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di phosphi nes, their conplexes with transition netals and their use in
asynmetric synthesis The present invention relates to novﬁwwmmmMMHmmmn
chiral di phosphines useful 5 as bidentate |ligands in the

metal conpl exes and, nore particularly, . catalysts intended esggaially for
catalytic asymmetric hydrogenati on. ﬁnetrlc catal ysis has the advant age
of affording the direct preparation of optically pure isomers by
asymet ri ¢ i nduct Nevel WipHuRphinef.@h&ie @niplexes $hPandiG6E Hietalhid Mi@s . The
prior art has_alreao _ ‘ phosphorus Ti1gands 10 comonly
used in the ¥ et o # conpl exes for the asymetric catalysis of
hydr ogenati on reactlons carbonyl ation reactions, hydrosilylation

reacti ons,  reactipng Loy e GORTRLd IELES (b SPHir i BOEhifGaARkAPNS T or
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selectivity of react ons ,fd i aster Lr # nd_.en nt | Re el eC]%\' Vi ty) The
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20 racenilc ogonuponlyaiséd/inghe prefparatipn of nfetal comaleges for the d&ynmm@ea,talym R2 )
PRI A2 Oafl:\)%y?l] 86%'08 hreac d%% %%0 laﬁ@r? r}ﬁé& Feﬂgﬁggﬂﬂatﬁfn rea%ﬁoone or

(C5-C7)cyclo roup, en gro opt [ ona tuted
nor e reactions  for the formatlon of - bonds or even reactions for the

asymmetric isomerization of allylamines. 2,2’-Bis(diphenylphosphino)-1,1’-bi-
naphthyl (BINAP) or [(5,6),(5,6")-bis(methylenedioxy)biphenyl-2,2’-diyl]bis-
15  (diphenylphosphine) (SEGPHOS), described in the patent application published
under the number EP 850 945, may be mentioned in particular.
It is desirable to develop novel chiral ligands in order to improve the
selectivity of reactions (diastereoselectivity and enantioselectivity).
The present invention therefore relates to novel diphosphine derivatives, in
20  racemic or optically pure form, of formula (I):

T

A s

\O N @
O

R2

/ P/Rl
A hY

\O R2

- R; and R; each independently are:

in which:

25 a (Cs-Cy)cycloalkyl group, a phenyl group optionally substituted by one or more
(Ci-Cyalkyl, (C;-Cy)alkoxy or di(C;-Cy)alkylamino groups or by a halogen atom,
or
a 5-membered heteroaryl group; and
- A is an ethylene group (CH,-CH,) or a CF; group.

30 5-Membered heteroaryl group is understood as meaning e.g. a 2-furanyl,
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(C-A)alkyl, (Cl-C4)al koxy or di (Cl-C4)al kyl am no groups or by a hal ogen
atom. or a 5-nenbered heteroaryl group; and - Ais an ethylene group
(CH2-CH2) or a CF2 group. 30 5-Menbered heteroaryl group is understood as
nmeaning e.g. a 2-furanyl, 1111111111111211211212111211212112121211111 *000002*
2 3-furanyl, 2-benzofuranyl or 3-benzofuranyl group. Al kyl is understood
as neaning a linear or branched, sat ur ated hydr ocarbon group. (Cl-C4)al kyl
i s understood as meani ng an aIkyI group containing from1 to 5 4 carbon

atons. The t®fifn Iicggﬂlzoﬁg}gﬁ\}qtoeg-b@ﬁz@uﬁhy%éroﬁ@d| cal in which alkyl is as
defi ned above. L‘( en atomi.s under st

o n rom ne,
fluorine or iodi lsolfﬂ CTEPO/Q@E(S?‘?TPH’& egﬁgr BrgP{l] r&] agqraﬁegggfljrogarb?
present invegioupn relates to the corrpounds of formula (1) in which RL and
R2 are identical nti cal
and are a phenyl ?%ﬁmglhgmgg%%gg ?mfng wf%f@a‘?@gar“ﬁﬁﬁgk{?%“?
present invehtarbon at@msbe prepared by t he process shown in SCHEME 1 beI ow,

in which R, R2 afigs frdf QlIRRyY’ aélo@&fdnngchlltﬂrra&bal 1ﬁerEh afkyRis( 4slddErhkal ky!
group or an qgptionally substltut ed phenyl  group. R;E Al O(V) O

Br ~0 (NA) 0abpve. 0 | P(OR2 A0 ~ ,R A I1P (HIA) / (=D)
Halogen atom is understood as meaning a chlorine, bromine, fluorine or

iodine atom.

10 According to one particular feature, the present invention relates to the
compounds of formula (I) in which R; and R, are identical and, more particularly,
in which R; and R, are identical and are a phenyl group.

The compounds of formula (I) according to the present invention can be
prepared by the process shown in SCHEME 1 below, in which R;, R; and A are as

15  defined for (I) and R is a (C;-C4)alkyl group or an optionally substituted phenyl

group.
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The compounds of formula (I), in optically pure form, (R) or (S), or in

racemic form, can be prepared by reducing the compound of formula (IIA):



O AII,,Rl 0p'"Rz OP'R A 11 R2 0in which R, R and A are as
defined for (1), respectively in the corresponding optically pure form
(R or (S), or inthe racemc form for exanple by reaction wth a

reduci ng agent, such as trichlorosilane, in the presence of an am ne, such
as 5 tributylamne. The conpound (11 A) 4| n optically pure formis obtained
e.g. by resolving the conpound (I1A) in racemc formvia the formation of
a conplex with (-)-L- dibenzoyltartaric acid or (+)-D-dibenzoyltartaric
acid or with other chiral acids, ag._deSg{ibgd in the prior art for this
type of resolution. 10 The enantigdnmerf aﬁsq{ be prepared by separation
via chiral phase chromatography. \The peeu{s lof formula (11A), in
racemi c or optically pure form wh¥Pch “fre intdknediates in the synthesis
of the compounds of fornula (1), a copgpounds and form an integral
part of the invention. 15 The co p(mﬁl a (I1'A) can be prepared
fromthe conpounds (MA): O~ A A\,Rl P\RK) 2 (II1A) in which Rl, R2
and A are as defined for (I), by rge g W t'h anﬂgéganolithi um 20
conmpound, such as tert-butyllithium in the presé of iron trichloride or
anot her appropriate oxidizing agent, e ounds (1.l can al sq. be
prepared froH MRERREi Raptd & gflel "}SA‘jeflnﬁI:}%?ﬁs eégfg_tlv?lggdp,{ ?iCBHCS(?Png’Hg
conpound (JI bp¥icallg pmire/ €orat) (RY @i 118), derin \thd racemid fdrov, foll exan{pl&By ,redotiohowed by
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5 tributylamine.

The compound (IIA) in optically pure form is obtained e.g. by resolving the
compound (IIA) in racemic form via the formation of a complex with (-)-L-
dibenzoyltartaric acid or (+)-D-dibenzoyltartaric acid or with other chiral acids, as
described in the prior art for this type of resolution.

10 The enantiomers can also be prepared by separation via chiral phase
chromatography.

The compounds of formula (IIA), in racemic or optically pure form, which
are intermediates in the synthesis of the compounds of formula (I), are novel
compounds and form an integral part of the invention.

15 The compounds of formula (ITA) can be prepared from the compounds
(IIIA):
,O
A, P/Rl
o I
o R
(IA)

in which Ry, R, and A are as defined for (I), by reaction with an organolithium
20  compound, such as fert-butyllithium, in the presence of iron trichloride or another
appropriate oxidizing agent.

The compounds (IIA) can also be prepared from the derivative (II[A) in two
steps: iodination of the compound (IIIA) to give an iodine derivative of formula
(IMIC), followed by an Ullman-type coupling reaction with the aid of copper.

25 The compounds (ITA) in which R; and R; are identical can be prepared in a
third way from the compounds of formula (IIB) in which R is a (C;-Cs)alkyl group



third way fromthe conpounds of forrmula (JIB) in which Ris a (Cl-C4)al kyl
group. 5 0Or a substituted or unsubstituted phenyl group. In this third
process the conpounds (11B) are brought into contact with an
organonetal | ic conpound of the fornula RLLi or RIMX, in which Rl is as
defined for (1) and X is a hal ogen atom, The conpounds (II1B) can exist in
racemc or chiral formand can be 5 reéolved | i ke the conpounds of
formula (HA), via chiral acids or chiral phase chromat ogr aphy. The
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conpound, espgehaldg¥aphy. Or ganol i t hi um conpound of the formula RILi or an

or ganomagnesi um coifpound of  t for R1 which.R1 i i ned
for (1) and X is Be RempeM aﬁ?gﬁ’ﬁm‘{ m@em@lﬁagﬁ%&ngg GEPI%{SSE&‘FW nul a
Hﬁ\. Tﬂg con]}?g#veﬁluaf formula (I111A) can be prepared by oxidizing the 20
phosphi ne o or /. R (IV . i i R2 and
A are as defined n&h? C%’F‘?m}w %318} }V}(}Iﬁh R‘taﬁ’d\all2 2£6 @enu&l lg?ﬂ s§Bb BRepea
10 from the compounds of formula IIB by a 2-step process of which the first step
consists in reacting said compound IIB with thionyl chloride, in the presence of a
solvent, to give the halogen derivative (IIC):
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15 and the second step consists in reacting said compound IIC with an organometallic
compound, especially an organolithium compound of the formula R,Li or an
organomagnesium compound of the formula RMgX, in which R, is as defined for
() and X is a halogen atom, to give the expected compound of formula IIA.

The compound of formula (IA) can be prepared by oxidizing the

20  phosphine of formula (IVA):

/O
A /Rl
0 P, (IVA)

R,

in which R;, R, and A are as defined for (I), by reaction with a solution of
hydrogen peroxide in methanol or with the aid of other phosphine-oxidizing
25 reagents well known to those skilled in the art.



hydr ogen peroxide in nethanol or with the aid of other phosphine-oxidizing
25 reagents well known to those skilled in the art. 6 The phosphine (IVA)
itself can be prepared fromthe correspondi ng brom ne conmpound (V) by
reaction with an organolithium conpound, such as n- butyllithium and then
wi th the phosphi ne RLR2PC1, where R1 an% R2 are as defined for (1), at a
tenperature close to -70C. 5 The conpound (II11A) can al so be prepared
directly fromthe conmpound (V) by reaction with nagnesiumin

t et rahydr of ur an tThd ghosphifs i(TVAY dtseFagantbe plepiredvombyher eams'pondm'gth t he
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Grignard reaggeqf, ta%&ﬁé’i@ﬁré’é’lo&%c’?(b@ with the phosphi ne RIR2PC1l, where Rl
and R2 are as eaflne (1 and then by an oxidation reaction with a
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obt ai ned i n ames defepedifoo®.t he derivative (111B), in which Ris as defl ned

for the derivativep( L(Igrﬁf,?%ntay )31&“ A% Pﬁgal%ﬁzfﬁfﬂ? ‘Hrﬁo&i g g?%otlﬂ d, such
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to give the i ne v foll awed b action
with copper babel 9%%‘5%5\ dgt‘?‘ (j)at éggr( Py B, O’ﬁ*ﬂ%“q{’o g i a rLLJ11B)
can be obt ai hgllodenoperokideciompiethags] of widtd thoraidilofl dthor puoggﬁmetdgwiszgt h f
magnesi umin esi um conpoun and reaction o
the latter w ?gen%ggllk@cg\wvo h&e%ﬁgj?&%{mﬁl n which Ris as defined in
(11B). THe conpoutbscahpsundsof for(uldeRJILA R (I )snd(EV Aptminozel fnddorm he

conmpounds  ofydoP41 %fQHQ P¥ntiogaction with nickel chloride at a tenperature
in the ordernfg? th 1n néo in the presence of a derivative PﬂlCR)3 I n

which Ris as def ’,Fh%(glep@tlvcegpﬁ)formula (IIB) can be obtained in one step from
derivative (IIIB), in which R is as defined for the derivative (IIB), by reaction with

an organolithium compound, such as sec-butyllithium, in the presence of iron
20  trichloride or another appropriate oxidizing agent.
The derivatives of formula (IIB) can also be obtained in two steps from the
derivatives of formula (IIIB) by iodination to give the iodine derivatives (IIID),
followed by an Ullman-type reaction with copper to give the derivatives (IIB).
The compounds of formula (IIIB) can be obtained from the compounds of
25  formula (V) by reaction with magnesium in an ether to form an organomagnesium
compound, and reaction of the latter with a derivative CI-P(O)(OR),, in which R is
as defined in (IIB).
The compounds of formula (IIIB) can also be obtained from the compounds
of formula (V) by reaction with nickel chloride at a temperature in the order of 100
30 to 160°C, in the presence of a derivative P(OR)3, in which R is as defined for (IIB).
The compounds (IIIB) in which A is CF; are novel and form an integral part
of the invention. The compounds (IIIB) in which A is ethylene and R is a phenyl,
methyl or (C3-Cg)alkyl group are novel and form an integral part of the invention.
A further feature of the invention relates to the use of a compound of
35 formula (I) as a ligand for the preparation of a metal complex useful as a chiral



