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Chiral phosphi ne Ligands The present invention is

woanerosnsd Wit h new phosphi ne |igands, metal coppreyxems/ni2980

of 5 such ligands, as well 1as the use of such netal
conpl exes as catalysts in asymmetric reactions.
Phosphi ne ligands with chiral centers on carbon and
phosphorous atons are known in the art. A particular
cl ass of phosphine |ligands are those Iinked by a
bridge of two carbon atons, i.e. 1,2-diphosphine
I i gands: Exanpl es of 1, 2-di phosphine |igands with 10
one or two chiral centers on the carbon atons of the
bri dge are BiePIRtEBCEAhis Phosplioe itgentisi n J. Am Chem
TBSOC 1978, 100, 549) ; and CHI PAPHOS (B? see J. Am Chem
EPHLeseRigRventiay is episornednpthrew plygsphioe igargis dinptabsphiplages of
sudh GRRES 2248l 11BS @by
at%#s |§n a phosphol anéﬂgﬂ% gucﬁﬂ:&es ?‘E{}L}?Ets lr? %I%ett”ﬁe
TeagpPny. i gand (C), described in Tetrahedron Asynnetry,"

569, Still another type of 1,2 15
P ha*fpémémap%wth ghirvlceniers qrHaskondrrhostorohs stemscenkene in
theair€ AOPhrfidalARHf ﬁ’&gwﬁﬁn@% ar@%oké}g@%g@g%%g e félj—_‘ﬁo

: %gscrlbed in An
car

N REnsphg. 2 B-dp igepigppes. Brarhples 6f 12 kd@hmphme Bigarids with
one gautwﬁhﬁapcegtergﬁ @}L g:%naﬂ'tgmg Qf i bn:!ibgars m&sgz) e

gan S wth one center on a ta
esml eihje Jafior. Ghrer.clor rléVS,d@ﬂ,tféBl,and GﬁNAIi’éI(DﬁQBp«t&erjwﬁ Chem.

Soc2{ §R o dé 656 ﬁngﬁ]\g Bl(ﬂ% ﬁ& P§?55P§lh :J{ggllrrqj; are those W%Sereht&]e g]nral

11 gan sys
cenb&roymll 6[a:aorss ﬂ]qﬂtc&pholeimehﬂg agh fd? ekdrapie iih KBPR LA (C),

deanb 57‘ %fzhe?sﬁfo /gsgm%:ﬁlgfée{}r f9961|r;§(7&$0\” gﬁﬂaq%lgﬁéc}%%g I?Qé 1,20
dlphb@hﬁné&@&ﬂ@%é ORi26 6HheRChE ERADOS{tOL 31%&91 thé F'a{bmﬁ such

re i ndependently of each other alk
as Ieﬁ‘)mg}q@ﬁ gqscrlbedo in Angew. e(hem Int. Ed. 2002, 41(9), 1612

>‘ﬂ 3—\ P”\fpé O/O
(Ph),P  P(Ph), (Ph),P  P(Ph), H

A B c D

mg

" Disclosed are chiral 1,2-diphosphine

 ligands with one chiral center on a carbon atom of the bridg.e and one chiral center on

the phosphorous atom, i.e. a new bidentate C,P-chiral 1,2-diphosphine ligand system

which form fairly rigid bicyclo[3.3.0]octane chelates with transition metals.

In a first aspect, there are provided phosphine ligands of the formula I

cis : 1
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heteroaryl, said alkyl, aryl, cycloal kyl or heteroaryl

may be substituted by al kyl, al koxy, hal ogen,

hydr oxy, am no, nono 5 or dial kylam no, aryl, -S02-R2,
WaE04/0530@9 NRBR38, , car boxy, al koxycar bonyl , PCT/EP2003/012980

trial kylsilyl, diarylalkylsidyl, dialkylarylsilyl or

tri &lhylle?sﬂ lyl; 10 is al kyl, cydoal kyl, aryl or

het gt ; [ I

R BRI a4 B Ll aHERs e ycousnst

aryl; or R abrtearilogist e, awﬂt WCbNéylcsxrdte@wmémaabe

attached to f Qi)
dotted line is g?bﬁsllée:t{ﬁ%?mﬁ J@seﬁ% 3&%&’&%‘“&‘%‘88‘6?@
bond; R5 and cﬂedlmlamﬂ@,peme@gw -80;6aCh-NRARY, carboxy,

hydr ogen, al k or r )
NR8R8' ; and G SDYIaV@ﬁﬁYHEQp%H{:YmH}VIYEFh ?fﬂﬁtlﬂé\r
hydrogen, al kydar@kily@yr vyl ; the substituents R3 on the
phosphol ane ph nd t he sybstituent on the
jgtom of th‘éalg‘ﬁg Hﬁ‘bﬂ?]@aé‘ YioRgetsr@yln cis relation to
eacn“ AdrY asigh 1ﬁa&;ﬁ%de&w dthecHigthél IaRsEn Mifiermul a

I. 20 In a secon ere is prOV|d%d cofpounds
of formula 1%&9@?@)’ lt”é "®pokre alike and signify

pher¥dnd 18 | SopliREhitR Gk (Bﬁtorﬁ?ﬂxeg a%:htéggeﬁ@ f%ﬁ% a3-8-

hydrogen. In a third aspect. e is provid

tranS| tion méflﬁl’l %ﬁﬁﬁ@b@éﬁlléﬂnﬁor mul a 11 MTLnXpAq Il
emﬁg%l Hp&. £ ar ?rﬁ-kﬁ L stands

for | ph os I ne clog‘pgel!ahr%fla Sa%um@dn vvher ein 30

X 1% amddbor d |anfamd¢geraimdﬁ obeach other by@ov@, alkgl ovarylt,

m 7 and p argal gfilorﬂﬁ%\aq $ 0 if Mis Ry or 2a
Xis acyl oxy suc : oxy, trifluoroacetoxy or

- pi VR amgli RS / | artmnainpendeatlg obech other bydregéh, abapboxpriyls 0.
T M bibstHrents3C on the phospholane phophorus atom and the substituent on
the C2 atom of the phospholane ring are in cis relation to each other as indicated

by the bold bonds in formuIa I

In a second aspect, there is provided compounds of formula 1, wherein R' and R? are

| alike and s1gn1fy phenyl, R’is phenyl and R*, RY R’ and R® are hydrogen.

In a third aspect, there is provided transition metal complexes of formula I1
MuLnXpAq ]
wherein
M stands for a transition meta,

L stands for the diphosphine compound of formula |;

wherein

Xis a coordinating anion such as e.g, Cl, Br orl,
m, i and p are each 1, and
- gis0,ifMis Rh;



Xis Cl, mand n are each 2, pis4, gis 1, and Ais
triethylamne, if Mis Ru; or Xis a n-nethallyl

group, mand n are each 1, pis 2, and gqis 0, if M
is Ru; or Xis a coordinagjng anion such as e.g. O,

Br or I, m nand p are each 1, and qis O, if Ms
li; or Xis d, rn and n are each 1, pis.2, and q is
O, it M isPd or XisO,Brorl; mand n are each 1, p

is 2, and gis O, if Mis Ni. In a fourth aspect,
t heKes acylopy Sueh de d.gt acetsdy.ttiftynropeatany cERWgPNoes of
f or mdnd n ddeae¥gAg 11 2b  wherein Mstands for Rh, L
st ap@se, e t he di phosphi ne conpound of fornula |; and
wheg@i ) itMisRup coordi nating anion such as e.g. d, Br
or I, m n and p are each 1, and gisO. In a fifth
agpect, there is provided netal conplexes of formula
[ MiLnXpAg] Dr 111

XisCl,

m and n are each 2,

pis4,

gls 1, and

A is triethylamine, if Mis Ru;

or

X is a n-methallyl group,
m and n are each 1,
pis2,and

gis 0, ifMis Ru;

or

X is a coordinating anion such as e.g. Cl, Bror |,
m, nand p are each 1, and
qis0,ifMisir,

X.is Cl,
mand n are each 1,
pis2, and

- qis 0, if MisPd;

XisCl,Brorl,

m and n are each 1,
pis 2, and

qis 0, if Mis Ni.

In a fourth aspect, there is provided transition metal complexes of formula .

MalaXeAq f



wherein Mstands, for a transition netal, L stands for
t he di phosphi ne conpound of fornmula |I; wherein Xis a
di ene ligand such as cod or nbd, Dis a

non- coor di nati ng ani on suchk_as e.g. BF4, Cl O 4, PF6,
SbF6, CF3SO3, BPh4, or BARF;, m n, p and r are each
1, and qis 0, if Mis Rh; or Xis an olefinic |ligand
such as e.g. cyclooctene or ethylene, Dis a

non- coordi nati ng ani on such as e.g. BF4, CIO4, PF6,
‘wWBpB®, CF3SO3, BPh4, or BARF, m n and r are each 1,
pis2zand qis O, if Mis Rh; or 'Xis d, Br or 1, A

i sSMbnasoergr p-cynene, Dis d, Br or 1, and m n,
P, L slardi3d dortheadi b r Dis a

non- coor di nat’?’ﬁgﬁgn.%r‘?"?ﬁ%%!@mﬁg‘ ®BF4, C104, PF6,
wheka, CF3S03, BPh4, or BARF, mand n are each 1, p
and g are each 0, and r is 2, if Mis Ru; or 2c Xis

a Mis@BofdingfHatnHGlors £Q& ProfPd, D is a

NOR- 0 ré‘@&dhrig Apion such as é.g. BF4, CO4, PF6,
SQﬁ@O 3SG3, BPh4, or BARF, m n, p and r are each

an'dqlsO if Mis Ir; or Xisanolefinicligand
Dis a

cl.o cte e or, et hyl ene
Ina‘ﬁgﬁﬁse%irtg?r é&l?gé dehimsial Sqmenss o fogmulgrs 0 04, PFe,

SbF6, CF3 Ph or m p and r are each 1' n
is 2 and q "SL“g’Aqfh‘ Mlsﬁr _

wherein

M stands for a transition metal,
L stands for the diphosphine compound of formula I;

wherein

X is a diene ligand such as cod or nbd,

- Dis a non-coordinating anion such as e.g. BF,, CIO,, PFg, SbFg, CF3S0,, BPh,, or BARF,
m, n, p and r are each 1, and
qis 0, ifMis Rh;

or

X is an olefinic ligand such as e.g. cyclooctene or ethylene,

D is a non-coordinating anion such as e.g. BF4, ClQ,, PFg, SbFg, CF3S0,, BPhy, or BARF,
m,nand rare each 1,

pis2and

qis 0, if Mis Rh;

or

"XisCL Brorl,
A is benzene or p-cymene,
Dis Cl, Brorl, and
m, n, p, q and r are each 1, if M is Ru;

or

D is a non-coordinating anion suchase. g. BF4, ClOy, PFG, SbFeg, CF3803, BPhy, or BARF,
mand n are each 1, _

p and g are each 0, and

ris2, ifMis Ru;

J7



Xis an-allyl group, Dis a non-coordinating anion
such as e.g. BF4, O M, PF6, SbF6, CF3SOC3, BPh4, or
BARF, m n, pandr are each 1, and qis 0, if Mis
orPd. In a sixth aspect, these is provided netal
conpl exes of fornmula [MrLNnXpAq]Dr 111 wherein M
SX sradtient dganRsuchlassbdmrdsdf or t he di phosphi ne conpound
ob isfaoomabadihgting Bklon sMeBEEE.§. B, 02 PR, 8BE,. dpBMChy |
croch, pandiade eddh 1| Snda non-cgor i na in%%gﬁ? Igg%;??éﬁﬂgi‘éa%ﬁ
eqigo, iBFE I Cl 4, PF6, SbF6, CF3SO3, BPh4, or BARF, m
n, pandr are each 1, and gqis 0; or X is an
olefinic Iigand such as e.g. cycl ooctene or ethylene,
D i s-a non-coordi nating anion such as e:g. BF4, Cl104,
PEb angisfigic ligand seh asmrth dyclacteBARgthyleme, n and r are each
1D Is nog-corginatingginio such as exg. SEy,&K0 ) Piig [BBES, CFLEOL, BFhS, or BARF,
PPRAge@raaschdpt i cal active conpounds of for rru{a 6 6 O
®isRap (R)\RR, (S)P.R3. 4 RS+ RS\ R R R6 LSD 2d
WePdiMiste, R4', R5 and R6 are as defined for formula
I. I'n an eighth aspect, there is provided the use of
or netal conpl exes as defined above as catalysts in
asymmetric reactions, particularly in asymetric
hyideReRNFdpns and enantiosel ective hydrogen

i L e s s

G*giqquﬁhlon of '@ prochiral clefinic or ketonic
conmpoun

or

characterised in that the reaction is carried
presence of nmetal conplex of formula Il or Il

.out in
Inas"‘gl%aﬁ’g‘ft'r W&@_laaw&edméalpe@pmwﬂmmm, R5 and R6 may
form addl[“m&rl?pll\qlgﬁl ral celzl?ters on the C atomthey

wherein

M stands for Rh,
L stands for the diphosphine compound of formula I; and

wherein ‘

X is a diene ligand such as cod or nbd,

D is a non-coordinating anion such as e.9. BF,, ClIO,4, PFg, SbFg, CF,S04, BPhy, or BARF,
m, n, pandrare each 1, and ,

gis0;

X is an olefinic ligand such as e.g. cyclooctene or ethylene,

D is.a non-coordinating anion such as e.g. BF,, CIO,, PF, SbFg, CF3S0,, BPhy, or BARF,
~m,nandr are each 1,

pis 2 and '

qisO0.

- In a seventh aspect, there is provided the optical active compoﬁnds of formula 6

6 4,() 6 i

R RPvgs . A (SPage

BNt TN R
Ra R ' R

(R)6 {Sk6



are attached to and the residues R and R2 may form an
additional chiral center on the phosphorus atomthey
are attached to. The follow ng definitions of the
general terns used in the sent description apply
irrespective of whether the terns in question appear
al one or in conbination. The term"al kyl" as used
herein signifies straight-chain or branched

hydr ocarbon groups with Ito 8 carbon atons,
“me@fﬂhhﬂyﬁms@meareag@amemwb as e.g. methyl,

et hyl, propyl, iso-propyl, buty I so-butyl and
tert.-butyl. Preferably the alkyl groups for R, R2

. ed a s, such .as is r.0

FEighe Bl AT BovBlsi e e R T i o5 BenigaBbe o
cagalpsmin\mmmmctrhauahégplamtelaﬂpl iteasymnefricigfdrsRdatedIg iad

and chis attac ed via an gxygen atom The term
enaploseisy ﬁl%&?ydr%eaﬁefg 26 gpenss inpsoqging IE ¥ Mhgs, such

as e.g. cyclopropyl, cyclobutyl, cyclopentyl,

cycl ohexyl and cycloheptyl espeC|aIIy for cydopentyl
Ingynigth @enech dheyt is PrYidRICUPrOSES B9 URGHYBERRETIUIGS8Tiondf a

oo PR 308le o B Bir oA Pl egon s carid outin

presshagemetilydmple, of dofnula [[@P[Das ufinddl abdégl ami no, or
aryl. The term"aryl" signifies an aronatic
hydrocarbon resi due,. especially the phenyl residue,
Thetresidues R lbeRum;cbﬁgmay teredadditicguabdtiral aergersiom thh € atom they
| are atFatcfl)ec{ tO[TglElg}él ﬁ' %CE[?S rh%yl fgn ok v?/ﬁ]'dcthonal chzral ceinter on the
plmqﬂmrmwmthey aatattec}gd tophenyl , aI kyl or al koxy
groups, preferably nethyl or nethoxy groups, or am no,
Th&tﬁd)ih&hkg{ﬁeﬁmnomﬁ aflthy barerd eermp ueddanahé predenveleboripioh apply
or _hydr ox

1rresme Pre szrhsfﬂef e FW qlvft%ngag#rggor@%dr%n %;gg]%m%%on

rlnat Mor epve ern1 ar an Si nif
The st RN St B Sarahes seat bl e gl rafhon ¥
gr&ﬁ;s clithEx da)d qaktestdtordd] prefidbly mtﬁ/&aﬁwyﬂonﬁrsudﬁl bS/g. me'ﬁh}d?
fies.,a 5- or 6-nenbered

‘-'thé(f F gg%@?éy‘?s&hfsg Eﬂluﬁﬁ apgh&risPutibor e het er oat orrs

suc 0 and/.or of. s c heteroar .
Prefer, lgﬁgheaeﬁ]@'l BrQuBy for Rh Reﬁ‘}‘f 36%% ggpups such as is0-

prdp§D ELeibhicARKH terf satglompounds of the |nvent|on have t wo
chlral centers, one on the P atomin the 15

The t&%ﬂﬂ&bﬁﬁ QRlehbidfa BRhpARReraR Bl Pestl s 9 dddiRd abovle, and

phosphol ape ring. "Thé substituents at these chira

Whtfénfti#% %ﬁ@aanmﬂlaﬁo@ls relation to each other. For
..the denotation of cis- and trans configuration in the
The tshmo e standsifer 2ripiSomemberad sihgs. sheh a5k-& GHfeRIAPE:

BB BRI Nech SRR Mty RN dor GrlobenBRER do-
heol. | | _'
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cis trans X = lone pair, 0, BH3 20 Conpound of fornula
la is an exanple of a conpound of fornmula I, wherein

wdRboanshesdR6 are i ndependently of each ot her hypengemos/n12086

al kyl or aryl, and the dott®d |line is present and

Sﬂ{ﬁr bl 3@3 O%%i@é%ﬁ?rﬁ ?ﬂgow?m%yr%rwlammtsﬁ §’@ﬁ§% EOWZIOZ@W)%OXY’
ha%%gé/hg ?‘?%ﬂ?ﬁglrﬁgg&%/ﬂ%gﬁgmo%ﬁr yand R2 are alike

signity al kyl, aryl, cycl oaikyl or heteroaryl,
'rh%&l 5 "afi‘tlkylgmfﬁg ¥th aro@a/zﬁic Jo¥hrbBh rBR1RY QPENAILRY phényl

stlt al koxy halogen hydr oxy,
resamwhxcm@be GFSIHJSHW %rﬁlh%‘tu‘éiiw the agign-prpeta: smﬂra-

1 td & FaSibh ¥t .
s N s e

phRayli fdk)épkyhkoﬁfgfarl?% proferably anethyl gF BeHRawy S5PS RHTHAG R6
m%ﬁc?al]la/ﬂ Q{?ﬁﬁ)‘i}% 1o, 8&:&@%&‘ dﬁﬁé’iﬁﬁarﬁﬁ%’&gﬁ&hyﬂnu@bﬁhﬁf&%

dotted line is absent;
ordmtbgRBschre chlgnaefqrrﬁrédkﬁaméudmee geﬁre@@thyléﬂfl Mprqon@ the

ke Rt and
o ST S SRR AL Lot A AL

dlmlaéwylphpn)ifdlﬁdrtahm’ f—‘m‘l@r eigft i cal and signify
hydrogen; RS and R6 are hydrogen; and the dotted |ine
Th&emgmroaryhﬁmnh@qs admboinpesnbered FOPWINS sYAeierndgining one or

mgﬁﬂgr@at@w@gg s BJagﬂfb‘il I\R%x?rﬁ e?Bf &h%@fl&r&a‘rﬂ?r b are

ert utyl eny ar.e
ﬁlr}d,ethtentiabenanﬂlmw@m bgn?ht}lahﬂw]gen R5 and R6 are
hydr ogen; and the dotted line is absent; another
T}&Iﬁnmponadtt ofethe irventiouhats twé cliiod werters) ongasy i B am amthe

pl'x[o(g]?l%o_la_rg r%riﬁ and%n% o%' tg tﬁ%to%( 3 Qi%lplﬁ}ﬁpholﬁ% rhﬁ The substituents

at these chiral centers are always in cis relation to each other.

