WD 03/ 070717 PCT/ EP03/01738 PROCESS FOR THE MANUFACTURE OF HMG COA
REDUCTASE | NHI BI TORY MEVALONI C ACI D DERI VATI VES The invention relates to a
process fwp oslogo7manuf act ure of HMG CoA reduct ase i nhi bit oPEI/HPO3/0IBOCESS
steps, to novel internediates and to novel catalysts. HMG CoA reductase
inhibitors (also called (3- hydroxy (3- net hyl gl ut aryI co- enzyrre A reductase

i nhi bit S re under st ood be those active

agent s \?\%%g%v@ F%lg pre[%g‘Fg%ﬁ Y gs% FCEA R@Rﬂ?“tsﬁemIﬁFrﬁORIYeV@fA&OW:ﬁ%IAGEﬁ’ ng
chol esterol I'n b ood and can be wused e.g. for the prevention or treatnent
of hyperlipidem a and artheriosclerosis. The class of HMS Co- A reduct ase

i nhi bitors conprises conpounds having differing structural features. For
exanpl e, nmention may be made of the conpounds which are selected fromthe
group comgligvdriien %Iai@& &5 ¥ prdcrks Por th€haviaRbRle B HIGIEEAR Féduchse! lﬁmﬁﬁntréttb n,
pitavastatin (formerly itavastatin), pravastatin, rosuvastatin,

si mvast &reGesssieps ie nexehintepmsdiates apHde naval gaialysis.y accept abl e sal t thereof
Preferred HMG Co- A reductase inhibitors are those agents which have been
mar keted, nost preferred is fluvastatin, atorvastatin, pitavastatin,

especi alHNGtGrA Esugiagennhitiitors (aisoesiled BrhydesxynBasetighitaryl-co-geymeat eut i cal | y
CH H
B Cre areicie nhifirEhd R UeNeEalid o2 B ed b okt attve i gt g

03/ 0707 MRyHETpEfEyahlp ugssto lower the |lipigidewelsOncluding cholesterol 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/\)\/k/u\(},

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

Cerivastatin of formula



H3CO H3C CH3 CH3 CH3 is disclosed and clained in US 5,177, 080.
(+)-(5S,3R)-Form of fluvastatin of forrula F OHOH 0 OH 1Y is disclosed
and cl ai nwo 03070387 5, 345, 772. Lovastatin of fornula HO O POT@PEMB173H3C CH3
CH3 is disclosed and clained in US 4,231,938. Pitavastatin of formula WO
03/070717 PCT/EPO3/01738 -3- F I \ / GGILOHOI1 \ \ \ OH NN is disclosed
and clainmed in US 5, 856,336. Pravastatin of formul a

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

(+)-(5S,3R)-Form of fluvastatin of formula

O OH OH O

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 HO,, OH HOCH3 OH CH3 CH3 HOis disclosed and clained in US
4,410,629. Rosuvastatin of formula CH3 O'l.::~, OF HCNNN3NO H3IC
CH3 OH OHwvoH3/orey1ti scl osed and clainmed in US 5, 260, 440. SCMEPSs/at7Bh of
formula WO 03/070717 PCT/ EPO3/01738 -4- HOOH CH30 0 HH3ICCHH, HCH3

H HCO 3 H _3-

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

Pravastatin of formula

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

Rosuvastatin of formula

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

Simvastatin of formula



is disclosed and clainmed in US 4,444,784. The structure of the active
agents identified hereinbefore or hereinafter by generic or tradenanes may
be taken Wwoagiotdie7 act ual edition of the standard conpendi ®ar/EPa®01vB8s ck

I ndex" or from databases, e.g. Patents International or LifeCycle Patents
International, respectively, (e.g. IN54wprId Publ i cations). The
correspondi ng content thereof is hereby "1 ncorporated 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 manufacture and
test the pharnacedi@ p8ations and properties in standard test
nmodel s, both in vitrg™ vivo. Acidic representatives of HMVG Co-A
reduct ase ighjbitors h en | aunched are being .developed as salts, for
exanpl e, fl{vdsHatin agy=sodium salt and pitavastatin as calciumsalt. The
correspondi ive ingredients or a pharmaceutically acceptable salts

t her eof | soQbeg,ugéd in formof a solvate, such as a hydrate or
includingﬁﬁthaEH 3 qgﬁd for. «crystallization. Essentially, statins
conprise a cycli ehent and a side chain element of formula OH OH O
H (A (a 3,5- hept - 6-enoic acid noiety) that mght forma
correspondiqu*w ; ftial structure of forrmula WO 03/070717

PCT/ EPO3/ 01738 H-5- CH OO .(B) or OHOH O ™ or (O (a

3, 5-di hydr oxy- hept anoi.c acid derivative) that m ght forma correspondi ng

| act one lﬁgl osed and 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, 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 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

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



OH OO0 structure of formula (D). In said side chain elenents (A or (O,
respectively, the 3,5-syn diol structure and the R- configuration at C3
are essenwpaB/of@at ures, as corresponding statins wth thi CITPO3/Hi768

el enent exhi bit the highest biological activity. The objective of the
present invention is to provide an enantiosel 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 fornula I, and | eading to

| argely enantionerically pure target ducts and to products of high
crystallisability. Furthernore, another ¢bjective of the present invention
is to provide a process that can “€@ d out in a |larger scale and can
t hus be used for a correspondi ng broduction process. Furthernore, there is
a need to avoid any separation any stereﬁg%fners. Surprisingly, the
process of the present invention clearly neée Q he above objectives. The
process relates to an enanti osel ectivgd sgntdesi s by using essentially the
so-cal l ed transfer hydrogenationtﬁgpf;azz/mﬁgr exanpl e, an enanti oner
excess (ee) of a conpound of -fortula (1) of > 5%596 preferably > 98% and
nost preferably > 99% can be achi eved. WO 03/3 717 PCT/ EPO3/01738 -6 The
i nvent i da S%Hlydoxy-beptapeis aeisidiariyativeh thafrmight M eorgspandingleCimerpadtial t ase

i nhibitory mevalonic acid dgyivative of fornula (I a) OHOH0 v v OHR
(I') or a salt, especially a pharmaceutically acceptable salt with a base,

t hereof or a | actone thergof erein

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



the el enment represents -CH2-CH2- or -CH=CH and R represents a cyclic
residue. A salt of a conmpound of fornula (I) is, for exanple, a salt with a
base, preWweroabbtoria correspondi ng pharnaceutical ly accept oir@prsabt73g her eof .
A lactone of a conpound of fornula (1) is represented by formulae (I a) and
(I b) OO OOOCH(lI a) or (I b) SOHgR R Corresponding cyclic residue R
conprises a cyclic residue sel ected fromthe group consisting of WD
03/070717 PCT/ EPO3/ 01738 -7- F XN* QH H3CL HBCCH3 F. CH3 CH3 . F O CH3

E‘_I—BCCHBCHBCHB 4N\ \ / / CH3 HO CH3 CH3 O GO-i~OF | H3CN\
/N \ Had hednysntioprefaies to a process for the manufacture of a HMG-CoA reductase inhibitory

mevalonic acid derivative of formula (I a)

OH OH O

R
(N
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 (I a) and (I b)

""OH (Ia)or ., (1 b)

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



N H H3C CH3 H3C H Extensive experinental evaluations surprisingly resulted
in a process sequence for the nmanufacture that neets the above criteria
show ng twe osqdi7zeat ed advant ages. The process as di scl ose@CiTrePBs/ooBgani ¢ &
Medi cinal Chemistry Letters 9 (1999) 2977-2982 for the manufacture of
pitavastatin (NK 104) requires the forpgtion of a racemc erythro-R, 8-

di hydroxyester that is hydrolysed to formthe corresponding acid. Wth

a- met hyl benzyl ami ne a diastereoneric mxture of resulting salts are forned
that need to be resolved into the different diastereonmeric salts. The clear
di sadvant age of this approach is that half of the material needs to be

di stroyed. Accordingly, the process lof the present invention can be

carried out without such a diaster {ric resolrution procedure. WO

03/ 070717-RCT/ EP83/01738 -8 The ¢ gss for the_manufacture of a conpound
of for @l O CHR(lI) or a sailt thereof actone thereof, wherein
the ele : S - - GH=CH and_R/fepresents a cyclic
resi due, accatdijpg-fo thgl_%vn FrweAtions is erized by (a)
reacting a cggpgund forrrula(llla) RL R2-/ O B 1 OO0 (Il a),
wherein R ) ndepésden 3ang epresents phenyl that
is un- subst A bsti tut or ' |\Tﬂ6nts selected from
the group consisting of F. CH, CH, . .

F

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

The process as disclosed in Bioorganic & Medicinal Chemistry Letters 9 (1999) 2977-2982
for the manufacture of pitavaétatin (NK 104) requires the formation of a racemic erythro-,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.



G - Cral kyl, hydroxy, Cl-Cral koxy, C2-C8al kanoyl -oxy, hal ogen, nitro, cyano,
and CF3, and R4 is an aliphatic, cycloaliphatic, araliphatic or aromatic
resi due; wioto/ozn7epnpound of formula R-CH(=O) (11 b) wherePeTREPOBmM7@SENtS a
cyclic residue; and (b) reducing a resulting conmpound of formula (Il ¢) R
OlR4 0 O (Il c), wherein R and R4 havegt he neani ngs as defined above; in
the presence of a reducing agent selected fromthe group consisting of a
conmpound of forrmulae (11 d), (i1 d), (i1 d"), (11 d""), (i1 d""), (Il
da'"'), (L1 da'""), and (Il d"""") B RS 0. ~O0, Ol I Li MR8 LI"~ MN RS

L - L/ Thepmcesyfopthy manyfagtuig)of a qampeupdwbiquawuiez0717 PCT/ EP03/ 01738 -9 R6

Rs V' \ i al RI5\ V' | Hal RI5 MNH¢$s/od B\ ,NH' PINH i NH2 R7 Hal R7
Hal R15 (lid") R15 (lid"" R6 R6 \.\1/ I {Hal o P\ NH2 PJ/NH2 \ \ P/ NH2
I \ \ P NH2 R OH
)
or a salt thereof or a lactone thereof, wherein the element — represents -CH,-CHy- 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)
R1

\P o,
e YR
(@) O
R3 (Il a),

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
C,-Cralkyl, hydroxy, C;-Cralkoxy, C,-Cgalkanoyl-oxy, halogen, nitro, cyano, and CF,, and R*
is an aliphatic, cycloaliphatic, araliphatic or aromatic residue;

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

(b) reducing a resulting compound of formula (li ¢)

R\/\”/\n/o\ R
°© © (1),

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 &), (11 d”), (It &™), (I

d””)’ (II d”’”), (Il d,””,), and (II d””l”)

R’ R°
O\\?//O 0\\%//0
L1;N\l/i7/R8 L1;N\I/N R
LY N LY N
H g Ho g
(It d), (I )



| Hal / /' Hal R (lid .... ), R(lid ..... ), RERE\ \ / Hal Hal -IP
NHZ/i~ P\ I NHz Pz I \NH2 \ \ PI/ NHz Hal / / I Hal ) R (lid ...... ),
R (lid .wo0.030700wherein Mis Ru, Rh, Ir, Fe, Co or N; [PCTIRPOSIyOBOgeENn; L2
represents an aryl or aryl-aliphatic residue; Hal is halogen; RS is an

al i phatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl or aryl-aliphatic
resi due, which, in each case, may be [i'nked to a poI ynmer; each of R6 and
R7, independently, is an aliphatic, cycloaliphatic,

cycl oali phatic-aliphatic, aryl or aryl-aliphatic residue; each of R8 and

RO is phenyl RS andRﬁg formtoge;sher with the cafbon atomto_which they
are attached he*a For el Bpent a ahd HAD 03/ QZQR1T7

