10

15

20

WD 2004/ 050669 PCT/ EP2003/012980 1 Bidentate C P
Chiral Phosphi ne Ligands The present invention is

woaonaesied W t h new phosphi ne |igands, netal cpOpEE2®S/012980

of 5 such ligands, as well1as 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 BiRemekes.PAirak Progehdnerliipsds in J. Am Chem
Soc. 1978, 100, 5491; and CHI RAPHOS (B) see J. Am Chem
Theggesentgnvention is qenernednyih mew phosRhirstigands, aiqwH seopimiees of
sudhl IGARES 2o W8l ishﬁ@ BsMTRN & flf] &ﬂ)‘)ﬁlé&es asccean'ﬂatl)es'is msasﬁ'ﬂm@tnc
atons in a phosphol ane ring such as for ‘exanple In the
reagppny |gand (O, described in.Tetrahedron Asynnetry,

569. Still another type of 1,2 15
Pha*fpgﬁmfs‘ %%W’Iﬂi‘ ghiFrl seniprs oniraehenaRd pRopherasiateins ereknews in

~ theddr€ AophrtifBarCelANES ﬁl(ﬁ%ﬁﬂ@ 1At areeiﬁoéemlnﬁmﬁhl BAAEY of two

escri bed |n An I nt. 41(9), 1612.
carRRn R mFa k- 1B-dip whlr(eﬁrg)amh Bﬁnmlzs qfﬁh?) Qwhpendhwhganﬁs with
one o1 two Bliral MtdVeok tHRtatdbdR dtoks othIB@ bﬂ%1 EP‘R@)PHO!S t‘&) as

present invention is to I'OVI furt hi r al

des;Erlbcca}npfhégzpﬁh% Sog.j 1@%@@%‘1{9 h agﬁ @PHWQO&: dhitsee J. g &hem.
S0 60Dy, %QWAQBtHep?%QrO'f ‘i&ed@%’sgﬁi%%l gﬁc{s%ke & é%ﬁ z%'?hr%qural

t he phosphorous a ew br’dent at e
centerps g Qﬁ@@hl%})h@sgbﬂdn@ygg sueh anfeir ekerhple in £l BRR ligandi(@),
| at-Bs
dthBXfrPR#%éﬁ?%%g t|on81g&?ﬁegéf%*L&Qgﬁgggﬁégbggﬁhz'
dipblesipng higands gramliese athetdtde tloirahaéraers areRé 1R (RarFaP atth_sRuch

as f%scoﬁizpouﬁidi,\égcgiggc{l {nogng%Q/.QClﬁg/InEfP gLQ 9§6£ %%(%%O 161%.

. h;:/le Me H
(Ph),P P(Ph),  (Ph),P P(Ph), H P\ ) ‘;t-Bu
Me Me t-B

A B c D

The objective of the present invention is to provide further chiral 1,2-diphosphine
ligands with one chiral center on a carbon atom of the bridge 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.

The invention is therefore concerned with new phosphine ligands of the formula I
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wherein R and R2 are independently of each other

al kyl, aryl, cycloal kyl or heteroaryl, said al kyl,
wa@rg/0swygel oal kyl or heteroaryl may be substiPpor/ep2003012980

al kyl , al koxy, hal ogen, hydroxy, am no, nono 5 or

di awhcyeham no aryl, -S02-R7, -S03 , -CO NR8SRS,

car

o g?)‘%fﬁgﬂy I‘éfé%‘&@ﬁ(jéﬂﬁ%t‘y ofteﬁ l%c'lﬁq ﬁk;h}’elr?:ll, cyé:}oa}kg/l oL

R3 is alkyl, hcgﬁwacmluaydalkﬂrwl oyc Q@Btyémohertgfﬂoarykmaahd R4

signify i nde eaq h [
10 optionall 3&/@% bsti txn?fkél ar{;/sfyoﬁ%%el% h%()h

with the C atopdidiyéyniabgargl tmhle’d 9@~ ,fOJOnI\HKSBS 8:arbo XY,
menber ed carbgqcyclic r ed |line |

present and fagﬁo agb ey B‘I“ék)g Ld‘ ﬁa]éfh]dll)aeda%li@af}’lmlyl

i ndependent | yrigylsgf@eh ot her hydrogen al kyl or aryl;

15 R7 is al kyl ryl NRS8 and R8 and R' are
|nd3ependentl395%kﬁe%’elﬁa Vingy WM%@@M al kyl or aryl;

t her*sula gt t ueiphsty Redepéhdehay phagRbela r@%&p ARk LS at om
and the substit.ue at om of the phosphol ane

ring are in @PgongYéPgﬁh ga@’ ot her as indicated

by t*hadad! d hendiser with BE MU Bm thefte ThEcHA%H 1852 RE. R4
, R5 and R6 may for addi tional chiral centers on the

C atom t hey mgrabeted ehe i ingid the resi dues R and

R2 goeeed fige M aatasitidr iopalentiNd BkmS 8 abable ®dnd;he
phosphqorys atom they are attache to. The fallow ng

dofit AR Rans. e indepegdprtlaaf eae otheydiogen. alkd opaedent

deqp”rl ption appky, arhlidraePReldnge of whether the terns
quest i;on appear alone or in conbination. 25 The

: eara'ﬂQIPkyl + apgsindepeadpatieatiach ephet hslsogeny Ak or 26thai n
or tRé ﬁib%ﬁﬁ‘én!@)l@fo‘ﬁc‘tﬁé F@&ghgmg@pﬁopﬂo}& akofnQnd tH@th"tuent on

atons, preferab Pé\ carbon "atons such as e.
o

tthﬁ/CZ atozp pi/the phpembplaneirng ang ivgiA relapn g each g)@he;@ as ipidicated

and)yttﬁéBold*%haimfB’frﬁ‘ulﬁrIabl y the alkyl groups for R,
nd R3 are branched al kyl groups such as iso-

Tl{érrgﬁéfl.lles R“SRJL REL YA Raﬂﬁy k&t addMS AL chidf ce-:rrn@rstoﬁrtm C atom they
ral denotes_ a p, wherein the al kyl residue is

ar%lstta&éf freanddhe pesid ushﬁ arth aRay %)r@tatnaaéﬁetwr\ﬂ Shirghcensisf parthe

pRsSHBrud A8nd BePhre@yiGéRAlky! * stands for 3- to
8-nmenbered rings, such as e.g. cycl opropyl,

TMEiIMHF)dEﬁmﬁMﬁi @ﬂﬁ@géﬂeral Qéf?AsQQ@d%' th@EFEs&WH'e&'FEﬁBM lapply
especi a for cyclopentyl or cyclo- .

m?ﬂ(?ﬂ?“(%lf@‘é’@ }pml;egpggg@/cﬂlfggggappear alone or in combmatlon

The term "alkyl" as used herein signifies straight-chain or branched hydrocarbon
groups with 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms such as e.g. methyl,

ethyl, propyl, iso-propyl, butyl, iso-butyl and tert.-butyl.

Preferably the alkyl groups for R', R? and R® are branched alkyl groups such as iso-
propyl, iso-butyl and tert.-butyl.

The term "alkoxy" denotes a group wherein the alkyl residue is as defined above, and

which is attached via an oxygen atom.

The term "cycloalkyl" stands for 3- to 8-membered rings, such as e.g. cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl, especially for cyclopentyl or cyclo-
hexyl.
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3 Said "alkyl" and "cycl oal kyl" groups may be
substituted by al kyl (for cycloalkyl), alkoxy,

wh2000gsis69 hydr oxy, am no, nono- or dial kyl am nBGCT/BP2003/012980

aryl. The term"aryl" signi¥ies an aronmatic

hydrogcarhqon resi que, espegial]y.the phen resi due,
Sa oo anl Deloant set i avacpeor bLinget bY Al for SRl alkocy,
hangEH,Qiydrd%?,ta@nin_@,rm&ﬂf-&)r@iﬂk’,ﬂ@dﬂn@ﬂoﬁryl. _ _

mul tiply-substituted. Substituents which come into
THeQ8sh U’a@?laﬁi'gﬁfﬁeﬁirlea@n&tic h{?@@ﬁyﬂbon ﬁési@de, @pedillyaky phenyl

groups, . preferably net r. metho oups,, or_anino,
e APIEpICen B ORISR B SR & B TR HEERS P T
pd@ftio@io‘?txﬁm{iﬁlmsﬂbs_tit?tl’(edl"&ﬂfsﬁmynts whlich@htgarn sucllession are e.g.

r tria

chl orj ne, I'silyl, such as .e.q. .
phepyralkelgr alkops £ronBs BErbLY byl Op R BON grouRs.of 4righ 1
m?%@é‘ﬁy‘ﬂy%rhdiffkgliﬁﬁlfcﬁﬁgeﬁrﬁly aaﬁégﬂytda?irﬁm cF&hwmmds,@:r yydTroxy,

ime enyl, di-tert,- enyl .or ..an : e
orralagen fRebes GAPY e < GAKTFY STt o CgRpiAciEteover b
tei?h O4TRL" chn ﬁgﬁilf)ﬁnééﬂﬂ{ﬁiméfﬁge@ml asidusidre phéatystolgt, oms

such as S, .0 and/ Exanpl.es of such heteroaryl

i ol ,N. ]
digrethyphenyledi-tetir Wt,y{ﬂhﬁ{’@ﬁ&la?lsﬂenzof uranyl or
benzot hi enyl . The.conpounds of the invention have two
TRATF R G STEGHRS S0R of RAMBbE GaioR Y 1q fortaining o1 or
mBibeeEﬂhﬂ@ilt@ﬂl@ stidhng S@Odm@l’tﬁg@ ExhingleCaf ﬁichﬂ‘ﬂeﬁfrodrh@ﬁpupsl are
phosphal ane ring, The sybstjtuents at these chira
fu&’ﬁﬁ?‘&f@"&?"éoéirﬂg’}gr F‘?PZBF el ation to each other. For

the denotation of cis; and tyans confi gurati in.t
¢ e jrveptior hfedo <hfel corteRerik e dsaE A e

pHAIBhAIATEMERY d il ordan ik €2 dsth @fttephaiteslatt riry. ThPSubstituedts

.r,l% ~PRRXPRR R3R3 is,trans X = | one
at shese chigpl cenigrs aer WA A "HHIPHEIEOPEL i s an exanpl e

of a_compound of fornmula L, wherein R5 and re .
Fqr e AEIRAEIT G 51 b ASORBF YR BDR SomPRyPds Y B frention
arfl6t rbliRd ¢6knpednds the chiSvenfib L d&ittedbelow ey atheseddoubl e

bond: R6 R R3 PRR2 la 25 Preferred conpounds of

formula | are t e wherein WO 2 / 050669

PCT/ EP2003/ 012980 R and R2 am ke and signify
al kyl, aryl, cyclPoal kyl_.or het engdlyl ppsai d - al kyl,
aryl, cycl oal kyl l r hBter oaryl mayssbe substituted by
al kyl ,

cis trans

X = lone pair, O, BH,

Compound of formula ]a 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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al koxy, hal ogen, hydroxy, am no, nono- or
di al kyl am no, aryl, -S02-R7, -S03-, -CO NRS8R8,

W@ 200030669 al koxycar bonyl, 5 trial kylsilyl, PCT/EP2003/012980

di arlyl al kzyl silyl, dialkylarglsilyl or triarylsilyl;
R3 Rsangl Kyl e dikgland Rgnifp dlkRiarat, eydhyadicyd ge hetefardysdidR6

are i ndepend f - C3-al kyil
or phenyl; %g&}tl ’ﬁéﬁdcgt?@ glgyﬁrnmg{ﬁrgxg{;g%ﬁ% Sug#at%%?,abyﬁgkyl’
and R8' are adkogwfhalogdn,diyduoxy, a@rieo.endrodiorelwlkyddminogaryl,
i nvention are_conpounds fosul a. | rein, R. and
R2 are alike 'gﬁéfg’i 'gﬁPf’yeéfvﬁ;ﬂm R‘%arP%th\AgE?’?Y-CﬂGPS}YL or
phenyl ; 15 Rérialglsitd, BaGlal i, @RlkyRiPdsiBA 8Ptrfa¥ylsilyl;
hydrpgen; R5 Agggﬂ%mar e@ﬁy rogen; gngﬂ?ﬁ% dortt)étsjlyl i ne
i s Bbsent; dh¥KH& 2Bfbodi nent are conpounds of

f ormid i * wherehyirbgengand R2 are alike and signify
-butyl or. phenyl; 20 R4 and R4 are

al ; is tert. ;

i dz‘fjt%“@é?%sand‘r%’i“&ﬁﬁ’weﬁ Yeirgehothrs hdsagears CeCe-alkyl or
hydrogen; anghehg; dotted line is absent; another
errbtgdi menct .are con{)o#ms of formula | wherein R and
Re thedotteq line ispbsert gpity cycloal kyl; R3 is

t ern’, RbaHAR® Qke RTRAME] alRReR4 and R4 are identical and
signify hydrogen; R5 and R6 are hydrogen; and the

OfothBedihieAtof the aVeRIGn are@BfhpBuhdy JISIMEARPAMEARNt are
compounds of fornmula | wherein R and R2 are alike

ancR 'sdndrR’f y heéan@aﬁaki;gnlﬁ%aﬂyg tert.-butyl or phenyl;
300154 and R4 are deptl cal and signify hydrogen; R5
and*R6 are hydrHgeRtY! anehenik dotted 1ine is absent.

\E;ne"carﬂméy pragefi%ﬁ@&h Juilclgg ﬁ;}@rgrég@ﬁw!? | are Ithoség _
LI an are a e and _signjfy phenyl, is
ph:[%)ﬂ“gaﬁwd RATE h%,rogﬁs; thegodedling gabyal. WO

2004/ 050669 PCT/ EP2003/,012980 . 5 'E{}e,l i gands of
anotherembogiment ars.compougds,eldgrmiiad whsteime reacti on

schanme .1,to 3. The tarti materials are known in
heland LG e&%@v&vipw%@gﬂ; abl e.
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 cycloalkyl;

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;
and a further embodiment are compounds of formula I wherein

R' and R? are alike and signify heteroaryl;

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.

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.
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The synthesis of 2-nethyl enephosphol ane-1-oxide is
carried out according to schene 1 starting fromthe

wapprogictat el y substituted phosphol ane- | - oxi dect/EP2003/012980
which nmay be 5 prepared im analogy to the nethod

cri for 1-phenyl |l ane- 1-oxjde in J Og.
ng‘h’é dki?gg&“m %] feﬂ ggﬁ@ﬂﬁ%ﬂ?edﬁﬁmoaédaﬁnq o 3. The
stsaligmstefill} aredMAwa I theCiA DT minkRBAY adfRbRNNMENt s Of
t he phosphol ane phosphorus atom are based on the

Tﬁakymmg@fd xﬁémyle@ephuklﬂsolaaaet hogide ls&amécr(artlal:abr@mgw&heme

I ori hos oan rin
b%%‘fs%{faﬁée ?ngprlatilbﬁs@ 11 P lamﬂr@ﬂ@ @) wrbghsmn be
pﬁpaﬂ@dﬁ’m analédy toZh&method desctibed For3l - RRerffl phospieiarnk- B@xﬁe'ﬂn J.
% RH ste&?é{?a Ra 2 R4 cis trans PFs 0 s s
Of—‘$§§'i"eb9731 ¢ 4[Rol\/bnth1, RR5pR53Ra4RaRa
di ast er eo so %p 4a fractignal cryst allization

I gefricaaioulae of 2 geHemes (- gl (- conBeniatonal @ grmes of

tl(e%hoEbho%efpthRlﬂmr@ dfofd are Bastd bR tie Ealnf- IﬁgBl@PreTongBfes with an
re d{‘Nhlgt er eol soner s

ar%ltfﬁfﬂ( E§OS% REIAFY C(f &) %%Pﬁwosp REIIRg P qfégnomlé%armr@g
s defined above for fornula |I. WO 2004/ 050669
2003/ 012980

3@ L ",
]<R step 2
2b R
cis trans
. PF,
e}
.0
Re P R2 P RS - O,Menth
Ro¢ ——— "Ry —— "R,
e’ NP steps pl SR sepd | STNR
3 R 4 g R*
diastereoisomers
step 4a fractional
: crystallization
0
Re ,,O Re ,,O 6 Menth Re '—‘U\ .Menth
AP0 (S) P 3 R Pt PI =y
~_R* + \RRA' S— RS R*
R RS R N \
R R* step 5 R R“
R)-6 {S)6
(R)6 pure diastereoisomers 5
Menth = X or
AN
(L)-Menthyl (D)-Menthyl

wherein the residues are as defined above for formula I.
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6 The optical active internediates of formula 6 6 6 R
(RP,, R4 R(SPR34 R\ R+ R\ R 4K (R,-

wo Hogoseemherein R3, R4, R4, R5 and R6 are as Pelf/Epmd3/012980
for formula I above; 5 ares new and thus part of the
present invention. Step 1 The phosphol ane 1-oxide (1)
IS netallated wth a netallation reagent, such as an
ar al k li,thi um.reagent or a lithiumam de