For the denotation of cis- and trans configuration in the compounds of the invention

and of related compounds the convention depicted below is adhered to:

P
X"} PRR X7y PRW
R® R
cis trans

X = lone pair, O, BH,

Compound of formula Ja is an example of a compound of formula I, wherein R® and
R® are independently of each other hydrogen, alkyl or aryl, and the dotted line is

present and forms a double bond:

Ia

Preferred compounds of formula I are those wherein
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25 R4 and R4 are identical and signify hydrogen; RS
and R6 are hydrogen; and the dotted line is absent;

w4 Asdsky t her enbodi nent are conpounds of fori%'f/ﬁp%ooslomiso
wherein R and R2 are alikge and signify heteroary

R3 R'sindarft . - b atke @hd Eigﬁiﬁyhlkyl%}yﬁﬁy@d’h@cﬁﬂr RétBroaryl, said
R5 and 'R6 are

i denti cal d

erogen. anashIBRotE O sy e
preferred |i ghwss helo &ommoaylmﬁﬁ@ rﬁcﬂ'ﬂﬁ%r nrﬁng aryl
and R2 are alike and [ rs)hen IS phenyl

R4, R4, R5 an%ORB ,ab@;3 h;&ﬁd@érﬁl @Q’Adll&ﬁ@&ﬁ'ﬁonyl
orepar od accor iy bs ERel Rl fafabiuRko frop e
[ Rarting rrMaék}rIaksry:kre known in the art and

ially al;l abl e. The synthesis of
2- rretaI!}])%/‘ilR’:nepﬁ%\‘fh ﬁlocfgan’e | -oxide is carried out

ac dordd®§ toaseahéependént!szt(ffreh&n@héxrmlr&g&ﬁ,@PQE-Q igtely
substitut ed EEOS}@hN ane- -oxide( 1) which maybe 5
prepared in gy to the nmet hod descri bed for
1- nhedxytltqdhbspmﬂsmteadd oxide inJ. Og. Chem 1971, 36

?éfRG RSP GFe 286 inment s of - the phosphol ane.

O R R AR hTePRe o i’ Frst Lybarings S 2

R N e U N
a & step 2 lsl?erRHJutﬁsor henfd@a R 2b R cis trans PF6 O
ML Ry S e 3 e s

R5 and R® are hydrogen; and the dotted line is absent;
another embodiment are compounds of formula I wherein

R! and R? are alike and signify alky};

R’ is tert.-butyl or phenyl;

R% and R? are identical and signify hydrogen;

R®and R are hydrogen; and the dotted line is absent;

another embodiment are compounds of formula I wherein

R!and R* are alike and signify cycloaikyl;

R’ 1s tert.-butyl or phenyl;

R¥andR'  areidentical and signify hydrogen;

R®and R® are hydrogen; and the dotted line is absent;

and a further embodiment are compounds of formula I wherein
R' and R? are alike and signify heteroaryl;
R’ s tert.-butyl or phenyl;
R and R* are identical and signify hydrogen;
R’ and R are hydrogen; and the dotted line is absent.

Especially preferred ligands of formula I are those wherein R' and R? are alike and

signify phenyl, R? is phenyl and R*, R*, R® and R® are hydrogen.



step 4a fractional W crystallization OO R 6 06 0 6
r--~~ Menth 6 O Menth (Rl PR3 a. R(5) PR3 a. RP, 3
W@2R4IMS06896 \ R+ s ARS RRa' + RS \RRa. R Rap/Rer083/@12980

5aa LZsRR 6 pure di asi ereol soners 5 Menth = or

wherein the residyes a a
The et Eiospild L Blobhted 20 o B grisEiopgheme | © 5 The
St pER2A04 83830 ih tHdat apd ctdiﬂﬂneﬁihﬂly‘dﬁﬂlaﬁher nedi at es
of formula 6 6 Os O RRs RRR+RR (S)\RR R R R6

TbSS}Glthé&heJlf el-rﬂetﬁﬁlen@ho%ho]arﬁﬁ axide BGanid A% a&%ﬁ'cﬂlﬁg‘ﬂ) §cBEme
s par t

1 PR Fom sBemiirriotel bR EPfaso bR ik (akhish gaay be
piepared ifbhAdbGtowht MethodRlcadribal FAN -PRAGRALspHIGTR- ﬁ%}ﬂaE‘m J

ar 0 I I thiumreagent or a [ithium am de
Of%fé‘é’ﬁt {%ﬁd—%% quent ly reacted with an al dehyde
56 Refrticttyilar o e REAGES (O 216 (9 @nbawasionsl assgrents of
tHe iR fﬁﬂ@ﬁ%@fﬂio@ﬁ@ff&h@@@isc&o@&@@ahﬁzﬁi @HdP@mg ‘rules with an

taI t|on reaer}, phenyl -, tyl-,” sec-
ar H&aft OS%BFW R &n%?f Rh?éplwlk%f i > QStqﬁupbmzﬂwlauns@mg
SEropyll am de, | ith| um 2, 2, 6, 6-tetranet hyl pi peri di de or
ke. In a preferred version an aryl or alKkyl
lithiumreagent is used which contains the aryl or
al kyl grpup R3. St 1502 Met byl enePoxo- phosphol ane
ajflegn qf f Rer¢s B.r strans 2-

g pf ormed by, dehydy &,
pho Tsznena&Qanol | O(-fZa ap g\mH of ~Txtur es
t gef eof . Such dehydrfti on

N bB per f Braed B¥ESHet hods
knownito the person ski2a| &l in the A" For exanpl e

the dehydration can begperformed Qy,deaction of the
hydroxy group with an inorganic acid chloride such as

t hi onyl chl ori de or phosphoroxi chl ori de an-‘etfsubsequ t
p B . Menth
pN R steps step 3 \RR
4
3 4 R4 R
diastereoisomers
step 4a fractional
crystallization
0 0
Rt 0 RE b s r—u\ -Menth - ,—u\ Menth
AP (5P ga R pr 4 O R SERY
5 ~_R" + S = \RR“‘ + RR&
R 4 R® 4 step5 R R° N
R R Blep o Ra fe
{R}-6 {5}6
pure diasterecisomers 5
Menth = " or
X
AN
(L}-Menthyl (D)-Menthywt

wherein the residues are as defined above for formula L
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20 elimnation of the forned chloride internediate for

exanple in presence of an organic base such as
WOL2084/a806abi cycl o[ 5. 4. 0] undec- 7- ene (DBU), PCT/EP2003/012986

1, 5-di azabi cycl o[ 4. 3. 0] non-65- ene (DBN),

1, 4-di azabi cycl o[ 2. 2. 2] oct ane (DABCO), triethyl am ne

or pyridine or the like. In another nethod the

(dration s rformed b atalysis with a strong

T 58P jcal agfie ! Erjgg‘gla{egﬂ%ﬁ?’“{aém d, phosphoric acid,

pyr ophosphoric acid, pocl')assn um hydrﬁgen 25 sul fate,

p-t ol uenesul f oni gt »etc. pk anot her net hod

an ester derived fr am> ,or gani ¢°) eRY,such as

met hanesul f oni ¢ agéd oryp:t dl es nic acid is

formed and the subsequght eI I m natipﬁn performed wth

an organi ¢ base such ?L

di azabi cycl o[ 5. 4. 0] undec- 7- ene, tr| et hyl am ne or

PY WhdiNERBIR I RF LKE RS b2 2¥ ALGARAGL P Rfm B {1ade;an ester
derived fromacetic acid is forned and subjected to

ard VWA thes gs}t %ftH@ﬂ?@sfehﬁﬁven\@anoo‘” 050669
PCTI EP2003/ 012980 7 Step 3
Ste_%'l'VE‘t hyl enephosphol ane- |-OXI de (3) is reduced to the

:1“

correspondln hospholane % by net hods known in the
Thgph Eaﬁerl (Lo roefallased wit |aeweilatfo@rr%cahp¢cé asjgyy aryl
or &1’1{212 Or o érﬁ OZ hgﬁﬂﬁﬁf aﬁ'@] £ % g edtGmdl: éuﬁgehﬁé}ltﬂzr r95d BREh an

aldpbﬂmec}hw dqgcdwrmlqifzbyéher ekaone suah ane. gmmeagaemlé nfistuges of
cis~ é&éﬂ )(tj 1R Eh&?}xpaH%ﬂ]n UALNUG D %% ahggn_i %&nhﬂl{éﬁl reagents are

um num
eghylmhwbdmtalf,tsecr and@drt sbautty1oth i wvin toln thee. lgce, pHabgemnedi-is8t eps 4
heal . resol ytion of .
e A 2 PR R B BB BB R fypretied vession

an pedot iyl lmhiulm rmgcoma wad chélcrbnmmsahky#yhbr sibylagent R>.
such as for exanple with (L)- or (D)-
Step@nt hyl - 2- br ono- acetat e and fractional crystallization
ri.ca

f.th | t | di
N e
ph@dpglalaﬁdrgbﬂhahbla -ofde 62&?1@16 b()for af iﬁ@&&r&@ tigdre¥SSich debiration
r oxi ae (0] 1 O rca r.e

Caﬂ% ?fﬁ* W1t gﬁé%?f(wyskﬁﬁfdﬁéﬁ %4 Fepexppple the
del@,‘dhﬁ[ontftafdi@e%fteffﬁ{rhyd B}ﬂﬁa&tic@@‘tﬂ@pﬁ:}? BB8p With H3RoRenic

e e nt.o anti.oneri ca
acig ﬁ@(ﬁwl&bﬁthlaﬂge'aﬁagmw%a OTEKI Oéi%ﬁéﬁéﬁ‘éij?‘&ffﬂy on

eliina€bh bathesruﬁﬁ&jr &hio&@iﬂte@n@@mmr ea AY1E BIEveichad dPanRIEShic
hy| e htg ch@ | -oxid are transforned

bast Abgh 2 41 D aasier dstorBENG: b liazahigyelols 3 Ojnon-5-
enéR(gﬂng}, %@%z%%@%oﬁﬁ%&ir@ (MABCO S &8ARardine é%ﬁﬁﬁle%r the
like. In another method the dehydration 1s performed by catalysis with a strong acid
such as e.g. sulfuric acid, phosphoric acid, pyrophosphoric acid, potassium hydrogen
sulfate, p-toluenesulfonic acid, etc. In still another method an ester derived from an
organic acid such as methanesulfonic acid or p-toluenesulfonic acid is formed and the
subsequent elimination performed with an organic base such as 1,8-
diazabicycdlo[5.4.0]undec-7-ene, triethylamine or pyridine or the like. In yet another
method an ester derived from acetic acid is formed and subjected to pyrolytic

elimination.
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4p(SY QO(R 0 RPIR RI-?~P (R + R Pad4 P
(RR A3 RRfT RRR3 RR3-step 6 RR6 RS 7 (RR-7
wd es/6xmpeoci s- bi soxi de (R, R)-trans-bi soxi de RGdeiR003RE2980
R R5 2 (S) prR ORA O(Pd\RO11 . (S) RB3 R (s) 3

~RR + (S) R3 R4,4 RP 10, step 6 LSD 1 SS 7
Mp Rc) - ci s- bi soxi de (SS)-trans-bisoxide wherein the
fidp ex) iaRave:df e thd @rraspendin spholane
ig?ﬁ’%%%ﬂh%léx% de b g Mdsp

PCT/ EP20037 012980 8 The nsfor mat
@ @mhmwnaaam S LR

tre%i/@rl @Pmtﬁ RIPLRAE (¢ gd@fchrawsﬁwe, h&@&mirocﬁﬁlﬁﬂé tplhexli’ﬁsﬂbye,
or und basé€ catal ysis  condjtions, 1% W th
po]ameﬂe'llb'dg:ggowg lgtcgls aluminum reagents (e.g. lithium or natriu alutmintm

hy(%ﬂ% %hgﬁ Gr‘ng‘lill‘ih? éeﬁiﬂhlﬁﬁqﬁ%7ﬁﬁ@%sﬁlmraw1th hydrogen after

] non- 5-ene
activationlivithatg. p @aggnqz 2, 2] oct ane (DABCO) or 5 sodium
hydri de, sodium ethoxide or the like. Aternatively
__qm_e_nd_énsfor mation can also be perforned step-w se by

Ortafne oht Rghcﬁéthaﬁl%QQGQ% ¥R Wﬁ?bés@hbﬁﬁe o) %?ngﬁﬁnﬁﬁat@n

po assiumter but oxi de or
reaatldi Wutbran@fpnaalb'ra@tlm atsdatingageriastigh ps fop ﬁmplﬁw&ééﬁ -¢& (D)-

sl 2 SRR 2Rk ALK RO e BRGicRIBRE ALlen !

rogen peroxide The
dlabteﬁimsﬂﬁsﬂ)([ﬁ)re memtln)é dmt:ad derdvatibies (81, pﬂn@pﬂhﬁm@r@ c?e@ye din the

whi ch .option -
prﬁpgc(ewéﬁgﬁg)sualaa%s& éun(l dr%ﬂl V\%&g en?rﬂgonsfér aﬁ)ﬁjp@r%z
méihﬂ&&SpJax@@sc)@ai@Id@:es{&)egener ated by deboronation as
depicted in schene 3. Schenme 3 (drawn for

S%@Ster60| sonmers (SS)-8 and (SR)-8; the

HOSO deTY SR IR AR} PO R 8 e e BB e
eng%érﬁ&fﬂallﬁgﬁ 2- m)etHy(ehehOdS)@n;&i'tdsphol% (6 by chaloratiographBen a

P step 7a
chiral support.

Step 6
The enantiomerically pure 2-methylenephospholane-1-oxides (6) are transformed

into a mixture of the corresponding cis- and trans-bisoxides (7) according to scheme 2.

Scheme 2
oK R AR R® RS R
5 R/ O
F‘]" (;? , (s) (ilz « 0 ti:l’ -
ZPUR) — pR—PA F@ N H—/P K R
RY E{s step 6 R2R* R R o2 R B
{R}6 {R,S}7 RALT
(Rp, Sc)-cis-bisoxide (R,R)-trans-bisoxide
"R R® RE P Re .
O
9 N =N ZC“) ;(R) (E/F# O (S) u/R
£ ©F RNoK © *_’ AR
" R ! iy o4 R R F{4
step 6 R R
{5)6 S B)M7 s17

(Sp.Re)-cis-bisoxide (S, S) -trans-bisoxide

wherein the residues are as defined above for formula I.
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11 %R -PP(R) R--P~9S) '- RRP P(s) --7\ R21 R4

R4 R3 step 7 Rz R4 R4 R3 deboronation R2 R4 R4 R 3
w({ 50669 SS) -8 step 7b (S, 5)_9 (RPSc)-cis- blﬁ@ﬁ(kﬂﬁﬂs/ﬂ]zgso

(S, S)-cis-di phosphine (S, S)s cis-bisborane 4 44R3
Thegnstpr s Top I BELEISA Pr- afdéf’f{ R)ot W@ﬂd;{gﬁrrb%sgg%%%ﬁﬁ%ch
carf c&d(ulﬁlielsf) %&H{BR)SOIEBI(I&S }(e@mg:’oﬁ@der Baﬁ%atal sis

t R(RR)- 7
1%5? Farid %‘P%)haﬁf'é sve@ms Wi hawgfﬁ%@pﬁﬁqﬁegec—} -ene (DBU),
1, 55@?&& d@@% joo]safbﬁrm (Dﬂlre)n @uTmﬁme@d 3] 0RtaBe @DABCO) or
eri.ne e (0] rmul a ese | 0 S ar.e
sodiym faride Spu éma *aoms e gtepndy ansfqrmagignican also

be ﬁ&%r@f{eta ste-ﬁhﬁlse bPEAGEbR DS 4 ScSRdaty H@Jfohhﬁ: iAGh ﬁx‘é@é&ﬁce Bpg base
exanp ytreatment W th S|Iane réagents n%ﬂ
Suthqso?m Eﬂté%mr%ﬁét byjaxde pr By adfliton afﬁePregH |S§¢q ﬁfhthlum
&ghymg % cﬁ%@ ﬁaﬁés%w ddn prod Rt A tsﬂbs%hﬁ'éﬂt%’ﬂ@anon with e.g.
agent ['"thi um or natrium al um num hydrid
hydspgen proen ehydrl de etc.). The boronation (step 7a) can
be perforned, for exanple, by treatnment of the

§E§§Jthosph| nes with a borane-delivering agent such as
t he borane- tetrahydrofuran con‘pl ex

T hbbw@ﬁéeswmr@ iredused Enibeidimbhospinpesd®) whisk qp@paﬁlb' qapbe purified
Ly [ k
o TR e i B N Y e TS na
regonsreted by debqrenajve aSﬁeam&dia}ﬁm_al so0 be performed as
a single protocol, e.g. by treatnent of the bisoxides
Mﬂdirwm ﬁﬂndéﬂsmmoﬁﬂmmdng/hﬁ)eﬂsaﬂdl(stme&ptheéiestceotsbmers
dri nd de rovi de
(B, ?%eac be ?’ge %5%1 ea)ngfoggﬂsé so E}Sb%I sr(%{)st‘ﬁn
adducts can 5 optl onal l'y, be purified by chr ormtpgr aphy
or flization to a iev hi ghicesheni cal  pGNi ty,R
The d ronat| on (step 7 an b&YeHreved by BH,
Qre obduttioe bl,s(boF g addisefs with an @ZJ
R—basﬁ\ s féh as—e-yg. 2 fcycI.ﬁ[ZZ:ZZﬁTC];P P
REDABBORS  p¥#Prol i di fe R d*f*e’f‘hyl anicbgor@tiont heR | n‘keB &t by
traag,ment with an acid gugh as HBRpr the |ikessl0
g cr?ﬁ%!m‘? al |y acti ve.s)-tigamesnied formul a | fSiShwis-bisborane
oﬁz‘p exes with transition netals, especially with
transition netals of Goup VIIIl, such as ruthenium
rhodium iridium pal Ipdl um and n| ckel . These
c9 xg& can be used:BgiCafal ysg%,"ﬁ;onasymret Bl RUR° R