PCT/ EPO3/ 01738 ‘,e R B\|  NH ghen, ald pg a\rNﬁ,l oxy; wherein
any aromatic residue of Mcoypodad of fornulal(lid) T(Il) lid")

(rid* ), (lid P INHE~, (1id""") or P|5Nusubst|tuted or
substi tut ed; Quhe ) % jougds of fo |dR) ), (lid"'"),
(rid"""), (Iid ) or (Il | s0 conbi nations w f (S) - Bl NAP
are possible; and (c) condens B r @ktl) ti ng conpound of nfil a(lid??y, e)

(”d”") (”d!m:)’
R® R
OO / Hal OO Hal
P P
D) X
somils oomil
\ Hal \ Hal
=Y (”d”"”), =Y (”dnnm)

wherein

M is 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



ROR4 OHO (11 e), wherein R and R4 have the neanings as defined above,
with a conpound of forrmula (11 f) OH OR16 (Il f), wherein RLl6 represents
an al i phawoosnewitue, and (d) reducing a resulting conpoumrdTaPos/oraail a (11
gg OHOOR\ OR 16 (Il g), wherein R and R16 have the neani ngs as
defined above, and (e) hydrolysing a resulting conpound of formula (Il h)
OHOHO R-<OOR16 (Ii h), wherein Rand R16 have the neanings as defined
above, and (f) isolating a resulting conmpound of formula (1) or a salt

t her eof ; F if desired, converting a resulting free acid of fornula (1)
into a sRI'ts Hhealegsn, mingnéraor Gaeelkesyiof fornmula (| a) or (I b),

respect i ygdréin é?lﬂl af&rﬁé(ﬁf rte'sfalg "?)f 5%6'1‘?5&!51?0#@ nu e@ I %ﬁ)c@rd\% lfd”&g(”dabésul ting

b) into an acid
conmpoundtdf” wd5’s) Ovdﬂ"i’”mﬂhmﬁt@@i%umﬁmtedt ormula (1) wherein the

el ement Off "o} AU Bk eneln the

el enent ?Eﬁ?@ggﬁ@p%%f ”%@éﬁdg qg );Qﬁi? ir(ns(? 8hejréérl %'mf 3re{ééband

her ei naf¢asbingiipas wib (Rplar §S)-BiNARaneinegsibleuandss defl ned ot herwi se.

Cl-C Al kyl is for. exanple nmethyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, sec-butyl, tert- butyl or a correspondlng pentyl, hexyl or heptyl

resi due. (CC1-condenging a eeguliigaiomporred hiforroulat(ibe) -

R O.
7™ R*

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

with a compound of formula (l1 )
OH

16
OR™ (14,

wherein R'® represents an aliphatic residue, and

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

NN 16
R OR™ (1 g),

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

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

N
R Ris (i),

wherein R and R'® have the meanings as defined above, and
(f)  isolating a resulting compound of formula (1) 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 a) or (I b), respectively, or converting a resulting lactone of a formula (I
a) or (I b) into an acid of formula (I) or a salt thereof, or converting a resulting compound of



butyl is preferred. Cl1-C Al koxy is for exanple nethoxy, ethoxy,

n- propyl oxy, isopropyl oxy, n-butyl oxy, isobutyl- oxy, sec-butyl oxy,

tert - but yWoxg/omr71a correspondi ng pentyl oxy, hexyl oxy, or REFBPO®IN3$ esi due.
Cl- C4al koxy is preferred. Especially preferred is nmethoxy and tert-butoxy.
C2- C8Al kanoyl in C2-CBal kanoyl -oxy is iy particul ar acetyl, propionyl,
butyryl, isobutyryl or pivaloyl. C2-C5Al kanoyl is preferred. Halogen is in
particul ar hal ogen with an atom ¢ nunber up to and including 35, i.e.
fluorine, chlorine or bromine, and in a broader sense includes iodine.
Fluorine or chlorine is preferred. An aliphatic hydrocarbon residue is,
for exaniormaulach)-wheseir jhe elementy aT ke rigpresents e€dtwi-iintp aGmm@uad of foyinula (1)
C2-C, Aikenyl is in particular C3-Cralkenyl and is, for exanple, 2-propenyl

or 1-, 2 : | —C3- isypreferred. C2-C7-Al kynyl is in
parti cul "é’?%ﬁ‘%‘?gﬁﬁﬁl andr%gépéﬁg%ngfiéb@ypbr opargyl. A cycloaliphatic

residue is, for exanple, a C3-C8cycloal kyl or, secondarily,

cyelobut e I8 TR e treHeanaab and fbrelnShorha Ry Tor Yo AaRpp: upiss

cycl ohexgéfinad othmreiser r ed. C3- C8Cycl oal kenyl is in particular

C3-Cr7cycl oal kenyl and is preferably cycl opent-2-en-yl and

cycl opent - 3-enyl, or cycl ohex-2-en-yl and cycl ohex-3-en-yl. WO 03/070717
PCT/ EPO3CHC78RYy! is fop exarogie Inuethyl péthylj re-pedpyh lsaprapyt, esoutlyl disolsutylf sec-taxgneke,

C3- C8cyc | kyl - C1- : r | - . 6-ayel gal kyl - Cl= C4al kyl .
Preferr ellt)fﬁ?so f %:éycg %B%@}M%%% ﬁef"%"a@}eéfﬁﬁ?ﬁ%% Ce?@éﬁﬂ@d’ é’gpg cially 'Bﬁ{hy?/ Py
phenyl - Guut@tiapiefdrredal so phenyl - C2- C7al kenyl or phenyl - C2-C7al kynyl . An
aromatic residue is, for exanple, a carbocyclic or heterocyclic aromatic
residue, in particular phenyl or in particular an appropriate 5- or

g_— ][r;a nber @dﬁﬂ”dkbxyfmfmpxarinplermsthdxye ethaky, chpriopgloxy isio@rdpywlx%/,i rdbmy![omlisdhfutyl-
o ef or ity Soiebty B T pately 88 B (B lne FelH Bk Nariltn i orPiBihresidus.

sul fur aGethalkoxy is preferred. Especially preferred is methoxy and tert-butoxy.

C2-CgAlkanoyl in C,-Cgalkanoyl-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. fluorine,
chlorine or bromine, and in a broader sense includes iodine. Fluorine or chiorine is preferred.

An aliphatic hydrocarbon residue is, for example, C,-C;alkyl, C,-Cralkenyl or secondarily C,-
Cralkynyl.

Co-C;Alkenyl is in particular C;-Cralkenyl and is, for example, 2-propenyl or 1-, 2- or 3-
butenyl. C5-Csalkenyl is preferred.

C2-C;-Alkynyl is in particular C5-Cralkynyl and is preferably propargyl.

A cycloaliphatic residue is, for example, a C3-Cgcycloalkyl or, secondarily, Cs-Cgcycloalkenyl.
Cs-CgCycloalkyl is, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexy!

and cycloheptyl. Cyclopentyl and cyclohexyl are preferred.

Cs-CqCycloalkenyl is in particular C5-C;cycloalkeny! and is preferably cyclopent-2-en-yl and
cyclopent-3-enyl, or cyclohex-2-en-yl and cyclohex-3-en-yl.



Appropriate 5-menbered heteroaryl residues are, for exanple, nonoaza-,

di aza-, triaza-, tetraaza-, nonooxa- or nonothia-cyclic aryl radicals,
such as pyorosloyi717 pyrazol yl, imdazolyl, triazolyl, tetracalgpo3/ofesyl and
thienyl, while suitable appropriate 6-nenbered residues are in particular

pyridyl. Pyrrolyl is, for exanple, 2- of. 3-pyrrolyl. Pyrazolyl is 3- or
4-pyrazolyl. Imdazolyl is 2- or 4- im c?a'zol yl. Triazolyl is, for exanple,
1,3,5-1 Htriazol-2-yl or 1,3,4-triazol-2-yl. Tetrazolyl is, for exanple,
1,2,3,4-tetrazol -5-yl, furyl is 2- or 3-furyl and thienyl is 2- or

3- t hi enyh cyeigrlipbaticsaliphaiic esjsiueiisl jor example, G3-Ceoyclarling-Or-@ralkylApieferably e

mul ticychi_ i Ape: ryl, benzo[ 1, 3]-di oxol e or
pyr enyl f:(be r?i(%?{ é}?g?‘gﬂé@n%ﬁgﬁ%%hlgp@&g@ﬁﬁgﬂt ed by e.g. NH2, OH, SQ3H,

CHO, or di-substituted by OH or CHO and SO3H. Any aromatic residue is

preferab t Lk ; i g, e BY A0 _e.g.
Po or i SRl btbeT RbaRaal bAIEE, C by ST Phsty SEGAIRRAE] ol iRy of
C1- C7al Ky4-Cralkypslk oxy, Ci1- C7al koxy, C2-Csal kanoyl -oxy, hal ogen, nitro,
cyano, and CF3. Polymers nmay be pol ystyrene (PS), cross-linked PS (J),

pol yet hyl ene glycol (PEG or a silica gel residue (Si). Exanples are

NH- R15 wieakimatiRiEsidue ig( 10y excxple,- PearbocycliOpNnitStdazyclic RBymatarv@sidue, in

-OSi (R i ' R4 - . g, ethyl,

and Rig PERAKEhEA o (LG hpotbud s SR mepefeitkibhon Bicleale

03/ 0707 WhictOTamO BY 0wl Bigntical @r difiereot inetbrm dtomeudush @sinityageq] oxy/gen of bulflit) |,

(rid""), L Lde Yo, gty | J o foll owin

signifi Caéé@%,gprgiegaﬁlpyf é?eé:gp'é’dthfér? e;;%lflr eltﬂcgqe& . thg 186 >%y5§r|1 9%5'? O%M?ls'gw atom.

conbi natAppopriate Givreroloerbd haterearyl ragidigestare, fah exdmple pnefieazak)djazRey tridZa-,i S

i soprop I e € e hyl. b ityl ene. .preferred

0P SO a0, AGRAARS RSB SRSy T b daST mBAS

4- chl or dridzohhartvazolyfeny and thigriyk mdilg spitedatey ppropritité Byre¢rnlydradiresiduel are in

- napht h?’{lal’rtici%Tar?g)E/Fi&l.l -naphthyl, 2-, 3-, 4-nitrophenyl, 4-vinylphenyl,
ytyl, 9-

4- bi phe
Pyrrolyl is, for example, 2- or 3-pyrrolyl. Pyrazolyl is 3- or 4-pyrazolyl. Imidazolyl 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 pyrenyl.
An aryl residue may be mono-substituted by e.g. NH,, OH, SO5H, CHO, or di-substituted by
OH or CHO and SOzH.

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 C4-Calkyl,
hydroxy, C,-C-alkoxy, C,-Cgalkanoyl-oxy, halogen, nitro, cyano, and CFs.