The, %ﬁ‘tacg‘ﬁ“dmgﬁﬁﬁ‘sﬁét?ueér?ﬂ M8t ed with an  al dehyde

such as e.g. fornaldehy e or a ketoQg such as e.g.

acetone to yield s of g and
t rans- 2- phosphol ane aﬁ@ 1 o G%a and 2b).
Met al | ation reagenpg enW-, butyl-, sec-

and tert. -butyIIithlunuﬁr the I|ke Ror
[ithiumdi-iso- propylpa
l[ithium2, 2,6, 6-tetrane {%ylplperldlde or the like. In

a prekehredRY RY SQMd FiRrédsefiféd f ormuld t Mdve) r eagent
i s used which contains the aryl or alkyl group RS.

arSh8R add #usdraMeifhikié pREm@XFeRi@8Phol ane (3) is formed by
dehydration of cis- or trans 2- phosphol anenet hanol

%2QXIde (2a and b) or of m xtures thereof. Such
hods known to the

drati on d.b
T q%ﬂh%llkfi‘q o F@tlﬁ@e lpted gt %waﬁtbmoq ysagent, such as an aryl

ﬂﬂ%&ﬁﬂﬂﬁm@eag@aﬂomltﬁﬁﬁﬁ emiRdeent BACUbMYuRhtlf Racted with an
oxy.group.wth an inorganic . acid chloride, Eﬁ%h as

alileryhyéﬁwcbwp &6t fgemaldebyds opR&FORE st e geacg e isklmasipres of
ci® An8ltiaMi-Da3Ho9Ph Mndnfieh N (Rdlide fat@mdi@o)l m&mﬁ&a @tagenftmre

exanple in presence of an organic _base_such

e.g PRenlababilc jest yibed.-briyhigeismordhe likppyjithium- -diiso-

pr%p?lagl'l&zﬁé?ﬁ&%cﬂ PB% t@tr%@tﬂ pperi@itfe drPBNlke. In a referred version
1, 4- dlazablcyc o[ 2. 2. 2] oct ane (DABCO trlet | am ne

anggryhrralignl Hehiom reagsnt s juped whigh sonseine thersylis alyyhgroup K.
dehydration is perfornmed by catalysis with a strong
Step2d such as e.g. sulfuric acid, phosphoric acid,

2-RYERA 8?1‘1& pRGlafe ﬁ@stﬁﬁﬁbdlm H‘é&@ﬂpﬁ%ﬂ o eisSHH tfn%sQr

-toluenes foni c aC| , etc. In stil anot her net hod

p}mpb@lmﬁm@bmq} dopxideda apd bb@rgfefnmttaés teregf Sugls dehydration
cagq}e::%g%ﬁmeé fn(étlﬁ)(ﬂ' nlin & {hgl lé?s@ﬁ%kﬂlgc‘?m heaf For e§amFIe the

Su sequent el | m nat i1 on per ormed w
dqhmdmtlgaﬁa@bbagréorgxmgl[byagacllog of the hydroxy group w1th an inorganic

o5} AATAENED S, RuSp SR B RO AL A8 en o,
elm@mat\r@uofft&l@rﬁ@rme@ltqhtormlmterrsedlm rﬁ@robxamleslu mr@sen@opftao organic
bRY E QY '1,08-c’flgza%lléyﬁ]o{@&.b%dec—7-ene (DBU), 1,5-diazabicyclo[4.3.0]non-5-
ene (DBN), 1,4-diazabicyclo[2.2.2]octane (DABCO), triethylamine or pyridine or the
like. In another method the dehydration is 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-
diazabicyclo[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.



10

15

20

WD 2004/ 050669 PCT/ EP2003/012980 7 Step 3
2- Met hyl enephosphol ane-1-oxide (3) is reduced to the
wa@ooosesendi ng phosphol ane (4) by net hods knop@r/EP20b5e12980
art. Such reduction can be achi eved, for exanple, by
treatment with silane reagents (e.g. trichlorosilane,
achl orodi si |l ane, phenylsilane,. 5

2- M RBEFHOsphidlars 1 logiiaig) 1eh£du)ed @l thertmapoe&gg phesphelage
Ium Or natri

(4deﬁtb@§15 kpaymping féTtlu#ﬂT ucﬂ,gé giﬁﬁhvacrln for o ehxample, by

trelé‘ﬁﬁ‘ijé'n‘? %ﬂl‘l sﬂﬁﬁ@feage@ﬁi Geﬁridhlbrwmltahe fhe@.chmmdhglme pHshggifand, .
he one hand opti cal

pob e EPURTSSHo AN DT B3ETTAF & PGl Popetripgy aluminum

hyglq@é: Liu@ii nWintHyd@de R Bietgadalymidgin, Vr&gaédm/rhabt with hgdrogen after
such as for exanple with (L)- or (D)-

acHefpRyitpe g PERtEARet at e and fracti onal

of the salt yields the diastereonerically pure
Stepsdtandl> acet ate derivatives (5), which then are

Orﬁ {}g%\ﬁ@ Gahd opfi&l rd36REBAGE 2 GhethylORepho qﬂibﬂnras{él)slqdqunmarmsatlon

a8y a8 et S B Ao
mé&itHR Y RS acetate QX frﬁB@ﬁﬂh@*yétﬂlﬁze{tﬁ))n ofahe bt yddathat ed

Iinto the enantionericall

digstareamgrical PRIcGREMBHGS RIS R ES(S) pyhieh st s JFafphp the

prodénd of%mas@}»ucﬁlépﬁ&ﬁﬁm @HREU& t8 theldiRnombtitAypiure! | y
pure 2-net hyl enephosphol ane-1-oxi des (6) are
methglaré-draxecPhosplidangs @kt ure of the corr espondi ng ci s-

and trans-bi soxi des (Z) according to schenme 2. Schene
_M%RS%RS% 4 0(S) Q(R ORO P(R)R

O&% oth ha?:lg ?eﬁlyﬁengﬁ(—@o REHO S?ol&ta@ )@arRBe %aﬁtd@n@ﬂle R

1'RR 7 ci s-blsoxid
erfaREY merically-por s i ety (e - RsqushmthnR%(@ o &h@ntaﬁé?gréRhY@ a

chlra( @ppgft’. R2 *11 R

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

crystallization

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

Scheme 2
R R R R
R
a o (S) g . |/( ) (I? )
Z “P(R) S R— Pﬁ\ (R) + P Ko _3()
RY /? step 6 R°R* R' R® 2 R R
(R}6 (R.S}7 (R.R}7
(Rp, Sc)-cis-bisoxide (R,R)-trans-bisoxide
AR R® RS R® RS R®
O 1
DI O\m €<R; o\® IR
P " . (s)F ﬁ A + (S) Es 4.R4 R
R® R step 6 R3 R P R™ R
(5r6 (S.R}1 (S.S}7

(Sp.R)-cis-bisoxide

(S,S)-trans-bisoxide

wherein the residues are as defined above for formula L.
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11 11 P 4R (S) P a (s) i=4R + (S) P3 a,R R3 R step
6 RBRA RRR LSD SR 7 (SS )-7 (Se, Rc)-cis-bisoxide

W@ ZBpso6ans- bi soxi de  wherein the residues areP@FEP2003/012980
defined above for fornula I8 WO 2004/050669

PCT/ EP2003/ 012980 8, Th
YA ORh A RE0 By T oL T 5o R S
ca® pﬂﬁ@@lgmﬁéﬂ Qﬁrelylhheﬂrﬂaltcbﬁdhﬁahs bsohmdtmg onsndxy bla&atatalnglsor
oot A A S0 1605l IR 05 (0B
1,9-BBkAbicyclb]{£3. d]ra)zlameﬁy CDBINA.13L- aqazabmyelﬁ{zehé] ocBB)(DABCO) or
soa;lg,\m, ﬁ izd%gslg t&xpﬁéﬁ Z(lj éheg n,ﬁé&ﬁ%pt‘f éio)tﬁ rgl?sr@r?rqit%lm can also
betpaffolhadstpivigibyadditian oilsecontderyphoipitinenh the ppeswics @f bjase

a'ggsleet gI gg@(ﬁ)sflléﬂgl t%?—éuto%gc{%cg%y&aﬁ{t]ljé)gteof B%{e %rnagc{ s%%gxgci:a?y Bhidin
phadshitlé @viad tize ghospiginerddities pratiaicyard stubsaqltmmpckm@imndfeth e.g.

to yield the phosphine addition product and subsequent
hydraggnPronidsi th e. g. hydrogen peroxide. 10 Step 7 The

bi soxi des (7) are reduced to the di phosphines_(8)
ch optlonally can be purified and stored as

Thy iteaelsn fres A o Doy RREe M L b onally sop hepurified
ang_%mrté& @ﬁbxb(ﬁoﬁa@x@?iﬁﬁiuﬁits (5):hﬁigwhi3h dfoawhefdaphosphmes can be

i ast ereoi somer s, - R) - h
reﬂqf’é&t@{‘é’o‘%%ﬂ@}ago g{? '?ggﬁé—?R E5) e8 can be

repar I f
scPemed (GidRa i aReRoY om{s%*%%i@agﬂ G Riedoirdon
(I{hap 8§B@PR g?—S &) be EaB)reRBnal()@usl}fR)m ($R}-3)andRSZ2-7PR- 4

Ra R3 debo~ ronaton Rz R 4 Ra' R3

(RS) 7 (SS) 85tep b (& S)-Q (RS cis-bis
(S, S)q ci sAdi phosphene (S, -1 s- bb%gﬁane s R6 a

tio bR4 'R5R6 08 R a~R~- (
R‘t_fgp 281 R ﬁa_n:_r_gd E({g) on%tﬁ.&a_Rst eRLZa o
- /

2 ; P1HH3
2 & 53
R R4 R* R step7 R R* R* R’ deboronation B R* R R
(R,S)}7 (S,5)8 step 7b (S,S)—B
(RoS,)-cis-bisoxide (S,S)-cis-diphosphine (S.S)-cis-bisborane
4 R 6 4 4R° RO optional 4,5 Rt
0 RRy P l?z i boronation \ ElsHR RLR R
o] reduction P step 7a R~p BH,
1.-f Il — 1~ 1~ 1
R B ooy N @y _———— T (7P
R® R deboronation R®
(R,R)T (S,R)-8 step 7b (S,R)9
(R,R)-trans-bisoxide (S,,R,)-trans-diphosphine (SpRe)-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 complex, the borane-
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RRz (R P (R step () P(S) ~--- R(R F(S R3p7
R3 deboronation R3 (R R -7 (SR)-8 step 7b (SR -9 (R,
wooolns0869 bi soxi de (Sr, Rd-trans-di phosphi ne PCT/EP2003/012980

( Sp. Rc) trans- bi sborane wterein the synbols are as

duglgtg):){ 4 1612 %ﬁx\é?)ﬁ% gg t}&:ﬂg(guk&il%atwg{}? %18 r rge:"t}c n %n@ B?}ionatlon (steps
7 dnldie7aqkdn alddlige pefr&ﬁihh@ﬂ hof aﬁglte@potﬁiolcﬁgl blyereatmerﬂ‘a)éthe Higxides

wilh B el oFgs i e B SR prnprefie g céum

trifgloyide s )bMWdH di&tﬂy)mmﬁs(%mn&) acﬂhcw THe tad bmama)'radducts can

reagent s thi um or, natri al umni u
OPRPOAD Ry ARG OR PR S S BN OBA0 (Rt Els T Sepicel
puRRy Fﬁfefd@b@i@datlcfxﬂ(fste@%mﬁirebe :td’uetvédaby t’reatt‘neﬁf of t1hh bls(borane)

phosphi nes, boran i,n
dgugts TR bise R R o SR TR Baloo e (DABED),
yRRIIRINE:; Neflytinghoiyd theilike ﬁeb)c&whrem withen haraneh AOIBE, or the
2004/05066 PCT/ EP2003/ 012980 9 di net hyl sul fi de
onpl ex or the |ike. Alternatlvely t he reduction and

Tf?e"éa‘%ﬁ e bear of Erguiad Pl EAPwBnE WP TR U PLET RIS

espé diehly'vht}htrhlmmirﬂﬁbtﬁlsmf yrotip BELisncH :lnﬂu[ifeﬁaﬁ‘nnhodlﬁlm, 1r1d1um,

d t hl of
L e L T
re@&ﬂﬂﬁE&chczﬁmy&ogélialtl@ﬁﬁbdd/erhﬁatlﬁwldcflvehiydﬁygeﬁh’ﬁqﬁaﬁﬂlgnapnlny

or. crystallizatio a hi ev h chem c
PR TR EFBl oL DR eKeRT YR Ty oded
fot € 83rBOhyd¥bgdnBEomdl Alteraaavd) theadeipldxes may be preparet mesitu.
base such as e.g. 1,4-diazabicyclo[2.2.2] octane

Tlﬁé@é@&f@mts, iRYthe ecbmpﬂleﬂﬁ of dltﬁhlﬁlyibﬁmdﬂd aad tltehfhulal &$h0$phltl}e
at th an

4 10
ligghes ppiorey Hyareeprda Jang Prﬁﬁﬁﬂa@wwn PBERAAT R St Senddh.

conpl exes: Wi th transiti
T RO LS Ml R coasr AT 0 et i metels
of $¥6G@p VNI chr béjiegfasent@cﬁé b adithetalodiny fok@lla IThesHI indicated
éonp exes can be used as catalysts in asynmetric
@dctions such as hydrogenations and enanti osel ective
hydr ogen di spl acenent s §kéOCh allylic systems.
Preferably the netal 8h3r used in their
isolﬁted 15 fornms for the hydrogenations.
Al t¥PiatY vel y, the conpl exes may be prepared in situ.
Thepge cat al ysdtgndsiforea triﬁbﬁl(ﬁoﬁﬁﬂahxes of a transition
metal and the h ral . di hi ne of fformula
I, &re novel %‘i sdprethe flﬁ’g\ﬁf@'@nﬁﬁo%?‘gg{]&g?“?‘ﬁlg?’pr esent
i nveRtiegn. The aforenentioned transition netal
conpl exes, especially the comp |.exes lHﬂ nﬁtals of
grodp VI 1| ca¥i2seocditiagantosd %}1556%35 € f'ol | owi ng
fOVHHh%ng angteleddh 1,pdd cated 20 bel ow. MrL" XpAq ||

q is 0, if M is Rh;

or

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

P is 2,and

q is 0, if M is Ru;

or

X is Cl,
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wherein Mstands for a transition netal, L stands for
t he di phosphi ne conpound of forrmula I; 25 wherein X

WO 200a/080869 di nati ng ani on such as e.g. C, Br opPC1/EPI003/012980

and p are each 1, and q is@ifMsRh; or 30 Xis
acyl oxy, such as e, g. acetoxy, trifluoroacetoxy or

pi FarHyPoxy, arefadh®t n are each 1, pis 2 and qis O,
ifpMis Ru; jsor, 35 X is O, W 2004/ 050669
PC?/EP2003/012980 10 mand n are each 2, pis 4, ¢
isd91, and A Pgﬂﬁ?qethylanine, if Mis Ruy 5or Xis a
i t anet hal | yl jgfietiplamine, 2 ioR&r e each 1, p is 2, and q
is O, if Mis Ru; 10 or X is a coordinating anion
sufh as e.g. d, Br or I, m n and p are each 1, and

q ixs0,ifMslEg, nQethyPorogp . mand n are each 1, p
islxé, and q issao?ifeM 335%% %r

m and n are each 1,

p is 2,and

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 is 0,if M is Ir;
or
X 1s Cl,
m and n are each 1,
p is 2, and
q 1s 0, if M is Pd;
or
X is Cl, Brorl,
m and n are each 1,
P is 2, and
q is 0, if M is Ni.
[MnLaXpAq] D 11
wherein
M stands for a transition metal, and
L stands for the diphosphine compound 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, PF¢, SbF,

CF3S0s, BPhy, or BARF,
m,n,pandr areeachl,and
q is 0, if M is Rh;
or

X is an olefinic ligand such as e.g. cyclooctene or ethylene,
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wet@adsiebor a transition metal,

20 Xis d, Br or I, mand n are each 1, pis 2, and
gis 0, if Mis Ni. 25 [MLnXPAq]Dr 11l wherein M

di phosphi ne conmpound of fonmula I; wherein 30 Xis a
di epe ligand.such as ¢od .or nbd, IS a

noi?coor di nat %ﬁorﬁﬁ?%ﬁl%ﬂgﬁarggn é‘.lcgl. a3 B9 P SbFe
SbF6, CF3SOEF:8PhBPhoorBARE, m n, p and r are each
1, and Ogriso ifMIBERh; 35 or Xis an olefinic ligand
sudh BY g, AP Doct ene or et hyl ene, WO 2004/ 050669

'PCY EP2003/0128& 11 D is a non-coordinating anion

such as e.g. '5(5:41’ Clp4, PF6, SbF6, CF3SC3, BPh4, or
BARE, m n artr MidR¥ach 1. pis 2 and 5 q
is@rifMsRh; or XisO,Brorl, A is benzene or
p-gynene, Di.s , or I, and 10 m n, p,gandr are
ea 1,ifMislﬁ:8ﬁgr8"r’Dis a non- coordi nating ani on
sugh as e.g. BfH¥enz€éaeddt p-BfieneSbF6, CF3SC8, BPh4i or

