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a chiral drug in enantiomerically pure form. To meet this challenge, chemists have
explored many approaches for acquiring enantiomerically pure compounds ranging from
optical resolution and structural modification of naturally occurring chiral substances to
20 asymmetric catalysis using synthetic chiral catalysts and enzymes. Among these
methods, asymmetric catalysis is often the most efficient because a small amount of a
chiral catalyst can be used to produce a large quantity of a chiral target molecule. During
the last two decades, great effort has been devoted to discovering new asymmetric
catalysts and more than a half-dozen commercial industrial processes have used

25 asymmetric catalysis as the key step in the production of enantiomerically pure

compounds. I

Asymmetric phosphine ligands have played a significant role in the development

of novel transition metal catalyzed asymmetric reactions. Over 1000 chiral diphosphines2
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Furthermore, because the BINAP contains three aryl groups, it is less electron donating
25  than phosphines that have less aryl groups, This is an important factor which influences
reaction rates. For hydrogenation reactions, electron donating phosphines are more
active. For the more electron donating DUPHOS and PBE ligands, the five membered

ning adjacent to the phosphines is flexible.
U.S. Patents 5,329,015; 5,386,061; 5,532,395 describe phosphines prepared
30  through chiral 1, 4-diols. These patents also describe divalent aryl and ferrocene bridging
groups. U.S. Patent 5,258,553 describes chiral tridentate ligand phosphine ligands. The
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flexibility and enantioselectivities are moderate for many catalytic asymmetric reactions.
DEGPHOS and CHIRAPHOS coordinate transition metals in five-membered ring. The

Chiral environment created by the phenyl groups is not close to the substrates and
25  enantionselectivities are moderate for many reactions. BINAP, DuPhos and BPE ligands
are good for many asymmetric reactions. However, the rotation if aryl-aryl bond makes
BINAP very flexible. The flexibility is an inherent limitation in the use of phosphine
ligand. Furthermore, because the phosphine of BINAP contains adjacent three aryl
groups , it is less electron donating than phosphine that have less aryl groups. This is an

30 important factor which influences reaction rates. For hydrogenation reactions, electron
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For the inversion of the chiral diol, Mtsunobo reaction may be applied.
Figure 7 shows type VII chiral phosphine ligands having one or two rings in their

backbones.
Figure 8 outlines the synthesis of the type I ligands, 1-13. Asymmetric
20 hydroboration of dienes or hydroboration of chiral dienes can lead to chiral 1,4-diols.
Chiral resolution of diols can also provide an effective routes to chiral diols. Dienes and
chiral dienes may be generated using variety of methods including but not limited to
Pinacol coupling and elimination, aldol condensation followed by reduction and
elimination, Methathesis, and coupling of vinyl halide or vinyl lithium. Mesylation of
25  diols and nucleophilic attack of mesylates with a variety of phosphides can produce the
desired products. With chiral dienes, the free-radical addition of HPRy may lead o the
products. For the inversion of the chiral diol, Mitsunobo reaction may be applied.
Figure 9 illustrates the synthesis of ligands 14-23. For the chiral ligands
containing P-O or P-N bonds, the corresponding chira] diols or chiral diamines are

30 presented. For the spiro phosphines, one pathway is to construct spiro-structure in the
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Surmary O THE defi s _ It is an objective of the present
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provi des a chi r al Fizhes philhstrhieg applicadonsng asyramefror caalitinedabtyorrsi gi d cyclic

structure, in whi ch the phosphorus nmay be bonded to or be part of the
cyclic structure. As such, the ligand rigidity provides enhanced
chiral discrimnation in netal cafFhmiRForTHITRVENGon organi c reactions.
In one enbodinent, a "type |I" or T"type T1- chiral bidentate phosphine 20