Polymers 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)(CH,),-PS or C(O)NH(CH,).-PS;
and -O-Si(R™)z(CHz),R"® wherein n is 1 to 7, R is C;-Cqalkyl, e.g. ethyl, and R"® is a PS, J,
PEG or Si (obtainable by Aldrich, Switzerland).



ant hracenyl, 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
tristriflworemat7nyl phenyl, chrysenyl, perylenyl or pyrenyCT®EP03/01738

2- phenyl et hene. Each of R6 and R7, independently, are phenyl,

4- et hyl phenyl or 3, 5-di net hyl phenyl ﬁgeferred I's phenyl. Each of R8 and
RO i s phenyl or cyclohexyl or substltuted phenyl, preferably is phenyl.
Preferred Hal is chloro. Preferred RI5 is H L1 is as defined above. In a
preferred aspect, the invention provides a process for the production of a

conpoundndermulafarmuta (idh (), (145), XHE ™), UET), G AeBd P T wrd1RBE) éheaioowivy ow i n
the var 'é@{lﬁca‘?lﬁ@s ?r% adrbf:e‘flreﬁlﬁjide ?entﬁt K Eﬁ/gﬁ%r 1R§n¢9§t‘ﬁﬂﬁ§h&r or s%PSt omarily,

in the preésence o swtable sol ve | uen a mxture thereof, the
reacti omorraténat@qui red, bei ng carried out with cooling, at roomtenperature
or with wal hl?fg:ref@ in a tenperature range from about -80C up to
t he b0|I|ng poi fr e reactlon medi um preferably from about -10 to

about +2@0€isopiegylmethyikanzesebegnzéne, hexdrosibberzane) mesitytane, prefgrgagkie, in an

I nert g%c&&?@%{ﬁ?{b@n?ﬂ%{ or under anhydrous conditions. Preferably, in.the

process a present invention conpounds of formulae (Il a),
(11 ¢), Rlis2edr3- (qu4 pyridyk #ichlgyo-dmpiendxy-pherat, d-pheodxy-ptieayk brdiRYethylaRirg-

or of or abl-JoRt BhBF hagty 203 K nnditRaG, B UTERRY wBha g, !
react i orardétraper(yh)2,3 ohé hydraxyphenylotolyh phenpthryt] behzd[bSirdiozole) | a) with a
Conpounddlr(?\tetl'&frarﬁﬂﬁltl‘?aler(é -yg)a]rﬁlﬁe r{d t%%&"fﬁucir&n&h?lﬁ%{é@@!cﬁp{s?ﬁ esr@eé{)ﬁ %g

such as especi onltrl
t enper atpwmylam@phéwbetheri@r exarrpl e, from-78C, to the boiling point of

the sol ek, of P &hE RAOhYetinabhfy, B phdi, BGhShyBheryP§r 58! hyiphenyl,
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.

L, is as defined above.

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

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.
Preferably, in the process according to the present invention compounds of formulae (Il a),

(1 c), (Il e), (I ), (I g) and (Il h) are used, wherein R* or R'®, respectively, represent C;-
C.alkyl, especially methy! or ethyl or most preferably tert-butyl.

Step (a):



Step b : Reaction Step (b) is an asymetric transfer hydrogenation,
especially when using a chiral Ru(ll) catalyst of forrmula (Il d) and a
hydr ogen woran7078t ep (b) is carried out in a suitable i nerPCTEPOVEIB8 such
as an ether, e.g. tetrahydrofuran, an ester, such as ethylacetate, an
nitrile, especially acetonitrile, a fqyﬂpnide , especially

di met hyl formam de, and in a tenperature range from for exanple, from-78C
to the boiling point of the solvent, preferably at roon1tenperature
Preferred catal ysts are foll ow ng conpounds R5 ("~-OHal S1 1 L1~
N ' / / IpyeactignSiep (a)-the reaction of R&omomqkpfzfomulﬂéll a) Wi A compound of-fermeta

biicol Halp) idtarnbeodin alswté@e"%i'{&ﬂ?éht afeh 'ag ar feeéé'ﬂﬁcfallgﬁc@tbhlprﬁé%}c

cycl oal i phat ic, cycloaliphatic-aliphat’ic, hati1c residue; Hal
i s hal og¥apioRitrilggind "5aéwapﬁaturﬁd@w@ﬁm,tfpyemmmﬁérmﬁmﬁr o ieboting point 7

PCT/ Epoet{f%ﬁvemlpﬁ‘efe‘?ﬂlfﬁﬁﬂb%oﬁiﬂ binpggtﬁ?bcsolv‘éﬁpl oal i phati c,

cycl oal i phatic-aliphatic, aryl ral i phatic residue; V\/nereln I n each
case, any aromatic residue of a corrpound of formulae (11 d), (II d') and

(11 Step (b):
Reaction Step (b) is an asymmetric 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

2 ’

wherein L, is hydrogen and L, represents an aliphatic, cycloaliphatic, cycloaliphatic-aliphatic,

ary! or araliphatic residue; Hal is halogen; R°, R® and R’, independently of one another,



d") is unsubstituted or substituted; Preferred Ru (11) catalysts of fornula
(I'l d) are those wherein Li is hydrogen and L2 is isopropyiphenyl, R5 is
tolyl. A woeBereed hydrogen donor is, for exanple, NEt3/ HPPOAPHROL738

di phenyl sil an/ MeOH or a system conprising 2-propanol, 3-pentanol, or nost
preferably HOOCH i n the presence of an._ am ne, such as triethylam ne, DBU
or other tertiary am nes. The hydrogen donhor nay also be used as inert

sol vent, especially 2-propanol and nost preferably HCOOH An alternative
hydr ogen donor is 2-propanol in the presence of various catal ysts and base,

e.g. Ru[ represeaiS)anzliphaicHER8e@ipcCeyEoNiphatisaliphatierand pr araiipltnsakaeresidl,[l\le;i n
2 no- ol agrefty PedbHERBE eeramilhd ReflleioRs cohBBlf bTpHaee t Rl oD bl o

pr ef er r edl’) Fsyghsobstitutdd o substitutedir exanpl e, a system conpri sing HOOCH i n the
presence of an amne, such as triethylamne, or nost preferably
2- propanol. The hydrogen donor nmay also be used as inert solvent,

especi al Prgfdri@OTR dhdatalysts girfefmarialil ) 2ephogeamwdrein®t éphydoygareandilS9 be
carried . [ 28§ .I ng with hydrogen in the presence of a catalyst
of forrru'?é’aEr Wp  OF N'd" C(ridy, (ridm), (lid™y, (lid "),
(rid"™) or?(l I%&& ) ,{q%r espZact i(vel y? A(sui taz)l e(i nert)sol(vent i s) e.g. an
e o el NS B AR e SRR 5 T
chl or 0. sySteapcamprisban2erspandb 8-pBhigmol, ©f most praferaltg HOOCH n tHegpresarentanof a
condensat . tem. in a itable inert .solvent uch as an ether,
especi al rb'ﬂg’e@éﬁr?\%g}r'%ﬁﬂ?%‘%P Bt%g rtof??gﬂf\t?,rltlg@/,[wpe%t ﬁ@? !‘y"s’a%%l‘ &?‘Poé MG at ure
range f rbenysedias iroraaqivent, éspecialy 3Grogamot dred dnostld | HCOWH. tArealphatiost ,
pr e?era r Zqﬂ r L e V\llp 0%?07 717 Pg{dglgmgo 738 -16 A suitable
condensgjtyl}gﬁoétegf%gg}rﬁ %g@%i)%rﬁolférktgﬁ,& %s,enge Bg\éae{!oug 38{? yggs Rafd- al kal i met al ,
especi al Ryj(1t82 ) p-TENEH(@aHIEHE:Hy)NH] (@2 p-oymene)sartl bavetordini site? [Ru(n’p-ni xt ur e
thereof ., FRR&FAT) ith chiral ligand (A, A- o S,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 triethylamine, or most preferably 2-propanol. 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 (It &) or (Il d”), (Ild”), (lid”), (Hd™), (Ild”), (Hd””") or (11D,
respectively. A suitable inert solvent is e.g. an ether, such as tetrahydrofuran, an ester, such
as ethylacetate, or an alcohol, such as a C,-Cjalkanol, 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-ethyl ether,
and in a temperature range from, for example, from -78°C, to the boiling point of the solvent,
preferably at room temperature.



preferred is the use of the condensation systembutyl lithiumin the
presence of diisopropylamne. Step d : A preferred reduction agent is, for
exanpl e, wolwarizdae, for exanple, an al kalinmetal borohydripdI/EPepersal | y
sodi um bor ohydri de, preferably in the presence of a di-G -Cral kyl -C, -

Cral koxy- borane, nost preferably diet hyié[ret hoxy- borane. The reduction is
carried out in an inert solvent, such as an ether, preferably
tetrahydrofuran, and at |ow tenperatures, for exanple, from-78 to 0C,
preferably at -78C. To split a correspondi ng boronic ester the reaction

m xt ur e PASUitaRle condemsating systam isn fayexanpleng bagersuch as aotalkenealiaiimesdl,de,
especi al i ! : J i ! rrid in L.nert
ol vent, SShecpngLUgERBRL Bxh a1y 8P solan RS, o B rhiife ithodt” EBetill - i e
range f r Bigferfestis thawsapefdhe corgengajon systenebutyi lithing iptdepreséndeld sol vent ,
prefer abg%obfb@aﬁﬁﬁge of 00 to 20C. Step e : The saponification Step (e)
is carried out, for exanple, by treating the ester of formula (Il h) wth
a strong base, such as an alkali metal hydroxide, preferably NaOH, or with

Ca(OH) 2 Q&g(dﬁ.d difying the resulting reaction m xture. Step f : The
i sol ati on ep éf) of a conmpound of formula (1) is carried out according to
errg

convent i Bp&ef moelighagant ket exsmple, adytjde; forsixamplez an@lkalimetabsul ti ng

conmpoundy&hnddRigmud | i ; j P hr.quat ogr aphy of
he r oncrs ony ey SEE ey oG8 rb R ' e o BB AR e
cor r espoadlkeyy-betaneamost prefesally disthyl-miethoxpboramel | kewi se rel ates to a novel
conpound of fornula (Il c). Especially preferred are conpounds of formula
(I'r c), wherein Ris a group of formula WO 03/070717 PCT/EP03/01738 -17 F

\ the elkawsstctiongs eamiet out OradRErt selventRelchsasCGh @Hel, kstgrablyseteatiyatdiyran,

met hoxy £4d at low temperatures, for example, from —78° to 0°C, preferably at —78°C. To split 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 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 (1t 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 (I) 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.

Inert solvents are those that do not react with the corresponding reactants.

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



et hoxy or tert-butoxy. The present invention |ikew se relates to a novel
conpound of fornula (Il c). Especially preferred are conpounds of formula
(It c), wwerogiom7®Ris a group of formula F the el enent repPeITEPHFOL7EH=CH
and R4 is Cl-C4al koxy, especially nethoxy or ethoxy or tert-butoxy. It is
known fromthe art that asymmetric trqq@ﬁer hydr ogenation using a Ru (11)
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 systemand in the absence of anf inert gas. This means that the
reaction is successful even though thelsol vent used conprised water (e.g. 3
% by Karl- Fischer). Furthernore, th onpound of fornmula (Il ¢) could - in
view of the esterified carboxy group hg a ligand of the Ru (I1) catalyst
as well. Surprisingly, it has been proyén that a conmpound of fornula (I

c) does not forma ligand to the Ru catjal yst. WO 03/070717 PCT/ EPO3/ 01738
-18 It is known that quinoline nyyeNeS\ae desactivating the hydrogenation
catal ysts. Especially, in case d anuf acture of conpound of (1) being
pi tavastatin, the person skilled A woul d expect that the

qui nol i ne group desactivates the Ru cat al ys Surprisingly, the asymetric
transfer hydrogenation step according to the present invention is
successfully carried out without that the catalyst of formulae (Il d), (I

d'), (I tndibmeht I8 ) repfdsbflis JoHLGHdand R) is ¢ LbSikoxy) esPbofall) Sethoxy by - S, Dei ng
desactivated. Accordi n5| ; tshe preséﬁ?d Fﬁ{fe(% fl')darllkogy,s%s%reg%!li\{ rggtht%y %’%acti on
step (bphoX¥eetaruPYi9Yashen using a Ru(l1) catalyst of formulae (11 d), (I
d) or (Il d"), respectively. R RS 0- 0 O S:~0 1 |

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

preferred are compounds of formula (11 ¢), wherein R is a group of formula
F

L

—

S

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

It is known from the art that asymmetric transfer hydrogenation using a Ru (Il) 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 successful even though the solvent used comprised water (e.g. 3 % by Karl-
Fischer).

