rigaprpxybindele-2-carbaidehyile (%2 ¢ 10.7vmel) i eddsd in hporiigrs andthed2 mol ). After
1 h NaBHfa{f 1¢-@fuwd Aftdr 5Ph B Pdabidnis a6ditade roeﬁttﬁﬁp@ﬂu@dq'hé éll@ﬁladrov?h hat - 78 C

pH 7 buffer ol | owe ter 10 mn a solution
of MDOH ioé’e“tgﬁ Vaa%afeéend/ﬁawld%m'egw%{ yacpign &tﬁﬂ’?&z %P@W‘ Y oflhe cold bath is
renmoved Qirematbgraphylovirsiita gél With heX@né:ethyldoctatd (4:1The) gived yallow b offBps-ed i nt o

o o de Bl SRR b B et rerB gl st LML ¢ St ved

in hot 39346 (10 m ), filtered and stirred for 12 h at AT. After filtration
diol (E)- (3R 58) 7-[3-(4-Fl uoro-phenyl)-1-isopropyl -
H i ndol - Sl 5-di hy drox¥ hept - 6- enoi ¢ aci d

j. (Eg( )-5- [3 4 -Fiuoro-phenyl)-1-isopropyl-1 H-indol-2-yi]-3-hydroxy-pent-4-enoic acid ethyl

ester:

A solution of (E)-5-[3-(4-Fluoro-phenyl)-1-isopropyl-1 H-indol-2-yl}-3-oxo-pent-4-enoic acid
ethyl ester (2.0 g, 5.08 mmol), Ru[(1R,2A)-p-TsNCH(CsHs) CH{CeHs)NHICI(n - p-cymene)
(12.8 mg, 0.025 mmol) and a mixture of HCOOH (1.40g, 30.5 mmol) / NEt; (1.23g, 12.2
mmol) is heated in DMF (8.0 ml) at 50 °C for 21 h. After that the solution is diluted with
MTBE (5 ml) and neutralised with NaHCO; (4 ml). Standard aquous work-up with NaCl
solution and extraction with MTBE and removel of the solvent give the crude product.
Chromatography on silica gel using a 4:1 hexane-MTBE mixture as eluent to afford of (E)-
(8)-5-[3-(4-Fluoro-phenyl)-1-isopropyl-1 H-indol-2-y1]-3-hydroxy-pent-4-encic acid sthyl ester.
MS: 395.48

k. (E)~(S)-7-[3-(4-Fluoro-phenyl)-1-isopropyl-1 H-indol-2-yl]-5-hydroxy-3-oxo-hept-6-enoic
acid tert-buty) ester:

To a solution of diisopropylamine (0.96 g, 9.53 mmol) in tetrahydrofuran (THF) (10 mi) at 0
°C is added n-Bulli (6.32 ml, 10.12 mmol of a 1.6 M solution in hexane) over 10 min. After
30 min the solution is cooled to ~ 78 °C and t-butyl acetate (1.17 g, 10.12 mmol) is added
over 10 min. After 30 min the resulting solution at =78 °C is transferred to a solution of (E)-
{8)-5-[3-{4-Fluoro-phenyl)-1-isopropyl-1 H-indol-2-yl}-3-hydroxy-pent-4-enoic acid ethyl ester



tort-butyl ester is obtained. Ms: 467.58 m

(BE)-(3S,55)-7-[3-(4-Fl uoro-phenyl)-1-isopropyl - 8 2
H i ndol - 2-yl ] -3, 5-di hydroxy-hept-6-enoic acid tert-butyl ester: To 5 J%@Igﬁ
(-35 C) solution of Me4NHB(OAc)3 (1.38 g, 5.26 nmol) in MeCN AcOH (15 ml,
1:1) is added a solution of ketoester