The conpounds (I11B) in which Ais CF2 are novel and forman integral part
of the invention. The conpounds (I111B) in which Ais ethylene and Ris a
phenyl, nethyl or (C3-C4)al kyl group are novel and forman integral part
of the invention. A further feature of the invention relates to the use of
a conmpound of 35 fornula (1) as a Ilgaqd for the preparation of a netal
conpl ex useful as a chiral 7 catalyst i'n asymretric catalysis. The present
invention further relates to the chiral netal catalysts conprising at

| east one | ignalgstof adyonmettia cothysisn racenic or, preferably, optically pure
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form 11 (he casnrlets iEnkd SRRAAIL R IACEk] ply AlahAESTEnfgL ™, 1o
exanpl e of t#deashionaligandi efnforraulayben raemicret, preferablyl gpticallyporer fvrmg Ino t he
present invefkiQge Wrebﬁleqﬂ%gd fo‘?rfofrﬂlﬁa (BS¥ THehdenfic G lt}'lé'c‘ﬁlrglfltg of the

hydr ogenati on reacti ons, dr oboronat | on reactions_of ~ un
conpounds, oMER FOMPtelsi 9'%[%‘?16‘#1 vido apethesnchirah ljgand.cfog | qxpmate %thee‘éﬁfqlons 10
and, in genediiaimner tions for the formation of C C bonds (such as

1, 4-additions of ronic i ds rreactions for .the .as tric clization
of 4-pentenals (JT Pl ﬁ@ﬁﬁs Qf%smgégt SRigEE & VenBﬂ%}{‘VHmﬁ’e 11%" Fon
reactions (Aatsgmmettﬁhe:ata,lysimbf lﬁdrogeﬁﬂmﬂn re4Bfidns, hydobbdnatiad Irydctions of
substitution o) 0 . 39(19),
3494-7) and lrn{esg@]? %t%(gggqjggur{%ﬁ Jﬂ?ﬁ s %é 1O o Igr‘%gt%]tsi ‘l‘lmlca%lg&l%m% rgQCtlon
(Angew. hengnd, ihgenerd, reagpms feothe fyrmation of §)-C hqndb(ﬁelclpaeﬂéradddm@lmm ment
of the i nvengdBhic écm%) nﬂa@tﬁorﬁ%ﬁ'tﬂegta@rﬁh@trl'ésﬁ'@hzdctféh 8- g@ﬂt@ﬁeﬁﬂ?ﬁ% on of

reabtion ar SCE?% &?@oﬁg‘; gﬂf?dlcﬁ:r%{erﬁ{es \Af]%ﬂ%on%gf?qtiaas (AReep (e [t kel or
copper cat al 3311s40ag, 249- SB)Ealml‘ctsulﬁsuitlﬁtonaﬁhmidinﬁfaflénolitbﬁ(A @N'0hem.,Nel. at es tO
o a metal onyonto% PO MDY Pk ok Frmeiiy %éamrﬁmeh&a%ﬁﬂel and
25 coppek3, -aq_ds @ngewhChemm., dunBd 20803N22)ahtl4-6)X, S, m n, p and g are
defined as fol | owgy gpe preferred embodiment of the invention, the metal catalysts are used
for the hydrogenation of C=0, C=C and C=N bonds. The catalysts which can be
used in this type of reaction are preferably rhodium, ruthenium, palladium, iridium,
nickel or copper catalysts.
20 In one particular embodiment, the invention relates to the chiral metal
catalysts of formula (VI):
MuLaXpSq (VD
in which:
- M s a metal selected from rhodium, ruthenium, iridium, palladium, nickel and
25 copper;
- L is a chiral compound (I); and
- X, S, m, n, p and q are defined as follows:
e ifM=Rh thenX=ClL,Bror;m=n=p=2;q=0;
e ifM=Ruy, then: X=-OC(O)CH;;m=n=1;p=2;q=0;

30 or X=Brm=n=1;p=2;q=0;
or X=CLS=N(CH,CH3)s;m=n=2;p=4;q=1;
or X =methylally, m=n=1;p=2;q=0;
or X =Cl; S=pyridine;m=n=1;p=q=2;
or X =CI; S =chiral 1,2-diamine;m=n=1;p=q=2o0rp=2,

35 q=1;



I f MFRh, then X=C , Brorl; nFn=p=2;9=0; if M= Ru, then: = -0C(OCH3; m=n
=1, p=2;, g=0; 30 or X=Br;nen=1;p=2;9=0; or X =0C; S = NCHCH3)3;, m
=n=2;, p=4 q=1, or X=nethylallyl; m=n=1; p=2;, gq=0; or X=
C; S=pyridineg m=n=1;, p=qg=2; or X=04; S =chiral 1,2-diam ne;
m=n=1 p=q=2o0r p=2, 35 qg-=1 8 if M=1r, then X = d, Br
or | ; men=p=2; q=0; I f M=Pd, t hen: X=C ; nen=1; p=2; q=0; or X:it-aIIyI;m:n:p:Z;
g=0; |fM:N| t henX=C1, Bror | ; men=1; p=2; g=0. 5 Exanpl es of chiral diam nes

whi ch may bleo rremMiﬁnedleﬁ?e—(JR Ei)orlamd:(nS;ﬁ?ﬂ 4 =2;di pﬂenyl et IhyI eneldi ani ne].c
One particul ar re,of t vention rel,ates,to the netal catalysts o
formula (VI I3 {WT_E%Y{WHYVQ(—\FP ? é SO- Mis a netal selected

from rhodi um rwuat heni um i eram-railylpai#adqpumi’aqéQ;opper; - Lis achiral
conmpound (1), I, f; _ efhned as follows: if M=
Rh, then Z :.1 cyy%ooé(?{)a(dlgﬁgrtgflﬁgﬂ}grna |eng = BF4, C1OU4 PF69 15
OTf or BPh4; r = EXamplesofchiral diganes wlicivmay ke mentiened are RB)- amgf (SoP)-1; w =
benzene or pto ylethyfe ng}hanﬁ{e or I; r=s=t=u=v=1; or

Y=BF4, d 04, PF60r 4r s ; t=u=0; vz .or 7 = ;Y =, NH2 2. r .=

2.t =5 u= R pprtcafic fefiagy of e IQVﬁa%Ofoga"fS éo dhe s, S i 5

nor bor nadi enﬁ;rmhﬂa:(VBBA C104, PF6 or BPh4;r=s=v= t— 1 u=0; 1fM= Pd,
then Y = BF4, C1lO4, PF6 or BPh4; vV =

i f M=Cu, t henY=PF60r C1LO4; r =s=v=1,; t[MrL&‘W“IJH{é rhoﬁv 171 or rut henl um cat al ysts
are curr%tlyﬂp}hl@herred parti cul arl y if

- Mis a metal selected from rhodium, ruthenium, iridium, palladium and copper;
- Lis a chiral compound (I); and
- Z,W,r, s, t,uand v are defined as follows:
e if M = Rh, then Z = 1,5-cyclooctadiene or norbornadiene; Y = BF,, ClO4, PFg,
15 OTfor BPhy,r=s=t=v=1;,u=0;
e if M=Ru,then: Z=Cl, Brorl; W =benzene or p-cymene; Y =Cl, Bror I,
r=s=t=u=v=1];
or Y =BF,, ClO4, PFgor BPhy,r=s=1;t=u=0; v=2;
or Z=Cl; Y =NHy(CoHs)s;r=s=2;t=5u=0;v=1;
20 e if M =TIr, then Z = 1,5-cyclooctadiene or norbornadiene; Y = BF,, ClO4, PFg or
BPhy,;r=s=v=1;t=1;u=0;
o ifM=Pd, then Y =BF,, ClO4, PFsor BPhy;r=s=v=1;t=u=0;
o ifM=Cu,then Y=PFs0rClOs;r=s=v=1;t=u=0.
The rhodium or ruthenium catalysts are currently preferred, particularly if
25  selected from those given below:
- the compounds of form (VI):
inwhichM=Ruand X=Br,m=n=1;p=2;q=0;
or X=Cl;S=N(CH,CH3)s;; m=n=1;p=4;q=1;
or X =Cl; S =pyridine;m=n=1;p=q=2; and
30 - the compounds of formula (VII):
in which M = Rh and Z = 1,5-cyclooctadiene or norbornadiene; Y = BF,, ClO4,
PFs, OTfor BPhs;r=s=t=v=1,u=0.
The catalysts comprising a ligand of formula (I) according to the invention
and a metal selected from rhodium, ruthenium, palladium, iridium, nickel and
35  copper can be prepared by processes described in the literature that are well known



25 selected fromthose given below - the conpounds of form (Vl):
i nwhi chMcRuand X=Br; nFn=1; p=2;q=0; or X = d; S = NCH2CH3)3; m=n=1; p
=4; q = 1; orX:CI;S:pyridine;m—n—l;p g = 2; and 30-the
conpounds of formula (VI1): in which M= Rh and Z 1, 5-cycl ooct adi ene or
nor bor nadi ene; Y = BF4, Cl04, PF6, OIf or BPh4; r = s =t =v = 1;u=0. The
catal ysts conprising a ligand of formnul z? (n) accordl ng to the |nvent|on
and a netal selected fromrhodium ruthenium palladium iridium nickel
?Rdt 35 cop}oel%r tHodd skifle@if RAE Q. bRﬁﬁﬁ?\@gSﬁ@deeﬁdﬁélme%x?éulM@ lhet;ﬂtcgttur ed

at are we nown e,.skille art ef erence may be made
in particul afP pﬁ’ﬁatfcﬁ’eplﬁ%ﬂﬁg‘?ﬁiun%gbwmgﬂ}bﬁ)ﬁb33@)?22hed under the nun%:l)er EP 850
945. The cat al yst%‘haccatalydtsngt:cbtﬂmg]eo|ttn/emte|ntmn are ggrerellyiprspaprdeframed from a
starting et g CoSEV AL Ha r%/%iesac@&&m %n%aﬂ%aﬁcféat al sel ect ed.

5 1In the case um cat a t he tin ex iIs e.g. one of

the foll%wi ng colpbarrsdse ofithe ém@wpatalxsmh(k@cﬁ@r@g Qﬂmﬂhérl%eéoﬁn%@fn es 1, 5-

R acac) (Cort R ey 2 Ly o
[ RuC12( benzefisfqostadifae; 1@515 @i@%}md)\y,e,rq \gﬁ@re %cre @Cyﬁ‘{%lafe or

nor bor nadi enRh@ac)¥CiH).an i nteger, may be used to prepare the rutheni um
catal ysts. Ru(aca nd Cl2 al so
be mentioned. In géﬂlé’?é‘f“ [Schlfh . (l{ul;tgg ]r%'{(S?d/YQE%tEYléJl*lzz éggg geq{e?)] r@x

i nvent i ol) ar RyCle(hddd wieye mbdurngesdm@ aotbomadlgnmnélx zsoanpiréeger,amlay dand of
formul a (1) a%(a @ ﬁg@@%aﬁ%mﬁﬁlm& SRURREGE n'a%dgghm@eodmdwﬁak'x%al |y

mai nt ai ni ng t n mxture at nper at’ure between 15 and 150C,
preferably oanmg%éaassﬁswdmzmedf or e g. 10 minutes to 5 hours.

tSo: vents whi C|h MaYn Séhektd @&nﬁr@leﬁlﬁ@ﬂ&]iataq?ys&%éb@@ﬁﬁb@mﬁe insefonage bparae, ol
ol uene or xyl ene m such as fornmm 0 met hy
20 acer an debY R . SuTipk FHRRLFNBNEKoF LRI SRR DT 9@%@
al cohol s1§ suethydsoust drgait ,sohvehh amd loptionatlyapaintiiniog the mqsucummmkburarada
mxtures t he[e%’ﬂerature of between 15 and 150°C, preferably of between 30 and 120°C, for

e.g. 10 minutes to 5 hours.

Solvents which may be used are aromatic hydrocarbons (such as benzene,
toluene or xylene), amides (such as formamide, dimethylformamide, dimethyl-

20 acetamide, N-methyl-2-pyrrolidinone or hexamethylphosphorylamide), alcohols
(such as ethanol, methanol, n-propanol or isopropanol) and mixtures thereof,
ketones (such as acetone, methyl ethyl ketone, methyl isobutyl ketone or
cyclohexanone), ethers (such as e.g. tetrahydrofuran) and linear, branched or cyclic
alkanes (such as pentane, hexane or methylcyclohexane).

25 The catalyst is then isolated by conventional techniques (filtration or
crystallization) and used in asymmetric reactions. Nevertheless, the catalyst can
also be prepared in situ. In this case the reaction which is to be catalyzed by the
catalyst prepared in this way can be carried out without intermediate isolation of
the catalyst.