BARE, mand n.a each 1, 15 p and q are each 0, and
r 552’ i f M sRu!S é]gpr orlt]and

m, n, p, q and r are each 1,if M is Ru;

or

D is a non-coordinating anion such as e.g. BF4, ClO4, PFs, SbFs,
CF3S0;, BPhy, or BAREF,

mand n are each 1,

pand q are each 0, and

r is 2, if M is Ru;

or

X is a diene ligand such as cod or nbd,

D is a non-coordinating anion such as e.g. BF4, ClOs, PFg, SbFs,

CF3S0;, BPhy, or BARF,

m,n,pandr are each 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, ClOq, PFg, SbFs,

CF3SO3, BPh4, or BARF,

m,pandr  areeachl,

n is 2,and

q is 0,if M is Ir;

or

X is a t-allyl group,

D is a non-coordinating anion such as e.g. BF4, ClOs, PFg, SbF,

CF3SO3, BPh4, or BARF,
m,n,pandr areeachl,and
q is 0,if M is Pd.

and L stands fpeT/EP®03/012980
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X is a diene ligand such as cod or nbd, Dis a
non- coordi nati ng ani on such as e.g. BF4, CLO4, PF6,
w®b#0a/050689 CF3SO3, BPh4, or BARF, m n, p and PCBHEE2003/012980
each 1, and q isO,ifMslr;12 or Xis an olefinic
PH stayadsdorsaplienggreup, cod yndoot 6A&) dsS- e)tclqdcmdeenembdmarsls for

02@%@%8%%%@@%A'?%ﬁ%2{d9@0&%&%@§ Semgtrxt%l: AI‘P Ehy f‘)gherﬁlﬁkorate
- g stind o s Pedngs aﬁﬁgﬁgila%e%%a%@ﬁ%@

an@E=rEHSbF6, CF3SC8, BPh4, or BARF, m n, p and r
are each 1, and 35 qis 0, if Mis Pd. WO 2004/ 050669

PrH@fEéEH@QQﬁ&Q 203 Qom%@x&hn&ﬁﬁé%ﬂ&sf fof mAkNROM cAIh IR are
1, 5-cycl ooct adi ene,” nbd stands

a% ds for (7,2
eﬁﬁfe 61°Yor nadi ene, and BARF stands for
Kk b trifl th nyl } bor

A wtﬁféta}néﬂowq%%gﬁﬂeﬁfwgg %F%aa%s’?f pbgrr%ﬁ}oe qfaﬁgea%wa gregyrsors
Rgp?fdwo@@w{ ds, m&@b@azefzﬁg) zmg éé&@; @ﬁﬂgﬁgzlfor
Rﬂéﬁ?ff?@bs@%‘ﬁ Cﬁ\iﬁﬁpé& @pao ﬁ)égelﬁf} B gngRsTs9veRt for example in
ethed§ htﬁﬁlablM?ﬁ?ﬂﬁbﬁ&aﬁ@ﬂdkﬂwﬁtﬁ%xﬁgﬂ%dr@f t)h?i‘e@mlrgn by |

ction o e r rsors u( cod) ( OCOCF
lel‘%)f 51§Tc§m|_qggHtef%@é@dyemyg}ge@y Cramerl,
Tefr&%@@dﬁ)s FHahddt GHBON)J, sandnbiter iﬂeﬂﬂfd@opﬁreﬁp@ﬁﬁ%‘& futherdifim

an.inert solvent for npl.e in 10 ethers such as
COMPlEXRYH B FAIFXHIPP ‘gﬁ BSActien plbthe suthgnim presurspier eof |

[R? cod médhaqm)gr»omea nangl mhéiﬁﬁﬁ{uumq al fbnpBBr bl &lt AW R e. g

i ser Broger, Y. Craneri Tet r ahedr on:
hexasipiATdehgnélorpixtures Hifyeof ardsserahechipy. Roderebes. MellprarG.Rinek S-

Jugd)y ASTIRHR, TeQEMdSSn: APRRIB$S991 O, 4exanpl e, the
Feaction of the ruthenlun1precursor

In 1@&&9%(1%*{)? ﬁlthé’rhh%] co‘Mﬂl&e?chn' lﬁﬂﬁgfo?xfm@l Ias e&%g}él b rlaction

in nonpo ar solvent such as hexane
of thy bR Prfour ¥ Bu(chNBrsthalel)a é@thr?} b@@duqﬁ the formula Iin the

préRA&lof tefludhedic icidGn nfRlol aslescribed in the literature (B. Heiser,
E.A. Broger, Y. Crameri, Tetrahedron: Asymmetry 1991, 2, 51).

A ruthenium complex can also be prepared, for example, by heating [Ru(cod)Cl],
and the ligand of formula I at reflux by use of toluene as a solvent in the presence of
triethylamine as described in the literature (T. Ikariya, Y. Ishii, H. Kawano, T. Arai, M.
Saburi, and S. Akutagawa, J. Chem. Soc., Chem. Commun. 1985, 922). Further a
ruthenium complex can be prepared, for example, by heating [Ru(p-cymene)l,], and
the ligand of formula I with stirring in a methylene chloride/ethanol mixture in
accordance with the method described in the literature (K. Mashima, K. Kusano, T.
Ohta, R. Noyori, H. Takaya, J. Chem. Soc., Chem. Commun. 1989, 1208)

Preferred ruthenium complexes are

Ru(OAc) »(L), [Ru(OCOCFs),(L)]2, Ru,Cly(L) 7 NEt;, [RuCl{benzene)(L)]Cl,
[RuBr(benzene)(L)]Br, [Rul(benzene)(L)]1, [RuCl(p-cymene)(L)]Cl, [RuBr(p-
cymene)(L)]Br, [Rul(p-cymene)(L)]1, [Ru(L)](BE4)2, [Ru(L)](ClOy),, [Ru(L)](PFe),
(Ru(L)](BPhy),.
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Juge, J. A Laffitte, Tetrahedron: Asymmetry, 1991, 2,
43. In situ preparation of ruthenium conpl exes can be
w@edoiososeel for exanpl e by reaction of the rutbPenERIN3/012980
precursor [Ru(cod)(nmethallywB)2] with a ligand of the
formula | in th presence of trifluoroacetic,.acid in
A FhachamSPTRle 2 bt PHRFATInF FEETRIE LY SEAFTIEN CRIOgiNE Frecusiprs

suEh & [I@f(&QﬁCI zXRh@lﬂ')@m, [RIT(QBHBTB%@E,QRh(cédMMI [Rh(dSHACIO 4

wighipisand o or@AI g speRi A ERapermeciod SeRERAGAN of

"Ekﬁérﬁmbxﬁall Cldmiktey, Mt}xechuoxu'%l 08, OrghniAEraliis Gongsibres Pp.336-344,
presence o; triethyl am ne as described in the
Ed. Ghemigal pesiqtrot Japamilygh- Marugedyi i H Kawano, T. Arai,

aburi, and S. Akutagawa, J. Chem Soc., Chem
Prefﬁﬁfﬁgﬁ ho Wong’i?‘fsarelzurther a 25 rut heni um conpl ex

R}?@lﬂcbﬁhmsp%@pbl [wc @mb@es, [RN(cBE@AL)BE,, [Rh(cod (L)1c104,

o mﬁp”ﬁﬁe (051 e Bend @f@%ﬁ%&@»(“ﬁpi@hwﬁﬁ

[1@1@&&[ r}!gp4, MERbEJTE) JBbod deof]crl bed in the literature
T. ta, R No H.
léiék'%é/ém JBFe, @gﬁb&iggghﬂwem Conmun. 19248rI 1208)
IF &e %%{{ag] Ig:f)rrnm%o e)égasrgpp rﬁ%ygpactllfllg %Cl)lgansi ()f formula I
witiR &Bﬂ@ﬁ@@){{]l&ﬂ & with [[mtBaidsx@na QB@)ddnkt Rith the method

[ Ru benzene) ur kjgi MﬁS}E?‘ﬁEﬁ é%g*g?‘?z %%?15’ ]‘—{ E%W%pr

wRdey (h e
m&&m{(m& asHi FQJ(‘\kMagRFﬁ) DrghiR¥dt), ThBRN 1992, 13, 213).
2004/ 050669 PCT/ EP2003/ 812980 13 A rhodi um corrpl ex
Pf@ﬁﬁﬁreﬁé“é'ﬂlébmexeﬁé’fe exanpl e, by reaction of rhodi um

IrfL@Pllf ﬁlrg@yqni g) I%f[%)m Rﬁt@(nbd)G]‘lZI .
(0] Wi
o DY BRei ot PR [ b B R SR CiBe. et ho
a tal Ch Ath edi
“3%9’”*@@6’ T ones. 1 339 344 o Ed.

Emlﬁff\' corPldxhN b@Ere}ﬁfﬂs@nﬁor 1)9a9ﬂple,fb4}rréwcﬁan oF&ﬁeﬂ%ﬁﬁ@df

hodi um conpl exes are ( L)d (L)Br, Rh(L
fofr Rin{ocloa} t)allﬁlpﬁl&dnﬁrﬁmbbm): chaﬁmncq Wik &wpeubp}i@g@mbed ina

hf%ﬁa’i‘flﬁgg)i%% PF6%T[§h§a§EhL%ﬁL%PL[F% T ros,
PO RIS B | ot oxanpl o, by 1ohcting the
paw@ﬂd P‘élgI E@ﬂm)ﬂm, (%@mallynm@rm( @ERGLRNREAN P, ((Rd(R

{ { L accordance with the nethod descri bed
al{yh) (LH8P 4terature (K. Mashinma, T. Akut agavva X Zhang,

H. Takaya, T. Taketom , H Kunobayashi,
Aniclef epardeveean be@epared; dgzxampl, bmwvm@hpﬂl&r@r 9fefgrmula I

ahd hkd T BRAPLPXEAHE 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 NiCl,(L), NlBrz(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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lr(L)dA, Ir(L)Br, Ir(L)I, [Ir(cod)(L)]BF4i
[Ir(cod)(L)]C104, [Ir(cod)(L)]PF6i [Ir(cod)(L)]BPh4,
w¢ boognbapg L) ] BF4, [Ir(nbd)(L)]C104, [Ir(nbd) (eQj/BEH03/012980
[Ir(nbd)(L)]BPh4 A pall adi utn conpl ex can be prepared,
If the egarapleb the stlyctedatdtreGatiafs Hatethleifgindmedniags: f or mul a |
pW th 7t- J)lgyl pal | adi um chl oride in accordance with the
nmet hod descrlbed ina literature (Y. Uozum and T.
nHayashi , mltingmpojntChem  Soc. 1991, 113, 9887).
ferre um conpl exes are PdC12(L),
THE (it - aet‘gﬁ’j‘ir %‘)’?’Bm [ (Pd(7t-al lyl)(L)JCl04,
EtQ/Rd(it ethihalcytate) JPF6, [(Pd(rt- allyl) (L) J BPh4 25 A

keI for example, by
| ssol Vi ﬁgpét?]zéb'lcYCIO(E% (gfm %rﬁﬁ?ea and ni ckel
DaBICEY | del dnli@mbiaydalBAl2])sctehe as i sopr opanol or et hanol

m xtu A and e solution with
RP Froi ng{el?rﬁklélg légﬁggor\ﬂnf ?k&gﬂ%ﬁ%&‘ ®described in
c" Experi nantcaitra(ﬁmam stry, 4th edition" Vol. 18,

ganometa pp. 376, Ed. Chem cal
S ociety 0 mf)ajglﬁ) Sﬁ'o{%ﬁgqyﬁsﬁ\?ﬁ uzen. 30 Preferred exanpl es
cafv. ni cketomremmhexes are Ni Cl2(L), NiBr2(L) and
N| 12(L) transition netal conpl exes prepared as
“descr i be%f“a3§8{?§még’ﬁ “Be used as catalysts for
Gasynmet rgzsdrreamtdgmy in partl cular for asymmetric

rogen X | es serve
PM. | I'us g‘ﬁé}’epﬁﬁa% é%‘PFB’FPY nL’p:E‘Snw&h%Fﬁ’ iﬁ} manner
cacepr esentZ, &)-I 5nytladétadiendD 2004/ 050669
PCT/ EP2003/ 012980 14 In the exanples the sel ect ed

Ahbkpeeunatts wm cinaied ouhendelahavwnogdeiagsteoxgehaed afb

sl kB ma Bisfus i %%fdgéﬁfé"e%rr%?ﬁnﬁ%efﬁlf%iﬂw%hé/ba@o
cdmpléxed ivx&Zea{hrlepatedl osifig SchZenk thchaiduene BARF

tetrakis[3,5-bis(trifluoronethyl)phenyl]borate c
Exomgent ration 10 S/C nol ar substrate catal yst ratio

phenyl pgosphol ane

g 0 %
P. PhLi P .
PR — > ‘PhF Ph

(CH,0), CH,OH ‘CHZOH

cis 1:4 frans

51%

In a 11round 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 THF,
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 NH4Cl 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 (43%) trans-1-phenyl-2-
phospholanemethanol-1-oxide as white crystals, m.p. 109-110°C (toluene); -'H NMR
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15 cod (Z,2)-1,5-cycl ooctadi ene All experinents were
carried out under an atnosphere of deoxygenated argon.

w@odmemicsd wer e dried and distilled under ar gonpOEEPRI083/012980
use. The netal di phosphi nei1sconpl exes were prepared

A Rt B AR AT . Jod A B bRl =
6&)?'7.45-7%5 £, 3107 Pho G2, RHGHZGHNEHR QdoMai® Sli68.3; T ans

51% 1 n a 11 round bottom 2-neck flask charged a with a

arlBBDQY(R%) s 1 ?heﬂgl Mho?ﬁto‘ﬂar@nﬁ:thanol 1-oxide, white crystals, m.p.
phenyl phosphol ane-| -oxi'de (0.11 nol) was dissolved in

18805 17T (tolestedsy IleMRI(E@IMHEW 1.46vd 570 my 140) 0#-§2-2.22 (m, 4H),

2 PRI A ok B MG oA a0R 4 B LA

7.300mMHpIesHLl |57 { i, um 57od7u1 79mi ZH);y%P OMRAPGOMHZ) §: 62.7.
di ethylether 7: 3 (1.8M ‘was added in one portion. The

Ex#@splbbing m xture was stirred until the tenperature
Preac ed +10% and addlalonall 15 nanutes at that

3 ” ) Y ARG AHEd. The m xture
was flltered, congentrated, and the regidue purified
| ash chroniggéraphy (Et.Gac, fol gpd by
eh et hanol iBh Vi eles—R0 25 g “Bubstrate
(1- Qﬂ{lphospholaneoh oxi dehg( 119, .7 g (43%
t rans? phenyl - 2 phospholanenethanol 1 oxide as

Wikt e crysgial s, MtRans109-110C (tol ue "H NMR WO
2004/ 050669 PCT/ EP2003/012980 15 (5 ) 8:

n%'_g rﬁl %gln%llgott%g? 2—§e];ék9fga_ l%fl’?agge(dz%it}g }_%isag()ﬁt]lc sélemg b&rrgnd 20 ml
fréshROdistilled C(}MCI{ZI-DS gl p’ﬂidﬂyM@hb@:QﬁMdeneﬁmnGBl%mc&l’(d 0@8rdol,
ol el B . e R0l e
ar(dbédobdap 08C. Sb.bd&;-u&nﬁyn.ﬂ ml SO, in21007F CHAZL, was adddd, dropwise.
Tl%_ﬁ%?ﬁléhg %elﬁc&@ishirﬂ?x‘tﬁlr% é«f"ag _st%resc? Ef)‘% at%;%)’In ?eﬁ’pzeé%h?e? th(eg]ZO ml
theEs’?s’zaﬂdcﬁlEd.(Tl”ne rildxl’)ure Wab z)étYac’Ye'zﬂ t.(Miﬁe val'ﬂ) ZQmmHZ(L‘l.MB’nd the