Furthermore, the compound of formula (I ¢) could - in view of the esterified carboxy group -

be a ligand of the Ru (Il) catalyst as well. Surprisingly, it has been proven that a compound
of formula (Il ¢) does not form a ligand to the Ru catalyst.



LIMNRs LIMN8 R L/\~L/\ 2 HRO 2 HR9 wherein M L1, L2, R8 and R9 are
as defined above and R5 is a group of fornmula WO 03/070717 PCT/ EPO3/ 01738

-19- R14 WOR1#470760O, Si~ In, ~ | CHPS ~ S //0/ ~ OOH RLPCrAPs3 Q7B 0 R11
HN'L ~n R12 HN~+n R13 | X O Rii 0O CHOHN NI HN n)t~ Rii HO 'S (CF3)m O or
H11 ,, whereinnis 0, 1,2, 3, 4, 5,6 or 7; XisOorS; R10 is

polystyrol; Rii is silica gel; Rl2 i s 18ross-1i nked pol ystyrol;

It is known that quinoline moieties are desactivating the hydrogenation catalysts. Especially,
in case of the manufacture of compound of (l) 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 (Il d), (Il &), (Il d”), (11d™), (Ild””), (1ld”*”),
(d”””) or (Ild””"”) 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 (Il d”), respectively.

R R
0\%//0 Oxg#©
[ |
L1>N{/E7/R8 L1;IV{/N LR
LY N— LY N
H “ge H 9

wherein M, L;, L, R® and R are as defined above and R’ is a group of formula



R13 is pol yethyl ene-glycol; R14 is Cl-C6alkyl; and mis 1, 2 or 3. The
foll ow ng compounds of fornmula (I1d), (1Id), (I1d""") or (lid """) wherein
L1, L2 amaoRB0a7e7 as defined above, are preferred: WO 03/POTAEPLY01738

PCT/ EP0O3/01738 -20 RS R 0~ '0 0,, 1,0 S, S L1~-RuN L1~RuN L2 HL2 HR5
RS 0z~'S'00-~S~"0 N,, , or L~-~ -Nngm LSRu ..n" 2 H, 2 H Conpounds
of formula (lid), (lid), (lid""") or (Fid""") may be prepared by reacting

a conpound of fornmula VII RS ~OH R$ (VI1), H2N RO wherein R5, R8 and R9
are as defined above, with [ MCl 2(p-cynene)]2 in conventional manner. The
hydrogenati on may be cpf4ied out in a suitable inert solvent, such as an
ether, e.g. tetrahydréfus@n, an ester, such as ethylacgqtate, a hal ogenated
sol vent, such as Bt enchl oride, $upercritical 02, ijonic liquids, a
nitrite, egpeciallylacetgnitrile, anlam dg suc '
di met hyl acg{ am de din ttirrpera .
n,

PS 0
OH S
7\
OH
R11
10 12 13
<o R R it IR TR
OI; ’ © ’ (r ’ ’ ’ »
1
R“ 0] CHO
HN HHn\/ HN " SR HO-] (CFn
, o8 or
wherein
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 Ci-Cgalkyl; and
mis1,2or3.

The following compounds of formula (lid), (I1d"), ({id””) or (I1d”””) wherein L,, L, and R® are

as defined above, are preferred:



exanple, from-78C, to the boiling point of the solvent, preferably at room
tenperature. Preferred catalysts of formula (Il d) are those, wherein L,

i s hydrogwo oand7il2 represents phenyl or phenyl substitut @edTipPodaE3s t wo,
three, four or five alkyl residues, especially by once by isopropyl such
as 4-isopropyl -phenyl, and R5 represeq?® phenyl or phenyl substituted by
one, two, three, four or five alkyl re$i'dues, especially phenyl, tolyl,

3, 5-di net hyl phenyl, or 2,3,4,5, 6-pentanet hyl -phenyl. Especially preferred
is the catalyst of formula (Il d) or (Id"), wherein L, is hydrogen, L2 is
i sopropyl phenyl, and R5 is R8lyl. WO 03/07071R5PCT/ EP03/ 01738 -21 The
present invention |ikew elates to prefexrdd catalysts of fornmula (11 d)
bei ng those, wherein L,%§§gﬁ§groo-- and Lgﬁﬁgpégsent phenyl or phenyl
substituted by one, two, thiee, or fivelal kyl )dues, especially by
once by i sopropyl sucH-as_i edﬁh\ ahd RA. pf esents a residue
sel ected fromthe group : 1 1 dyl, 4-chl oro-4-
phenoxy- phenyl, 4-phenbky-nphenyl, 5-di (Mgt hylagi no-1 -naphthyl, 5-nitro-1
-naphthyl, 2-, 3-, 4-nitrk 4-vi nyl pHenyl\__4- bi phenyl ylI ,

2- phenyl - et hen and 9-ant hrace . [ ed are those catal ysts
of fornmula (lid), wherein the the Sor R
configuration and/or wherein t gorrespondi ng pherRyl rings attached to the
1, 2- diam noethyl noiety are i@ the R R-configuration or S,S-configuration.
Preferred catalysts of formul&(1l d') and (Iiﬂs') are those, wherein Hal
is each case is chloro; Repand. &7, in eachgaseorepresents phenyl or
phenyl substituted by one or ¥re C, -Cr7al kyl,~S&special |y

3, 5-di net hyl phenyl . The reseﬁﬁainvengw@ | i ke se rel ates to correspondi ng

conmpounds of fornula (I1-8% u peey al |y belgwi ed-qre those catal ysts of
formula (Il d"), wherein ¥ Blm)iet S ® or S-configuration.
e those, wherein Hal,

R77 in eachRaseMrepresents phenyl. or

Preferred catal ysts of fb&snuN3 ) areh (INd
in each case, is chloro; ReHand T

phenyl bstitute one e swCral kyl - especi al | )
BPEm et PrmER B ARNS (e B m, F2B° Be uptareg by reacting a
cor r espedgipagng onfpanaldy/lof formula (Il d"") and (lid ""'"). Especially

preferred are those catalysts of fornmula (Il d"") and (lid """), wherein
t he BI NAP noi ety has the'ﬁ\ or S-
—0
—8
O/\ Rg
N Vi),
H::I: "
H,N R®

wherein R®, R® and R’ are as defined above, with [MCl,(p-cymene)], in conventional manner.
The hydrogenation may be carried out in a suitable inert solvent, such as an ether, e.g.
tetrahydrofuran, an ester, such as ethylacetate, a halogenated solvent, such as
methylenchloride, supercritical 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 room temperature.

Preferred catalysts of formula (Il d) are those, wherein L, 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 (Il d) or (Id’),
wherein L, is hydrogen, .Lg is isopropylphenyl, and R’ is tolyl.



configuration. Most preferred are correspondi ng conpounds of formula (11
d'"') and (lid"""). Likew se preferred are conpounds of forrmula WO
03/ 07071 WBG@INERPDB/ 01738 -22- OV R6 Hal P I 11i (1 Ove HPCTH203/R738 The
present invention |ikew se relates to the novel conpounds, e.g. starting
materials or intermediates, respectively, as described in the Wrking
Exanpl es part. The present invention |ikew se relates to the concrete
products directly obtained by the process sequence or by the single
process steps, especially the correspondi ng products that are in an
essentially enantionerically pure form The conversion of an acid of
formul a )ar : TR ' ' f . us, for
exanpl e,-lwae pég t_\l/';nﬁl '? ﬁﬁgt Ill)(g?'esgg%@:oﬁ% u%rfg'lsl’g% t?ﬁ%@%;ﬁuﬂﬂgwﬂllp@sbeo ttg?;n%d by
t reat i ngvhey@in k1 i hygeegensarils repiasesds poenyéer pitenyhsubstitited bycenecbymp dueds in a
cust omar, : I ' -g@p? f e, by
treati néa%@ﬁogg'é%ﬁ?gﬁ?iéae%?%&%@ﬁ rf(&%%? r'1e e% acﬁgl.%@ﬁgyl(?g%r\])g’rglxﬁ%s of an
aci d of repyesentaaregidieselecied tipmdbp grrUprrpnbistingof2-afr 3¢ or Apyadyl,|4-ehlorord-(1 b) ,
respecti . i Ut J s of kg DB € |y &
i mor al PLEepy-Aenf AT R ine), ERACBEESERT- P naffiedt Pl BeBRAR %, 3.
et hanol 4onitrephenyh Atvinyiphenyieddiriienyylof-phaeytethean andanibmavesylsi on is carri ed
out in a tenperature range, for exanple, from-78 to the boiling point of
the solvent. Most preferably, H3PO4 in acetonitrile at 60C is used. The
conver sibspecigllypretetned e thiose catalysts ¢fliforulaflid)| whigreinrtes igards\Le bpd Li have a
sal't of yfhe o‘iiﬁ &n‘ﬂ{)uraiit% AM/8r \ﬂ/llxérfainsthgg&rréfp%naﬁﬁb’ph‘:aﬂyyl 8 MRhGred'tf ufb fThXt ure
of a protic solvent, e.g. ethanol, an

diaminoethyl moiety are in the R,R-configuration or S,S-configuration.

Preferred catalysts of formula (Il d’) and (lild™”) are those, wherein Hal is each case is chloro;
R® and R, in each case, represents phenyl or phenyl substituted by one or more C,-Calkyl,
especially 3,5-dimethylphenyl. The present invention likewise relates to corresponding
compounds of formula (1l d). Especially preferred are those catalysts of formula (Il d’),
wherein the BINAP moiety has the R- or S-configuration.

Preferred catalysts of formula (il d”) and (11d””) 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 d”) and (lIld”””). Especially preferred are those
catalysts of formula (Il d””) and (lld”””), wherein the BINAP moiety has the R- or S-
configuration. Most preferred are corresponding compounds of formula (Il &) and (l1d”").

Likewise preferred are compounds of formula



wat er, by using an al kalinetall hydroxide, such as Li OH NaOH or Ca(OH) 2.
Alternatively, the |actone can be hydrol ysed by using an al kal i netal |

hydr oxi dewosamt7as Li OH, NaOH and WD 03/ 070717 PCT/ EPO3/ 0PC38P03/@33% he
resulting salt can be converted into the calciumsalt of the acid of
pitavastatin by addition of an aqueous,solution of Cadl2 in water. A
variant to the process according to the present invention conprises the
direct formation of a l|actone of a conpound of formula (1). The formation
of said |lactone can be carried out by treating a conpound of fornula (1)
or (Il h) with an acid, such as @&@Méeral acid, preferable with H3PO4. The
conversion of a resulting conmpound of formula (1) wherein the el enent

represents -CH=CH into onpaot f formula (1) wherein the el ement
repr esent is rri by sel ectively hydrogenating the
double b especi gldiy~\wth an—appropriate reducti on agent, for
exanpl e, hgdr ode i presence of a hydrogenation
catal yst, anpl e, a™Rut i Mexs (Ru(cod) (nu-3-(2-

met hyl aIIy))2 by reducti onRy th n the presence of a

hydr ogenat At al yst or/ﬂut‘ﬁ,a ' for exanple, a hydride which, if
desired, ] exP sudh 2a hydride formed froman el ement of the

1st and gr oups of Had periodic table of the elenents, for exanple
bor ohydr i FUni nohydride, for exanple |ithium borohydri de l'ithium
al um ni um hydri de di i soBét yl al uni ni um hydride (an additional reduction

step using alkali netal cyanoborohydride, such as sodi um cyanoborohydri de,
may be necessary), and also diborane. Instead of converting a resulting

CO”poundl'r%fprééHmHv@nﬁerIllééﬂl?s’e%l&té%t +ﬁ&?é"50r‘h NirfcRCa. sta%??%ﬁléé’lg 8{ he

conpound of fornmula (1) wherein th enent presén
hydrogeh@?fW'@?S,trﬁ@%WV@Wflbw@ﬁ Wasking &xamplestpad, with conpounds
of formulae (11 e), (II ) or (I'l h), respectively, e.g. in addition to
reaction steps (c), Bﬂ respectively. The process for the

nmanuf actiiedresent @Nﬁ@tmmgemsefr@ tas i the yonprete pradustst dikectyodbtaimad by the or

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



exanple, illustrated by nmeans of the follow ng reaction schene for the
manuf acture of pitavastatin: WO 03/070717 PCT/ EP03/01738 -24 KN Rte O
RR3' P Owo\3fao7h7/ Acetonitril, RS Rfl., 20 h F L\ ON \ peFEPO®0178% Ru FI
/'\ OHOOO OR4i-PrOH Rt. \'\ ~NR4 1,10R Borhydrid OH OO
Et2BOVE _iw OHOH O ORB NaOH _ (\ \_33OH NN or WO 03/070717

PCT/ EPO3/ 01738 -25- F F CH3CN, Retl ux

the ’resulting salt can be converted into the calcium 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 @ compound of formula (I). The formation of said lactone can be carried out by
treating a compound of formula (1) or (Il h) with an acid, such as a mineral acid, preferable
with HsPO,.

represents ~CH=CH- into a compound of formula (I) wherein the element — represents
-CH,-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, a Ruthenium catalyst, such as (Ru(cod)(nu-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 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.

