OPTICALLY ACTI VE DI PHOSPHI NES, PREPARATI ON THEREOF ACCORDI NG TO A PROCESS .
'FOR THE RESOLUTI ON OF THE RACEM C M XTURE AND USE THERECF. The present
invention relates to optically 5 active di phosphines. It is also targeted"
at their preparation according to a process for the resolution of the
racem ¢ mxture of the said phosphines to 5pt|cally active isoners. Mre
preci sely, the subject of t% ly active '
bi s[ 1- phospha- 2, 3- di phenyl - =35 “Gt*phosphi nes and t he

process for the re N [ ErR AGF A So Eﬁcﬁsﬁfmcgss FOR

2, 3-di phenyl -4, 5-di _ : o rel ates
to new optical | ¥Ek> RESBLUNONTBIFITHRORACRIAE SOTRURY AN Mkes Hkaaas i nes
and to their use ILh a process 1or € preparation ot optically active

- carboxylic acids and/or derivatives according to a process for the
hydrogenation of .[err]-unsaturated carboxylic acids and/or derivatives. 20
The preparation Of a M XtiHee pifesent invention relates to optically
bi s[ 1- phospha- 2, 3- di-phenyl - 4, 5- di et hyl nor bor nadi ene] di ast ereoi soners has
- been deschbedabmﬂ&e Highosptiingds. Dt Bid lalsiocargeted Rt thed pp. 1-8
(1992). ‘The starting material in the synthesis of the 25 | atter is
1- phenyl - 3, 4- d prepadaticsp hacording desa Hreddns FEoxViihes wrestolaitiom
Synthesis, 1983, pp. 983. The starting point is the preparation of.

: of the racemic mixture of the said phosphines to

optically active isomers.
. Mo:e precisgly, the.suﬁﬂect of the invention
10 iélnew optically_actiﬁe bis[1-phospha-§,3-dipheny1-
4,5-dimethylnorbornadienel diphosphines'and the process
- for the resolution of the racemic bis[l-phospha-
2,3-diphenyl-4,5-dimethylnorbornadiene] mixture.
The invention also relates to new optically
15 active metal complexes comprising the said phosphines'
and to their use in a process for the preparation of
optically active carboxylic acids and/or derivatives
according to a process for the hydrogenation of
.a,B8-unsaturated carboxylic acids and/or derivatives.
261 | The preparation of a mixture of
bis[1-phospha-2,3-dipheny1-4{5—dimethy1norb6rnadiene]
diastereoisomers has been described by F. Mﬁthey.et al.

in Bull. Soc. Chim. Fr., 129, pp. 1-8 (1992).

The starting material in the synthesis of the

25 latter is l1-phenyl-3,4-dimethylphosphole (II) described

by F. Mathey et al. in Synthesis, 1983, pp. 983.°

The starting point is ﬁhe_preparation of.



2 3,3 ,4,4 -tetranmethyl -1, 1' - di phosphol e (1V). To this end,

1-'phenyl - 3, 4- di et hyl phosphole (11) is reacted in THF with |ithium netal
according to the followi ng reaction: [err] 5 At the end of the
"reaction, alumniumchloride is i'ntroduce;ﬁj in order to trap the
phenyl I i-t hi um produced during the reactio In a followng stage, (II1) is

di nmerized by the, acji f.d '

'é{)e Iprepg ati o% %ﬂl‘% Q/J)] Q?%?%’P%Eﬂc% nagif)led'}rﬁgﬁgsghofﬁe |c?8t Eﬂ'é Onl\/a%ﬁey
et al ., anonet a

approxinatgly e#réﬁe?%€8%o4 %hn%§§¥%#ﬁ ?ég%5£§£y h?@%%gaﬁ%ghl?eacts

with 15  di p“gﬂf yif A CREFA 1 0ald mfn gbsehdl ep116wchgon, to give
bi s[ | - phospha-2, 3 eii"leny 14 5- dlnethyI%orbogLadlene] [grr] [er?] A

practical enbogdig@piochs 0i ven on page 6 of

= Li N
S Sy

an | am

5 At the end of the reaction, aluminium
chloride is introduced in order to trap the
phenyllithium produced during the reaction.

In a following stage, (III) is dimerized by

the action of diiodine I, in THF. For more details on

10 the preparation of (IV), reference may be made to the
article by F. Mathey et al., Organometallics, ;gg;,'z,_

1234.

S < g(_*

)

On heating to appioximately 140°C, the
compound (IV) rearranges to (V), which.reacts with
15 diphenylacetylene according to the Diels-Adler
- reaction, to give bis[1-phospha;2,3-diphenyl-

4,5-dimethylnorbornadiene] .



t he, publication by F. Mathey et al. in Bull. Soc. Chim Fr., 129, pp. 1-8
(1992). However, the witers obtained, as nentioned 5 on page 3, right-hand
colum, lines 7 and 8, a m xture of two di astereoi soners subsequently
identified by the Applicant Conpany as bei%g a neso (I mM- RS, SR - and a
racemate (I r)- RR SS - called (13b) and (I3a) respectively in the article.
10 The publ i cation ntions the separation_of the two
di astereoi soners by forpatign o pal | adi um(11) chel '
description is givgen of |the arjat Pror- 0= ge—tfhxt ur e [ eoi soner's -

"obt.ai ned by reacti _ r 5 +A—ei-eht-oroet hale; gVl m
and (M r), and thp s 'agatioﬁ byl chromat ogr aphy on si fol | oned by
elution and then b a detonpl exatdi on carried out .by '

?hastereoisoners, on the ogg)hand the 20 nmeso (I m and, on t ot her hand,
e racemate (I r), are th recovered separately. The docune of the
state of the art does not describe the separation of the enantioners. 4
The problem of resolving two enantionmers is difficult to solve when the
chirality is carried by the phosphorus.
A practical embodiment is given on page 6 of
the publication by F. Matheylet al. in Bull. Soc. Chim.
Fr., 129, pp. 1-8 (1992).
However, the writers obtained, as mentionéd
5 on page 3, right-hand column, lines 7 and 8, a mixture
of two diasteredisqmers subsequently identified by the
Applicant Company as being a meso (I m)- RS,SR - and a
racemate (I r)- RR,SS - called-(13b) and (13a)
respeétively in the article.
10 The publication mentions the separation of
the two diastereoisomers by formation of a .
palladium(II) chelate. To do this, a description is
given of the separation of the mixture of
diastereoisomers obtained by reaction with PdCl, (PhCN),
15 in dichloroetﬂane, resulting_in (VI m) and (VI r), and
the separation by chromatography on silica gel,
followed by élution and then by a decomplexation
carried out by NaCN.
| The two diastereoisomers, on the one hand the
20 meso (I m) and, on the other hand, the'racemate (xr »),
| are thus recovered-separately. | |

The document of the state of the art does not

describe the separation of the enantiomers.



An object of the present inventionis to 5 provide new, bidentate,
optically active disphosphines which are chiral on the phosphorus and which
cannot be racem zed. Anot her object of the present invention is to nake
avai l abl e a process which nmakes it possiblg to 10 obtain themaccording to
a process for resolving the racem c bis[1-phospha- 2, 3-di phenyl -

4, 5- di met hyl nor bor nadi ene.ﬁ]ha%iﬁgo%leem Iﬁ@q}%%orl% Wo Oéﬂa?%io%g#%?s

i nvention is to have avai I¥e""a "pr ocess preparation o

~optically acti g £ @Y lds S WHEH Y H 4185 8 Ly ¢ HY ocess
for the hydrogena%%'on >c?%/e[era?:]ﬁ"- unsat urated calr oxly icl aggs 1and kgol’e?? vatives
whi ch makes us@uispgiirals compl exes using the optically active di phospine as

|l i gand. 20 According to a first subject of the present
i nvention, new optically mfidbfedt dfl-gHw Fkesent invention is to

2, 3-di phenyl - 4, 5- di net hyl nor bor nadi ene] di phosphi nes have been found whi ch
correspond & 0 tpgrovicld mew,g Biddentatss, optidally aciorelidigsphosphniies
subj ect of the invention, the racem ¢ bi[1l-phospha-2, 3-di phenyl -4, 5-
di met hyl nor bor mddicinelrerictiinrad ion rtdes | phabploetusaliangl twhich cannot be
' racemized.
Another object of the present invention is to
make available.a process which makes it possible to
100 obtain them according to a process for resolving the
racemic bis[l-phospha-2,3-diphenyl- R
4.5-dimethy1n§rbornadiene] mixture.
Finally, another object of the invention is
to have available a process for the preparation of
i5 optically active éarboxylic acids aﬁd/or derivatives
according to a process for the hydrogenation of
o, B-unsaturated carboxylic acidé and derivatives which
makes use of metal complexes using the optically active
diphospine as ligand. _
20 According to a first subjédt_of the present
invention, new optically active bis[l-pﬁospha-
2,3-diphenyl-4,5-dimethylnorbornadiene] diphosphines

have been found which correspond to the following

formulae:



a process which conprises reacting it with a palladiumb5 and/ or platinum
conpl ex-as chiral "auxiliary in an organic solvent, thus form ng

di ast er eoi somer -conpl-exes, and.then resolving the said optically pure
conpl exes. I n-accordance with the process cg the 10 i nvention, a

pal | adi um conplex is used. This type of chiTal auxiliary is wdely
described in the literature, in particular by Sei Qsuka et al. in Journal
of the Anerican Chem cal SocietyJ 93, pd. 4301 (1971). A platinum conpl ex
can al so be used and 15 rePbr en rhparticularly be nade to the
work by A C. Cope [Journal of jBe ri$gn Chem cal Society, 90, pp. 909
(1968)].  The chiral conpl ex useq: \cul arly corresponds to the
general formula (VII): 6 PBrriPin thB saif® f(8rShtl (&) - daM r epr esent s

pal | adi um and/ or platinum - [err] and [err] represent a hydrogen atom or
an al kyl radical having from1 to 10 carbon atons or 5 a cycl oal kyl
radi cal having from3 to 10 carbon ato R3 and R4 are different and at
| east one of the two represefh F

PP TPT PR (RR)- (- (Ib)

According to another subject of the
invention, the racemic bis[l-phospha-z,3-di§heny1-4,5-
dimethylnorbornadiene] mixture is resolved according to
a process which comprises reacting it with a palladium

5 and/or platinum complex as chiral auxiliary in an
organic solvent, thus forming diastereoisomer
complexes, and then resolving the said optically pure
complexes.

In accordance with the process of the

10 invention, a palladium complex is used. This type of
chiral auxiliary ié widely described in the literature,
in particular by Sei Otsuka et al. in Journal of the
American Chemical Society, 93, pp. 4301 (1971).

A platinum complex can also be used and

15 reference may more particularly be made to the work by
A. C. Cope [Journal of the American Chemical Society,
90, pp. 909 (1968)1].

The chiral complex used more particularly

corresponds to the general formula (VII):



- R having the neaning given for [err] and [err], - X represents
a halogen atom - n is a nunber.fromO to 4, - mhen nis greater than 1,
two R radicals and the 2 successive atons of the benzene. ring can form
between them a ring having from5 to 7 cagpon 15 atons. More
" preferentially, the conplex used corresponds to the abovenenti-oned fornula.
in which [err], R2, R3-and R4 represent a hydrogen atom or a net hyl
radical, X represents a chlorine Fronﬂ #ﬁ@ s equal 20 to 0. Wien nis
equal to 2, two Rradicals forma enzenel ring. Mention nmay be ‘made,
as nore specific exanpl es of paIPadLuhfc..n xes which are suitable for the
present invention, obtained withqut, M stiMgtion 5 from (R -(+)- or
~(S)-(-)-N, N-di net hyl phenyl et hyl an] Xe, }e &rr] The anount of conplex of

t he abovenentionéd netal s, expresged wtal ,|is generally from0.5 to 1
nmetal at om per phosphorus atom 1P An organic solvent is used
whi ch di ssolves all the reactantslL.Th ol ventd 2rust be inert with

n S (VI

in the said formula:
- M represents palladium and/or platinum,
- R;, R, R; and ﬁ‘ represent a hydrogen atom or an
alkyl radical having from 1 to 10 carbon atoms or
5 a cycloalkyl radical having from 3 to-lo carbon
atoms,
- R, and R, are different and at least one of thé

two represent a hydrogen atom,

R having the meaning given for R,, R,;, -R; and R,

10 X represents a halogen atom,

n is a number from 0 to 4,

when n is greater than 1, two R radicals and the

2 successive atoms of the benzene ring can form,
between them, a ring having from 5 to 7 carbon
15 atoms. |
More ﬁreferentially, the complex used
corresponds to the abovementioned formula in which R,,-
- R;, R; and R, represent a hydrogen atom or a methyl
radical, X repre#ents a chlorine atome and n is equal
20 to 0.

When n is equal to 2, two R radicals form a



respect to the di phosphine. Mention may be made, as non-limting exanpl es
of "sol vents which are suitable in the process of the 15 i nvention, of: -
al i phati c hydrocarbons and nore particularly paraffins such as, in
particul ar, pentane, hexane, heptane, octgpe, isooctane, nonane, decane,
undecane, tetradecane, petroleum ether and cycl ohexane; 20 aromatic

hydr ocar bons suych as, | articular, benzene, toluene, xylenes,

et hyl benzene, gF&Fﬁ?Fb§ﬁ? nes, trlnethylbenzenes cumene, pseudocunene or
-petrol eum fracti ons conp Sﬂ;BB Eh§15remghe' §g P@Q%pg cfﬂlc particul ar

fractions of Sol vesso[err] type, halo enate | phati'c or aromatic

hydrocarbons, and pRali g2 maﬂﬁdeoable&%rscwh%hnatﬁd R aBaw ERRs such .

as, in partlcular 5 trichloromet hane or tetrachl oroethylene; partially

- chi ori nat ed hy@h@Cg&@@@&t noantd osli, C BbeadmRid i tholitc ldietdsidtdrm
tetrachl or oet hane, trlchloroethylene 1-chl orobut ane or 1, 2-di chl or obut ane;

or nnnochlgrobe&a@nqg)l(Zadl@&IqsqbqnaeueN>Hamethjlpheﬂﬁhutﬁyﬂam@ng

1, 4-di chl orobenzene or m xtures of different chl orobenzenes. Benzene and
-toluene are preffarred anong all these solvents. The concentration of- the
dlphosph1ne in the

B CI:I:, /CH3

N
N ¢ \. ,CH,
Pd *

/’
Cl

, e
— - (VI)

The amount of complex of the abovementioned
metals, expressed as metal, is generally from 0.5 to 1
metal atom per phosphorus atom.

10 An organic solvent is used which dissolves
all the reactants. The solvent must be inert with
respeét to the diphosphine.

Mention may be made, as non-limiting examples
of solvents which are suitable in the process of the

15 invention, of:

- aliphatic hydrocarbons and more
particularly paraffins such as, in particular, pentane,
hexane, heptane, octane, isooctane, nonane, decane,
undecane, tetradecane, petroleum ether and cyclchexane;

20 aromatic hydrocarbons such as, in particular, benzéne,
toluene, xylenes, ethylbenzene, diethylbenzenes,
trimethylbenzenes, cumene; pseudocumene or petroleum

fractions composed of mixture of-alkylbenzenes, in.



15 , regction solvent is preférably between 0.05 and 1 nol/litre and nore

particularly still- between 0.05 and 0.2 nol/litre. Separation is
advant ageously carried out at anbient tenperature, generally between
15[err] and 25[err]. 20 . It preferably takes place under a

‘control | éd atnosphere of inert gases. A rare gas atnosphere, preferably of
argon, can be sgt cal B0 Us8 nitrogen. A mxture

of conpl exes ofP55FP§H#3ﬁ1%Fa5§1°n5|8%0%§g?§ﬁﬁ° HPShosphlne correspondi ng
to each enantiaoner is Obta'ﬂggﬁgAﬂgEgﬁraiE EEcOLﬁ ?thggggtlpn is the
et

I nt er medi at e product, nanely ex wt di phosphi nes

of formul a: [era;dkgc%ggo aﬁ?rﬁﬂhﬂﬁoylﬁﬁ rggnggaepgkladlunlor pl ati num

X a hal ogen atom} pre era orin and I'1zes the residue of a

chiral metal c kenlérﬁﬁaksapH9dtBGaEBoﬁEesﬁEhtEQ f ebnpheeiculiblr,and
preferentially (VII'). The two pure enantionmers are recovered in a

fol | ow ng sfagetriBR168bmeBhahe 6@neeBrachtdrbythydeaest partidlapd
separatlon is then carried out in a known way
chlorinated hydrocarbons, such as dichloromethane,
dichloroethane, tetrachlorocethane, trichloroethylene,
1-chlorobutane or 1,2-dichlorobutane; or
monochlorobenzene, 1l,2-dichlorocbenzene,
10 1,3-dichlorobenzene, 1,4-dichlorobenzene or mixtures of

different chlorobenzenes.