HET R R X T
contaiffingZrude 2-chloromethyl-1-phenylphospholane 1-oxide (mixture of isomers; -
'P NMR (200MHz) & :58.2, 60.3) 1.7 ml DBU was added. The mixture was heated
and refluxed overnight. Evaporation of the solvent and flash chromatography of the
residue with EtOAc/ethanol 20 :1 yielded 1.1g (75%) 1-phenyl-2-
methylenephospholane-1-oxide as a colorless oil. -'H NMR (500MHz) § : 1.72-1.89
(m, 1H), 1.94-2.16 (m, 3H), 2.48-2.59 (m, 1H), 2.66-2.78 (m, 1H), 5.74 (dt, 1H, ] =
2.4,]=17.2),5.88 (dt, 1H, J = 2.1,] = 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-methylenephospholane

o PhSiH, .
F~ph - P‘Ph
95%
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cCPh + Ph CH2OH CH20OH 2. DBU cis 1:4 trans 75% 10 In a
100 M round bottom 2-neck flask charged with a
wWoR@AE669 sStirring bar and 20 m  freshly di stpPti/e2003/012980
CH2Cl 2, 1.6 g 1-phenyl - 2- phasphol anenet hanol -I - oxi de
0. 008nol , . m xture of di er.eoi soners) wa
Ingﬁ @@ﬂg&“d?ﬁgo%ﬁfﬁﬁ&ﬁf 3&%@%&1 * PERGE ShFYPE bargad 60 ml
fr%v_tg digileg@dolibn &5 Sug&egugnﬁétﬁylanelahaiph%ﬁfﬁm b)EldéLEb ¢ mol)

adde pwi Se The ul'tin el | ow sh
Wi digsg Véxla ard15g P? Plé% wes aded; T fo@qff %3155@9@ argeqegnd the
re%’&ldﬂi‘ mﬁ(ﬁlﬂé@%ﬁ%d wcﬁgclrgleﬂda _é;_h?uhe@i‘ tht bmngen\ﬁa%s @O&bﬁ?a@édeﬂmd the
W Cce e I.ne or gani
reﬁﬂ&%@%% fgqsnﬁ élaroav&graé}ydbem follqued; By dhexas i 15:1) to

ylaa&uﬂgt(%%)t)f b iphahye-2- ﬁ@ﬂ{y&hepm{;mlms a colorless oil, -'"H NMR
I"or onet hyl - | - phenyl phosphol ane 1-oxide (m xture of

ZD@MM o1 5532111) (VR H) 20204265 (81, 258, 251 (gﬂ B?Il A= Td6rﬂ DBY),
d
s B b L 180 L ab A 150 (oLt R NMR o EYs : -12.6.

chr onat ography of t he 20 r esi due w th Et QAc/ et hanol 20
Example 43 ded | . Ig (75% 1- phenyl

sphate al:pmatwgnme@@lR
Carbo;%rrﬁ&thi'l 1:pllgng?—komgthggnegfﬂ%aphl)'limlhm:he%aﬂu%roﬂhol“\s“}l)?l?h@e

mE‘Z‘bElI\ﬂSEI})S 45, O 25 Exanpl e 3 Preparat| on of
1- Phenyl - 2- net hyl enephosphol ane PhSIH3 CPh ._~ CrPh
95% WO 2004/ 050668FPCTPEP2003/ 012980 pE6 | ma 250 ni
und bottom 2- negk H-hskMshalged with & walineiesnt

st ’rpp ng Bar and(@ Tﬁh Preshly disti 5 tolQene, 8.5
g \- phenyl - 2- net eh8phosphol ane- | - eP0. 04 nol)
ad

was di ssolved and 1Y g of PhSi H3 was d. The flask
was flushed with argon and the reaction m xture

Inhexnen] l’bana Boomar néﬁkdlaylschaﬁéﬂﬁwtlh@nﬁ@hétﬁ%hrﬂlﬁgsbar and 50 ml

vap a and_t he
Ecf¥io SHy2 mé&i e (Ci;@‘lrﬁ@% Heerhed opd: 13pe
(LY Qnehrt;thﬁ |bﬁ%rﬁo§<@ta&6959§adaﬁd Thelmlxture was stlrreld folr 1.5 h; subsequently
the s&' %a}, E‘éag)gtm_féc; el'gg gﬁgfc’eg ?12 %vggd%‘?ﬁl\?egﬁﬁ 80%1121%65@8@ al(lqlﬁhe
soRttjon ﬁasfa‘lzigédgdxsop% é@) ; 5 E% MH},PF lﬂss&)/edsxilgl‘oﬁlﬁl x(niigrb’gﬁﬁndture
turned]_tJ rid, ar%ggﬁ{ﬂrglaggn eHw b&%%wai obsgrvd oPiN% Dot Af%er
stz(nlﬁig &vePﬂii RyWhite grécipitdté hadRiiy | ﬂi@’ﬂre@ﬁi@&f@ Qhabifiitekdd arid

q? nephos hol n| um Poé%&)l oro ﬂ) %

W%TSSF Mtﬁaﬁtwn t @ 1%} phenyl-1-[2-{(L)-
menthyloxy]-2- oxoethyl] -2- methylenephospholamum_hexaﬂuorophosphate (1:1
mixture of diastereoisomers) as a white solid. This material was dissolved by heating it
in 100 ml ethanol. The white crystals formed after standing overnight were collected.
The procedure was repeated 5 times, until 'H NMR showed diastereomeric purity.
Yield 5.02 g (24%) of diastereomerically pure (I1R)-1-phenyl-1-[2-[(L)-menthyloxy]-
2-oxoethyl)-2-methylenephospholanium hexafluorophosphate as white crystals; m.p.
148.8-149.7°C (ethanol); [a]p = +47.2 (c = 1.09, CHCl3); 'H NMR (500MHz) §: 0.56
(d,7=6.9,3H),0.81 (d,]=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, 2H), 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, J=1.3,] = 13.7,
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Car boxynet hyl - | -phenyl - 2- net hyl enephosphol ani um
hexaf | uor ophosphate (L) - nenthyl ester}) PF6 OPF - O
wWoORIWIN50669 ; -~ MenthL P --~ R P Ph O O Ph |)Pe1/€8)003/012980
("Ph 15 In a 250 mM round bottom 1-neck fl ask charged
2H/)44 b4 edtnhgnetjc 1410} 1H),6g6lddy] 3%95@1)% 55 Ed,PAC42.9; .1 H ) (7 .63-
net ylenephosgholane

Z SRR A OO e pt T e i U v TP
Fr@rqq}:fgmon ll%ﬁlffa%tld\@ﬁ c%ﬂaflfz@ﬁ’od RBm]méhgmoc}jHchigéﬁJent Iy

he sol vent S evapor at ol | I esli e WwWas
wres%cuwecally Rugd I - lwéﬁrmlrdoﬂZ Eﬁhhrrtenélylcwi Atoxenthyh<-

7. NHAREG  d I 40 .m
m e R s b o R PP e R Rab o
= Qfi6 WL SCHMAS PRMBL vaMET,) I 9. daat Pms 9°~§H9‘f Ir0 82 (d, ] =7.0,
st andi ng overnight white precipitate The

3Hyr @85 [t atte5.4b; Q 871 @rlow 2N dl 2% $h éup, N‘Iﬁ H Gﬁal é@ (mrRHRO

17 ey 913 6516, 4,9, A G o
] =igaf Fidid @Hosqm&de, T4 = KOUED, @az 64, d st RS o ) ] =

2SR P oS8 S 02 TR SRR S 2T Mg

(S(i(lMHe)JISaIIZer st and| ng overni ght vvere coll ected. The
procedure was repeated 5 tines, until '"H NVR showed

x@lmg&tcmreorrerl c purity. Yield 5.02 g (24% of
d| ast er 1

L-menthylox, 112 oxoethyl]-2-
mezhﬂmhbgﬁhloia%mmm@ydﬂeaﬁmh@ma ani um

In 358108 (b FOaEIe By Fartny of 1 ERers-2 eshylanqpbotholang with (D)-
B ddetd Sldehdim)te J
me(ﬁldﬁil %odn’uo\lf Mi)rb 343 );te ome@cﬁ? pifde (135.) 1 }_Ehe@xgﬁl [@-;{QD)

mqnﬁﬁnylggfj -2-qxopthyl) - %met}(yﬁqneghgsphglagmh@@ﬂ(quophpgphate, lalp=

- 1..68
44 f= 8t & e PORTY - dh -Gy S-SRy
ox@athyl BRymethyloRerhddphglardur, }@xaﬂumﬂ&sﬁhatmﬁﬁﬁﬂd £50669
PCT/ EP2003/ 012980 17 2H), 4.64 (dt, j = 4.4 ,J =
Mll—b 6.46 (d, j = 18.9, 1H) 655(dj=42.9,
789 (M 2H 1 7, 727 7 7.80-7.87

;T,

7 ] i ‘ he not her
Ippguor@ fractional cr yst al li zatl on from nmet hanol

om-ﬁed di ast e l%(Zmarl cally pyre
(%53) 1O1j\ﬂm¥ry| (% L‘)) me 1 oxy] - 2-oxoethyl]-2 5

hyl enephosphol ani um hex oPbphosphat e; m p.

131.5-133C (nethanol); [a] D 116 (c = 1.03, CHC13);

1H NVR (500MHz) S : 0.64 (d, j = 6.9, 3H), 0.82 (d, |
Inz 250 Q)l rotﬁid) botfbnB-redk ﬂhsk-chﬁr ed w?th')a m rﬁglc %tar?m%mar Zd50 ml -

CHi 2,9 Jo 6o 51,1 E?ffndﬂv @Lh@ezmmxy% -okpgthyl}: 275‘-9@1)”(986‘

phegphofdfﬂum %e%ﬁluw%hoiﬂ»hate k. dzssolge&ax?dlscﬁgﬁ N)aom 2@% 4
solj(agon) was added T]I-xe mixture was v1gorously 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 MgSOs,, filtered and evaporated. The residue was purified 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; [a]p = +107.9 (¢ = 2.21, CHCls),
NMR as above (Example 3).
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wdbooknswas at i on of (1S)-1-Phenyl-|-f 2-f

10 42.8, 1H), 7.63-7.69 (m 2H), 7.72-7.78 (m 1H),
7.80-7.88 (m 2H); 31P NWMR (500MHz) 8 31.2. Exanple
PCT/EP2003/012980
(D) - ment hyl oxyl - 2- oxoet hyl 182- net hyl enephosphol ani um
p_\lf;ls orophosphate 15 In anal ogy to Exanpl e 4a,
et hyl enephosphol ane with (D)-

SRYl32-me ERNPSPAQENCL-OXM8r | cal | y pure
A@hcﬂgodsiypf’r@d’tyﬂenﬂ-of @SI (l@)}ren l-1- [2 [SD) menthyloxy] 2-oxoethyl]-2-
ene [ ani um

00X OXO
ULt e e ﬁ[l&]oahos (6r RS s
iRy &ﬁcy}ibfbi(@;ifl IN-2- methylenephosgho]amum hexafluorophosphate) with

Né{?&@g’/qg]prg% 2-[(L) - ent

yl o
Tlehléep%% ?W%Pﬁé»@meulop@éh@%m&@r&ess
ol EXAmRIs@bda) (Ex2Apisanpl e 5a Prepar ation of (R) -1
- Phenyl - 2- net hyl enephosphol ane- 1 -oxide PF6- 0 (R
P., OMenth' NaOHag (20%9 Ph 0. RP Ph In a 250 m
round bottom 1-neck flask charged with a magnetic
Eé%ﬁlﬂrlﬁéng bar and 50 M CH2C12i 9.16 g of

- Pebatidn Dhﬁl&fﬂl—aj 2Phedyl -NEaHRYAAXNsp RSO 1bh dsoiBlife-1-

e hQ| ni um hexaf | uorophosphat e S
—%#%E@F\Zr’g& NaOH (20% aqueous sol ution) was

. The mxturs was_Vi gorously lerred for 2 h,
é?1 100 m watgr Ewas) ded and g e @iddre extracted
3 t'?(ﬁ)ss with 3 The con‘bl ned pigani c

wg, :\?ﬁled over *tfiltered ghd evapor at ed.
eS| s purif fI ash chography W th
Et AC/ et hanol 20:1 to Id329(950
(R) - 1- phenyl 30 2-net hyl enephosphol ane- oxi de as a
colorless oil; [ 1;323 &l Bidoxie( ©
as above (Exarrplz(] i %oxgjz?/ 055(5@%8‘?%%03/ 012980
A8
A R Pl P?‘%S% %%p RuPhsd Mals oenstinstiinghas s
c}tar@dtmé'm S(dtﬁtlon of 3.8 g of (R)-1-phenyl-2-methylenephospholane-1-oxide in

Tl T AL PR D o o

mixt®)e-was @h@n@ hnfler[r2flixy dverdight. The solvent was evaporated and the
S T
(30%1') @fi{IR,2R hyl@lheqx»ﬂds Hdiphamdphdsphimoyjimettsl)aphospholane-1-

&)e ﬁ{ }2 eth’a%s b?sIO)lude I\!"ths/li c%forﬁ:?soo\{le - ﬁ%ﬁfﬁp&goﬁ)}{z) %X?rg())l- le.746(m,
2H), 1.93-2.06 (m, 1H), 2.09-2.46 (m, 4H), 2.49-2.57 (m, 1H), 2.75-2.86 (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); *'P NMR
(200MHz) 8:31.8 (d, ] = 42.4),59.1 (d,] = 42.4); [alp = +77.1 (c = 1.16, CHCls);
and 2.92g (37%) of (1R,25)-cis-1-phenyl-2-[(diphenylphosphinoyl)methyl]-
phospholane-1-oxide {1R,2S-cis-bisoxide}, as white crystals, mp.176°C (toluene); 'H
NMR (500MHz) 6 : 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, ] = 51.5), 65.5 (d,
=51.5). [a]p = +98.6 (¢ = 1.01, CHCl;).
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10 Preparation of
(IR, 2S)-cis-I|-Phenyl -2-f (di phenyl phosphi noyl ) net hyl I ph
wosphosmee- 1- } oxide 10 R, 2S) -cis-bis -oxi dep€/&P2003/012980
(S am0 (R P(R Ph2P_,,,19~ Ph2P R -~ P(R) + P(R
B Ph2EO—| (1R 2S)-ci s-bisoxide (RR)-trans-bisoxide A 250
X nd bottom 2-neck flask equi pped with a nmagnetic

Prégartidnnsf (Peipsvas [1-Phadyiied (diphéhyipieephiho hethfl] ghiplplode] -

R - 1- phenyl - 2- net It]g/gl enephosphol ane-1-oxide in 15 100
bi (dequeatwﬂmemez{ sahyduil pHiery?pHdpasnriel-Oidirhenlas

ad ed t S,,Sol uti.0 m xture was heated under
phog ”BB(K HE?V%BI?OSPEW@ BH}E‘?R s evaporated and the

residue purified by flash chromatography wth

OAc/ rret hanol 10 to y| e 2.35 g (30%gf

PR

R(Sa { rans- %d Ph, P 7
Ipmaguhn n yI et hi s s A ane? 1- oxi?gga

{RR as a orless oil -1H N
(500 8 160174(m2H), 1.93-2.06 (i AH),
5. 00- (m 4H) . |2.49-257°(Im 1H), 2.75-2. 88£m

1H), 7.28-7.34 (m—2H), 7.387.53 (m 7H),
7 ﬁﬁ?@) g)ﬁf)lgdmd@") CisARndm&Qrd (0:12H) ;  31P(19\8)-c[s23:0Melzg
8 (d, | = 42.4), 591(d | = 42.4): [a]D =

A 2'5(7 mil-rcgn‘f'xéllzoso%tlom gﬂa%k e &l @ﬁl@gﬁ%s ﬁﬁtlx@;] sct)ﬁ‘fmg bar was
flyshessysi p@@eand@haraed {qth salérlg i 5sq %1} %&21 4nd. Then

9l gf 5@ v%as JHae&E er(ﬁf@khk%ﬂgﬁ a se(ﬂfhr%@n@%S@%@@m% cgs-l-

ph@wl 2- fz(dazhenzlph moyDmethy}] pbssphomeoh?m&sﬁ8901V6é1@n¢kmdry

Qddgd dr&)p'%mge ﬁ"ﬁe rﬂmtﬁr%s%)eate@ %néel‘(r@ﬂu% %)ég 53 5) .
FROLW) rot@% @quepgs B@Qﬁﬂ\’éﬁ apdpd apdthetmigirefefyovsrnight

w%l%tlr m§ lieb(F Pane gse I kéggﬁl@éd A8 P RL e bR RV ROPERRO

t t
with8& aﬂly(du@[e. 'qu_@rggg)c p?l;sepwlelf\g:;pﬂg;tn%sd( dripheysy NazSOy, filtered and
Vgﬁg%%g ﬂ% %Egg%%%&rlﬁéﬂ%%ﬁ%ﬁ%ﬁ%}aﬂyggﬂg} witlBhkxane
folba &l by Ixpgft@hc 20: 1TQ theyolkected tﬁnasmmsaentau@pg ﬂm«bphosphme

1 Bl PBHATTHD (8N RIRRAS AR 1 A ROQIE (RN
%f{’ & necciff}? sk eq{J p?’%a a Fragnetlc éltlrrlng
evlapmrawdsmd the residue purlﬁed by flash chromatography with hexane/EtOAc5: 1
to yield 1.82 g (78%) of (15,25)-cis-[1-phenyl-2-[(diphenylphosphino) methyl]-
phospholane]bisborane as white crystals, mp. 118-119°C (hexane : ethyl acetate); 'H

NMR (500MHz) 8 : 0.35-1.35 (bt, 6H, 2xBHj3), 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 (1S,25)-cis-1-Phenyl-2-[(diphenylphosphino)methyl]phospholane
{(S,S)-cis-PMP5}