ligand having a 2JiXs-dni cifjetitive gdnloppresghiimention 16 phovide y chira) diphospbinerlégand
e FEC oGt i o RUEAE AL £ SR R Bt
bi's(cyclic) slobiet W enifdi HhosHhtigshd BAIRY adlcRidimAREn e Hgid cydiR structure, in
which the phosphorus may be bonded to or be part of the cyclic structure. As such, the
ligand rigidity provides enhanced chiral discrimination in metal catalyzed asymmetric
organic reactions. In one embodiment, a “type I” or “type II”” chiral bidentate phosphine
20 ligand having a 2,2’-bis(diorganophosphino)-1,1°-bis(cyclic) structure wherein each cycle
of the bis(cyclic) structure comprises 3 to 8 carbon atoms wherein the 1, 1°, 2 and 2’
carbon atoms in the bis(cyclic) structure are saturated carbon atoms and wherein the
carbon atoms in the bis(cyclic) structure other than the 1, 1°, 2 and 2’ carbon atoms are
optionally reﬁlaced with a heteroatom including but not limited to nitrogen, oxygen or
25  sulfur; and wherein type II ligands have nitrogen in the 2,2’ position, is provided.
In another embodiment, a *“type III” chiral bidentate phosphine ligand having a
1,1°-bis(cyclic)-2,2'(organophosphinite) structure is provided.
In yet another embodiment, a “type IV"” chiral phosphine ligand having a
heteroatom-containing sprio bis-organophosphine or organophosphinite is provided.
30 In one embodiment, a “type V” chiral bidentate phosphine ligand having a

(bis)phospha-tricyclic structure with a bridge group is provided.
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A. Bidentate cyclic chiral phosphines:

PCT/US97/10436

PR2 PRZ
Q ’ ( ) ’
R PR‘; :
PR, R’

PR,
Type ViIa Type VIIb Type VIIb

or

B. monodentate cyclic chiral phosphines

1
R\P Re.,
R\P )n
PN In
= R

Type V Type VI
5  where each R is independently alkyl of 1-8 carbon atoms, substituted alkyl, aryl, or
substituted aryl; each R’ is independently alkyl, fluoroalkyl and perfluoroalkyl, each
having up to 8 carbon atoms; aryl; substituted aryl; arylalkyl; ring-substituted arylalkyl;
and -CR’3(CR"2)qZ(CR’2)pR’ wherein q and p are the same or different integers ranging
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[err] WO 97/47633 Type V |
or B. nonodentate cyclic chiral phosphines o

[err] from | to 8, R’ is as deﬁxﬁaarabovmﬁ@ze@%bleaea_Sfrdrﬂdﬁdogs%qﬁ%},é{stm 0,0% 1-8
carbon atons, substituted al kyl, aryl, or substituted aryl; each err] is

i ndependent¥§, ERcyAsRs StBs stavapt anvid dhealentubisedal legy), divalenthsamengbengd tring8
car Do, o O e G A Kor ORI o b A v
sane or di fthercedlic isth@ERS D FepR@EMY a ring having 3 1o 8 carbon atoms which may be
5  substituted within the ring with one or more oxygen. sulfur, N-R’, C=0, or CR’y; D
represents 0 to 8 carbon atoms; and where the ring may further be substituted with R’ as
defined above; the Bridge is -(CH,)- where r is an integer ranging from | to 8; -
(CH2)sZ(CH2)m- wherein s and m are each the same or different integers ranging from 1
to 8 1,2-divalent phenyl; 2,2’divalent-1,1'biphenyl; 2,2"divalent 1,2’binapthyl; and
10 ferrocene; each of which may be substituted with R’ as defined above; and where the
substitution on 1,2-divalent phenyl, the ferrocene or biaryl bridge is independently
hydrogen, halogen, alkyl, alkoxyl, aryl, aryloxy, nitro, amino, vinyl, substituted vinyl,
alkynyl. or sulfonic acid; X is O, S or NR where R is as defined above; and nis 1 or 2.
It is yet another objective of the present invention to provide a catalyst that
15 provides high enantioselectivity and activity; in one embodiment of the present invention,
a chiral phosphine ligand as described above complexed with a transition metal,
preferably rhodium, iridium, ruthenium, palladium or platinium is provided.
In certain compounds of the present invention, the phosphine ligand is attached to
an organic substrate or backbone by a chemical bridging group or organic substituent,
20  For these compounds, it is preferred that the chemical bridging group or organic
substituent has a linker to a polymer. The polymer-supported catalyst is a heterogenous
or homogenous catalyst, dependent upon the solubility of the polymer in the reaction
medium,
It is another objective of the present invention to provide a method for transition
25  metal complex catalyzed asymmetric hydrogenation of ketones, imines, or olefin; in one
embodiment, a method is provided in which such a reaction is catalyzed by a chiral
phosphine ligand as described above complexed with a transition metal, preferably
rthodium, iridium, ruthenium, palladium or platinium is provided.
It is yet another objective of the present invention to provide an improved method
30 for a trénsition metal catalyzed asymmetric reaction such'as hydrogenation, hydride