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

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

(



'YV 01T VYV OR NN OPRRRL A, OONa2CO3 R1 O asymmetric X Rz2-
P~ -WR2 -P~| catalyst Noyorl OR Toluol, RT R3~ OR 4 CH2Cl 2 R3" ORS
reducti orwoXsn7idat F F OHOOOHO \ \ \ ORSrs OV | \ @RT/EPMB/AES THF / N
-78 C 1. Et2BOVe, NaBH4 2. H202 F F I\ I/ 1. NaOH, McOH Caz"™ 0 2. CaC2
[0o00 N N NKS104 (Pitavastatin) J2 MN:5880.98 M- C54H CaF2N2O, The
process for the nmanufacture of corrpoundzs of fornmula (1) and salts thereof
can be, for exanple, illustrated by nmeans of the follow ng reaction schene
for the manufacture of fluvastatin:

Acetonitril,
58 Rfl., 20 h
0=§=0 l: ]
L\an
L/ \ "l,©

i-PrOH, R.1.

—y
-

Borhydrid
Et,BOMe

—_—
NaOH




WO 03/070717 PCT/EP03/01738 -26- FF OO CH3CN, Reflux \ \ O\ \ nOR4 ~~
asymetric X OR4 P R RL~-P O NazZzC33 Rl1~ $ catal yst reNoyorl duction

Tol uol , RVOR3#7@R s CH2CI 2 R3 reduction \ OR X Hal F FPCI/HBOEH763 O OR1 R
11 CHO "OR7 \ _\ NLOA THEOR / -78 "C N 1. Et2BOV, NaBH4 2. H2Q2
F FOHOHIOOHOHO- Na- NaOH, NaOH,_JggOH ow N O " H20 (Fluvastatin)

CH,CN, Reflux

or*

0 -
X\M PR,R,R, Rl (EI Q 0 Na,CO, R1 Q asymmetric
or® — n2-7p\/u\/u\ " m—p - catalyst | Noyori

Toluol, RT R3 oR* CHCL Ra” D OR reduction
X : Hal

/ionu

% e

LDA, THF
-78°C

ORS.

NaBH,
2.H0,

N
\/
1. EL,BOMe, l

1. NaOH, MeOH Ca?*

JOR™ 2, caCl,

— NKS104 (Pitavastatin)
MW : 880.98
MF : C.H,,CaF,N,0,

—~l2

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
fluvastatin:



MAN  433.21 MF: C24H26NaFNO4  Wor ki ng Exanpl es: Manufacture of Starting
Material for Pitavastatin: Preparation of (3-ethoxycarbonyl-3-oxopropyl)

tri phenylwphspitoni um chl ori de: According to Literature: PCTMPRDOY7BOS f ;
J.C.S. Perkin Trans |, 1987 (1997) To a solution of

et hyl - 4-chl or-acet oacetat (16.46 g, 10Qgmml) in 50 n anhydrous tol uene is
added tri phenyl phosphi ne (26.25 g, 100 mmol ) under argon at nosphere at room
tenperature and stirred for 4 days. The suspension is filtered and washed
with 3 x 30 m of WO 03/070717 PCT/EPO3/01738 -27 toluene. The colourless
crystals are dried in Jyacuumto give (3-ethoxycarbonyl -3-oxopropyl)

tri phenyl phosphoni um oride. MsS: 426.88 Exanple 1: a) Reeparation of

et hyl 3-oxo0-4-(tri pheny¥phosphoranyl i dene)but anoate: To § Iutié)n

(3- et hoxycar bonyl - 3- oxohgory! ) _tri phemydx phosphoni um chl or}de (1

mmol) in 100 m dic gt hane 1 s added withi i 30 minute \ utidef®
vi gorous stirring s¥

rr?earbonate (3.38 g, 27.36 mmol @ m water at
roomtenperature and sti d for 4 hours (h)} The yell ow ordani c phase is

separated, washed with 30 m water and dried pver anhydrous sodi um

sul fate. T lvent is evapor at ed and the oily residue is frjed in vacuum
to maint a paxy "ty éfxtwl ng:ef gt ty{ et erothe wesest LYot al | i zes to

formsli g t Vel Powone ry st a7s oR' CHCL

3- 0x0-4- (tXighenyl phosphor anyl i dene) but anoate : 390 43 I H NMR ( CDCl 3i
400MHz) : 8=7.56 (m 6H,ortho H phenyl), 7.44 (m 3H,para H phenyl), 7.35 (m
6H, met a H- phenyl), .08 (q, 2H, OCH CH3), 3.72 (d, 1 H ®+4), 3.26 (d, 2H,
H2), 1.17 (t, 3H, 4v; b)

5-(2-Cvcl opropvl - 4-f | utsg
ethyl ester: The ylide R

g, 12.36 mmol) is sol yed |
Under vigorous stirri @

inolin-3kyl)-3-0xo-p&
‘ pieny | phoSphor anyl i deng

under ar gon atnnﬂphere in 100 f

yytlopropyl 4-(4-

4-engi @ acid
bi godt e, (4. 82
ACetonitril e.

1. Et,BOMe,
NaBH,
2.H0,
OH OH O
OH oH o N
N at NaOH, EtOH O 7/
7/ (Fluvastatin)

MW : 433.21
MF: C,H,;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 (1997)

To a solution of ethyl-4-chlor-acetoacetat (16.46 g, 100 mmol) in 50 mi 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



fl uor o- phenyl ) - qui nol i ne- 3-car bal dehyde (3 g, 10.3 mml) is added in 5
portions and then heated to ref lux. After 50 h the reaction is cooled to
room t enp@paBre17 The slight brown solvent is evapor at ed pamtEposre178®esi due
is dried under vacuumto obtain a brown waxy oil. Chromat ography over
silica gel with hexane:ethylacetate (4:4/ v:v) give a yellow oil of 5-(2-
cycl opropyl - 4-fl uoro- phenyl ) -qui nol i n-3-yl)-3-0x0-pent-4-enoic acid ethyl
ester.. Ms: 403.45 ¢c¢) rac

5-[ 2- Cvcl opropyl - 4- (4-fl uor o- phenyl ) - qui nol i n- 3-yi | - 3- hydr oxy- pent - 4- enoi c
aci d ettﬁ&yxpng,sfl' he polgg(l%ssdﬁygt@l_sgieqm in vgeuum to give (3-ethoxycarbonyl-3-oxopropyl)

5- (1 2- cy chipRérPphosphbhiufl ShiGHRN WS- 4pélgw! | n- 3-yl ) - 3- oxo- pent -4-enoic acid
ethyl ester are solved in 10 m ethanol under argon at nosphere and cool ed
to -15C. WD 03/070717 PCT/EPO3/01738 -28 Sodi unbor hydride (8.58 ng, 0.22
mol ) is%mlynder vigorous stirring. During the reaction tinme the

m xture becane slightly yellow. After 3 h the reaction is allowed to rise
to roomtenperature and stirred for another 1.5 h. Then the m xture is

quenchedg)wi tﬁ’}eég‘raﬂbn of ethg :ﬁ@%d%gﬁiﬁﬁie@g@@b M&ﬂﬁh@ﬁé%ﬂ@ta@@étw ion. After
extraction w I et hyl et her X , € conbl ne ganic | ayers are
washed with water (15 m ), dried over sodiumsulfate, filtered and
evapor at gl kHuiéf BUB dtRod Wy ‘ ;

5-[2-cycl o?or (_)[laj | -4-( _4% ?‘I»gg?@-o gﬂ)esﬁé)%o?wﬁaitrrllm(;’fei_nxl-a@-of/??qnéqrﬂﬁ IF 8‘3&9& t2-5' -7enoi C
aci d et HpmoBdn &90 mt/StchI@maetmaanms?éAﬁmtm Fsmingtasr(gim] undenvigoeys Birigg h:
250mMm i i i _y A

T owr at &g B oorste 5 38 BT o8 PHALI Iy LFARr R oo apaRing ARa Siged for
chrom ti4eeuragmi heivefles orappianhase (ysenatated anashat with 30-rievatacan! griesizvaol
96: 4) F’#ﬁq%&r'on? sdetiufGeulidil. MhexbiRAt Odap&aledRid-thé By t%ﬁidégiso(@r@d% vadu s %
(area) d) Procedure for the enantiosel ective transtfer hydrogenation o

( E) - 5- f 20 (NAMtBHroWeRY. Magy - After adding diethylether the wax crystallizes to form slight yellow

1;n! gfL?emg?éﬂo 5 bt 818kl (ribranyipAcspnBAY RIske oAt MG C 39648 et hyl ester: 11 A
(E)-5-[2-cycl opropyl -4-(4-fluoro-phenyl)-quinolin-3-yl]-3-0xo0-pent-4-enoi c-
aci d- et'hwigrt@bd198efHeY. 0. 262 mml) and Ru[(1 R, 2R)-p- TsNCH( C6H5) CH
(C6H5) NH| ('gb- p- cynene) .2 mg, 0.104 nmol) in 2-propanol (2.6 m) is
stirred %t -583IneSH @rthg M-phenyhe7.44 (m, 3H,para H-phenyl), 7.35 (m, 6H,meta H-phenyl),

4.08 (, 2H, OCH.CHj), 3.72 (d, 1H, H-4), 3.26 (d, 2H, H-2), 1.17 (t, 3H, OCH,CH)

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

The ylide 3-oxo-4~(triphenylphosphoranylidene)butanoate (4.82 g, 12.36 mmol) is solved
under argon atmosphere in 100 ml acetonitrile. Under vigorous stirring 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 yellow oil of 5-(2-
cyclopropyl-4-fluoro-phenyl)-quinolin-3-yl)-3-oxo-pent-4-enoic acid ethyl ester. MS: 403.45

¢)  rac5-[2-Cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yi]-3-hydroxy-pent-4-enoic acid
ethyl ester:

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



reaction mxture is concentrated under reduced pressure. The residue is
purified by flash chromatography on silica gel using a 4.1 hexane- MIBE
(et hyl - twotosloui7y? - et her) m xture as eluent to afford of PCI/EP03/01738
(E)-5-[2-Cycl opropyl - 4- (4-fl uoro-phenyl)-quinolin-3-yl]-3-hydroxy-pent-4-
enoi c-aci d-ethylester. Il: A solution ofg. _
(E)-5-[2-cycl opropyl -4-(4-fluoro-phenyl)-quinolin-3-yl]-3-0xo0-pent-4-enoi c-
acid-ethylester (1.6 g, 3.97 mmol), Ru[(1