3(S (S)( \
Ph P\.( ) BH PhyP—u

P
A Pis) : (S)
(18,28)-cis-bisborane (15,25)-cis-PMP5
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flushed with argon and charged with 20 ni
triethylamne and 80 ml dry toluene. Then 9 m C13SiH
wowrm4asidedd by syringe through a septum and 2. 3BQr/aP2003/012980
(IR 2S)-cis-1- phenyl-2- [ 20di phenyl phosphi noyl)
nmet hyl ] phosphol ane- 1 -oxide dissolved in 50 nl dry
In 2000 ohluewed bettora deragk dedifusbed with argemand eguipied wetataed
@EE stﬁr‘?{\'g s 19 UL m% I§AI§’CO w%g la;?s@a»@nhlm iRy 1u2@270 mg of

ueous m xture | eft overnigh
UWS)nCisﬂ -phenyy2- M@hm@ﬁmsehlpﬁkg@hM%bc&m Bigberanc wa
ad¥ed &id %ﬁguﬁé%@&ﬁ%ﬂi tho@ove\% gﬂt BHe Mdlvdn@ b E‘%fo;rﬂ&i and

organi c ses were col |l ected ried over

the rdstdem ednﬁmljby fashisbrametagrapheon AkOd (hexane/ Eﬁ%@ 20: dYytapfford

o AT 2918 R AR ARy et
{( &5htza1PMRﬁg as hturllidoribwpishselidified affer @%ranémgéq)m fewrdags. s Bhige

PO&%EEFB‘E%EJQG gﬁ%ﬁgﬂgﬂ?gg()@{té)e%u?lpg | éidF by PY’ZQ% &F=26.6);

El@rhémmr@mdiyfdﬁﬂazh{ﬂE% AT BUOAE6.88% 1P 17.09%, fluthd 1C BR1856,

25 %&17&%/0{1 phenyl - 2- [ (di phenyl phosphi no) net hyl ] -
g igﬂol ane] bi sborane as white crystals, np. 118-119C
. ethyl acetate); 'H 20 NWR (500M—|z) 8:
Pr@patatidn 81 Rm)-lcEEDH-PB&Bﬂ'Ql 70)[{ diisnlg&?ﬂﬁiiﬂk}')li@mzmitgﬂiplgéspl(lolane
m , .70-1.85 (m , 2.15-2. m
(8-@3'575 %M% (m 15H, ar.). Exanple 8a Preparation of
THid a'%xa)wdélpi?eﬂaréaTWKS) 1- phenyl 2 methylenephospholane 1-oxide

A e O Y

(1R, 2R)-c&51- gﬂé‘n v&2) [{ &l ﬁe@lp}bﬁpl@ﬂe)rﬁaﬁylwmphdaﬂ\ﬂﬁ R)Qis-PMP5}
2004/ 050669 PCT/E 2003/ 012980 20 I'n a 100 m round
tublmdtodmmchmbrdlfferia&m standingter pifen daysgehiteprydesunpped G

et| j3r1 ' bar,, 155 ng DABCO was
[O\QMP 6??/%3?931 Gg’dré%ﬁ%‘?'ljéw 270 ny of
t1S,2S)-cis-| 1 phenyl - 2-
Elfé@”éﬁlfaﬁenyl phosphi no) et hyl | phosphol ane] bi sbor ane was
IrAd eBerafhetap Braatix tHer 1€ pH@F1-3trhéthenephodiHifarevebxidg [from

The sol vent "was evaporated an he residue purified
eXg{PPlG AN OR sREtEH AR HiF eaﬁntm%scatlhg%?nle;?% 20: 1)
mfefh Bhbsiddp h(ﬂQIQe Moxi(d %)chﬁfmatography on a chiral support.
§ S‘;Hm s-1-phenyl - 2-[ (di phenyl phosphi no) net hyl ] phos
R&BR{t@B%f l{ﬁnﬁ)Z-ﬁi&hﬁéﬁEEo@oﬁné Qrd3ide B grepdihgve
solldlfl aft tanding for a few days. ; white
BINGEQS .~ Irglsuppors NI\/R (200MHz) 8: -16.3 (d, J =
= 26.
lébsmma}@lewep%%olml@é%e 60 Frehsausa Potincac 98 wa

se{)grauedﬁqu%p/gaté:c)l 1;'1)ec§(9r£°on a CHIRALPAK ® AD 20 pum column (250 x 50
mm; mobile phase 100% acetonitrile, flow rate 120 ml/min) to afford 0.9 g of (S)-1-

phenyl-2-methylenephospholane-1-oxide (ee 100%, chemical purity 95%; [al]p=
-99.6 (c= 1.03, CHCl;) and 1.0 g of (R)-1-phenyl-2-methylenephospholane-1-oxide
(ee 99.4%, chemical purity 99.5%;_[o)p = +106.8 (c = 1.00, CCHCl,).
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Exanpl e 8b Preparation of

(1R, 2R) - ci s- 1- Phenyl - 2- [ (di phenyl phosphi no) net hyl | phos

webokamse { (R R)-cis-PMP5} This |igand was prBEBERIN03/012980

from (S) -1 -phenyl-2-nethyglenephosphol ane- 1- oxide
15 anal ogously as described for (S, S)-cis-PMP5 in

E s 6-8a. (1R2R) cis-
R{RP

Celilg SlERPRbIAAE1-oxide
-CI S- PWVP ur bi led after
Sten hindi ng for a fem1days white powder, mp. 74C
[cc]D =- 159.1 (c = 1.18, C6H6); 31P NMR as above.

ampl e 8y2dH n th |ﬁ§ native ap t he
Zi?%ﬂenyl 2- et hyl dg@ ospﬁolan - - ZT?E 5%fron1 exanpl e

can be separatedfinto the enantléherP &ly pure
Phphenyl - 2- nethylenephospholane 1- @i de by

chr omat ogr aphy on support ol uti on of
1 _phenyl - 2- nethyleﬁé%?% phol ane- 1- 0Q§5§ by preparative

chrﬂr@%a@g@ R By o Ryl al support 25

IngrE AP R Py eGP eneposphol e o e (30,0 s o
mhf(‘xll)e(‘S§ J2°1H§th?l@n@- 1 HeRA kdlineDoxide gihd s @lgurm (250 X

| e phase OO0 ceton| ril flowrate 120
dlgﬁc}qhemlph%plamﬁ @;uée (a9 di Ye%(lg)qu_m dry %HF 1.2g( Eeq ) of

&&k@wﬁ refrIRbAYNE RRERTNRE rah@ltm@aclrowa@ 8tifre@ ou@Rfht. Next 500
chem cal purit C}EJB

] D= 03
mhofgvajergyas@gyl echg%éﬁwlxg“ﬁﬁf?hw@ﬁ@ﬂ%@p%% refrem (dg Oa’énf')
O%qn{cgﬁla%ﬂ%heﬁ%%‘ﬂ MgﬁOP Ushdedra®Q aﬁa/ ufifitdbychrbRfatdy rz(2[£h

CCHC13 004/ 050 6% P 003/ 012980
(ethyhgstate 1reetbﬁ@ﬂalpét> Yoeldih 99 g (47%) o 1559%

[(31cg&ﬂ%b &?Woy_?ﬂ_%%%@ %@ﬁk@ ngholmﬁhem{ﬂe Rhasphe s,
- oX1 de t ep ~ CY2 Ph P+ CP P CY

-n?p 1 Fh1 PHCRAthyllReaR); (‘H smseysoowme& eo4-104 (e, Gil)T 1.86:1.36
(g LA iep it st T s L B AR89 o) LR % ha )
2.(Sp33(AEBHY,| 261702 69 rneliy), 7r4|207sﬂh(0h aHg, 716 X174 émarid); 5 6 g
Sﬁ%ﬁkﬁg‘@(fﬁ' gg %3'2;2@)” P RIS, L 339 %% B () %9 (4,7 =
66.9), 33.9 (d, ] = 9.5),34.6 (dd, ] = 4.3,] = 67.2), 36.8 (d, ] = 64.1), 37.0 (d, ] = 64.2),
128.7 (d, ] = 11.5), 103.1 (d, ] = 9.6), 131.9 (d, ] = 2.8), 133.4 (d, ] = 88.3); -°'P NMR
(162MHz) &: 51.7 (d, ] = 34.8), 59.3 (d, ] = 34.8); -EI MS m/z (%): 406 (2, M™), 324
(12), 323 (35), 242 (23), 241 (100), 193 (43), 179 (14), 146 (14), 55 (10); -HR MS
caled. for Cy3H360,P5: 406.2191, found 406.2185; [o]p = -43.5° (¢ = 1.48, CHCl3);

and 4.64 g (44%) of (1S,2R)-2-[(dicyclohexylphosphinoyl)methyl]-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 (d, ] = 8.8), 131.3 (d, ] = 87.7), 132.0
(d,J = 2.7); -*P NMR (162MHz) &: 51.0 (d, ] = 41.4), 64.3 (d, ] = 41.4); -EI MS m/z
(%): 406 (1, M™), 241 (100), 193 (57), 179 (19), 146 (22), 55 (18), 41 (16);
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pot assi um tert-but oxi de was added and the reaction was
stirred overnight. Next 500 10 ml of water was added
w@nm4/obuseari Xt ure was extracted with chl or of or iPCBER200012980
m.). Oganic phase was drizd over MgSO4, concetrat ed
and purified by chromatography (ethyl acetate :
-HReVIRaalod. fA0CAN:0¢P106.2 1019 6ugd 48593 8%f [0l 28642 (c = 1.67,
CPi&gi(cyclohexylphosphlnoyl)nethyll 1- phenyl - phosphol ane
ide as white crystals, -np 110-114C (et hyl
Stac€t ate); -1H NWR (500MHz) S: 0.94-1.14 (m 5H),
6-1.36 15 (m 5H), 1.43-1.63 (m 5H), 1.65-1.88 (m
8H) , 188197(m 2H), 1.99-2BH3 (m 2H), 2.15-2.35

[g/’%r 2 4550’3869 (m 1@9@7 57 (m 3H)
(m—2H  13C 126Mz) S 20.2 (d, | =
L 7), 234@2% 2268(m), 29.4 (d, |

. 9), 33.9 )346P(lde43 =67.2),36.8

d @136243 0 d J=6 7 (d, j = 11.5
105t <&""ﬁ’*§ 9. ((5) @Rg"g’ﬁn%g_ 2(8) ' 1334 ()d j
Tlﬁ&ax&)e prochnE%eNMérZ@n@fbﬁzMﬂzr) oedlpmwph(oaphlpm& dszlva)ves

dcrpis sl esiprtdig SR O LGRSl o™

bhodhanylidhethyll4)-ph&iyl-phaypholaHR P¥Rliboraine ds white crystals,

mE T4 5 (eonbaagere ot MBI 5 4 B 5. o b o,

1. 1( Hlaqus m*)em @bqapmm?ml dsnpg ol 4H), 2pheny 2Hb107$4mwlsanm,
“oxide as a white solid, 90 130C (et hyl

3Ha)cé6&{7cé7)7 (m, 2H)NNEC (I\B‘GBM-&QMQL :98.01(dgd/ ¥ fb» ]legg 9), 25.7-26.8

g0l $5 e A AR 0o B 22y
=9. m ‘Bi)3 (d7] 635'6) 1315@ }2-H)l 5),13BC (AR §.9R6VRNMR Qz,@zMHz)

%gs (i)) 38%@};) Ls (%)(I\ég m/z: _42@25 8%1 1%% 640%328 5{9 (gg

E?é?n&tal(t&%q} dalc& fér @23H B=Pg@ @969 128,55, ffhndiC 68.33, H )o. 69
131 = 87.7), 132.0°30 (d,
[ ]D——27672)° (c~—31$70 KM@IQ)lGZI\/Hz) 8: 51 0 (d, j = 41.4),
64.3 (d, | = 41.4): -El Mz (%: 406 (1, M), 241
Uilﬂ@ﬂﬂe sarh® Brdcedire b7 @ith 189 (1SPRG de@Ritive 5ba {Lﬂﬁyrate4lie1<@e]j&)4% of
(1 004/05qe3fD / P2013/18 22BN Ifur

wmtelcrssszals, oHC13) | Step 2 QBH3 P PCy2 a) CI3SiH P PCY2

BH3 THE Ph 182 / S. 2R S) / R 2R
mg lTh)é @am?@hﬁ@eﬂwﬁ 2 N %9%4‘5#6%11’&“%%%&%4}{) 08B m,
5}—2 Hﬂ?”ﬂi@({?ﬁ%@g' N9yl Aqhi Uah| Ves2 08 eRCIied.03 0. S QRIS

Yield: 81 %
2.41- 3625(% 2H) (7d43ex/sis one3dy), 7.63-7. 76 (m, 2H); -°C NMR (126MHz) &:

1L 0 R )C%%,ét dy'= 8571585, BRORAAN 5151 & /L B825Es (a1
=29.7),35.5(d, ] =33.1),39.6 (dd, J = 1.4,] = 24.1),126.4 (d,] = 44.4),128.8(d,] =
9.6),131.8 (d,]=2.4),133.0 (d,] = 8.8); ->'P NMR (202MHz) &: 30.8 (b), 40.4 (b);
-LSIMS(+) MS m/z: 425 (14, (M + Na)") 401 (100), 387 (66), 375 (47);

-Elemental Anal. Calcd. for C,3H4,B,P2: C 68.69, H 10.53, found C 68.47, H 10.36;
-[ap = -15.6° (c = 0.77, CHCly).
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np 138.5C (ethyl acetate); -'"H NWVR (500MHz) S:
-0.1-0.9 (b, 6H, 0.9-1.1 (m 6H), 1.1-1.4 (m 6H,
wda 203020600 (m 13H), 2.05-2.3 (m 4H), 2.5-2.7 por/ER1)3/012980
7.42-7.52 (m 10 3H), 7.6837.77 (m 2H); -13C NWR
E_{%)SBONdj 6.8, J =29.9), 25.7-26.8
, 0 (d 32.5), 32.5 (d j = 31 9) 36 0 (d,
ian 6f 2-[B-(0.5¢di-teit-butgl- i h@shifa Oplanyl-
45.6), 131.5 (d, J = 2 6), 131.7 (d, J =
(202MHz) S: 28.5 (b), 38.3 (b);
SwRSI I\/IS(+) MS mlz: 425 (5, M+ Na)+, 402 (25), 275
(75); -Elemgntal Anal. Calcd. for C23H42B2P2: C
68. 69, HXQO 5‘3 nd C 68.53, H 10.69; 15 -[a] D =
-76.2 (c = 13). USI ~the sane procedure but
whe ( deriv a substr yi eI ded 84%
| R
2R) - 2-[ (di cmexyllph%yl)nethyll hem(,l phosp
hpj ane PP- di borane as Waite crystals, n’pi 113. 5°115C
(ethyl acetate); -'H NVRP(500MHz) 6: -0.fho.8 (b 4H)
0.8-1.15 (m 20 5H) 1. ¥7s,as34 (m 6H) 1$2R§5 .63 (m
4H), 1.65-2.01 (m 12H). 2.03-2.35 (m 4 2.41-2. 61
(mwmipﬂ_s@if%sﬁetem’pum-lphenpl 63-7.76 (m 2H); -13C

T}gy\gn{e]pggwgé}e %forzs%gg@éiggf di%)}rﬁ:nyil'p}’%)s%hi%gyl 'dgri‘gaqgfgs %&)sgribed in
E)@Zﬂp’;e Q W,as pmpl:oyelDYik)d, 13%. 5 ((§125)-2-+diBB5 1 di- teﬂEblﬁvl( dd, j =

pﬁ"z}ana) I- om%e as w§§‘iié péviﬂF_g:rNNR

mpaagwblzc)c Giex @) 8-1HbNMMQ»OéMsz))6 ?.52 éd,%ﬂ/ﬁ(ltb (VB8P 21.56-
(44 M+ )ég % 00) 387 (66), 375 6)
r@n%%ma 261 ) 08P 3P (o BhA2e28r 4@@@{5@ 342.73 (m,

4
i e 3 1 5 a0 g

&: ziér{pu]e: M) Eﬁépﬁéddtq 28, Jof 69.5),29.4 (d, ] = 66.8), 31.2 (i), 31.3 (i), 32.3

(o4 2o 2 s {9t 859%@?9 R T

= ©70) 12P8I(H, = 2.5),1125.9 Pd,F L PAY, 228.Pd, Pl AI6), 129.9 (d, ] = 9.6), 131.6
(d,J=98.3),131.7 (d,] = 2.8), 132.8 (d, ] = 97.0), 133.1 (d, ] = 88.5), 151.1 (d, =
11.5); -*'P NMR (202MHz) 8:34.9 (d, J = 43.8), 60.4 (d, ] = 43.8); -EI MS m/z (%):