Benzene and toluene are preferred among all
these solvents.

The concentration of the diphosphine in the

15 reaction solvent is preferably between 0.05 and

1 mol/litre and more particularly still between 0.05
and.0.2 mol/litre.

Separation is advantageously carrled out at
amblent temperature, generally between 15°C and 25°C.

20 It preferably takes place under a controlled

atmosphere of inert gases. A rare gas atmosphere,
preferably of argon, can be set up but.it is more
economical to use nitrogen.

A mixture of complexes.of palladium or’

25 platinum and of diphosphine corresponding to each

enantiomer is obtaiﬁed. |

Another subjeéf of the invention is the

intermediate product, nameiy the metal complex with the



[A., Bertheillier-Dunod Paris (1972)] by liquid chromatography on a colum
with, preferably, a support made of silica. The colum is eluted with a
m xture of 15 suitable solvents, preferably a toluene/ethyl acetate nixture
preferentially conprising 80% by vol unme of _.tol uene and 20% by vol une of
ethyl acetate. The two pure isol ated enant Poners are recovered in the form
of two diasterepjsoner, conpl exes 20 having the follow ng characteristics:
[err] NWR =[err "Psh—p%%l?’g’%%rﬁ%ef‘ﬁm = [err] = 53.6 ppm The two pure
enanti onmers of the di phosphines 10 ar-e recovered by carrying out
- deconpl exation. To thi$ f a hydrocyanic
acid salt, preferaPhy 2 1ally still
t he sodiumsalt: the|§bi m ni mrum anmount of
“wat er necessary. ThecQWITE sol vent such as,
for exanpl e, di chl©!onkt hane fand then the hydPbcyBnic aﬁ?d N t, generally
used in an excess h—pgrepregenting from2 to | per gl atom is
i ntroduced with sti rr(n% T(e }perati on is also (ab'i e{ }It under a

A - A (Vili a) A A (Vill b)

in the said formulae M represents palladium or
- platinum, X a halogen atom, preférably chlorine, and A
symbolizes the residue of a chiral metal complex |
5 corresponding to Bne of the formulae (VII) and
preferentially (VII’).
The two pure enantiomers are recovered in a
folloﬁing stage. |
- The solvent is concentrated by evaporation
10 and separation is then carried out in a known way
[A. Bertheillier-Dunod Paris (1972)1 by liquid
chromatography on a columm with, preferably, a. support
made of silica.
The column is eluted with a mixture of
15 suitabie solveﬁts, preferably a toluene/ethyl acetate
mixture p;eferentially comprising 80% by volume of
toluene and 20% by volume of ethyi acetate.
The two pure isolated enantiomers are
recﬁvered in the form of two diastereoisomer compléxes

20 having the following characteristics:

P NMR = 5(CH,Cl,) = 55.9 ppm

53.6 ppm

P NMR = 6 (CH,CL,)

The two pure enantiomers of the diphosphines



control l,ed at nosphere and at anbient tenperature. The enantioner is
recovered in the organic 15 . phase, which phase is separated, washed with
~water and dried, for exanple over SOdiun1squhate. The two pure isol ated
enantioners of bis [ 1- phospha- 2, 3- di phenyl - 4, 5- di net hyl nor bor nadi ene]
corresponding to the abovenentloned fornul%% [(S,S)- 20 (+)-(la)]. and

R R ’h bt ai i f ich foll ;
err] = ferr) e8cfelhkainy  (R-EEhSRE Bpefietintiag [y ° C0, ) O e

Lerr] = -13.2 pom [err] go-cd95lghal 2de 1homaab shopkklaunhl 88 Lierr).

determ ned for a concentr i 6n ent enperature). It
has al so been f%ﬁocy\@hié seﬂat bLﬂEeSpreféEQB'j!?r aﬁuhhﬁﬁhoﬁeEHQ Baggent

i nvention, that e new optically active di phosphi nes as nentioned above in

the form of et #hd CAGPL ey LELfEPhEi AE1YSEEiRs eRbabyaitimf BA1thetASY BHEHS i C
hydrogenation of [err]-unsaturated 5 carboxylic acids and/or derivatives.

The opticalby agaluecbéifgodpbsoreedf ihothul AisiAapmoamblh) BEcwdsed as
| tgands in the formati on of conplexes with transition nmetals. A subject. of
the invention isetbéssatprte new 10 conpl exes conprising an optlcally active
di phosphi ne
The complexes are dissolved in an organic
solvent such as, for example, dichloromethané and then.
the hydrocyanic acid salt, generally used in an excess
10 representing from 2 to 5 mol per metal atom, is
introduced with stirring. |
The operation is also carried out under a
controlled atmosphere and at ambient temperature.
The enantiomer is recovered in the organic -
15 phase, which phase is separated, washed with water and
dried, for example over sodium sulphate.
The two pure isolated-enéntiomers of
bis[l-phospha-2,3-diphenyl-4,5-dimethylnorbornadiene] -
corresponding to Ehe abovementioned formulae [(S,s)-__

20 (+)-(Ia)] and [(R,R)-(-)-(Ib)] are cbtained, the

characteristics of which are as follows:

3p NMR = 8(CDCl,) = -13.2 ppm; [a]l, = + 231°
(e =1, CDg).
3p NMR = &(CDCl,) = -13.2 ppm; [al, = - 198°
25 (c = 1, CgDy)

(with an [a], determined for a concentration
of 10 mg/ml and at ambient température).

It has also been found, which constitutes



and, a transition metal which are characterized in that the |igand
corresponds to one of the followi ng fornulae: [err] Mention nay be nmade, as
exanpl es of 15 transition nmetals capable of formi ng conplexes, of in
particular netals such as rhodi um rutheni rhenium iridium cobalt,

ni ckel ; platinumor palladium Rhodiunj'ruf eniumand iridiumare preferred.

anong the abovegggt)oneg AELALSes20he prosont 1nPBSELLRC EXREPLES OL,the

"said conpl exes © presSen ron are girven'herern

2 Shout, 1 PRty sy, ABeL06 pobdobghTbdcas RELILARICESNLS Abotre
cOMpl eXes. can DEGERPEESARLEY DymbDExLR! LOWIATPEOLEUUARS LRERLybRS! BErsal d.

formul ae: - represents, 1n the fornula e di phosphi ne of

fornula (la) anghei AsiiifletPi8VhPdtEgenation(bEby, gtifisdtibaepai ne of
formula (Ib), - Mrepresents rhodiumor iridium - Y represents an anionic
coordinating |igafboxylicrapiaseand/erndericativeand. -
The optically aétive diphosphines of formula
(Ia) or (Ib) are used as ligands in the formation of
complexes with transition metals.
A subject of the invention is therefore new
10 complexes comprising an optically active diphosphine
and a transition metal which are characterized in-that

the ligand corresponds to one of the following

formulae:

Ph

Ph (8.8)-(+)-(la)

Ph

Ph (RR)-(-)- (Ib)

Mention may be made, as examples of
15 transition metals capable of forming complexes, of in
-particular metals such as rhodium, ruthenium, rhenium,
iridium, cobalé, nickel,.platinum or palladium.
Rhodium, ruthenium and iridium are preferred
among the abovementioned metals.

20 ' Specific examples of the said complexes of



The preferred rhodi umor iridiumconplexes 15 correspond to the fornul a
(1ta) or (Ilb) in which: - L represents an olefin having from2 to 12
carbon atons ‘and two L |igands can be joined to one another in order to
forma linear or cyclic polyunsaturated h grocarbon chain; L pref erably 20
representing 1,5-cyclooct adi ene norborna% ene or ethylene, Y represents

5 L R PR A b o

‘radical, or a ¥y te or phenOX| de anion in which the benzene
ring can be sug's?&t utﬁgjelg% over al kyl radicals and/or 5 hal ogen

atoms. The term | ower al byl thadisadls fornt@R,al (BYp)ndepeboadtsotABAN A
| i near or branched al kyl radical having from 1 to 4 carbon atons. O her

i ridium conpl eag_E, ghla_gerggrmmﬂd pra)0 dehgxbgr.nul ae: [err] in the said
formul ae (P*P), Y having the neanings given for the fornmulae (11a)

and (11b). 515 Twmmmmmmnwey

represented by the follow1ng formulae:

ML(PPNY (&)

M La(P*PY (i)

in the said formulae:
- (P'P) represents, in the formula (IIe), the
_ diphosphine of formula (Ia) and,'in the formula
10 (IIb), the diphosphine of formula (Ib), |
- M repreeents rhodium or iridium,
- Y represents an anionic coordinating ligand,
- L represents a neutral ligand.
The preferred rhodium or iridium complexes
15 corresﬁond to the formula (IXIa) or (IIb) in which:
- L represents an olefin having from 2 to 12
carbon atomsland two L ligands can be joined to
one another in.order to forﬁ a linear or cyciic
polyunsaturated hydrocarbon chain; L preferably
20 representing 1,5-cyclooctadiene, norbornadiene or
_ ethylene,
- ¥ represents a PF,-, PCl,, BF,", BCl,, SbF,,
sbCl,", BPh,”, ClO,”, CN or CF,S0,” anion, halogen,

preferably Cl° or Br', a 1,3-diketonate,



preferentially correspond to the following fornmulae: [err] in the said
a

;
f-ormul ae: 20 - (P*P) represents, in the fornula (1Va), the
di phosphine of formula (la) and, in the fornula (1Vb), the di phosphi ne of
formula (Ib), - [err] and [err], which are,jdentical or different,
preferably represent a [err] 25 [er+% or [err] anion, a halogen

atom nore particul ﬂ%f3%$§+¥ﬁlg£eb5 Q%Qf°t?ﬁ%f° ?éﬁxigEgoéﬁL Le ani on,

preferentially aceta or oace |un1conp exes

capabl e of being Useﬂitﬂ LhgoRepCaER %i’fréafch VeQL'Q”g@Q?{rQEQQBQ QaEQe 5

fornmul ae hereinbelow [err] 1nthe s or mu represent i n
the fornula (1Vc), tge _'éﬂenox:.de &hPERSPAI wRich tREeNBeAzE&ha) rifg chﬁ the

formula (1Vd), the.di phosphine of formula (Ib), - Ar represents benzene,
‘p- et hyl i sopr opyl berBgngubstieuestt byl Dewsenglkyl| eadicakpr aaaybg a hal ogen
atom preferably chlorine 15 or bromne, - [err] represents an :

ani on, pref®rably a h&logen atoms.

The term lower alkyl radicals is éenerélly
understood to mean a linear or branched alkyl radical
having from 1 to 4 carbon atoms.

Other iridium complexes can be represented by

10 the formulae: .

[IXL(P'P)]1Y (IIIa)

[IrL(P'P]Y (IIIb)
in the said formulae (P°P), L and Y having the meanings
given for the formulae (IIa) and (IIb).
15 As regards the ruthenium complexes, they
preferentially correspond to the following formulae:

[RuY,Y,(P'P)] (IVa)

[RuY,Y,(P'P)] (IVb)
_ in the said formulae:

20 - (P'P) represents, in the formula (IVa), the
diphosphine of formula (Ia) and, in the formula.
(IVb), the diphosphine of formula (Ib),
- Y, and Y,, which are identical or different,.

" preferably represent a PF,”, PCl,”, BF,”, BCl,,
25 - - 8bF,", 8bCl,", BPh,~, Cl0,” or .CF,80," anion, a halogen

atom, more particularly chlorine or bromine, or a



[erd] & or [err] anion. It is also possible to use conpl exes based on 20
pal | adi um and on platinumin the process of the invention. Mention may be
nmade, as nore specific exanples of the said conplexes, of, inter alia,

PdC 2(P*P) and Ptd 2(P*P) in which .(P*P) rggreSents t he 25 di phosphi ne of
formula (1a) or (I'b). The conpl exes conprisSrng the abovenenti oned

di phosphi ne and t he E£g§§k&%g?ﬁg§%g%ncaprgﬁegégggﬁzgypacégaggcQEding to the

known processes descri efature. reparation of the

rut heni um conpl exes, V.Lh particular be made to the 5
publication by J.-P.té§%§?8F§§?§§¥E%Qanics Acta, 1, No. 1, pp. 1-8 (1994)]

and, for the other conpl eygfert Puthendid b &Exﬁ%hbﬂgﬁbﬁe azdpeabgrn J. A
[ Journal of the American Chem cal Society, 95, pp. 2397 (1971)]. They can

be prepared in paedi g4l Bhebprdlesscat! the 2hvehtidnpiospespond’ tbothe a
(la) or (Ib) with the transition nmetal conpound in a suitable organic
solvent. ThB refiofrmalaeshezeinbdlow: at a tenperature of between anbi ent
tenperature (from15 to 25[err]) and _

: [RuY,Ar (P°P)Y,] (IVe)

[RuYAr (P'P)Y,] (IVA)
in the said formulae:
- (P'P) represents, in the formula (IVc), the
10 diphosphine of formula (Ia) and, in the formula
(IVd) , thg diphosphine of férmula (Ib),
- Ar represénts benzene, p-methylisopropylbenzene
or hexamethylbenzene,
- Y, represents a halogen atom, preferably chlorine
15 or bromine,
- Y, represents an anion, preferably a PF,, PCl, ,
BF,”, BCl,”, SbF,", SbCl,”, BPh,”, Cl0,” or CF,S0,
anion. |
It is also possible to use complexes based on
20 'palladium and on platinum in the proéess of the
invention. |
Mention may be made, as more specific
examples of the said complexes, §f, inter alia,
PACL, (P'P) and PtCl,(P'P) in which (P'P) represents the
25 diphosphine of formﬁla (Ia).or (Ib).
' The cqmplexes:éomprising the abovementioned

diphosphine and the transition metal can be prepared



15 ; the reflux tenperature of the reaction solvent. Mention may be nade,
as exanpl es of organic solvents, of, inter alia, hal ogenated or non-

hal ogenat ed al i phatic hydrocarbons and nore particul arly hexane, heptane,

| sooct ane, decane, 20 benzene, tol uene, t hyl ene chloride or chloroform
solvents of ether or acetone type and in particul ar diethyl ether, -

t et rahydr of uran eLon [ hyl et hyl tone; .or s n al cohol
type, preferabl?cgefﬁgﬁglggrgg%héﬁgrg §§0525ges descr$hésn%§aﬁkgonplexes
according to thfi&g¥§F#L8?’ recovered according to conventional techniques
(filtration or crystallization), are used in reactions for the asymmetric
hydr ogenation of 16 supstr gheSpreparhtedn8ECLhBCAtheARIGMNEr Obj ect of
‘the present invention is to provide a process for the preparation of an
optically activeosplbesl i ederdnadimay 84’ pudativalavhbehmagecessthe is
characterized in that an [err]-unsaturated carboxylic acid and/or its
derivativessi s/ publaasgienr bgall yPhydengendhedosnorganiessaeta,oft ,an

ef fective amount of a nmetal conplex conprising, as ligand, the optically
active di phosphNae df ppinll8 (LaP4di ahl) find shéOotheracempilexespt &b. The

[err]-unsaturated carboxylic acid and/or
the article by Schrock R. and Osborn J.A. [Journal of

the Amerigan Chemical Society, 93, pp. 2397 (1571)1}.

_ They can be prepared in parﬁicular by

10. reaction of the diphosphine of formula (Ia) or (Ib)
with the transition metal compound in a suitable
organic solvent.

The reaction is carried out at a temperature
of between ambient temperature (from 15 to 25°C) and

15 the reflux temperature of the reaction soivent.

Mention may be made, as examples of organic
solvents, of, inter alia, halogenated or non-
halogenated aliphatic hydrocarbons and more
particularly hexane, heptane, isococtane, decane,

20 benzene, toluene, methylene chloride or chloroform;
solvents of ether or acetone type and in particular
diethyl ether, tetrahydrofuran, acetoné or methyl éthyl
ketone; or solvents of alcohol type, preferably
methanol or ethanol.