(E)-(S)-7- wbayakapropyl - 4- (4-fl uor o- phenyl) - qui nol i n-BeT/EP03/01738
yl]-5-hydroxy- 3-oxo-hept-6-enoic acid tert-butyl ester (0.50 g, 1.07 mol)
in CH3CN (2 m). The mxture is stirged at -35 Cfor 3 h and at 0 C for 30
m n before a solution of potassium sodiumtartrate (10 m) is added. After
10 mn the suspension Is poured into CH2C12 (30 m) and a sol ution of

Nauous. | &b 0,2 AREILIEG 2O B0 BredbRhuGou B S ook RBP ARG gani ¢
extracts &‘R’B 6rNHa@| sobwien (3Nelpiseddedf The mixiug is pouredintorweterds mjraddt he resi due is
purified @s&raueaamhmraemagr m hegzsr?agjﬁéﬁs e]c)rleﬁg é;[rl\léséc%cl | zation

(ethyl acetate = 2006 WO

03/ 070717 fikersd EF“@BW@i%B“dtQBWSFH‘-‘- Pesrifjen oy %ﬁypmatqgra@wﬁh@gw/MIBE 5.1}

H-i ndol - th’éfﬂord'ice%e&bh &pyﬁmmfmwhdnw)&futnom yl?-s-ﬁﬁlr&(y- - M5:: 467.58
n. Sodium nyI -1-isopropy

H i ndol - é‘iE% p&g-gn Phi&y&h%‘ﬁlﬁé ggrg'g To 30 g of ester

E)-(S)-7 [ 3- (4- Fl uor o- phenyl ) -1-isopropyl - 1 Hi ndol -2-yl]-5-hydroxy- 3- oxo-

NEDL gl 85 L Al b T Bl P I s 0

t enper at uagd basthyiyl dsterC.  The solution is stirred for 1 hour, the mixture is
concentrated at 25 nmm Hg and 45 C,. then 220 mM of water are added,

destillation is continued a remai ni ;ngol ume of 100 M , then 280 nl of
wat er are O&GE@W”&HH‘B"?W@Q’&@H@7511(%%”% ay)-Tvisemoryl- idindel-%y-%450 M of MIBE
In 3 port ihadexy-3ldxe-hagt L@emmdcwafbatﬁegem@rgwas% tin B%F P nand 45 Cto a

LRt T iAot ikl S A
PCT/ EPO3/ @533 8mol). After 1 h NaBH, (0.163 g, 4.30 mmol) is added. After an additional 3 h at - 78

°C pH 7 buffer (6 ml) is added followed by MeOH (7 ml). After 10 min a solution of MeOH (8

mi) and 30 % aqu. HxO: (6 ml) is added slowley. The cold bath is removed and the solution

stirred for 1.5 h. The mixture is poured into NaHCO; (70 ml) and extracted with CH.Cl (3 x

50 ml). The organic extracts are dried over Na,SQ,, filtered, and concentrated. The residue

is dissolved in hot EtOAc (10 ml), filtered and stirred for 12 h at RT. After filiration diof (E)-

(8R,58)-7-[3-(4-Fluoro-phenyl)-1-isopropyl-1 H-indol-2-yl}-3,5-dihydroxy-hept-6-enoic acid

tert-butyl ester is obtained. MS: 467.58

m. (E)~(3S,58)-7-[3-{4-Fluoro-phenyl}-1-isopropyl-1 H-indol-2-yl]-3,5-dihydroxy-hept-6-enoic
acid fert-bulyl ester;

To a cooled (-85 °C) solution of Me;NHB(OAc); (1.38 g, 5.26 mmol} in MeCN/AcOH (15 ml,
1:1} is added a solution of ketoester ( E}~(S)-7-[2-cyclopropyl-4-(4-fluoro-phenyt)-quinolin-3-
yi]-5-hydroxy-3-oxo-hept-6-enoic acid tert-butyl ester (0.50 g, 1.07 mmol} in CHZCN ( 2 ml).
The mixture is stirred at —35 °C for 3 h and at 0 °C for 30 min before a solution of potassium
sodium tartrate (10 ml) is added. After 10 min the suspension is poured into GHoCls (30 mi)
and a solution of NazCQ4 (7 ml) is carefully added. The organic layer is separated and the
aquous layer is extracted with CH.Cl; (2 x 50 ml). The combined organic extracts are dried
over Na,S0,, filtered, concentrated, and the residue is purified by flash chromatography
(hexane/MTBE 1:1) or crystallization (ethylacetate = EtOAc) to afford diol (E)-(3S,58)-7-[3-