30 The present invention further relates to the use of the metal catalysts
according to the present invention for the catalysis of asymmetric reactions,
especially hydrogenation reactions and reactions for the formation of C-C bonds.
The asymmetric hydrogenation processes or processes for the asymmetric
formation of C-C bonds which use such catalysts form an integral part of the

35 invention. These processes are carried out under conditions well known to those



ket ones (such as acetone, nethyl ethyl ketone, nethyl isobutyl ketone or
cycl ohexanone), ethers (such as e.g. tetrahydrofuran) and |linear, branched
or cyclic al kanes (such as pentane, hexane or nethyl cycl ohexane). 25 The
catalyst is then isolated by conventional techniques (filtration or
crystallization) and used in asynnetricléeactions. Nevert hel ess, the
catalyst can also be prepared in situ. 1Tn this case the reaction which is
to be catalyzed by the catalyst prepared in this way can be carried out
Wi t hout i nt egkimsl iattge 450l ation of the catalyst. 30 The present invention
further relates tQ the use of .the netal catal according to t pr esent
i nvention for t helg%ra? F’smofhea%%?ﬁ‘r&fﬁq as yr“é‘ﬁ% (S;Wgr(’geg Oé’c?eﬁf: A e
hydr ogenat i omsamaated sutstrateddissdeddi innsoivent ¢cdneifiog nﬂaetcamiysb,fls glaCehomdts. The
asymetric h n

y P{%f @&@ ﬁr&&s‘ﬁg\%pﬂgﬁo}gﬁaﬁng coﬁaﬁ%ﬁéﬁﬁsaéa% dubGo %ﬁa{s@%frﬂjh

formation of ich Fan’int egra a?’t of

t he 35 i nvenesedrwitrthedeetplregtabystseef the prienart. ﬁqr @mnnh@ehyd&ﬁe;mpmswfg ofel |

known to t hogQwaéh 19kd 15@8ar dhdtahemgéﬁamrgef 0RXRHEC Wil HeliRed aFEe Mblarn
asymmetric hydro unsat urate | ved in

ion reaction, bstr
a sol vent coff{'&i gf)ﬁt} SR 9t At g‘?"é’r%]lyaE%réFsuFF&Q fﬂ% g@iﬁqﬂ(&% e. The
operating cop@fdradpsroar Fledal Y§Oe® to those commonly 5 used with the netal

o 1Le bar ana” athe Rhodildy ccntflof WiBpdieq Bl L HEA GO Gy Sion fb VPO, 2
of substHhat emote pattighlagly syatableafor ythe sasymmefrico natalydi® 0oft olefin lisgmedaatiand
preferably f{]esﬁ&{slflgcﬁ&ls %‘5&%8‘%9“*"39% @éﬂ&cgcﬁ% S%83 w%mma&[]&m the

| i gands of t I nvention are re parti suita or t
asymmetric cekRargaicacigs. ol efin i sonerization reactions, reactions for the

hydrogenation of mrﬁﬁmﬁmaaﬂnﬂeﬂss @ba&éd)noﬁﬁafétugaﬂas opthdomrv@fm@ agi ds.
The ruthenium co uf lgpre}gag)ﬁec% mthe |i ands e invention, are
nore parti cuT“QFqu iUt &v ﬂ’ét S iRt c?&?a!a}fsiﬁm I§RCHoRS cHof HE £ or
the 15 Hydr bgkrogdniation ofcarlaniybb(yﬂdsbﬁﬁﬁsk)pnd:s:ﬁdlibﬂd$>oanlnd C=N bonds. In the
Exanpl es which fo ot L e g the
synthesis of int eHre es and%lgxgﬂ foﬂgal ‘ﬁc}{ap}ﬁlo hg&é@é ESC(I’gI %&%Ble?
synt hesi s of d%@ﬁb‘@ﬁﬁb@ Smth‘?Séﬁr ﬂﬂln@fmpﬁlateéwﬁ ‘Brarplel )ieramsoﬁhmmgesmbmge
i nvention.  the synthesis of compounds of formula (I), (VI) or (VII) according to the invention.

These Examples serve to illustrate the invention and cannot under any

20  circumstances limit its scope. The melting points are measured on a Koffler bench
and the nuclear magnetic resonance spectral values are characterized by the
chemical shift & calculated relative to TMS, by the number of protons associated
with the signal and by the shape of the signal (s for singlet, d for doublet, t for
triplet, m for multiplet, dd for doublet of doublets, ddd for doublet of doublet of

25  doublets, q for quadruplet, qd for doublet of quadruplets, J for coupling constant).
The operating frequency and the solvent used are indicated for each compound.
The mass spectrometry results are obtained with a Hewlett Packard 7989 A
instrument.

The following abbreviations are used: RT = room temperature, DMSO =

30  dimethyl sulfoxide, Ph = phenyl, THF = tetrahydrofuran, Me = methyl, Et = ethyl,
acac = acetylacetonate, Tf = triflate; S-DPED = (S,S)-diphenylethylenediamine.

The nomenclature used to identify the compounds is that recommended by
Chemical Abstracts.



These Exanples serve to illustrate the invention and cannot under any 20
circunstances limt its scope. The nelting points are neasured on a Kof f | er
bench and the nucl ear magnetic resonance spectral values are characteri zed
by the chemical shift S calculated relative to TM5 by the nunmber of
protons associated wth the signal andlﬁ¥ the shape of the signal (s for
singlet, d for doublet, t for triplet, for multiplet, dd for doubl et of
doubl ets, ddd for doubl et of doublet of 25 doublets, g for quadruplet, qd

for doublet of QUPREPARATION If or c_oug! i ng gopstant). The opgr at %Rg .
frequency and the | ve ed, ar ndi cated for each, conmpound. e mas
spectrometry resu?'ﬁowg’%@gqgﬁﬁbfﬁz '?—’@W‘é’t“quyé@krd 7989 A

i nstrunment. The 3 §odhil Migbenlzbdioxanetandr2®0amleofiembpdrot dmerthyéMammmraié ure,
DMSO = 30 di h LAdBe Phs /7 : =.t.et . =
IS0 © 30 pldyhact ek o Phog B o i e iR g ke

(S, S) - di PherBATEeRsy| Afierdt has isurnerhgradunily ie ream tempesatiire, thej rdagtionfnyixture

conpou nd; i3$is ffsEﬁrgd f(ﬂ%4ﬁ8ﬁb Meﬂaebébl\{egkeﬁ&' Eadpoﬁgﬁvéﬁglhger Or%cjrulceg Bgéegﬁtzﬁg\g%lgjaﬁe

6- Br ono- 2, 3- di ro-1,4-benzodi oxi.n, compoun . 4-be

and 200 nl o %}%‘Hﬁ?d? sotﬁ?lﬂ‘é‘f FWP%P%%“HQICQ%OIHB‘%&%EMT%éléﬁratarlbérﬁat_a@ oC.
54.9 g of N-WwithBOsmt of satoiatke! mmonmmimﬂobﬁqfaiemohﬁmowa?smmsWitAfsoeﬁu lof thf
returned gr om re, the reaction mxture is rred for
24 hours. Tﬂ%ﬂgg{eéeﬂ{ﬁtﬁg&gr gegdset\f/ﬁa{gcglgogr[deéds%?tfo%ﬁ IF‘éd)J'EEGH%PE_%%[Br Séﬁ}ﬁ d the
white soii d dBergvaparation wé ghieespl vintshuriler dducedprehame.a Fllew oil iy alttained
treated wt uﬁQitSﬁve%fielaﬁturat ed aqueous sodium sul fate sol ution, washed
with 50 m sat ur at ed aguequs sodi um chl ori de solution and dried over
magnesi um suFYBEss sPAGrus M, =2}dpor ati on of the sol vents under reduced
ressure, a YENMRV(200 M) ODGI:ezs (46QupBli4t @t ¥e 63 o) ddEl.oPas s, gpect rum
III\)/H = 214 1H NWR ( 3: 4.(25 (&H, sS; 6).374 3?(ilH, d%z; dge(% (}iH, dd) ;
7.02 (1H, d) PR ] 6- Brono- 2, 3- di hydr o- 1, 4- benzodi oxi n,
conpoundSV  Conpob+Batoioes3ditiyairoigd-perspdicxin,yonigoand | owi ng procedure: 5 g

of 1, 4-benzodi oxafg, Atha3PGantisHe 1?1'95%9([ By%ethﬁév?i% %rrgcfe uah are
5 g of 1,4-benzodioxane and 100 ml of anhydrous tetrahydrofuran are
placed under argon in the dark. 5.12 g of 1,3-dibromo-5,5-dimethylhydantoin are
then added. The reaction mixture is stirred at room temperature in the dark for 18
20 hours. After half of the tetrahydrofuran has been evaporated off, 50 ml of pentane
are added. After filtration, the operation is repeated three times and the solvents
are then evaporated off under reduced pressure. The oily residue obtained is
purified by chromatography on a silica gel column using a cyclohexane/ethyl
acetate mixture (8/2, v/v) as the eluent (yield = 90%).
25 PREPARATION 3
(2,3-Dihydro-1,4-benzodioxin-6-yl)diphenylphosphine, compound
IVA.l
11 g of compound V and 30 ml of anhydrous tetrahydrofuran are placed
under argon and cooled to -78°C. 25.6 ml of 2.2 M n-butyllithium in dioxane are
30 added dropwise and the reaction mixture is then stirred at -78°C for 1 hour.
10.4 ml of chlorodiphenylphosphine are then added dropwise, the temperature
being maintained at -60°C. The temperature of the reaction mixture then rises
slowly to 0°C and 20 ml of saturated ammonium chloride solution are added at
0°C. The organic phase is then washed with 2 times 20 ml of saturated sodium
35  chloride solution, dried over magnesium sulfate and filtered and the solvents are




pl aced under argon in the dark. 5.12 g of 1, 3-dibronp-5, 5-di net hyl hydant oi n
are then added. The reaction mxture is stirred at roomtenperature in the
dark for 18 20 hours. After half of the tetrahydrofuran has been evaporated
off, 50 mM of pentane are added. After filtration, the operation is
repeated three tinmes and the sol vents ?%e t hen evaporated of f under
reduced pressure. The oily residue obtained is purified by chromatography
on a silica gel colum using a cycl ohexane/ethyl acetate m xture (8/2,

\(//2 Vé ?)isht ge @fpgﬂaed((yﬂf Qi_ndelj:re‘&g%dl- @ﬁsu@&P@RﬁTdnqg{aﬁge oil, which cryst?l\l/izesi "
, 3- Di hydr aw.1, 4--benzodi oxi n- 6- i osphi ne, campound.. |.VA. 1 g
of conpound daﬁ%}lcgﬁ W™ secﬂue%trl?ﬁ?/‘éf’ s&ﬂg%gﬁwgf@géﬁe’é?@gﬁ#aﬁg(gyle@nﬁer

argon and co¥)%H to -78C. 25.6 ml of 2.2 Mn-butyllithiumin di oxane are

30 added dr Oﬁ.y\igg\qlgsﬁ(?éot ﬁzjr']é 1&:04?26'@11%,6-§0-%!ﬁ”§§%ie“§jﬁ§%5am{§e‘gqt%gr '

hour. 10.4 i or odi phenyl phosphi ne are then opwW

t enper at ¥r e 4 BEhNPHEOR: 8ned at - 60C. The tenperature of the reaction

m xture ther’'piNMR (162 MY AOCQC485p3® M of saturated ammoni um chloride
sol ution are adde Cl‘ e, organic phase is then washed with 2 tinmes 20
m of saturated s i de solution, dried over magnesi um sul fate
and filtered and @@Diloydrori,4-bansodidkin@vgpdiphégydphésphiedsiide,educed pressure

to give an o i ich crystallizes. The solid is subsequently
hoshed ue fnXansauimadh of erveL L zes (yield = 90%. 'H NWR (200

MHz) CDAD3: 4.26 § aM,0frd0% 8q@Ous hgdrogapernkide GolEiof k¢ adited Hrepwise 4o hiz) ;

7.32 (10H, ; i T

(2.5 Di hydr o s PA a0 D& R Cahpily a1 th B0 il cfmethinolh i tlietoture o 1114 1
10 8 ml of 3H6eraHEBUBIXMHrE MsenmaRtangdlelew) 44 ConAlipk stigins fouPaphiPde to a
suspensi on of4 mb oB3Q%AGuEIIROEIE Julfhie bolufloR @reddded. SEiring®hairtdifed for