25 The metai complexes according to the
invention, recovered according to conventional
techniques (filtration or crystallizatioﬁ). are used in

‘reactions for the asymmetric hydrogenation of



Its, deri,vatives corresponds nore particularly to the formula (V): [err] in
the said formula (V): 15 .[err] and [err] represent a hydrogen atom or
~ahy hydrocarbon group, |nsof ar ds: if [err] is other than R2 and ot her than
—a hydrogen atom then R3 can be any functgﬁﬂ or hydrocarbon group denoted
by R 20 if [err] or [err] repre ts a hydrogen atomand.if [err]

I's other than t@gn R3 és gt%lr than grogen at om and ot her than
- -COOR4, if [err?u?% TR | Bt Leht s any functional or

| hydr ocar bon group denote r oand
~other than [err] - it be?ﬁg %%%él%ﬁ%é$€p°%n%&%f ??QT ﬂf6 gf?% groups
~to represent a fuieidon@lpLEosds £0F tRéE D rp?ai»&éi&nréf“&ﬁ'épti\@éﬁ‘yare

i dentical or dlfferent represent an opti-onally substit'uted

hydr ocarbon r acu&@iv@aaaﬂgoiym ladDd 28n& 6P Odle PL PaBi V) ChL£ER dekisnear
or branched, saturated or unsaturated, acyclic aliphatic radical; a

nmonocyclic ®r phs Yélysracterbied aizedthwasahwapaﬁhﬁtﬁsﬁadlearﬁexylic
het erocyclic or carbocyclic radical; or a |inear or branched, saturated or
unsat urated, alaghdtamdfewxlittd derivatives is/are asymmetrically

hydrogenated in the presence of an effective amount of

a metal complex comprising, as ligand, the optically

active diphosphine of formula (Ia) or (Ib) and a

10° transition metal.
The «,S-unsaturated carboxylic acid and/or

its derivatives corresponds more particularly to the

formula (V):

R, COOR,

in the said formula (V):
15 - R;, R;, R; and R, represent -a hydrogen atom or any
hydrocarbon group, insofar as:
if R, is other than R, and other ﬁhan a hydrogén
atom, then R; can be any functional or hydrocarbon
group denoted by R,

20 * if R, or R, represents a hydrogen aﬁam and if R,
is other than R,, then R, is otﬁer than a'hydroéén
atom and other than -~COOR,,

- if R, is identical to R,land represents any

functional or hydrocarbon group denoted by R, then



carrying a cyclic substituent. In the general formula (V), [err] to [err],
which are identical or different, "can take various meanings. 15 D fferent
exanpl es are given herei nbel ow but they are in no way limting. Thus, the
[err] to [err] radicals preferentially re esent an aromatic hydrocarbon,
and in particular benzene, radical corresgznding to the general formula 20 -

(V'): [err] inthe gaid forml f
preferably fromO tg 8 °‘i5‘?réq'r%§ént%n'[§$ rbheq"(t)hfeg‘rt h%“gm%v‘é‘ﬁg gr oups

or 18 functi onal grou s: a inear or branch d al kyl radjcal having from
1 to 6 carbon atbﬁsbehﬂﬁfﬁpﬁﬁﬁylPrSﬂF1°PS 2t c&gﬁoﬁlai%méul hIESURE: hyl |

et hyl, propyl, isoprop | sobutyl, sec-butyl or
tert-butyl,. * 5°IFﬁEEPZSPtbPaﬁﬂﬁgaiQPﬁin9F°PBd|cél havi ng f¥on12 to 6

carbon atons, preferably 51 r%\%l 4I C g\ﬁaﬁ- ,f romcfb%% El%e\%ﬂ[éa]gro:al lyl,

* a linear or branched a car bon

SﬁggﬁxyPregeran¥feEgghl Egpéegghgogna58@§0n§ﬂ§9 bRl teq et hoxy,
hydrocarbon radical having from 1 to 20 carbon atoms
which can be a linear or branched, saturated or
unsaturated, acyclic aliphatic radical; a monocyclic or
polycyclic, saturated, unsaturated or aromatic,

10 heterocyclic or carbocyclic radical; or a linear or
branched, saturated or unsaturated, aliphatic radical
carrying a cyclic substituent.

In the general formula (V), R, to R,, which
are identical or different, can take various meanings.

15 Different examples are given hereinbelow but they are .
in no way limiting.

Thus, the R, to R, radicals éreferentially
represent an aromatic hydrocarbon, and in particular
benzene, radiéal corresponding to the general formula

20 (vs):

Q

V)

in the said formula (V/):
- n is an integér from 0 to 5, preferably from 0
to 3;

-Q réprgsen;s R,, one of the following groups or



| sopropoxy and butoxy radicals, * an acyl group having from2 to 6 carbon
atons, * a radical of formula: .15 _ : ' [err] [err]
20 [err] [err] 25 2 in the said fornmulae [err] represents a val ence
bond or a saturated or unsaturated, |inear_qr branched, divalent

hydr ocarbon radical having from1l to 6 carB8n at ons such as, for exarple, .

“met hyl ene, 19 eth*lg < PrGp Jisopropyl ene or isopropylidene; [err]
represents a hydrogen aggﬁfgfﬂagkﬁﬁ'af or branched al kyl radical having

from1l to 6 carbon at.or%;rlimrxo'}y%é{c}&a 2101098 A having £re

. 1
preferably a chlorine, om ne or rine atom - Qrepresents [err]|, one

of the follow ng, nDORR @OPAPon Atcnid,S pde¥ddably from 1 to ) cd¥Kdn - M
is an integer fromO to 5, preferably fromO 10 to 3, [err] having

the nmeani ng givé abowtoms,[ @ich EPRRAMIS RBEFIGNGrdpfL), iscpdapyl ed or
unsaturated, linear or branched, divalent .
5 butyl, isobutyl, sec-butyl or tert-butyl,
a linear or-branched alkenyl radical having from
2 to 6 carbon atoms, preferably from 2 to 4 carbon
atoms, such as vinyl_or allyl,
a linear or branched alkoxy radical having from
10 1 to 6 carbon atoms, preferably from 1 to 4 carbon
atoms, such as methoxy, ethoxy, propoxy,
isopropoxy and butoxy radicals, |
an acyl group having from 2 to 6 carbon atoms,
a radical of formula: |
15 -R,-OH
QRS-coon,
-R,-CHO
-R;-NO,
-R,-CN
20 -R;~ (NR,) ,
-R;~CO- (NR,) ,
-Rs-snl
-Rg-X
-R,-CF,
25 in the said formulae R, represents a valence bond
or a satﬁréted or ﬁnsaturated, linear or branched,
divalent hydrocarbon radical having from 1 to 6

carbon atoms such as, for example, méthylene,



hydrocarbon group having from1 to 6 carbon 15

atons such as,

for exanple, nethylene, ethylene, propylene, isopropylene or isopropylidene

of one of the follow ng groups known as Z: -0-;
or [err] in the said fornulae R7 representag
branched al kyl group having from1 to 6 carton
or ethyl radical

can 20 be |dent|cae| harrleélef'fg %&a%r? ’2

-CO; COO; [err] 20
hydrogen atom or a |inear or
atons, preferably a nethyl

?SI a%’% the Qradicals
I'veé carbon atons of the

benzene ring can be j;q #g%éﬂi;f&&héﬂq g§s@ngﬁt§|h93kggén avoh 8% hhe

- met hyl enedi oxy or ethyl Xy extr

I cal s

Preferably, nis equzallﬂéauo,ozl,bx%ﬁhe% aé.mylg rildiddle mRaeidonedd err]

to [err] radicals, use is very preferentially

made, in the process of the

“invention, of carboxy icarienatemalednamtE \SamBsY iR A Halpden tdwomiener al
formul a (\0 in 10 which [err] to [err] represent an aronatic radi cal

correspondi 5y t o the pyefermabliyoandildrine, baguicie or ElwwripiealatamO, 1, 2

or 3, - Qrepresents one of the follow ng grou

ps or

- Q represents R,’, one of the follow;ng, more

complex radicals:

o Bolm
—_ Rs_g in which:

- m is an integer from 0 to 5, preferably from 0

10 to 3,

R, having the meaning give above,

R¢ represents a valence bond; a saturated or

unsaturated, linear or branched, divalent

hydrocarbon group having from 1 to 6 carbon

15 atoms such as, for example, methylene,

ethylene, propylene,

isopropylene or

isopropylidene or one of the following groups

known as Z:

-0-; -CO-; COO-; -NR,~; -CO-NR,-; -8-; -S0,-

20 or -NR,-CO-;

in the said formulae

R, represents a hydrogen

atom or a linear or branched alkyl group

having from 1 to 6 carbon atoms, preferably a

methyl or ethyl radical.

25 When n is greater than 1, the Q radicals can



functional groups: 15 * a hydrogen atom * a linear or branched
al kyl radi-cal having.froml to 4 carbon atons, * a | i near or branched

al’koxy radical having from1l to 4 carbon atonmns, * a benzoyl
group, * an -CH group, * a -CHO group, * agyierr] group, * an [err] group,
25 -~ * a phenyl radical, * a halogen *. a CF3 group. Mre

f iall |l 1 f h
e Che. & 1 “a.%a g K
o pzan 2t g R G Ui QIR bahf sk RUANE e BdBIROLY Al 02

a benzoyl group or gr oup 'on nmay nor

specifically be y@ds wBs @@n@&% cgs [&d Indthyrddaiadr G s corr espondl ng
to the formula (V), of phenyl, tolyl or xylyl, 1-nethoxyphenyl and

2-ni trophenyl r astis3Alénedichaly RBBEnudLehr EidRdEneDi pheny!
1,1 -isopropylidenebi phenyl, 10 1, 11- car boxybi phenyl , 1,1'-oxybiphenyl
and 5 Preferably, n is equal to 0, 1, 2 or 3.

Among all the abovementioned R, to R,
radicals, use is very preferentially made, iﬁ the
process of the invention, of carboxylic acids or
derivatives corresponding to the general'formula-(V) in

10 which R, to R, represent an aromatic radical
corresponding to the general formula (V’) in which:
- n is equal to 0, 1, 2 or 3,
- Q represénts one of the following groups or
functional groups:
15 - a hydrogen atom,
a linear or branched alkyl radical having from 1
to 4 carbon atoms, |
a linear or branched alkoxy radical having from
1l to 4 carbon atdms,
20 - a benzoyl group,
an -OH group,
- a -CHO group, -
- an NH, group,
- an NO, group,
25 - a phenyl radical,
a halogen atdm,
a CF, group.

More preferentiaily still, the compounds of



1, 1, -i m.nobi phenyl radicals: it being possible for the said radicals to be
"substituted by one or a nunber of Qradicals as defined above. [err]. to
[érr] can al so represent a polycyclic 15 aromatic hydrocarbon radical; it
bei ng possible for the rings to form bet ig t hensel ves, ortho-fused and
~ortho- and peri-fused systens. Mention may re particularly be made of a

oy 1 o i”ioradkf&%#rlfaﬂiaﬁé‘e S?%%Z&%‘y’%t 8 HeCd riisede, w%recﬁ' uted
having the ”ea”h‘i}%sﬁ%ﬂﬁ@aib df:.Q'EEFtrQ S,“Q%te' E“E:griﬁ-e%;ral fic

hydr ocar bon radi cal enera fornu a (V) of

the carboxylic ggigs. ch@iEL! fab2hi) £33 al %% 4eRASHRA! oaa;turaat ed 25

carbocyclic radlc or a carbocyclic radical which conprises 1 or 2

unsaturations i peth® &aa@&él\mwbeﬁ@mab&bu@%rfw t?rguﬁar bon at ons,
preferably 6 carbon atonms, in the ring; it being p055|ble or the 22

said ring tg be substitut sentloh inay5 mofriec spledlilfi ch11y Be hiaidel, madi cal s,
[err] having the nmeani ngs stated above for the substituents of the aromatic

hydr ocar bon r adexamplesgefcRal té oRNndali(ddl)s dorresponding tdertheon may be
made, as preferred exanples of [err] to [err] radicals, of cyclohexyl or
cycl ohexenyl radorauda d¥di;or&l phenydst itodydd oy xyilydar lomethoxyphenyl
and 2-nitrophenyl radicals and biphenyl,
1,1’-methylenebiphenyl, 1,1’-isopropylidenebiphenyl,
10 1,1'—carboxyﬁipheny1, 1,1’ -oxybiphenyl and
1,1’-iminobiphenyl radicals: it being possible for the
said radicals to be substituted by one or a number of Q
radicals as defined above.
R, to R, can also represent a polycyclic
15 aromatic hydrocarbon radical; it being péssible for the
rings to form, between themselves, ortho-fused and
ortho- and peri-fused systems. Mention may more
particularly be made of a naphthalene radical; it being
possible for the said rings to be substituted by 1 to 4
20 R, radicals, preferably 1 to 3 R, radicals, R, having
the meanings stated above for the substituents of the
aromatic hydrocarbon radical of general formula (vs).
In the general férmula (V) of the carboxylic
acids, R, to R, can also represent a saturated
25 carbocyclic radicai or a carbocyclic radical which
comprises 1 or 2 unsaturations.in the ring and which
generally has from 3 to 7 carbon atoms,-preferably's

' carbon atoms, in the.ring; it being possible for the



al kyl radicals having from1l to 4 carbon atons. As nentioned above, [err]
.to [err] can represent a 10 linear or branched, saturated or .unsaturated,
acyclic aliphatic radical. Mré precisely, [err] to [err] represent a

| i near or branched acyclic aliphatic radigal preferably having from1l to 12
carbon -atons which is saturated or which g% conprises one to a nunber of

t ti I n, the, chaj n, L ' |
§2§§| Erﬁg'nﬁé‘?h% nELpa kP pf coarekbkntaared, Lobd, bt pr8Essaliv iy 8" ¢
: rocarbon chai ' I 2220 : el d
t%e fol |l ow ng %’ %g%&@%@ﬁ%ﬂ%ﬁ FhfePFf?lng; s[':gr@ﬁ]ar %?%[R%r rf]m‘i (r)]ntehgf

sai d formul ae EﬂérEHBEEEEﬁén?shMErQﬂenagématic hydroca#b8f) eaddchilnggr or.
branched al kyl group having from1l to 6 carbon atons, preferably a nethyl

cor ethyl radi cgbneratngbgiudaceyryer of one of the follow ng 23 -
substituents: -OH, [err] -CHO J[err] -CN, [err] -SH, -X or [err], [err]
havi ng, insthese fornl agentiénniayi Bg Gaden abopeteferred examples of
- R, to R, radicals, of cyclohexyl or cyclohexenyl '
radicals, optionally substituted by linear or branched
alkyl radicals having from 1 to 4 carbon atoms.
As mentioned above, R, to R, can represent a
10 linear or branched, saturated or unsaturated, acyclic
aliphatic radical. | |
More precisely, R; to R, represent a linear or
branched acyclic aliphatic radical preferably having
from 1 to 12 carbon atoms which is saturated or which
15 comprises one to a number of unsaturations in the
chain, generally 1 to 3 unsaturations, which can be
double bonds, which are simple.or éonjugated, or triple
bonds. - |
The hydrocarbon chain can optionally be:
20 - interrupted by one of the following Z
groups: |
-0-; -CO-; COO-; -NR,-; -CO-NR,-; -8-;
-80,- or -NR,-CO-;
in the saia formulae R, represents a hydrogen
25 atdm or a linear or branched alkyl group'
having from 1 to 6 carbon atoms,.preferably a
methyi or ethyl radiéal,

- and/or a carrier of one of the following'



5. . It is also possible to use a carboxylic acid or derivative of
formula (V) in which [err]. to [erf] represent a |inear or branched, '
Saturated or unsatdurated, acyclic aliphatic radical which can optionally

- carry a cyclic substituent. Ring is undersgtood to nmean a saturated, 10
unsaturated or aromatic heterocyclic or carbocyclic ring. The acyclic- .
al i phatic radical can be J 'ggﬁ% the ring by a val ence bond or by one of
t he abovenentioned Z groﬁ£§ ddhed]l It is possible to envisage, as
‘exanpl es of cyclic substituent.py,CYCoRR |, Phakbs. -RDOTRIME, OISt @igggyclic
substituents, in particular cycloaliphatic substituénts conpri%ing.é car bon
atons in the ring or benzene sy tue@)ls, these cyclic substituents being
20 thensel ves optionally the carriers of 1, 2, 3, 4 or 5 identical or
different [errR,radviags, ihcehksba¥opfulie, "ehel Aganihgt givehouboker. t he
substituents of the aromatic hydrocarbon radical of general formula (V).
Mention may be made, as etan edsy pusEible to adea samdoxylieracid a, t he

benzyl radical. In the general formula (V) of the carboxylic acids, [err]
to R4 can al sooregegiomtive afurfarale (s dinuvhisth Fat SPoBycrépresental
containing in 24 particular 5 or 6 atons in‘the ring, including 1 or 2

a linear or branched, saturated or unsaturated, acyeclic
aliphatic radical which can optionally carry a cyclic
substituent. Ring is understood to mean a saturated,

10 unsaturated or aromatic heterocyclic or carﬁocyclic
ring. |

The acyclic aliphatic radic#l can be joined_
to the ring by a valence bond or by one of the
abovementioned Z groups.