I ] reduction ;L step 7a R\p BH3
R® R deboronation R
(RR}T (S,R)8 step 7b (5,R)9
(R, A)-trans-bisoxide (S, )-trans-diphosphine (SpR.)-trans-bisborane

wherein the symbols are as defined above for formula I

These methods are standards methods and known to the person skilled in the art. The
reduction (step 7) can be achieved, for example, by treatment with silane reagents (e.g.
trichlorosilane, hexachlorodisilane, phenylsilane, polymethylhydrosiloxane etc.), or
with aluminum reagents (e.g. lithium or natrium aluminum hydride, aluminum
hydride etc.). The boronation (step 7a) can be performed, for example, by treatment of
the diphosphines with a borane-delivering agent such as e.g. the borane-

tetrahydrofuran complex, the borane-N,N-diethylaniline compléx, the borane-
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reacti ons such as hydrogenati ons and enanti osel ective
hydr ogen di spl acenents in prochiral allylic systens.

woehesabl y t he netal conpl exes are used in t hBCT/EP2003/012980
i solated 15 fornms for the hydrogenations

Al i vel
aimpRlsnite £ppbles o i IRTA B R e Ee B R R Rt (e
7 dliﬁtnl) caigdsd b@p&Sﬁrfn&H alszlg Ehgl_&@lﬁhtﬁﬁ:l d.g. bﬁmﬁstxﬁén;foﬁthﬂﬂlaxides
Aoy Al \ are.l],kew se an ohject O rLesent
with i e VA BN SRR o PP SR e S
triEKIGBEeXs ?rovﬁiﬁlﬁfg&tﬂﬂl the tiidﬁBox?ﬁg)mdﬂK&S k'll\‘Me:Hﬁs(b”feiaiﬁlle)Saddﬂf:ts can
resented e e 1.0
CPPiSRADH B TG RO o6 AP S5 GUtOR RAEHE SR Fmica

putte We@e%r%h@tﬁkﬂﬁ(sfe@r?b? cdd I@dﬁhteb&ﬂb}ﬂﬁéa&hbenbﬁﬁxa Biitbdraxe)
the di.phosphi n

ound of f.or
addyctg wi THEE E?Fﬁ SUE rf-8 i’:éHL %@ o[2g-2] 08?"‘“6?15&89?
py2ffidihe2dietRelind or @8 tkélot 1§PkrédtMestRbith a@ ﬁc13@uc?ﬁ 4s¥IBF, or the |
acyloxy, such as e.g. acetoxy, trifluoroacetoxy or

11ﬁ§1valoyloxy n1and n are each 1, pis2,and q is 0,
if Mi WD 2004/ 05Q669

Thepticy: %mﬁmli@yéao ]rﬁ?af ForgPlexes aweaﬂ angyignymgtals,

es#&mﬂ% vﬁﬂf’trﬁlsitﬁ)ntrhétﬁis BY ReapTeIIL, 'sucth'rﬁtHngum Thediuk, irsdidm,

thal | yl %‘oup m and n are_each is 2, and q
pailadigm ar7d nirked These complexes sanjbe vée%wtﬁlmtm REYTAREHE

resifolds 8Schs BydiGhenaBbnind enantioselective hydrogen displacements in
prochiral allylic systems. Preferably the metal complexes are used in their isolated

forms for the hydrogenations. Alternatively, the complexes may be prepared in situ.

These catalysts, i.e. the complexes of a transition metal and the chiral diphosphine -

ligands of formula ], are novel and are likewise an object of the present invention.

The aforementioned transition metal complexes, especially the complexes with metals

of group VIII can be represented e.g. by the following formula IT and III indicated

below:
MuLXpA, 1T
wherein
M stands for a transition metal,
L stands for the diphosphine compound of formula I;
wherein
X is 2 coordinating anion such as e.g. Cl, Bror I

m,nandp  areeachl,and

g 150, if M 1s Rh;

or

X is acyloxy, such as e.g. acetoxy, trifluoroacetoxy or pivaloyloxy,
mandn are each 1,

P is 2, and

q is0,if M is Ru;

or

X is Cl,
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m n and p are each 1, and q isO,ifMslr; or 15 X is

C, mand n
WQz002050869 S Cl
is 0, if Mi

are each 1, pis 2, and q isO,ifM sPd;

,Brorl, mand n are each 1, p i spEEEoeh/si2986
s N. 25 [ MrLOXpAq]Dr 111  wherein M

stands, for a transition netal, and L stands for the
di Brd¥hhi ne &6 d of formula I; wherein 30 Xis a
diﬁne | i gandjsguch as cod or nbd, Dis a

non- coordi nati_ng ani on such as e.g. BF4, Cl04, PF6,
Sb#5, CF3SO3L#Ph4, or BARF, m n, p and r are each

1,pand q i sg,t;;gtmlgﬂﬁe)if@@imu;x is an olefinic |igand

such as e.g

cycl ooct ene or ethylene, WO 2004/ 050669

PCYY EP2003/ 012980 11 D is a non-coordi nating anion

sugh as e.g.;
BARF, m n and r are

R , , SbF6, CF3S03, BPh4, or
i nmegﬁ%ﬁéﬁéﬁg@, pisland 5 qis O, if M

| smRidnor Xaresadll, Br or |, A is benzene or p-cymene,
1D’ i’?MCls’Ru;Br grl EIlrid and 10 mn, p, gandr are each
q is 0, if M is Ru;
or
X is a coordinating anion such as e.g. Cl, Bror I,
m,nandp areeachl,and
q is0,1f M is Ir;
or
X isClL, .
mandn are each 1,
p is 2, and
q is 0,if M is Pd;
or
X isClL Brorl,
mand n are each 1,
p 15 2, and
q is 0, if M is Ni.
[MunLoXpAq] Dy I
wherein
M stands for a transition metal, and
L stands for the diphosphine éompound of formula I;
wherein
X is a diene ligand such as cod or nbd,
D is a non-coordinating anion such as e.g. BF,, ClO4, PFg, SbFq,

m,n,pandr

q
or

X

CF3SO3, BPh4, or BARF,
areeach 1, and
is 0, if M is Rh;

is an olefinic ligand such as e.g. cyclooctene or ethylene,
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or Dis a non-coordinating anion such as e.g. BF4,
Cl™4, PF6, SbF6, CF3SCB3, BPh4, or BARF, mand n are

weaskoDee9l5 p and q are each 0, and r is 2, iFCINER2903/012980

Ru; or X is a diene ligandlsuch as cod or nbd, Dis a

non: coor di nati ng _ani OR. SUC F4

SbEb. 20 CESEER™ Ed f‘adngé‘ﬁ#?ﬁ&“% BF‘*é&gd‘i'Pﬁ‘rng‘”
each 1, and (9, BPhi 6br BARS, Ir; or X is an olefinic
[ and uch as e. cycl ooctene or ethylene, 25 Dis
an "di n&tS ﬁ‘é}géml on such as e.g. BF41 Cl04, PF6,
Sbli;6 CF3SCg;,2 ##h4;, or BARF, m p and r are each 1,

n is2,and ql(ﬁbﬁv{ %?Mlslr 30 or Xis ait-allyl
gréup, Dis & ¢b0Pdi nati ng ani on such as e.g. BF4,
ClQ4#, PF6, SbF6, CF3S(8, BPh4, or BARF, mn, pandr are
ea 1, and 35.0,is 0, if |\/|IS Pd. WO 2004/ 050669

PCFt EP2003/ 01259%'013“1?I Ph stands for a phenyl group,
cody st ands f ofs Hedzehje-ot pSeyai@lepoct adi ene, nbd stands
for_ norbornadi eng, d (FARF stands for

t etl? aki s[ 3, 5- bﬁ@(ﬁ’f?ﬁ?ﬁ% omet hyl ) phenyl ] bor at e.

7t -dyBt, Bad hod r anckadls 14f Myls Rat and for ani oni ¢ | i gands of
the structures H2C=C(Me)-CH2 and H2C=CH CH2. 5
Pré&ferred transition netal conpl exes and nethods for
makhng such m@&@&dmaﬁngdﬁmrsu@m eldeBBAVCI®, PF, SbF,

rut heni um conpl ex ca pared, for exanple, by
reacti on of ﬁ F“e 52‘%%5 [Ru(cod)(OCOCFB)Z ,
[ RufGAaM( OCO(;F@Q@B@I—QO [ Ru( cod) (OCOCH3) 2] or _
[Ru2(cod) 2C14(CH3C:I\f)) and the ligand of fornmula | in
an B aekq” sol wEaRack 8randxanpl e in

T is 2, if M 1s Ru;

or

X — is a diene ligand such as cod or nbd,

D is a non-coordinating anion such as e.g. BF4, ClOy, PFs, SbFe,

CF3503, BPhy, or BARE,

m,n,pandr areeach 1,and

q is 0,if M is Ir;

or _

X is an olefinic ligand such as e.g. cyclooctene or ethylene,

D is a non-coordinating anion such as e.g. BF4, ClOy, PFs, SbFs,
CF3503, BPhy, or BARE,

m,pandr are each 1,

n is 2, and

q is 0,if M is Ir;

or

X is a m-allyl group,

D is a non-coordinating anion such as e.g. BF4, C1O, PEg, SbFs,

CF;-;SO:J,, Bph4, or BA_RP,
m,n,pandr areeach I,and
q 180, if M 1s Pd.
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10 ethers such as tetrahydrofuran or diethyl ether or
m xtures thereof, or in dichloronethane as descri bed
wonoisheodsy t erature (B. Heiser, E. A Broger, Y.pCramans12980
Tetrahedron: Asymetry 19942 2, 51). Anot her nethod
Plf siandsrfepaphenyl groupt dedrstands for éﬁ;ﬂ)ézﬁ cphprdtakse, fitat stands for

ST L%K?h RSB0 A e i AR e B R Reaoprere.

e 1¥st°' i @5&2@%@?@2@@#&%??&?%%<Me CH,
afdangt=cr.ciypl lart, C Pinel, S Juge, J. A Laffitte,
Tetrahedron: Asynmetry, 1991 2, 43. In situ

Pr@kﬁ@&h@héiﬁﬁn ﬂfetﬂ (b BRIk Bnd QRath S48 ﬁﬁﬁm%%ua%&ﬁ 18RS are
y reaction of the ruthenium precu sor

dﬂ?‘ﬁ g&ag(%hethallyl)Z] with a ligand of the fornula I
in the presence of trif oroacetic acid i n net hanol

A BuheB Uy OBRRUST FARRPTIRF &b B GXampls, bykeraiion, of2lge Ry precursors
RES&Q@(VOC(YCPQE qrrﬁm(codﬁ@@m@gm WBC bgﬁ%%)é%:
A rut heni.um conp can al SO prepare

Réx&ﬁﬂ@lz@dﬁéy‘s%tapﬁ ghﬁ[ raaeé gtifogpgal in andnerh eohrqng Sorexanple in
etEéP§ ¢has terdhy &I%Hrg?f op&eﬂﬁf?etﬂér 5;%&51}@3 &3 e%f%&) hyent in

t he resenceo triet }/amne as described i A t he
‘Fl'll‘?f@mﬂmﬂé ag qescrifed inythe litgratyreH{(iBi Heisr, lAwBruger, Y. CrAmaii,

Conmun. 2 Farther a rut he can
Te%hedf?\@xj? %sgméﬁrig( 1?91'% g{ )a%ﬁg\ﬂer %)gthgaqfﬁ} %éggfl%glﬁ entum

copwleyreepwrises, fdrwamglambb ecactipn dlethe ruthefiRo( precymene) | 2] 2

tl
(RSl B FEHAOE Re doritiulal 17 o Bl b socyes e
hexdne areelhent crasxtireetheraof tdresdrittedim}. Br@eneK.S. Makit, it Pidél, S.

B T R ST

U
of {iRutu(leminme pedcikso} [Ru(k&imnémawmwﬁh(au) £d of HRUYBFHWa I in the

AR | EBIOR S FRICE AR Cebhid EH{ Tidsprpas - igies
E. 20044030 068n 8CTlefrBRADS: W 2882 try 1891421 Sodi um conpl ex
can be prepared, for exanple, by reaction of rhodium

A futiesiinig ebsiplauah aBs bk Rripeed)fol ]a:&mp{lé?fﬂ;@mzlaﬁﬂr% ]RZl.(cod)Clz],,

| an{‘ﬁgﬂlraa@éﬁ? SRR ’ﬁd3¥.2 Goblena s fhe PREERS @t

triethglemideed deftribefkpeieilite Rfuad ﬁTCH@Fﬂfaﬁ tlrrbﬂélé gii g,fiﬁwqhb' P Rrai, M.
exes, pp

Vol . 1 | 00
Saﬁéwgélg@gggﬁ g}“ e 1@9@@575%2%% 920k E‘Flébqf@d

ruthBRRlHED 65160 g?%%@%ﬁ%%ﬁ%& le LaLy)h]a ée)& Jzand

th%*mvﬁaggm PREith fwwwwﬁ Aﬂﬂo ? mtsmpeﬂ

acifgﬂhfngﬁd%tgg})la(’r ﬁiﬁg&dekcﬁgﬁa Eg%-i %;}L%rﬁﬁée (I<f Re{RRA), L id.GhOAT.
Ohta, R Noyon, aya, J. Cheém. Soc,, C ommun. 1989, 1208)

Preferred ruthenium complexes are _

Ru(OAC) »(L), [Ru{OCOCFE3)2(L)]2 RuyCly(L) 2 NEts, [RuCl(benzene)(L)]Cl,
[RuBr(benzene)(L)]Br, [Rul(benzene)(L)]1, [RuCl{p-cymene)(L)]C), [RuBr(p-
cymene)(L)]Br, [Rul(p-cymene)(L)]L, [Ru(L}](BE,)x [Ra(L)](ClO4)s, {Ru(L)](PFs)2
(Ru(L)}(BPhy)s.
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An iridiumconplex can be prepared, for exanple, by
reacting the ligand of formula | wth

WO[2be4/e50ebp( CH3CN) 2] BF4 or with [Ir(cod)Cl]2 i nPCI/EP2003/012980
accordance with the methodl3 described in the

LB AR ey T At & R oo
sucQa@@RD@EBH)CI qm{(hbd.)@ﬂﬁ, [&2Bcod A PbFs LRHPeRT) §BEg d Rh fcod) HahO 4

wifihy le%%f?r St {1 o e s dld fossisd iy 1 pr,

"E: l'eh?ﬁgﬁﬁg chgrﬂnﬂﬁg‘\tlth l[eﬂft(ogbel(llS) gp 402{etzﬂl|(clﬁbgihple)c&s§.}3{ﬁ|§39 -344,
r(n n al | adi um co ex
Ed delipiny "F’ %éxtglﬁéw‘)@]‘ by reagtl on of therrp

f 20 formula | with 7r-allylpalladiumchloride
Prqfﬁr@grgeaa%&%m “t%i %tthe nethod described in a

Rn{I)CERH(TES, RY(L) BRI RDISEE, Ry QL) 1BE,, RR(codXIICIO,,

(RbjeadbihBy L Lgh(cp@cq@ﬁ@%aqr AR [%ﬂcn%fﬁﬁ'&&,

R}(B@a 7]@1{;, .@%\% M40, (Pd(n-al 1'yl) (L)]1PF6, [(Pd(7t-
Fpdails

ni ckel conpl ex can be prepared,
[Rh(@bdb( i\lrtr%]lﬁ Bgi ng the |igand of fornul a l

and ni ckel chI oride |n n alco such anol
Angridismneqaples FampsraPaed thePample: ‘I%{faﬂé%ﬁt Kiﬁé ormulal

S R Eﬂz@&“éﬁfﬁ?ﬁ%ﬁ*‘*ﬂﬁﬁeﬁﬁ”

desgrbed @ thahgf‘aﬁ@ ashingy kp lestasawaph Zmpg, Hedlakaya, 1.

T SRR, At o Oy 19 gy o

Preferde lﬂa(rn)com]?héesmr%m5| tion nmetal conpl exes prepared

Ir(EﬁZlﬂlﬁg?B{' *?Rﬂ)zaﬁ%@dn)gﬁjnﬁﬂ? EP@S&’)(E\ cfaL al yst s for

I’C T eact ticular or metric

[Irfvpdﬁ(dxg]éi’fa,t{irémdr)@a\lﬁﬂfm{ér(nbdnﬂe) BB [Io(wbd@;(Lé @pl es serve
Xr n%dRLLgtﬁ,@{(ﬁbH@@APp ent {/\;))nzggi/ ggoggtg in any nmanner

0
T Al T R L
forﬁﬁﬂi [ #gh ﬁtoz!lll'j/‘lpalla-cﬂ&mt @l dradyia bedordarioe wﬁh b Ohettetdhi¢beribed in a
acetate DBU 1, 8-di azabi cycl oéS 4, 0) undec-7-ene. DABCO
literatraliaaprmeya1ddL. Faysshuy. Ases h@nBSQRFl%I 113, 9887).

tetrakis[3,5-bis(trifluoronethyl)phenyl]borate c
Preferrekprladiinn onIp)exss ol ar substrate catal yst ratio

PACI,(L), [Pd(m-allyl) (L)]BEs, [(Pd(m-altyl) (L)]CIO,, [(Pd(n-allyl) (L)] PFs, [(Pd(n-
allyl)(L)] BPh,

A nickel complex can be prepared, for example, by dissolving the ligand of formula
and nickel chloride in an alcohol such as isopropanol or ethanol or mixtures thereof
and heating the solution with stirring in accordance with the method described in
"Experimental Chemistry, 4th edition™ Vol.18, Organometallic Complexes, pp.376, Ed.
Chemical Society of Japan, 1991, Maruzen.

Preferred examples of nickel complexes are NiCly(L), N1Br2(L) and Nil,(L).

The transition metal complexes prepared as described above can be used as catalysts

for asymmetric reactions, in particular for asymmetric hydrogenation reactions.