Sti i ng. 1 or ae AELP TG LIS SOt By RS splsPe are 18 0 ToR ar e
added. X3 r rsabggiansis cencentated et 4QAC arld the aquemnsl r@iduk ioéxtiactddawjtie 501l of
hydrochl ori Cyiagibfhni@hate! O'T'h@ro?g&nri]ceBhgsg.dﬁddrie-ﬁhgver magnesium sulfate and the
solvents are evaporated off under reduced pressure to give a yellow oil, which
crystallizes. The solid obtained is washed with hot hexane and then filtered off
(quantitative yield).
20  EImass spectrum: M* =335
'H NMR (200 MHz) CDCl3: 4.26 (4H, m); 6.95 (1H, dd: J = 11.8 Hz, J = 3.1 Hz);
7.09-7.18 (2H, m); 7.42-7.54 (6H, m); 7.61-7.72 (4H, m)
*'P NMR (162 MHz) CDCl;: 30.1 ppm
PREPARATION 4 bis
25 (2,3-Dihydro-1,4-benzodioxin-6-yl)diphenylphosphine oxide,
compound IITA.1
100.0 g of 6-bromo-2,3-dihydro-1,4-benzodioxin diluted in 200 ml of
anhydrous THF are added over about 1 hour, under nitrogen, to a suspension of
124 g of magnesium in 31 ml of anhydrous THF, the temperature being
30  maintained below 60°C. After the reaction mixture has been maintained at 60°C
for 2 hours, 107.7 g of chlorodiphenylphosphine are added over 3 hours without
exceeding 10°C in the reaction medium. After the temperature has been
maintained at 20°C for 18 hours, 35 ml of methanol are added. The reaction
medium is stirred for one hour and then cooled to 0°C. 30 ml of 35% hydrogen
35  peroxide are then added without exceeding 5°C in the reaction mixture. After the



15 solution is concentrated at 40C and the aqueous residue is extracted
with 50 mM of dichloronmethane. The organic phase is dried over nmagnesi um
sulfate and the solvents are evaporated off under reduced pressure to give
a yellowoil, which crystallizes. The solid obtained is washed with hot
hexane and then filtered off (quantltai ve yield). 20 El mass spectrum M+
= 335 1H NWR (200 MHz) CDC13: 4.26 (4H, % 6.95 (1H, dd: J = 11.8 Hz, J =
3.1 Hz); 7.09-7.18 (2H, m; 7. 42 7.54 (6H, m; 7.61-7.72 (4H, m 31P NMWR
(162 Mz) CD@i}xif)eraﬁﬁe happsen MRECARATMR0°E for Réurs and the solvents have been

10020 0 o couPerEar s st yised Pt uBR B BB AR e o R 111 A 1
anhydr ous Tl-lﬁ)tas@ragde?detawetheabmshed stoessjvelpnwith htimes@ep mitad aNdhensi on
of 12.4 gg?N’%ﬁeBu@é}?{%mﬂﬁ cABBYAL Q&ﬁtla_ﬂ"grhd H'Uaml SR &R htd ﬁlef?e' ng 30

mai nt ai ned b ction m xtur been mal ntal ned at 60C

for 2 hods, dIl@?QVﬁfgnQﬂne@hmcﬁ%f@Eep hafisn $Komb ef ﬁ@thélaaﬁ deen exaperatedoffir s
wi thout  excggdtl ReiutBEptedsdrd &hé @@a%b@ﬁnmﬁe weool%tittermcfmdtfﬂm &tdithe has

been nmaintal ned at met he
reaction medfl %‘FF%‘S%WP{‘%W% o"ﬁLoﬁfé‘BRm@Hd‘C?tﬁ@n A@‘g%?i@anggo %gqlogg% of
35% hydr ogen2@% padedxédired peesiure,nl 18dglefla widamyuwhiex stiddire gbGded (yiehk=
reaction mx?%@? After the 13 tenperature has been maintained at 20C for
2 hours and 8”’sol vent s have been evaporated of f under reduced pressure,
t he solilD obt ai neRREPARATIONS i n 900 of hot isopropyl acetate, then

washed successi veﬁg 457 i@, §-&fﬁ§§r¢?~@q l?ﬁnz@ﬁmlnﬂ)‘-d‘@ldlyl]ﬁﬁ@lmergi 1 N aqueous

pot assi um car bonat e S0l uti on water and then 5 dried over
magnesi um suPhagphinewxide), compaynd}IAsl| yvent have been evaporated of f  under

re;ﬂuged pr essu(rje 3¢)h|’g90f ompbaid MIXU ViR 660 Qﬁlobﬁdnﬁ)@r&ﬁ tat’tdh}fdlrd)ﬁlfam&eand t he
o091 11 Mgttt LTS o0y Bl SORITB VIO B B 5 R LMY
obt ai ned1{yi 65 dnl=of 72% M ddlutRREPARATFbMIFhium in pentane are added dropwise at
(S)-[5,5" -bi (I%OBCd'th%qga%tlgm f‘ru%fgﬁ%lr&ighm 8ofC o9iyAd Riritedl RAERM stirred
at this temperature for 3 hours 30 minutes. 19.8 g of anhydrous iron trichloride are
then added all at once under a stream of argon. The reaction mixture is then slowly
brought to room temperature and stirred for 12 hours. It is concentrated at 60°C
20 and 50 ml of 1 N aqueous sodium hydroxide solution and 500 ml of dichloro-
methane are added. The precipitate obtained is filtered off on Célite and then
rinsed with 100 ml of dichloromethane. The organic phase is washed with 50 mi
of water and 50 ml of saturated aqueous sodium chloride solution and dried over
magnesium sulfate. After the solvents have been evaporated off under reduced
25  pressure, the solid obtained is dissolved in 150 ml of chloroform, and a solution of
12 g of (-)-L-dibenzoyltartaric acid in 180 ml of ethyl acetate is then added. A
precipitate appears after a few minutes. This precipitate is filtered off and then
suspended in 200 ml of dichloromethane, and 100 ml of 1 N aqueous potassium
hydroxide solution are added. The reaction mixture is stirred at room temperature
30 for 30 minutes, after which the organic phase is separated off, washed with 50 ml
of water and 50 ml of saturated aqueous sodium chloride solution and then dried
over magnesium sulfate. The solvents are then evaporated off under reduced
pressure (yield = 50%).
'H NMR (200 MHz) CDCl3: 3.42 (2H, m); 3.69 (2H, m); 3.92 (2H, m); 4.06 (2H,
35 m); 6.65 (2H, dd); 6.77 (dd); 7.26-7.56 (16H, m); 7.68 (4H, m)



phosphi ne oxide), conmpound I1A.1 30 g of conpound II1A | and 600 m of
anhydrous-tetrahydrofuran are degassed, placed under argon and then cool ed
to -100C with the aid of a cryostat. 15 65 mM of a 1.5 Msolution of
tert-butyllithiumin pentane are added dropw se at -100C. The reaction

m xture is brought to -70C over 30 nlnuggs and then stirred at this
tenperature for 3 hours 30 m nutes. g of anhydrous iron trichloride
are then added all at once under a stream of argon. The reaction mxture

i's then sl owlp NMRQUEDMH pgm 3@gp pature and stirred for 12 hours. It is
concentrat ed flt 60C 20 a éd N aqueous sodi um hydroxi de sol ution
and 500 nml of! BRESHIPSPEM; an ]are added The precipitate obtained is
filtered ofmettn@qimnhte%ﬁ?Ct hen rinsed with 100 mM of dichloronethane. The
organic phas e¢ thont  of water and 50 nl of saturat ed aqueous
sodi um chl or B SO ?on d dr| ed over nesi um sul fate.

sol vent s have beeAne?&aQbﬁm(é@FCd?ffthﬁﬁdéhpqerfg Lesepopgd JfAnd Wit L @1 %nzé’éf i d

obtained is dh%ﬁ@h&@de\telaleaﬁﬁk ) a9§01@t€|c@ﬁﬁ1é&£tmn and a solution of 12 g of
(-)-L-dibenzoyltarta I N eth

aci 180 acetate.i h ed. A
precipitate appeafd® %ﬂai‘&o“%\ W%ﬁdﬂﬁenﬁtﬁg t?mrgﬁ/aﬁe éef"ﬂf’{‘ﬁ‘{ﬁ‘?? Etﬁl)igSed of f
and t hen susqz,@dﬁﬂyﬂﬂ) gammoabxm)mm'mpmsmmymsmﬁe mklduii 1 N aqueous
pot assi um h{‘g] Q;x(%ﬁ;ls n_35e added. The reaction mxture is stirred at
room t enper at P or m il es, after which the organic phase is

separ at etD of f , waw of water and 50 m of saturated aqueous
sodi um chl oride s t . ate. The
?iég?lﬂﬂoﬂpgﬁ l*k?ﬁoﬁgkﬁdsr g@ﬁ@iggﬂﬁgﬂﬁﬁﬂiﬁ% akidb;

solvents are then orate ressure (i eld = 5099. 'H
NVR (200 MHzyompeund IHAD (2H m); 3.69 (2H, m); 3.92 (2H, n); 4.06 (2H,
35 m; 6.65 (2H, dd)l é%fﬁ l{réﬁva 2. d&frofo-D3-Hehbllioxgle dilubdl 614H68n')n11(4f 31P

260C [ 2] 020 pedra Bt o) R ey THRGSERE it [ o Bpea b IGR £ o

conpound15A. bf wiaghesiumiilb@620ml of amrydenis THIE, thle teenmeadtoc hdmg (I@ntab@batut e
Copt QUL s IR ORUH L B SRTPRE GRRR 2
oxi de) hours, 90 g of chlorodlphenylphosphme oxide are adde over hours w1t out
exceeding 20°C in the reaction mixture. After the reaction mixture has been
maintained at 20°C for 19 hours, it is hydrolyzed with 27 ml of water and 135 ml
20 of 1 N HCI and then extracted with 270 ml of ethyl acetate. After decantation and
phase separation, the organic phase is washed successively with 135 ml of 1N
HCI, 135 ml of saturated aqueous potassium bicarbonate solution and 135 ml of
water and then dried over sodium sulfate. The solvents are evaporated off under
reduced pressure to give 128 g of a brown viscous oil. This oil is purified by
25 filtration on silica using an ethyl acetate/heptane mixture (varying from 50/50 to
100/0, v/v) as the eluent (brown oil, 90 g, yield = 66%).
CI mass spectrum: MH" = 359
'H NMR (300 MHz) CDCl;: 7.70-7.41 (11H, m); 7.37 (1H, dd); 7.16 (1H, dd)
PREPARATION 7
30 (2,2-Difluoro-4-iodo-1,3-benzodioxol-5-yl)diphenylphosphine oxide,
compound IIIC.1
96.6 ml of a 2.5 M solution of butyllithium in hexane are added over 40
minutes at 0°C, under nitrogen, to a solution of 35.5 ml of diisopropylamine
diluted in 150 ml of anhydrous THF. After stirring for 15 minutes at 0°C, the
35  solution is added slowly over 1 hour, under nitrogen, to a solution of 82.5 g of



] D20

, 2-Di

A2 90.1 g of 5-brono-2, 2-difluoro-1,3-benzodioxole diluted in 168 m of
hydrous THF are added over 2 hours, under nitrogen, to a suspension of
10.2 g 15 of magnesiumin 25.2 m of ﬁpgydrous THF, the tenperature being
mai nt ai ned at 60C. After the reaction ture has been mai ntained at room
tenperature for 3 hours, 90 g of chl orodi phenyl phosphi ne oxi de are added
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over sodidum sigreffor 20 heurss oIt\}%Fheél %O@deﬁ@a(béfr andefiltered and dles solideig uinsed
pressure to @itNg x126nfl FTHF. bA@ﬂéﬁd BCRMS Hubs at YDPE Rldbr teBuddrprbdsgft, Py 25

flltratlono i li.ca using,.an eth acet e/ mxture(varylngfrom
50/ 50 to %go\f/f‘\‘/‘feaﬁ’é' Rite 59 @%‘f(’l{tB‘PB %llgl‘ibg%;b yield = 66% . C nass
spect rum M—EImaS%S@edttﬂnNMé&@@ MHz) CDC13: 7.70-7.41 (11H, m); 7.37 (1H,
dd 7.16 (L Nﬂﬂi W 7