transfer reaction, hydrosilylation, hydroboration, hydrovinylation, hydroformylation,
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PCT/ US97110436 fromlto 8 R is as defined above, and Z is

sel ected fy rﬁ?&éaﬁf‘oxgrﬁldﬂ %ﬂg 7 Sty &{ﬂi %é:llogﬁ?paganon NBjelE deé%sg’ac!%}ﬁ Aldol

di val ent a ent ed ary menbered ring

het er OcyclmEctQihQU{hﬁka'eabtmnd Mmhmitadﬂuaﬁd dndtamo-;selcct@vagpohymemmcm th igheas
defi ned above; . t.he cyclic structure D rep Fesents a,ring having 3 to 8

carbon at Gmbagiment, theimpeovement comRRRIRg calalYaingtthe reastion with agatalystkatds anor e
oxygen, anzghfxr'ﬂf Ph&?ﬁ{ne lﬁ;ax% asoaes?ﬁ)%tﬁ{zt;clve cBm xed »{'ﬁfpé%ﬁ{lﬁ&h%eﬁa? PrefBhgN-

at ons; 56 SHhet Tt &
def i ned abdeiunt, Hedisim, Ch;lthemﬁm (Patipdinf bt meah&nr Insyetanotheecgbodiaitgt, "def r om
l1to 8; - (CH[err])sZ(CH[err])m wherein s and mare each the sane

or dif f er esatalysiticgeleeted o thg groupnconsisting of eprgpoundol as Ulussated pim &Figure 1,
2,2 dival 11 | 1.2 bi f
e of PR YL RE Mittra dn it eotatour AP il B Riewe e 30

substi t ut i Qmgund 28 ad umgheuea ) tre%m 4. Th anétﬁéﬁ@m%&neﬁt ﬁh‘e%’éﬁéiyspfs' éj&ﬁ"nﬂﬂ%x
i ndependent | y ydr ogen, ogen, al kyl, al kox | aryl,” aryl oxy,

nitro, aniofR clurawhpsmumommm writhlylcompound that s/ [R(COBNCila) RMCODRIN: X

: Z Sétlgaﬁr &l ﬁggr@a“r $€P ?Cr'tdﬂgg3grﬂgg%gﬁ:r\llenﬂ“g}d@éﬁf)?gw T & 45 CiQ4-aPEs R

ot he pr eééﬁéfﬁkuﬁti%@ﬁﬂ?fﬁd@?%mﬁ K s D6l B, A R ™
above conpiRued é%lid?inﬂeﬂtr%'cfat Bt wstmﬁ(Rcoog(YerBx&m »Rd(mmwamu mi' um

rut henium palladiumor platiniumis provid I n“certal

conpounds Rii(atylgreup)XefYt), wherenwhera X ish€l, BrasrhindeY |15 g@hifal diphdsphineast thé)
an organi c substrate or backbone by a chem cal bridging group or organic
subst i t uerpreseppinvestinn.t hese conpounds, it is preferred that the chem' cal

Dol o390 9T ouP R 9 APt obiective MR b in¥ifiof 1 pVe AhSnfbrBuiBhog 11

dependent fepasyrhmetrieHydhitibh bYa(kEtdnB,Qnﬂﬁb wareﬁhrtatahﬁeawatdomplcx compﬁaﬁg um
It is another objective of the present invention to provide a nethod for

transiti onResRh pad dr aB@)rﬁplcb‘Xalc sandy Aadongs ymbedimentniher opraxement iskludes

ket ones, 0 ! ed

I n whi ch s‘ﬂgé‘ﬁﬁg“"rge{h& | oys&swggt lad‘ m%m 3 thrﬁeﬂ%%(g%ﬁ#%é@%ﬂgaagd as
descri bed ddseniieed: sygviee Xiadyesd dnlbtiter temmirhemn theeéahlystpis eselvcted| ﬁom the group
rhodium iridium ruthenium palladiumor platiniumis prqvided