The following examples serve to illustrate the invention and do not in any manner

represent a limitation.
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cony. conversion ee enantioneric excess GCC
gaschr omat ogr aphy PWMP5 2-

wol206li/@@0&ey| phosphi no) net hyl ] - 1- phenyl - phos pholramep20485/012980
cod (Z,2)-1,5-cyclooctadi ene All experinments were

In ¢l eizatpleuhe sehdet] abbreaiation pharehofolldeoxasgagat ed ar gon.
Sol vent were dried and distilled under argon before
use et al di phosphi ne conpl exes were prepared

mipsi ng thélﬁﬂg(pchﬁchni ques. Exanple 1 20 Preparation of

Phenyl phol anenet hanol -1 -oxide OO0 G Ph
@1 h@r&%@f&ﬂ n CH20H CHZOH cis 1:4 trans 51%

Etd)ﬂca 1 Jet}i}d)mchtbottom 2-neck flask charged a with a
gnetic étl rrl n
o

eny! pHos PR EféQ%‘H@ef%Tf mol ) was dissolved in
DJSB)@OM fr.eghbabigtlsfl.b bpgdtalde, and 10.4 g dry

af or mal s, added. ction flask was
B‘A&%shed G&Iqﬁﬁsﬁgg’bﬁ\z’af@%ﬂ@e@é’]&gﬂwﬁ odHC. Subsequent |y
c 100 m Qbﬁ&ylkﬂah&;hl um sol ution in cycl ohexane /

di et hyl et was added in one portion. The
Sleesul ti r’F@OPﬁ EFF"éeﬁ\ﬁél)’%ttrPfr‘? ed until the tenperature
coheached Hiesignd additionally 5 m nutes at that

tenperature. Then 10 g NH4Cl was added. The m xture .
€was fil tféP'étéPm@é?rfé‘éWrat ed, and the residue purified

c®y flash, %,gg hy(EtOAc -foll owed by :

Et QAc/ e hanol 1 Yields: 30 2.5 g substrate
PNIR3 phenya ﬁwbpwéplmﬁéhmobwéélﬂ I phepyl-phospholgng 4309

colif ans- eJIn_:yICY ocBigshol anenet hanol - 1- oxi de as

V\,hl te cryst M P 109--110C (tol uene); JH NVMR WO

: M?Q%%‘l%gg%rg &I{_ﬁs 8&%&}2&9 §th n%ﬁer@ %PQM%%&n%ted ar%on
Sopients merg_gngd and| ckptﬂl;& unéex]_grgowbefgremsgg" he met@q}1phosph1ne

) S: 63.3; and 2.2
C"&PZ%‘&g wzn%é’ gparea@éqhn I?!SJC @ g%/o%s pﬁ%lggér;lénet hanol - 1- oxi de,
By gﬁ crystals, mp. 149-151C (toluene); -'"H NWR
——ﬁ@% )5 146157m1|—|) 202222(m4|—|) 5
121 -Phg hosphilar? 1de332349(m
2H) 376(t 1HJ—57)746751(m2H)

752757(;}11H) 7.67-7.73m 2H); - {S‘dI\/R
(200M) pngz 7.PhUEganpl & 2ppr eparati or( ofP..,
1- Phenyl hyI en%phosp arfé- | - oxi de
CH,OH 'CH,OH
cis 14 trans

51%

In a 1} round bottom 2-neck flask charged a with a magnetic stirring bar 23.4 g 1-
phenylphospholane-1-oxide (0.11 mol) was dissolved in 300 ml freshly distilled THE,
and 10.4 g dry paraformaldehyde was added. The reaction flask was flushed with argon
and cooled to -20°C. Subsequently 100 ml phenyllithium solution in cyclohexane /
diethylether 7 : 3 (1.8M) was added in one portion, The resulting mixture was stirred
until the temperature reached +10°C and additionally 5 minutes at that temperature.
Then 10 g NH,Cl was added. The mixture was filtered, concentrated, and the residue
purified by flash chromatography (EtOAc, followed by EtOAc/methanol 10:1). Yields:
2.5 g substrate (1-phenylphospholane-1-oxide) (11%}, 11.7 g (439%) trans-1-phenyl-2-
- phospholanemethanol-1-oxide as white ¢rystals, m.p. 109-110°C (toluene); -'"H NMR
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P.Ph + G Ph 1. SOCCIZ Ph ~CH3OH CH2CH 2. DBU cis 1:4
trans 75% 10 In a 100 m round bottom 2-neck fl ask

W@ ban/gdedn t h a magnetic stirring bar and 20 nPCT/EP2003/612980

freshly distilled CH2Cl 2,118 ¢

(5hpREN B 1%@%@#%}@”?@?% 6k-l“) Gslg 0()%99?12‘11119 (t 1H,J=
m xt ufe of di astereoi sonmers) sso] ved

6.1 8aabi7085 (foh, 33K, mmﬁt@heﬁi)wsmmmmomw Sc@alsed to
0C. Subsequently 2.1 m SOC2 in 10 mM CH2CI 2 was

arRAIE 6 (&6 PPV Sthenyl TH hb §hdldnAgthy bl PWA:ER, vmlxet&&ﬁaw\@sp
stirred for 5h at roomtenperature, then 20

1%l5é?c\(\fa>éueadhed‘1 NMR (PROMIELD Waks-E27 (melEd ZtQM 262 {wnt 451),

= %.9 over gl\%g‘%CESé Erg %ﬁ?t erngggg %gz?ﬂeg 7@??% %%%rﬁ’ 7.46-

7.51 {rh r:m % 7.320N6A(A] T19), Tr67dR73 (m, 2H); -*'P NMR (200MHz) § : 62.7.
2-chl oronet hyl -1 - phenyl phosphol ane 1-oxi de (m xture of

ElaSQEss; - 31P NVR (200Mz) S : 58.2, 60.3) 1.7 ni DBU

vvas added The mxture was heated and refl uxed
S ok 1-Phenyldrmpethylenephasplolane yegideand 1 ash
chr rrat ography ofcthe 20 resi due wi t h £t OAc/ et hanol 20
ayi el ded |. #5% 1- phesplt,2- 4
flPtyI en“'ephos | die- | - oxidesas a\cql tH ess oil. -'H
pOMHz) S 7 189 .94-2.16 (m
3H) e 66 (mbHi@kE' Ay (m 1H) 5. 74
(dt, 1H, J.7 2.4, td7s 17. 2) 5.88 (dt,,1H J=2.1,j =
36.6), 7.37-7.48 (m 3H), 763770(5%12 31P  NMR

20 S P t
| In(f\ Mgﬁ@u@d hefttw|2ew§ﬁ§§bﬂ§r%@ﬁéﬂth&e$%?¢%%§wwar 5920 ml

frddh) %@Qﬂé@@@ﬁ@g llfﬁg E’fﬁﬂeﬁﬁ@%&%&%&neﬂ@mﬂ 28l det0.003u0,
botto 2- neck wth a magnetic_stirring

mpgkure QE&I&@GFCH{SOH]F‘]? Isaq ge?ir 'I[‘hee:aaqt&ndgﬁ]éwagﬂgs%‘gd w1th argon

ant d@Bl%ﬂYJ; 0. @ﬁsﬁqheﬁ?mwpﬁ@ B@bgzrie 10 nﬂm}q&@é{@as%d@@ Haopwme

iissolved and 1
waeres Q%WQEWWMXWQ B’ﬁs gigedinesh stagem tswpﬁﬁaﬂr@rtéen ol

wieah8ddbed. @Qﬂﬂur@wgﬁ%ﬁracfgﬁ %Glcé @ﬁh@@h}{ @?—Izd&a%d the

evaporated and the 5 residu

comhm@wsgeephwwwén@vwﬂé aeyi ﬁ%@;@%@? Ete@qwltm filjrate
coh%mﬁr{% Sl 8- &%r&gl%?]@g hen}(;IPhosgholane 1-oxide (mixture ofllsomers,

-2-nmethyl e sph as a colorless ol
p NNIR\M@OMHQG]\AEB)Z 80. 3)11 B3l DBLD wasnddéH]) The2mPiui2. v6is hézm;d

ol g Sshight Byngradorsof oty sha stihrorsiveey Sfte

residds With EfXAdrethensla0 1Dy19fd€@&ﬂ%(75%1) phh&RI-2- and
(1S)-1-Phenyl -1-12-[ (L) - ment hyl ox 2- oxoet hyl | -
By BRI PAF b Frans Gibr SNOBRAOIER) 8 1.72-1.89

oSS AT Al AL 1500 7 1. )~
2. héyealma)off dhtsiFhd=e2.LU)= 36.6), 7.37-7.48 (m, 3H) 7. 63 7 70 (m, 2H); ->'P
NMR (200MHz) & : 45.0.

Example 3
Preparation of 1-Phenyl-2-methvienephospholane
O PhSiH, -
P ph - P‘Ph
95%
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ment hyl ester}) PF6 O PF - O Menthc 6 Menthr \Ph kPh
0O+ (S PPh 015 1In a 250 mM round bottom 1-neck flask

woban@eskowi th a magnetic stirring bar and 50 rdcT/ 20012980
7.4 g 1-phenyl - 2- et hyl eneghosphol ane (0. 04nol ) was
di ssol ved and 12.8 (L) -ment hyl bronoacetate was

In a@2ftem! romd battany ﬂene%aﬂasgtcmrlgé@wvtbra magnetic sagngdynard §ml

frelfif Ssofﬂ]ééﬁt%?ue%ss £y AR XmeiHyenol i o4ph B Y B 0.04 mol)

hanal sol uti on was

wagdigedvedrangi Lo ftFh St pvas arfedb G e dirdovtsfitshechwith apgon and the
rea\é?&\ih‘llixtﬁp@h@tég tHﬁS@o@ %rb%?@ Q“hEH E}Q' sglveﬂfWasté%ngrQ{eH%BH e

was observed

resigiuapairifigd by Sesh @ﬁ@mmgta@hbﬂemm fOHp@ed]hﬂhmn#@éOAcrh%l) to

bl r.! 0
vieR P2 b Py B B o g RpEHs AhiB Al AR
(200BMRIENS 0XF3- 220QXDQHD1)Z’12]0-265Y%MHBBﬁmfﬁddﬂﬂﬁU&m ﬂ.m— 11.0),

hexaf | uor ophosphat e B 11 mxture of diastereoi somers)
5.764dd, Wehil el 8dI7 28.7)TROS 758w SHD, WESNMRCO0YEE) By -12.6.

heating it 25 in 100 m ethanol. The white crystals
Exdroplerid after st andl ng overni ght wer e col | ect ed. The

n of -8 )} Mh VR SRA
Caé} 6{3{@&}&8 n %ﬁnye#l'&#.)nﬁﬁig E%IFQIH I_Pﬁxaﬂuorophosphate (L)-

meieyd biterdy ophosphate as whi te crystals; mp.
148.8-149.7C (ethanol); [a]D = +47.2 (c = 1.09,
CHC13) ;' H NMR (508yHz)y S : 0.56 30 (dgF & 9,3H,

Q.81 (d, J=7.0,3 88, (dt J= 6.5 .9-
) § bont s wﬁ%pg“f&@lleo( i kot O
), 1. 81-1.%*’ 1H), 1.98%2. 12@{%44)
2 3-2.48 (m 1H), \2.72-2.82 (in, 1H), X.83-3.12 (m
. 4.02 (dd, J= 1.3, J= 13.7, WD 2004/ 050669
?gf&mT 200346'9 A% re b ich haaghefe ytind e gpd 0l
Et(])xH) 740 B@heﬂ}d&&n@@leﬁéﬂmsﬁi’;dﬂwlbfﬂ&m@m waki@issol?ecBﬁhd? 1289 g
. "31P NMR (50 S 31.3. Fromthe noth
(O Pl b= 9oy, She Tt RO Rl gribrequently
thepobehoeds evdp@aatedr 'ﬁhﬂrﬁl}rireﬁﬂﬂeywq:xﬁsd&écsin 8(lmpinethighel and the

2 AR CEBERHYLLA g e T

turl?ﬂe@ turBid, bnd 82CGofmEidnasi ®Jh)te OEIaﬂ)aDobservelﬂxﬁl t(he bottdmOBfter
sta{@mg j_)gzer-]fx%wm 9&%2}4;%% h(a& forrn gpre%}gbltatedAJ%?Atire a(lﬁ]
wadidd, with 12:9teil arﬂ(BZ(( Al etBidol t(iaﬁﬁ&dl{iﬂl@ (oh1-gidhyl-1-12-7@) 1. 77

megrﬂzféo%rq -@ I‘-% me&nkgeg%pgolamug hexaéuoroplll_gsphate (1:1

mdmléoﬁdxdsté’réoﬁorﬁbﬂs) A: aﬁﬁ(xf&tsolldﬁfﬂ“}f}s r\i’xa&ﬂ;agw%sgl'@lssﬁlv&gﬁ hebHaS it

in #OO@Y%thqagol("f}he w]iupb crysf %@rfpe% '_?tfrnsfan%mg O@rrpékml\yﬁre collected.
The PN vwhs 3dpedied Bt htABH NMR showed diastereomeric purity.
Yield 5.02 g (24%) of diastereomerically pure (1R)-1-phenyl-1-[2-[(L)-menthyloxy]-
2-oxoethyl}-2-methylenephospholanium hexafluorophosphate as white crystals; m.p.
148.8-149.7°C (ethanol); [alp = +47.2 (c = 1.09, CHCls); "H NMR (500MHz) 8: 0.56
(d,]=6.9,3H),0.81(4,7=7.0,3H), 0.88 (d, = 6.5,3H), 0.91-1.1 (m, 2H), 1.29-1.45
(m, 2H), 1.51-1.60 (m, 2F), 1.60-1.68 (m, 2H), 1.81-1.88(m, 1H), 1.98-2.12 (m, 1H),
2.33-2.48 (m, 1H), 2.72-2.82 (m, 1H), 2.83-3.12 (m, 3H), 4.02 (dd, = 1.3, ] = 13.7,
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Preparation of

(1'S)-1-Phenyl -1-12-((D)-nent hyl oxyl - 2- oxoet hyl | - 2-
wo med/mokenephosphol ani um hexaf | uor ophosRhhat e pkr/Erron3/012980

anal ogy to Exanpl e 4a, reaction of

2H}-4pdefdly) F24 aet-hyl enephese (dljanes mitHy, €. 5?) Ed reniiwy i H), 7.63-
br onbacet at e Er ovi ded di aster eoneg |caI ur e

7.69 (m) 2}1)%732”;[7 oy B, 789-7.87 (m, 2H); hp SMR] (500MHz) § 31.3.

Frof bR %@m?i‘f%%‘é éw%eﬂ‘éﬁ*{%' ERgRARpLARI e al |

dlaabwmemnll}(m; {1, rihBhlfyllYl" [zz[(lg)em)ennhu}wcrﬂ?quthﬂ} -2~ t
eSS s saneagho. antum bxalLuor cebioshpats,

=1 {% hvéb@ghy"%%ﬁ%&;ﬁ%&@ghoér; 8 ]d-es 9;’%@ 688 pf* ]Fé 7.0,

3Hb,(6)t&50(mh L1=ricc RHP,I085K1.2 by 2i Y 1St hdH( mqﬁﬁ)ehﬁ@ - 1S4 (i, |2Hj

170308 178, ThLo T8, funy. 2o e P 1), 375008 oy 40382 (4
7= 3186’;119—25 3phids pIse| (An T e h@xafil mmﬂa,rﬂnﬂs(mlhﬁ:&%\&aﬁ{}, 6.54 (d,]=

2 SRR el WL D o Bhery Ces (ped o g™

(5()@1()@@1)]5)91211 wat er was added and the mxture extract ed
times with 30 ml CH2Cl12. The conbi ned organic

| a%ggggg were dried over MgSO4, filtered and evaporat ed.

e reS| due was p}urlfled by fllash chromatography with

‘ ‘ spholanevl oxi de as a
mef en% ﬂ?& Hgla o J}X ¢ =221, GH13). NWR

In arelagdydo éx@r&pdar&p,l reacBpn ompfl@ﬁﬂmﬁ‘@éﬁ&nl?ﬁmsﬁl?@l@@ewmw}}o '

S e e S O S (2

mehth§RbdBIoxBéthyl}-2- methy]enephospholamum hexaﬂuorophos]|:>hate, [alp=

heny] - | oxy]
el TSR I A thavh et Rlmgd et &) ragripfony -2
o(ei)i-m?é%é/rlho Lafilwin Rexafluorophosphat le 4
. rrehr?t hyl oxy 25 (0)4 ?hyl ]- Z?Xr?e?%?F °S§pﬁ§§‘g’rﬁa§‘%ﬁ| ?J)m
Exal f;jluorophosphat e) with NaOH (20% provided
-1-p enyl 2- met hyl enephosphol ane-1| - oxi de as a
8 13 VAN ALY IS HERNE SN ,:!m-‘f-‘ Exanpl e 6 10

epabat |onof
) - Ci s-1 - Phenyl - 2- ((di ph%nyl phosphi noyl ) met hyl | p

(@ RARnh- deDtig, (REAR, 2S r_gs bi s-oxide} OQ (RO
Pﬁh (R Ph 2P—t——= Cc\

In a 250 ml round bottom 1-neck flask charged with a magnetic stirring bar and 50 ml -
CH;Cly, 9.16 g of (1R)-1-phenyl-1-{2-{(L}-menthyloxy]-2-oxoethyl]-2-methylene-
phospholanium hexafluorophosphate was dissolved and 50 ml NaOH (20% aqueous
solution) was added. The mixture was vigorously stirred for 2 h, then 100 ml water was
added and the mixture extracted 3 times with 30 ml CH,Cl,. The combined organic
phases were dried over MgSQ, filtered and evaporated. The residue was puriﬁ'ed by
flash chromatography with EtOAc/ethanol 20 :1 to yield 3.2 g (95%) of (R)-1-phenyl-
2-methylenephospholane-1-oxide as a colorless oil; [ot]p = +107.9 (¢ = 2.21, CHCl3),
NMR as above (Example 3).
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- P(R + P(R Ph2POH \ | \ (1R 2S)-cis-bisoxide
(RR)-trans-bi soxide A 250 m round bottom 2-neck fl ask
wo Bguosped Wi th a magnetic stirring bar was GHAVER2§H03/012980

with a solution of 3.8 g %
Exatiple 8b phenyl 2- met hyl enephosphol ane- 1-oxide in 15 100
m t_oI ue Tﬂen 4. 35 g1 di phenyl phosphi.ne oxi de was
eneplopplialinesl-Qde heat ed under

oergddﬂy @éﬁ%ﬁa@hﬁéﬁélsﬂhﬁh%ﬁ’}me (Wﬁ)&n@%ﬁﬂ@i}qtﬁgxcﬂzﬂﬁz]]—tle

reS|due urifie as romat o

me@v@ev%ﬂwﬁww&@z porophespaaty ( 950% gfk@%%fl 2-{(L)-
meﬁthgio%ﬂlzlo&@aﬁz mhsﬂwleanpHoe L B0 IRRSBERRbFDSp AL Rith ]

ol ane-1-_oxi rans- bISOXIde} as a
Nan‘l &é@govedq d (S)-y MYl{c%@mM neghosphgling-17exides axplorless
oil; ?JlD{RalaQ&e%E%nzﬁl%)lm) 2.09-2.46 (m 4H), 2.49-2.57
86 (m 1H) 7.28-7.34 (m 2H),
7.38-7.53 (m 7H), 7.56-7.66(m 4H), 7.73-7.80 (m
2H): 31P NVR (200MHz) S : 31.8 (d, | = 42.4), 59.1
Exampled = 42.4); [a] p = +77.1 (c = 1.16, CHJ 3); and
: Pregar%agn 681 2998 cis-1- Phenvl- f(diphenvlphosphmovljmethvl]Dhospholane—l-
R, 2S) - Ci s- 1- phenyl-"2-T (di phenyl phosphi noyl) met hyT | -
Hé&ﬁ’é) Qﬁélsio%d@}de [IR 2S-cis- b| soxi de}, as white

stals, np.176C (tol uene); NVR_(500MHz) S :
/@?3175(m2 (é; -225(mP {(R) 0250(m

W 2. 53- 2. FRm 7. 35- ABH), 31P NWR

( Z00Mz—S—=33. 1 (d, _@ 51.5) 655(é J "= 51.5).

