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(14) JP 2004-502663 A 2004.1.29

EiH—NMR: & 1.61 (d, J=7.0 Hz, 3H), 1.75 (s, 6H), 3,54 (q, J=7.0
Hz, 1H), 4.13 (s, 5H, Cp), 4.23-4.25 (m, 1H, Cp), 4.32-4.34
[ {m, 1H, Cp), 4.5%-4.61 (m, 1H, Cp), 7.07-7.11 (m, 1H, Ph),
[7.30-7.35 (m, 1K, Ph), 7.51-7.53 (m, 14, Ph), 7.85-7.87 (m,

[ 1H, Ph}.

[[ajz°(nm): +75.9 ° (589), + 61.4 ° (578), -45.4 ° (546) (c =
1,

C

[ CHCL,)

L
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[Ig-NMR: § 1.64 (d, o=7.0 Hz, 3H), 1.86 (s, 6H), 3.72 (g, J=7.0
‘Hz, 1H), 4.04-4.06 (m, 1H, Cp), 4.08 (s, SE, Cp), 4.22 (m,
“1u, cp), 4.25 (m, 1H, Cp), 6.93-6.98 (m, 24, Ph), 6.99-7.02
_(m, 1H, Ph), 7.15-7.20 (m, 4H, Ph), 7.31-7.40 (m, 6H, Ph),
7.94-7.98 (m, 1H, Ph).

r *'P-NMR: & -14.009.

[ [@]®® (nm): -23.7 ° (589}, -47.5 ° (578), -203.2 ° (546) (c =

[1, cuCcly).
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(15) JP 2004-502663 A 2004.1.29

[*H-NMR: & 1.67 {(d, J=7.0 Hz, 3H), 2.03 (s, €H), 4.04 {s, 5H,
Lepy, 4.04 (g, J=7,0 Ez, 1R), 4.09-4.11 (m, 1H, Cp), 4.21-
E4.23 (m, 1H, Cp), 4.26 {m, 1H, Cp), 7.05-7.11 (m, 1H, Ph),
. 7.18-7.23 (m, 1H, Ph), 7.28-7.33 (m, 2H, Ph}, 7.34-7.43 (m,
(3H, Ph), 7.48-7.60 (m, 4H, Ph), 7.65-7.71 (m, 2H, Ph), 8.10-
(8.13 (m, 1H, Ph).

[ ¥P-NMR: & 31.67.

[ fa]?® (nm): ~-160° (589), =-200.6° (578), -449.4°. (546) (c =

Lo.5, cuCls).
L
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ElH—NMR: 5§ 1.32 (dd, J=6.1 Hz, J=6.8 Hz, 3H), 3.47 (m, 1H,
(Cp), 3.79 (dgq, J=2.8 Hz, J=7.1 Hz, 1H), 3.96 (t, J=2.8 Hz,
Cp), 4.08 (s, 5H, Cp), 5.03 (m, 1H, Ccp), 7.1-7,15 {(m, 2H,
[Ph), 7.20-7.30 (m, 3H, Ph), 7.42-7.53 {m, 3H, Ph), 7.56-7.75
[ {m, 8H, Ph), 7.86 (s, 24, Ph), 8.24-8.28 (m, 1H, Ph).

E“P—NMR: main component: & 4.63, 30.29; secondary component:
. 5 4.77, 29.67.
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(16) JP 2004-502663 A 2004.1.29

oooao

CH-NMR: & 1.32 (dd, J=6.1 Hz, J~=~6.8 Hz, 3H), 3.29 (s, 1H,
‘cp), 3.66 (dg, J=J=7.1 Hz, 1H), 3.86 (m, 1H, Cp), 4.02 (¥,
EJ=2.5 Hz, 1H, Cp), 4.16 (s, 5H, Cp), 7.06-7.11 {m, 2H, Ph),
:7.13-7.19 (m, 3H, Ph), 7.25-7.29 (m, 2H, Ph}, 7.38-7.50 (m,
(6H, Ph), 7.59 (4, J=4.0 Ez, 2H, Ph), 7.80 (s, 1H, Ph), 7.90
[ (s, 1H, Ph), 7.97 (d, J=6.1 Hz, 2H, Ph), 8.12-8.15 (m, 1H,
[Ph) . .

E“P-NMR: main component: & -14.04 (d, J=23.5 Hz), 3.55 (d,
[J=23.5 Hz); secondary component: & -15.19 (d, 0J0=28.5 Hz), -
r5.16 (d, J=28.5 Hz).

[ [a]g (nm): -0.88 (589), =-7.72 (578), -52.8 (546) {c=0.57,

[ CHC1:) .
[

goodogaoaad

gooooboooob" oobop 00 bO0D0bp00bp U000 O
gooooooooooooooobbooao

oooad

goooaoad

googad

g oH

[ CH,O(CH,),0 COOC.H,

{

: oHO CH(CH,),

[ (B1)

L

goooaoad

oono

0 e e e e A B A A N A O
I e e 6 A O A A N A O
goooboooboobooobooboobobooobooboobooboDoboooboobooao
0 e e A O A B A
oooobooobouoboooobooboobooboooobooboobouoboboboao
0 e e e e A A O N A N A O
0 e e e e A O A B N A O
ob0o0OxdbOooooboooboobooboboouobooxoobooobooboxgbod
dododododoooooxgoooooooooooo oo ooooooooooaon
I e e 6 A O A A N A O
goooboooboobooobooboobobooobooboobooboDoboooboobooao
gooooooooooooooobbooao

ooogooaod

aooao

10

20

30

40



[
EDMSO—ds, §: 0.90 - 1.04 (m, SH), 1.97 (m, 2H), 2.32
[

2.58 (m, 1H),

r (g, 2H), 3.88
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*H-NMR

3.28 (s, 3H), 3.50 (m, 2H), 3.74 (s,
(m, 2H), 4.57 (m, 1¥), 5.30 (4, 1H), 6.75 -
[6.20 (m, 3H) ppm.

CH,O(CH,),0

CH.O

COOH
= (B2)
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'H-NMR (400 MHz, DMSO-de,

(400 MHz,

(m, 1H},

3H}, 3.82

E(d, 69), 1.97 (m, 2H), 3.14 (m, 1H), 3.28 (s, 3H), 3.50 (m,

(2E), 3.82 (s,

[ {s, 1H}), COOH
L

gooogooad
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3H}, 4.02
(exchanged)

(m; ZH), 6-90 - 7.05 (m;
pPpm.
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CH,0(CH,),0 COOH

CH(CH
CH.O 92
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Preparation of {(R)-Z-alkyl-3-phenylpropionic acids

The invention relates %o a sterecselective procass for the
preparztion of [R)-2-alkyl-3-phenyl-proplonic acids and
intermediate producis obtained in the process steps.

In EP-A-0 -§7§ 503, f-amino-y-hydroxy-o-aryl-alkanecarbox—
amides are described which exhibit renin-inhibiting
properties and could be used as antihypertensive agents in
pharmaceutical preparations. The manufacturing processes
described are unsatisfactory in terms of the number of
process steps and yields and are not suitable for an
industrial process. A disadvantage of these processes is
also trat the total vylelds of pure diasteresomers that are
obtainzble are too small.