15 It is possible to envisage, as examples of
cyclic substituents, cycloaliphatié, aromatic or
heterocyclic substituents, in particular cycloaliphatic
substituents comprising 6 carbon atoms in the ring or
benzene substituents,.these cyclic substituents being

20 themselves optionally the carriers of 1, 2, 3, 4 or 5
identical or different R, radicals, R, ha\}ing the
meanings stated above for the substituents'of the
aromatic hydrocarbon radical of geﬁeral formula (V’).

Mention may be made, as examples of such

25 .radicals, of, inter alia, the benzyl radical.

In the general formula (V) of the carboxylié
~ acids, R, to R, can also represent a saturated or

unsaturated heterodyclic radical containing in



het er oatons, such as nitrogen, sul phur and oxygen atons; it being possible
for the carbon atons of the heterocycle optionally to be substituted, in.
their 5 entirety or for only a portion of them by [err] radicals, [err]
havi ng the neani ngs stated above for the sypstituents of the aromatic

hydr ocar bon radi cal of general forrmula (V9T [err] to [err] can also.-

represent a pog%g%giéﬁl%g s,ggtgrggg'gifnrgﬂgcggn ef%gggﬁégggeing egther é

radi cal conpos east aromat 1 ¢~ or non-arofm ocycles

cont ai ni ng at Iﬁg@&rgggqggtegggﬁog&igiggg eﬁLnﬁg?ggu%Oéﬂégﬁxgggﬂpen‘them

ortho- or ortho- and peri-fused systens of eit adi nposed of at

15 least one JLoHB}| £tO0belRG pboEIRbLE ByHI eRar 8RBb6LNALaRE 8E kRSt one
aromatic or non-aromati c heterocycle form ng between them ortho- or ortho-

and peri-fused RYE&LEEycle 68t16nALEFI BbebbOsubhLicatbay 2hothedt the said
rings optionally to be substituted, 1n their 20 entirety or for only a

portion of $hemnenbiréty'brrediconly acporthexi 6f thempebpi Rgsradidsls above
for the substituents of the aromatic hydrocarbon radical of general fornmnula

(V'). Mention nRy Hearivaydches memtaimyse sttddrabote faar rfhe& Ssubsjrictipsn tof
het erocyclic type, of, inter alia, furyl, pyrrolyl, thienyl, isoxazolyl,
furazanyl, isotbfatbéyaromatiiazbyd¢rocaybenorgdicpdrofygenpyal dformyla
pyri m di nyl and(gy{?nyl radi cal s and qui nol yl,
R, to R, can also represent a polycyclic
10 heterocyclic radical defined as being either a radical
composed of at least 2 aromatic or non-aromatic
heterocycles containing at least one heteréatom in each
ring and forming between them ortho- or ortho- and
peri-fused systems or either a fadical composed of ét
15 least one aromatic or non-aromatic hydrocarbon ring and
at least one aromatic or nop—aromatic heterocycle
forming between them ortho- or ortho- and peri-fuséd
systems; it being possible for the carbon atoms of the
said fings optionally to be substituted, in their
20 entirety or for only a portion of them, by R, radicals,
R, having the meanings stated above for the substituents
of the aromatic hydrocarbon radical of general férmula.
(vr).
_ Mention may be made, as examples of R, to R,
25 - groups of heterocyclic type, of, inter alia, furyl, _
pyrrolyl, thienfl, is§xaéoly1; furazanyl, isothiazolyl,
imidazolyl, pyrazolyl, pyridyl, pyridazinyl,

pyrimidinyl and pyranyl radicals and quinoiyl,



25.napht hyri di nyl, benzopyranyl, benzofuranyl and indolyl radicals. It is.
-al so possi ble that, anmong the [err] to [err] radicals, one of them
represents a functional group and 5 nention nmay ih particul ar be nade of
functional groups of [err] type in which grr] and [err], which are
identical or different, represent a hydro% n atom a linear or branched

al kyl group havin rom.l tq 12 carbon _atgns, a nvl_..graq . yl
group or an acﬂap&%’w&lﬂé\ﬂyﬁ'g %&nquy&ﬁny 'o’ble?zcll‘}ta}‘ra IBoér? a oalirrlltsa, lgir%ﬁg{labl y an

-acetyl or benzg¥ﬁ. . Mention may be made, as nore specific exanples,
of, inter alia, }%%@%ﬁl-z-butenoic acid.. Afirst class of substrates to

which the 15  process ofty g I Pz iBAlS tiaR],Claaitngthe 3)PLbeR, are

substituted acrylic acids which are precursors of am no aci ds "and/ or

derivatives. Thadi¥alssUlne (off thedt Peprestaitds d Fulttdicial0 Ggricupead al |
conpounds where the fornula 20 derives fromthat of acrylic acid and where

two at nosts Omentd diy Hag0dh ParFicidar &b Madd o ftiudotiiohalardywups ons
are substituted by a hydrocarbon group or by a functional- group. They can
- be synbolized lof NRGRf pltdypeé nin Aéhick IRyrand Rfgf nwhich are identical
or different, represent a hydrogen atom, a linear or
branched alkyl group having from 1 to 12 carbon atoms,
a phenyl group, a benzyl group or an acyl group having
10 froﬁ 2 to 12 carbon atoms, prgfefabl& an acetyl or
béﬁzoyl group.
Mention may be made, as more specific
examples, of, inter alia, 2-methyl-2-butenoic acid.
A first class of substrates to which the
15 process of the invention more preferentially applies
are substituted acrylic acids which are precursors of-
amino acids and/or derivatives.
The term substituted acrylic acids is
understood to mean all compounds where the formula
20 . derives from that of acrylic acid and where two at most.
of the hydrogen atoms carried by the ethylenic carbon
-atoms are substituted by a hydroéarbon group or by a
functional group.
They can be symbolized'by the following

25 chemical formula:



26, [err,] in the said formula (Va): - [err] and [err] which are identical or
different, represent a hydrogen atom. a |inear or branched al kyl group
having from1 to 12 carbon atons, a 5 “phenyl group or an acyl group
"having from2 to 12 carbon atons, preferaBIy an acetyl or benzoyl group, -
- [err] represents a hydrogen atom an al ky group having from1 to 12 carbon
atons, a cycl oal kyl 10 r adi having from 3 .to 8 carbon atons, an
aryIaIkyI radi cal having from6 t Ra oms, an aryl radical having
from6 to 12 carbon atons or a hete lic radical having from4 to 7
carbon atons, 15 - [err] represenys _a hydrogen atomor a linear or
branched al kyl group having from gc>4-cMFEBm . Mention may be nade,
as nore specific exanples of [err] groups, of an alkyl group, such as 20
met hyl , ethyl,. |,§q3{é)r§gla)rfdzmlg Y¢va)a cycl oal kyl group, such as

cycl opentyl or cycl ohexyl; an aromatic group, such as phenyl or naphthyl,

or a heterocyclic grog, aﬁachr§§~dh&¢ﬁ apyrbdontidehzopydsfférenys rol yl,
pyridyl or indolyl. 25 The [err] group is preferentially a

hydr ogen represent a hydrogen atom, a linear or branched

alkyl group having from 1 to 12 carbon atoms, a
5 ' 'phenyl group or an acyl group having from 2 to 12
éarbon atoms, preferably an acetyl or benzoyl
group, |
- R, represents a hydrogen.atom, an alkyl group
having from 1 to 12 carbon atoms, a cycloalkyl
10 radical having from 3 to 8 carbon atoms, an
arylalkyl radical having from 6 to 12 carbon
atoms, an aryl radical having from 6 to 12 carbon
atoms or a heterocyc;ic radical having from 4 to 7
.carbon atoms,
‘15 - R,, represents a hydrogen atom or a linear or
| branched alkyl gfoup ha?ing from 1 to 4 carbon
atoms.
Mention may be made, as more specific
examples of R, groups, of an alkyl.groﬁp,' sﬁch as
20 methyl, ethyl, isopropyl or isobutyl; a cycloalkyl
| group, such as cyclopentyl or cfclohexyl; an aromatic
group, such as phenyl or naphthyl, or a heterocyclié
group, such as furyi, pyraﬁyl, benzopyranyl, pyrrolyl,
) pyridyl or indolyl.

25 : The R,, group. is breferentially a hydrogen



27,atom Mention nmay be made, anong substituted acrylic acids which are

precursors of amno acids, of N-acetyl-a-am no-[err]-phenylacrylic acid,

N-benzoyl -[err]- 5 amino-[err]-phenylacrylic acid, in which the phenyl ring

is optionally substituted by one or a nun%e,r of al kyl, al kyl oxy or hydroxyl
I .

groups, N acetyl-[err]-amno-[err]- indo acrylic acid,

N- benzoyl -[err]-amno-[err]-indolylacrylic acid or

N-acetyl -[err] Al o- [err]-isobutylacrylic acid 10 Mention may
nore particularly be mad [ SosiePeneég. - nethyl
acet am doacryl ate, - ben%%%%? %a% ce a% . '2%1 tam docinnam c acid. 15

The invention %aq{fwlac_efas %iél?'é(ré?i—éé@f&&fé'é(f ARik@rayidg, ost the
hydr ogenati on o aconic acid and/or derivative and nore specifically to

t he .conpounds w&wfﬂniﬁblﬁﬂpﬁ Vﬁl&@rfm a¢Pd] |NibBeh2eybawd fornula
(Vb): 20 err] and [err] ch are identical or different,

represent & hydmpss- Siphlienylacykic cicbd anthewh btk ytherphenphvriggfism 1
to 12 carbon atons, a cycloal kyl radical having from3 to 8 carbon atons,
an aryl al kyl optionally substituted by one or a number of alkyl,
alkyloxy or hydroxyl groups, N-acetyl-a-amino-8-
indolylacrylic acid, N-benzoyl-aramino-ﬁ-indolylacfylic_
acid or N-acetyl-a-amino-g-isobutylacrylic acid.
10 Meﬁ;ion may more particularly be madé of:
- methyl a-acetamidocinnamate,
- methyl acetamidoacrylate,
- benzamidocinnamic acid,
- a-acetamidocinnamic acid.
15 The invention also applies, enﬁirely
satisfactorily, to carrying out the hydrogenation of

itaconic acid and/or derivative and more specifically

to the compounds corresponding to the formﬁla.(Vb):
R,, COORw

Ry CO_OR 0 (vb)

in the said formula (Vb):
20 : -R,, 'and R,,, which are identical or different,
represent a hydrogen atom, a linear or
branched alkyl group.haVing from 1 to 12-
carbon atoms, a cycloalkyl.radical_having

from 3 to 8 carbon atoms, an arylalkyl



28 radie¢al having from6 to 12 carbon atons, an aryl radical having from®6
to 12 carbon atons or a heterocyclic radical having from4 to 7 carbon
atons, 5 ' - [err] and [err] which are identical or different,
represent a hydrogen atomor a |linear or bégnched al kyl group having from1
to 4 carbon atons. The preferred substrateS correspond to the 10 .formula

(Vo) T whioh [err] and [ eLgloathi.ghiace sLdankl €8l 1of gL LERr GBbpe cgpesent

a hydrogen atom or an al kyI' " group havi 1 carpon atons “and [err]

and [err], which are idengggilrgaigg&fﬁgggggngggﬁegegg 32hydepg nggggglor a

met hyl group. 15 _ " Mention may ( as nore speci
exanpl es, of in particul apri hageBefodgblidndadiBRiNKhvihaCcerance toe7

process of the invention applies very particul-arly to the preparation of
aryl propioni c acids 20 BirBydr agensti on of a substrate corresponding to
the formula (Vc): [err] in the said fornula (Vc): [err] represents a
hydrogen atdm or a |i near -oR,haadcR2d,, which are identical or
| differént, represent a hydrogen atom or a
linear or branched alkyl group having from 1
to 4 carbon atoms.
The preferred substrates correspond to the

10 formula (Vb) in which R,; and R,,, which are identical or
different, represent a hydrogen atom or aﬁ alkyl group
having from 1 to 4 carbon atoms and R,, and R’,,, which
are identical or different, represent a hydrogen atom
or a methyl group.

15 Mention may be made, as more specific
examples, of-in particular iﬁaconic acid and dimethyl
itaconate.

The process of the invention applies very
particularly to the preparation of arylpropionic acids

20 by hydrogenation of a substrate corresponding to the

formula (Ve):

i COOR,,
H R13 (Vc)

in the said formula (Ve):

- Ry, represents a hydrogen atom or a linear or branched



29 al kyk gkoup having from1l to 4 carbon atons, - R13 represents a phenyl
or naphthyl group;, optionally carrying a substituent or a nunber of

substituents R-- R can represent [err] one of the follow ng groups: 5
- a linear or branched al kyl or alkenyl group having from1l to 12 carbon
~atons, preferably a linear or branched al group having from1l to 4-.

b o) h | ' 0 .
from1 to 12 catHerd (§BbuB nIL PG BHGA. £PKE 4 UELBE aBInEY iy group
having from1 to 4 cg%gggsghggsa BPnging rn%%h?%§ﬁcB@Qu§QYBB{§85%g;

having from 2 to 8%carbon atons, ferably _
group, --a |'neé&r?fiﬂéaﬂcgegsefﬁﬁéﬁkd8r950?9m9§¥'Bﬁ EtBBtithands gfarbon

atons, preferably an acetam do group, - an [err] group, 20 - R can
represent [err] one ofRrtégnfpbpoebet RS OrdGE hd FlEowindg 'Frtiups :
formula [err] in which: - [err]| represents a valence bond; a saturated or

5  unsaturated, al 1ira@arodrbbranbRédd dikplestr alkenyl group

having from 1 £§ 12 carbon atoms, preferably
a linear or branched alkyl group having from
1l to 4 carbon atoms,
- a linear or branched alkoxy group having

10 from 1 to 12 carbon atoms, prefer#bly a
linear or branched alkoxy group having fram 1
to 4 carbon atams)
- a linear or branched acyloxy group having
from 2 to 8 carbon atoms, preferably an

15 acetoxy group,
- a linear or branched acylamido group having
from 1 to 8 carbon atoms, preferably an
acetamido group,
- an NO, group,

20 - R can represent R,/, one.of the following, more

complex groups:

- a group of formula

R
e

in which:
~- R, represents a valence bond; a-saturated or

25 : ‘unsaturated, linear or branched, divalent



30 hydrocarbon group having from1 to 6 carbon atons such as, for exanple,
net hyl ene, et hyl ene, propyl ene, .i sopropyl ene or. i sopropylidene or one of .
the followi ng groups 5 knowmn as Z: -0-; -CO; COO; [err] '-S-;
[err] or [err] in the said formulae [err] ﬁpresents a hydrogen atomor a
l'inear or branched al kyl group-having fron to 6 carbon atons

i h th W |
Vent1 oh may be made, as o p¥arteacbel Groub raihe Bl ahen%a> BB oni ¢

acid (Ketoprofen[err]), 1 e ngut;gl @ph%yhﬁi
(Il buprofen[err]) or 2-(5- %goﬁ%xynaphthyl)proplonlc aci proxen[err])
- The selective asymmetric Il @3t bRl enlel i%lc?: el @ 1S carried

~out by using, as catalysts, he netal conpl exes of the invention containing
the 20 opticall'y active igopieppilidens @i dnedlofyae dollowilgn gricpsor
(I'b). When the diphosphine-transition netal .conpl exes of the invention are
used as cat gl ysts for theknowsimaisr Ze hydrogenati on of unsaturated
carboxylic 25 acids, the desired-product can be obtained with a high
optical vyield. -0-; ~CO-; COO-; -NR,; -CO-NR,-; -8-; -8S0,- or

-NR,-CO-;
in the said formulae R, represents a hydrogén atom
or a linear or branched alkyl group having from 1
10 to 6 carbon atoms,
- R, having the meaning given above,
-m is an integer from 0 to 4.
" Mention may be made, as speéific examples, of -
2- (3-benzoylphenyl)propionic acid (Ketoprofen®), |
15 2- (4-isobutylphenyl)propionic acid (Ibuprofen®) or
2- (5-methoxynaphthyl)propionic acid (Naproxené).