(2)2 Difl uf)rolﬁ4 |o&2 ?ggénzo |7o&3g?4§( q}}dn)plz rdl'y?]%?]@-bﬁ?)ne oxi de,
compoundO 11 C 1 Wﬁ 5 Msolution of butyllithiumin hexane are
i 1 Sopr opyl ani ne. oy SpIEL-AMNAED- 1A bERAA Q- S AR b fipfint, © T %1
i i sopro

m nut gs g%/ d@"’sp @eﬁl%we@wq%nmwd Atdw y over 1 hour, under nitrogen,

to a solution of ®Pgbf gompouhaIllcomqmgiofbdpﬁeep@lwwtaad 1150 n@QgSDéMF% 50
- or

mnat es. A dseaRie A B8 AgRy, I dadion dPRUFES SHEROM YoM ShIH ous THE
i's added Sov demperatureyu filtecedt hmdpﬂmm c@uscenthigtli onThd bré@a. oﬂTfmbtaimaalctls on
TS | MOS0 400l T GHR GT MRLPURSRETANS,
ri nsed 100 ml of saturated aqueous ammonium chloride solution and 100 ml of water and
dried over magnesium sulfate. The yellow solid obtained is then recrystallized
from 250 ml of methanol at 0°C and dried under reduced pressure to give 15.2 g of
20  awhite solid (yield = 68.7%).
CI mass spectrum: M* =715
'H NMR (300 MHz) CDCly: 7.66-7.25 (20H, m); 7.03-7.00 (4H, m)
Compound 1IA.3 is then resolved by chromatography on a chiral phase
column marketed under the name Chirose® C3 to give the optically pure (S) and
25  (R) enantiomers.
PREPARATION 9
Diphenyl (2,3-dihydro-1,4-benzodioxin-6-yl)phosphonate (compound
ITIB.1)
602 mg (25.6 mM) of activated magnesium and 1 ml of anhydrous
30 tetrahydrofuran (THF) are placed in a three-necked round-bottom flask under
argon. Two drops of 1,3-dibromopropane are added and 5 g (23.3 mM) of
compound V dissolved in 10 ml of THF are then added, the temperature being
maintained at 0°C. The reaction mixture is stirred for 2 hours at room temperature

(CHC13i C = 1) = +143 10 PREPARATI ON 6 _
fl uoro- 1, 3- benzodi oxol - 5-yl ) di phenyl phosphi ne oxi de, conpound

and then for 1 hour at the reflux point of the solvent. The magnesium compound
35 formed is then added slowly to a solution of 4.84 ml (23.25 mM) of



with 3 x 20 M of THF. After drying for 5 hours at 40C under reduced
pressure,” 97.6 g of a creany-white solid are obtained (yield = 87.5% . El
mass spectrum M- = 484 'H NMR (250 MHz) CDC13: 7.73-7.48 (10H m;
7.04-6.96 (2H, m 10 PREPARATION 8

(R S)-[4,4"-bi(2,2-difluoro-1, 3- benzodi ggol e)-5,5" -diyl]bis(di phenyl -
phosphi ne oxide), racem c conpound I1A 3°30 g of conmpound I11C 1, 11.8 g of
copper powder and 150 ml of DVF are heated at 130C for 4 hours. The
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(25.6 mV) offéglt(? \?aql qﬁ&éﬁ%é&bﬂ%‘ﬁ ?&% of anhydrous 30 tetrahydrofuran
(THF) ar B0 pl 33 8MR(260 MHz E€DEek 8¢ 4251200t ¥bin 6.9564d, irdet, 8. kHgoh); Two
drops of 1,3 n P a 3 of co ound Vv
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under Mass spectrum (EI): M* = 368
PREPARATION 10
Diethyl (2,3-dihydro-1,4-benzodioxin-6-yl)phosphonate (compound
II1B.2)
20 20 g (92.8 mM) of the compound obtained according to Preparation 1 and
1.2 g (9.28 mM) of nickel chloride are placed in a round-bottom flask equipped
with a distillation apparatus. The mixture is stirred and brought to 160°C and
18.8 ml (111.4 mM) of triethyl phosphite are added dropwise. The reaction
mixture is stirred at 160°C for one hour after the addition has ended, while the
25 bromoethane formed by the reaction is collected by distillation. The reaction
medium is then cooled and 50 ml of ethyl ether and 50 ml of ethyl acetate are
added. The suspension obtained is filtered and the filtrate is concentrated under
reduced pressure. The residue is then purified by chromatography on silica gel
using ethyl acetate as the eluent to give 25 g of the expected product in the form of
30 acolorless oil (quantitative yield).
'H NMR (400 MHz, CDCl3): § = 1.24 (t, ] = 7.0 Hz, 6H); 4.01 (qd, J = 7.0, 9.9 Hz,
4H); 4.20-4.23 (m, 4H); 6.86 (dd, J = 8.1, 4.6 Hz, 1H); 7.19-7.22 (m, 2H)
3C NMR (50 MHz, CDCL): § = 16.1; 61.8; 64.0; 64.4; 117.5 (d, ] = 17.5 Hz);
120.9 (d, J = 12.0 Hz); 125.3 (d, J = 10.0 Hz); 125.5; 143.4 (d, J = 20.8 Hz); 147.2
35 P NMR (162 MHz, CDCl5): § = 20.20



reduced pressure. The residue is taken up in 20 ml of ethyl acetate and
stirred with 10 ml of normal hydrochloric acid solution for 30 m nutes.
The aqueous phase is 5 extracted with ethyl acetate and the conbi ned

organi ¢ phases are washed with wat er dried over magnesi um sul fate and
concentrated under reduced pressure. g oil obtained is purified by
chromat ography on silica gel usi ng a cy { ohexane/ et hyl acetate m xture
(7/3, viv) as the eluent to give 5 g of the expected product in the form
of a pi nki shiviekd dpectaahi(BD{ vitel 2172- 59% . 10 'H NMR (200 MHz, CDC13): S =
425432(m4|—|)PRP N = 5.1, 81 Hz, 1H); 7.10-7.35 (m 1CH);
7.39-7.43 (m 1H3 13C NMWR (50 MHz, CDCl3): S = 64.1; 64.5;
117.7 (d, J = 18. ’Belh'hphen]yI(S,S' Ki2,3-dikydré-154 -Hzl)zod]mﬁn)56,66dlyJ]-: 12.7 Hz);
124.9; 1259 0 1435(d J = 22.2 Hz); 147.9; 150.5
(d J = ?—ﬁoi@(’é‘fk ng%@%? 13.11 Mass spectrum (El)
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Hz); 147.2 omcgntrategdvnderged ,prqgmgg)Thegeadm)lszpmfled by chromatography
on silica gel using a cyclohexane/ethyl acetate mixture (1/1, v/v) as the eluent to
give 200 mg of the expected product in the form of a pale yellow solid (yield =
20 20%).
'H NMR (200 MHz, CDCl3): § = 3.80-3.90 (m, 2H); 3.95-4.10 (m, 4H); 4.14-4.30
(m, 2H); 6.88 (dd, J = 8.2, 17.7, 8H); 7.00-7.22 (m, 14H); 7.72 (dd, J = 14.5, 8.4
Hz, 2H)
13C NMR (50 MHz, CDCl3): § = 63.8; 64.2; 116.8 (d, J = 18.5 Hz); 120.8; 124.5;
25 1269 (d,J =9.8 Hz); 129.2; 142.3 (d, ] = 22.1 Hz); 147.6; 150.5 (d, J = 8.1 Hz)
*'P NMR (162 MHz, CDCl3): § = 11.68
Mass spectrum (CI): (M+H)" = 735
PREPARATION 12
Tetraethyl [5,5’-bi(2,3-dihydro-1,4-benzodioxin)-6,6’-diyl]-
30 diphosphonate (compound IIB.2)
A solution of 6.72 ml (44.4 mM) of TMEDA (tetramethylethylenediamine)
and 5 g (18.5 mM) of compound IIB.2 in 50 ml of THF is prepared and 20.2 ml
(22.2 mM) of a 1.1 M solution of sec-butyllithium in hexane are added at -60°C.
The solution is stirred for 2 h at -60°C and 3.91 g (24 mM) of anhydrous ferric
35 chloride are then added all at once at -60°C. The mixture is stirred overnight at



17 Mass spectrum (El): M+ = 272 PREPARATI ON 11 Tetraphenyl

[5,5-bi(2,3-di hydro-1, 4-benzodi oxin)-6,6"-diyl]- di phosphonate (conpound
[1B.1) 5 A solution of 0.675 m (3.97 mM of tetranethylpiperidine in 5 n
of THE is prepared and cooled to -78C and 1.32 m (3.24 m\V) of a 2.4 M
solution of n-butyllithiumin hexane a{§ added. The solution is stirred
for 30 mn at -15C and then added to a"solution of 1 g (2.27 mV) of
conmpound 111B.1in 5 mM of THF, cooled to -78C. The m xture is stirred for
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[5,5 -bi(2, 4- benzodi oxin)-6,6"-diyl]- 30 dlphosphonate
(conpound Ilgg% gilégljsutlon of 6.72 m (44 4 of TMEDA

(tetrametshyl BPINMBr(@62 MHzn€DCland 51913 18. 5 mr\T/}V’ of conpound I11B.2 in 50 m
of THE is propay §deRn BB: #r+ 542
PREPARATION 13
[5,5°-Bi(2,3-dihydro-1,4-benzodioxin)-6,6’-diylJdiphosphonyl
tetrachloride (compound IIC)

20 2 g (3.69 mM) of compound IIB.2, 16 ml of thionyl chloride and 0.4 ml of
dimethylformamide are introduced into a round-bottom flask fitted with a
condenser, under an argon atmosphere, and refluxed (80-90°C) for 4.5 h. The
solution turns bright yellow. The mixture is concentrated under reduced pressure
and dried to give a dark orange solid (needles), which can be kept in the

(@

25  refrigerator under an argon atmosphere until used directly in the next step.
'H NMR (400 MHz, CDCls): & = 4.17-4.36 (m, 8H); 7.06 (dd, J = 8.7, 5.8 Hz, 2H);
7.54 (dd, J = 20.0, 8.7 Hz, 2H)
3P NMR (162 MHz, CDCLy): § = 34.74
PREPARATION 14
30 [5,5°-Bi(2,3-dihydro-1,4-benzodioxin)-6,6’-diyl]bis[di(4-methylphenyl)-
phosphine oxide], compound IIA .4
19.9 ml (36.9 mM) of a 1.85 M solution of n-butyllithium in hexane are
added at -78°C to a solution of 6.3 g (36.9 mM) of 4-bromotoluene in 50 ml of
THF. A white suspension appears. The solution is stirred for 1 h at -78°C and
35 then added to a solution of 1.86 g (3.69 mM) of compound IC in 10 ml of THF.



(22.2 mM) of a 1.1 Msolution of sec-butyllithiumin hexane are added at
-60C. The solution is stirred for 2 h at -60C and 3.91 g (24 mV) of
anhydrous ferric 35 chloride are then added all at once at -60C. The

m xture is stirred overnight at 18 roomtenperature. It is concentrated
under reduced pressure and taken up in 9100 m of dichl oronethane and 30 m
of 1 N sodi um hydroxi de sol ution and th(L. suspension is stirred for 30 mn.
After filtration, the organic phase is washed with water and then
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PREPARATI ON

[5,5-Bi (2, 3- |W&%OQW%§B%IG oxi fi Oés E?'H) ZSJ dd ] tze% r7a2chl ori de
(conpountO | | €} 42Xz, 22H:;\ BI5eddd =4, 8z} ,23 Jo‘-f Bhitanyl
chloride and fas?;d iddﬂ'ﬁb@bf?'iﬁrﬂij%ﬁf@ﬁ (Hd'@dttpﬁ%lmﬁ@ 2H); 6.74

o bbby 6.0 SR+ (GO R boutpathy PaaRady 2TRRpler o, nd
i s concent r aygy; UBEladd, F eBi0,8d PHESEYY; €.53304] Jor 8.0d11.0Hz ¥H) a dark orange
at L{)SpﬁE?ZdLﬁ’?? Nﬁlﬁ@@aﬁﬁ@c‘?ﬁgff e R T R b %:5%5’ " s
= 4.17-4136 (188.48H) ] =71206He)d32] &, 8 =710.8 Hx)HK32.9£H)32.9; 1358; 14@9; 12520, 0
8 7 Hz, 2H) ?ﬁg’jNNR (162 MHz, CDCl13): S = 34.74 PREPARATION 14
3P NMR (162 MHz, CDCls): 8 = 30.95
Mass spectrum (CI): (M+H)" = 727
PREPARATION 15
20 [5,5’-Bi(2,3-dihydro-1,4-benzodioxin)-6,6'-diyl]bis[bis(3,5-dimethyl-
phenyl)phosphine oxide], compound ITA.5
This compound is obtained by following an analogous procedure to
Preparation 13, starting from 5-bromo-m-xylene.
'H NMR (400 MHz, CDCl3): & = 2.12 (s, 12H); 2.31 (s, 12H); 3.63-3.66 (m, 2H);
25  3.75-3.79 (m, 2H); 4.00-4.04 (m, 2H); 4.08-4.13 (m, 2H); 6.72-6.75 (m, 4H); 6.96
(s,2H); 7.11 (d, J = 12.7 Hz, 6H); 7.29 (d, ] = 12.0 Hz, 4H)
13C NMR (50 MHz, CDCL): § = 21.0; 21.3; 63.4; 63.9; 1159 (d, J = 15.4 Hz);
126.6 (d, J = 12.9 Hz); 129.8; 132.5; 134.1; 136.1; 137.1; 141.0 (d, J = 14.9 Hz),
145.5
30 >'P NMR (162 MHz, CDCly): § = 31.78
Mass spectrum (CI): (M+H)" =783
EXAMPLE 1
(S)-[5,5’-bi(2,3-dihydro-1,4-benzodioxin)-6,6’-diyl]bis(diphenyl-
phosphine), compound 1.1
35 2.12 ml of tributylamine and then 780 pl of trichlorosilane are added to