In @ new process, ope sterts from 2, 7-dialkyl-&-aryl-4-
octenoyl amides, whose double bhond is simultaneously
halogenated iz the 5-position and hydroxylated in  the
4-position nnder lactonization, then the nalogen is
substituted by azide, the  lactone amidated and the azide
then  transferred to the anirce Froup. The desired
2zl kanecarbozamides are obtained with the new process both in
high total vyields and in a high degree of purity, and
selectively pure diastereomers can be prepared. The
halolactenization of process step a), the azidation of
process step b), and the azide reduction of process step di
are described by P. Herold ir the Journal of Orgsnle
Chemistry, Vol. 54 (1989), pages 1178-1185.

The 2,7-dlalkyl-8-aryl-4-octenoyl amides may correspeond for
example to formula A,

JP 2004-502663 A 2004.1.29
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(2,

wherein R, and R, are, independently of one another, H,
Ci-Cealkyl, Ci—Cghalogenalkyl, Ci-Cealkoxy, Cr-Cemlkony—C)—
Csalkyl, or Cy-Csalkoxy-Ci-Cialkyloxy, Ru is Cy-Cealkvl, R, is
C--Cealkyl, Re is Ci-Cralkyl, Fs i1s Ci-Cealkyl or Ci-CsalXoxy,
or Rs and Rg teogether are teftramathylene, pentamethylene,
3-oxa-1, S-pentylens or —CHCEO0-C (D) - substituted if
necessary with Cy-Cs;alkyl, phenyl or benzyl.

The compounds of formulae 3 and Al are obitainable by
reacting a compound of formula B

R‘
UY\ ¥ ®),
Ry R:,

as racemate or enantiomer, with z compound of formula €, as

racemate or enantiomer,

Q

Z/WLNHsRs )y

R,

JP 2004-502663 A 2004.1.29
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whaerein Ry to Ry, Rs and K are as defingd above, ¥ is.Cl, Br
or ¥ and 2 is Cl, Br or I, in the presence of an alkali
metal or alkaline earth metal. ¥ and 2 are preferably Br and
egpecially Cl.

The compounds o«f formula B are known Zfrom EF-A-0 §78 3503.
The compounds of formula C way he prepared from smidation of
the corresponding carbonic esters, amides, or halides. The
formaticn of carboxamides from carbonic esters and amines in
the presence of trialky: aluminium or dizlkyl aluminium
halide, for example using trimethyl aluminium or dimethyl
alumininm chloride, ig degcribed Dy 5. M. Welinreh in Org.
Synthesis, VI, page 4% {1288). The carbonic esters are
obteinable by fthe reaction <f transg-1l,3-dihalogenpropene
{for example, trans-I,3-dichlorepropeng) with corresponding
carbonic esters in the pregsensce of strong bages, Tor example
alkall metal amides.

A satisfactory sclution for the stereoselective preparation
of compeunds of formula 2 hes not yet been found, especially
with regard to an industrial bprocess. Surprisingly it hbas
now been fecund that 2-alkyl-3-phenyloropicnic aclids can be
stereoselectively prepared with high yields in only three
process steps. When s=uitably substituted benrzaidebydes are
condensed with carponic esters to form Z-alkyl-3-hydroxy-3-
phenylpropionic acld esters, the desired diastereomers are
obtainable in surprisingly high yields mostly as crystalline
compounds which can be readily isclated. After conwersion of
the nydroxy grovp te a leaving group, Z-alkylcinnamic zcid
esters are then formed by elimination with sirong bases with
surprisingly high regioselectivity. The carbexylic acids
obtained after seponification can in turn be surprisingly
hydrogenated in the presence cof homeogenecus, asymmetric
hydrogenation catalysts te form practically enanticmer-pure
2-alkyl-3-phenylpropionic acids. These acids can then be

JP 2004-502663 A 2004.1.29
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reduced in & manner known per se to form cnantiomer-pure
alcchols, from which the compounds of feormuia B are

obtainable by halogenation.

5 The object of the inventicn is a process for fthe preparation
of "‘compounds of formnla I,

R, COOH
R
R

10 wherein By and R; are, independently of one anothex, H, C-
Cealkyl, C,~Cshalogenalkyl, Ci-Cealkoxy, Ci—Cralkowy-C,~Ca~
alkyl, or C;-Cialkoxy-C;-Csalkyioxy, and Ry is C,-C.alkyl,
comprising

a} the reactlion of a compound of formula IX

R, CHO
R

2

wherein R: and R; are as defined above, with a compound of

formula TIT,
20 (1Y),

R COOR,

wherein R; 1s as defined abave, to form a compound of IV,

oH
R, COOR,

25
wherein Ry is C;-Ci;alkyl, Cs-Cacycloalkyl, phenyl or benzyl,
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b} the isolation <f the crystalline cowpound of formula IV
the conversion of the 0OH group to a leaving group, and the
reaction of a ccmpound containing a leaving group in the
presence of a strong base to form a compound of formula Vv,

R, COoR,

s

R
Ry 3

vy,

¢} the hydrolysis of carbonic esters of formula V to form
the carboxvylic acid of formula VI,

R, S

R
R; 3

[(VI}), and

d} the hydregenaticon of the carbeoxylic acid of formula V1 in
the presence of hydrogen and catalytic guantities of a metal
complex as asymmetric hydrogenation catalyst, comprising
metals Ifrom the group of ruthenium, rhodium and iridiom, to
which the chiral bidentate ligands are bonded, to form a
componnd of forwnla T. .

X and R: may pe a linear or branched zlkyl and preferably
comprige 1 to 4 C atoms, Examples are methyl, ethyl, n- and
i-propyl, n-, i- and t-butyl, pentyl and hexyl.

R; and R; may be a linear or bLranched halogenalkyl and
preferably comprise 1 to 4 C atoms, 1 or 2 C atoms being
especially preferred. Exanples are fluczonethyl,
difluoromethyl, triflucromethyl, chlcromethyl, dichloro-
methyl, trichloremethyl, Z2-chloroethyl and 2,2,2-trifluoro-
ethyl,

JP 2004-502663 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(28)

WO 02500 PUTCHAINT

15

20

20

35

E; and R; may be a linear or branched alkozy and preferably
comprise 1 Lo 4 € atoms. Examples are methoxy, eckhoxy,
n- and i-propyloxy, n-, 1- and t-butyloxzy, penktyloxy and

hexyloxy.

R. and R: may be a linear or branched alkoxyalkyl. The alkony
group preferably comprises 1 te 4 and especially 1 or 2 &
atoms, and the alkyl group preferably conmprises 1 to 4 C©
atoms. Exzmples are methoxymethyl, l-methoxyeth-2-y1,
l-methoxyprop-3-y1l, I-methoxrybui-A-v1, methoxypentyl,
nethoxyhexyl, ethexymethyl, 1l-slhoxyeth-Z-yl, 1l-ethoxyprop-
3-y1, l-ethoxybut-4-yl, ethoxypentyl, ethoxyhenyl,
propyloxymethyl, pultyloxymethyl, 1-propyloxyeth~2Z-yl  and
i-hutyloxyeth-2-yl.