The selective asymmetric hydrogenation of the
said substrates is carried out by using, as catalysts,
the meﬁal complexes of the invention containing the

- 20 optically active diphosphine ligands of general formula
(Ia) or (Ib).

When the aiphosphine-ﬁransition metal
complexes of thé invention are used as catalysts for
the asymmétric hydrogenation of unsaturated carboxylic

25 - acids, the desired product can be obtained with a high
optical yield. -

By choosing'oné of the optical isomers of the

diphosphine having a (+) or (-) optical rotation and by



By choosing one of the optical isonmers of the di phosphine having a (+) or
(-) optical rotation and by =~ 31 using a di phosphine-transition netal
conpl ex conprising the chosen isomer, the unsaturated carboxylic acid is
hydr ogenated to a conpound havi ng the desired absolute configuration with a
hi gh optical yield. 5 The hydragenation I's generally carried

out at a tenperature of .hetwee C The essure can be

b 0.1 hnd 28885, 3, AARhSRERiRs-TRanbl Hion pasal SRR FoRBrEsIRY 1

B bhocni el (T aga Lo g 4 o el 1he
'@i cﬂBsgﬁ iso&%gépl ﬁ:ﬁt % LQw]z%%%‘& %%ﬁg&%%% c?td

nunber of atons o ta resen X 1o 1 es of

the conpound tohparb,g,@;,g%aatt%d '%O%E,w?,an hQ-& EHe %Qé.reywabsolute

hydrogenation procesS I's preferably I'np enented i n an organic solvent. Any

solvent is usedeohZigur@t3en| ¥Withs al h,_bg Rle@1upd@nd.he reaction
conditions. A polar organic solvent is preferably used and nore

particularlg the follow ngheohyditbgenatilonpPis! igeneind/19aldapiididd cuit at
aromatic 20 ethers and, nore particularly, diethyl ether, dipropyl ether,

di i sopropyl ether;edpbuhyhretbtrbemnbbﬂ ZMeahd.ummyb.ether, di -tert-butyl
et her, ethylene glycol dinethyl ether or the dinethyl ether of diethylene
. The hydrogen pressure can be between 0.1 and
200 bar and more preferentially between 1 and 150 bar.
The diphosphine/transition metal complex is
10 used so that the ratio of the number of atoms of metal
present in the complex to the number of moles of the
compound to be hydrogenated is between 0.1 and 0.000l.
The hydrogenation process is preferably
implemented in an organic solvent. Any solvent is used,
15 in so far as it is stable under the reaction
conditions.
A polar organic solvent is preferably used
and more particularly the following solvents:
-.aliphatic, cycloaliphatic or aromatic
20 ethers and, more particularly, diethyl ether, dipropyl
ether, diisopropyl ether, dibutyl ether, methyl tert-
butyl ether, di-tert-butyl ether, ethylene glycol
dimethyl ether or the dimethyl ether of diethylene
glycol; diphenyl ether, dibenzyl ether, anisole,
25 phenetole, 1,4-dimethoxybenzene or veratrole; or 1;4-
‘dioxane or tetrahydrofuran (THF),
- mono- or polyhydroxylated alcohols and more

particularly aliphatic monoalcohols such as methanol,



gl ycol ;. di phenyl ether, dibenzyl ether, anisole, 25 phenet ol e,
1, 4-di net hoxybenzene. or veratrole; or 1,4- dioxane or tetrahydrofuran

(THF), - nono- or pol yhydroxyl ated al cohols and nore particularly aliphatic
nonoal cohol s such as net hanol , 32 etha)%g!n propanol , butanol,
"sec-butanol, tert-butanol, pentanol or ol ; allphatlc di al cohol s such -

as ethylene gl ygal.. di ethvlsne, ol y6al..on Propyhens aly /0 dr Oluuranc,

cycl oal i phatic 's ¥su as cyc open ano exano
-al i phatic keto é&ﬁh 6, Tl tpﬂa Y1 L P st tdy! ketone, -
al i phatic este such as 1n partlcular é?#lébetate, yl" acetate or

propyl acet atee lene glycol, H!?eﬂﬂf!‘&fé 'FUyc¥L Pr tﬂ}?olﬁ}w:}l %%td‘ll he

organi ¢ solvent a vantageously varies between 0.01 and er the

formation of thar RYAIGAIFHLE HTMchols AR s WRAbetdnsPid®nal |y be
added. 15 Thi s basic conpound can be an al kali netal base, such

as sodium @& payesloheransl,oxi de, or else a primary, secondary or tertiary
am ne and nore particularly pyridine, piperidine or triethylam ne and
preferably triethyl am ne.- Zliphatic ketonlés sunhirds Eediawee adusthyk such
that the ethyl ketone or diethyl ketone,
| - aliphatic esters such as in particular
methyl acetate, ethyl acetate or propyl aéetate.

‘10 ‘The concentratién of the substrate in the
organic solvent advantageously varies between 0.01 and
1 mol/l.

After thg formation of the hydrogenation
.complex, a basic compound can optionally be added.

15 This basic compound can be an alkali metal

base, such as sodium or pqtassium hydroxide, or else a

' priﬁary, secondary ér tertiary amine and more
particularly pyridine, piperidine or triethylamine and
preferably triethylamiﬁe. :

20 The amount of base added is such that the
ratio of the number of moles of base to the number of
metal atom present in the diphosphine/ﬁransition metal
complex is between 0 and 25 and preferably between 0
and 12. |

25 A preferential embodiment of the process df
the invention is giﬁen hereinbelow;

The said procéSs.is implemented in an

autoclave which is purged uéing an inert gas,



rati o of. the nunber of noles of base to the nunber of netal atom present in

t he .di phosphine/transition netal

conplex is between 0 and 25 and preferably

between 0 and 12. 25 A preferential enbodi nent of the process
of the invention is given hereinbel ow. The gald process is inplenented in
an autocl ave which is purged using an i ner? gas, 33 preferably nitrogen

Charging is pref
organic sol vent®

. sol vent .

- hydrogenati on  8f conpl ete

5

d out of,the.substrate ut.Lon

the s@%t\%ﬁ%&ogﬁe higi:ﬁ%aiﬁdtﬂ& B¥ 8%9%8” soI}i}‘é

rogen pressure ones St

bERESrARTT h1ERoSHY, SEnRRG RSN, BrEsplably °ﬁrfﬁsﬁo?a§n. c

he

- hydrogenati on pEﬂSﬁséfaEﬁQrQhﬂﬂl&QtthﬁlhBVﬁﬁtbQﬂu%Ebﬁ“@naﬁﬁﬁsSrng&E hi gh
excesses, to dif ferent enantiomers of many derivatives.

The f-ol l'owi ng eyatpbag. given without inplied limtation, illustrate the
I nvention. An inplenentational exanple of the present invention is
gi ven herei gbel ow by way whei hivgbgehi 4B, réplacedt bguhydiryglenni ti ng nat ure.

enanti oneric 10

pr esent

Exanple 1 relates to the preparation of the new optically active (S,S)-

and

10

15

20

25

The hydrogenation is completed when the
hydrogen pressure becomes stable.
The hydrogenation process according to the

invention allows access, with high enantiomeric

(+)-

excesses, to different enantiomers of many derivatives. -

The following examples, given without implied

limitation, illustrate the present invention.

‘An implementational example of the present
invention is given hereinbelow by way of illustration,
without any limiting nature. |

Example 1 relates to the preparation of the
new opﬁically active (8,8)-(+)- and
(R,R)-(-)-bis[l-phospha-2,3-diphenyl-
4{5-dimethylnorbornadiene] diphosphines.

In Examples 2 to 4, the synthesis of the
catalysts used in hydrogenation is described.

Examples 5 to 13 correspond to the
applicational examples.

EXAMPLES

Example 1:

Phogpholyllithium: (IXII)
11.3 g (0.06 mol) of 1-phenyl-

'3,4-dimethylphosphole, 0.8 g of lithium metal and



(R R -(-)-bis[1-phospha-2, 3-di phenyl - 4, 5-di met hyl nor bor nadi ene]

di phosphi nes. 20 o In Exanmples 2 to 4, the synthesis of the
catal ysts ‘used i n hydrogenation is described. Exanples 5 to 13 correspond
to the applicational exanples. EXAMPLES 25 Exanpl e 1: Phosphol yllithium
(I'11) 11.3 g (0.06 nol) of 1-phenyl- 3, 4-dPffet hyl phosphole, 0.8 g of

“lithiumnetal a 34.1QQ m,.qf distilled tetrahydrofuyran are i,nt.r oduced
o aoto o cBaamaoptonagtitded trkrahRrotuAr Sl tui eRiged inte o
2 hours in a colLd t ;Fi : The sol uti on becones brown. The

appear ance of t ezp oggh%?y f?ﬁf&ﬁpfg ﬁ%ﬁf&ﬁred by [err] NVR [err] NWMR =

[err] (THF) = 55.8 ppm In %dgﬁ gf%{QQTEQQ’EQSDMBBQEh?#?ER%Eé‘g of 10

al um ni um chl ori de are adde e mxture IS to react for

30 minutes at Opepbhrslih aBesiosakerebathy) 6 g (0.025 nol) of diiodine,
in solution in '

5 - The solution becomes brown.
The appearance of the phospholyllithium is
monitored by 3P NMR.
P NMR = 6(THF) = 55.8 ppm.
In order to trap the phenyllithium, 2.7 g of
10; aluminium chloride are added at 0°C.
The mixture is allowed to react for
30 minutes at 0°C.
1,1’-Bisphosphole: (IV)
6 g (0.025 mol) of diiodine, in solution in-

15 25 ml of tetrahydrofuran, are added dropwise at ambient
temperature to the above mixture.

When.SO% of this soluﬁioﬁ is introduced, the
disappearance of (III) is confirmed by P NMR.
p NMR = §(THF) = -22.4 ppm.

20 The 1,1’-bisphosphole (IV) is extracted under
nitrogen from the mixture using hexane. | '
Bis[l-phospha-2,3-diphenyl-4,5-dimethylnorbornadiene]:
(I m) and (I 1)

The above solution is evaporated to dryness,

25 with air exclﬁded and brought to 140°C. -

8 g of diphenylacetylene are then.introduced
and the reaction'mixtufe is allowed to react for 15 to

20 minutes.



15 . 25.m of tetrahydrofuran are added dropwi se at anbient tenperature to
t he above mi xture. \WWen 90% of this solution is introduced, the
dirsappearance of- (111) is confirmed by [err] NVR [err] NVR = [err] (THF) =
-22.4 ppm 20 The 1,1' - bi sphosggol e (I1V) is extracted under
‘nitrogen fromthe mxture using hexane.

" Bi s[ 1- phospha- 2. 3- di pheny I_net h Inorborn ne and -fhe'
above solution is evaporab@ﬁ ?1839ﬁ%? 3ﬁkﬁ k é?@gh 5%5 ought

‘to 140[err]. 8 ohﬂjﬁygwwlacetylene are thenlrnroduced and the reaction

“mxture is allomga to react for 15 to 20 m nutes. 35 The di sappear ance
of (1V) i-s again.nonitoreg lg,ys%,grtg.u% prox- g‘trolfmzlg(ﬁ%rmged of 2
singlets corresponding to hh 5 |astere0|soners * The

product is extraekedspohdiagheo ahe Wﬂa@t&é&ﬁ%@ﬁner@e or gani ¢_phases

are conbi ned and then evaporated to dryness. The residue is then purified
by 10 chregnat ography onTheS iprioducto igmexiteadited wiithh dthexnand renove

t he excess di phenyl acetyl ene and then with a
washed with water.
The organic phases are combined and then
evaporated to dryness.
The residue is then purified by
10 chromatography.on a silica column (elution with hexane
to remove the excess diphenylacetylene and then with a
hexane/dichloromethane: 80/20 by volume mixture).
The overall yield is 30%.
Complex of Palladium(IT) with (I m) and (T r): (VI m)
15 and (VI r)
5g (8.25 mmol) of (I m) and of (I r) are
introduced into a 500 ml round-bottomed flask and are
dissolved in 200 ml of dichloromethane.
3 g (8.25 mmol) of PACL,(PhCN), in 100 ml of
20 dichloromethane are then added dropwise.
The reaction, carried out under argon, is
'immediate. | |
The solution is evaporated to dryness and the
residue is subjected to chromatography on silica in
25 order to separ;te the two diastereoisomers.
| Elution is carried out using dichloromethane
in order to remove the impurities, then with a mixture

of dichloromethane and ethyl acetate: 95/5 by volume in



hexanel.di chl or onet hane: 80/20 by volunme m xture). The overall yield is 30%
Conpl ex of Palladiun(ll) with (I m and (I r): (VI m 15 -~and (M r) 59
(8.25 mmol) of (I m and of (I r) are introduced into a-500 n '
round- bottoned flask and are dissolved in_200 m of dichloronethane. 3 g
(8.25 muol) of [err] in 100 mM of 20 di @Rl or omet hane are’ then added

dropwi se. The ro%%%tri Y & §%(rijatq% Uile ili%%%aq{eg d Iftg'é{(?rqi%dlc e The sol uti 6n

is evaporated t0 dryness e Tesidue 1s subjec romat ogr aphy on

silicain 25 rea|r I eateg(} I ASt 'gg,m%; . s u
carried out usid(%ﬁq’gfélr? c???)%glt aﬁ:éyiin or eér%éta:o SI@(;,‘/%S’VE t.hgaiurfl}l?uﬁli’f%s%ét hen
with a mxture jof Jidel P FRda At Athee o acetate: 95/5 by volume in

36 order to separate the racémate and finally with a dichl oronet hane/ et hyl
acetate: 80/20 by vol ume3¥p WM & i8)(CH,42L) {2 SEparphe thRifeB0isbmer] NWVR =
[err] = 81.9 ppm- mnor isoner 5 corresponding to the racemate. [err] NWR

= [err] =5388. kbotiti@spotiditlg it0the axaicenmtedi ng to the neso.
Deconpl exation of (VI r) : _ _
3p NMR = &§(CH,C1l,) = 88.1 ppm - major isomer

cofresponding to the meso.

Decomplexation of (VI r)

1.5 g (0.002 mol) of racemic (VI r) and 20 ml

10 of dichloromethane are introduced into a 100 ml round-

bottomed flask.

0.5 g of sodium cyanide and a feﬁ miliilitres
of water (3 ml) are then added.-

The mixture is stirred vigorously under afgon

15 for 10 to 15 minutes.

The bis[l-phospha-2,3-diphenyl-4,5-
diﬁethylnorbornadiene] (I r) is then extracted with
dichloromethane. |

| The ofganic phase is washed with water and
20 then dried over sodium sulphate.

Pure (I r) is thus recovered.

The over#ll yield of-ﬁhe separation oflfhe
diastereoisomers is 90%.

The characterization of the racemic mixture’

25 (Ir) is as follows:
ip NMﬁ = 6(cbc13) = -13.2 ppm.
‘H NMR = 6(CDCl,) = 1.31 (=, 6H, CH,), 1.69



1.5.9 (0.002 nol) of racemc (VI r) and 20 M 10 of dichl oronmethane are
t ntroduced into a 100 m round- bottoned flask. 0.5 g of sodi um ¢yani de and
a‘fewnillilitres of water (3 m) are then added. The mixture is stirred

vi gorously under argon 15 for 10 to 15 minutes. The

bi s[ | - phospha- 2, 3- di phenyl - 4, 5- di net hyl noBBornadi ene] (I r) is then _
extracted with dichl oronethane. The organic phase_is washed with water and

20 then dried over sodi 8mB&aipRat ™. pg P8 PhepYls PERESPEAcover ed. The

~overall yield of,the separa Lon,of dias&ereoisoners is 90% The
C. i C ex.:

characteri zati off* r) is as follows: [err] =

)
rr] =-13.2 m H NWR z.kherr] .7 L 31 , GH Lerrl), ,1. S a Lerr]),
L0502 20 (m 4H G bri 38@)?‘9] (3,5 Hhgady o3 ﬁ]e% H,&p%iny ap??t%%.

" Bi nucl ear pallagb?gg 1?ogglq4a_agg qgr?gf?ﬁq%ﬁg%%ggﬁ??gﬁgkir&hghl and 300

ng (0.5 mol) o -di - | orobi s -lerr

err]-c

phenyl et hyl gm nghéfyibeéhpdbnddieUst!, v} d2pa11 24 A%(§eY are introduced

under nitrogen into 12 ml of benzene.