R, 2R) - p-Js NH2(31 6- men 12.6 ng, 0.02 nmol) and a
m xt Lrg %%é}'%ﬁ@%}%% Fﬁfé‘ﬂ 'S%dﬂE%/S" %"Q(%@»‘gs stigingy Ryrng)thes” heat ed
in DVF (r@a&ldﬁ timétheSfixturé bécé?ﬁe Bllghﬁ&g%ﬂ?vi h&feridtethadbidtioRts hfoweditb ‘r':%ﬁ?o Wi th

MIBE (5 and n utralised St andard aquous wor

4 ).
M en NeeP BT RerEife g Dier ertangen G -\ b rS HeRhecHBL T trboh

gi ve t hea satutRedpamthivhium fl%rc%m?duﬁ@:][n?m%r @?treﬁilt:_lbh Gith @Rthyisth893% 15 i), the

ngga &9%8 @chi( &S%ﬁlc Sy@?ﬁ %r%mn gg%ta(&\;ateroﬁs(ml; dried over sodium sulfate, filtered

i nol'i n- Zand dvagofayddl iNXMci@f to gwégqleﬂo@% df ﬁic'B@ZE‘c;k ropWQl @ﬁfl@(;rgﬁﬂgmi)

PCT/ EPO3/ 01738 %@ H NVR

7.60 (t,qunpling-y- VdfPXﬁPenfﬂ gpoic agid eghy| ﬁ?ter zMﬁ 4 7.15 (m 4H), 6.61

(d, 2J: 16.3 Hz, 1 H, 5.65 (dd, 2J: 1625 Hz, 4.57 - 4.51 (m 1
,417 H}:)Blo (br s, 1H),244-237(m1H) 2.36

(t @'g&ﬁ@alwl%—lﬁh'raceho 110080, (eRgtizAp0mm, Igepmel-dmg4.6mip; isekratieh- 1. 04

(dd, 2J 7 1.1,

160, 7. 14ake: Spipifiol po Jore bRl Yol iRl plderdugor v Bopd

128.9, £36nm; chrpg.time:48mip; ineekvaiuma:16ui3].088me/midn nhexdrte: 2-prapanal, 96: 4)0k4

10. 3. 7 h e preparation of the catal yst: Haack,

K-J.; Nﬁ‘ﬁegﬁ?‘ﬁedf 1&'1%,%{,«@'5__#5% }?ireépl kariya, T.; Noyori, R Angew. Chem,

Int. Ed. REEﬁghe 21 9900MBG 48218562@*%) e) _

(B)-(S)-7-f2-Cvcl opropvl -4-(4-fl uoro-phenyl)-quinolin-3-vll-5-hydroxy-3-o0xo

-hept-6- enoic acid tert- butyI ester To a sol ution of diisopropylam ne

(0.93 g,d)9. Rioeae thet enardinselediiva tra Yrogeidtion pf (@)-562-Cycloprapitiedd-

n- BuLi E_e!;n! Qﬁxane) over 10 m n.
After 3 [ -butyl acetate (1.03 g,
8.88 mml) is added over

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[(1R,2R)-p-TSNCH(C¢Hs)CH (CsHs)NH}(n®-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-fluoro-phenyl)-quinolin-3-yl]-3-hydroxy-pent-4-
enoic-acid-ethylester.

I1: A solution of (E)-5-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-3-oxo-pent-4-enoic-
acid-ethylester (1.6 g, 3.97 mmol), Ru[(1R,2R)-p-TsNCH(CsHs)CH(CsHs)NH,]CI(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 NaHCO5 (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)-5-
[2-Cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-3-hydroxy-pent-4-enoic-acid-ethylester.



10 min. After 30 min the resulting solution at -78 Cis transferred to a
solution of (E)-5-[2-

cycl opr opyb-034(e¥11 | uor o- phenyl ) - qui nol i n- 3-yi ] - 3- hydr oxy- pEmtEPA3/@1168 c- aci d-
ethylester (0.90 g, 2.22 mol) in THF (11 m) at 0 C. The solution is
stirred 3 h at roomtenperature (RT). AgNHCl solution (3 nml) is added.
The m xture is poured into water (5 m) and extracted with MIBE (50 m).
The conbi ned organic extracts are dried over Na2SO4, filtered,

(noxane! Thary By Bric: B8 (Bt aa Fheegth, 7856, % 68T, 99,74~ 7.28 m,

(S)-7- [22*¢N¢125I9¥11l1>3|m44ﬂﬂ6f61u(ﬂrﬁfﬁbfsﬂ¥i ML, BS'(dld12§ 16,4, 57 AY O 1Py 53--0%0- hep

(5 - Can Bl Tl B G purie BH). $T0 6o SRR A4 = @Ton g2 6 £ B 9.4 Hz,
5- di hyerbk)y#JZI&pI‘r 85 mnm);mg(dzuemﬂzusu) 1634 @K, 2078, 1223Hsdgn of ketoester

B)- (9 -5 |
b oy WK@&%H’%Q@ AU RCT R RN IRk SUNES RO ——
(20 m) wB1ch, 1BR@HE8M 29.6t12878 185i55 126lderbals etiizyg ws%owbomm%?— b i of

a 1 Msof 2.096 mml ). After 1 h NaBH4 127 g,” 3.36 ol )
i s added'? &f@g? @ﬁ g@%‘f”?lonal 3 hat - 78 CpH7 buffer (5 M) is added
foll owed by MeOH (6 m ). After 10 mn a sol ution of MeOH (6 WD 03/070717
PCT/ EPO3/ 01738 nd 30 % aqu. H202 | s added sl owl ey. The
col d batHteray r@é%fﬁ@@f%&?aaweofgm et Haagk, ﬂ f"?ﬂSh'QUSh'hS s THE, A Meadva i s
pour ed iMf RoyHETRANGER. Chomand. BAte t1©d7v\’gé bgkldggl 2 (3 x 50 mi). The
organi c extracts are dried over Na25O4, [tered, and concentrated. The
residue is dissolved in hot EtOAc (10 rr1) flltered and stirred for 12 h
at RT. ter
(3R, 59) - 2- c C opropy - )
ept-6-e it yl ester is obtained. M 477 58 g)
(E)-(3S,5S)-7-[2-cycl opropyl - 4-(4-fl uoro-phenyl | - qui nol i n-3-vi 1-3
5-di hydr -hept 6 enoic acid tert-butyl ester: To a cooled (-35 O
sol uti ol Oo%/ SQiEtOH clipeprapylaming (8.93%, 9R0mmPY in ietRbCipineEDHTHFS (8 mi) a2 01) is
added a °gqk HEdéH‘n—BUL#‘(@tESBerﬁF 9r88 mmol ofaLGMs lutlon in qexaneg over 10 min. After 30
(E)-(S)-7-[2-cycl opropyl -4- (4-f| uoro-phen

yl 1-5- hydp S@ut&@ds ﬁ@@i?d Bleﬁ%f@ a@éut@u{yéa@et@i@t(ws@teeﬂs mnob (s ggdett @&r nmol )
i n CH3CNo(RinMAXter 30 min the resulting solution at —78 °C is transferred to a solution of (E)-5-f2-

cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl}-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,SO,, filtered, concentrated,
and the residue purified by flash chromatography (hexane/MTBE 5:1) to afford ketoester (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

f)  (E)-(3R.5S5)-7-[2-Cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yi]-3,5-dihvdroxy-hept-6-
enoic acid tert-butyl ester:

To a solution of ketoester (E)-(S)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl}-5-
hydroxy-3-oxo-hept-6-enoic acid tert-butyl ester (0.80 g, 1.68 mmol) in THF (20 mi) 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 buffer (5 ml) is added followed by MeOH (6 ml). After 10 min a solution of MeOH (6



The mixture is stirred at -35 Cfor 3 h and at 0 C for 30 mn before a

sol ution of potassium sodiumtartrate (10 m) is added. After 10 mn the
suspensi owoieg/opour ed into CH2Cl2 (30 m) and a sol uti on GCTNPACOE3E7 )
is carefully added. The organic |ayer is separated and the aquous |ayer is
extracted with CH2Cl12 (2 x 50 m ). The.g®mbi ned organic extracts are dried
over Na2SO4, filtered, concentrated, and the residue is purified by flash
chromat ography (hexane/ MIBE 1: 1) or crystallization (ethylacetate = Et OAc)

oyt opr o) 4. 20 ) 15 2t sianien: ST g0 betde FerapuoR e seluayi ¢
acid t ers‘urtaaitfyt 1 B4t €Fhe mMiJre 4’57[701128? imto NaHCO, (60 ml) aurlldne(;(trﬁtr:]teg with Cl‘%gClg (3x

uo -
S0 b oy S0 T R BREARS 2y drigp v 8o Tesbd Kl aanponiressd. uTies resicue
(E)- (3R 153)ssaw[ad+rd}mIED©Aomm rrel); filderéd Lo @nrpétmvhihcui 'mO' Af'ﬂerfﬁt l])n %no?LE) B (5

ut est er
m) s AR St Earoi enkerinp oS 5 iy iawg hepies-peciarciing
suspensutert-busylesner:seﬂbtainécl.lMShemsser di sappeaered After conpletion of
the hydrolysis aqueous HC (15 m, 1 M is added and the solvent is _
renmoved in vaccuum Then CH2Cl 2 (10 m) is added and the organl c layer is

separ at eg). TER(2E5S &ﬁeﬁir&d the

conbi ned organi ¢ e tra ts are renoved I n vaccum _ )
in H2O ( ‘P leglatition of Cad2 (8 mi, 0.1 M is aplded d_ropvmse.
The reaction solution is stirred overni ght and the resulting white

| pi 2 WO
B orby TP SediedBap G5h G5t g MKREBRo), 0138575 Be o) T WeNAGCH (15
cycl opr dpijlis dddett 4 bolotish GhemyEsterqE L71 2-cc ]p}dg% -2-(4l) WIUQ{W}/I%%OE gnoic

B Uvast ANV Epxehons e ai a%/gggrf;ﬁﬁ%:ﬁ%eteri (SDcpriiy D) in CHLCN (2 mi)
H i ndol 'Iiheyhl}(tué’e &mrrée at =35 E’merB Rehdlafd I’t&’k‘orféi‘é)tri?lirn befJ;B% édédtﬂﬁ of potassium,
3- oxo- 4- | hor |dene but anoat e (5. ?

under 5& Hptgﬁ%% Eﬂ ere 1§ ﬂ Aﬂeré &g e $'~iSIPénS'let§d?0U\r/¢Cbl®tQ)QHz@i (30rmlmg
3- (4- Fl lfmd @-gohaioy loj N&20®§gph9wéaréfuhiv bk, errs GgaRa BN SR phikted Sha th: 7

mrol ) | %qﬁguselayer Is extPacte(J wit SC?—IZCIZ 2Xx 50 ml). The combined organic extracts are dried
over Na,SOy, filtered, concentrated, and the residue is purified by flash chromatography
(hexane/MTBE 1:1) or crystallization (ethylacetate = EtOAc) to afford diol (E)-(3R,59)-7-[2-
cyclopropyl-4—(4-ﬂuoro-phenyl)-quinolin-3-yl]-3,5-dihydroxy—hept-6-enoic acid tert-butyl ester.
MS: 477.58

ved

h) (E)-(3R,58)-7-r2-Cvclopropvl-4-(4—ﬂuoro-phenvl)-quinolin-3-vl1-3,5-dihvdroxv-hept-6-
enoic acid calcium salt; '