@ D 2Pl 6 (¢ = , CHCI3). WD /050669
EP2003/ 012980 1 anpl e 7 Prepa Jion of (1S

2S)-ci s-(1-Phenyl-2-1 d| phenkl phosphi no) et hyl | phospho
I | - bisb t o
{(exanydr of - (1 /825 55midty) " parprergice
BT A b BRI S5l el
chaPéeB)W1@J—§§hﬁlc§1 of 3.4 gbf QQ)U Bhag)- 2%@&1‘}‘1‘&%&0 cﬁéxﬁ/ I-E)ﬂiﬂ@ in

m xture (Trhé' gég - Ci S- bi'sbor ane round
1008} tobiene--Thea i#-35) Rh@ﬁfmhﬁgﬁanwe*ﬁe wWasasdgad e @l%iohtmﬁhe
miR&fe Wﬁfheatf:& uﬁhladem &eﬁh%ﬁ@l@@ﬁ&hﬁ%@&aﬁbﬁ&d@ld%e

triet am ne and t ol uene SiH
resifag pavaé ekbyfash 91ilr0ﬁy°é03rm?hm@1ﬁh EtQagmgrhanpld 07 mo6eld .35 8

30%%f§§t2§ -frads 1-phenyl-2- {{diphenylphosphinoyl)methyl]-phospholane-1-
( 5 )[(a phgnit/nyphos(phpl ﬁ%sw Omg n10‘['7])mﬁo%rphpo OS%eO Eillmox
ox;ded{ER E+tssz&lbwexﬁde}ms§l&oiﬁrledsrml s mwmmmwwma 74 (m,

261§ 1 S A€ 80 755006 500 By B8 KHLLR e Bk Tl

7.28-nS 4 LHY,&.387.63 OmMeTH), give-7. tm(trh 4HD, 7.73-Ng0 (FOEHRPFENMR
hase was separated and_the water phase extracted
(200)Ele O 'L BRI #4-4) 5P -hdRd = 4 brlgant & blras éd SvietlEl:);
col l ected, dried over Na2SO4, filtered and

and 2.92g (37%) of (IR,2S )-cis-l—phenyl~2—[(diphenyiphosphinoyl)methyl]-
phospholane-1-oxide {1R,25-cis-bisoxide}, as white crystals, mp.176°C (toluene); 'H
NMR (500MHz) § : 1.50-1.75 (m, 2H), 1.93-2.25 (m, 4H), 2.30-2.50 (m, 2H), 2.53-
2.70 (m, 1H), 7.35-7.80 (m, 15H.), >'P NMR (200MHz) §: 33.1 {d, J = 51.5),65.5 (d, ]

=51.5). [a]p = +98.6 (c = 1.01, CHCL).
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evaporated. The residue was purified by flash

chr omat ography on A1203 with hexane 15 foll owed by
WonsReoresd@t OAc 20: 1. To the collected fracti orBRCT/EP2003/012980

cont ai ni ng the di phosphine1® 15 m of a solution of BH3

EXin THE (1M was added. After 1 h the sol vent was
rat ed and the resi due purlfled by flash

78% of ;

_lst;ms,qejtemam narp éfrlyxahidr[oéwﬁﬁéﬁin[bﬁggfﬁﬂwznﬁﬂﬂa@tﬂww ]-
h b i t tal 118-119C
PhE e B oseat s oR e ST R (500M ) S -
0.35-1.35 (bt, 6H, 2xBH3), 1.35-1.50 (m 1H),
%_‘)50163(m1H) 1.70.1-85|(m 1H), 2. 8t 2. (m

(s7/@\7.8 (m 15 natff’ gnpl.e 8a_ Ppg
Ph("S 2 C1,SiH nB Jﬁi

ci s- 1-£hk nyI—Z"I'('d phenvl ph sph| no) met hyl | phosphpl ane
{(s, i 5= PMP5) 2P3(S) Ph2P- .20 (9S)
CID 1S, 2S) - ci s} bi sbor @ 1S, 2S) - ci s- PMP5 ™\

2004/ 050669 PCT/ EP2003/ 012986~ 20 In a 100 m round
bt s cA-tiRGiKe f | askisfrhisshadreickf) ar gon afi6,28hui-pistertiane
with a magnetic stirring bar, 155 ng DABCO was

1 7 f ad
A %O%QEXI?@E)&FM%@ Jﬁéck aMc écfﬁliﬂ%g?*ptrl{éanrga%ﬂlég Sﬁfﬂrﬁ) l#é e )s/ |

flugted stithodrgoreirol @h@@g thyg ml g@ﬁﬂlgdpram apf 80 mpbdr ﬁ@umsjfhen
A0 A hpiesfon s
phmaa(dprwﬁr&iospmoylmethﬁ)] ph@pmlam&oxzimhﬁg ve@)@:) 0 !ﬁkdr)’
colf GThal dorpiE e fkl Al ADEONLAIRRPILNQIAES B ] Phos
Submk;udiﬂfylled A RO%r agsieamdNa{gH vous aréda‘dewddh gnxtur«/\lhftpeermght
B T A AN RN 5 Sl
w1ﬂi?83)hlﬁl4tBRL§(r)>€TTﬁ f;ﬁ%éco pheﬁeéﬁ%i/a cdﬁegigd g:?gfﬂ dveulﬁszOmﬂt(eﬂ.ﬂ%ld
evzzq%ratgcf ;['?1 Was fuf {%‘il Exga@l ﬁox%at%ragﬁtﬂé ﬁ;}ﬁ; 8{1}’:(1)1 l{egarte
fol&ﬁ&_d]l-)ff b;&ear'i]i)aﬁm()&e P05 Yo The (ﬁ)})ll;dt@i&f}nzttms ccmt?ggrghe flipbosphine
15&% 3 30H5Py o5 E s Hlr T s RpRa Y e P Bivet s
dpoaded 88 Gre8&idue purified by flash chromatography with hexanhe/EtOAﬁ gs 1
o hl Lai, o L e e oS AR
e
NNERABWIMEIS) § : 0.35-1.35 (bt, 6H, 2xBHs), 1.35-1.50 (m, 1H), 1.50-1.63 (m, 1H),

1.70-1.85 (m, 1H), 2.15-2.55 (m, 6H} 7.3-7.8 (m, 15H, ar.).

Example 8a
Preparation of (15,25 )-cis-1-Phenyl-2-[{diphenylphosphino Ymethyi]phospholane
I(5,S)-cis-PMP5}

P, P:(S) BH Ph PJ% >

p ( 5)
: (5) ;
(18,25)-cis-bisborane _ (15,25)-6is-PMP5
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20 In the alternative approach the

1- phenyl - 2- et hyl enephosphol ane-1-oxide (from exanple
WO 2h04gapeeBe separated into the enanti oneri cal | PCHIP03/012980

1- phenyl - 2- net hyl enephospfol ane- I oxide by

In s BBl SR - vSk AP NEN = B TR FBHiPa | ve

&Eﬁ%ﬂ&% BR556R BA@GU Whs &E4BREd In ®Bml dry toluene. 270 mg of

use?ﬁmaiwhsavr% %ﬁ%ﬁ obp s meiylphpaolspe Pidasa s

adcﬂeEJaﬁ& ttl&é’lﬁﬁctﬁfb s G BALPAKC Q)Kférnfg@t 2[@1&3%@@:'1% e@é’;ﬁﬁat&d afd
| e phase O@bacet%nltrlle flom&{ 9
the ﬁ@s,idﬁen:)urtﬁ@ é)ﬂ(fﬂéfhj omafpgraphy gp A0 (hexane/ tOAC 20 1} to afford

zmﬂgwd%fommtw @mg}%ﬂh@[@%@gm%lm&e os holang

mca uri

(Sﬁ)@zsgPthf)}(@)atyrtpﬁ@Hw 1d269hé!tﬁﬁ P%ﬁesé'mbxpﬁ@r afe ﬁaYéxuw

PO‘E‘%{’. B 7 1@% %‘%" gé oe%ﬁggﬁﬁ%f%éﬁgddo'ﬁo@zgé 8§'6§1 |

Eleféatiph 82)10a108 €paCatHh®n ©F6.26%, H 6.68%, P 17.09%, found C 78.18%,
- (Di.cyel ohexyl - phosl i hi noyl net hyl ) - 1- phenyl - phosphol a

H%@QR’-P iﬁ%@‘p"- Step 1 P CyzPOH P CYz 0 R P + P =PCY2 Ph
Ph Ph. (1S,2S) (1S,2R) 5 wherein Cy signifies

Exagople 8beoxyl . In a 250 m round bottom 2-neck flask

Prg?h‘ﬁh@ﬁ@fw}l DR peirpanehilc2-diphehylghdsdhi ) Mhethyll Bosphbiahs

-2-net hyl ene- | - phenyl - phosphol ane 1-oxide and 5.6 g
a%ﬁc?&fﬁﬂ%&ylphosphlne oxi de was dissolved in 100 m
Thi ll%aJctEas(llpr%Eﬁe& £8fh (5)af pheRfit RSt dephbsphblaaxildeidas

C{ﬁ%&ztl on g/a@ stirred overnight. Next 500
an@@ﬂ%$ﬁéf desstibe S.eheedMETdn ExemRler fuflfe was ext ract ed

(1M1t )hagz *ﬂlg%ﬁj‘doz- Ndphexyl pRpHInb) met%']gﬁl% heRAs § RRISciHPMES)
concetrated and |ed chr omat ogr aphy
turbeitcwwhmh edzla;hﬁed aftee sthadiop for@: fm)r dayg whd.e pawdg, g.p( 24745

IS
(ﬂDFﬂﬂé9dKéﬁbk§&6%%§ph?ﬁ8§3?ﬁ@%ﬁ?iI-1-pheny|-phospho|ane
1- oxi de as mhite crystals, -np 110-114C (ethyl
Exampledte); -'H NWVR (500MHz) S: 0.94-1.14 (m 5H),

SENT AT Pt Gl |

exa@mle 3H)an b2 saarated dutp the eneptiomerelly pere I-phawy-2-

A i

- ; ; ) . ) ] ; 7
@ma_uﬁggmmg_gbimgpged,jzgﬁ) 1319(d,1:
2.8),133.4 (d, j = 88.3); 31P NWR 20 (162MHz) S: 51.

| Hitop- e 165yphsphaiager 1 coideda.08) chential ity s, %) w806
separateMy repeatgci1r injections on a CHIRALPAK ® AD 20 pum column (250 x 50
mm; mobile phase 100% acetonitrile, flow rate 120 mi/min) to afford 0.9 g of {§)-1-
phenyl-2-methylenephospholane-1-oxide {ee 100%, chemical purity 95%; [a}p =
-99.6 (c= 1.03, CHCl3) and 1.0 g of (R)-1-phenyl-2-methylenephospholane-1-oxide
(ee 99.4%, chemical purity 99.5%;_{ct]p = +106.8 (¢ = 1.00, CCHCl3).
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(12), 323 (35), 242 (23), 241 (100), 193 (43), 179

(14), 146 (14), 55 (10); -HR M5 calcd. for
WAZ0sHOH6%2: 406. 2191, found 406.2185; [a] D = RUBER003012980

:148 CHCI 3); and 4.64 &' (44% of (1s 2R) -
Exa 1l(egocycl ohexyl phosphi noyl ) met hyl | | -phenvl -

ol ane 1- oxi de as a V\,hlte SO|Id 25 nmp 90-130C
an Nte phishvEhin 5ol ) - hengspht Seoldnng 1-oxide
Stlgﬁl_b 1.40-1.65 (m5H) 165189(m9H) 2.02-2.23
2.37-2.53 (m 2H), 2.64-2.79 (m 1H),

'747757(m 3H), 76@772(m 2H) ; 13CNI\/R

Cgljsﬁil\/l—k)CﬁF’OBZ 0 PeyB7.6), 22 (# = 5.6),

26. 6 32@ = 12, 6); é 65.5),

%68(d i = 64.1) 372 (dd, J=5.0 %) 128 7(d, J=
R. 1), 130.9(d,J= 8P$1) 131. 3(d, J=87. m 132 030 (d, j =
2.7); -i1P NMR (162M4z, S: 51.0 (d, 41.4), 64.3
(d, )j = 41. 4); ( iz|\/rs r%iz (9 : : é‘%fmm )241 (100),
193vHeEe'ﬁ) C;‘L?@nﬁ‘x]:Qc)yplohéﬁfl(ZZ) 55 (18) 41 (16) WO

LIRS N N T N

mrhoB{S) Z(ﬂﬂﬁ&ne Bpky2-phofftolaneRQyddegndd.d 8 H P PCy2

acleRbaiiathipciog iR A T s ens o

poehsﬁhﬁru}rﬂim@dv mmﬁde&ﬁnd&&n& w.aeaon dasairrdiagetmightxNap|560

ml'(zqf\&rlaazg)ewaé af(f:{% a@&&%%%{y:rse was extracted with chloroform (4 x 100 mL).
Ragayha) Hﬁ&&lwelr Mgsphemketphtod phbpeiedry F&hebrbmgn@hy

(etﬁﬂﬁ\gﬁl t e cr 1039 gpk%i%éﬂ)%g"’gf) Q}IEIS%%Z;?t 2%_0 H NVR

olaBe Dxitleds (vifite 4dhtals,
7.4 0O 3H), 7.68-7.77 (m
n'@l—l)lﬁ llﬂg@(maéﬁﬂﬁmfﬁ WRIQOW(‘HHB 0194=1.44 &, H}3 1.16-1.36

5
(e gtig) a5 Rsd o), L Bby s sl b ] 03 huben) Fooo §iem o8,
A5 (T?lw)%z?ﬁ"‘m?g”g T e ooy A
= § BR SOHIHR B 20 B 987 WD b o £ 2R gt (g
6B BP0 50 GE PTENPLaAIR 6 88 FLet 18570 (472 642).
1285 (d] 5 D-5), 10561 @, [ & 926)0138@ (dd-EIzéﬁ) 1384 (ldg]fl% 3§ar‘r8 NMR

BIBEERES A ehB  (05% 2, ST ot o

(114 B@yf;dsp haxyipas pmryyll%rm hwq f1|4) p@@ (M) shasphERavie
orane as white crystals, -115C ( etrel
caladefpaﬂa}isstPHmW%m@mdlziPG 8155 6008 K =gt CHOD);
0.8-1.15 (m 20 5 117134m 6H), 1.35-1.63 (m
and4)g4lg @3%2 000! S(AR)-2 clgh iy nkthyyll-1-phenyl-

phospholane 1-oxide as a white solid,

mp 90-130°C (ethyl acetate); -'H NMR (500MHz) & 0.95-1.36 (m, 10H), 1.40-1.65
(m, 5H), 1.65-1.89 (m, 9H), 2.02-2.23 (m, 4H), 2.37-2.53 (m, 2H), 2.64-2.79 (m, 1H),
7.47-7.57 (m, 3H), 7.65-7.72 (m, 2H); -’C NMR (126MHz) &: 22.0 (d, ] = 57.6), 22.3
(d,] = 5.6), 25.1-26.6 (m), 32.0 (d, ] = 12.6), 36.3 (d, ] = 65.5), 36.8 (d, ] = 64.1),37.2
(dd, J=5.0,]=65.6),128.7 (d, J = 11.1),130.9 (4, ] = 8.8), 131.3 (d, ] = 87.7), 132.0
(4, 7=2.7); -*P NMR (162MHz) &: 51.0 (d, ] = 41.4), 64.3 (d, ] = 41.4); -El MS m/z
(%): 406 (1, M™), 241 (100), 193 (57), 179 (19), 146 (22), 55 (18), 41 (16);
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2.41-2.61 (m 2H), 7.43-7.53 (m 3H), 7.63-7.76 (m
g% -13C NWVR (126MHz) S: 15.7 (d, J = 1.7), 23..5
WQ 030662 g 5 | = 36.6), 25.9-28.4 (m, 315 RGI/EP2063/012980

28 8) 32.3 (d J - 29.7)%235.5 (d, J = 33.1), 39.6

H%&?S ded feg (“83}1359;%2230% Yio15Bd &g)gggi; daﬁé 4}36.4; ?8)1 67,

CHAPP NWR (202MHz) S: 30.8 (b), 40.4 (b); 25 -LSIM5(+)
MS'm z: 425 (14, (M + Na)+) 401 (100), 387 (66), 375
Step47); -Elenmental Anal. Calcd. for C23H42B2P2: C
8.69, H 10.53, found C 68.47, H 10. 36;
a]E% 15. 6(c=0. 77, CHO 3). WD 24/ 050669
BEP2003/ @12080 23 Exé@rel?cm Preparation of 2-
I s-(3 5-di=tert=butyl
Ehenyl ) - phoqg@gngyl_,pcet hyl | 2] - phenyl - phosphol ane
Boxide Step 1 ODH P11 IR A POz + P LPArz Ph Ph
Ph (15,26)1($528) (1S, 2R) 1,34\/@@,7@9@3)% signifies
-tert- butylscfphenyl he sane procedure as for
gmmgrc%iuma PpHansfersrs i idishendphpsphinoybdersmsizesi bed

des'cﬂbed-zﬁﬁmlln 1er %@sserﬁﬁlﬁiré@/?fild ¥ @J @k’uﬂeg%g.Qf{(dlgdohegl-
( 5 d| t ert but v. sl
: psphgl ik sty dale

RS R PTG (BT oo D
1. 1(m (BHH), 1491}(2(:9613@1 2.0502.3 (20,080 22123& A (@, 22, 7.42-7.52 (m,

24-2. 54 3 % . 7.36-7.43 (m
3H2H)63 Z7am e P@NM%(IZW\/B@-) B0 {de, ] 514)8, J =129 AT - 26.8

' (mgé%g'\/‘d"z %fs) §§5§dﬂ%ﬂgségﬁé 2384)02) géi'&'&d ] 7§53)3 29087

-—9(23&3@:1@]@@&3)131:54 RJ=2.6},131.7(d, ] = 8.9); 31PNMR(202MHZ)
5 26h (0} 353 (ol 9ISk oM i 435 (5 i phong 2By S 155 °

Elem&MalR81 Tafcth fol 63}1&32@2 C 8;:?99 Y (6153 ffornd%s 8853 43 450%9;
(d, J =98 3), 13079 7°=7278),7132.8 (d, | =

{097 =076.29183: A 8¢,CHAL¥: 88.5), 151.1 (d, J = 11.5); _31P
NVR (202MHz) 5:34.9 (d, j = 43.8), 60.4 (d, j = 43.8);

: Usm@khel%rﬁfpl‘oc(eﬂﬁre bujﬁ L8th(th9) 1S, ﬁil)&iehéi?avew? a )ubs@rkge ¥idlddd 84% of
6 .