619 (19), 618 (47, M™), 617 (12), 603 (10), 590 (26), 589 (56), 577 (37), 576 (100), 575

(56), 549 (11), 541 (20), 472 (10), 441 (22), 440 (31), 430 (27), 429 (99), 426 (14), 425
(24), 409 (13), 193 (37), 57 (36), 41 (10); -Elemental Anal. Calcd. for C3sHs¢O,P2: C
75.70, H 9.12, found C 75.32, H 9.47; -[a]p = -56.3° (¢ = 0.95, CHCl;);

and 83% of (1S,2R)-2-[di(3,5-(di-tert-butyl-phenyl))phosphinoyl)methyl1-1-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, ] = 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, ] = 69.0), 31.1 (d, ]
=12.3),31.2 (i), 31.3 (i), 35.0, 34.98, 35.01, 37.0 (dd, ] =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 (d, ] = 11.2), 130.9
(d,J=98.2),130.9 (d,] = 8.8), 131.4 (d, ] = 86.8),132.0 (d, ] = 2.8), 132.2 (d, ] = 99.4),
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5 (1S,25) (1S,2R) wherein Ar signifies
di -tert-butyl -phenyl The sanme procedure as for
waynihswss of di phenyl phosphi noyl derivatives PerEP20b®el2980
in Exanple 6 was enpl oyed24Yield: 11% of
(1S, 25)-2-[di(3,5-(di-tert-butyl -
15pheays ) phpsph2 tdyE Imet) hyl'P NMR 20BN Hph&idph 6d,dre50.8), 65.2

e SEortal S aBSATE L KEaB, WS, RSt a0 )
58%(?)2,_ £ (381576 (1091525 08 (5m0 (13) 472(188-422 21B)( 401 (26}), 440

16y 55518 238 98 ks By 057018558 b b cudy 2 g Irp B, 57
(416)1215M12}9 -HRM@&I&. (s CHHZORAF18. 286 Ao0eld 618.37362. 3, 1 =
9.5), 29.4 (d, | = 66.8), 31.2 (i), 31.3 (i), 32.3
-(qlads #616°%¢ F0PHBEH@A. 2(dd, J=3. 9, 1=66.7), 34.9, 35.0,
124.7 (d, J=3.4),124.8(d,| 15
Step2 7) , 125. 8(d, J=2. 6), 125. 9(d, J=2.7), 128. 7(d, J=11. 5),
129.9 (d, J=9.6),131.6 (d, j & 98.3), 131.7 (d, | =
O} 1

,1132.8 G = 97. 0) 21 (d, j = 88.5), 151.1
@%P@z 113,)5((9)5,8'H*,- 31P NM{@H r )(5: 34. 0 (d. j) -

78), 60.4 (d, j_= 43.8F"-El MBmz (%: 619 (19),
6%@ (47, M ®IBRYTHFI2)  6R3 (10), 590 (26), 589 (56),
577/ (37), 576 (100), 575 (56), 549 (11), 541 (20),

(18.29)/(1S2R) 441 (22), 440RL8M(R2BR0 (27), 429 (99), 426

bbb A A P R B v
enfiBoyed, as He@ribad irf BamplC7. 151881 %okaf41R25)-2 di( 5= di-tept-Butgl:

e P,P-diborane

SRy Z-1 Ul (3, D-(df -tert-obutyr - pheny . phosphi noyl )
Spatie (20bMephe Byl 7.4 hesph@ane 1-oxi de as white powder,
np 198-199C (hexane/ethyl acetate); -'H NVR (500MHz)
Usthg the38mé prock@ide bul th2Q16,9R) détvaliBdhs,a shbétratd yRled TP % of

2H), 1.92-2.21 ( , 29-2.60 (m 21H) . 7&{181

PR T 5O (m"H), T 69-7. 75 (m 2H: 13 C N\R
“(126MEZ) S 22.5 (d, j :5.82, 25.8 (d, |j :66.77),
-'BNBIR((300)MHz) §9.25)0.93h, $H)d,. 16 (s, BH)1.23 (s, 33H}p 127y 1.42 (m,

i ), 350, 134.,98,,.3 20 (A jo 572438, 1415 71—
215147 st o 2% @Rl ngnted (s B 2170
45 b IRy o B b 3080
36.0)=2785,26)8 (d’lgja_ _36.2@,@;1.2- (1)=3b3 &), 3(3153534_;.9,_ 3> 3%.’9431'9@—: 33.’5), W51

04/ 05 PCTHER2 129 11 1 9(g9l,125. =81.2),
(%gi%ﬁt gﬁ@ﬁ(df{ 1255 @@@ggbﬁ Nﬁ/g), 128.44817 1 989,,125.9%d = 84.2)

13501 6 [ ~68.0) 126 (GL-60)81203 ) RBIR IS k8] pa 9 Td. ) =

s 28351 20/ k) 19084 i 207 Rk 0B AR P B 176 (1202 ()
(SIS (+ I8 ni/k837 (4AM (7199),", 614@43,(MD0J11 (488), 69B(84),438 (60).

(25), 425 (47), 409 (19), 398 (17), 384 (16), 294
EXabaple 1493 (56), 57 5 (42), 41 (11); -HR M5 calcd. for

M?%L% -nlqm%&i%l —§t¥1§1§-; 1-ph Jn%flplgogpﬁo[}a(srieel -oxide

Step 1
PhLi f § %
o o OH
Ps (CH,),CO P
O Ph :

Ph
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O BB p PAr2 a) CI3SiHBH PAr2 P P b) BH3 x THE Ph

Ph (1 S,29/(1 S,2R (1 R2S)/(1 R 2R The sane
weeaepsisbe as for transformation of di phenyl phesphPreyhi298

derivatives was 10 enployed as described in Exanple

Lo Yirel o 8196 of (ditert puty
AR SohoRESRg PR NG Pl PEATuh b e St g bar was
clrghdboitiang g &ﬂa’wpﬁa%w)? 18oxdde @Oﬁlbﬂlol)aﬁss&vé@% 200 mL of

Tl b5 yRob i SereGiode bathlubrslugntud L (15 ca) of

BenfHithiugf $oldtitnyin-gptie aamwm N w&ad@la&viwb &
igsphgane, 158 £ drborane Wmsoom i

p%r%@gg'glll%rneglﬂn?% dargﬁ)) ution yyas etérre gj_wln%ewd(%mlpé dyy acetone
wis allded.. A thikture 2H) stirte AR éirﬁﬁes(aﬁﬁld aliﬁ%onll @Qlijof 4etb18 was

s At Sgmimald {4t (H) oot WRLGT D ef s . Thegmismmoias

filgcked MblZc)enﬁrateZSalﬁl the residue wa8puflfied 8}5ﬂa7sh cgﬁ)xﬁat()%r aphy thyl

acjeta_tc% e]é) 0% ﬁ% uilrefeteg a&bs}rate lzp%nyﬁ)??@hp?a(sqf Pdeeé‘l and

8.22%8@%] of trins=2-91-Rydrod2 6. eth@l-ethylE l%lﬁ)lvlpﬁ&@hglaﬁg 1- dx1d% as
21)y 127.6 (d, | = 42.6), 128.8(d, | =9.2), 1

w?ae Stalss4 6), 131.7 (d, j = 2.4), 132.9 (d, | =

n%%ﬁz 1i1z§’1: (l;tl{fﬁaceta%) 9. }@%H\g}%%%%oﬂﬂ(lg Sjlll\/% ?3% 2739, 3lg'g/R

1. @11 68mn., 1N3) 1+85- 693, 1@413H) N95; 2. 831 (m (SHDO .5 (5,919{)( 243.7. 88,

sHEH en@(ﬁ% gfﬁw@{@h@ﬁ;ﬁsm 2@5 =6.1),27.0 (d,J=11.3),

| \
?zgég%)f}k m%ﬁ%ﬁmﬁz\o@z%%gsj%w PCT/ QﬁéOOB/ 81298&d~§> 59,

m“r%dﬁa 88k DRBD-1AL8Kd 2R Bl (shid 8% a
AR GRS, DBIMERE (RORBIRRN S I fu 209, 114

1&w1@6) 170H298160 Cg) 16a (57), 14718(0:21 dszlhzzc)ellloac(m onet (383,181 (12),
RGPS K DB ian 3 duudhen AR CAd o Dutyorsg

65aﬂdék18.®41fmr3166§.00,t}ﬁ6r20 The resulting dark sol ution
was stirred 10 minutes and 2 nL of dry acetone was

Stegpldled. The m xture was stirred 10 m nutes and
additional 6 nL of acetone was

{ E )I- SOC! { § }I—
9 OH -—i IQ Cl N 0\
P 3 P

Ph Ph Ph

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-phenylphospholane 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, ] =3.7),28.8 (d,] = 11.4),30.0 (d, ] = 1.5),31.9 (d, ] = 67.5), 33.0 (d, ] =
1.9),55.6 (d, ] = 62.3),72.0 (d,] = 2.6), 128.8 (d, ] = 11.7), 130.0 (d, J = 9.6), 131.9 (d, J
=29),134.1 (d,] = 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 calcd. for C;3H;s0PCl: 257.0862, found
257.0855;
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added. After 5 mnutes water (10 g) and NH4ACL(10 Q)
was added. The m xture was filtered, concentrated,

w@peh4bbses esi due was purified by flash chromatpgr/apivgs3/012980
(ethyl acetate). Yield: 028 g of unreacted substrate

1- phenylphospholane | - oxi de 549@ and 10 8.2 g (86% of
ant bavsof2-1s hefyl xide as a colorless oil;
enyi hosp a t
' RRRLSNBE R e 1 70 . RS obME B 4 1A TR e 16

m3k9{ 3ZZ 5&% ?H') 2.61 I—% 533@1 ﬁ@) ¢ 3p-714d) m:BI-§57 669373((&1 2H),

1H), 7 38-
'SEI-HMW(IGQMHZ‘J@ 10:? (RHF=6. 1)132;9 NW{I%W&) (&7 -zsé)zﬂ( a(d,]

%7#)395}@ ]277?2)( gzsolgg] J98% 16233% O(% 6é§2 Jrﬁz;gli 1301 $3),
13$3Q21 J] i%g 1@4(4% ]J 944)114395 (d, 7% B4 d“PJNMRQ(lS:)MHkm £.8;

EbiS/a (8h): WS (% 200455, 363, 28161001305 (1B 02 460, |91 25, 143
iRl ) AP B, R R oG e,

22018)7, f@ﬁld(ZI.zz@)lO 07 (21), 43 (13), 41 (13); -El enent aI
Anal . Calcd. for C13H19C2P c 20 65. 53, H 8. 04 foug

Regc@@g]_)@tm -2 hlog hleethyd hospholapg g its

traﬂg%rﬁﬁﬂsn HEQ Ce g%x%pﬂ?deﬁ@ﬁ%ﬂe‘ﬁ?@hbgbh%@ﬂtcﬁu& Mﬁﬁg the same

wth trans-

prhg@m@drscmeﬁym ExamplE ¢ m&p@%ﬁynﬁﬁﬁ%ﬁeﬂ gk yieldpli e as
isdbrSpRALAA1 %hebf\"l@lll&%gola§@f/ib9ﬂcde & pield 96~ 2-

(I-chltoro-1-nethyl-ethyl)-1-phenyi phosphol ane 1-oxide

std53 @ colorless oil; -"H NWR (500MHz) 8: 1.68 (s, 3H),
1.69-1.79 (m 1H), 1 85 (s 3H), 2.13-2.38 (n1 4H) ,
2.38-2.52 (m 2H), 7.47- SQ(mSH) 7.69-7.77 (m

. -13C NVR (126MHz
802 L I, PRH8. 8(@ DY 1 4) 3Q. O(d@ 5)031.9(d, J=
P’5), M’J' (9) . ®5.6 (d, | = 623), p|Q (d, j

=12 6),\ 128.8MRYOK =" 11.7), 130.0 (d, 131.9
(B,h' 30 = 2.9), 134. 1P(*U)j = 90. 9§ FLé“_LP NI\/R(81I\/HZ)

Ind (a Z%%‘hﬁ% Ecgmﬁl 1@"3’2 %{é@asg %ﬁaf%;&')mh %%:l-agln@ﬁgg}drrimé %8r 140 mg

(0-64Shivis])-of 2Mspprbpylideae 1-pheny alapg gg_ld(lﬂ }ng (_lﬁpgq)

of%i?a@%%%% RhisEsE% 8%88@8&%%%?8@%%3%%2%4 iadef,

pafissiini sopbapyide seneddedping tlyd 1shesiphielsstiered foy hiwrg ddditional

3%0%3 E)t %%ﬁﬁ;%) _ﬂ)}iosgs}llﬁle %ﬁ Q%P ggﬁ?%]o? te%ﬁ §98f<q1ver ad‘de% a%)i the
stBHpg was drtihusd a( rhovdrdjght. Neg1 200 mB of mjater Mys a¢de319n¢ th@
(XIHII‘C wl_;l)s extra&8a itk %hl(o%fom4 x 50 mL). Combined organic phases were

dried over MgSQy, concentrated and purified by chromatography (ethyl acetate :

methanol 10:1). Yield: 33% of substrate 2-isopropylidene-1-phenylphospholane 1-

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

phenylphospholane 1-oxide as a colorless oil;

'H NMR (500MHz) &: 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 C,5sH,30,P5: 422.1565, found 422.1561;
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13C NVR (126MHz) 8:20.9 (d, j = 6.1), 22.9 (d, | =

12.5), 23.4 (d, j =8.6), 31.0 (d, j 5 = 27.4), 31.1
w@ eho4f5086972. 2) , 128.0 (d, j] = 98. 2) 128.5 (d,PGT/EP2003/012980
11.7), 130.4 (d, j = 10.3)27 131.3 (d, J = 2.8), 134.4

d, J = 94.4), 1485 (d J =8 4); -31P NVR (162M)

an 2&@1‘1’& (64%Epf u_ .. dip 172108 1 OV - 1 DO Y Y- Ofd3 ) ’ 219
phé%%@osg%?né 18Xide %g%h(tgﬂawdelgl ( 12) 143 (11), 125

47 (28), 41 (12); -HR M5
mp{:h43c m6°cdhem3}~|1mm1vmz(eomﬂm SfQﬁih(di 22058031), 123-1.28 (m,

%W Eg&gp]hgf{g’ﬁesgzil SlmeAhd a0 Bt 3ok 1,

7, z'sni 93 Gl SIPRY @BY/. szd@ﬁem) pbﬁ@)d3RHP§H|)0“9(DNMRQ¥26MHz) 5:

using the same procedure as descri bed

17 200 G0 38 85868 errbih, 86.81 4y RSB B0, 2 TA D), 58.5 (dd, ]
—1'65&9r62@2| 5OdlegﬁEP gg@g Y gggsjph% g]@zé-sg&vdelf D, Yis yiseh Fh J=
10.7BAA0.3 (M) -PRY.Bh 1318 (df =2 D003 1 (¢ durrﬁalZ)@éﬂ gy 1321

(67 Bty B Sbh B BRI R NS 1F RAR PR iR e B e -

48 35 BXiad, ﬁﬂd8£8$8 HTMS in/D(%BN422 (7oM+c}; m:ale(ny} pbosphj 22¢ (100)

et Anal Ghle dt il Do §R o7k 7

reaction was stlrred four hours. Additional 20 138 ngy
E—xé!rlll&—léﬁenyl phosphi ne oxide and 110 ng of tert-BulK

PriBERiAAHE e 3005 1€ 5-Sfci JobiaARn WG RCHDL LN YSH A - 1.t

overni ght. Next 200 nL of water was added and the

[( dﬁ)lxénlﬂbﬁho‘sﬁﬁn@-x@ﬂ methel phésbholahé-aP rhoditin{(4+X h&b flabdo-
Combi n 0 nic Ses dri ed over MgSHA4,

anpgmonate: @8%3 %{ﬁ }(F%‘i/ﬁﬁ khr omat ogr aphy (et hyl

ac gi)ate: msthanol 10:1). pm el d: 33% of substrate

p2Bbr oprhicdexisbr phe, 1 25 oxide, 8 ny
@ﬁwof tram-% 1- di ph nyI gdﬁ. oyl -1 - et hyl -
&R) ol

pphl- phen. phosph -0oxi de as a colorl ess
oil; -"H NVR (500MHz) 8:1. 26 ’d, J= 16.6, 3H),
(1ﬂ2€5C/&PM§5(m 1H), 1.73 (d, J=16.0), 1.81-2.26 (m
5H), 2.26-2.47 (m 1H), 7.38-7.55 (m 10H), 7.55-7.63
In @ripO trourrd Bettor 27igeck flpskifldshedrwlp arjgog‘ﬁn(lnrgu@ﬁ)zd with pp

m%ﬁ‘& &9%?66 5%/, %7&@%%8?%4‘;%@135015%%% {(5%)6311 dlggrfﬁ The

mik®GO was &l¢di)- 80‘53ar(d13_]_901ut5)11 f30%.60 mgHRRVIR ) ecad- t-gpheryd2-
TR by A g P
drepwsis@ -The nikpire wys gloosghé weyh td ravst Fepdpestthyd, Jhelsolvent was
evaporated and the residue was dissolved in THF/CH,Cl; (1:1). A few drops of hexane

were added to render the solution turbid, then a few drops of methanol were added.

h

Again a few drops of hexane were added. Overnight an orange-yellow precipitate
formed which was filtered and washed with hexane. Yield 194.76 mg (80%) of [(n-
1,2,5,6)-1,5-cyclooctadiene] [ (I1R,2R)-cis-1-phenyl-2-[(diphenylphosphino-
kP)methyl]phospholane-kP]rhodium(1+) hexafluoroantimonate as an orange solid.