-34- What is clainmed is 1. A process for the manufacture of a conpound of
formula off off 0O ROH (1) or a salt thereof or a ]scions thereof, wherein
the el enment - represents -CH2-CHZ- or - CH=CH and R represents a Cyf?'gi,ﬁjﬁ 2008
resi due, according to the present inventions is characterized by (a)
reacting a conmpound of formula (Il a) Rl R2\OLR4 R3 ~IO-I ~" Ol (Il a),
wherein R, R2 and R3, independently of one another, represents phenyl that
is un- subgbigsstiond or substituted by one or nore substidrigbdarsel ected from
the group consisting of Cl-Cral kyl, hydroxy, Cl-Cral koxy,

C2- C8al kanoyl - oxy, hal ogen, nitro, cygo, and CF3, and R4 is an aliphatic,
cycl oaliphatic, araliphatic or aromatic residue; with a conpound of fornula
R-CH(=O (Il b) wherein Rrepresents a cyclic residue; and (b) reducing a

resul ting ound of formula, (Il c R4 0 [1, ¢),, wherein R and R4
have the r‘féﬁﬁ&ﬂ'@g‘a’ﬁl@q H@Pfﬂﬂ%é@'@?’ﬁﬁgq Q"%f"éeé’g'ﬁ%ﬂmﬁPg’%twwyﬁ?%' agent
sel ected MSomd7s8 group consisting of a conmpound of formulae (Il d), (I
d), (i1 dv), (212 4d"), (1 d"), ¢rrodrrr)y, (1 dttto), and (I dtttt) 1
8 AUG 2006 WD 03/070717 PCT/ EPO3/ 01735 - 35-

n. Sodium {E)-(3R,58)~7-{3-(4-fluoro-phenyl)-1-isopropyl-1 H-indol-2-yl}-3,5-dihydroxy-hept-6-

enoate;

To 30 g of ester E)-(S)-7-{3-(4-Fluoro-phenyl)-1-isopropyl-1H-indol-2-yl]-5-hydroxy-3-oxo-
hept-6-enoic acid fert-butyl ester in 150 ml of ethanol is added under stirring 63 mi of sodium
hydroxide solution while maintaining the temperature below 12 °C. The solution is stirred for
1 hour , the mixiure is concenirated at 25 mm Hg and 45 °C, then 220 ml of water are
added, destillation is continued o a remaining volume of 100 ml , then 280 ml of water are
added and the solution is washed with a total of 450 ml of MTBE in 3 portions. The aquous
layer is concentrated at 25 mm Hg and 45 °C to a volume of about 200 ml, 150 m| water are
added, and the clear aquous solution is lyophylized over 3 days. MS: 433.21



-5R5 |1 | LI\ NRaLI\MNRa Hs ONR (Il d), (lid) a6 \ \ Hal _ R16 \
\' I Hal RI6 P\ I NH\~~I11,NHP INHP~I'NH R Hal R Hal R16 (lid") ﬁ@
(lid,,,), PON O1 \ I\ \ / Halo I\ \ f Hal -P\,,, /NHP\ /NH \\|3/8 06
\'\ PP/ NHZ Hal. I / / Hal R (Ild,,,,) R(Ild,,,"), e no Hal Hal | P\NH
/[\:)col \ \ PP W Hal Hal R~ (Ildnn"), R(lid "m wherein Mis Ru, Rh,
Ir, Fe, CowglsiNosiz LI 1s hydrogen; L2 represents an arpdrepbs@sixl -al i phatic
resi due;
-34-