575
(1R L 2- ﬂs C] ag phos r- ’ et Widol-p henvi-pag pholane oraneas

wh{taar)ystamso (27), 429 ( 99) 426 (14), 425

mp 113.5-115°C (ethyl acetate); -'H NMR (500MHz) &: -0.1-0.8 (b, 4H), 0.8-1.15 (m,
5H), 1.17-1.34 (m, 6H), 1.35-1.63 (m, 4H), 1.65-2.01 (m, 12H), 2.03-2.35 (m, 4H), -
2.41-2.61 {m, 2H), 7.43-7.53 (m, 3H), 7.63-7.76 (m, 2H); -"*C NMR (126MHz) &:
15.7 (d,] = 1.7), 23..5 (dd, ] = 8.5, ] = 36.6),25.9-28.4 (m), 31.5 (d, /= 28.8),32.3 (d,]
=29.7),35.5(d,) =33.1),39.6 (dd, ] = 1.4, ] = 24.1),126.4 (d, ] = 44.4), 128.8 (d,] =
9.6),131.8 (d, J = 2.4), 133.0 (d, ] = 8.8); ->'P NMR (202MHz) &: 30.8 (b), 40.4 (b);
-LSIMS(+) MS m/z: 425 (14, (M + Na)*) 201 (100), 387 (66), 375 (47);

-Elemental Anal. Calcd. for Cy3HgB,P2: C 68.69, H 10.53, found C 68.47, H 10.36;
-[a)p =-15.6° (¢ = 0.77, CHCl;). |
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20 (24),409(13), 193(37),57(36),41(10); -Elenental

Anal . Cal cd. for C39H5602P2: C 75.70, H 9.12, found C
wWO2g08050649 9. 47; -[a]D = -56.3 (¢ = 0.95, CHC1ICT/ENH3/012980

83%of (1S 2R)-2-(di (3 23

bmpli it ert - butyl phenyl ))phosphl noyl ) met hyl | -1 -phen}| -
lehoshol ane . d vvd m 19% ]1%90
24 ||""V ,,‘- - 15;

phéSiolant. 13&“5@ 25 18H) 1. 47-1. 69 (m 2H), 1.92-2.21
(m 5H), 2.29.-2.60 (m 2H), 7.41 (dd, J= 1.8, 1=
Stepol 0, 2H) 7.46 (dd, J= 1.8,j= 12.2, 2H), 7.49-7.59 (m
5H), 7.69-7. za(m 2H) 13C NMR (126MHz) S 22.5 (d,
J= 5.8) 66.7), 29.5 (d, J= 69.0), 31.1

d, j = ), 1.2 (.) 318 (i), 35.0, 34.98,
01 37. (def_ J=4.5, 4l6), 124.8/Fdh J= 9.7),
28%8 (d, J= 10.0), éi% :S(/d ¥= 2.6), @4?@, J=
. 6),128.7 (d, J= 11. 2) P130.9 30 (d, J=P98+Par, 130.9
Gﬁ J=8.8), 131.4 (d, J= 86.8), 132.0 ég, J=2.8),
132.2 (d,]= 99.4), WO 2004/ 050669 PCT/E IE>03/ 012980

24 151.1 (d J= 11.3), 1@s%)(d, J= 11. (4& 2ry P NWR
(202MHz) 8:34.9 (d, J= 50.8), 65.2 (d, J = 50.8); -El
Nswlneaezr(%mgmﬁgs iogy-bugdehess, M- ), 603 (13), 591

Thf {he pRARIAT for sggﬁ?s%g%%apﬁgﬁg&gs@mfgg@e(r%g@s 58 HBed in

Ex@]; )6W25391R1Q)E§)i qulgalle/aeﬁ 18 erf-b@ 398

393” Cg%iaé et moiies

m};ﬁn@ B736:; (hexabaj o HNME(ﬁOC(MHzPS 9922 (GHEHS) 1. 3@3(sepg}¥) Ps8H
5 1%2) iﬁBI—B X THE Ph S
1.8 (pag P18 26 Upa 1T, BEFTY 55 (3K TR 2o BP R 35 s,

t |13 ;
7 aashy i f o eppnyb ey L dsnatisger

O: B5 (MR=-ZS))s 28.7 tHd B= 523(,ﬁ1=619ér)t2-9b§u(tdyl 66.8), 31.2 (i), 31.3 (i), 32.3

A D R B P 1 T Y 1 66 e, 35 0 A b B8 (@]

= 387)172548 () = 239, B5(s(d, }Jdamgzshe{dsjaﬁmm,qg@dt@a ?Aosus) t f1es
(dé Sgs%f) bﬁ [/ FLLYS, 3957031058 6745 Y (8 488k 47190 Ola, ](~1R
1.9y cﬂp NMRI(zMM W‘?@EO’I%"@W?@W@%& IBRGEYG)P

ol ane rane,

| 61%(19?.@5804@24(]@6176@)2 603 118)(390 (2kH89 (55;2371937 JBE(100), 575

(56?[@%3 ggal B, 4?5?10&%4??;252%&(@33 4%(5"2217),%;29?25) {8 O, 425

(24), 409 (13), 193 (37), 57 (36), 41 (10); -Elemental Anal. Caled. for CseHscQ;P5: C
75.70, H 9.12, found C 75.32, H 9.47; -[alp = -56.3° (¢ = 0.95, CHCL,);

and 83% of (1S5,.2R)-2-[di(3,5-(di-tert-butyl-phenyl})}phosphinoyl)methyl]-1-phenyl-
phospholane 1-oxide as white powder,

mp 198-199°C (hexane/ethyl acetate); -'H NMR (500MHz) & 1.26 (s, 18H), 1.30 (s,
18H), 1.47-1.69 {(m, 2H), 1.92-2.21 (m, 5H), 2.29-2.60 (m, 2H), 7.41 (dd, ] = 1.8, ] =
12.0,2H),7.46 (dd, J = 1.8, ] = 12.2, 2H), 7.49-7.59 (m, 5H), 7.69-7.75 (m, 2H);

"*C NMR (126MHz) 8:22.5 (d, ] = 5.8), 25.8 (d, ] = 66.7), 29.5 (d, J = 69.0), 31.1 (d, ]
=12.3),31.2 (i), 31.3 (i), 35.0, 34.98, 35.01, 37.0 (dd, J =4.5, ] = 65.6), 124.8 (d, ] =
9.7),125.0(d, /= 10.0),125.8 (d,] = 2.6), 126.1 (d, ] = 2.6), 128.7 (4, = 11.2), 130.9
(d,]=98.2),130.9(d,]=8.8),131.4 (d, J = 86.8), 132.0 (d, ] = 2.8), 132.2 (d, ] = 99.4),
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11.2, 2H), 7.36-7.49 (m 7H), 7.58-7.67 (m 2H); -13C
NVR (126MHz) 6: 23.6 (d, j= 36.0), 25.2, 26.8 (d, j =
WO@&O%SPGGBl.z (i), 31.3 (i), 33.5 35.0, 35 1, PESIRP20LH012980

j 32 9), 125.1 20
(d, J=2.3),125.7(d, J=2. 3) ,; 25 9(d, J=9. 7)., 126, 4} :39. 8)
1511 (2B23 1 B, (PLBATD}S 11 4h "8 MR (0IVEE) B4 Sre) & 0 B), 402

T R B 48, 0

589379, ISIRR(3(62£152’M€IZ()O)557515'2)65‘(9001,3),4102 21Q)342 (18)4541\,9(0% 4405

s BB A ) s B AT 0 10985

(4224(111 o pHENYISEhlod fhi GﬁﬂsstPﬂéﬂB.)%VSC’eifdwld)GllS.-S@h@nyI phosp
olane 1- ox| 1 PhLiOH O P" (CH3)zCO P 0O ~ Ph
\réﬁéo@ﬂ@)g%@g&wﬁw EP2003/ 012980 25 A 500 ni round
botton12 neck flask equi pped with a magnetic stirring
Stepdr was charged with 7.2 g of
1- ph?pylphospholane | - oxi de §40 nmol ) dissolved in 200
THEaao igool ed t 7 dry ice/acetone bath).
4leent | (1. A B8 of phenyl lithium
§b|ut|on i cl xane P diethyl ether 7:3 (1.3M was
RBECLIHE,

@@ded in o I on. ﬁme resul ting dark sol ution
was stirred .10 n1nutes and ni. of dry acetone was

(1S28NES.2Rhe mi xture waldReZS)/ Plneﬁﬁ)lo m nut es and
Th@.gi%ct ﬁx?gé:iurx)ﬁa%r Qﬁns"f‘&ﬁ{ 13?1 OY‘@&)heﬂﬁgﬁgsghﬁro%:?ﬁerﬁraméﬁ WagS

he m xture

eomplayed §4debaibbd in omoRAT 8] ol TR0 i Bl dagiat-Dutyl-
ph YOG NP £ BHONRLAGARI (5 BiborariOCt 1 ©).

unreactredad Supstrat

STENPAR (y02phies)dhor arie), 39.9Xb)de (4% and 10 8.2 g (86% of
trans-2-(1- hydroxy-1-nethyl-ethyl)-1- phenylphospholane

Usihg & Q&e@ﬁoe@&t&am@ma«ss aR$ denmwéaszz &M@&@te&deﬁ 79 % of
H?get%te)‘ 59 ,.iﬁ.a > ( 3H) e1 2 :

pp(&]boéhi.} 45(b 1H) 738752(m 3H) 762770
: -13C NMR (126MHz) S: 23.2 (d, J= 6.1), 27.0
- H(NMR]éSOJI)MI-ﬁ))SOlE -292 tb, 6), .16:(sp18H)), 130 (6 18H), j27=1.22 9)1,

2uth o193 6, ik o0y dyh 27 3. R s 1T
143280 3. S0 581766 (m 21 SR NUER gﬁzﬂégagqa)giza §1dr=

36.01805 212608 (d, 37@4@2@)12 1)6@1Q114)33 511@@0(@7; 35504, j=133 ) 1351

, %(2)1%)) 9%5& gcg;/ 12;941353;5(%1 %7&11(22)15 (d,]208),1269 (4,1 =542),

127Cal & d = 4207), Q.‘B?:M@(ZE@ 2)()129230(d65 53, 5)>|-138 7(1&;]*6{49\63@9 (d,J=
845351 9a S0P 1504 88 12 0.7); 'P NMR (202MHz) 8: 17.6 (b), 40.2 (b);
_LSIMS(+) MS m/z: 637 (17, M + Na)", 614 (43, M*), 611 (100), 599 (84), 587 (60).

Example 12 | _
Synthesis of 2-(1-diphenylphosphinoyl-1-methyl-ethyl)- Iuphenvlphospholane 1-oxide
Step 1

P (CH,),CO P
O ' Ph Ph
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.OOHSOCI2 OC 11 PP P Ph Ph Ph The sane procedure

as described in Exanple 2 was enpl oyed, but with
WQ 2044050669 1 PCT/EP2003/012980

hydr oxy- | - net hyl - et hyl ) - 1- fheny| phosphol ane 1- oxi de as
A 60@#@%{1% EotthmQLl‘ijé%ﬁ ﬂaﬁ@e@u ged %Ath a , ma netic stnhnrgpl?]ar was

trans- 2 | oro-1- ol ane

chergsdivg %gaf Lohepyl %h@pb@lpne-l*on £ (Q@@erg}yv@wgolgd in 268 mL of
THB andHoled 095G (7:195 {@acttbhe ba]Eh)8 §ul§s§que’§1’£|}r 40 %%’ﬂ_;l' g ES’ § of

phpnglgthpll_rlzp;sol(uﬁ&pnzwyclahfg@eNmthyl 2ét#$ (1.3M) was added in one
p(ﬁtlgg ﬁ{e%sllﬁ?hg@arlg So186h WaslshirAd 18 %iflfls d3d2 Rle §Ildr?r(aget8ne

Waf p yleds é" he @dxtyﬁswasg}mg 16(roipgtes ) adiligors( 6 nik-0facBiont 30

adgécgi Aﬁ?ﬁ@%m&t%;wg{eg( h 5gjgma‘ l\%—ll_j%)l w]é}gé’iv;as %%1 0‘%;5? Oiiddure was,

flfexGoyancemoatEdays thezsmdm)vas ©5ifed by ﬂaWch(rw)atogﬁpmetw
acét%jjéld g. ﬂiygbf‘@frégct% a g%}.en&léﬁ%pﬁ@%}_ @%4% éﬂd
4 8 (61) FamregsEh tinben 3

lﬁ& of 2- |sopropyI|dene f phenylphospholane
v %r 0}(gas a colorless oil; -1H NWR (500MHz) 8: 1.80

—rr(}ﬂllZJH42CZéthyl]ac&8teI A HINMER GhoM Lz Bg- 11179@ z(m) 111*7'):55, 3H),
1513,4; 5 énggﬂ; - k%"(ngmﬁ), 179%@3$((v1351<1m4 il IH) KR m(m,
3P§)1?§W7bé§%fﬁ9 (gﬂlewdﬂz (D®ﬁ;)%3%f ?dflj_ q_f)( a}% J(E?J 955

29712(;123 912,300 (@d] 18),98.42d, ] 138858 508,(djj =64.3), 7)6(&@& 39),

124 g e lsy @l ﬁéda%fwsiﬁwfmmm 36, 8

ey S R L M

180 {H)0), 187 (290 0)604 P4 ) 25;2)(57)1,114( 112); 132 KR IVB)S0 AP} d 04 £ 35), 81 (12),

77?@%57@'? 47320, 4040, 40N {)d gl%%wt%ﬂ'%nal?éﬂ%eg%cé ﬁgﬁgpéﬁ c

65531 iBdd, @nddﬁtfsﬁ 10¢ Ha}m ormation into
2-isopropylidene-I|-phenyl phosphol ane 1-oxi de using the
Sugéhe procedure as described in Exanple 2 with DBU

i ncreased the total yield of 2- isopropylidene-|I

(ﬁg@é&ylBbogphohfnszﬁﬂoxide yield 67% Step 3 O O

POH-6-PRh2 A B0 " tert é%&sif P PPh2 15 Ph Ph Ph In
& 100 nL round bbttom 2-neck fllask charged with a
wagnetic stirringhbar 140 nfh

The same procedure as described in Example 2 was employed, but with trans-2-(1-
hydroxy-1-methyl-ethyl)-1-phenylphospholane 1-oxide as a substrate, yielded: 36% of

trans-2-(1-chloro-1-methyl-ethyl}-1-phenylphaspholane 1-oxide as a colorless oil;

~"H NMR (500MHz) &: 1.68 (s, 3H), 1.69-1.79 (m, 1H), 1.85 (s, 3H), 2.13-2.38 (m,
4H), 2.38-2.52 (m, 2H), 7.47-7.57 (m, 3H), 7.69-7.77 (m, 2H); -"*C NMR (126MHz)
8:22.5(d,J=3.7),28.8 (d,J=11.4),30.0 (d,J = 1.5),31.9 (d, J = 67.5), 33.0 (d, ] =
1.9),55.6 (4, =62.3),72.0 (d, ] = 2.6), 128.8 (d, ] = 11.7), 130.0 (d, = 9.6), 131.9 (d, ]
=2.9),134.1 (d,7=90.9); -'P NMR (81MHz) §: 54.2; -EI MS m/z (%):222 (14), 221
(100), 220 {14), 125 (11), 95 (21), 77 (10), 47 (16), 41 (10); -LSIMS(+) MS m/z: 257
(100, (M + H)™), 221 (70); -HR LSIMS(+) MS caled. for C,3H,;s0PCL: 257.0862, found
257.0855;
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(0 64 mmol ) of 2-isoprol 2vlidene-1-phenyl phosphol ane
-oxide and 138 ng (1.5 eq.) of diphenyl phodphl ne
Woo'z;f'f'ﬂ% 908 e dissolved in 40 _nl of dry THF. 110°GjER2803/012980

eq.) of potassiumtert- bu?%X|de was added and the
ti.on was s . ‘ddl i onal
and 1 o R spromDene-T S o G Rae S s A Phiof R, ™
SHRIMR @%@ﬁfh@@ 1t8'0€(d )Sl Q:b.; I}m (wa}& c@nti glmeds ah m),z 02-2.16

over ni ght wat er was adde

(mpdH}, ars- m(mleh@tGédZ T G 1801 DPBF 0t 4H>) 75@5 FHZ§ (m, 2H),

RIIPRHTE BTN (1L v WP mo .