'P NMR (300MHz) & : 50.6 (dd, J = 26.7, ] = 148.5), 70.8 (dd, ] = 26.7, ] = 146.3).
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phenyl phosphol ane 1-oxi de as white powder; np 143-146C
(hexane); -1H NMR (500MHz) S: 0.68 (d, J= 15.3, 3H),
wa2d03/0%0688 (m 1H), 1.40 (d, J= 17.1, 3H), 1.BOrEPBD3/012980
(m 2H), 1,87-2.09 (m 3H)282 38-2.63 (m 1H, 5
28753(m 9H), 7.68- 82(m 4H) 7.95-8.03 (m
_MSC NI\/R(126M—|z) S. 17.3, (dJ 3.2),23.8
2 d 14,

[Mﬁ&kd;-ymszﬁcozgzﬁbl?a(}a J=9.2),131.9(d, J=2.53), 132. 1
THESapblgvAi 3 ERE 5§Y§1‘86%55<218“e MoSaygiia it 7 (g )
(c%‘ Rﬁ%yﬁ’%ﬁipﬁo&)‘%é‘é ﬁ)gglaﬁg KP,\AHoallun?(44)(13) 222

heCBidPGORRMNAE Wds. [08pared Srabgouslp mwaxa@pw@atarﬂns frpm

P
(1%@@&?&)@3}6?—?@?%@?905& glg rgat&yl]phospholane {(S,S)-cis -PMP5}.
IE%@%R) ci s-1-phenyl - 2-
nyl phosphi no-i P) net hyl |
PrEhtesiiob i1k 6 h 081 Qe abitladleax i { 1Ri28) oF-phényhat i monat e {
[Rh( (R R) CI s PI\/P5) cod) SbF6} - |

B i Sthiy 2 QJuupmi 3 ) pPh2 (1
uR oé:ltlsm Pl\a/l?esx, hﬂ&( Sé rm PMP@}&{%&?’%&PF‘ ‘rzn-agﬁgt(l ];l ask

T}ﬁetdoh{plag(ﬁarz 5,6131S&yﬂ’goab(iﬁ@éJI(ZﬁtﬂS%msleb}&sﬂLzﬁed in
The m xture was cooled to -80C and a

[(dmhmyﬂmspmmao@)set phaspheRpe-aPthpdpimey) hexaflgoro-

hyl
ar%é-rlggr%? _@i‘ﬁgﬁ’rg crgr%to lﬁ%ﬁ Qx%ln avas gregared analo%%usly
tolAxdinyledal\atartirlg fmma(ﬂllk 8S )aaams: 1- phcrrybm [l( téllpbal}é}thgsphmphe

| d
o brieohgens 05 PR gl S Rty o
5t6°5 agndene s %P) Mt 74392\&1]19'2@,7 yhens ) few drops of

t hariol “wer'e ad ain afew drops of hexane were
E éiof @Fo é&@ﬁon@nl or ange yel l ow precipitate 25
was filtered and hed h
Thy @ddog}?gau%emgﬂp(l@me grried th asolows: ' 11 EXane:
1,2,5,6)-1,5-cycl ooct adi ene]
I ¢ driR bpRyanciusaclavg pathya 20mf glass sekeripseshvasthrresd Wb hmpsRatc

stlrﬂgg?%mequgrdé@l{tm s%b&liclK/QtRé- S%gﬁ-lz)aﬁlll FOR Ef&@é@ﬂh@t_h@ﬁol (7

mpend the metai a@mplex procgalyd §0-8] mg, %éo 17nmjo?) 146 3). WO
2004/ 050669 PCT/ EP2003/ 012980 28 Exanple 13b
Aferepaciss pfﬁya@#at{op[@m_g Vgtlgh)gi)rogfng BIogIa%s Was RIRssprized to an

141{1131 ? eﬁ@re 6f %Mh?ﬂé’}eagtldn(ﬂds@ﬁﬁ@& bt room temperature for 2 h. The
I no- XxP) net hyl | phosphol ane- KPI r hodi u
relqetj((mc mu@p@aﬁa{s icomgentrated and the residue was analysed b

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)] SbFs (with cis-



{ [Rh((S,S)-cis-PW5) (cod)] SbF6} 5 The conpl ex
[(r1-1,2,5,6)-1, 5-cycl ooct adi ene]

WO ¢dF0RBF9 Ci s- 1- phenyl - 2- | PCT/EP2003/012980
(di phenyl phosphi no- KP) met hgb] phosphol ane- KP]

TP S TN p—

(Me@hlf)layfoorﬁte[nﬁphmh&rmIaphnapir}ﬂm}mteh)slmdlphe@ﬁhabﬁm
{(SS)-cis -PMP5}. Exanple 13c 10 Preparation of ((Ir
Talfe 8,5 6)-1 5-Cycl ooct adi enel [(IR, 2S)-1-phenyl -2- j
di phenyl phosphi no- xP) net hyl | phosphol ane- KPI r hodi un( 1 +)
exaf | ugroantj nonat e {{IRhialR; Hlimeans

Sul )(coldﬁnéol%} The |goesphrex S/IC % conv.” | % ee”

[(i1-1,2,5,6)-1, 5-cyclddet adi &)

+ MR, 2S) (ﬂzuanas-mmmnyllsa 2 1000 | 100 94 (S)
di phenylphosphino-i P) nethyl]phosphol ane-{ P]rhodi in( 1

)safl@osr)ot"i'ﬁ BMPS 1968t e which wap196@dE&0G or | 33(S)
compar i Tt Sprepared—anakogots tp
Exanpl e g‘%@gggﬂ\{ﬂﬁ% frsg?n 16 10001100 7 91(S)
(IR, 28) t(RRYseid-PptiEny || 526 [ (di pBenyl phosphi hodo 93 (S)
et 1| ldhosnholapne S (R SY-{rahs _P!\/D-\l redl sol i d1
i eFd 880 IB1esRMEY 300Re) S| 2 56. b1 0Ad, | 100 26. [785()
%%F‘@HO) (RS- FarChyph 17560 7 [ = lzr?%*oo FXTPT s 96 ()

ydf ogenat i ons 20 The [hydr ogehati on axarrpl BS wer e
calri ed c(BtR)ags-PMHSOV\f, 500n a di§ box| 1800 alil@x| ave| 82(S)

wi th a 26s—gtass-tubenseriwas—echargedw-th a
magnet i (RJ{)“?f'?ﬁ(B)%ar ‘SOQ he h yar ogen amq‘;n skt rate 8‘6 £S)
mol ) anfydeonpedbpPasarta VL W@&Em‘uﬁed H} G A8 THIET column.

nmet conpl ex pre-catalyst (0.81 ng, 0.001nmol). Afte
3 Eg‘l’épjéﬁes of evacuation/filing with hydrogen, the

ut ocl ave .was_ pressuri zed to a 5 initjal pressure
T P RO D el Bene W <SiBie 2 iaA ey egeRccinic acid
h%ﬂﬁ}eééiéx{,lfeepétcﬁflelg with iJd18ted pRAGk IR ['Rh?(tigﬁﬁd)‘(\@@:] SbF¢ (with
?&Fl’e ntrate andﬁsetge residue was analys
cipf Mrerag praps- by & [1gapd)oras caggies. q&léfrawgtanwa@%eoH ) at room
teRIpRRAER A &8 i8S HJ hedulens BRleEnatadg. used in its
i solated formfor ‘the hydrogenation. Alternatively,

10 TdoheBconplex may be prepared in situ, as described in
" Exanple H 30 Exanple A Hydr ogenatl on of

acet yl.am no- aCFyII —esrer and
S‘é‘“’%ﬂf%t L8 fo- acryl i ¢ Irﬂe%%ﬁf pd BaRCCt| Y&y, %sqoﬁgl)a*n% ec”
| ve pf \Igan ,((‘ G(Wif cis
2004/(636639%@@5326@3/ 012980 29| P (099.8 97 (R)

Thep A—ARS

ar _rdéed ?81?9 ?‘fﬁ’tslr%\'lgﬁngislw ( I\/le()\:| Q'ZFH?EQEVSQ Ien%?é’r at ur eﬁga(tR)

R e P> S00™ ' " PR = T8 oo™ T %67R)
(R.R)-cis-PMP5 | 500 3 100 | 100 97 (R)

| “(RR)-cis-PMP5 [ 150 2 1000 |77 91 (R)
o~ (R,S)-trans-PMP5 | 150 2 1000 | 100 62 (R)
O~ RRcspvps 500 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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Substrate Ligand pressure (h) S/C %conv.l % ee2~ kPa
HN Ac (R R -cis-PWP5 150 2 1 000 100 94 (S) O
W@ Rogpsdssans- PMPS 150 2 1 000 100 33 (S) O  PCT/EP2003/012980
(R R)-cis-PMP5 500 16 1 0080100 91(s) (R R)-cis-PMP5
ERRApId 00 100 93(S) HN Ac (R R -cis-PWMWP5 150 2 1 000
S) ™H (R S)-trans-PMP5 150 2 1 000 100 16 (S)
Thy hplrRyenatien pfpacaplomiso-3-Heoyl nenlie a¢igpnd 2-acetylamino-3-

pﬁ&ly&crgﬁcsac%\f lﬂ? fgx é%@p re%éec(ﬁgl}l V}% tchrrled gwgt}l{x Oqcmol%

ISEL@Sﬁﬁlmré'CEal'Vht@ [Fﬂy@flg?gld vd)diSbBfwith amPMH’Eearetrmde[BB as the
gggg P AEk AR SR S S EREREL S ar o fTRE I b3 s
lr{dmcqsillgaaiﬂf)@cod)] SbF6 (with cis-PMP5 or trans-PMP5
as the Ligand) was carried out in nethanol (MOH) at
tenperature at an initial H2 pressure as
indicated in table B: 10 Table B Substrate Li gand

Subs{reR) - dildgaNPs 150 2 | pré&ege99 76K  Opbconv.” | % ee?

Initial H2 Tine S/IC %cdmvi.al'H%Zgg presslire kPa [h)
(R S)-trdns-PMP5 150 2 |kP&00 100’6 o

PER\R) ;@i S (RNF)SciSBMHsa 11600 100296 (RY 000 |75 98 (S)

MNPE LN 100—100-97 (D) (R R igcis-PNPH

(1&) AL ch@f’ﬂwpﬁ) Bts U(Réﬁééi\?awéld%sﬂ%o 2 [198(S)

000?100 EZR(saz)tm@PMRs 1561 s- PVP5 5001860 1| P60 100] 89(R)
(R O (R-R-cis=PVP5 500 3 100 100 90 (R)| Deternjned

by GC [ar JBR%“S BMES il k8% by GESon h16H9 r AIO% ol unh 96 (S)
VIO 2004/ (RREG%PEMEF20836 012999 30T REPI Bols 157 75)

ELN' (R,R)-cis-PMP5 | 150 16 1000 |78 98 (S)
Ph O [(R,S)-trans-PMP5 | 150 16 1000 | 100 48 (S)
\
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:
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gk

The hydrogenati on of 2-acetyl am no-3-phenyl

acid and 2-acetyl am no-3- phenyl

w0 poo@kosbanmoni um sal t,

with 0.1 nol %

+1 |

nr-oQ

acrylic

acrylic acid
was car r PEDEP2003/012980

respectively,
i sol ated preicatal ysts

Li gand) (cod)] SbF6wi th cis-PMP5 or trans-PWMP5 as
5 Ligand in nethanol (MeCOH) at roomtenperature at

t aAahl A (- Tahl A
1 TGO d

Nt A
L3 T

SRt

nrtial

conv.l) % ¢e2)

)

Ac (R.ggigFaﬁs-gsPé

HG

HR
H2 18R

Ple substr
kPa Ph- -

a{rgﬁg@é
PSR R &

n ”?ﬁes%ﬁ?e (

i S-

D
PVP5 150!

LN aVal O-Q

ShC R0 e’
G

00

IR

00 10b°%8"(H®

J9796 (5)

DOG 100

05 (S)

10R) R)

16
\vJ

-89 s- PMP% (S)

}Rmf{pl Ci s- PNRS) 806G FO15
500 3 & 106 Et

22003 (& HIRRENS

— NG 0=

i

RANLL
NT

L0
INLAYILA

nS- PMP5

31% T OOb_ 2
term

150~

VAN =\

MRE-15 1000
16! 4%0 hHY a8(SP ®

57
ned

9
1 9 .
by on’_\%g%hl r

T

e1.Aydr og

ehat i

onl 990 t hje100

1A

77 (R)

Del er m ned
ol Wth. 10 (RSktpine- PDEH
0 A W32 Y

nmet hyl ef
acPd bis(tfiet

succli ni ¢ ac

hyl ammoni u

icar mgred out

wth 0.1 nol

[ Rh(Li gand)(cod)] SbF6 (

A+ - o4
SILIIUL

M) salt
o i sol at

d and o

Mth cis

T et N
, respectivel

Y, was

ed prefcatal ysts
- PVP5

or trans-PMP5

oinl + + o
ene-gﬁ%cinigé(R)

as

the Lg

d) (R)R)+eest PisgPo|
al H2 pressur

15 (Med
P as i nd

H) at

i cat ed

in tabl e D

r poeo t enger at uras (R)
WO

i al

at | n.gﬁPti
20040050669 (RST/ FdEasps)
kgawd | nifi
BtN® HN Ac (R R)-cis

"QqR S)-tfans- PMP5 1.5

H2 Time S

- PMPS 1.
? 1 000

(7980 3
C % % ele

1y Tabl

BT BHSUDSTF0AT €

pressure (|h)
52 1
99 57

000 100 96 (S)
(S) 0 |Et 3N+

-~

85 (R)

C
0
L0 M)
NI
1.
0

5
00

Example E

€+57; ?PS.S 32— nqe 1%% 96 QR\- S(RR) U}Q.PMP§
2 1 obt' By (R R, St ined Bk op 3chiral column.

100 77 (R)

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 Ligand Inttial H, | Time | S/C % conv.” | % ee”
kPa (h)

1 (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)
O (R,R)-cis-PMP5 | 500 3 100 100 97 (S)
(R,R)-cis-PMP5 | 500 16 1000 | 100 97 (S)
(R,R)-cis-PMP5 500 16 10000 | 45 97 (S)

“Determined by GC [area-%)], “ Determined by GC on a chiral column.
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OH (RR-cis-PMP5 5 16 1 000 100 96 (R 0 1 eq. NEt3
OE3N+ (RR-cis-PMP5 1.5 2 1 000 90 96 (R O
W@ Ro$psdesans- PMP5 1.5 2 1 000 100 85 (R) O BEPGMEP2003/012980
Determ ned by GC [area-% . 3Deternm ned by GC on a
chi ral colum. Exanple E 5 The hydrogenation of the
dmple &t yl oxy- acryl ic acid ethyl ester was carried out

Thm{jrlc_)igen]atl (:?)(?(8 éﬂi&@ﬂ?&h@ aglgltnzét Fﬁl\/gﬁeré ch% F%ﬁ%"}aﬁet‘% acid
an@onpphmymemmlcurgdmammmmnmmt respBQHElaYas @ted out ith

0.1 P sl o Bt AR T o ) ORI DRy "

PMB5cathie LiYaed) in koRshdrio) (M@mmomtmreun@m anguitizEHy S)

T T

.lRgR) - Ci s-PMP5 500 3 100 100 97 (S) (R R)-cis-PMP5

16(1 000 100 97 (S (R R) Ci S Pl\/P5 500 1|J 10 000
45 97 (S) 10 Deter i ned by GC Det nn by
Sdpteie a chi raI 186‘} m. WO 2C04/ 0@68’6 b

l')f"'l'l l:nf)nnf)l N1

Uoo7r U npte—FThe gydrogenatfi on of
the gxo- phenyl| g§ fig@é\?g met hyl est gr

enylacetic acid and axo-phenyl acetic_adid
W anmmoh{Rif-trahe PMBSslect | vel y4 was carrli ed dut
h 0.1 nolPoisol ated pre-|cat al ysts

‘ Lml\L@gdlIU)\L (‘HR SRIVPW th ci S-PVWPgg or trany 5 PNP5
as t L and) i'n" nethanol (|MeOH) at room tengerature

r g | al THES) PLRSPMS Of 24000 KBa for 4 1. Thg
It® are shown in table H Table F Substratle Ligand
% conversions) 9% eel) O (R IR ‘ e 5435(@5 g2
EtN | ( R,R)-cis’PMP5" "~ 9

o)

©)k"/0 - (R,S)-trans-PMP5 36 3
o)

DDetermined by GC [area-%]. ¥ 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)] SbFs (with
cis-PMP5 or trans-PMP5 as the Ligand) in methanol (MeOH) at room temperature at

an initial H, pressure as mentioned in table G:
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01 eyo (R S)-trans-PMP5 4 3 O (R R)-cis-PWP5 80 3 OH

0_

11 YO (R S)-trans-PMP5 3 5

t 3N+ (R R)-cis-PMP5 98 9

WE204/050689 (R S)-trans-PMP5 36 3 O Deterni ned ByT/€£2003/012980

[area-% . Determ ned by GC3%n a chiral colum. 10
T | e G The hydrogenation of
- phenyl vi nyl ) acet ani de_and acetic acid
1- phenyl vi nyI ester, r(=$maaltHy elYme WAS carf1 ed out
Sbstiates ol dtlegangr e- cat al Ysts [ Rh h?ganjﬁ/(ccod Yo mwers.” | % ee?
with cig-PMP5 or trang- 5 ap ) i gand) in
(V@) ciaPMPBom| fismper at gre at somn | d 1 al H2Z[ 10
a ' im table G WD 2004/ 050669
1/(Br2oatrs-BMPTRdPe G sUBstraf @00 gpH® 1 ni ti g 20
PRR )% £PMPSI S | 1150 70 €e¥s HN 58D 100 10
PVP5 150 6 500 100 10 (R,S -trang- PMP5 150
L v 1LJIV 6 JU J.n .II-\\\,
R ERTS 51087 25 7(R g) ! TR0 EPRe 15q 22
R S$)LFRIPNEPS | P55 1597 10VE57 8| 13 22
by GC [area-W . Determ nedl by GJ on a
: WRIR)-cisPHPanpl €508 us| Ag a [Cadd®n| 78 18
Catal ysts |Prepared in situ In this expnple the netal

conpl ex VillfetdtheiRed BAGC Taeh W] BYDeteinsiaed ¥y BT & a &JhlPd-l—Qolumn.
(Rh(cod)2X) and 0.011 ol

orange sol uti on was
stirred 45 mnutes and then m xed with a solution of 1

mol

Errm)I f

scri bed

InztﬁbfééWP]é

of 50

HPENg? ﬁ%‘?ls&é
rﬂzjalbove Cat

kPa

r hodi um pr ecur sor
ligand in 4 m of nethanol.