Complexation is rapid and monitored by 3P

The brown solution is evaporated to dryness
10 and Ehe residue chromatographed in order to separate
tﬁe two diastereoisomers (toluene/ethyl acetate:80/20
by volume elution).
The two pure isolated enantiomers are thus
recovered in the form of two diastereoisomer complexes

15  of formula:

and



under nitrogen into 12 m of benzene. Conplexation is rapid and nonitored
by [err] The brown solution is evaporated to dryness 10 and the residue
chromat ographed in order to separate the two di ast ereoi soners
(toluene/ethyl - acetate: 80/ 20 by vol une el gtsi on). The two pure isol ated
“enantioners are thus recovered in the formof two diastereoi sonmer conpl exes
15 of fornmula: [err] and 38 [err] These enantioners are recovered pure
by deconpl exing as for (VI r). The di phosphifes of fornmula (la) and (Ib)
‘respectively are identified as fophowss Ph [err] NWVR = [err] =
-13.2 ppm [[err]] =+ 231[err] (c [err] NVR = [err] = -13.2
ppm [[err]] = - 198 [err] (c = 1, ifll an [[err]] determined for a
concentration 10 of 10 ng/ M an&hat Rinbi enP "t eifferat ure). Exanple 2: In
this exanple, the preparation of a cofipex gf};é)rrrula [Rh(COD) (P*P)][err],

g

in which COD represents Pd_ /"
»a
n,

These enantiomers are recovered pure by
decomplexing as for (VI r). -

The diphosphineé of forﬁula (Ia) and (Ib).
respectively are identified as follows:

5(cpcl,) = -13.2 ppm; [al,

5 *p NMR = = + 231°
(¢ = 1, CDD).
p NMR = 6(CDC1,) = -13.2 ppm; [al, = - 198°
(¢ = |

1, C.Dy)
. (with an [o], de_termined for a concentration
10 of iO mg/ml and at ambient temperature). |
Example 2:
| .In this exaxﬁple, the preparation of a complex
of formula [Rh*(COD) (P'P)]PF,", in which COD represents
1,5-cyclooctadiene and (P'P) represents the diphosphine
15 of formula (Ib), is described. |
11.6 mg of Rh(COD),PF; are dissollved, under
argon, in 3 ml of acetone in a 1'0 ml Schlenk flask.
A solution of 7.5 mg of the said diphosphine
in acetone is then'édded_dfopwise, .8till under an inert
20 gas. |

After stirring for a few minutes, the



1, 5-cycld ooct adi ene and (P*P) represents the di phosphine 15 of formula

- (I'b), is described. 11.6 ng of [err] are dissolved, under argon, in 3 m of
- acetone in a 10 mM Schlenk flask. A solution of 7.5 ng of the said

" di phosphine in acetone is then added dropvg e, still under an inert 20

.~ gas. After stirring for a few mnutes, the 39 expected conplex is

bt ai ned. P) = 155 Hz. Exanple 3: In this
gxaﬁ{)ln:, tL:r [)]re a%%&(;aé% %Z%oﬁ%p‘gg%%fgﬁg%f 120r mul a [ Rh( CC]?);m(I?’*P)] [grr] -

in which COD represents lap- gk ogclagsepey ?ﬁd (-;I?ﬁﬁ).pljegr esenys .t he
di phosphine of formula (la), is described. The said conplex is prepared

according to thexsmhEe pgocedure as that of Exanple 2. 10 Exanple 4: In
this exanple, the preparation of a conplex of formula [err](P*P), in which

(P*P) represents the di phoapthie ekahpleayl thél prepasatitonr ofied. cdmpblen of
di phosphine and 4 ng of 15 Ru(COD) (allyl)2 are dissolved, under argon,
in 2 mM of BicetofieformaldO[Rh* (SON)e(EP) | BEK ., (inl!vhﬂchofCQP orq:g:rasaqu@ous
hydr obrom ¢ acid
1,5-cyclooctadiene and (P‘P) represents the diphosphine
of formula (Ia), is described.
The said complex is prepared according to the
same procedure as that of Example 2.
10 Exgﬁple 4: |
In this example, the preparation of a complex
of formula RuBr,(P'P), in which (P'P) represents the
diphosphine of formula (Ia), is described.
7.5 mg of diphosphine and 4 mg of
15 Ru(COD) (allyl), are dissolved, under argoﬁ, in 2 ml of
acetone in a 10 ml Schlenk flask.
0.11 ml of a 0.29M agqueous hydrobromic acid
solution in methanol is then added dropwise.
Stirring is carried out for 30 min at ambient
20 temperature (~ 20°C) and the expected complex is
obtained.
'3lp NMR: AB system, & = 98.2 Ppm, 88.1 ppm -
(J,, = 21 Hz). |
Example 5:
25 In this éxample, the asymmetric hydrogenation
. is carried out, using the cataiyst'of Example 2, of the

following compound:



sol-ution in nethanol is then added dropwise. Stirring is carried out for 30
mn at anbient 20 ‘"tenperature (~ 20[err]) and the expected conplex is
obtained. [err] NVR AB system J[err] = 98.2 ppm 88.1 ppm (J[err] = 21

Hz) . Example 5: 25 _ In this exagple, the asymmetric ,
hydr ogenation is carried out, using the catal yst of Exanple 2, of the
fol |l ow ng conpound: 40 [err] 400

g, of the Ef#ﬂ conpound are di ssol ved
; e conplex 1 of Exanple 2

The acetone is evaporated
anol . The 2 solutions are then
I ntroduced into an autocl ave whi ch pas\been sbef or ehand and
mai nt ai ned under a nitrogen atnosp 10 : Hydrogen is then
introduced to a pressure of 3 atnospkeres. Agitation is carried out -at
20[err] for 1 h. The excess hydrogen is discharged and the reaction
solution is recovered. - 400 mg of the said compound are dissolved in

in 20 mM of nmethanol in a round-botto
is then prepared as proposed above. 5

20 ml of methanol in a round-bottomed flask.

The complex 1 of Example 2 is then preparéd
as proposed above.

5 The acetone is evaporated and the residue is
dissolved in 5 ml of methanol.

The 2 solutions are then introdﬁced into an
autoclave which has been purged beforehand and
maintained under a nitrogen atmosphere.

10 | Hydrogen is then introduced to a pressure of
3 atmospheres{

Agitation is carried out at 20°C for 1 h.

The excess hydrogen ié discharged and the
reaction solution is recovered.

15 The solvent is evaporated and the residue
analysed by 'H NMR in order to confirm the progress of
the reaction. |

The reactibn is quantitative.

The enantiomeric excess is determined by

20 chiral high performaﬁce liquid chromatography

| (Shandon®, 150 x 6.4 mm, HSA protein chiral column) and
the absolute configuration of the product b&
measurement of the ogland by poiarimetry.

With the diphosphine (Ib), ee = 98%, «



15, . The solvent is evaporated and the residue analysed by [err]
NMR in-order to confirmthe progress of the reaction. The reaction is
guantitative. The enantioneric excess is determ ned by 20 chiral high

. performance 11 quid chronmat ography (Shandor]ﬁ 150 x 6.4 mm HSA protein .
chiral” colum) and the absol ute' configurat Ton of the product by nmeasurenent-
of the [err] a a th the di phosphine (Ib), ee [err] 98%
[err] 41 (etﬁ%ﬁ%FPqC'é anple 6: In this exanple, the
asymetric hydrﬁﬁgggtécgﬂ |s carr| ed out, using the catal yst of Exanple 4,

of the 5 follo nd: [err] The |rrplerrentat|on is the sane as W|th

1. The difference IieS||kﬂr¥§$§ué§ rﬁ? #idhydrofatatich 24.
hours and the pressure atnospheric ?lt e di phosphi ne (Ia) e = 80%
[err] 10 (ethahdared ]autf QLR iE datdyydtiSsE Fe 4hQ>ﬂSMEUEt ric

hydrogenation is carried out, using the catalyst of Exanple 3, of the
follow ng ®np@dKiowing compound: :

H " COOH

NHCOCH,

The implementation is the same as with 1. The
difference lies in the catalyst, the reaction time is
less than 24 hours and the pressure atmospheric.

With the diphosphine (Ia), ee = 80%, o,

10 (ethanol, C = 1) < 0.
Example 7:

In this example, the asymmetric hydrogenation

is carried out, using the catalyst of Example 3, of the

following compound:

COOH

COOH

15 The implementation is identical..
165 mg of itaconic acid are introduced, still
with the same amount of solvent and of catalyst.
The éeaction is carried out at ambient
temperature, in less than 3 hours.
20 With the diphosphine (Ia), ee = 8@%, oy,

(ethanol, C = 2.16) < 0.



[err] 15 The inplenentation is identical. 165 ng of i.taconic

acid are introduced, - still with the same anount of sol vent and of. catal yst.
The reactionis carriéd out at anbient tenperature, in l-ess than 3 hours.
20 Wth the di phosphine (la), $ = 80% [err] (ethanol, C =
2.16) < 0. 42 Exanple 8: In this exanplg,.the asymmetri c hydrogenation -

Is carried out, Egsin tgg catal yst of Exanple 2, of the follow ng conpound:
[err] 5 ——émgggﬁ—ﬁg of the said conpound are dissolved in 8 m of

met hanol- in a fl ask. Thé nghg§ ;X%Eggéanghg gﬁgﬁmggggﬁpﬁ§a§gggna§10n

proposed above. The acetone 'S eva ted an Sl di ssol ved

02 m of methggobartied sdty! bdin WgstthEaEHES(Q@UBQdEthglEhQ ,f b&slnewhi ch
is itself place int autocl ave has been purged beforehand and

mai nt ai ned undegogmdﬁgggncahgggﬁaere. 15 Hydrogen is then
introduced to a pressure of atnDspheres.. '

oS i

5 - 245 mg of the said compound are dissolved in

' CH0

8 ml of methanol in a flask.

The complex 1 of Example 2 is then prepared
as proposed above. | |

The acetone is evaporated énd the residue is

10 dissolved in 2 ml of methanol. |

This solution is then introduced into the
flask, which is itself placed in the autoclave which
has been purged beforehand and maintained under an
argon atmosphere.

15 | Hydrogen is then introduced to a pressure of
4 atmosphe:':'es.

Agitation is carried out at 20°C for 2 hours.
The exce#s hydrogen ié discharged and Ehe
reaction solution is recovered.

‘20 . The reaction is evaporated and the residue
analysed By'lH NMR in order to confirm the progress of _
the reaction.

The progress is 30%.

The enantiomeric excess (ee) is determined by



Agi-tation is carried out at 20[err] for 2 hours. The excess hydrogen is

di scharged and the reaction.solution is recovered. 20 .. . The
rreaction is evaporated and the residue analysed by [err] NVR in order to
confirmthe progress of the reaction. The #{ogress is 30% The enantioneric
excess (ee) is determ ned by 43 chiral gh performance liquid

chr omat ogr aphy I 8' ﬂ;@ % t e >
98% Exanple 9: étg‘iéf hlwkpé&{#g 'S exa ?d gﬁﬂ%ﬂ‘%g‘g%p%ﬁ;o&ég%rﬁfconpl ex
of fornula [errdakidb WdanOAC represents an acetate group and (P*P) the
di phosphi ne of Tormula (Ib), Is described. 10 ng of di phosphine (1b) and 6

ng of 10 [err] are di sypitedehédBbheé iRine | mg)me@f agggéone in a 10 m

Schl enk flask. A solution of 4 ng of [err] in 1 of methanol is then
" added dropw se.Bxdrples9irring for a fewm nutes, a large 15 excess of
sodi um acetate, dissolved in 1 mM of nethanol, is added and the expected

compl ex i s ®btai ned afterImstthis nexdmple, fehe nprepasation of a complex
of formula Ru(OAc),(P°P), in which OAc représenté an
acetate group and (P'P) the diphosphine of formula (Ib),
is described.
10 mg of diphosphine (Ib) and 6 mg of

10 Ru(Mé-allyl),(COD) are dissolved,“under argon, in 2 ml

of-acetone in a 10 ml Schlenk flask. |

A solution of 4 mg of Cc13CO,H in 1 ml of
methanol is then added dropwise.

After stirring for a few minutes, a large

15 excess of sodium acetate, dissolved in 1 ml of
methanol, is added and the expected complex is obtainéd
after stirring for a few minutes.

3» NMR: 6 = 107.9 ppm
Example 10:

20 In this example, the preparation of a complex.
of formula Ru(OAc),(P'P), in which OAc represents an
acetate group and (P'P) the d;i.phosphine of formula (Ia),
is described.

The preparation of the said complex is
25 prepared according to the procedure of Example 9.
' Example 11:
In this example, the asymmetric hydrogenation

is carried out,'using the catalyét of Example 9, of the



[err] NVR [err] = 107.9 ppm Exanple 10: 20 In this exanple,
~the preparation of a conplex of fornmula [err], in which OAc represents an
acetate group and (P*P) the di phosphine of fornula (la), is described. The
preparation of the said conplex is 25 prepared according to the procedure
- of Exanple 9. Exarrpl e 11: In this exanpl e, %% he asynmmetri c hydrogenation is
carried out, £%$the c%ﬁghg gf Exanple 9, of the 44 fol | ow ng
conpound: [err] h is the same as in Exanple 8. The
difference lies in the catal yst, the reaction ti,nme, which is 12 hours, and
the pressure of 130 5 atnospheres. The progressjis 12% Wth the
di phosphine (I1b), ee > 95% Exanple TR 8 Jé?ﬂéx the asymmetric
hydrogenation is carried out, using t st O anple 10, of 10 the
foll owi ng conpound: [err] 100 ng of 4% onpound are dissolved in 4 ni
of methanol in a round-bottoneCHi@sk.

The implementation is the same as in Example
8. The difference.lies in the catalyst, the reaction
time, which is 12 hours, and the pressure of 130

5 atmospheres. The progress is 12%.

With the diphosphine (Ib), ee > 95%.
Example 12: |

In thzs example, the asymmetric hydrogenation
is carried out, using the catalyst of Example 10, of

10  the following compound:

COOH

CH, CH,

100 mg of tﬁe said compound are dissolved in
4 ml of methanol in a round-bottomed flask.
The complex of Example 9 is then prepared as
proposed above.
15 The two solutions are then introduced into an
| .autoclave which has been purged beforehand and
maintained under a nitrogen atmosphere.
Hydrogen is then.introduced to a pressure_of
. 4 atmospheres. |

20 "Agitation is-carfied out at 20°C for 3 hours.



The conpl ex of Exanple 9 is then prepared as proposed above. 15

The.two solutions are then introduced into an autocl ave whi ch has been

pur ged beforehand and nai ntai ned under a nitrogen atnosphere. Hydrogen is
then introduced to a pressure of 4 atnospheres. 20 Agitation is
carried out at 20[err] for 3 hours. 45 e excess hydrogen i s di scharged

esi due anal ysed by [err) TRRFEFReBE BYaFeoes s P it ohae o8y B2 5RE ™" 1e”
reaction. The prgg§€§§n|goggegoghfsegggg%gggalc excess (ee) is detern1ned

by chiral high pértormance urd chromat ography (Chiral - cel-QJ-R colum).

10 Wth the ﬁ%goggﬂefoﬁl 2% essparthe/a &%@"Phe tdsibillet Ni s

exanpl e, the asymetric rogenation 1s carfied out, using the catalyst of

~ Exanpl e 2, of tmaﬁpééa%pglgmqw ofddr ltd Tonfirm the prodreéBl Bt he
sdi d conmpound are ssolved in of met hanol in a flask.

5 the reaction.

The progress is 90%.
The enantiomeric excess (ee) is determined by

chiral high performance liquid chromatography (Chiral-

' cel-OJ-R column)
10 With the diphosphine (Ia), ee = 57%.

Example 13: '
In this example, the asymmetric hydrogenation

is carried out, using the catalyst of Example 2, of the

following compound:

15 ' 270 mg of the said compound are dissolved in
8 ml of methanol in a £flask.
The complex 1 of Example 2 is then prepared
as proposed above. -
The acétone is evaporated and the residue is
20 dissolved in 3 ml of methanol.
This solution is then introduced into the
flask, which is itself placed in the autoclave which
has been purged beforehand and maintained-unde: an

'argon atmosphere.