30 [5,5"-Bi (2, 3-di hydro-1, 4- benzodi oxi n) -6, 6' -di yl ] bi s[di (4-net hyl phenyl) -
phosphi ne oxide], conmpound I1A 4 19.9 M (36.9 M) of a 1.85 M solution of
n-butyllithiumin hexane are added at -78C to a solution of 6.3 g (36.9
mV) of 4-bronotoluene in 50 mM of THE A white suspension appears. The
solution is stirred for 1 h at -78C and,35 then added to a solution of 1.86
g (3.69 mMV) of conpound HC in 10 m of E 19 The solution turns dark
brown. The m xture is subsequently brought to room tenperature and then
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Hz); 15101289We)Y.d, J = 12.3 Hz); 132.1 (d, J = 10.4 Hz); 132.4; 132.9;
135. 8; 140. 9a]3mz(bé,zenel@_z) 3LP4AVR (162 MHz, CDCL3): S = 30.95 Mass
spectrum (05 = 727 “PREPARATI ON 15 20

[5,5' -Bi(2,3-di hya%foilozwwemuwW)epeer@mddwhqusﬁm 5- di met hyl -

phenyl ) phosphi ne @Ry- ﬁgs',b@;mamyadohLﬂélzlimosmcnwm@Qbisednphé@med by
follow ng an Enalhorgqciru Eroc to Preparation 13, starting from
5- br ono- mxy , CDC13): S = 2.12 (s, 12H); 2.31 (s,

12H) ; 3. B3- 3'BBIMR) (20HMHZz)26DG157 3:33.(ZH, (1) 3.8B)4HAmROL 13 H,(m); 6203 (2H,
gHg)B 2 e gghdjﬁl 882, 1% §1¥§H§3%‘5 A1) a: P=Buz), 5:007, nf); 323(@u, 7732 7 He.
31P NMR (162 MHz) CDCl;: -14.3 ppm
[o]p* (benzene, C = 0.1) = +44°
20 (R)-[4,4’-bi(2,2-difluoro-1,3-benzodioxole)-5,5’-diyl]bis(diphenyl-
phosphine), compound 1.3
[0)p?° (CH30H, C = 0.5) = +48°
(S)-[4,4’-bi(2,2-difluoro-1,3-benzodioxole)-5,5’-diyl |bis(diphenyl-
phosphine), compound 1.4
25  [o]p”®® (CH30H, C = 0.5) = -49°
[5,5’-Bi(2,3-dihydro-1,4-benzodioxin)-6,6’-diyl]bis[di(4-methylphenyl)-
phosphine], compound L5
'H NMR (200 MHz, CDCls): 8 = 2.29 (s, 6H); 2.33 (s, 6H); 3.32-3.44 (m, 2H);
3.74-3.94 (m, 4H); 4.03-4.18 (m, 2H); 6.62 (m, 2H); 6.82 (d, J = 8.4 Hz, 2H); 6.87-
30 7.23 (m, 16H)
[5,5°-Bi(2,3-dihydro-1,4-benzodioxin)-6,6’-diyl]bis[bis(3,5-dimethyl-
phenyl)phosphine], compound 1.6
'H NMR (400 MHz, CDCl3): & = 2.12 (s, 12H); 2.25 (s, 12H); 3.47 (ddd, J = 2.3,
4.3, 12.0, 2H); 3.83 (ddd, J = 2.1, 6.9, 11.6, 2H); 3.95 (ddd, J = 2.2, 4.5, 11.4, 2H);
35 4.14 (ddd, J =2.3, 7.2, 11.2, 2H); 6.63-6.67 (m, 6H); 6.80 (m, 4H); 6.90 (d, J = 8.1



13C NWR (50 MHz, CDC13): S = 21.0; 21.3; 63.4; 63.9; 115.9 (d, J = 15.4
Hz); . 126.6 (d, J = 12.9 Hz); 129.8; 132.5; 134.1; 136.1; 137.1; 141.0 (d,
J = 14.9 Hz); 145.5 30 31P NWR (162 MHz, CDC13): S = 31.78 Mass spectrum
(Cl): (MH)+ = 783 EXAWVPLE 1

(S)-[5,5 -bi (2, 3-di hydro-1, 4- benzodi oxi ?i 6, 6' -di yl ] bi s(di phenyl -

phosphi ne), conmpound 1.1 35 2.12 m of i butylam ne and then 780 | of
trichlorosilane are added to 20 500 ng of conpound I1A 1 and 5 m of
degassed di sHi|did xyl ene, placed under argon. The reaction mxture is

heated at 144 S returned to roomtenperature, 5
m of 4 N aqugﬁ}gks(ié%gﬂ?ﬁ%?%)g ge érg?rtl on are added. The reaction
m xture is then sEXAMBL#E2roomtenperature for 30 mnutes and 15 nl 5 of

di chl or onet hane agﬁﬂﬁ’%ﬂﬂq VI-f he Cgﬁﬁfl&oﬁhﬁﬁﬁfi] E@ﬁmﬁhﬁg]ﬂ%ﬁ&ei ol of

distilled water satura aqueous sodi um chl ori de
sol ution %ndcomwm!bhbntly concentrat ed under reduced pressure. 10 ni of

m%‘é hanol are theﬂs% aﬂgi%@ lﬁﬂ%ﬂz@ﬁ‘ed&&ﬂl&x@nﬂh&ﬁmrﬁ)tmem%bbiabm ndl nlahgreddoff

under argon, jyashe rie uce

pressure for2 %‘XMF@‘V@PHY‘&E%I hé(ird;ée mn@]rﬁ%fdt %%Wgé(ﬁ ranére_reglu_yt for -44 The

follow ng Comhmlnds Tae solveap arethen Bvipgoeatsdioff umdereduced pressure. The solid

(R-[5,5"- n)-6, 6'-diyl]bis(di phenyl -

phosphl ne), }& %&hﬂ'&%‘f&d%@&”fﬁﬁ%@%q%% MHz) CDC13: 3.35 (2H, n); 3.83 (4H,
m ; 131((2 'PAYMRA(162 MHE#) CDEl: 50.14d) S, (d)JJ 38H#); 6.85 (2H, d: J = 8

7.09 (4H, U 7.31 8H, 31 P NWR (162 IVHz) CDC13:
-143ppm([a]Dr2r)"éErTZFh?E AMprist M. ( A ( )

1) = 4 20
(P L o bi (o . Gommpeng VL5 Gumplsh LRYClBeridinels] yhers & cusamesmnd
phosphi ne), mrrpound 1.3 [a] D20 (CH3OH, C = 0.5) = +48

(S)-14,4"-bi(2,2-g) fz'&fé’% norborna & 1(1)612& ?)mmeg, 6éjb¥né o So(ng'a%g?ﬁland
15 15 ml of degassed anhydrous CH,Cl, are then added and the reaction mixture is
stirred for 12 hours under argon at room temperature. The solution is concentrated
and dried under reduced pressure to give 96 mg of an orange-yellow solid.
3'p NMR (162 MHz) CDCl;: 40.9 ppm
EXAMPLE 4
20 Compound VI.2: Complex [LRuCLS-DPED] where L = compound 1.2
34 mg of [LRuCl,(pyridine),] obtained in EXAMPLE 3, 7.4 mg of (S,S)-
diphenylethylenediamine and 5 ml of degassed anhydrous CH,Cl, are stirred for 2
hours under argon at room temperature. The solution is concentrated and dried
under reduced pressure to give 96 mg of an orange-yellow solid.
25 3P NMR (162 MHz) CDCl;: 48.1 ppm
EXAMPLE §
Compound VII.2: Complex [LRhcod]'BFs where L = compound 1.2
50 mg of [Rh(cod),]'BF4 and 58.6 mg of compound 1.2 are placed in a
Schlenk tube. The system is placed under argon by means of 3 successive
30 vacuum/argon purges. 10 ml of THF are then added and the reaction mixture is
stirred for 30 minutes. After evaporation of the solvent, the residue obtained is
dried under vacuum to give 110 mg of a yellow powder.
EXAMPLE 6
Asymmetric hydrogenation
35 General methods:



phosphi ne), conpound 1.4 25 [a]D20 (CH3CH, C = 0.5) = -49

[5,5.-Bi (2, 3-di hydro-1, 4- benzodi oxi n)-6, 6'-di yl ] bi s[di (4-net hyl phenyl ) -

phosphi ne], conpound 1.5 1H NWR (200 MHz, CDC13): 2.29 (s, 6H); 2.33 (s,

6H); 3.32-3.44 (m 2H); 3.74-3.94 (m 4H); 4.03-4.18 (m 2H); 6.62 (m

2H); 6.82 (d, J = 8.4 Hz, 2H); 6.87- 302%. 23 (m 16H)

[5,5 -Bi (2, 3-di hydro-1, 4-benzodi oxi n)-67%"' -di yl ] bi s[ bi s(3,5-di net hyl -

phenyl ) phosphi ne], conmpound 1.6 1H NVR (400 MHz, CDC13): S = 2.12 (s, 12H);

5.0, 116, 21 3o e e 018 (dad 3 = 2.3
.9, 11.6, ; . = 2. . .4, ; . , = 2.3,

7.2 11.2. 2H: 6. 631%?’%?] (”i?\efeelH)‘;Cb%‘P%“d(ﬁf 4H): 6.90 (d, J =8.1 21 He,

6H) 31P NMVR (162 RRzequidBBiB) :of S 0.161X. 52.198XANRitEon2 oChyrbroonivl dcid :in Conpl ex

[ Ru2C 5L2] " 2N\H2 = c ) . )

bi s( benzenedll(nc E%%lofmlgt %d(?r?l um ?‘”%581%%20‘%2@1 d%%ﬁaﬁéﬁadg%g%lgftgyl%ylof

di et hyl arfi nerutiemiuse [nd |- Heqpinalents mat comppead gha rlomd of ceipee pedar gegen.f or 16

hours. The sak¥efrbindfer ¢ &lin@¥AROIBhEGnPefaBIBE sHRIMS Ak BYapSfaddEoff The
solid obtained is g%l}?rcai§under reduced pressure. 10 31P NWR (162 MHz)

CDC13: 51.1 (Rfier rady SUS. - 38 Hz EXAMPLE 3 Conpound VI.1: Conpl ex
[ LRUC12( pyri di ne) Phe whisstratel to=be hpqrogerchted1(12mdiibl R ismenfdissolved in 2 ml of

(nor bor nadi e yr.idLne) 9 f co 42 15 m of
degassed anhy: r%&lﬁd{}ﬂg&e %’Iﬁeﬁﬁ%défezgh@nd&t ﬂfe?ﬁ?@eglé fion@ﬁgxtsﬂ}rglé ?‘é
stirred or dighlesemeshanedend plagot imen agoshveimpdereseace athibe sataliist brder s
concent r at edthe%@ﬁrﬂrﬂﬁ%géﬁ%lgéssﬁﬁ%&ﬁl"th@ﬁ@s‘ﬁ%ﬁrt@rn%&atgke\’e 96 gy of an
orange-yel low soljd. "31P NWR (162 Miz) CDC13: 40.9 ppm EXAMPLE 4 20
Compound VI . 2: Co"rbl"%‘f?’{”lt_mmglmﬂe where L = conpound 1.2

The substrate to be hydrogenated (1 mmol), dissolved in 2 ml of
hydrogenation solvent, is added to 2.1 mg of ruthenium trichloride and 1.1
15 equivalents of compound (I). The hydrogenation is performed in an autoclave for
the necessary time at the desired pressure and temperature.
¢) with the complex described in EXAMPLE 2
The substrate to be hydrogenated (1 mmol), dissolved in 2 ml of
hydrogenation solvent, is added to 3.6 mg of complex. The hydrogenation is
20  performed in an autoclave for the necessary time at the desired pressure and
temperature.
The catalysts according to the invention for stereoselective hydrogenation
are useful for carrying out reductions of the following type:

O 0 [Ru],H, OH 0
M OMe MeOH /‘\)LOMG
20bar, 50°C _
yield: 91%%
8/C = 10000 ee =99%

5 [Ru] =[LRuBry] where L = compound 1.2



34 nmg of [LRuCl2(pyridine)2l1 obtained in EXAMPLE 3, 7.4 ng of (S,9S)-

di phenyl et hyl enedi am ne and 5 m of degassed anhydrous CH2Cl2 are stirred
for 2 hours under argon at roomtenperature. The solution is concentrated
and dried wunder reduced pressure to give 96 ng of an orange-yell ow solid.
25 31P NWR (162 MHz) CDC13: 48.1 ppm %WLE 5 Conpound VII.2: Conpl ex