It is et canstshag obegrapaundd asrillustrated mskigure I vompound 86 af)rlbwerédam FigHse oved
met hod 30 5 a&n‘a ﬂ\a&ﬁ@d"féﬁ&ﬂﬂst@éﬂnﬁ@ml&fze‘j asymmetric reaction such as
rrae

hydr ogenat1’on,

It is another method of the present invention to provide an improved method for
asymmetric allyllic alkylation catalyzed by a complex comprising palladium and a chiral
ligand; in one embodiment, the improvement includes catalysis with a palladium complex

25  having a chiral ligand as described above. In yet another embodiment, the catalyst
includes compound 40 as illustrated in Figure 6.

It is yet another objective of the present invention to provide an intermediate for

synthesis of a chiral phospiline ligand. In one embodiment, the intermediate shown as

compound 3 in Scheme 2 is provided.
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transfer WORMSBA, hydrosilylation, hydroboration, hydrow%y ko on,

hydr of or nmyl at i on, 8
hydr ocar baxy| m OAsR ABbR idb/aihkahal iddrblert YREQPT QPANA®VAENt Sinfdnsoeréd fing
reaction, Aldo reaction, Heck reaction, Mchael addition, and

st er eo- sell@&rp%h%rgnpemdzadwekm fuseshbeterocyclicegrowupl whera R i h%dﬁfﬁf;ﬁdcabenﬁnt

t h {1 t t that i
phosphi ne I gufle Siutech {sBRSUEorthe Mafiskch T ¥ iratp bl Cvbigh rmed e’
pref er abl xubgz;:uzeahﬂ@hﬂ%c hhgdb:tHTbné uﬁ hﬂﬁetm &l sudi, URFeT CRigitd:nERM +Hn yet
anot her enbodi nent, th cataly S se%ect ed fromthe gr oup

consi sbi ngemﬁsm@mjﬁ@axboastqmsr asd wa:@dhc mngimayr further be substibdehwithR’38 as
illustrate ure5 0 illustrated in ur
Lomouny 46008 bBYE g RARETRIERID Fheie I S Lha et Tane ﬁ%rfﬁmﬂhéo B al yst

R con) & TR CHe i BT s?*bff’*;%%% e dr el ek EOREHE G | S
Crlerr] SOterg; )1 2dea(|m&h}i, €2,2 ]dwa(ehr ﬁqﬁméﬁafyn,] bx’ MaEnBE[ze!s;thmﬁl Oinfar r],

SbF[err], CFlerr]SJerr] err

[ Pd( CHCN) [ferrpgqnBrpeahy ¢f] whic ]mayphq etrhsp(\u@b)vptbrk] as dafingdoatiaef end Wherd fherr ] .

éﬂ?([ err] ( RletIksut(1 fqﬁo Be Iﬁ% &cﬁﬁ%thetflg&)&%tegﬂyif ’Y'Saﬁgg%)‘&[é efp]ef’éf%“mmher e

where X i ShyekogeBr h@lbgén aamcyl Jalkexyd, £, raylofty,PRiGdP Binfiteo, Ofingih Gubstituted Pirg$eNt
I nventi on. et anot her objective of the present

i nventi on %'@’T}i’rls(ﬂf isgkonip 3?'[413*6%/&(}3 aeNRowhere R s ap épﬁa@:ymﬁ,rqné ydragt2 on of a
ketone, im ne of 19 a@t éﬂotﬁ X&ﬂg & th%eﬁr% ﬁv&?’,{%ﬁr {65 Yide 2 Cc]aﬁlﬁsé 4R and

Ir and a chiral enbod ove

conduct i n@rbhﬂemtgalemnﬁ)smdtm@ ap@hitddiytiin edthodiment sT3héeprebént alveptios phi ne
| i gand as descri bed above. In _yet another enbodi nent, the cat alai/st S

sel ectléd 4 shireh@hgspbins Higand @&rﬁeﬁ@heﬁgabﬁvecswalmd |WiE 3 [transitiont met
Figure 1, e;ggﬁpébgfﬂm%ﬁ]@%n&xhh#%ﬁéﬁﬁﬂ ;54? ﬁfu%’&?platt;% um i3’ {{;U?@: gLonpound 26 as