R; and Ry may be linear or branched C -Cealkoxy-C,-Cgalkyloxy.
The alkoxy group preferably comprises 1 to 4 and especially
1 or 2 C atoms, and the alkyloxy group preferably comprises
1 to 4 € atoms. Examples are methoxymethyloxy, l-uethoxyeth-
2-yloxy, 1-methoxyprop-3-vloxy, l-methicxybut-4-vloxy,
methoxypentyloxy, mathoxvhexvloxy, ethaxymethyloxy,
i-athoxyeth-2-ylaxy, luethoxypt:op—.?-yloxy, l-ethexyvbut-4-
vloxy, etheoxypentyloxy, ethoxvhexvloxy, propyloxymethyloxy,
butylorymethyloxy, 1-propyloxyeth-2-ylouy and 1-butyloxveth-
2-yloxy.

In =z bpreferred embodiment, R, 1s methoxy-C.-Cialkyloxy or
ethony-C,-C,alkyloxy, and R; is preferably methoxy cr ethoxy.
Quite especlally preferred are compoungs of formula I,

wherein R; is l-methoxyprop-3-yloxy and R; is methoxy.

R; may be a linear or branched alkyl and preferably comprise
1 to 4 € atoms. Examples are methyl, ethyl, n- and i-preopyl,
n-, 1- and t-butyi, pentyl arnd hexyl. In a preferred
embodinent, R in compounds of formula I is isopropyl.

JP 2004-502663 A 2004.1.29
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Especially preferred are compounds of formmla I wherein R, is
nethoxy-n-propoxy, R: is methoXy and R, iz isopropyl.

By iz preferably ©-Cealkyl, C;-C.alky: being especially
preferred; some examples are methyl, ethyl, n-propyl and n-—
hutyl.

The starting compounds of formuwlae TI and III used in
prc;cess step @) are Known Or Can De prepared In & manner
similar to Xnown processes. Cormounds of Fformula I are
described in EP-2 0 678 503. The reaction is advantageously
carried out at low temperatures, for example 0-40°C, in *the
presence of at least eguivalent guantities of strong bases.
The reaction is further expediently carried out in a
golvent, ethers such as diethyl ether, tetranydrofuran and
diorane being especizlly suitable. Suitable strong bases are
in particuelar alkali metzl alcoholates and secondary amides,
such a5 lithiuvm diisopropylamide.

Thze desired diastereomer of formula IV is  surbrisingly
formed up to about 75%. The compounds of formula IV are
surprisingly crystalline and can therefore be readily
izolated without any substantial lasses by means of
exiraction and crystallization.

The conversion of the OH group te & leaving group in
reaction step b) is known per se. Reaction with carboxylic
acids or sulfeniec acids, or their anhydrides (acylation), is
especially suitable. Some examples of carboxylic acids are
formic acid, acetic acid, propionic acid, benzoic acidg,
penzenesulfonic acid, telverzesulfonic acid, methylselfonic
acid and trifluoromethylsnlfonic acid. The use of acetic
acid anhydride has proved especially successful. The
glimination is expediently carried cut in the presence of
strong kases, alkali metal alcocholates such as potassitm t-
butylate baing especially spitable. The pressace of solvents

JP 2004-502663 A 2004.1.29
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such as ethers iz expedient. The reaction is advantagecusly
carried out at low temperatures, for example 0-40°C. It is
ol advantage ta condnet the elimination resctinn directly in
the reaction mizture for acylation. The eliminabion leads to
the desired 4 igomers with surprisingly high
regioselectivity. These isomers are orystelline and can
therefore be readlly isclated without any substantial losszes
by means of extraction and crystallization. The yields arc
above 603.

Hydrolysis of the ester of ftormula V to form the carbexylic
acides of formula VI in process step ) is a generally Xnown
reaction. The hydrolysis may be cerried out after isolation
and purification of the compound of formula III. It is
expedient to add water to the reaction mixture of process
step b}, to evaporate off the solvent and then to carry out
alkaline or acidic hydrelysis. The carboxylic acids of
formala VI are crystzlline and can be readily isclated in

yieids of 80% or more.

The asymmetric hydregenation in  process step  d) of
a,f-unsaturated carboxzyliec acids with homogeneous, asymmeiric
hydrogenation catalysts is khown per se and described for
example by Jonn M. Brown in E. Jacochsen, A. Pfaitz, H.
Yamamote (BEds.}, Comprehenegive Asymmetric Catalysis I to
III, Springer Verlay, 1899, pages 121 te 182. Especially
effective are ruthenium and rhodium catalysts. Chirzl
ditertiary dipheosvchines whose phosphine groups in the 1,2,
1,3 or 1,4 position are bhonded teo a C;-C,carbon chaln are
often used as ligands. The skeletal structures of the chiral
ditertiary diphosphines may be acyclic, monocyslic or
polycyclic. The phosphine groups may be substituted with the
same or with different, preferably the same, subsliituents
gelected from the group of Cy-Cealkyl, Cy-Cecycloalkyl, Cs—
Cizaryl, and Ce—Ciearyl- Ci-Cialkyl. Cycloalkyl end zryl may be
unsubstituted or substituted with € -Cialkyl, C-C.alkexy,

JP 2004-502663 A 2004.1.29
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Cy-Cifluaroalkyl or C-Cypsccondary emino. Suitabie phosphine
groups are also phospbanyl, preferably five-member
phosphanyl, which if necessary is substitufed in one or poth
e-poaitions with C)-Chalkyl or C;-Cialkaxy.

some examples of chiral ditertiary dipheosphines are (R",P is
for example diphenylphosphino or dicyclohexylphasphine,
substituted if necessary) 1,2-Di-R";P~propane; 2Z,3-Di-R",P-
butane, 1,2-Di-R":P-rnorbornane or -norbornadiene, 1,2-Di-
R";P-cyclopentane, 1,2-Di-R";P-N-methylpyrrolidine, 2,2%'-Di-
R";P-biphenyl cr -binaphthyl, Z,2'-Di-R":P-6-methyl or -6,6'-
dimethyibiphenyl, 2,2¢-Di-R",P-é-methoxy or -4,6 -dimethoxy-
biphenyl, and 1-{@-R"P-ethyl}-Z-R";P-ferrocene.

Good optical yilelds are achieved using metal complexes of
formula VIT or Vila,

[LMeYZ] (VII), [IMeY]*E” (VIla},

wherein

Me iz rhodium;

¥ stands for two ¢lefins or one diene;

4 is Cl, Br or I;

E” is the anion of an oxygen acld or & complex acid; and

L is a chiral ligand from the group of ditertiary
diphosphines, in which the phosphing groups are bonded tc a
Cy~Cy chain of the diphosphine backbone chain, and the
diphosphine forms a five to seven-member ring together with
the rbodlium atom.