= 9@t Ated, j =ethanslo @y 1ps.2Yiesd(d 3324 ph), ssﬂasw at:el() 3),
2- |sopropyI|dene 1- phenyl phos holaneil 25 oxid ng
131(3% Jof2.8), 134.4 (d, J = 94.4), 1485(d = 8.4); PNMR(162MHZ)6 8;

B Cmocirarant BREF R IR0 AR LIS Pl stung

(110 508New) 75(130, @G(IOMIMS? 4216(212),( Hng&gca:aaza gszéaf%@fm,
22@91% éfjuﬁéi"f"ég ‘?m 10H), 7. 55-_7.m63 (m 1H), 7. 64- 7 79
Re(ynimg%gp TS~ e

: traﬂagrrﬁ:?tlod\ﬂntd 2- ﬁ&ﬁoé@ne—]!%eﬁﬂﬁlﬁﬁs;)h{iﬁné 13)ideSRBing e same

-I_Drcrcsﬁxgé aaéas%?%%%@ng%amé&%?%%%ﬁgﬁ% 09885 2 27

) ho@pholane 1-oxide to yvield 67%.
Cl S-2- (1 di phenyl phosphi noyl -1 - net hyl -et hyl ) - 1-
stepenyl phosphol ane |1 -oxi de as white powder; np 143-146C
hexane); -'H NMR (500MHz) S: 0.68 (d, J= 15.3, 3H)

1.13-1.28 (m 1H), 1.40\¢& J= 17.1, 3H), 1.59-1.80
© /Cm\ 2H), 1.87-2.09 (nﬂ ?&P%;s-z. 63{ E% 1H), 5
(ﬁhﬁsﬁ éﬁ, 768 7. 82 (myaH) (7 5-@03 (m

3C N 1 PS. 17.3, 21.0 (§, }=FPPHR), 23.8
(g, J=4. 4)%%%;’ d,)};z 68.9). 27.3 gg,h X 141‘.%)3),
'3 (dd, |

In i%(}@ S'nllrana%g ﬁgmli HedciBidi &)arée%gmﬂi( 8 mhz s hirARSb £ (140 dig

(0.60 mitpol1 8623 :ns-- pvideney 1-phenyiphgsphojans 1 -oxide apdi138mg £3.5 ¢3)
of %&pi&&ylélg%pgﬁl)e S vaere 8so1vdd irf 4@1)nL éﬁﬂg %}ﬁ-dno]mé& Qi ) of

- 31IPNWVR (20
potiBsi8in, ter-budoxide wa&adaﬂg gyd the Ecacml mag stiggd fopp het;rrs Mdﬂ)lonal

i el or g o PR A

stithingg Wzb confinagrpitet Q‘%m@h@fjaxtgaﬁpm of water was added and the

m%&}re was g)ﬁtrsacﬁ tl?&h%(r%%%%({@pﬁ@gﬁo g)ohl %gec% 8r|§)an1c tph;ses were
drmﬂ@smmgﬁascoﬂentra&dun@ pedifi boafﬂrwblgraﬁl)’éﬁbﬂrmﬁatee

bR By PGl 2Py bR 4 F05Rly fillen Eﬁ&t@ﬁ&qgﬁm 1.

oxide, 8 mg (3%) of trans-2-(1-diphenylphosphinoyl-1-methyl-ethyl)-

phenylphospholane 1-oxide as a colorless oil;

JH NMR (500MHz) 8: 1.26 (d, ] = 16.6, 3H), 1.35-1.53 (m, 1H), 1.73 (d, ] =16.0),
1.81-2.26 (m, 5H), 2.26-2.47 (m, 1H), 7.38-7.55 (m, 10H), 7.55-7.63 {m, 1H), 7.64-
7.79 (m, 1H), 7.86-7.97 (m, 3H); ->'P NMR (162MHz) & 37.7 (d, ] = 47.4),58.5 (d,]
= 47.4); -EI MS m/z (%): 422 (7, M™), 222 (15), 221 (100), 55 (13), 53 (11), 51 (30);
“HR MS calcd. for CpsHo04P2: 422.1565, found 422.1561;
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(1 R 2R)-cis-PMP5 In a 100 mM round bottom 2-neck

flask flushed with argon and equi pped with a magnetic
WQ0IME bar 166.56 ng Rh(cod) 2SbF6 was di ssol’(?/'ﬁﬂl’ﬂoﬁ-"mll%o
100 M dry THE The mixturé’was cooled to -80C and a

an ?bé‘faﬁ%t&f’g 0%91? :
mmgwgd_

eiap white pbwdds- was added dropwi se. The

o IR, U L O PR oL

1H) . 46, PHG1Z 303, 1199 1éotx§vmly P[33- 2069 @ﬁ&@nez 39LI8 (ﬂpqm
to render the solution turbid, then a dr ops of
7,286t hinfrol SFhe 7 68 slcfkPeldn, 4HAgAS 18 &3 mv2H) od%c belh E1sMH e

7308t P10 ) LRSS B 5L B 92U B e

"1‘6!,1%1:(157.]29,4507]6@1@ ©36%126 (f,(r= 10.9),128.6 (d, ] = 11.1),128.7 (d, ] =

o da83% 7 B HERAIL B i T edphe ) =259, 121
(d, éeaz(gei hy3. 3 p@q&wm aney ) Lfsedﬂ)urf’(ﬁNMR (202MH) & 40, 8:40.0 (d, J=

fl uoroanti nonate as an orange solid

48.8 300Ky B488h. 4! Mﬁjm/ﬂ(%)zfé’lﬁ N5y 28481 9) 2227(048 221161,00\1
-Elemgﬁta?}megl Cai%r%l @or% : Oeyl%éoﬁ%%SP&;Ung%zﬂQg’f{, %].g?fO

d 2 5,6)-1, 5 Q/cl ooct adi enel 1 (1S
E‘xfé#-lcl_g% 1 phenyl 2- I(d| phenyl -
i (KPR ) b -Gy hdibad K '

PI’ ) ¢ 3 Hhia
hexafl uor oantl rmnat e {[ Rhﬁ(S S) ci s- PMP )(cod)] SbF6}

precy KP Ymethyllphospholane-xPirhodium(1+) hexafluoro-

| 'S, 2S | - pheny!
anthihddird g@zhgh@z%dphgggﬁl(ﬁgﬁ@?' cthyl ] phosphol ane. KPT

rBHi um(1+) hexaf | uor oantpymonat e was prepared

aret ‘ShoudRiyced, 1308l ol skiardy ? di@ -f rom
S 2S) - ci's-T-phenyl - (di pheny phbsphi no) met hyl ]
b] ane{ (S, S)-ci s- P ph. Exanpl e 13c 10

parati on of ((Tl 1,2,5,6)-1, 5- Cycl ooct adi enel
(1ﬁr2(F5}§3f§ﬁp -phenyl -2- [ (di phenyl phosphi no- KP) net hyl |
phosphol ane- KP| rhod| um(1+) hexafl uoroantinonate {

In 4 B plogndiostam 2-prasfiask Sestpd wibregormine eguinpedwith a
ma%x(étl]:: “stirdngb 168, Sénﬁ; (9&%28%@' &9€dissolved in 100 ml dry THE. The

rans-

mDF(Um ‘pﬁlﬁéﬁylleiéﬁ@s?@h@ ﬁodtaéqﬂ}lh@t i/ OBsasp Hid. 2ityesi <P phiamd i 24 nr(
D) et PR0p IR (R M. SRS OEARET | g added

dromm’l‘l'@ pafurstvess ellewedito grarm to room ternperature, the solvent was -

_ evaéna %%?ndttgggkﬁ cﬂlug ﬁ@? ?%{31\%&1 [u§ ?’F@r@ﬁ%@ f) Qv? hfopa of hexane.

wery péd@i 188%1d(-3 1R fivRion300MHthera fewsBops ((fdﬂethdnc;l W2t aﬁ,djeé

4
Agabd 16 arobo Pl et Orechidhe 3 Br e BTt ERu e
formaad wheth vaustfilatedfallvagssd with Bexdha YROX 19480 Iagt(gz%)aafe[(n
h a 2? tube insert was charged with
1,2 Fﬂéé; et F% ooctad1enaﬁ?1R 2R)-cis-1-phenyl-2-[{diphenylphosphino-

kP)methyl]phospholane-xP]rhodium(1+) hexafluoroantimonate as an orange solid.

P NMR (300MHz) & : 50.6 (dd, = 26.7, ] = 148.5), 70.8 (dd, ] = 26.7, ] = 146.3).
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stirring bar, the hydrogenation substrate (1 nmol),

anhydrous degassed nethanol (7 m) and the netal
WOcWiHi®W%6%pr e- cat al yst (0.81 ng, 0.001mmmol ). AfREY/EB2003/012980

cycl es of evacuation/filin@wth hydrogen, the

aut ocl ave was pressurized to an 25 initial pressure
Exagapleddb kpa. The reaction was stirred at room

Pre ?JIBSB %E N

e s 0e
h(ﬁ sfRt |ni/eth é:‘dfurﬂ ?’r‘ Qﬁké’ﬂd&baﬂ%ﬂ?hnate
escri anpl e an use Inits

fepare
{ ﬁé@l%t@ﬁ%ﬁﬁﬁ@@ﬂshﬁab hydr ogenation. Al ternatively,

Th%iﬂ@ PRt 2 s R Pl ey - Gpnemicl ! Pod 1

gjh@ﬁﬁ%u&gmdaoﬁ%aﬁmh%@pmmmkh&ﬁ&&(1 and

ace m Nno- acry |1 C aCId, respectlvel usi n
hemaﬁadlmre@npn@te was prepsted [aRhngmgm)Exmptt)%a Sl R fid

SC35L 1S 041 5RBBRe PEHCERRROH HARR 123, RIS Wgas EE)

gﬁgg@? out in nmethanol (MeOH) at room tenperature at

al H2 pressure as indicated in table A: Table

Prefarafibh b8[(nHR2 FiohE ., Subdbs@hdedd HARDSPL gdetyle-(h) S/ C %
conv " %ee kPa HN Ac (RR) CIS PI\/P5 150 2 1 000 100

T methlphospied - )
%M@@s >6ﬁér°%?’{’f’a’f%°d3§é§%wé? 15021 000

Thél&Qn?@x Ee@l 2560 1 odcfa@me%e)i’w;z - 11%%?1)&-@0 16(S)

ci s-PMP5 500 16 1000 100 82
[(d(pmeﬁaylpm@hm m;a] ph@ﬁpﬁtﬂ)aﬁleSd:( Sjodiba( er)iensthdny- GC

area-%. ., Deter GC. on a chiral colum
iRt B hish RS SR S o PSR Ry Y8 Fetibtic THogously
to BGihlegy] s@rtid Myhe DR 2SUeGhN T phagyld- (dipﬁ@ﬂﬁ §1@1

respectively, with isolated pre-cat aI yst and

me(wa@)lq»SPSbkaee((\l&,i)wravtsu -EMBAGPBedgolitlrvirkd 8 JoM z) 8
Me t
S REFL AP LS PR ey S A 208k a?*? ndi cated in

Extg@l&e f%[ dxlo% Jgoﬂn?..B Substrate Ligand Initial H2 j Tine

The hydrogenation examples were carried out as follows:

In a dry box, an autoclave with a 20 ml glass tube insert was charged with a magnetic
stirring bar, the hydrogenation substrate (1 mmol), anhydrous degassed methanol (7

ml) and the metal complex pre-catalyst (0.81 mg, 0.001mmol).

After 5 cycles of evacuation/filing with hydrogen, the autoclave was pressurized to an
initial pressure of 150 kPa. The reaction was stirred at room temperature for 2 h. The

reaction mixture was concentrated and the residue was analysed by GC .

Preferably, the metal complex pre-catalyst was prepared as described in Example 9 and
used in its isolated form for the hydrogenation. Alternatively, the complex may be

prepared in situ, as described in Example H.

Example A
Hydrogenation of 2-acetylamino-acrylic acid methyl ester and 2-acetylamino-acrylic

acid, respectively, using an isolated pre-catalyst [Rh(Ligand){cod}] SbFe (with cis-



pressure kPa (h) 10 (R R-cis-PMP5 150 2 1 000 99.8 97
(R S)-trans-PMP5 150 2 1 000 100 68 (R) OH
WO(’&?%’“WE’F@ PVP5 500 16 1 000 100 96 (R) O PCT/EP2003/012980
(R R -cis-PWP5 500 3 100 18b 97 (R (R R)-cis- PWP5

PNIB® oztranapp{pms%e L@mgwp }gygoggfgsﬁiagggs“@%&@guﬁﬁ# nganol

(R R-cis
U‘%‘%) atd| %mﬁme@@ef%f apwitiah bl 9oes§uRy as Dalieted ingabloy: GC
rea-%. Determ ned by GC on a chiral colum. WO

T / 050669 PCT/ EP2003/ 012980 30 Exanple C The
hydrogenation-of. 2-acetyl anj no- 3- phenyl acrylic acid

a¢ gmi no- 3- hHEHY IH:] leﬂi c lacid
Sutg{i%é‘fzhy %gly}r%m um sal t | Preesipect jyel y, % clatrqomy g ee”

with 0. 1 nmol% _isal at EPar e- cat | ystis

HiRRT L gaﬁ%ﬁ@*@@d@’MPstBW& h cil2 PMP5 |or 060 AnEIOPVPS |3 (3)
he L 1 yol—(-MVeH)—at—xoom-t ure at
)a%pogﬁ‘t QFSI “Bi g&ﬁfeﬁ s i cat ed § 990 aﬁ(@ C

. TaBKe
Coniti arR,Rmc;ELpMP§ubs§goat e LOijgand pr L) —ShGR%

conv!) 2ee2) kPa Ph-1~0 (RI[R)-cis- F;%? 1?(902 100?17(?)
98(s) HE&BH-AYPEi |- T0P5 156 16 1408010¢ ]9)8(8) A3 (S)

(RS =TT As s PIVRS 745012 £000—300—25—(R) cis-PVPS
H 8’%)@16 13%) %ﬁgfé LISPR, R 4é& s- PMPS ’%9@0 310900 103 (5)
FUB8Y-trah-BMEG! [Sts6VPS> 190 16714678 1987S) Piigs)
OlR S)._}_r_anc:pl\lp'—_\ 150 16..1000 100 48(S) "]| % O
(R R) - cji &Pives B85 3 {1900 57]96(s) | ADODet doari ned ksy(S)

CI: [are n/, _H_.l I, .||C 1 O & L;IIIrQ! C-C!"!'m
Exanpl afg%gﬁhy Irj%gezjg iyon 01\3 t he 100 100 84(5)
2- acet y| abetaonaed PG Redadsol. PERMhMFABYIGHTLR 3 chiral chfamn.

Exézdlp]e B

The hydrogenation of 2-methylene-succinic acid and 2-methylene-succinic acid
dimethyl ester, respectively, with isolated pre-catalysts [Rh(Ligand)(cod)] SbFs (with
cis-PMPS5 or trans-PMP5 as the Ligand) was carried out in methanol (MeOH) at room

temperature at an initial H, pressure as indicated in table B:

Table B

Substrate | Ligand Initial H, Time | g/c % conv.” | % ee?
pressure kPa | (h)

D (R.R)-cis PMP5 | 150 2 1000 | 99.8 97 (R)
OH | (R,S)-trans-PMP5 | 150 2 1000 | 100 68 (R)
I on (R.R)-cis-PMP5 | 500 16 1000 | 100 96 (R)
(R.R)-cis-PMP5 | 500 3 100 | 100 97 (R)
! (RR)-cis-PMP5 | 150 2 1000 |77 91 (R)
07 I"(RS)-trans-PMP5 | 150 2 1000 | 100 . |62 (R)
I O~ MRR PS50 16 | 1000 | 100 89 (R)
(R.R)-cis-PMP5 | 500 3 100|100 90 (R)

“Determined by GC [area-%). © Determined by GC on a chiral column.
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15

met hyl ene-succi ni ¢ acid and of 2-nethyl ene-succinic
acid bis(triethylamonium salt, respectively, was
woeandesechoout with 0.1 nol % i sol at ed pre-cat al WITSEP2003/012980
[ Rh(Ligand)(cod)] SbF6 (w 8h cis-PMP5 or trans-PMP5 as
E,Ja@]é@gand) in nmethanol 15 (MeCH) at roomtenperature
at "an initial H2 pressure as indicated in table D. WO
Thedudragsosim werrenloosiod-phetyl a@lic Fadiel DaSitjiainie-o-

. i o : % O i h) .
T LT T N Y
isqlyte) prercatalysonfBh(Ligand) (dod)DEL RVt ifsSP MPElor M OPMPS5 as the

: ~ClSs 000,100 96 (R .0 .(R.R) -cis-PW5
L‘éﬁg@ “‘i""é@"’d%g@%éé% a% RO BPRR g Ay ﬁ%lflgsﬂisgrf.ssmaﬁ
indioged o0table ¢:R) O OH (R, R)-cis-PWP5 5 16 1000 100 96

(R 1 eq. NEtE3 IOEt3N (R R cis-PW5 1.5 2 1000 90
TabgGR) ,S)-trans-PMP5 |.5 2 O 1000 100 85 (R) O~ (R

Et3N _Q Determined by GC [area-% . 21 Determ ned by

GC on a ghiral colum.|Iikixddpl e E S5 [The hydrogénaffi on
Subgtrathe 2| higend| oxy- acr ypiessuaei dﬁleh Is/est 4ro5w88v.” | % ee?
carried put with 0.1 nkﬂ’a%isol( ed jpre-catal ysts

PhERh( Logap@®@,R¢ed)RMBBF6| (3gf th Cjis- W@ (78NS PVRDgqE) |
Pr oS _ i nﬂ)l n-net hanol ( /F‘O") al_room
HEnpeOHt uﬁgﬁg‘{”-‘;ﬁﬂfﬁi tis0 H2  |phbessyrled08s |ilAdi cat ¢cPs §5)
tabt e E [ -Gaks-DNIEI THHE T Orgamdhmstah A2
i 1000 AN e KHa th) (R~ Progho’s08% 100] 78 ®)
(S) (R RRBisseldB5 150502 0 39185 ($)1 000~] 100 96 (S)
(R S) -t r PP 3523 ((S—0-{R-R—¢is~PVMR51 500
3 100 100 55" {fg):PMPﬁ’ 500 k) 1007 | 100 97 (S)

EtN' (R.R)-cis-PMP5 | 150 16 1000 |78 98 (S)

Ph‘\>_<0 (R.S)-trans-PMP5 | 150 16 1000 | 100 4875

HN O [ (RR)-cis-PMP5 | 500 3 1000 |57 98 (S)
Ac :

“'Determined by GC [area-%] ” Determined by GC on a chiral column,

Example D

The hydrogenation of the 2-acetylamino-acrylic acid triethylammonium salt, the 2-
methylene-succinic acid and of 2-methylene-succinic acid bis(triethylammonium)
salt, respectively, was carried out with 0.1 mol% isolated pre-catalysts
[Rh(Ligand)(cod)} SbFs (with cis-PMP5 or trans-PMP5 as the Ligand) in methanol

(MeOH) at room temperature at an initial H, pressure as indicated in table D




(R R -cis-PMP5 500 16 1 000 100 97(S) (R R -cis-PMP5

500 16 10 000 45 97(S) 10 Determ ned by GC [area-%,
wOoebewosissed by GC on a chiral colum. ------ -5 -

2004/ 050669 PCT/ EP2003/ 012980 32 Exanple F TECT’E”W““”“

Mdgogenatl on of the oxo-phenyl acetic acid nethyl

oxo- phenyl acetic acid and oxo-phenyl acetic
r:nfkulanﬁﬂhhlﬂh\Q Lt _respectively, was carried

C A\ o |

B npaiirti iivkpviton SoitpVId: £ 3irme yhEE [ % % c”

[ Rh(Li gand)(cod)] SbF6 (WPEesWEs] NP5 pr transcavPVPb
bom t enper at ure

apt-hand
g1

16p0 4 thOTh:#% (S)

o 58 T

dbAglr:el ;: ?lczglw s "gmésur
Emy@fs ar e ('ijwnﬂsmmabl
(/Rog)nvﬁgﬁn:; P ? 50"_63 (R R)[-2i s- PMPBO®BO BI000H | 96 (%)
DI Citini o R T

c iy dr ogbostren o b (L EﬁLnSﬁ‘ﬁL’Ci Vo a0 ang | 77 (R

acktic aci fUBR f)ﬁé‘n@ll‘d\??ny 5ester,| 16r esgec@tivel[yL00was 96 (R)
cafried ouf with isolated pre- catal ystis (Rh( L4i gand)
1(@9@,3] SbFp (with cis-PMP5 or tlrans-RMP5 as it he +

n

Li gand) i n| net hanol (l\/b at rqom t enper at urje at
I npt 1 gl +H2 mentorreg——A—tahl-e
2004/ 05066 msfpcw 30037012984 2 Tabl QOEOSut)ﬁﬁr ate| 96 (R)
and Ini G %-cony Q _%.ee? kPa (h)
g o S BT 1S 2 1000 100  [85(R)
Et,N

"Determined by GC [area-%). ? Determined by GC on a chiral column,

Example E
The hydrogenation of the 2-acetyloxy-acrylic acid ethyl ester was carried out with 0.1

mol% isolated pre-catalysts [Rh(Ligand)(cod)] SbFs (with cis-PMP5 or trans-PMP5 or
Prophos as the Ligand)in methanol (MeOH) at room temperature at an initial H,

pressure as indicated in table E:

Table E

Substrate T TLigand T Tt 5, | Time 13/C % conv.l.’ % ee”
kPa (h)

i (R)-Prophos 500 3 100 100 78 (S)
(R,R)-cis-PMP5 150 2 1000 |33 95 (S)
%/Ov (R,S)-trans-PMP5 | 150 2 1000 |35 23(S)
0 (R.R)-cis-PMP5 | 500 3 00 (100 |97 (5)
(R.R)-cis-PMP5 | 500 16 1000 | 100 97 (5)
(R,R)-cis-PMP5 500 16 10000 ¢} 45 97 (S)

“Determined by GC [area-%], 2 Determined by GC on a chiral column.