The conplex 1 of Exanple 2 is then prepared as proposed above. The acetone
i-s evaporated and the residue is 20 dissolved in 3 ml of nmethanol. This
solution is then introduced into the flask, which is itself placed in the
aut ocl ave which has been purged beforehand and mai ntai ned under an argon

. at nosphere. 46 FWdrogén is then introduﬁ@d to a pressure of 5
at mospheres. Agitation is carried err for, 2 hours. The eerss
hydr ogen is dlscharged anfYgregsn 1Fe§ FPoﬁ §5P BrEd FS RePEEEFLYe ¢

reaction is eva §§8 nd Lhe residue anal ysed by [err] NVMR in order to
confirmthe progri B8P FhE®r eaction. The progress IS 70%> 10

TS o L Sxces | SPAPACIGR! FTLABAARA plbrgk Dbl geclordBues. |
ee > 98% CLAI M5 The excess hydrogen is discharged and the
5 reaction solution is recovered.
The reaction is evaporated and the residug
analysed by 'H NMR in order to confirm the progress of
the reaction.
The progress is 70%.
10 The enantiomeric excess (ee) is determined by
chiral high performance liquid chromatography (Chiral-

cel-OJ-R colﬁmn).

With the diphosphine (Ib), ee > 98%.



—_

1.. Optically active bis[1l-phospha-2, 3- : |
di phenyl - 4, 5- di et hyl nor bor nadi ene] -di phosphi nes correspo’jﬂﬂﬁ“’ﬂ!ﬂ“ﬂu”m’ '
following fornulae: [err] 5 . 2. Process for y-rii L

racem c bi s[1- phospha- 2, 3-di phenyl -4, 5-di met hyl nor bor nadi ene] m xture

whi ch.'conprises reacting it with a pall adi4fm and/ or pl ati num conpl ex as
chiral auxiliary, in an organic solvent,_ thus form ng di astereoi sonmer

conpl exes, and in 10 t hen resol ving t HeRATMS optically pure conpl exes. 3.

Proce according to Claijmn2, characierized,in that.the chir uxi liar
corre:;onds to t%e gener & 'for%elac? Y)?°T’e¥?]b’-siha&??\s_$'h%'a%a$a f_orrru?/a:
- Mrepresents ' ' - an 4 ent a
hydr oggn atom o%%&gr#{a ’?%%&%%%W%%?%%lo 9 %sr %ﬁﬂg ons or 5
a cycloalkyl rathcAlefiandilly €0 MR | folfonBif PothiplBe, - RS and R4 are

a hydro

different and at | east one 0f the two represent gen atom - R having

the nmeani ng given for [err]Jand R4, 10 . - X represents a hal ogen atom

- nis a nunber fromO to 4, _
_ Ph

Ph (5,8)-(+)- (la)

Ph (RR)- () - (Ib)

5 2. Process for resdlving the racemic bis[l-
phospha-2,3-diphenyl-4,5-dimethylnorbornadiene] mixture
which comprises reacting it with a palladium and/or
platinum complex as chiral auxiliary, in an organic
solvent, thus forming diastereoisomer complexes, and in

10 then resolving ﬁhe said optically pure complexes.
3. Process according to Claim 2,
characterized in that the chiral auxiliary corresponds

to the general formula (VII):

e Ri‘ /Rz p—
N
~ z R3
\/ M h\
\\x R‘
| ® 12

n (W)



) . . —
- when'n is greater than 1, two R radicals and the 2 successive atons of

o N o & B otese accordrng o oncor - d o mbNTRAN ATV "

characterized in that the chiral auxiliary corresponds té the gereral
formula (VIl) in which [err],- R2, R3 and I%?représent '‘a hydrogen atomor a

nmet hyl 20 radi cal,, X represents a chlorine atomand n is equal to 0. 5.
Process accordi’ﬁba‘t}be oﬁ‘?el‘gftew]?& 2 and 3, characterized in that the

-chiral auxiliary corrs f MJd_in which [err] 25

[err] and [err]yrepreg%%%%%%%g%én%' a%ﬁ;ﬁl%%%?‘scng‘l , X represents

a chlorine atom and,_ wiengn ig egiflp tE%?reE\éﬁtRarﬁQh‘E@g@nf kB okegaene
est i

ring. 6. Process accdrdi Aig to one 8f Cfaims 2 to 4, “characterized

in that the chiral gl afaaLsyl £5%0rk NE €S NEY SbaFEn U €ohd/ dr ) :
[err] 7. Process according to one of ainms 2 to 6, characterized in that

the amount mf conpl e eldkl iyl ARQURIE HARRSY NEidh 38X PLESRebas Met al ,
is fromO0.5 to 1 netal atom per phosphorus atom 8. Process according to .
one of Clains 1 to atoms,
- R, and R, are different and at least one of the
two represent a hydrogen atom,
- R having the meaning given for R,, R,, R, and R,,
10 - X represents a halogen atom,
- n is a nuﬁber from 0 to 4,
- when n is greater than 1, two R radicals.and the
2 successive atoms of the benzehe ring can form,
between them, a ring having from 5 to 7 carbon
15 atoms.
4. Process according to one of Claims 2 and
3; characterized in that the chiral auxiliary
corresponds to the general formula (VII) in which R,,
R,, R, and R, represent a hydrogen atom or -a methyl
20 radical, X represents a chlorine atom and n is equal to-
0.
5. _Procesé according to one of c1aim; 2 and
3, characterized in that the chiral auxiliary
corresponds to-the general formula (VII) in which R,,’
_25 " Rys Ry and R, represent.a hydrogen atom or a methyl
radical, X represents a.chlorine atom and, when n is
equal to 2, two R radicals form a benzene ring.

6. Process according to one of Claims 2 to



.7+ characterizedn That the organic solvent is chosen fram 10

ali phatl more particularly paraffins SUTHISaSHEETH }, BEEN
particul ar, lmmqmﬂlﬂaiﬁmi heptane, octane, isooctane, rjonanep EREERe
undecane, tetradecane®, petroleum ether and cycl ohexane ar-efatd RE

hydr ocar bons such as, in particular, benzé?e, t ol uene, xyl enes, -

et hyl benzene, Ibe zenes, . tyimethyl henzeng cumne, seudocunene or

petrol eum f ract | on acra}ﬁ) %‘? ,rﬁ%k% rg? el?&ﬁaf}er&'?ﬁ@gi ﬁ%ﬁ parti cul ar
~fractions of S : gggug; !BWI romatic 20

hydr ocar bons, % me |%c{n§r$a° %Pé e of: perc orfvﬂe)g hydr ocar bons such
as, in partlcular trlchloronethan or tetrachl oroethylene; partially 50
chi'ori nat ed hydr ocar bons, such as [{di (Rfsglet Hane, di chl or oet hane,

tetrachl oroet hane, trichl oroethyl @ﬁ but ane or 1, 2-di chl or obut ane;
or nonochl or obenzene, 1, 2-dichlor , 3-di chl or obenzene,

1, 4-di chl orobenzene or m xtures [ f er/ent dhl or obenzenes. 9. Pr.ocess
according to Claim8, characteriz [ at the organic solvent is benzene
- or toluene. 10 10. cor izng to one of Clains 1 to

(vir)

7. Process according to one of Claims 2 to
6, éharacterized in that the amoﬁnt of complex of thé
5 abovementioned meﬁals, expressed as metal, is from 0.5
to 1 metal atom per phosphorus atom.
8. ‘Process according to one of Claims 1 to
7, characterized in that the organic solvent is chosen
from:

10 - aliphatic hydrocarbons and more
particularly paraffins such as, in particular, pentane,
hexane, heptane, octane, isooctane, nonane, decane,
undecane, tetradecane, petroleum ether and cyclohexane;

. aromatic hydrocarbons such as, iz_1 pérticulaf, benzene, .

15 toluene, xylenes, ethylbenzene, diethylbenzenes, |
“trimethylbenzenes, cumene, pseudocumene or.petroleum
fractions cqmposed of mixture of alkylbenzenes, in
particular fractions of Solvesso’ type,l

- halogenated aliphatic or aromatic

20 hydrocarbons, and mention may be made of:

perchlorinated hydrocarbons such as, in particular,

trichloromethane or tetrachloroéthylene; partially

{ This Sheet Has Been Repl

T




9, .characterized ||;lmiam i@l tration of the di phosphihe in. t he
reaction sol vent I en 0.05 and 1 nol/litrgTHISISHRETE
particularly still 02m)I/I|tre 15 P}_&Hé\SBEEN
Process according to one of C a| ns 1 to 10, characterized ™ t'“"* GED

- separation is carried out at amnbient terrpe:‘roature, general ly under a

controll ed atnnsphere of as r ef er.abl t
Process accor diStd %H"é%ﬂg??f%q ﬁcﬁfgc#acﬂiqrg%erz r’r%'that t he

'L?‘éfEPZBf'yf’”?sawﬁﬁ“ w . Ha %*ﬂofo“%%”?ﬁeé”;"%‘é%%%f SR, D
characteri zed |n4ﬁ1 éﬁ% 5? %ng Jkéhéﬁiorn1xture of suitable
a et acet

sol vents, prefer ol 'uene ate mxture preferentially

conprisi ng 80%Qy, &Wni e @M&Qﬁaﬁ%&%éﬁ@ of ethyl acetate.

51 14. Process according to ai'm13, characterized in that the two pure
enant i omer g of 1t hR fhidHIsildibferid £ 1,0CQREICTbIVb el H610¢ Vo OnibEutadd £Xxes
in an organic sol'vent, such as, for exanple 5 di chl oronet hane, and by then
deconpl exi ng usd;_rgxe}éwrmblfenﬂ&héhsal t, preferably an alkali netal
salt and nore preferentially still the sodiumsalt. '

S. Process according to Claim 8,

——

characterized in that the organic solvent is benzene or
toluene. |

10 10. Process acoonding to one of Claims 1 to
9, characterized in that the concentration of the
diphosphine in the reaction solvent is nreferably
between 0.05 and 1 mol/litre and more particularly
still between 0.05 and 0.2 mol/litre.

15 11. Process according to one of Claims 1 to
10, characterized in that the separation is carried out
at amblent temperature, generally under a controlled
atmosphere of inert gases, preferably under nitrogen.

12. Proceso according to one of Claims 1 to

20 11, characterized in that the two enantiomers are
separated by liquid chromatography on a column with,
preferably, a support made of silica.

13. Process according to Claim 12,
characterized in that the column is eluted with a

25 mixture of suitable solvents, preferably a

toluene/ethyl acetafe mixtnre preferentially comprioing'

- 80% by volume of toluené'and 20% by volume of ethyl

acetate.
Sheet Has Been Replaced
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15. . Conpl ex conprising an optically active di phosphi chiral
auxi.liary, characterized in 10 that that it Correspjmﬂlﬂ 1m "gmﬂﬁ] :
following formulae: [err] in the said fornulae Mre I [ or

.platinum X a hal ogen atom preferably chlorine, and A synbolizes the
‘residue of a chiral metal conplex 15 corre8ponding to one of the formil ae

(M) and preferentially (VII1') according to one of Clains 3 to 6. 16.
Conpl ex conprising an opt dal | PrRGESF aGSFIdPg 0 S@i® d3ansition netal ,

characterized in,20 .that the ligand,corresponds to one of the || owi ng
f or mul ae: 52°f‘€1r|a]°tff“_&§rrd!”ef' C(’f.?‘(ﬁ ﬁd’qpé’“@eaieﬁ’laf&1°mﬁaa{e%hfed in

that the'transi i0n, getal .5 »S10380 L0y HPH DA D

iridium cobalt,™ atinum-or ‘palTadru _ 187 "Conpl ex
ccor dingt o ondioRRPEARIE Sy RSP At W R RN T T
represent edgby YienhelonWthaned’ BHE Sy [tten decomplexing using a
hydrocyanic acid salt, preferably an alkali metal salt
and more preferentially still the sodium salt.
~15. Complex comprising an optically active
' diphosphine and a chiral auxiliary, characterized in

10 that that it corresponds to one of the following

formulae:

P:_’_ P T —xPh -;::.— T___x
HE he

(viil a) Vil b)

in the said formulae M represents palladium of
platinum, X a halogen atom, preferably chlorine, and A
symbolizes the residue of a chiral metal complex
15 corresponding to one of the formulae (VII) and
preferentially (VII’) accg;ding to one.of Claims 3 to
6.
16. Complex comprisiné an optically active
diphosphine and a transition mgtal,'characterized in
'20 that the ligand corresponds to one of the followiﬁg

formulae:



in the said fornmul ae: 10 - (P*P) represents, i the formula (11a),
t-he di phosphi ne of formula (la) and, in the formula (I u I ne
of formula (1b), -~ Mrepresents rhodi um or iridi um “H ﬂm‘mﬂﬁm

ani oni ¢ coordinating |ligand, 15 - L represents a*neutrtal "idand. 109.

Conpl ex according to Claim 18, 53 charaé?erlzed in—that it corresponds

to the formula (l1la) or (ILb) in which: - L represents an ol efin having
~from2 to 12 carbon atons and two} L |iggnds can be joined to 5 one

-another in order to form a | ippeaLio
chain; L preferably representi
ethylene, - Y represents a [erg [err] CN- or [err] anion

hal ogen, preferably [err] otherrﬁ, al -dﬂ%eusnatq+)aﬂxylcarboxylate or
hal oal kyl carboxyl ate anion with a | ower alkyl radical, or a
phenyl car boxyl ate or phenoxi de anion in which the benzene ring can 15

be substituted by | ower -al kyl radjcals gnd/or hal ogen atons. 20. Conpl ex
conpri.sing an optically acti P

i c. ol yunsat ur at ed hydrocar bon
oct adi ene, norbor nadi ene or

Ph P P” “Ph (RR)-()- (Ib)

17. Complex according to Claim 16,
characterized in that the transition metal is chosen
from: rhodium, ruthenium, rhenium, iridium, cobalt,
nickel, platinum or palladium.

5 18. Complex comprising an optically active
diphosphine and rhodium and/or iridium according to one
of Claims 16 and 17, characterized in that it is

represented by the following formulae:

IML(PPY - (lla)

M Ly(P*PIY  (iIb)

in the said formulae:
10 - (P'P) represents, in the formula (IIa), the -
diphosphine of fofmula (Ia) and, in the formula
(IIb), the diphosphine of formula (Ib),
- M repfesents rhodium or iridium,
- Y represents an anionic cobrdinatiné ligand,
15 R ) represents a neutral iigand.

19. Complex according to Claim 18,



di phosphi ne and iridiumaccording to one of C ains 16 17 characterized
in that it is represented by the 20 . fol l'owi ng fornul mlll “M ﬂl“l\ﬂ sard
formul ae (P*P), L and Y having the neanings given for .

-and (1l1b). 25 . 21. Compl ex co‘rg)rising an optically active

di phosphi ne and r ut heni um accor di ng to on df d ai ms 16 and 17,

characterized i that s, represented by the 4 follo r nul ae:
[err] in the sa‘fr}ba’f%%tfﬁﬁ’a ed 5:"1? €hat "t( ﬁe?%‘b?%ieﬁ? séh?v%?%%uf%rnul a
(1va), the diph % nﬂ{‘ j} and, in the formula (1Vb), the
di phosphi ne of orrrul a ( err]. and [err] whi ch are identical or

different, preferably I SRSSEEEn € [£{r+1ef:[zerﬁ;v from 2[€5712 or [err]
ani on, a hal ogen atom nore partlcul arly chlorine or bromne, or a

carboxylate ani on, pEKEEEtchs Ya:?&eéﬁéer..ohééﬁdé Uedw A€ foPned 2co ‘Conpl ex
conprising an optically active 15 di phosphi ne and rut heni um according to

one of O aisrs 16 ancre ,ard¥iertai i gwded rtére&rmtalsizﬁe@fesﬁr&ﬁdlba t he
foIIOW| ng formul ae:
polyunsaturated hydrocarbon chain; L preferably
representing 1l,5-cyclooctadiene, norbornadiene or
ethylene,
- Y represents a PF,, PCl,”, BF,”, BCl,”, SbF, ,

10  sbcl,, BPh,, ClO,, CN or CF,S0,” anion, halogen,
preferably.CI‘ or Br', a 1l,3-diketonate,
alkylcarboxylate or haloalkylcarboxylate anion
with a lower alkyl radical, or a phenylcarboxylate
or phenoxide anion in which the benzene ring can

15 be substituted by lower alkyllradicals and/or
halogen atoms.