Il lustrat of the present
i nvention to prmvacckenmmpmspndmfdhmmmm irfvention, the pb&phmtlrgtaﬂd&ldtmbﬂldcbto

al kyl ati on catal yze | ex, co rlsl al | adi um and a .chira]
i ggnd_ P AR aB ot bagkeoy @U&?Bﬂ ! rdeingo 87RO FaRRic sitgent
pal I adi um s c%§1 ouEk?sV'x(‘Qs ?r&t’:’ré@lthz{t' %@”%:éﬁc&l%ﬁ&%!ﬁ&ﬂg@?@ i, F{gat nitet

anot her enbodi nent, the cat al es conpou rat ed
i n Fi Qre dmbstituent has a linker to a polymer. The polymer-supported catalyst is a heterogenous

or homogenous catalyst, dependent upon the solubility of the polymer in the reaction
medium.
It is another objective of the present invention to provide a method for transition
metal complex catalyzed asymmetric hydrogenation of ketones, imines, or olefin; in one
25 embodiment, a method is provided in which such a reaction is catalyzed by a chiral
phosphine ligand as described above complexed with a transition metal, preferably
rhodium, iridium, ruthenium, palladium or platinium is provided.
It is yet another objective of the present invention to provide an improved method
for a transition metal catalyzed asymmetric reaction such as hydrogenation, hydride
30 transfer reaction, hydrosilylation, hydroboration, hydrovinylation, hydroformylation,

hydrocarboxylation, allylic alkylation, cyclopropanation, Diels-Alder reaction, Aldol

10
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It is yet another objective of the present invention to provide an

t di at
'epmg(rjlrmne'n? Feal6n, ugcrkne@eﬂtbges ishdl aadfﬁ'ahr 3hd @&?@3%&@& rﬁggxgmm?%p@ one

provi ded. embodxment the 1mprovemem compnsmg catalysing the reaction with a catalysBthat is a
NR, PR, AsR,, ShR divalent ary di val ent fused aryl, divalent 5-nenbered
ring hehig! phgsphine gsyﬁas deseribed aboxe somplened Withet EANsHian metaly psefsrabiber e

Ris as def l'}ﬂﬁﬂ.}r@bﬁ?éﬁm%m ﬁutheﬁxnﬁnéf%ﬁidlﬁmu%f ftﬁg{xﬁipﬁl Drf ?ﬁr ‘?lﬁér th?b({dl&lg?ﬂQ%%

3 to 8 carbon a ed W erin

or nore s>xygaaLystsnsI9‘eWctedl\&E¥n thegedupotorsisting rof compouid 1 dsepugsed & Pigude &,
carbon atons; and where the ring may further be substituted with R as

def i ned abovempeund %.@glélustsatet% @4[Fegurj=)5r, -coptpornd 40; as dh-smﬁeégérl’lgmgﬁ,n@d
froml to 8;

wh
the same or COMPPURAAS 2 ﬁ( @E‘égf %‘E%MQJ embodim em@" cging' L1y |3\F8Fb°i
phenyl; 2, ZOﬂh»ﬁairﬂrﬁhdspbmblcah@wbd vatha dbr\'iﬁéxﬁﬂt m&a i8' [hh(@@bmi] [R'ﬁ(tOD)z]X

ferrocene each o may be substituted eflne above;
where the 1X = BﬁbsCl(DutszRs @FﬁQ@},c{M@O&)ﬁl]mhéhWODbﬁK Per BE‘@,n@lQJr, Sh”FaryI

brid d d | d | kyl al k
aﬁ'w 9o 18 1 B! egafﬁé(cqu@m S L FbiaoD.and (PRI, o Acuiin g o
R,wher e

uh s vt " afbeiET CREPAE e Uy c?ta&sb?sifﬁeﬂﬁ%?;ﬁaﬁﬁ@r aﬁﬁf'ré?eﬁ Mr&%rhx?a@z DAYt
E)f at he pr esen%ﬂﬁ%‘é E’%ﬁr%ﬂék%ﬁhl ra \%l}%gg ?ﬁgglty: l\éian ird) & Iaoéa}{sbgglﬁgpgg ve

conpl exed Wpteierdt ikVetivh! i on netal , pref erably rhodi um iridium
rut henium palladiumor platiniumis provided. In certain
conpounds of t heltgs ¥sbanothenadugctiyn of thepresekigNention tp pEeide an impraveé metked