10

HN Ac (R R)-cis-PMP5 150 6 500 100 10 (RS)-trans- PMP5

150 6 500 100 20 (R R -cis-PMP5 150 6 500 100 10 O,
WO ci s- PMP5 150 7 1000 21 22 ||k~

(R S)-trans-PMP5 150 7 1 089 13 22 (RR)-ci s-PNEEPEYp280

71 0 00 78 18 "Determ ned by GC [area-% . Determ ned
Example¥ on a chiral colum. 5 Exanple H. using a

L oni.c.. Cat ah yst d ip sityu In thi |
The Iy SRS B R teetetineL e oxp-Plrny Gobis asi
andafxo@}@_ﬂ;ﬂam;b!acidrthemtdhi}rh?‘immeﬁimm ailt, (d3PéEREly, 200 c@ﬂlﬂde)_uQ Ylth

1 hda I N et n .orange_sol ution
0.1 {88 i AR e el LR Tioh SBeduicbre P M S of trekon
PMBS ad theiigand] in sieihs holaMeGH pAbYAGehPeRniit 204 FEENN0! -

Proc f. hydrogenat.i on s carried out 10 as
Pfesalérs?c"?.g‘g@‘gk‘gaof(?&é%tig%ﬁewlf%r Wageriakle&n of
Tabl%' cetylam no-acrylic acid nmethyl ester was carried
—01:1]—'1; at roomtenperature with an initial H2 pressure

of 500 kPa, Bh, STC I00.” Thne Tigands~ X were [Substrate
Substigitnd Sol vepliggsdony. % ed HNoAonESsBhlci s-|PVRG BARF

M-e—H-100-81 (R 0Ol= (S S)l.cis-PVP5 PE6_MQH 100 82

. B RkcBNPAPPES [MoOH 100 %5 (R)  Ddt er nizned

‘ 4. Determ ned jpby GC on a chiral jcol um.
(PRR&RA-PR(AsI gandS of he formofja—
R R3 P R2z cijs wherein Rl and|R2 are
—alkyl —aryl  cyclioal kyl or

het gr oary ' |, cycl o8 kyl or 3
& fﬁlgh -hesubstitutied by alkyl al kaXy
ogan, hde@?itrﬁ?ﬁ“ism no- or difal kyl ani mo, afyl,

=S02-R 7. -1SG8, -CO NR8R8'l, carboxy, al koxyg¢arbonyl,
trial kygegr vy (R, R)-eis-PMaPKy| Si 1 yl, died KyTaryT$i Tyl gor
triarylsilyl, Rs is alkyl, |cycloal kyl, aryl or
et gr oahyl ; i igmify independentlyjof each
eryhydr ogeS)dr&sstPMP5 opt i onal | y3&ubstitufed asyl;

¥ R@ and R4 together with the Catomthey are

Q)

attachedtolforma 3-8-me ered carbaocvclic i na:

TAT U o] T O X T T oo o - = 3
"Determined by GC [area-%). 2 Determined by GC on a chiral column.

Example G
The hydrogenation of N-{1-phenylvinyl)acetamide and acetic acid 1-phenylvinyl ester,

respectively, was carried out with isolated pre-catalysts [Rh{Ligand)(cod)] SbF, (with
cis-PMP5 or trans-PMPS as the Ligand) in methanol (MeOH]) at room temperature at -

an initial H, pressure as mentioned in table G:



dotted line is absent or is present and forns a double
bond: Rs and R6 are independently of each other
WORPM/EEe8. al kyl or aryl: R7 is alkyl, aryl ®CTRRRS012980
and . R8 and R8' are mdep%ihdently of each ot her
Tabdy ogen, al kyl or aryl; the substituents R3 on the
phasphol ape phophorus atom and_t he substituent on the

om of the phosphol jaetial Hzrlgliaee |i n_ci g rel ati q
Cgomea ch of H&Fhs i ndi cafgd by tihe, bol $/5ond e cpnvers. | % ec?
foroula 1{_ 2. _Conpounds! of forn ;;\ according to

gha‘i\fm 1 whetBl-pisRIMBRd [RB0ar e dld ke asd0si gnody al kyl 1o

yl CyC 1 e 2t yl +—Sai d Al levs] nr\ll :
y ah ky H%lsrmwe?%lr)%/rgrgy Im ¢ subc?’o?ute& %y al kyl 20

al kbxyd hiaffoRkois-PMEE oX 150am nd.6 NmNYsHOT | 100 10

di al Kyl anj no, aryl, -S02-R7, .-ISCB, - ¢O NR$RS' ,
carRoxy, PIRRK¥s PNy, 1567 T at Ry sTHyiTg00 22

eplendnntl\/ of edch othen hvdrogen, CS- al ky

d‘ParyI al kyl silyl, dialKylarylsillyl of trrial yFS| I yI ;
I o(ﬂ{@)nyhns-mpsangom ang hydrQgen, | B and Ro[ 27
are Ol -

or prényll (RRhesEMB%d [1158@ i s |dbsen{1080d] R, R8 andis
Ware_as deflned in clailm1. 3. jConmpounds of formula

accor di ngD¢ternsinad bp GT [airea2y6] WHD eI RineRby @0 e (R colamn.
ali ke and signify aryl; R3 is tert: butyl or phenyl;

R4' and R4 are identical and si gni fy hydrogen; R5 and
R6 are hydrogen; and the dotted line is absent. 4.

Co inds of cording to clainms | or 2,
@m@ﬁ&f}pmg{i C&h %{aiarlﬁs%tﬁe?ém dWasi& gnify alkyl; 133 is
I t!tgert: btjt | or,phe . R4 ang R4 are jdentical and
n (IS SRR eﬁgam&éﬁom Was PrsgaLe é“ﬁ?-b‘?Yoé’é?P vigg af @A) mmol
rhodiddirh @gechiiso e (RIF céd)SENnd 0. 611 P RENNdS qulf &gﬂ%&dl The

according to clal ns .1 or wher ei n

Oraggs YN tgIASISHHER ¢ Eye%‘éw@ thren Hr@seq @tht apolutipn of/] monol of
bptiateviissolitdl iaBAnIRK AétBahdl YL
Sucgec e%gss%g a:r e hydr ogteérll ?;%, ?ﬁtew ggﬁtfn%l ‘P%Q%E%%gnrbtm
as cg&cn ‘ﬁ’pounds of formula | according to claims 1 or

C V\/g ein ?nd R2 are alike and signify
atﬁl’gp pgqmtxmo rs ageéylgnu%pgyhcoqacbmew estqRavas gardieRgut at

roodd @nipdRitiire §ath ANdithl BN 'pt*éésd}).( oF 28, 3%5 S@ A h@fifands X
hydr ogen; and the dotted |line Is abs

were
Substrate Ligand X Solvent | % conv.” % ee”
H N,Ac (5,S)-cis-PMP5 BARF -MeOH 100 81 (R)
O (S,5)-cis-PMP5 PFq MeOH 100 82 (R)

O (S,R)-trans-PMP5 | PFs MeOH 100 5(R)

"Determined by GC [area-%]. ~ Determined by GG on a chiral column.



7. Conpounds of forrmula I, wherein RL and R2 are alike
and signify phenyl. R3 is phenyl and R4, R4', R5 and
Re are hydrogen. 8. Transition netal conpl exes of

Claims fornula |1 MrLOXpA4 || whgrein Mstands for a

] transiti on fmE\t al, L stands for the di phosphine

- PRosRIRSEIRR B OFbPhul a 1;  wherein X is a coordinating
anion such as e.g. d, Br or I, m n and p are each
1, and qis O, if Mig Rh; s or X is acyl oxy such as
e.g. acetoxy, trifluorgacetgxy or pivaloyloxy, m and
n are each 1, p is Z apd" RO, if Mis Au; or
XisC, mandn are eachpZ, ig4, qis 1l and Ais
triethylamne, if Mis Rua; or\§< Is a rz-methallyl
group, mand n are each 1, p Bs 2, and qgis 0, if M
is Hu; or Xis a coorgynating aniop such as e.g. d,

E Br or I, m nand p are each 1, and qis 0, if Mis
wherdif - OF xisct, mand.n are each 1, pis ~ and q fsQ
't W P6

R and R? are independently of each other alkyl, aryl, cycloalkyl or heteroaryl, said alkyl, aryl, cycloalky! or
heteroaryl may be substituted by alkyl, atkoxy, halogen, hydroxy, amino, mono- or dialkylamino, aryl, -S0,-R 7,
-804, -CO-NRBR®, carboxy, alkoxycarbonyl, trialkylsilyl, diarylalkylsilyl, dialkylarylsityl or triarylsilyl;

R2 is alkyl, cycloalkyl, aryl or heteroaryl;

R and R4 signify independently of each other hydrogen, alkyl or optionally substituted aryl; or

R4 and R# together with the C-atom they are attached to form a 3-8-membered carbocyclic ring;

dotted line is absent or is present and forms a double bond;

RS and RS are independently of each other hydrogen, alkyl or aryl;

A7 is atkyl, ary! or NRER®'"; and

R® and R?¥ are independently of each other hydrogen, alkyl or ary;

the substituents R3 on the phospholane phophorus atom and the substituent on the C2 atom of the phospholane
ring are in cis refation to each other as indicated by the bold bonds in formula 1.

2. Compounds of formula | according to claim 1 wherein

R and B2 are alike and signify alkyl, aryl, cycloalkyl or heteroary, said alkyl, aryl, cycloalkyl or heteroaryl may
be substituted by alkyl, alkoxy, halogen, hydroxy, amino, mono- or dialkylamine, aryl, -S0,-R7, -SOy, -CO-
NRBRE', carboxy, alkoxycarbanyl, trialkylsily!, diarylalkylsityl, dialkylarylsilyl or triarylsilyl;

R3 s alkyl or aryl;

R# and R4 are hydrogen;

RS and RS are independently of each other hydrogen, C,-C5-alkyl or phenyl;

the dotted line is absent; and

R?, R8 and RY are as defined in claim 1.

3. . Compounds of formula | according to claims 1 or 2, wherein

R1 and R2 are alike and signify aryl;

R3 is tert.-butyl or phenyl;

R¥ and R4 are identical and signify hydrogen;

K5 and R® are hydrogen; and the dotted line is absent.

4. Compounds of formula | according to claims 1 or 2, wherein

R1 and R2 are alike and signify alky};
R3 is tert-butyl or pheny!;
R4 and R4 are identical and signify hydrogen;
. RS and RS are hydrogen; and the dotted line is absent.

5. . Compounds of formula | according to claims 1 or 2, wherein

R! and R2 are alike and signify cycloalk-yt;
“‘R3is terl.-butyl or phenyi;
‘R* and R4 are identical and signify hydrogen;
RS and RE are hydrogen; and the dotted line is absent.



36 or Xis d, Br or I, mand n are each 1, p is 2,
and gisO,ifMsN. 9. Transition netal conpl exes of
formula MrL"XpAg 11 wherein Mstands for Rh, L
stands for the di phosphi ne compound of formula 1; and
wherein X is a coordinati ng5ani on such as e.g. d, Br
or 1, m n and p are each 1, and gis0O. 10. Metal
MrLnXpAq] D, 11l  wherein M

_ | f formul a
Compoﬁrﬁgpif azl agcgrd{n?éﬁlglpff&ﬁ. %{ew , L stands for the

st ands r
R end[Ha @s RIk: B sgRiyRauRg,. of fornmula I, wherein X is a
R gitemietyl or gafgt such as cod or nbd, Dis a
R amyR* eediecticn aitd siybiy Batagén; Such as e.g. BF4, CI'O4, PF6,
R® @i |RG are BB S@Band BPhdied 06 isBARKE, m n, p and r are each
is O, if Mis Rh; or Xis an olefinic |igand

1, and q
s Compctglg%cﬁ fog:ylaé._v@grei@ %amg Btareaie: ad sigithphesnasis PhehyBard R4, R¥, RS and RS are

hyc’m‘geﬁ'on-coordi nati ng anion such as e.g. BF4, Cl M4, PF6,

. TransitiontHely . BPh4, or BARF, m n and rare each 1, p
" Iis,92 °§ﬁ‘g§‘§‘g§§’"ﬁ’mif Mis Rh; or Xis d, Bror 1, A

IS bepg or p-cynmene, Dis d, Br or I, and
_ m n, p, é"grlﬁg?qar eeach 1,ifM sRu;
wherein

M stands for a transition metal,
L stands for the diphosphine compound of formula I

wherein

X is a coordinating anion such as e.g. CI, Bror |,
m, nand p are each 1, and
¢ is 0, if Mis Rh;

Xis acyloxy such as e.g. acetoxy, trifluoroacetoxy or pivaloyloxy,
mand n are each 1, :

pis 2, and

qis 0,if Mis Ru;

or

Xis Cl,

m and-n are each 2,

pis 4,

gis 1, and

A is triethylamine, if M is Ru;

or

X is a m-methallyl group,
m and n are each 1,
pis2, and

qis 0, ifMis Ru;

or

Xis a coordinating anion such as e.g. Cl, Bror |,
m, nand p are each 1, and
qQis 0, ifMis Ir;

Xis:Cl,.

M and.nare each 1,
pis2and.

q iSOLENEIS P




or Dis a non-coordinating anion such as e.g. BF4,
C104, PF6, SbF6, CF3SO3, BPh4, or BARF, mand n are
each 1, p and q are each 0, and r is 2, if Mis Ru;
or Xis a diene ligand such as cod or nbd, 37 Dis a
non- coor di nati ng ani on suc?f as e.g. BF4, C 4, PF6,
SbF6, CF3S(Q3, BPh4, or BARF, m n, p and r are each
1, and qis O, if Mis Ir; or Xis an olefinic |ligand
XisCUdhods e. g. cyclooctene or ethylene, Dis a
mfwénafeeayh@ll nating ani on such as e.g. BF4, Cl O, PFs,
pisghind  CF3SOB8, BPh4, or BARF, m p and r are each 1, n
q'elos'”ﬁ'sé'hdqlso if Mis Ir; or Xis a a-ally) group,

SYfAYB, BPh4, or BARF, m n, p and r are

o, Transmg §a“§8aon coordi nati ng ani on such as e.g. BF4, C (4,

each 1, gis Q, if Mis Pd. 11. l\/btal conpl exes of
formuld NXpAq]'Dr 11l wherein Mstands for Rh, L
whereinst ands for the di phosphi ne conpound of formula I; and

wherein X is a diene ligand such as cod or nbd, Dis a
M slaais focor di nati ng ani on such as e.g. BF4, Cl104, PF6,

L stsHe, the@FBEMBe cBffodnd obibmBARINd M n, p and r are each
and gis O0; or Xis an olefinic ligand such as

1,
whereing, cycl ooctene or ethylene, D isa non-coordinating

x,sggg,o fgonastl?ch S5 9% 0‘3545' Clo4, PF6, SbF6, CF3S(3, BPh4,
acm rare"each 1, pi s |.and

qrsO

10. Metal complexes of formula

MLy X,AID, 1l

wherein

M stands for a transition metal,
L stands for the diphosphine compound of formula I

wherein

or

or

or

X is a diene ligand such as cod or nbd,

D is a non-coordinating anion such as e.g. BF,, CIO,, PFg, SbFG CF350,, BPhy, or BARF,
m, n, pandr are each 1, and

qis0,ifMisRh;

X is an olefinic ligand such as e.g. cyclooctene or ethylene,

D is a non-coordinating anion such as e.g. BF,, CIO,, PFG, SbFg, CF3S0,, BPhy, or BARF,
m, nand r are each 1,

pis2and

qis 0, ifMis Rh;

XisCl Brorl,

"A is benzene or p-cymene,

Dis Cl, Brorl, and
m, n, p, qand r are each 1, if M is Ru;

D is a non-coordinating anion such as e.q. BF, ClOy, PFg, SbFg, CF3S0,, BPhy; or BARF,
m and n are each 1, '

p and q are each 0, and

ris 2, if M is Ru;




gisO. 12. The optical active conpounds of fornula 6 6
06 O RR6 (RN RR4 +RR6 (S]\RR4 R4 R4 (% LSD
osWerein R3, R4, R4A', RSand R6 are as defined for
“formulal in claim 1, 13. Use of netal conpl exes

a)@ﬁ%u@literi&mé&c;%s&%bmnb% 9, t% or il as catalysts in

A ¥ BHdRALcbdrdnalifgdkibd 9 r SéHﬂ“g

hydrm;nau:éﬁsd@nd&zaﬁggﬁ%ge P% é{ %3/%?3 AF,
diisplseeaent s’ in prochiral al I yI | c systerrs. 14. A

process for the asymmetric hydrogenation of a
of prochiral olefinic or ketonic conmpound characterised
in that the reaction is carried out in presence of
AoeEndcats sopppsterorgivien.) as defined in clains

is gnon ng anion such as e.g. BF,, ClO,, PFg, SbF,, CF4S0,, BPhy, or BARF,
o Shar F0 ol 1 S 1 o

nis2and
gis0,ifMisIr;

or

X is a w-allyl group,

D is a non-coordinating anion such as e.g. BF,, CIO,, PFg, SbFg, CF4S0,, BPh,, of BARF,
m, n, pandrare each 1, and

qis 0, ifMIs Pd.

11. Metal complexes of formula
M LnXpAgIDy 1]}
wherein

M stands for Rh,
L stands for the diphosphine compound of formula I; and

wherein

X is a diene ligand such as cod or nbd,

D is a non-coordinating anion such as e.g. BF, CO,, PFg, SbFg, CF5S0,, BPh,, or BARF,
m, n, pand r are each 1, and

Ggis0;

X is an olefinic ligand such as e.g. cyclooctene or ethylene,
D is-a non-coordinating anion such as e.g. BF,, ClO,, PF,, SbFg, CF,S05,, BPh,, or BARF,
m, nand r are each 1,
' pis2and
gis0.

12. The optical active compounds of formula 6

whersin R3, R4, RY, R%and RS aré as defined for formula | in claim 1.

13. Use of metal complexes according to claims 8, 9, 10 or 11 as catalysts in asymmetric reactions, particularly in

asymmetric hydrogenations and enantioselective hydrogen displacements’in prochiral allylic systems.

14. A bro_cés_s for the asymmetric hydrogenation of a prochiral olefinic or ketonic compound characterised in that the
reaction is carried out in presence of metal complex of fomula Il or Il as defined in claims 8, 9, 10 or 11.