[ LRhcod] {' BF4 where L = conpound 1.2 50™ng of [Rh(cod)?2]+BF4 and 58.6 ng of
conpound L2 are placed in a Schlenk tube. The system.is placed under argon
by neans of 3 successiv 30 vacuum ar%h'}bur ges. 10 BF of THE are then
added and the reaction gi xtupg i s stirredfor—3% m nutes. &fter evaporation
of the solvent, the resi obt ai ned j $4¢C8r j ed under”vatdumto give 110 ny
of a yellow powder. EXAMPLE 6 Asymmet ?qbér'lﬁ;é:r ogenatjon . 35 neral nethods:
22 a) with chiral ruthenium catalystg.Dbsgpared i ﬁ°‘§fi°’1§‘g%’," ¥t he formul a
[LRuBr2] where L = conpound (1) 2.2 equivalents of “8 0°16 N - 0.19 N
solution of hydrobromc acid in nethanol are added dropwi se to 3.2 ng of
(1, 5-cycl ooct adi ene) bi Bkt Rp}CAILLIYICH SNHt wleersilirrerreeaigd 1 (mesydiiid) ent s of
conmpound (I) in 1 mM of acetone under argon. After stirring for 30 m nutes
at roomtenperature, tif solvents are[wgborat ed of f YHunder reduced
pressure. The substratg( to pg hydrogemated—(I ™ol ) jis then dissolved in 2
m of hydrogenation -Sol t (of the Met%‘hoL or hakog®hdted type, such as
10 di chl oronet hane) and placed in an3 & 0P e in the presence of the

catal yst under the desired hydrogen jyessyre and Gtverke: §8%ired
tenperature. b) wth rutheniumtrichloride The substrate to be hydrogenated
(1 mmol ), dissolved in 2 mM of hydrogenation solvent, is added to 2.1 ny
of rut heni um t Fehtoer+de—ant—t—3—t5——efguvralentstTof—comptumd—C——Th
hydrogenation js perforned i n BWaut ocl ave for the nﬁ‘?:g%g"r‘vhtgﬁﬁ%mﬁﬁ t he
desired pressufe and tenpefgidisy inGlW (h (he Corpl ex desciiBeg)i N EXAVPL
2

Compound VIL1*: [Ru,ClsL,][(C,Hs),NH,]* 98.2 (R)

* where L = compound 1.2

S/C represents the substrate/catalyst weight ratio.

The enantiomeric excesses (ee) obtained by the hydrogenation of different
substrates are shown in TABLE 1 below by way of example, the conditions used
not being optimized (the letters indicated in the [Ru] column refer to the method of
preparation of the catalyst).

10



The substrate to be hydrogenated (1 mmol),
hydr ogenati on sol vent,

dissolved in 2 m of
Is added to 3.6 ng of conpl ex.

The hydrogenation is

20 perforned in an autoclave for the necessary tine at the desired pressure

and

SIC = 10000

t enper at ur e.
st ereosel ective hydrogenation
the foll ow ng type:

O O [Ru],
e e =99% 25 [Ru]

H2 OH 0
_ [LRuBr2] where L

The catal ysts according to the invention for
are usef Jl for carrying out reductions of
MeOH Ove 20 bar,

50C yield: 91%
conmpound 1.2 23 0 [Ru]

, H2 OH 31 OH MeOH OH 30 bar, 65C Conversion : 100% SIC = 5000 e e = 98%
[ Ru] _ [ Ru2C15L2] -[ (C2H5) 2NH2] + wher erABEEconpound | .1 (conmpound VII. 1) O
[Ru] , H2 'Y ~0H MeOH OH 30 har 1100 C Conversion - 1000 S/ C = 2000
[Ru] ee (% |(confSahstmtd on) |[[[RuBrp] B ni|sit® 98)5 TiMe d \eeK%d*:
[ Ru2d 5L2] -] (C2H5) 2NH2] + 98.4 (R) * \mese L((,rC corrpoxg 112 S/ C nepresent|s
the substrafe/catal yst weight| ratio B The er%antio ri cl excesses (ee)
obt ai ned by|the hydrogenati ol of different solsedstirates afe shown in TABYE 1
\ aof —avanml o thaolcaondr + 1 Ao o od
bel ow by way—ef GrarR-e—theteengitrens—aseds 7 3 S99 ®)
/U\/U\OCH3 MCOH
0O O (b) 4 50 24 L1 > 99 (S)
0 0 (a) 4 50 24 1.2 >99 (R)
\/U\/l‘k MeOH
OCH,
o q (a) 4 50 24 1.2 > 99 (R)
/\/U\/U\OC}{2CH3 EtOH
0o q (a) 4 50 24 12 > 99 (S)
>)J\)LOCH2CH3 EtOH
0 12 99 (S
o 0 (b) 20 50 64 > 99 (S)
Ph)J\/P(OCHFHa)z EtOH
0 () 30 30 24 L2 98.5 (R)
)]\/\ MeOH
SPh
0] 0] (a) 20 RT 64 1.2 > 99 (R,R)
M MeOH
CO,CH, (a) 20 50 24 1.1 93 (S)
=(— MeOH
CO,CH,
CO,CH, (c) 20 50 24 L1 91 (S)
:'(— MeOH
CO,CH,




not being optimzed (the letters indicated in the [Ru] colum refer to the
nmet hod of  preparation of the catalyst). 10 24 TABLE 1 Substrate [Ru] P T
Time Ligand ee (%9 (bar) (C (h) solvent OO (a) 4 50 24 1.2 > 99 (R

A", ~OCH3 MeOH O O (b) 4 50 24 1.1 > 99 (S) A".-kOCH3 MeOH OO0 (a) 4 50 24
1.2 >99 (R MOH OCH3 OO (a) 4 50 2 2 >99 (R OCH2CH3 EtCH O O (a)
4 50 24 1.2 > 99 (9 OCHZCH3EtO—|OO?%)20506412>99(S) Ph

P(OCH2CH3) 2 EtOH O (a) 30 30 24 1. 13 MeOH SPh O 0 (a) 20 RT 64
1.2 > 99 (R R MOH CO20HB TAPI@ISGODﬁI .QAEEONQ;) MeOH CORCH3 </ CO2CH3
(c) 20 50 24— gugsaate [Ru] P Time Ligand ee (%)
(bar) (°O) (h)
solvent
50 24 12 91 (R
E Ph (a) 40 (R)
O‘ \n/ CH,Cl,/
0 MeOH
0 (a) 20 50 24 L1 91.5(S)
OCH, MeOH
o)
0 0 (a) 4 50 24 13 > 99 (R)
M MeOH
OCH,
0 (a) 20 50 24 L1 94 (S)
\HK[(OEt EtOH
o)
0] (a) 15 80 24 1.1 63 (S)
S OEt EtOH
N/
0O O (a) 10 80 24 L1 97 (S)
EtOH
@J\)Lom
O O () 20 99 24 L1 49 (R)
CF; OEt




TABLE 1 ( CONTI NUATI ON) Substrate [Ru] P T Tine Ligand ee (%9 (bar) (C (h)
solvent 'Hph (a) 40 50 24 1.2 91 (R Y CHC12 / OMOH O (a) 20 50 24 1.1
91.5 (S) MOH 0,JJ.10CH3 O OO (a) 450241.3>99 (R MOH OCH3 O
(a) 20 50 24 1.1 94 (S) OEt EEOHO O (a) 1580 24 1.1 63(S) S --y Ot
EtOH ox OO0 0 (a) 10 80 24 1.1 97(9) EtOH 0 0 (a) 20 99 24 1.1 49 (R
EtOH CF3 ,'~0& 26 OO0 (a) 20 99 24 1.17'63 (R EtOH C2F5 Cet O (a) 5 50
24 1.1 > 99 (S) OH MeOH )I,,Pt2 OO (a) 10 50 24 1.1 > 99 (S) EtH

o 0 @ | 20 99 24 L1 63 (R)
/U\)J\ EtOH
C,F; OEt
0 @ 5 50 24 L1 | >9(5)

/U\/ OH MeOH

(a) 10 50 24 L1 > 99 (S)
EtOH

(a) 20 99 24 14 70 (R)
EtOH

(a) 20 99 24 L4 75 (R)
EtOH

(a) 10 110 3 L4 80 R)
EtOH

(a) 5 50 24 L4 96 (S)

MeOH
(a) 10 80 3 L2 88 (S)

T
POE),
o 0
CFMOEt
o o0
CZFMOEt
M
C,F; OFEt
0
M on
F 0] O
WOEt EtOH
F 0] O
F 0] O
F
OEt
L
F

(a) 10 80 3 13 89 (S)
EtOH

(a) 10 80 3 1.2 97 (S)
EtOH




OO0 (a) 20 99 24 1.4 70 (R} EtOH CF3 OEt OO0 (a) 20 99 24 1.4 75 (R
EtOH. CZF5 OEt O (a) 10 110 3 1.4 80 (R) C3F7 OEt EtOH O (a) 5 50 24 1.4

9 (S) /OHMOHF OO (a) 1080 3 1.2 ::: O EHOO (a) 10 3 1.3 CEt
EtOHF 00 (a) 10 80 3 1.2 97 (S) :111T1TIT:00..... ILOEt EtOH / F F 27
EXAMPLE 7 Asymmetric 1,4-addition 1 m di oxane, 0.1 m of distilled

wat er and 0.4 mmol of cycl ohexenone 5 @re added to 3.1 ng of
Rh(acac) (C2H4) 2, 0.012 mmol of conpound I.1 and 2 mmol of phenyl boronic
acid under argon. The reaction mxture is heated at 100C for 5 hours.

After it has ret @Momtemerature, the solvents are evaporated off

under reduced pr resi due obtained is dissolved in 20 m of ethyl
acetate, washed wAsymmetric hff-slditiorat ed aqueous sodi um hydr ogencar bonat e

solution 10 and t1ef f'disdnd g iR lea%r?an 48 n3R51% 10@15&6159@”

evaporated of f under ‘'re uct 1s purl

filtrati &n oaesildddcta X bmngifllﬁt(écaGE?a&)z,Mr%m&s% pheasransdd. ] %Nﬁl%fﬁmoé

characteri zeg ﬂmé Ht,lhasmiﬁé M}@uﬁ&%}édﬁm’h% %tlonwnmlm%e(@ﬁ@dt&wo1o@a@ﬂf& 51. 84
(2H, m; 2.16 6 (4H,

ey
Enanti oneri ¢ ‘&E%e%ter yﬁbﬁséétu(f&étt@rrﬁ?lﬁéﬂmﬁémﬂ‘ir%dﬁ QOIKe’&fﬁlaFea?V fed IVPLE 8

under reduced pressure. The residue obtained is dissolved in 20 ml of ethyl
acetate, washed with 5 ml of saturated aqueous sodium hydrogencarbonate solution
10  and then dried over sodium sulfate. The solvents are then evaporated off under
reduced pressure. The product is purified by filtration on silica to isolate (S)-3-
phenylcyclohexanone, which is characterized by the 'H NMR spectrum below.
'H NMR (200 MHz) CDCls: 1.84 (2H, m); 2.16 (2H, m); 2.46 (4H, m); 3.0 (1H,
m); 7.21-7.45 (5H, m)
15 Enantiomeric excess: 96% ee (determined by Lipodex A chiral GPC)
EXAMPLE 8
TABLE 2 below shows a comparison of the results of the hydrogenation of
different substrates obtained on the one hand with the ruthenium complexes
according to the invention and on the other hand with complexes of the type Ru-
20  Binap, under the same operating conditions (temperature, pressure and solvent).
TABLE 2 shows a comparison of the results obtained in TABLE 1 with
the complexes according to the invention and the results obtained with the
corresponding complexes in which the ligand (I) according to the invention has
been replaced by the ligand BINAP.
25



TABLE 2 bel ow shows a conparison of the results of the hydrogenation of

di fferent substrates obtained on the one hand with the rutheni um conpl exes
according to the invention and on the other hand with conpl exes of the type
Ru 20 Bi nap, under the sanme operating conditions (tenperature, pressure and
solvent). TABLE 2 shows a conpari son the results obtained in TABLE 1
with the conpl exes according to the inVention and the results obtained
with the corresponding conplexes in which the ligand (1) according to the
i nvention has been replaced by the MAJHAE2BI NAP. 25 28 TABLE 2 Substrate

Ru] Ligand ee| r O—fa—Rr—99—R /99’@—‘)1'66!'('00 a
ER)]>9I99(R) >9¢ (R)g“@m?eo 0 (a) B Sodigasd Jog (R (") O (a) |(R >§99)