Subst Uy 1ot PIAEChy RSP 8 S KRing EMROC QbR EnNGLAEb R SHRpf BB
bri dgi ng gr Rup Rir aﬁd ghnami a0chira} Ulgaind | unerﬂnehaﬁbdddnemahe txmp@omimﬂﬁhcluilkﬂa

pol ymer - supported catalyst is a heterggenous honogenous cat al
dependent ufeRfucheg she cdalysisywvith 2ipaladism eamplex h@ﬁ@g rae%lefal ®hosphine i %Fm

described above. In yet another embodiment, the catalyst is selected from the group
consisting of compound 1 as illustrated in Figure 1, compound 36 as illustrated in Figure
20 5, and compound 26 as illustrated in Figure 4.

It is another method of the present irivention to provide an improved method for
asymmetric allyllic alkylation catalyzed by a complex comprising palladium and a chiral
ligand; in one embodiment, the improvement includes catalysis with 2 palladium complex
having a chiral ligand as described above. In yet another embodiment, the catalyst

25  includes compound 40 as illustrated in Figure 6.

It is yet another objective of the present invention to provide an intermediate for

synthesis of a chiral phosphine ligand. In one embodiment, the intermediate shown as

compound 3 in Scheme 2 is provided.

I
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It is anoMRF”HPective of the present invention to provi dBCTUSERES ¢ or

transition ‘metal conpl ex catal yzed asymmetri c hydrogenati on of
ketones, imnes, or olefin; in ongetdfled DREGYSHJENL, @ nethod is provided in
whi ch such a reaction is catalyzed by a chiral phosphi ne |igand as

descri bed abovelmdrq)dmemlm ofi the tvdmsclntrairphmplam ligardsentabieythe term aryl
rhodi um iri n|u al | adi u Iat|n| vi ded. .

It is yet 'é‘ﬁg‘ldﬁg}’h gl‘ Bﬁ’epﬁ’epﬁ“g]g ﬁv%‘?ﬁt%g]r?“?o? 'Bclﬁﬁ/?rﬂ@agﬁ 1% oved
met hod bsinﬂ{%e@a%fl %H§ SﬁﬁsﬂmtE@ngl o d/;x?qnwmpe@r&aaag Qfbsititdy as

hydr ogenat 1 on ydri'd transt reaction
hydr obdr at with onbyd mave #iicy lagrowps, halwygy bB(cmrbphatarm alkoxy hav1hydl¥&)mhsdmmyirﬁ1 i on,

aIIyllc al tion, cl opr pa ation, rre Al do

2y Eabdyo v ingaxs Rator SRmNCERas. SRBREgRnYARaving 8 carbon
stereo sel VEal r Lf¥nd, Al fk);m;n d irg;gnt the i nprovenent
conpri si ngagg{sa yg?drj]g@? f:agl?lza@ﬁ on R hmgo(ga!t%al yst that is a chiral
phosphi ne i ganAnasuﬂbk:canybedivalbntvar)doarpdmbdt finsed aryt fanssd imnherpresent

preferably, . rhodium iridium rut enlum | I adi um or platinium In yet
anot her enByghtiRhincludpsbutsds “°‘d§’ﬁ‘éﬁ‘%/‘§t‘ pse degy ?T B PF PATCPhEPIRRDA DEBZRIES | ng
of co un e d At ed

'n Fi oo EubeeBSne bt Habicl ' sl BibErybered sing hEGERIUI e Bor Loc BRI 26

as il ustr aichdles bufisgiot émited Ito caedthesd froindtie perent httbmcmtcadomiounch faran,