Where Y stands for two olefins, they may be Cp-Cip clefins,
Cy-Ceulelins being preferred and C:;-Ciolefins being especizally
preferred. Examples are propens, hut-l-ene and especially
zthylens. The diene may comprise 5 to 12 and preferzbly 5 to
8 C atoms and may be an acyclie, cyclice or polycyclic dienc.
The two olefin groups of the diene are preferably linked by

JP 2004-502663 A 2004.1.29
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one or two CHy groups. Brawples are 1, 3-penbtadiene,
cyclopentadiene, 1, 5-hexadiene, 1,4-cycichexadiene, 1,4- or
1, 5-heptadiene, 1,4- or 1,b-cyclokeptadiens, 1,4- or 1,5-
cctadiens, 1,4- or 3,5-cyclooctadiene and norbornadiene.
Y represents preferably two ethylene or 1,5- hexadiene, 1,5-
cyclooctadiene or norbornadiene.

In formula VII, Z is preferably Cl or Br. Examples of E- are
CLlyy™, CF.8Q;, CEsS0s, HSO,, BF:, Biphenyl),, PF, 5hCl:,
AsFe of 3bFg.

With known ligards for asymmetric catalysts, optical vyields
of up to about 80% ee can ke achieved under optimized
cenditiens, It was surprisingly found that new ligands with
a ferrocenyl backbone are especially suitable for asymmetric
hydrogenation of the nompounds of formula VI. With these new
ligands in the metal complexss of farmulas VIT and VIIa,
optical yields of at leasl 95% ee can he achieved, which
represents a substantial cost saving for manufackure on an
industrial scaie. In process step d), therefore, it is
preferred to use metal conplexes of formmnlae VII and VIIa
which comprise ligands of formiula VIII or VIIIa,

H‘C x‘ R‘i\
b *
=== (VIII)
wherein

n is 0 or an integer from 1 Lo 4 and B’ represents the same
or different substituents selected from the ¢-Cyalkyl, -CFy
and Ci-C.alkoxy group; and

¥ and K; are, independently of one ancther, secondary
phosphino.

JP 2004-502663 A 2004.1.29
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As an alkyl, R' may preferably <omprise 1 to 2 € atoms.
Linear alkyl is preferred. Examples of R’ as an alkyl are
methyl, ethyl, n- and i-propyl, n-, i- and t-butyl. Methyl
and ethyl are prelerzed, and methyl is especially preferred.

&5 an alxoxy, R' may preferably comprise 1 to 2 € aloms.
Linear alkoxy is preferred. Examples of R' as ar alkoxyl are
methoxy, ethoxy, n- and i-propoxy., n-, i- and t-butexy.
Methoxy and ethoxy are prefarred and methoxy is especially
preferred.

The X and X; grouvs may be different or preferably the same
and correspond to formala PR¢Ry, wherein Ky and R; are the
same or different and represent branched Ci~Cpalkyl, Ci-
Chpoycloalkyl, or unsubstituted cor phenyl substituted with one
to threec ¢ -Cialkyl, Gi—Ci-alkoxy, or —CFa.

Special preference is for ligands of ZSormialae VIITI and
VIIla, wherein ©n is 0, and % and X, are a PRsRe group,
wherein R; and R in each case are cyclcohaxyl, phenyl opr
phenyl substituted with 1 or 2 methyl, melhoxy ar CFi.

The new ligands are prepared by means of reactions that are
known per ge or analogous to known reactions, such as those
described in  US-A-5, 371, 256, US5-2-5,446,844 and U3-R-
5,583,241, DLigands with other phosphine groups wmay be
prepared in a menner aralogous to the melhod described in
Lhe example.

The metal complexes used as catalysts may be added as
separately prepared isolated compounds, or alse formed in
situ befors the reaction snd then mixed with the substrate
to be hydrogenaeted. It may be asdvantageous in the reaction
using isolated metal complexes to zdd additionzl ligands, or
in the in situ preparation to use surplus ligands. The

surplus may for example be up to 10 moles and prelerably

JP 2004-502663 A 2004.1.29
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0.001 to 5 moles, based on the metal complexes used for the

preparation.

Process step d) may be carried out at low or elevated
temperatures, for example at temperatures from -20 to 150°C,
preferably from -10 to 100°C, temperatures of 10 teo §0°C
being especially preferred. The optical yields are generally

better at low temperatures than at high temperatures.

The process according to the Invention nmay be carrled out at
normal pressure or preferably under peositive pressure. The
pressure may for example range from 10° to 22107 pa (Pascal).

Catalysts are preferably uszd in guantities from 0.0001 to
10 mol-% based on the compound to be hydrogenatsd, the range
0,001 to 10 mol-% helng especially preferred and the range

0.01 to 5 mol-% being preferred in particular.

The preparation of cetalysts as wall as process step d) and
tne other process steps nay be carvied out in the absence or
the presence of an inert sclvent, wherein one 30lvent or a
mixtire of solvents may be used. Suitable solvents are, for
exanple, aliphatic, cycloaliphatic and arcmatic hydrocarbons
{pentane, hexane, petrcleun ether, oycloherane,
methylecyclohexane, benzense, toluene, xylene) ., aliphakic
nalogenated hydrocarbons (dichloromethane, chloroform, di-
and tetrachloroethane} . nitriles tacebonitrile,
propionitrile, benzonitrile}, etherz (diethyl ether, dibutyl
ether, t-butyl methyl ether, ethylene glycol dimethvl ether,
ethylens glycol diethyl sther. diethylene ¢glycol dimethyl
ether, tetrahydrofuran, dicxane, diethylens alyeol
nonometnyl or moneethyl ether}, ketones {acectone, methyl
isobutyl ketone}, carbonric esters and lactones {sthyl or
methyl acetate, valerolactone), N-substituted lactams
(N-methylpyrrelidone), carboxarides {dimethylanide,
dimethylformamide), acyclic ureas {dimethylimidazoline}, and

JP 2004-502663 A 2004.1.29
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sulfoxides and sulfones {dimetnyl sulfoxide, dimethyl
sulfone;, tetramethylene sulfoxide, tetramethylene sulfone)
and alcohcls (methanol, ethanol, propancl, butancl, ethylene
glycol monomethyl ether, ethylene glycol menoethyl cther,
diethylene glycol moncmethyl ether) and water. The sclvents
may be used zlone or in a combination of at least twe
solvents.

The reaction may ke carried out in the presence of co-
catalysts, for example mquaternary amomonium  helogenides
{Cetrabutylammonium iodide} andf/or 1in the presence of
protcnic acids, for example mineral acids.

Using the reciossiective and enantioselective process
according toe the invention, the intermediate products of
formula [(B) may be prepared via a2l process steps in yields
of at least 50% by weight, based on the compounds of formula
II, The high total vyields make the process suilbable for
industrial use.

A further cbject of the invention relates to the compounds
[intermediates) of fermula IX,

(I¥),

wherein R;, Rz and R; ere as defined nereinbefcore and X iz the
-COOH grous.

The embodiments and preferences described hereimabove apply
for Rir Rz and Rs.