To a solution of diol (E)-(SH,5S)-7-[2-cyclopropyl-4-(4-fluoro-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
aquous solution of NaOH (10 ml, 1 M) and the resulting 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 exiracted with CH,Cl, (2 x 30 ml) and the combined
organic extracts are removed in vaccum. The residue is dissolved in H2O (20 ml) and a
solution of CaCl; (8 ml, 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-



heated to reflux. After 50 h the reaction is cooled to room tenperature.
The slight brown solvent is evaporated and the residue is dried under
vacuum t owolsareria brown waxy oil. Chromat ography over siPCITaERosjel738u t h
hexane: et hyl acetate (4:1 / v:v) give a yellow oil of (E)-5-
[ 3- (4- Fl uoro-phenyl )-1-isopropyl -1 Hingal -2-yl]-3-o0xo-pent-4-enoic acid
ethyl ester. M5 393.46 . (E)-(S)-5-[3-(4-Fluoro-phenyl)-1-isopropyl-1
H i ndol - 2-yl ] - 3- hydr oxy-pent-4-enoic acid ethyl ester: A solution of

E) - 5- A Of_Or_ - T | [ o, -1 H-indol -2-yl]-3-0x0-pent-4-enoic
gci) d Eat%%lalép 'EOE’Y%F @E Q“&%%!hég%@ﬁﬁm—?—%ﬁﬁ-@@ydmxy-hept-%-c]anoic acid cglcium salt.
R 2R) - pM%N@Q(%HS) CH( C6H5) NH2] CI (n6- p-cymene) (12.8 ng, 0.025 mol) and a
m xture of HCOOH (1.40g, 30.5 mmol) / NEt3 (1.23g, 12.2 nmmol) is heated in
DMF (8.0 mM) at 50 C for 21 h. After that the solution is diluted with
MTBE ( 5 Manufastute ok Starting Matbriel foh FNeiGeh:(4 m ). Standard aquous work-up
with NaC solution and extraction with MIBE and renovel of the sol vent
gi ve the crude product. Chromatography on silica gel using a 4:1

hexane- MIBES18-44-fiueraphestyenisopropgit f 18 ndoPS-yf-B)oxo-pent-4-enoic acid ethyl ester:

S)- 5- 4 - _1- | | -
I(—I-l) ndol[ ?rgéwcjﬂ %%‘g’ﬁ?‘%@gb‘@%@"g Eg'pﬁcr?%@égefbd'taéloﬁiﬁ (59,6128 Mum)) igeslvaduhder
) ol ] b oo e i kories AP Vigofous stiming & Fluorophepyl-1- 1
I NAOI saiar (0) = - - - 0- | | - DU S .
sol ut i o'ﬁggf‘bb}é?f@"%%eﬁ%%%%aﬁéﬂﬂﬁ g, 1%7 5unolhis apdedin %p@@'}éwam ean ( THF)
E} 10 m ghmte@to €flus. Atteiesd hntf&;ighct(cﬁm igﬁodﬂbd ltoh?zoﬂr?teﬁ’(ﬁé?at@n{e. ?‘ hfls'sﬁglll\{'_/tgg ti gn In
exane : mn e solutiron 1s cool e 0 - an
t - but yl Sﬂ‘\éﬁt éstlée{’apf&ﬁ%ﬁae%.”ﬁd%ﬁl ‘ir led dindgivaguumte obtein abrownswaxroil30 ni n
t he r esGhtonegograplut oven sitita g@avith h@ahé;@&?ffa@éfaeéi(zﬁ: P/ dvSalaih 8w sftk)-5-

(S)-5- [ Blad Bl Hona-nhenyl ) - 120 sqpr | - T

H i ndol [?32@;‘/'7"]“%@%%6%%%/0 ?ﬁy!'l’-?’é'ﬁ%‘??%yyélé?‘ex‘éPW’r4'@EQ'@aC'U\@fmemMBZ

PCT/ EPO334438 -32 (1.0 g, 2.53 mml) in THE (12 nl) at 0 C. The solution
Is stirred 3 hat roomtenperature (RT). A NH4Cl solution (3 m) is added.
The m xture is poured into water (5 mM) and extracted with MIBE (50 m).

The conb(B1€8)-51g¢hbioexphemi)si -Boropyi BekirdBRL-yMNadHafoxy-pent-4-enoic acid ethyl

ester:

A solution of (E)-5-[3-(4-Fluoro-phenyl)-1 -isopropyl-1H-indol-2-yl}-3-oxo-pent-4-enoic acid
ethyl ester (2.0 g, 5.08 mmol), Ruf(1 R,2R)-p-TsNCH(CSH5)CH(CGH5)NHz]Cl(ns-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 NaHCOj; (4 mi). 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)-
(S)-5-[3-(4-Fluoro-phenyl)-1 -isopropyl-1 H-indol-2-yl}-3-hydroxy-pent-4-enoic acid ethyl 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-butyl ester:

To a solution of diisopropylamine (0.96 g, 9.53 mmol) in tetrahydrofuran (THF) (10 mi) at0
°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)-
(S)-5-[3-(4-Fluoro-phenyl)-1 -isopropyl-1 H-indol-2-yl]-3-hydroxy-pent-4-enoic acid ethyl ester



filtered, concentrated, and the residue purified by flash chromat ography
(hexane/ MIBE 5:1) to afford ketoester

(E) - (S) - wpaseywhopr opyl - 4- (4-f | uor o- phenyl) - qui nol i n- 3- ylPCTE:Payarexy - 3-
0Xx0- hept-6-enoic acid tert-butyl ester. M. 465.57 1.

(BE)- (3R 59)-7-[3-(4-Fl uoro-phenyl)-1 -igqpropyl -
FLindoI-Z-yI]-3,5-dihydroxy-hept-6-enoic acid tert-butyl ester: To a
sol ution of ketoester (E)-(S)-7-[3-(4-Fluoro-phenyl)-1 -isopropyl-1

S B R Wl TR L S e B ©

di et hyl orsSlufich &m Af t
1 h Nésm“?‘“g"‘z““"‘ %”“‘Z%éj "‘%Qfd?aﬁé‘?dmxﬁ oLt et el %8 G
pH 7 bufSERCIER Wiy T%E 5@0 fIGPICOMbEN eEyPr g eXIracks gre dﬂp@@wemaaﬁq; a

sol uti ormt@fedl\/e&ﬁdeﬁﬁatem Anchihd r3§?dﬂé pm@dfd?%slﬁ @hﬂ&aatég?raﬁ%@xaﬂ 5:f)he

col d bath s renoved and_the solutlon mxture S

pour ed i'AEEORHIKRSSIQr{6)-kP)y7-Eveyciopr Qpé{&:ﬂéérﬂmorpf@nzla:nzmpm ﬁ"yllfﬁjhqux)'ﬁ' he

or gani ¢ gxstheptbendicc teRthud) 8stePadS Y6547 | tered, and concentrated. The
residue is dissolved in hot" EEOAc (10 ml), filtered and stirred for 12 h

at RT. After filtration diol (E)- (3R 5S)-7-[3-(4-Fl uoro-phenyl)-1
- i sopr opy(E -13msspd%l\;gm&o-ghéwtméeb'%ypmmoﬁz-9ljt@',52diﬁ§dr@xy-ﬁé’ﬁtls-&%ié( !

ester is o%t ai ne

(E) - (35,259 tectl{uy BeE uor o- phenyl ) - 1-i sopr opyl -

H i ndol - 2-yl ] -3, 5-di hydr oxy- hept-6-enoic acid tert butyl ester: To a
cooled (-35 O soI ution of Me4NHB(OAc)3 (1.38 ? 26 mmol ) in MeCN AcCH
(15 i, To@ glution of kgtagster §B1-&)17d3-(4iFlkasephemd)-T-isopropyl-1 H-indol-2-yl]-5-

E)-(S
il é@%ﬁ?@%ﬁ%ﬂ%fw?‘%@%iﬁ%?é“%@? SERELIO L SIDPITTE 22 00 a9y

in CH3 trt i) at T8 *kiik added digthyimethaxyberane §57¢n of a 3 salnmonam THRS for 30

mn bef @reszanﬁ@l UnFBP1 wNatmnﬁ(@%srg 4%@%Mm fasddeat %t(eiLQn Thiiitibria AGAG- ¥8A‘f ter
10 m n the susp ens on is ({;’ure into rr&)SOrﬁ and a sol ution

Na2co3 (% PH ¥ beéefdﬁr'“@H 913 e@l&d'@wedwéﬂeﬂ"@% IAdipe 0 ingin g spolutian otiMalitl (she
aquous |hgy&dd sév%d %0‘3@5 @a&&i%@lé’wl(a? *¥he Qollibhth E*P&HS\%HDAJJ?ﬁﬂe QbR

extracts are dried A, tered, concentrate eresidue is

puri fi edtitgd fardshh. cﬁh% ﬁ‘ﬂ’%@r'ﬁsﬁh}red qn’f@Mh@CMl@Errl) and extragtegstitl CHCH (3on

I(D (CEZEI' ?élbgglgt(@% eTie Slgahelextracidat@asebwrd NaB O, Hifered) ar?d dohc¥¥tr 434 OFAd Febidue
is dissolved in hot EtOAc (10 ml), filtered and stirred for 12 h at RT. After filtration diol (E)-

(8R,5S)-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)-(38,55)-7-[3-(4-Fluoro-phenyi)-1-isopropyl-1H-indol-2-yl}-3,5-dihydroxy-hept-6-enoic
acid tert-butyl ester:

To a cooled (-35 °C) solution of Me;NHB(OAGc); (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-phenyl)-quinolin-3-
yl]-5-hydroxy-3-oxo-hept-6-enoic acid tert-butyl ester (0.50 g, 1.07 mmol) in CH;CN ( 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 CH,Cl, (30 mi)
and a solution of Na;COj3 (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 NaSO,, filtered, concentrated, and the residue is purified by flash chromatography
(hexane/MTBE 1:1) or crystallization (ethylacetate = EtOAc) to afford diol (E)-(3S,5S)-7-[3-



-33 (4-Fl uoro-phenyl)-1-isopropyl-1

H-i ndol - 2-yl ] -3, 5-di hydr oxy-hept-6-enoic acid tert-butyl ester. M

467.58 n.wBadiomm{E) - (3R, 5S)-7-[ 3-(4-fl uoro-phenyl)-1 -i secmmErys/em3s

H i ndol - 2-yl ] -3, 5-di hydroxy- hept-6- enoate: To 30 g of ester
E)-(S)-7-[3-(4-Fluoro-phenyl)-1-isopropyd-1 Hindol-2-yl]-5-hydroxy-3-o0xo-
hept -6-enoic acid tert-butyl ester in 1 m of ethanol is added under
stirring 63 m of sodium hydroxide solution while naintaining the
tenperature below 12 C. The solution is stirred for 1 hour, the mxture is
concent r éfddorgatphegyhintrisgprepy 1 iEndol-2-Wi-8, Saify drexydiepiBtenpicaacid tesichityl ester.
desti | | ajggongdssgonti nued to a remai ning volune of 100 mM , then 280 m of
water are added and the solution is washed with a total of 450 m of MIBE
in 3 portions. The aquous |ayer is concentrated at 25 mmHg and 45 Cto a

vol une SR (B9 . ] [€; sy 1y E ey | A
sol uti ogﬁ'i s lyo %y@ﬁ%e% %g}ggm?? oﬁé@én%ﬁsg%%ﬂ@?ﬁ(/ﬁ&gg g%’% 1§iﬂ¥@%%@/%1738
-34- Whaghdateiclained is 1. A process for the manufacture of a conpound of
formula HjjHOv v _OH R (I) or a salt thereof or a |actone thereof,
wherein the el enent represents -CH2-CH2- or - CH=CH and R represents a
cyclic resBegef ea@t&btﬁh@[&-@-ﬁlh@mpﬂf@@wm-i$¢n7@m{l-i1bﬁedtblé-ylbh-diwmxy}ﬂ'rcmed by

(a) reactdig-éhofcPABne b R1 dstr I o fol bf @handis ad®diunBer Sirfing 88 mPoodium
hydroxide solution while maintaining the temperature below 12 °C. The solution is stirred for
1 hour , the mixture is concentrated at 25 mm Hg and 45 °C, then 220 ml of water are
added, destillation is continued to 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 ml water are
added, and the clear aquous solution is lyophylized over 3 days. MS: 433.21