\L

(S) >99 (9 L 2CH3 o (b) (R)1>99 (S) 198 () IPh" v P(z-93 0 (a) (R) 98.5
(R 96 (RSP} (a) (S) 90 (9)|82 (S) |[0.fl.0cH2cHIDO o )EH?A%R) >99 (R R
>99 (RR de|l >99 de =95 ==CCOACH3 (a) I(S) 93 (S} 90 (§) | CARCH3 29
TABLE 2 (CONTI UAM (a) R) >99 (R) >99 (R)
OCH,
\/?UCL (@) R) >99 (R) >99 (R)
OCH,
//\V;E\/j: (@ (R) >99 (R) >99 (R)
OCHCH,
o o (a) (R) >99 (S) >99 (S)
WLOCHZCHS
P e ———————————————
o 0O (b) R) >99 (S) 98 (S)

0o (a) (R) 98.5 (R) 96 (R)

(a) (S) 90 (S) 82 (S)

O O (a) R) >99 (R,R) | >99 (R,R)
)]\/U\ d.e.>99 de. =95

CO,CH, (a) (S) 93 (S) 20 (S)

%ll

CO,CH,




Substrate [Ru] Ligand ee (%9 (1) BINAP ~Ph (a) (R) 91 (R) 90 (R =N O o
(a) (S) 94(S) 84(S) ----ry Ot o 0O (a) (S) 63 (S) 56 (S) SOt I ©O0O
(a) (S) 97 (S) 88 (S) Okt o Q(a) (S) 49 (R 23 (R CF3 CEt 0 0 (&) (9
63 (R 44 (R C2F5 OEt 0 (a) (S) 99(s) 92 (S) ~~OH 30 CLAI M 1.
Compounds, in optically pure or racem’c?éorm of formula (I): OA .R1L\ O
PR(I) 2O0OPR A\ / OR25inwiicfif - RlL and R2 each independently

are: - a (C5-C7)cycloal kyl group, a phenyl group optionally substituted by
one or nore (Cl-C4)alkyl, (CI'A%J,)FﬁkGQﬁI'HN%MT&N&) al kyl ami no groups or

by a hal ogen Substrate [Ru] Ligand ee (%)

@ BINAP

| @ ®) TR | 90®)
t

o

(a) ®) 94 (S) 84 (S)

E—

(a) (S) 63 (S) 56 (S)

0
S OEt
N
Q 9 (a) (S)
©/“\)L OEt
0O O (S) 49 (R) 23 (R)
CF3/U\/U\OEt

9 0 (@) S) 63(R) | 44R)

—

97 (S) 88 (S)

(a)

99 (S) 92 (S)

0 (a) S)
/u\/OH




atom or 10 - a 5-menbered heteroaryl group; and - Ais an ethylene group
(CH2-CH2) or a CF2 group. 2. Conpounds of formula (1) according to claim1l,
characterized in that RL and R2 are identical. 3. Conpounds of fornula (1)
according to claim?2, characterized in that RL 15 and R2 are a phenyl
group. 4. Internediates of formula (IIA% useful for the preparation of
conpounds of fornula (I) according to Qaiml: O AIl Il,,Rl 0 PAR 2
(I'TA) PO~RL R2 AQO 020 in which RlL, R2 and A are as defined for (1)
inclaiml. 5. Interrredi ates of formgalWkB) useful for the preparation of

conmpounds of_ for .accar to C [0.0 11 OP(OR2 Al
(PB A e O b ory Bomfodidb o SRAralyre B B G oS 5 5 m ( C1. 4) al Kyl
group or an optionally substituted phenyl group. 6. Internedi ates of
formula (I111A) useful for theore ation of conpounds of 5 formula (I)
(I
P M

according to claim1: O

A
o
R2
R
/O p~ !
A AN
\O Rz

5 in which:
- R; and R; each independently are:

- a (Cs-Cy)ecycloalkyl group, a phenyl group optionally substituted by one or
more (C-Cy)alkyl, (C(-Cy)alkoxy or di(C;-Cs)alkylamino groups or by a halogen
atom, or

10 - a 5-membered heteroaryl group; and
- A is an ethylene group (CH,-CHy) or a CF; group.
2. Compounds of formula (I) according to claim 1, characterized in that R
and R are identical.
3. Compounds of formula (I) according to claim 2, characterized in that R,
15 and R; are a phenyl group.
4. Intermediates of formula (ITA) useful for the preparation of compounds of

formula (I) according to claim 1:

P N R

A, bR
O R
0

2 (I1A)
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p
T
0

20 in which Ry, R; and A are as defined for (I) in claim 1.
5. Intermediates of formula (IIB) useful for the preparation of compounds of

formula (I) according to claim 1:



A I/ PA O11R0 2 (IllA) in which Rl, R2 and A are as defined for (I)
inclaiml. 7. Internediates of fornmula (111 C) useful for the preparation
of conpounds of 10 fornula (1) according to claiml1l: O A I / A POl
IR O21 (I1lC in which Rl, R2 and A are as defined for (I) in claiml.
8. Internediates of fornula (1VA) usefuélfor t he preparation of conpounds
of 15 formula (1) accordingtoclaim1li" O A I / PRI O R2 (W) in
which R, R2 and A are as defined for (1) inclaiml1. 9. Use of a conpound
of formula (1) according toQe R ol claimse 1 to 3 as a 20 ligand for
the preparation of a netaugﬁf g us@ful as a chiral catalyst in 32

asymetric catalysis. 10. i alP(@R),al yst, characterized in that it
conprises at least one |ligad sélected froma conp of formula (1)
according to any one of clajms 1(to 3. 11. Chiral al catal ysts according
to claim 10, characterized FFmt P(ORgand 5 selected froma conpound
of fornmula (1) according claims 1 to 3isin optically pure
form 12. Chiral netal catapyStge orgli ng to claim 10 or 11, characterized
in that the metal is selected fromrhodium ruthenium iridium palladium

copper and ni.c ) } tal } i t | Al of
formila (VI ;'m %gfcm%{s?‘ )%f) ggﬁ%%‘ f&ﬁ(&)agmf RIRY %él éﬁﬁﬁ&pk%p & dn Qﬁtmng«lﬁy
substituted phenyl group.
6. Intermediates of formula (IITA) useful for the preparation of compounds of
5  formula (I) according to claim 1:

/O
A\ P/Rl
0 [
ok
(IITA)

in which Ry, R; and A are as defined for (I) in claim 1.
7. Intermediates of formula (ITIC) useful for the preparation of compounds of
10 formula (I) according to claim 1:

je
A\ P/Rl
o 1Ne
O ™2
I

in which Rj, R, and A are as defined for (I) in claim 1.

(IIIC)

8. Intermediates of formula (IVA) useful for the preparation of compounds of
15 formula (I) according to claim 1:

/O
A\ P/Rl
o N\

R (IVA)

in which Ry, R, and A are as defined for (I) in claim 1.
9. Use of a compound of formula (I) according to any one of claims 1to 3 as a
20 ligand for the preparation of a metal complex useful as a chiral catalyst in



in which: - Mis a nmetal selected fromrhodium ruthenium iridium
pal | adi um nickel and copper; - L is a conpound of fornmula (1) according
to one of clainms 1 to 3; and 15 - X, S, in, n, p and q are defined as

follows: if M= Rh, then X =d, Br or I;in =n=p=2;q90; ifM= Ru, then: X

=-0C(OCH3;, m=n=1;, p=2;, q=0; X=Br; mFn=1; p=2;9=0; or X =04, S
= N(CH2CH3)3; m=n =2; p=4;, q = 1; or X =nethylallyl; m=n =1, p
=2, q=0;, or X=d04d; S= pyridine'in:nzl'p:q:Z;orX—CI,S—
chiral 12chs§1ﬂmm,lc¢gmalysm— 1, p=q=2or =2 q—l i f MF1r, then

X=Cl1l, B : f MEPd.t h
it all o o OmRT ghed Catalyt %Hfr'a%sel%id i @}af e i Ly
net al cat al ystecteddionliaiegmpoursd @ﬁfmmlzla(ﬁf) atarding do @iyl e of cldimd 2waByv (VI 1) 30

in which: - j(;il i s @hﬁrﬁg@étal%% af}gtsegcé,ﬁdﬂ{?tg%?}n% cﬁ#&éﬂ%‘rf%eﬁ%tﬂaﬂ l?ﬁho one of

pal | adi um and_ cop accor

claims 1o %ecmdcfromz Compoand of f0fmu1@ (Bregeardingdo gay preeef daingsgl 110&/@ in jf M=
Rh, then Z =plichl¢ y&leq&eﬁ adi ene or norbornad| ene; Y = BF4, Cil&4, PF6, 35
Orf or BPh4; r =s=t —v%-ﬁ_' = benzene

i f
or p.oymene. il getgp palyss agiirdin o plalRej0 G- HshissGariidan e - oo s,
t =u=0; v=2; metalisseletted Yrom fiddiua? bth2nium, Fridum, pallatiivm, sppperandnickek 1, 5

M ¢ L0 o USSR AP QPP ARUIR Yo, 1 104, PO
t =u=0; 10 ML XpSq (VD

in which:

- M s a metal selected from rhodium, ruthenium, iridium, palladium, nickel and

copper;
- Lis a compound of formula (I) according to one of claims 1 to 3; and
15 - X,S,m,n,pand q are defined as follows:
e ifM=Rh,thenX=ClL,Bror;m=n=p=2;q=0;
e ifM=Ruy,then: X=-OC(O)CHs;;m=n=1;p=2;q=0;

or X=Br,m=n=1;p=2;q=0;
or X=CL; S=NCH,CH3)s3;m=n=2;p=4;q=1;
20 or X =methylally; m=n=1;p=2;q=0;
or X =Cl;S=pyridine, m=n=1;p=q=2;
or X =Cl; S =chiral 1,2-diamine; m=n=1;p=q=2o0rp=2,
q=1;

o ifM=Irthen X=ClLBrorLm=n=p=2;q=0;
25 o ifM=Pd,thenn X=Clim=n=1;p=2;q=0;
or X=rm-alym=n=p=2;q=0;
o ifM=Nij,thenX=ClLBrorm=n=1;p=2;q=0.
14.  Chiral metal catalyst according to claim 12 of formula (VII):
[M:LZ:W,]Yy (VI
30  in which:
- Mis a metal selected from rhodium, ruthenium, iridium, palladium and copper;
- Lis a compound of formula (I) according to one of claims 1 to 3; and
- Z,W,r,s,t,uand v are defined as follows:
e if M = Rh, then Z = 1,5-cyclooctadiene or norbornadiene; Y = BF4, ClO,, PFg,
35 OTfor BPhy,r=s=t=v=1;u=0;



I f M=Cu, t henY=PF6or C1O%4; r =s=v=1; t=u=0. 15. Catalyst of fornula (V)
according to claim 13, characterized in that M= 10 Ru and X=Br; nkn=1;
p=2;9=0; or X =Cl;, S = NCHRCH3)3;, m=n=1;, p=4; q=1; orXx=Cl; S
=pyridine; m=n = 1; p=g=2. 16. Catalyst of fornmula (VI1) according to
claim 14, characterized in that M= im and Z = 1, 5-cycl ooct adi ene or
nor bor nadi ene; Y = BF4, C1O4, PF6, OTf %) BPh4; r =s=t =v=1; u=0. 17.

Cat al yti c hydrogenation process, characterized in that it uses a catal yst

accor di ng t oe anyMoaRuOthes:! a7 msCl 8r bOI; M .= Bebzerdds podyntenepY &t CL Brak st
according to any one of clal ms ]10 to 16.for the 20 catalysis of asymmetric
reactions, especially hydro ghat'ion rea&tlons and reactions for the
formati on of Cof bonds. Y= BF4,C104,PF6orBPh4 r=s=1t=u=0;v=2;

or Z=Cl; Y =NHy(CoHs)2;r=s=2;t=5,u=0;v=1,
5 e if M=Ir, then Z = 1,5-cyclooctadiene or norbornadiene; Y = BF,, ClO4, PF¢ or
BPhy,r=s=v=1;t=1;u=0;
o ifM=Pd, then Y =BF,, ClO4, PFsor BPhy;r=s=v=1;t=u=0;
o ifM=Cu,thenY=PFs0orClOg;r=s=v=1;t=u=0.
15. Catalyst of formula (VI) according to claim 13, characterized in that M =
10 Ruand
e X=Brim=n=1;p=2;q=0;
e or X=Cl;S=N(CH,CH3);; m=n=1;p=4;q=1;
e orX=Cl; S=pyridine;m=n=1;p=q=2.
16. Catalyst of formula (VII) according to claim 14, characterized in that M =
15 Rh and Z = 1,5-cyclooctadiene or norbornadiene; Y = BF,, ClO4, PFg, OTf or
BPhy,r=s=t=v=1,u=0.
17.  Catalytic hydrogenation process, characterized in that it uses a catalyst
according to any one of claims 10 to 16.
18.  Use of a metal catalyst according to any one of claims 10 to 16 for the
20  catalysis of asymmetric reactions, especially hydrogenation reactions and reactions
for the formation of C-C bonds.