The following examples explain the invention in nore detail,

JP 2004-502663 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

id

20

Z5

30

(36)

WO 02500 PUTCHAINT

- 14 ~

A) Preparation of the ligands

Example Al: Preparation of (L1)

a) Freparation of {Bey B} -2~ (2-bromophenyl)-1-[1-1, K-

dimethylaminc)etavl] ferrocene, LZ

At D°C, 33 wl {43 mmol) of & 1.3 melar selution of s-butyl
lithium in cyclohexane is added dropwise to a degassed
scluticr of 10 g {(38.2  wmol) (+}-{K)-1-H, N-dimzthyl~
aminoethyl ferrocene (L1} in 32 ml tetrahydrofuran (THF).
After 30 minutes, still at 0°C, 44 ml of a 1 moclar solutiecn

of InCl: in diethyl ether is added drop by drop. The reackien
mixture is then stirred for cne hour at room temperature.
After the addition of 1.4 g {2 mmel) bis-diphenylphosphing-—
palladium(II] c<hloride and a solutien of 22.64 g [BO mmol!
Z-bromo-I-iodobenzene in 50 ml THF, the reaction mixture is
heated for 3 days under reflux. The scolvent is removed on a
rotary evaporator, the residne taken up in CH;Cl; and
extracted with water. The adusovus phase is exlracted 3 times
with 30 ml CHCl, and the combired organic phases are washed
twice wikth 20 ml water. After drying over MgS(, snd removal
of the solvent in a vacuum, the residue is chromatographed
on aluminium oxide 20. A nixture of petroleum sther, ether
and triethylamine in a ratic of &0 : 1 : 3 is wused as the
mobile phase. Tne yield amounts to 4.65 g {11.3 mmol, 30%).

'H-MME: 8 1.61 (d, J=7.D Hz, 3H}, 1.75 s, 6, 3,54 {g, +&=7.0
Hz, 1K), 4.1% (s, 5H, cp), 4.23-4.25 {(m, 1H, GCp}, 4.32-4.34
im, 1H, Tp), 4.5%-4.81 (m, 1K, Cp), 7.07-7.11 {(m, 1E, Fh),
7.30-7.35 (m, 1H, Ph), 7.51-7.53 (m, 1H, Fh), 7.85-7.87 im,
1H, Ph).

JP 2004-502663 A 2004.1.29
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lal® (mm): +75.2 ° {588}, + 61.& ° (57§), —-45.4 ° (546} (c =
1, CHCL,)

) FPreparation of th_-,Sy)—ln[l—{N,N—_d.i
[2_fdighen_vlghcsphinophenyl)*ferrocene, L3
Lt -40°C, 4.5 ml of a 1.3 wolar solutiocn of s—buiyl lithiuwm

in cyclohexane 1s slowiy added drop by drop te a degassed
solution of 2 g {4.87 mmol} of L2 in 25 ml THF. After 40
minutes, the reaction mixture is allowed to warm up to reom
temperature, and then 1.1 mi (4.6 mmol] diphenylchliors-
phosphine is added drop by drop. After 18 hours, 30 ml
saturatred NaHC0Qy solubien 1s added. The organic phase is
seperated off and the agueous phase is extracted twice with
20 ml CH:Cl:. The combined organic phases are washed twice
with 20 ml water and dried over MgSQ,. After removal of the
solvent Iin a vacuum and chromatography on silica gel 60
(petroloum sther / diethylamine = 85 : 5] a vyieid of 2.15 g
{4.16 mmol, 85.4 %) of the product 1s obtained.

CH-NMR: 8 1.84 (d, o=7.0 Hz, 3H!, 2.88 (s, 6H}, 3.72 lo, o=7.0
Hz, 1H), 4.04-4.0€¢ (m, iH, Cp), 4.0& (e, SH, CpJ, 4.22 ir,
m, ¢p), 4.25 m, 1H, Cp), 6.923-6.88 {m, 2H, Ph), ©.9%-7.02
{m, W, Ph), 7.25-7.20 (m, 4H, Ph), 7.31-7.40 {m, ©&H, Ph),
7.94-7.98 {m, 18, Eh}.

BP-NMR: 5 -14.09.

[@!™ (nm): =23,7 ° (58%), —47.5 ° (578), -203.2 ° (546) (¢ =
1; CHCI.).

c) Preparation of (Re,Se)-1-[1-(N,N-dimethylamino}ethyl]-2-
{Z-diphenylphosphinyiphenyl)-ferrocene, L£

To a selvtion of 1 ¢ {1.9%3 mmel) L3 in 15 ml acetone, 0.8 ml
30% HpD: is added drapwise. The solution is stirred for 45
minutes at room temperature, and then 20 ml saturated Na;5;04
sclution is added. After extraction 3 x 25 nl CHXL, the
combined organic phases are washed with 2 x 20 ml wabter and
dried over Mg50,. The solvent is remcved in a vacuum and the
product purified by chreomatography on aluminimm oxide 20.

JP 2004-502663 A 2004.1.29
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¥on-polar impurities are removed by elution with a mixture
of petroleum ether and ethyl acetate in a ratio of 80 : 24,
and the prodoct is then eluted with methanol. B yield of 3%0
my (1.86 mmol, 26%) product is obtained.

H-MMR: 8§ 1.67 (d, J=7.0 Hz, 3H), 2.03 (s, 6H), 4.04 [s, B5H,
cp), 4.04 (g, J=7,0 Hez, 13}, 4.09-4.i1 {m, 1H, cp), 4.21-
4.23 (m, 1K, Cp), 4.26 {(m, 1H, Cp), 7.05-7.11 (m, 1H, Ph),
7.18-7.23 (m, 1H, Ph), 7.28-7.33 {m, 2H, Ph), 7.34-7.43 Iz,
3H, Ph}, 7.48-7.60 {m, 4M, Ph), 7.65-7.71 (m, ZH, FPhi, &.10-
2.13 (m, 1H, Fh).

S'p-NMR: § 31.67.

fe]™ {mm): -160° (588), =200.6" [578), -449.4° (346) (o =
0.5, CHCLs).
d) Preparation of {ReySp}—1-{1-[his-{bis-3,5-trifluoro-

methyiphenyl)phogphine]ethyl}-2- {2-dipheny]lphosphinyl-

pnenyl) ferrocens, L6

Te @ degassed solution of 1.25 g (Z.35 mmol)l 24 in 26 nml
freshly distilled acetic acid, 1.6 g {3.5 mmol] Lis-(3,5-

trifluoromethylphenyl)phosphing is added, ne rezction
mixture is then agitated for 3 days at 100°C. The solvent is
removed in & vacuim, the residue dissolved in CH,Cl, and
chromatographed on aluninium oxide 90. Non-polar impuritiss
are remcved by elution with hexane, and subseguent elution
with a mixture of CHyCl; and methanol in & ratio of 93 : 1
yields 2.09 Q (Z2.21 mmel, 88, 9%) of prodact. TWo
diagtereomers are formed in a2 ratio of 6 : 1 (determined by
31P*E\TMR], buk these are not szeparated. The lE-MMR data are

those of the prinecipal isomer.

“H-NMR: 8 1.32 Idd, J=6.1 Hz, J=6.8 dz, 3H}, 3.47 (mw, 1H,
cpl, 3.79 (dg, J=2.8 Hz, J=7.1 Hz, 18], 3.96 (t, 2.8 Hz,
cpl, 4.08 (s, S5H, €p), 5.03 {(m, 14, cp), 7.1-7,15 (m, 2H,
Phj, 7.20-7.30 (m, 3H, Ph), 7.42-7.53 {m, 3H, Ph), 7.46-7.75
{m, 8H, PhL), 7.86 (s, 2ZH, Ph), £.24-8.28 (m, 1H, Ph).