The

.sub trate dlﬁaisol ved |n 3 .m of nethanol.
ystfrrengied #nfiti ed out
ytic hydrogenat.i on of

10 as

Waefébf%ﬁéx Was repieqin sigdtvedissphdng af 0-p ymmol
rkﬁdturﬁﬁrecﬁﬁ@mmﬁm Dat 44de. oy ltrhm%l"hga‘ﬂ'dtlh almHd RERSTH The

3h / C 100.

The 11

gands X

orange solution was stirred 45 minutes and then mixed with a solution of 1 mmol of

substrate dissolved in 3 ml of methanol. Procedure of hydrogenation was carried out

as described above

Catalytic hydrogenation of 2-acetylamino-acrylic acid methyl ester was carried out at

room temperature with an initial H, pressure of 500 kPa, 3h, S/C 100. The ligands X

were
Substrate Ligand X Solvent | % conv.” % ee”
HN’AC (S,S)-cis-PMP5 BARF MeOH 100 81 (R)
O (S,S)-cis-PMP5 PFs MeOH 100 82 (R)
0 (S,R)-trans-PMP5 | PE, MeOH 100 5(R)

YDetermined by GC [area-%].  Determined by GC on a chiral column.
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were Substrate Ligand X Solvent % cony. %ee HN Ac
(S, S)-cis-PW5 BARF MeOH 100 81 (R) O~ (S,S)-cis-PMP5

wWEE@4NEGBY 100 82 (R) 0 (S, R -trans- PMP5 PF6 Mepdi/iPih05012980

(R) Determined by GC [area4% . Determned by GC on a

chiral colum. WO 2004/ 050669 PCT/ EP2003/012980 34

Cains 1. Phosphine |igad8MHf the formula | R6 RS Ra
cisl 5 wherein R and R2 are

- Ra, P-R R3.\R2
I-theb@ﬁ@émdswf&e fegrapladt her al kyl, aryl, cycloal kyl or

heteroaryl, said alkyl, aryl, cycloalkyl or heteroaryl
may be substituted aﬂfﬁL, al koxy, hal ogen,

hydr oxy, am no, nono- dffaLkyl am no, aryl, -S02-R7,
-S03, -CO NR$R$ , car , al koxycar bonyl
trialkylsilyl, diarylaljkylsiP R di al kyl aryl silyl or
triarylsilyl; R3 is allgjl, cygtoal kyl, aryl or
heteroaryl; R4 and R4 signify independently of each

ot her hydrogen, al kyl & optionallly substituted aryl;
or wierd®d and R4 together with the Catomthey are

attgch to forma 3-8- nber carbocycl | i.ng.

dot é&sﬁfne P§13$§§H9a59q§§a§}@ggﬁﬁqgﬁﬁ%f%&ﬁ%ﬂgp%%uble
Eogd; R5 an;:ll?a{ﬁrcarﬁ, daitdlod natelntiiclpalidy]l edodterostybmay be

ydr ogen, a or [ i | kyl,. qaryl _or X
and 20 R8 andXtF‘?“?‘ﬁF%B%ﬂégp@ﬁ%%q%g%f hyéié% ’%@W&Ng %B§'
hydrogen, al kyHiaf&lahinb, arf NS UTS 100008 NRERYRatHRY,
phosphol ane phophorus atom and the substituent on._ the
C2 atom of t hbkoxsrehemsl, tnrdllsilyly diardaliplsibyl.<diplkylagvisinl arg
each ot her anggghﬁgted by the bold bonds in fornula

.
R’ is alkyl, cycloalkyl, aryl or heteroaryl;

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

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

dottedline  is absent or is present and forms a double bond;

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

R’ is alkyl, aryl or NR®R®; and

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

the substituents R 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 formula 1.

2. Compounds of formula I according to claim 1 wherein

R'and R? are alike and signify alkyl, aryl, cycloalkyl or heteroaryl, said
alkyl, aryl, cycloalkyl or heteroaryl may be substituted by alkyl,
alkoxy, halogen, hydroxy, amino, mono- or dialkylamino, aryl,
-SO,-R’, -S057, -CO-NR®R®, carboxy, alkoxycarbonyl,
trialkylsilyl, diarylalkylsilyl, dialkylarylsilyl or triarylsilyl;

R? is alkyl or aryl;

R¥and R? are hydrogen;
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2. Compounds of formula | according to claim1 wherein

25 R and R2 are alike and signify al kyl, aryl,
w@ymosickyl or heteroaryl, said alkyl, aryl, PCI/EP2003/012980

cycl oal kyl or heteroaryl nay be substituted by al kyl,

| kpx I
G o o Roindop ey o PR B oFRARORR) GusCgalior or
car boxy, al kd;lyfeﬁrbonyl trial kylsilyl,

d| aﬂh)éld t [ kyI arylsilyl or trlaryIS|IyI
ot 5&’ S)éiasreng?ﬂ ; R4 and R4 are hydrogen; VO

200&/,3 0&’5@ F@ﬁ@ﬁ@@@ir&i@%o 35 R5 and R6 are

i ndependent|y of each other hydrogen, Cl-C3-alkyl or
3. Siesegaunds péfodmutaddcpardingite clabaehor 2,arere®, R8 and RS

ar eg'ag, e | nea‘iieblﬁ(e%h@' Jghilf&a B1;3- Conpounds of formula |

accoyding to claims wherein R and R2 are

al ike and si gﬁF@rl}rbHFprPm}’l,s tert.-butyl or phenyl;

R4 ar hydr ogen; R5 and

RS a1 Curt AERGES B ARSGSLAR0IR, MY dr O

R6 ar rogen, ne is absent 10 4.
oqmidi of arehydrpgen; angtbedditedlinoisebeints 1 or 2,
V\,hereln R _and R2 are alike and signify alkyl; R3 is
4.Compaunds of fogmulg @esarding4o claimgs Rar amderaent i cal  and

Si q@u;rm[bzydr Oag§£1k R34 re hydrogen; and the
dotted line is a §en %Hf?ﬁ}gﬂ Compounds of fornula I
acddrdi ng to iefesti-hatyloopheryliwherein R and R2 are
al |Ik4ea,@r;g4 Si gl f¥nGsEL tert.-butyl or
phe 4 and R4nare rﬁgge?fyl}ﬁ?;ng signi fy hydrogen;
R5 Ban?dl ar érqisiregranandathd dotied ot iseblsent.ne i s absent .
20 6. Corrpounds of forrmula | according to claims 1 or
5. gonmjrpaings af fopnmulad @dcediag éo dpinksel ey whiegpin
hetgrarp ; 15 phenyl R4' and R4 are
i denti cal ?g’esgl1 gﬁ%gahﬁn}gﬂ?}doa% 5 and R6 are
hyd¥ogen; andsteﬁebd@ @Iadnelnvlne is absent. 25 7.

Co dg of r and R2 are alike
p&@ld%&%ﬂd M@'ﬁfyq{yﬁr@en |

and S| %nl f y
are hydrogen and the dotted line is absent.

6. Compounds of formula I according to claims 1 or 2, wherein
R' and R* are alike and signify heteroaryl;
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.

7. Compounds of formula I, wherein R' and R? are alike and signify phenyl, R? is
phenyl and R%, R*, R® and R® are hydrogen.

8. Transition metal complexes of formula II

MnLoXpAq 11

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. Cl, Bror I,

m,nandp  areeach 1, and
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phenyl and R4, R4 , R5 and R6 are hydrogen. 8.

Transition netal conplexes of forrmula Il  MrLnXpAg |1
woberesime80 M stands for a transition netal, LeGt/aPH®S3/012980

for the di phosphi ne conpounsd of fornula I; wherein X

is coor di nat | KN such as e.g. d, Br or I, m
n and p are gggﬁgwﬂgﬁd WO 2004/ 050669

PCT¢1EP2003/ 012980 36 q isO,ifMsRh; or X is acyl oxy

such as e.g. . trifluoroacet,oxy or, pival.oyl ox
m akg d n are éggﬁh(%\})égchpasiesg. éfeto dtrlglulo 0a, ?tO?}fOI‘MIY%OM
or Mand rCl , rmarepathrd, are each 2, 10 pis 4, qis 1,

an Aistrielwygnarrine, if Mis Ru; or Xis a
it-methal lyl group, 15 mand n are each 1, p is 2,

andqq is O, iifONMsisRu; or X is a coordinating anion

sug(k}as e.g. d, Br or I, 20 m n and p are each 1,
and g is 0, if Mis Ir; or Xis O, mand n are each
1, X is Cl,

mand n are each 2,

p is 4,

q is 1,and

A is triethylamine, if M is Ru;

or

X is a t-methallyl group,

m and n are each 1,

p is 2, and

q 15 0,1f M is Ru;

or

X 1s a coordinating anion such as e.g. Cl, Bror I,

m,nandp  areeachl,and

q 1s 0, if M is Ir;

or

X is Cl,

m and n are each 1,

p is 2, and

q is 0,if M is Pd;

or

X is Cl,Brorl,

m and n are each 1,

P is 2, and

q is 0, if M is Ni.

9. Transition metal complexes of formula

wherein
M

MuloXpAq I

stands for Rh,
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25 pis 2, and gqis 0, if Mis Pd; or Xis d, Br or
I, mand n are each 1, 30 pis 2, and gqis 0, if M

WO 2008050689 Transition nmetal conpl exes of for mub@r/EP2003/012980

MrLnXpAq Il  wherein 35 Mstands for Rh, WO

200¢/ 050669 P, / 7 L st far.th

di gﬁosphi ne c%%@%gggfl %%r?ﬁnﬁfl%?qr?p Put Oq‘\%sﬁrer?@? 111’ a%%i s a
coowHénelt i ng ani on such as e.g. d, Br or I, m n and

p age each 1,; o . .. Met al l,exes of
forjr(rul a [Mn’&ggg?@r&flbg agl\f\)ﬁcjasrgce}l1 i 'sl’gﬁg}g I’f or a
t r amshiendp netrakachlQand st ands for the di phosphine

conmpound of foprmula I; wherein Xis a diene |igand
such as cod or nbd, D is a non-coordinating anion such

F6, SbF6, CF3SC3, BPh4, or BARF,
1(?%4%1Qﬁnﬁge4(es ﬁ:lfgrﬂh‘lulg>

, and r are each 1, and q isO,ifMsRh; or X
is an olefinic |igang su e. g. (gycl ooct ene or
ethylene, Dis a nom-é"g‘ﬁjrzg?qi%ii ng gﬁi on such as e.g.
BF4, h&iQ4, PF6, SbF6, 20 CF3SCG3, BPh4, or BARF, m n

and r are each 1, pis 2 and
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,

D is a non-coordinating anion such as e.g. BF4, ClOy, PFg, SbF,

CF3S03, BPhy, or BARF,

m,n,pandr areeach1,and

q is 0, if M is 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, ClO4, PFg, SbF,

CF3503, BPhy, or BARF,

m,nandr are each 1,

p is 2 and

q i1s 0, if M is Rh;

or

X is Cl, Bror |,

A is benzene or p-cymene,

D is Cl, Bror I, and

m, n, p,qandr are each 1,if M is Ru;

or

D is a non-coordinating anion such as e.g. BF4, ClOy, PFq, SbFs,
CF;S0s, BPhy, or BARFE,

mand n are each 1,

pandq are each 0, and

r is 2, if M is Ruy;

or
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qgisO,ifMsRh; or 25 Xis d, Br or I, Ais benzene
or p-cynene, Dis d, Br or I, and m n, p, g and r

w@aem4esieby 1, if Mis Ru; or 30 Dis a non-coopdi/REI0D3I@12980

ani on such as e.g. BF4, Cl104, PF6 SbF6, CF3S03,

BPh4, or BARF, d n_ar e and are each 0,
an&k r is 2, lsiafc{“ Rﬁfiqé%apéésuc °W’3’§oo4/ 050669

PCH EP2003/ 01s29&6h-cotidiatisg ansn ensh dsie@aBH,, SO, PAg SBRY
or nbd, D ISE% non- oor% g&ng ani on such as e.g.
BF4, ClOH4, P ? h4’ A BPh4, or BARF, m n, p
anqlnrn g@ﬁdeagﬁeﬁch@mﬁd 5qis0,ifM sI r. or X IS an
ol efinic Ilgand&ﬁﬁch as e.g. cyclooctene or ethyl ene,

D i% a non- c&db#iMdtithg anion such as e.g. BF4, Cl04i
PF({;,r SbF6, CF3SO3, BPh4, or BARF, 10 m p and r are

each 1, nis 2 n .g.isQ,ifMslr al |yl
grdup, 15 D AP e EW&P%@%%C&%?WW&@H@E

BFH Cl104, Pkb ndESordineligdiBion Bithidds et BBARIFO4,II?F5,ISbF@
and r are each 1 0O, if Mis Pd. 11. Metal

conpl exes of QFQ%BQE‘QGI?I NXpAg] Dr 111

m,pandr  areeachl,

n is 2 and

q i1s 0, if M is Ir;

or

X is a mt-allyl group,

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

CF3SO3, BPh4, or BARF,
m,n,pandr areeachl,and
q is 0, if M is Pd.

11. Metal complexes of formula

[(MmLaXpAq]D: III
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. BF4, ClO4, PFs, SbFs,

CF3S0s3, BPhy, or BARE,

m,n,pandr areeachl,and

q 1s 0;

or

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

D is a non-coordinating anion such as e.g. BF4, ClOq4, PFs, SbFs,

CF3503, BPhy, or BARF,
m,nandr are each 1,

P is 2 and
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wherein Mstands for Rh, L stands for the di phosphine
conpound of formula |I; and wherein 25 X is a diene
wo @ansbesaich as cod or nbd, D is a non-coordi NnBCT/RB2003/012980
ani on such as e.g. BF4, Cl1064, PF6, SbF6, CF3SQ3,
BPh4i or BARF, m n, p and r are each 1, and q is O;
30 & X is an“glefinic I i gand such as e.g. cycl ooctene
et hyl ene. D is a non-coordinating ani on such as
1%&5‘?" Hiopl actjys fompeRndLeeimlags S 0g “ppha or BARF, m
n and r are each 1, 35 is 2 and 2004/ 050669

PCT/ EP2003/ 01298®&.39~q I s 0.R & optical active
conpounds of formul &'® (’lﬁ%P(-RS (SY(8fRPR3 4, RS\ R +
RS\ R 4 R4 (R -6s(S) g wher g R4, R4’ , R5 and

R6 are as defined for fagfmula | in ckaim1. 5 13. Use
of netal conpl exes acqpygling to gepgnms 8, 9, 10 or 11
as catalysts in asymeiric reactions, particularly in

asywhaein I, R, & Rl R°Qing asPBin 8 A3 1o.Q5@h BT é1¥ien 1.
hydrogen displacenents in prochiral allylic systens.

13l Wse Af plenrt e@rﬁ}falﬁaﬁds atdvediag YOTeRints 8 9 o098 @4th&ts & asfmmetric
inic or ketonic conmpoynd characteriSed

rochiral. ql [ [
e R e LG Ol Ty Ao geB e an S pptese e dydrogen
die@awmenmng@Mi@xamicﬁﬁmsa Il or 111 as defined in
claims 8, 9, 10 or 11.

14. A process 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 II or III as defined in claims 8,9, 10 or 11.

k%