What is claimed is

1. Aprocess for the manufacture of a compound of formula

OH OH ©

/':)\/‘\)LOH

R 0)

or a salt thereof or a lactone thereof, wherein the element — represents -CH,-GHg- or -
CH=CH- and R represents a cyclic residue, according to the present inventions is
characterized by -

(a) reacting a compound of formula (Il a)
Ri

\ o,
Y
- 0O O

R3 (il a),

whereln R, R? and R®, independently of one another, represents phenyl that is un-
substituted or substituted by one or more substituents selected from the group consisting of
C;-Cralkyl, hydroxy, Cs-Cralkoxy, Co-Caalkanoyl-oxy, halogen, nitro, cyano, and CF3, and R*
is an aliphatic, cycloaliphatic, araliphatic or aromatic residue;

with & compound of formula R-CH(=0) (Il b) wherein R represents a cyclic residue; and

{b) reducing a resulting compound of formula (Il ¢}

R\mo-\':ﬁ
o 0 (1t o),

wherein R and R* have the meanings as defined above; in the presence of a reducing agent

selected from the group consisting of a compound of formulae (il d), (I @7, (1 ™), (™), (I

d™), (Il &™), (11 ¢™™), and (Il d")



1 8 AUG 2006 WO 03/070717 PCT/ EP03/01738 -36- Hal is halogen; R5 is an

al i phatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl or aryl- allﬁhatic
resi due, which, in each case, may be linked to a polymer; each of Rb8dWd 2006
R7, independently, is an aliphatic, cycloaliphatic,

cycl oali phatic-aliphatic, aryl or aryl-aliphatic residue; each of RS and R9
is phenyl ovoB®7amd RO formtogether with the carbon abponeresovibdi ch they are
attached a cycl ohexane or cycl opentane ring; and R16 is H, hal ogen, ani no,
nitro or C7-Cr7al koxy; mhereln any arogptic residue of a conpound of fornula
(rid), (rtid"), (tid*), (tid""), (rid"*vy, (ltid"""), (lid""") or (IID'""") Is
unsubstituted or substituted; mhereln for conpounds of forrmula (lid"),
(rid* )y, (ltid*™), (lid """), £|Id ") or (1ID'""") also conmbinations with
(R - or (S)-BINAP are possi bRe; and (c) con %n5|ng a resulting conpound of
formula (Il e) ROR4 crio\ LO e), mhereDQ»Emﬂnd R4 have the neani ngs as
defi ned above, wth a conpo hd of fornula 7l f) 9H OR76 (Il f), wherein
R18 represents an allphgtlc eS|dqe d (d redg0|ng a resulting conpound
of formula (Il g) OHO b rdin R and R16 have the

meani ngs as defi ned abomg/\ n (e) hydﬁg(%ﬁ a resulting conpound of
formula (11 h)

i1 d), (i d)

R
Ol o
o F
CLT L 50
[
A" Hal <:;L
R® (dm

R™ (1),

/O
-

(L

(™), o (d™),

HB

9
2o Bl

H? (l Id”"”)’ ("dl””ll)

wherein

Mis Ru, Rh, I, Fe, Co or Ni;

14 is hydrogen;

L2 represents an aryl or aryl-aliphatic residue;



OHOHO0O ROR 16 (Il h), wherein R and R18 have the neanings as defined
above, and 1 8 AUG 2006 WD 03/070717 PCT/EP03/01738 -37- (f) isolating a
resul ting conmpound of forrmula (1) or a salt thereof; and, if desire AUG 2006
converting a resulting free acid of forrmula (I) into a salt t her eof o@ %g
a l|actone of formula (I a) or (I b), respectively, or converting a
resulting lactone of a formula (I a) or (I b) into an acid of fornula (I)
or a salt wwewewi7 or converting a resulting conpound BRT/ERTIH a (1)
wherein the element - represents -CH=CH Into a conpound of formula (1)
wherein the el enent - represents -CH2g§H2-. 2. A process according to claim
1, wherein a conpound of formulae (Il a), (Il ¢c), (Il e, (Il g) and (Il h)
i s used, mherein R4 or R s, respectively, represent Cl-C4al kyl, especially
methyl oy Pmé el nost preferably tert-butyl. 3. A process for the
nanufactur 2 conpound of fornula (11 e) RORA OHO (Il e), wherein R
and R4 ha\E’eIS@néhnﬁr@%mpy@@llr&@tméyqlqawam»pbaﬂcmpa@w!eahplz@e rasigue,whisici ng a