JP 2004-502663 A 2004.1.29
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My WMR: main component: 3 4.83, 20.29; secondary component:
§ 4.77, 29.87.

e) Preparation of title compound (R, Se)-1-!1-[bis- {bis-3,5-
trifucronethylphenyl) phosohine] —ethyl] -2~ (2-diphenylphos-
Ebinophenyl) ferrocene, Ll

To @ degassed sclution of 1,27 g (2.08B mmol) L& in 20 ml

TEF, 9.2 ml polymethyl hydrogiloxane and 5.04 ml Ti{0i-
Propyll, are added. The reactior mixture is heated under
reflex for 18 hours, during which the solutiosn turns a dark
viclet colcour. Then 15 ml hexane is added and heated for a
further 2 hours under reflux. The reaction mixture is
appiied to ar aluminium oxide column without any {further
preparation, and the product is eluted with a mixture of
petroleum ether, ethyl acetate and methanol in a ratio of
80 : 10 : 1. The yield amounts toc L.79 g (1.9% mmol, 91i.8%).
The two diastersomers are separated by chromatography on
silica gel. A nixture of petroleum elher arnd CHCl; in a
ratio of 80:20 is naed as the mcbile phzase.

H-NMR: 8 1.32 {dd, J=6.1 Hz, J~6.8 Hz, 3HY, 3.29 (s, 1EH,
Cp), 3.66 (dg, Jr=dJ=~7.1 dz, 1H}, 3.86 (m, 1H, Cp}, £.02 (&,
J=2.5 Hz, 1H, Cp), 4.16 (s, 5H, Cp}, 7.06-7.11 (m, 2H, Fhl,
7.13-7.19 {(m, 3H, Ph), 7.25-7.2% {(m, 2H, Ph), 7.38-7.50 {(m,
¢H, Zhi, 7.58 {d, J=4.0 Hz, 2H, Pn), 7.80 (s, 1H, Ph), 7.%0
(s, lH, Ph), 7.97 (d., J=6.1 Hz, 2H, Ph), 8.12-8.15 (m, 1E,
Fhj .

"p-BMR: main component: & -14.04 (4, J=23.5 He), 3.35 (d,
J=23,5 Hz); secondary cowmpenent: § -15.19 (d, J=28.5 Hz), -
5.14 (d, J=28.5 Hz}.

[etlze {nm)j: -0.88 (589}, -7.72 (578}, -52.8 (54&) (e=0.57,
CHCL.) .
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B) Prepavation of {R)-3-[4'-CH:0-3'-(CH;0 (CHy)20) —phen-1-y1l])-
2-isopropylpropionic acid

Exanple Bl: Preparation of

oH
CH,OCH),0 COOC,H,

GH(OH,,

GH0

(B1)

A  seolution of 436 ml diisopropylamine and

—

2,6
tetranydrofuran is5 coocled te -2Z0°C, and 1.224 1 on-hexy

—

Iithium {Z.5 M in hexane)} is added dropwise over a period of
15 minutes. A solution of 368 g ethyl isovalerate in 1.7 1
tetrahydrofuran is added dropwise over a pericd of 15
minutes at -20°C. After a further 10 miruktes, a scluticn of
584 g d-methoxy-3-(3-methoxy-propoxy}benzaldehyde (EF O §78
503} in 1.7 1 tetrahvdrofuran 35 added drop by drop and
stirred for 40 minutes at -20°C. Then 2.15 1 saturated
agqueous ammonium chloride solution is added drom by drop and
extracted with sthyl acetate (2 x 8 1 }. The organic phases
are washed consecutively with 0.5 I hydrochloric acid (1x
4.3 1}, water (1lx 4.4 1} and brine (lz 4.4 1). Thz combined
organic phases are dried over sodivm sulfate
{l.¢ kg), Zfiltered and boiled down in =z rokary evapocrator.
By means of crystallization from ethyl acetate (1 1) and
hexane (il 1), title compound B1 is ghtained from the
residue as a white solid (656 g, 72 %1: ‘H-NMR (400 MHz,
DM30-ds, S: 0.90 - 1.04 {m, 9H), 1.87 {(m, ZH}, 2.32 {n, 1H),
Z.58 {m, 1H), 3.28 {s, 3E), 3.50 (m, 2II), 3.72 (s, 3H), 3.82
fg, 2H), 3.98 {m, 2!}, 4.57 (m, 1H), 5.30 (d, IH), 6.75 -
5.20 (m, 3H} prm.
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Example B2: Preparaticn of

CH,Q{CH,),0 COOH
CH(CH,),
CHO CH

3

A solution of 64% g J[comtent: 98.3 %) Bl and 1.0 g
d-dimethylaminopyridine in 3.2 1 tetrshydrofuran is coocled
to 0°C, 187.2 ml acetic acid enhydride is added dropwise and
the reaction mixture then stirred for 1 hour. & sclution of
606 g potassium t-butylate in 4.4 1 tetrashydrofuran is added
drop by drop over a period of 30 minutes at -2°C to 0°C and
then stirred for 2 hours abt 0°C, After the addition of 2 1
water and distilling off 7.6 1 tetrzhydrofuran at 35 °c,
6.5 1 ethanol and 0.2 1 2N KOOI are added to the aqueous
residue. The mixture obtained is stirred for 20 hours under
reflux. The reaction solution Is cooled off and concentrated
by evaporation. At 0°C, 7.2 1 k-butyi meihyl sther and 2 1
2¥ HC1 are added to the residus. The organic phase is
separated off and the aguecus phase extracted again with
7.2 1 t-butyl methyl ether. The organic phases are then
washed consecntively with 7.2 1 water and 7.2 1 brine. The
combined orgsnic phases are dried over magnesimm silfate (2
kgy, f£iltered and coneentrated in 8 roctary evaporator. By
means of ¢rystallizaticn Irom diisopropyl ether (2.4 1) and
hexane (2.4 1), 470 g of c«rude title compound is obtained
from the residue. After recrystallization from diisoprapyl
ether (2 1) and Hexan (2 1), pure title compound B2 {£54.3
g, f1.8 %) 1s ohbtained: 'H-NMR (400 MHz, DMSO-d;, o : 1.22
{d, 6H), 1.%7 im, ZH), 3.14 (=m, 1E), 3.28 s, 2H)}, 3.50 I(m,
2H}, 3.82 (s, 3B}, 4.02 (m, 2H), .90 - 7.05 {m, 3%), 7.42
(s, 131}, COOH [exchanged) ppm.
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Example B3: Preparation of

CH,OCH,L,0 :ij/\rcooH
CHICH),
CHy CH.

{B3).