20. Complex cpmprising an optically active
diphosphine and iridium according to one of Claims 16
and 17, characterized in that it is represented by the

20 following formulae:

[IxL(P'P)]1Y (IIIa)

[IrL(P'P]Y (IIIb)
in the said formulae (P‘P), L and Y having the meanings-
given for the éormulae (ITa) and (IIb).
25 21.. COmpiex comprising an optically active
diphosphine and ruthenium according to one qf Claims 16

and 17, characterized in that it is represented by the



[err] 20 in the said formulae: * - (P*P) represents, in the formula
(I'Vc), the diphosphine of forrmula (la) and, in the-'forrrul zf"’"mm"mm

di phosphine of fornmula (Ib), - Ar represents benzene, I””"!
p- met hyl i sopropyl benzene 25 or hexamet hyl benzene, - [err rBpresents
. a hal ogen atom preferably chl-orine 55 ¥ bronine, - [err] represents an

ani on, preferab errl [gerr or [err] 23. Process for the preparation
of a conplex 5 ég:'a%%:f“k g f%u:b?ﬁ' of d ai ns 16 to 22, characterized in that
it conprises reacting a diphosphi rt?. b] &@. yOr (I'b) with the
transition netal conpound in a sui l"b org ic solvent. 24. Process for
the preparation of an 10 optically active carboxylic acid and/or

derivative, characterized in that an [err]-unsaturated carboxylic acid

and/or its derivatives is/are asymeivca pyihyqigsgnated in the presence
of an effective anmount of a netal corrpl X conprising, as ligand, the

optically 15 peteNe sapaosormaEaet fornula (la) or (Ib) and a transition
metal . 25. Process accordl ng to C-ai m 24, _
5 (P'P) represents, in the formula (IVa), the
diphosphine of formula (Ia) and, in the formula
. (IVb), the diphosphine of formula (Ib),
- Y, and Y,, whié._h’ are identical or different,
prefei'ably represent a PF,”, PCl,", BF,”, BCl,",
10 SbF,", SbCl,”, BPh,”, ClO,” or CF,S80,” anion, a halogen
atom, more particularly chlorine or brominé, or a
carboxylate anion, preferentialiy acetate or
trifluorocacetate.
22. Complex comprising an optically active
15 diphosphine and ruthenium according to one of Claims 16
ana 17, characterized in that it is .r-epresented by the

following formulae:

[RuY,Ar (P'P)Y,] (IVe)

[RquAr(P'P)Yz] (TVvd)
20 in the said formulae:
- (P'P) represents, in the formula (IVec), the
diphosphine of forimula (Ia) and, in the formula
(Ivd), the diphosphine of formula (Ib),
- Ar represents ben'zene, ‘p-methylisopropylbenzene
25 or hexamethylbenéene,

- Y, represents a halogen atom, prefefably chlorine



.characterized in that the [err]-unsaturated carboxylic ' :
~derivative corresponds to the follow ng 20 general yfor,mﬂumnlmﬂllr” ,"‘1e
said formula (V): -"[err] and R4 represent a hydr dgen at orh ot afly s *
hydr ocarbon group, insofar as: if [err] is other than [err] and other than
a hydrogen 56 atom then R3 can be any $%nctional or hydr ocar bon group .
denoted by R, * if [err] or [err] represents a hydrogen atomand if [err]
atom and ot her

is other than R2, theH LISt her than a hydrogen 5
than [err] * if [err]

is identical to [ers]l and repres
or hydrocarbon group d’éhd"teé’(fexﬂ?’%,s e ’s po!ﬁér ﬁ%tﬁ?

TértY] arfd’ ot her

than [err], - it bei -pOﬁéile eg-i_&r- oqﬁxﬁf ,t rgp%‘ie[ ré%gpccj]o@?,cg.rwlpg 10

represent a functional* §rotp* ‘2 Pr'ocess fatcor

ng

ai m 25,

-characterized in that theyger r%iagé%uf%e?ﬁs\?\g?%k&'&ﬁaﬁi dfandéshplex

derivative corresponds to the fornu

the [err] to [err]

radicals, wgi Cha@é@r%gﬁgt{:B%ngrof5¢1§iﬁ§ei.6ni:o pRpr eE&PhcBEropbdONal | ¥

substituted hydrocar

.be a Iingar or phaeciedeotpiiBascte@éting a diphosphine of formula

(Ia) or (Ib) with the transition metal compound in a

suitable organic solvent.

24. Process for the preparation of an

10 optically active carboxylic acid and/or derivative,

characterized in that an «,f-unsaturated carboxylic

acid and/or its derivatives is/are asymmetrically

hydrogenated in the presence of an effective amount of

a metal complex comprising, as ligand, the optically

15 active diphosphine of formula (Ia) or (Ib) and a

transition metal.

25. Process according to Claim 24,

characterized in that the «,f-unsaturated carboxylic

acid and/or derivative corresponds to the

20 -general formula:"

R,  COOR,
R R

in the said formula (V):

following

- R,, R,, R, and R, represent a hydrogen atom or any

hydrocarbon group, insofar as:

if R, is 6ther.than R, and other than a hydrogen

anypéimct i onal

to

on radical having from1l to 20 carbon atons which can



unsat ur-ated, acyclic aliphatic radical; a nonocyclic or
saturated, unsaturated or aromatic, 20 heterocyclic oerMHm;I H!‘l"lm
radical; or a linear or branched, saturated or unsaturat

radi cal carrying a cyclic substituent. 27. _ Process accordl ng td d'aim 24
-characterized in that the carboxylic aci d3¥sed is a 25 substltuted

fo Gaim27. charactiedbel HapapnBecaREoRyPFEIGBRY GEcHYREOSaED0R,
o daim charac ed a c o

substituted acrylic acid i C ecur sor of an am no acid and/ or
derivative correspofiTy %ﬁ%&fq‘sa géﬂ ng formula: [err] in the said

formula (Va): 5 rf{err] and [err], which are identical or, different,
represent a hydrogen difof 8% Fne%ﬁp’b?s?ﬂ%ﬁ\&leﬂ’%?mng‘?'b% i ky R om 1
to 12 carbon atons, ,a ph I OUR, or y havi n fro 2 to
carbon at ons, prefer‘fol %a%’ IR=0r g‘yll 0°€]Eer th@‘?oﬁph r‘f%?’?]

represents hydroge ato aI k ro ving from1l to 12 carbon
at ons, y"al oal kyl ar a8 2 a%’m %&?‘8 carbon atons, an

- if R, is :l.dentical to R, and represents any

functional or hydrocarbon group denoted by R, then
R, is other than -CH-(R), and other than -COOR,,

- it being possible for one of the R;, R, and R, gfoups
10 to represent a functional group. |
26. ' Process agcqrding to Claim 25,
characterized in that the «,f-unsaturated carboxylic
.acid and/or derivative correspoﬁds fo the formula (V)
in which the R, to R, radicals,:which are identical or
15 different, represent an optionally substituted
hydrocarbon radical having from 1 to 20 cérben atoms
which can be a linear or branched, saturated or
unsaturated, acyclic aliphatic radical; a monocyclic or
polycyclic, saturated, unsaturated or aromatic, |
20 heterocyclic or carbocyclic radical; or a linear or
branched, saturated or unsaturated, aliphatic radical
carrying a cyclic substituent. |
27. Process aécofding‘to Claim 24,
characterized in that the carboxylic acid used is a-
25 substituted acryli;-acid which is a precursor of an
amino acid. |
28. Process accérding to Claim 27,

characterized in that the carboxylic acid used is a



aryt al kyl radi cal

having from6.to 12 carbon 15 atons, an aryl
r adi-cal having.Luﬂ ﬂu t&ﬂﬂon atons or a heterocyclic ragirar—havins
from4 to 7 car IMHHIIS M) represents a hydrogen aton%’égﬂﬁéﬁéﬁS\JBEEN
branched al kyl group having from1 to 4 carbon 20 at qns. 28EPIACEDess

according to Claim27 and 28, characterize®&7in that the carboxylic acia.
used is N-acetyl-a-am no-[err]-phenylacrylic_acid, N benzoyl-a-

ami no-[err] - pheﬁypécﬁ’ﬂ‘it@da@l"dryli"ﬁ eiich whdehyién@ prespnser ofsan
e e AL oS

N- benzoyl - a- am Ro~[,er.l-J l.acrylic acid or
N—acetyl-a-anin%gfg$$+%%%g%%ﬁéﬂ%6rylic acid. 5 30. Process
according to Caim24, characteri Z(ﬁj int :aghhe carboxylic acid used is
itaconic acid and/or derivative co | %00 the follow ng formnul a:
[err] inthe said formula (Vb): 10 . [err] and [err] which are
~identical or different, represent ydr o atonl a linear or branched
~alkyl group having from1l to 12 carton atotts's"'a cggoal kyl radical having

in the said formula (Va):
5 - R, and R’,, which are identical or different,
represent a hYdrogen atdm, a linear or branched
alkyl group having from 1 to.12 carbon atoms, a
phenyl group or an acyl group having from 2 to 12
. carbon atoms, preferably an acetyl or bénzoyl
10 group;
- R, represents a hydrogen atom, an alkyl group
having from 1 to 12 carbon atoms, a cycloalkyl
radical having from 3 to 8 carbon atoms, an’
arylalkyl radical having from 6 to 12 carbon
15 . atoms, an aryl radical having from 6 to 12 carbon
atoms or a heterocyclic radical having from 4 to 7
carbon atoms,
- R,, represents a hydrogen atom or a linear or
branched alkyl group having from 1 to 4 carbon
20 - atoms.
29. Proéess accordipg to Claim 27 and 28,
characterized in that the carboxylic acid used is
N-acetyl-g-amino-ﬁ-phenylacrylic écid,.ﬁ-benzoyl-aJ

amino-ﬁ-pheﬂylacrylic acid, in which the phenyl ring is

| This Sheet Has Been Replaced
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from3.to 8 carbon atons, an aryl al kyl 15 ving from®6
to 12 carbon atons, an-aryl .radical having fromHmH”mmaﬂahrH ons or a
het erocyclic radical having from4 to 7 carbon atong, - [err]

whi ch are identical or 20 different, represent a hydrogen atom

or a linear or branched al kyl. group havi ngsafrom 1 to 4 carbon atonms. 31.
used s 5 IRk e Rt AR Y | S Rk s @ Lo g
aryl propi ont ¢ AILETN 6 AL SRk A T 485 10, | o1 g
atomor a 11 neARa LS RS rdidddoyt-a S nd o S e e
[err] representg. 83 eFqﬁégtiFugugﬁgnéuegg?ogﬁﬁgggﬁgilﬁéihci&arrying a

substituent or a nu substituents can represent [err] one of

the fol | owilg groups: -- 23] Neffoddsd Abeodimg ked Cramhkaay| group having
~from1l to 12 carbon atons, preferably :

characterized in that the carboxylic acid used is

itaconic acid and/or derivative corresponding to the

following formula:

R,, COOR,,

Ry, COOR',, (Vb)

in the said formula (Vb):

10 -R,, and R,,, which are identical or different,
represent a hydrogen atom, a linear or
branched alkyl group having from 1 to 12
carbén atoms, a cycloalkfl radical having
from 3 to 8 carbon atoms, an arylalkyl

15 radical having from 6 to 12 carbon atoms, an
aryl radical having from 6 to.12 carbon atoms
or a heterocyclic radical having from 4 to.7

. carbon atoms,

- R,, and R’,,, which are identical or

20 : different, represent a hydrogen atom or a
linear or branched alkyl group having froﬁ';
to 4 carbon atoms.
31. frocess accordiﬁg to Claim 30,

characterized in that the carboxylic acid used is '



:tlinear orlbranched glkthgéoquhaving from 15 1 to 4 carbon
ons, - - a linear ranched al koxy. group havi ng. from ﬂ“ﬂ
atons, preferably a-linear or branched al koxy group havi Imumnﬂ m Il

car bon atonms, 20 - a linear or branched acylt)xyC grouf havihg
Lromﬁ éo 8 carbon at ons, preferably an acr’«?toxy group, - a linear or - -

- branched acyl ani do gr.oup havi ng fron11 to 8 carbon atons, preferably
an acet ani do gr’&ﬁ?mu%r?"[’éir r‘irgﬂ’ﬂﬁi: 11’ae"'ﬁ'resent [err] one of the

follow ng, nore 5 conpl gro R of rr] in which: -
[err] represents a val enc® o sssata'(f"r #‘ unsa uratie‘icef | i near or

b hed, dival .
e i oo, Y D i Nty

carbon atons sf ene, propyl ene,

Sopr opyl ene. o, i san QaYkiXIeTE R ANE/ G Al G SEaESLRg VS a5

5 the following formula:

H: COOR,,
H Rs  (vo)

in the said formula (Vc):
- R,, represents a hydrogen atom or a linear or branched
alkyl group having from 1 to 4 carbon atoms,
- R,; Tepresents a phenyl or naphthyl group, optionally
10 carrying a substituent or a number of substituents R:
- R can represent R,, one of the following groups:
-a linear or branched alkyl or alkenyl group
having from 1 to 12 carbon atoms, preferably
a linear or branched alkyl group having from
15 1 to 4 carbon atoms,
- a linear or branched alkoxy group havipg
from 1 to 12 carbon atoms, prefefably a
linear or branched alkoxy group having from 1
to 4 carbon atoms, |
20 - a.linear or branched acyloxy group having_
frdm 2 go.s carbon atoms, preferably an
acetoxy group. |

- a linear or branched acylamido group having



15+ ’ -0-; -CO; COO-; [err]; -S-; [err] or [err] in the said
fornulae [err] represents a hydrogen atomor a |inear or ﬁ ﬂm ' '
group having from1 to 6 carbon atoms, 20 - [err] n, lng

gi ven above, -mis an integer fromO to 4. 33 Process accord‘i ng‘td CFalm

32, characterized in that the carboxyllc d used is

2- (3-benzoyl phenyl ) propi gni ¢ aci d, 08;2) sobut enyl i oni ¢ aci d
or 61 2- (5 -net hoxynf&’rﬂ“h?lli 'b? |‘iﬁﬁl%° mso"4 J#}geclé%%ﬂg rding to
one of Clainms 24 to 33, chcar that t he hydrogenation is’ _
generally carried out at aa‘? erat o’f bet ween 20 5 and 100[err]. 35.

Process according to one of rrgt% to 34, characterized in that the
hydr ogen pressure can be be%weerf gnd 200 bar and nore preferentially

between 1 and 15 R,’, oR@ OF LHRSEAAGWiING)J roreone Of
Clains 24 to 35,%%%;%“ zec?ﬁn % hato use i s made of a?lblr)east one conpl ex

accordi ng tg ongyifidd YLBupe: 10 23. 37. Process according to one of Cains
24 to 36, characterized in that the ratio of the number of

- a group of formula
' R

- R, represents a valence bond; a saturated or

in which:

unsaturated, linear or branched, divalent
10 ' .hydrocarllaon group having from 1l to 6 carbc_:n
atdms such as, for ‘example, methylene,
. ethylene, propylene, isopropylene or
isopropylidene or one of the following groups
known as Z:
15 -0-; -CO-; COO-; -NR,; -CO-NR,-; -8-; -S0,- or
-NR,-CO-;
in the said formulae R, represents a hydrogen atom
or a linear or branched alkyl group having from 1
to 6 carbon atoms, |
20 : - R, having fhe meéning given above,
-m is an iﬁteger from 0 to 4.
' 33. Process according to Claim 32,
characterized in that tﬁe carboxylic acid used is
2- (3-benzoylphenyl) pfopionic acid,

25 2-(4-isobutylphenyl) _propion:ifc acid or



15« atonms of net [ he conplex to the nunber of noles of the
-conmpound to be hy3 "@?}Eﬂ"ﬂﬂﬂ!ﬂﬂﬂ/\een 0.1 and 0.0001. 38. _Process
cal 37,

according to one of*

formati on of the 20 hyd ti | ex, basi
r [ ydr ogenati on conp esxl a .aS| c conppund 'ﬁEP?ﬂ

10

15

20

characterized in thaf THEf SREEF E?@_BEEN

2-(S-methoxynaphthyl)propionic acid.

34. Process according to one of Claims 24 to
33, characterized in that the,hydrogénation is
geﬁerally carried out at a temperature of between 20
and 100°C.

35. Process according to one of'CIaiﬁs 24 to
34, characterized in that the hydrogen pressure can be
between 0.1 and 200 bar and more preferentially between
1 and 150 bar.

| 36. Process according.to one of Claims 24 to

35, characterized in that use is made of at least one
complex accoraing to one of Claims 15 to 23.

37. Process according to one of Claims 24 to
36, characterized in that the ratio of the number of
atoms of metal present in the complex to the number of
moles of the compound to be hydrogenated is between 6.1
and 0.0001.

38. Process according to one of Claims 24 to

37, characterized in that, after the formation of the

. hydrogenation complex, a-basic campdund is added.

-
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