(It a), wherein Rl, R2 and R3, independently of one another, represents
phenyl that is un- substituted or substituted by one or nore substituents
sel ect ed Woaaiordre7 gr oup consi sting of G -Cral kyl, hydr oxyCTEGPOSTEBKOXY,

C2- Ceal kanoyl - oxy, hal ogen, nitro, cyano, and CF3, and R4 is an aliphatic,
cycloaliphatic, araliphatic or aromaticgyesidue; with a conmpound of formula
RCH =0 (Il b) wherein Rrepresents a cyclic residue; and (b) reducing a
resul ting conmpound of forrmula (Il ¢) ROIR4 0 O (Il c), wherein R and R4
have t he neani ngs as defined above; in the presence of a reduci ng agent
selected fromthe group consisting of a compound of fornulae (11 d), (Il

d), (I vhatjs blinatiie), (11 d""), (11 d™), (11 d"™"), and (11 d"""') VO
03/ 070717 PCITEP03/01738 -35 R5 R5 LIIMNR8 L1'-, MM R8 L/\~ L/\ 2z H
RO 2 H (Il d, R (Il d) Rs RHal R5 Hal RIs P 1 ,NH/ / P\ NH\ \ i/

IN 2 . 11\ \ Afprodd¥ddoRhEaharitfadtitve dRbzotpotind offbemGi! d”" ). R6 \ R6

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

(@) reacting a compound of formula (I a)
R1

RQ—\P//\H/\H/O\R4
'LC” °° (Il ),

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
C1-Cralkyl, hydroxy, C;-Cralkoxy, C,-Cgalkanoyl-oxy, halogen, nitro, cyano, and CF3, and R*
is an aliphatic, cycloaliphatic, araliphatic or aromatic residue;

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

(b)  reducing a resulting compound of formula (Il c)

R\/\”/\”/O\ R

°© © (it 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 &), (Il d”), (Il &™), (I

d””), (II d”’”), (II d!””!), and (ll d’”””)



\\V/ Hal I / ol \\ / Hal o I:N/NH2 /2 \ 1. """'" ~ 1 \NF2 P~ NH2 |
Hal. Hal R (lid .... ), R (I Id,,,,,), R R6 \ \ / Hal I \ \ / Hal [ [/
P\ NHz HROM¥ovo7n7Hal / / | Hal Pkecd d,,,,,,, R (1l d, PCT/EPORT1768 i

wherein Mis Ru, Rh, Ir, Fe, Co or N; L, is hydrogen; L2 represents an
aryl or aryl-aliphatic residue; WO 03/070717 PCT/ EP03/01738 -36- Hal is
hal ogen; R5 is an aliphatic, cycloaliphHatic, cycloaliphatic-aliphatic, aryl
or aryl-aliphatic residue, which, in each case, nay be linked to a

pol ymer; each of R6 and R7, independently, is an aliphatic, cycloaliphatic,
cycloal i phatic-aliphatic, arg® or aryl-aliphpﬁlc resi due; each of R8 and
RO is phenyl or R8 and RO orn1 oget her MARS t carbon atomto which they
are attached a cyclohexanelﬂs ?clopentane %éé‘ and R15 is H, hal ogen,
amno, nitro or Cl- C7a|koxy,lmhere|n any aromdtic residue of a compound of

formula (lid), (lid), H\Ldj\l Lig" '), l(1|\l19| wR®
L/\ L7\
N 7o ® H Moo
R™ ), R™ o)

()

/0

(na=, R’ (11d™),

vo} ::i )

”d”"" (”dmnn)

24

wherein

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

L, is hydrogen;

L, represents an aryl or aryl-aliphatic residue;



(rid "™ ), (lid*""™) or (1ID'""") is unsubstituted or substituted; wherein
for conmpounds of fornmula (lid"), (lid""), (lid""), (lid """), (lid """) or
(1o )ywaelsm7o7eonbi nati ons with (R)- or (S)-BINAP are p@®sIiiph®o17and (c)
condensing a resulting conpound of fornmula (Il e) ROR4E OHO (Il e),
wherein R and R4 have the neanings as C!f‘gl ned above, wth a conmpound of
formula (Il f) OH /OR 16 (Il f), wherein RL6 represents an aliphatic

resi due, and (d) reducing a resulting conpound of formula (Il gg OH OO
R OR 16 (II'I ag)’ wherein R and R16 have the neani ngs as defined above, and
(e) hydr&{&shaiegen:r esul ting conpound of fornula (Il h) OHOHO R\ OR 16

(L1 h), R%&h Slighalic 28)@ioRishataY iR fdripg ViBsi
03/ 070717 PCT/ et 8%3_8 égg '%fc Fps'f)%%gﬁ"ﬁgég??@%dtr?ﬁégﬁp@%%p%ﬁ'ﬂgg’g?%dr mul a
(1) or dnsagh caseemayfoe linked tq @ peldier,ed, converting a resulting free acid of

formul a F RE 5 f [t O i f | I
by "t easoch of B ShatEh hderenae Ry, scin ABhAE oy obRate, Bladapicphath o (o,
(1 b) imrévdmlichatig residyesr mula (1) or a salt thereof, or converting a

result | ek RO UG Rt pHeR Bt P drdR*Bfth Bbidifhl 1REBSboR SRV RAMISH 1y~
into a conpound of formula (I)
are attached a cyclohexane or cyclopentane ring; and

R'®is H, halogen, amino, nitro or C,-Cralkoxy;

wherein any aromatic residue of a compound of formula (l1d), (Iid’), (11d”), (Ild”™), (lid™),
(1a™”), (d”””) or (D"} is unsubstituted or substituted;

wherein for compounds of formula (lid”), (Ild), (Ild™), (1ld””), (Hd”"”) or (IID”") also

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

(c) condensing a resulting compound of formula (il e)

R o.
7N R*

OH O (” e)’

wherein R and R* have the meanings as defined above,
with a-compound of formula (II f)
OH

16
OR™ (14),

wherein R'® represents an aliphatic residue, and

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

NS 16
R OR™ (1 g),

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

(e) hydrolysing a resulting compound of formula (li h)
OH OH O

A
R OR,q (ah),

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



wherein the el enent represents -CH2-CH2-. 2. A process according to claim
1, wherein a conpound of fornulae (Il a), (Il ¢), (Il e, (Il g) and (11
h) is usedposher7ein R4 or R16, respectively, represent CleCAaipkybi738
especially methyl or ethyl or nost preferably tert-butyl. 3. A process for
t he manufacture of a conpound of formulga (Il e ROL R4 OHO (Il e),
wherein R and R4 have the neani ngs as defined above, characterized by
reducing a resulting conpound of forrmula (Il ¢) ROIR4 OO0 (Il ¢), wherein
R and R4 have the neani ngs as defined above; in the presence of a reducing
agent of formula R R5 O'S. .0 OAS.O | | LIMNR8 (Ild), L1%, MNR S8

(rid") ¢ Dy ' ' and RO are as
St T nid Dpoeolatin R%es?dgﬁ?%ﬁgaﬁg%?“?ﬁﬁ“n%‘ g s P Bros 01738

-38- R141 14 O/SI In, PS O
and, if desired, converting a resulting free acid of formula (1) into a salt thereof or into a

lactone 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 formula (1) or a salt thereof, or converting a resulting compound of

------

wherein the element — represents -CH,-CHy-.

2. Aprocess according to claim 1, wherein a compound of formulae (Il a), (Il c), (ll e), (Il
g) and (I h) is used, wherein R* or R, respectively, represent Ci-Caalkyl, especially methyl
or ethyl or most preferably tert-butyl.

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

R O.
7 R*

OH O e,

wherein R and R* have the meanings as defined above, characterized by
reducing a resulting compound of formula (il c)

R OL
Y/ R’

0 O (Il c),

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

of formula

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



OHOS OH R1I1 RI0O O\ RI1 HNn R12 HN{ n 13 R/ X 0 ~R11 0 CHO HN N1 H
NnR1H (CF3)m HSII \ wherein nisO, 1, 2,3,4,5,6 or 7;, X is 0 or
S; R10 i swpaByzi7yTol ; Rl1 is silica gel; R12 is cross-|i mkeadrpdbyss yrol ;
R13 is pol yethyl ene-glycol; R14 is Cl-C6al kyl; and msl,20r3. 4. A
compound of formula (11 d), wherein L1 s hydrogen and L2 represents phenyl
or phenyl substituted by one, two, three, four or five al kyl residues,
especially by once by isopropyl such as 4-isopropyl-phenyl, and R5
represents a residue selgcted fromthe group WO 03/070717 PCT/ EPO3/ 01738
-39 consisting of 2- or 4-pyridyl, 4-chloro-4-phenoxy-phenyl,

4- phenoxy- phenyl , 5 théihylanlno 1- naphthyl 5-nitrof 1- naphthyl
3-, 4- nltrOohenyI phenyl , 4- blphenylyl

4- hydroxyph-nyl tonI enanthryl
di et hyl ( pan thale -yI
chrysenyl yh

R10

O R11
Oji'j ’ © ’ (r ’ ’ ) 3
I I
R )J\M/\ O CHO
HN ”Hk/ HN » “R" HO-{ (CFahn
| Y, Ej

wherein
nis0,1,2,3,4,5,6o0r7,
XisOorS;

R is polystyrol;

2-1

R" is silica gel;

R'? is cross-linked polystyrol;
R'® is polyethylene-glycol;
R' is C;-Cgalkyl; and
mis1,2or3.

4. A compound of formula (Il d), wherein L, 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 Rs represents a residue selected from the group



and pyrenyl or 2-phenylethene. 5. A conpound of fornula (Il d") and
(lid""), wherein Hal is each case is chioro; R6 and R7, in each case,
repr esentwoph@myii7 or phenyl substituted by one or nore ClPCTalpeybi738
especi al l'y 3, 5-di met hyl phenyl. 6. A conpound of fornula (Il d"") and
(litd"""), wherein Hal is each case is _ccfigbpro; R6 and R7, in each case,
represents phenyl or phenyl substitute y one or nore C, -Cral kyl,
especially represents 3, 5-dimethyl phenyl 7. A conpound of fornula (Il
d'"') and (Jjd"""
case, re@ESHEM gf%r%ﬁfo ‘6Pyﬁ%rﬂ/Ph|§‘i?b%‘9h?'ﬂﬂ>‘¥d>h89ylo4réh@ﬂowl§nﬂ, 5C7al kyl |
especi aldifm)et§rpseet aphihyl 6IRRr Y IaBRMYI, 2-, 3-, 4-nitrophenyl, 4-vinylphenyl, 4-
biphenylyl, 9-anthracenyl, 2,3-, 4-hydroxyphenyl, tolyl, phenanthryl, benzo[1,3]-dioxole,
dimethyl(naphthalene-1-yl)-amine, mono to tristrifluoromethylphenyl, chrysenyl, perylenyl

and pyrenyl or 2-phenylethene.

5. A compound of formula (Il d”) and (lld”*), wherein Hal is each case is chloro; Rg and
Rz, in each case, represents phenyl or phenyl substituted by one or more C-Cralkyl,
especially 3,5-dimethylphenyl.

6. A compound of formula (Il d"”) and (Ild””), wherein Hal is each case is chloro; Rs and
Ry, in each case, represents phenyl or phenyl substituted by one or more C;-C,alkyl,
especially represents 3,5-dimethylphenyl.

7. A compound of formula (Il d”) and (lld”””), wherein Hal is each case is chloro; R® and
R’, in each case, represents phenyl or phenyl substituted by one or more C4-C,alkyl,
especially represents 3,5-dimethylphenyl.

in Hal is each case is chloro; R6 and R7, in each