5 In a Fflask with a magnetic sktirrer, 5.83 mg (00,0158 mmol)
[Rh{WBD}:l1EF; and 15.3 my (0.0I164 mmol) LI are placed under
an almosphere o©of argen fthrough repeated evacuvation and
purging with argon. Then 20 ml degassed methancl is addsd
and stirred for 15 minutes, before 24 g (0.078 mol) B2 and

10 140 ml degassed methanol are introdoced inteo a 250 ml Zlask
fitted with a side stopcock and Zlushed with argon. With
gehile heating, agitation is continued until a homogencous
solukicn is formed. The sclution is forced under pressure
via a steel capillary tube into a 300 ml steel autoclave

15 under cover oI argon. In 2 purde coycles [(argen 20 bar f

nydrogen 20 har} the hydrogen pressure 1is eventvally

increased to 50 bar. Hydroyenation is started by switching

on the stirrer and carried out at room temperature. T

reaction takes place via hydrogen conswnption (fall

20 pressure 1n the reservoir of hydrogen). After a reaction
time of 8 hoursg, a full conversicn is measured by HPLO
by

(method 1). The reaction wixture is concentrated
evaporaticon and coruwds tiktle compound B2 obtained as

slightly yelliowish il (24 ¢ , quantitative}: IUPLL {method
25 2) optical yield > 95% R-Isomer; 'H-NMR (400 MHz, CDCla, 4):

1.032 {m, €H), 1.95 {(m, 1H}, 2.07 {m, 2H), 2.4% (m, 1H), 2.

(u, ZH), 3.40 ¢(s, 3H), 2.60 {m, 2K), 3.85 (s, 3, 4.1¢ (m,

2H), 6.70 — 6.80 (m, 3E) ppm.

30
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Exgmple B4: Preparation of

CH,O(CH,),0 :@r CooH
GH(CH
CH,0 L

B
(B3} .

In a flask with a magnetic sztirrer, 1.530 my (U.C024 nmmol)}
[Eh {NBD) (COCCK:), and 4.75% mg (0.0051 mmol} L1 are placesd
under an atmospnere of argon through repeated evacuation and
purging with argon. Then 5 mi degassed methanol is added and
stirred for 15 minntes, before 3.0 g {%9.73 mmol) BZ and
15 ml degassed wmetfhanol are introduced inte a 50 wml flask
fitted with a side stopceck and flushed with argen. With
gentle heating, agitation iz continued until a homogeneous
solution is Fformed. The soluticn is forced under pressars
viag a stesi capillary tube inte a 50 ml steel auntoclave
urnder cover of argon. In 3 purge coycles (argon 20 bar /
hydrogen 20 bar) Lhe hydrogen pressure 15 eventually
increased to 20 bar. Hydrogenation 1s started by switching
on the =ztirrer and carried ouvt at room temperaturs. Theo
reaction takes place vwvia hydrogen consumption (fall of
pressure in the reserveir of hydrogen). After a reaction
time of 20 heours, e full cohwersion is measuraed. The optical
yield amounts te »95% (R)-compcund.

Example BB: Praparaticn of
CH,DICH),0C /\r COOH
]@ CHICH,),

CH,O

In a flask with a magnetic stirrer, 1.50 mg (0.0024 mmol}
[Rh (NED) {QOCCE:]): and 4.75 mg (0.0051 mmol] L1 are placed
vnder an atmosphere of argon through repeated evacuation andg

1B3).

vurging with argom. Then 5 ml degassed toluene is added and

JP 2004-502663 A 2004.1.29
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stirred for 15 minutes, bafore 150 mg (0.486 mmol) B2 and 15
mi degaseed toluene are introduced into a 50 wml flask fitted
with a side stopcock and £lushed with argon- ith gentle
healing, agitation is continued uvntil a homogerneous sciution
is formed. The solution is forced under pressure via a stee’
capillary tube intc a 50 ml steel antoclave under cover of
argen. In 3 purge cycles {argon 20 bar / hydrogen 20 bar)
the hydrogen pressiure 1is eventually increased to 100 bax.
Hydrogenalbion 1is started by switching on the stisrer and
carried ocut at room tempsrature. The reaction takes place
V¥iaz hydrogen cohsumption (fall of pressure in the roservoir
of bhydroden). After a zreaction +fime of 72 hours, a fall
conversion 1is measured. The opiical vyield amounis to 94%%
{R}-compound.

Example B6: Preparatlon of

CH,D{CH,),0 m COOH
CH{C

CH,O KGR,

The procedure is analagous to that described under Example

{B3) .

B5. For preparation of the catalyst, 1.5 mg {0.004 mmol)
[Eh(NED)CL}: =and 3.86 mg (0.004 wuel) (25,45)-N-(i-butyl-
oxycarbonyi) -4-(dicyclohexylphosphing) -2- (diphenylphosching—
methyl}pyrrelidine are used. 0.205 g (0.65 rmel) of sduct B2
is hydrogenated in 10 ml taluene. After 20 hours at 60 bar
hydrogen and 50°C, the reaction is stopped and Lhe
conversion and enantiomeric purity are determined. ‘1he
cenversion amounts to 38,9% and the optical vield is 80t ece.

JP 2004-502663 A 2004.1.29
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Example B7: Preparation of

CH,O(CH,),0 @/\r COcH
CHIGH
cHO erg),

3
{B3}.

The procedure is analogous to that described under Sxample
B6, and 2.2 mg (0.01 mmol} [Rh(NED)Cl]l. and 2.6 mg (0.01
mmol ) {R}-1,1"-{di-3, 4, S-methoxyphenylphosphinc) -4, 6'-di—
methoxyblphenyl are wused for the preparation of the
catalyst. 0.204 g {0.99 mmol) of educt B2 is hydrogenated in
i¢ ml toluene. After a reaction time of 18 hours at &0 bar
hydrogen and 50°C, the conversion amounts to ©3.5% and the
optical yield is 73.5% ee,

Example BE8: Freparation of

CH,O(CH,,0 KJ/Y CO0H
CH{CH

CH,O (Chs:

The procedure is analeogous te that described under Example
B6, and 3.0 mg (0.0l mmel} [Rh{(WBD)Cl], and 6.1% mg (0.0
mmal}  (R}-({8)}~-1-{1-[bis- (bis-t-butylphenyl)}phesphinalethyll-

(B3).

2-[diphenylphosphinc) ferrocene are used for the preparation
of Tthe cakbalyst. 0.227 g ({0.74 mmol) of educt B2 is
hydrogenated in 10 ml teoluene. After a reaction time of 80
hours at 60 bar hydrogen and 30°C, the conversion amounts to
88.6 % and the optical yield is 49% ee.