resul ti ng,,-péwp%dmgjbgm(%%lﬂy}nep) RO\R4 O 0 (11 c) vvherel n R and R4
have the meani ng efined a resence ucin agent of

for mul a 0FEHS & &R ondinendemﬂxegs i aha"jarf'wxeio lRyatie, cyglo P'jaﬂ&e@a Ao RY 2 H Ra
wher ei N Mor drylaliphtic féSidagtd RO are as defined above and RS is a group of
formila 1.8 Ae20P%is phenyl or R® and R? form together with the carbon atom to which they

are attached a cyclohexane or cyclopentane ring; and

R is H, halogen, amino, nitro or Cy-Cyalkoxy;

wherein any aromatic residue of a compound of formula {lid), (1ld"), (Ild”), (l1d”"), (Nd”™),

(Ild™™), (1d"""} or (ID"""} is unsubstituted or substituted;

wherein for compounds of formula (lId™), (Hd™"}, {Nd™), (IId™"}, (Hd™™) or (IID™"") alsc

combinations with {R)- or (S)-BINAP are possible; and

{c} condensing a resulting compound of formula (Il &)

R O.
Y R*
OH O (" e)’

wherein R and R* have the meanings as defined above,

x
OR™ 14,

wherein R'® represents an aliphatic residue, and

with a-compound of formula (I f)

(d) reducing a resulting compound of formula (Il g)
OH O 0O

ASAAA e
R OR (il g)

wherein R and R'® have the meanings as defined above, and

(e) hydrolysing a resulting compound of formula (Il h}
OH OH Q

/\/'\/UL
R OR,; (i,

wherein R and R™ have the meanings as defined above, and
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{f) isolating a resulting compound of formula (I} or a salt thereof;

and, if desired, converting a resulting free acid of formula (1) into a salt thereof or into a
lactone of formula (I &) or (I b), respectively, or converting a resulting lactone of a formula (1
a)} or (i b) into an acid of formula (I) or a salt thereof, or converting a resulting compound of

------

wherein the element — represents -CHo-CHa-.

2. Aprocess according to claim 1, wherein a compound of formulae (It a), (It ¢), (ll e}, (Il
g) and (Il h) is used, wherein R* or R'®, respectively, represent C-C,alkyt, especially mathyl
or ethyl or most preferably tert-butyl.

3.  Aprocess for the manufacture of a compound of formula (Il e)

R O.
78 R*

OH O (Il &),
wherein R and R* have the meanings as defined above, characterized by
reducing a resulting compound of formula (Il ¢)

R O 4.
Y R

o 0 (Il o),

wherein R and R* have the meanings as defined above; in the presence of a reducing agent

of formula

R R°
04).0 o\\é,/o

g8 (1), Ly ,:{1 _ge (i)

L1\/
MI M
\ \
LQ/N i L/N
H g

wherein M, Ly, L, R® and R® are as defined above and R® is a group of formula
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X |
L R )L{\*\ 0 CHO
HNJLN‘[/\]::\/ HNY » R" HO~{ (CFga

wherein
nis0,1,2,8,4,5,60r7;
XisOorS;

R' is polystyrol;

R" is silica ge!;

R* is oross-linked polystyral;
R"™ is polysthylene-glycol;
R™ is Cy-Caalkyl; and
mis1,2o0r3.