JP 2004-502663 A 2004.1.29
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Example B9: Preparation of

CH,OCH,,0 j@/\rCOOH
CHICH,
CHO (CHy,

(B3]

In a 50 1 steel autoclave are placed 25 1 of methanol under
en  atmospherz of argen through repeated evacuation an
purging with argorn. Then 12.00 kg B2 are added under argon.
the suspension 1s heated under argon (2 bar) te S50° C,
coelad  to 35° € and degassed. 2.634 g (6,489 mmol)
[Rh{COL}»IBFy and 6.337 g (6.810 mmel) L1 are placed in a
Elask with wagpetic stirrer under an atmosphere of argen
throngh rspeated evacuation and purging with argon. Then
700 ml degassed methanol are added and stirred for 45
minutes. This catalyst colutien 1s forced under argen
atmosphere through a steel capillary in the autcclave. In 3
purge cycles (argon 20 bar / hydrogen 20 bar) the aydrogen
pressure 1is increased %to 50 bar. The nydrogenation is
started by switching on the stirrer and carried oat at 38°
€. The reaction is monitored wia hydrogen consumption
{dexsrease of pressure in the reservoir of hydrogen) . After =
reaction time of 21 hours (1% hours take-up of hydrogen) a
full conversicn is measured according to HPLC !methode 1).
The reaction mixture is concentrated by evaporation and
crude title compound B3 obtazined as slightly yellcwish oil
(12,08 ¥g, guantitatbive): EPLC (Methode 2} optical yield »
95% R-Isomer.

Determination of conversion and opbical vield:

For the HPLC analysis, Bl and PBIZI are derivatized
[preparation of the respective metnyl esters): a sample of
the residus in dietnyl ether iz mixed with excess diazo

methane in diethyl ether. The solvent is then evaporated
off, and tne residue obtained is the corresponding methyl
ester.

JP 2004-502663 A 2004.1.29
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Method 1 {determination of conversion): column HP Hypersil
BD3-C 18 125 x drm ; acetonitrile and water 5% to 100%; 40
minvtes flow: 0.3 ml.

Method 2 (determinacion of optizal yield): colunn: Daicel
OJ-R 0.4% x 15 om; solvent 3084 acetonitrile and 70% wabeor.

JP
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What is claimed is:

1. & process for the preparation of compounds of formula T,

R, COoH
Iy .
R.

rd

wherein R; and R; are, independently of one anether, H,
Ci-Cealkyl, C,—Cehalogenalkyl, C.-Cgalkoxy, Ci-Cealkony-0:—
Csalkyl, or C;-Csalkoxy-C:-Cizalkyloxy, and R; 1a Ci—Cealkyl
comprising

a) the reaction of a compound of formula II

R, CHO
o}
R

2

wherein R, and PR; are as defined hereinbefore, with a

compound of formula IIT,
(111},

R GOOR,

wherein R: is as defined hercinbefore, to forn a compeund of

formuia IV,

oH
R, COOR,
(IV),

wherein Ry is Ci—Cizalkyl, Ci-Tycycloalkyl, phenyl or benzyl,
b) the isolation of the crystalline compound of formula IV,
the conwversicn ©f the OH group to a leaving group, and the

JP 2004-502663 A 2004.1.29
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reaction of a compound wontaining a leaving group in the
presence of a strong pase to form a compound of forimuia V,

R. COOR.
Tyt o,
- Ry

2

2} the hydrelysis of the carbonic esters of formula V to
form the carboxylic acid of formala VI,

R CaoH
Ry
Ry

d) the hydrogenation of the cerboxylic acid of formuila VI in
the presence of hydrogen and catalytic gquantities of a matal
complex as &asymmetric hydrogenaticr catalyst, comprising
metala from the group of ruthenium, rhodivny and iridium, te
which the chiral bidentate ligands are bonded, to form a
compound of formula I.

Z. B process according to claim 1, comprising R, as methoxy—
Ci-Uialkyloxy or ethoxy-C.-Csalkyloxy and R; as methoxy or
ethoxy.

3. A process according to claim 2, comprising R. as
1-methoxyprop-3-yloxy and K a5 methoxy.

4. A process according to claim 1, comprising Rs asg a linear
cr branched C,-Cialkyl,

5. A process aceording to claim 4, comprising R as
isopropyl.
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6. A process according to claim 1, c¢omprising R as  1-

methoxy-—n-propyloxy, R: as methoxy, and R; as isopropyl.

7. A process according teo claim 1, comprising the processing
of step a}l at low temperatures im the presence of a
secondary lithium amide.

8. A process accerding to claim 1, comprising in step bl
first acylation of the hydroxyl graup znd then elimination
at low temperatures in the presence of an alkall metal
aleoholate in the reaction mixture of the acylation process.

2. A process asccording to elaim 1, comprising step c) being
carried out in the reaction mixture of step b).

10. & process according te claim 1, comprisirg step d) being
carried out in the presence of metal complerxes of formula
VII or ¥IXa zs hydrogenation catalysts,

[LMeYZ] (VII), [LMeY]) 5" {viza),

WhErein

Me is rhedium;

¥ stends for twe olefins or cone diene;

Z is Cl, Br or I;

E” is the anion of an oxygen acid or a complex acid; and

L iz a chiral Jigand from the ditertisry diphoaphire group,
in which the phosphine groups are are bonded te a -y chain
of the diphesphine backbone chain, and the dipheosphine forms

a five to seven-menmber ring togebher with the rhodinm atom.

JP 2004-502663 A 2004.1.29
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11. A process accerding to claim 10, comprising I as fermula
VIl or YVIiIa,

o A, " & HyC, T %,
T e

F= )(! X, Flt

@' (VIIT) <= {VIlLa),

wherein
n 15 0 or an inteder from 1 te 4 and R' zepresents the same
or gifferent =ubstituents from the ¢;-Cualkyl, -CF. and -
Cialkoxy group; and
%, and Xz are, independently of one another, secondary
phosphing.

12. A process acceording to claim il, comprising the X, and X,
groups being the same or different and correspanding *o
formula -PRgRs, wherein Ry and Ry are the same or different
and are bhranched C;-Csalkyl, Ci-Ceoycloalkyl, cor unsubstituted
phenyl or phenyl substitvted witn ope to three C-Cialkyl,
Ci-Tyalkoxy, or -CFi.

13, A precess according to claim 13, comprising in formulae
VIII and VIIIa b as 0, and ¥. and X» a5 a PReRs Jroup, whexrasin
B: and Re are in each case c¢yclobexyl, phenyl or phenyl
substituted with 1 or 2 methyl, methoxy or CFa.

14, & process accerding o claim 1, comprising step d) being
carried out at temperaltures of -20 to 150 °C.

15. R process according to o¢laim 1, comprising step d) being
carried out under positive pressure.

16. A process according teo claim 1, comprising pressure
conditions at 10° to 2xl0” Pa (Pascal).

JP 2004-502663 A 2004.1.29
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17. Compounds of formuela TIX,
R, %
Ry
Ry
wharein
E. and R;, independently of one ancther, are H, C:-Cealkyl,
C.-Cghaloganalkyl, C,-Csalkoxy, C-—CealkoxXY-Ci-Cealkyl, or

Ci-Cemlizony-C.-Tealkyloxy, Ry is8 Cy—Cealkyl, and ¥ is the -COOH
group.

18. Compounds according to claim 17, cowmprising R, as
methoxy-C;~Cialkyleoxy or  ethonxy-Ui-Cialkyloxy and R,  as
methoxy or ethoxry, Ry as C;-Cualkyl, and X as the -COOH group.

19. Compounds accerding to ¢laim 18, comprising R, as
l-methoxy-n-propyloxy and R, as methoxry, R; as lgcopropyl, and
X as the -CCOH group.

JP 2004-502663 A 2004.1.29
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