I f hi r al h

oo o e R P e ey P AR o bl
CF S [~ 0 :
b I[:F; ]r T a %E)g‘]l agzc[[ g{sﬁfgg%cerc}/%l% glolgSE %?O(Du;ggm[e[éﬁ ]ﬁnlcllﬁ%%ur 1Bl fitdited Fo0bi ']
/(A\ Pg( CH err ]iéﬁi\t)e[deﬁ'oir{ IBEE ﬁane]xg ;giuige\mq g)iﬁy?l)rc]i[mr ;cl]adzladoltPde@ﬂd[ﬁmm] jrngdblel ehreln]z

n er _enbodi nen ecatalys RCOO) [ er
RUXE er 13 { vPYrareleriesrhQIPaRTPESREVIOPDRS of benzodiazing A PHtaBleupipRy Eop(9) Sshher e
where X i sjy{dpe pﬁsseﬁtrmbexﬁm ifelhdesdut [ At hinslicaho 3R mqm%fe,ta%xygen atof RS£Nt
I nventi on. is yet another objective of the pféesent
i nventi on subsptuwgut.de an | rrproved nmethod 15 for asymmetric hydration of a

ketone, imne or olefin catalyzed by a conpl ex conprising Ru, Rh and
Ir and a chiral ligand; in onm t he i nprovenent incl udes
conducting the @g$aa’|1¥§ Bneliak By um,conpl ex having a chiral phosphine

| i gand as escri ed above. I n yet another enbodinent, the catalyst is
sel ected fromthe group
“COD" is defined as
20 Alkyls having 1-8 carbon atoms includes straight or branched chain alkyls and

cycloalkyls having 3 to 8 carbon atoms. Representative examples are methyl, ethyl,
propy}, isopropyl, butyl, tertiary butyl, pentyl, cyclopentyl, hexyl cyclohexyl and the like.
The atky! group may be substituted with phenyl, substituted phenyl or alkoxy, carboxy,
alkyoxycarbonyl, halo, amino, or alkyl amino or dialkylamino as defined above.

25 Certain compounds of the present invention provide a phosphine ligand attached
to an organic substrate or backbone. In such cases, the chemical bridging group or the
ally! or aky! groups adjacent to phosphine may include a linker to a polymer; the polymer
supported-catalyst is a heterogenous or homogenous catalyst dependent upon the

solubility of the polymer in the reaction medium.
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consi sting of compound | as illustrated in Figure 1, conpound 36 as

Illustrated in Figure 20 5, and conpound 26 as illustrated in Figure 4.

It is another netlhose skillethen phesberhiceharnvilbrecognipe aviville earidtyfospavaigithod
for as%tr,m?t ric allyllic alkylation catalyzed by a conpl ex conprising
pal | adi um afBOH GRS al ligand; in one enbodinent, the inprovenent

I ncl udes cat al ysi ' ' Vi chir i as
descri bed above. T?)rtl:v%/}xec'!lc g:r?gtgﬂhgr mgﬁggﬁéqﬁ% p(r:%s?rgl ix/'agtgntgch Q%engelaﬁéggg@ﬂg
conpound 40 trassistidrumetalst tedoimm c&alyst: ePréferably Group VIII trahditibs méedls afRQisBeand

obj ective of theﬁgret?e t in entifon to provide an internedjate for

synt hesis of™Gst RIFHGTaRlY sh& Torgethuith rhpdiva, widHER: HBSRIUM, 198 pRlladivmedi at e
shown as c :3n | Oﬁﬁﬂ b ' > . 9.7/ 47633

Det ai | ed Descri p?{ﬂgﬁh‘f%ngn ef gs'Irégat%/ ﬁgaﬁ%ﬁ%ﬁ%&n‘; 5 ct{%é%gxlzxgccagaﬁ){stt é\’lf
phosphi ne | thpaimdentiadng vech ixchydeogenation, hydride trandferd dgdrobiéylstion, IGHigHard Cross-

t hi ophene, pyridineg, pyrole, napthyl and simlar aromatic rings.

Substitut ed® ‘I‘R)]“gaﬁﬁ'd&%giai“f’&t eOTEHsAtion e £YFloaddlitigns o Sigmatropid medrrangement,

espectL el byopBAUb Gy i AR bl s TR, B, .

car bon H omsyclopropanayionahldokeactiono Heck teastiog, RfiShaehabdition, and RbREEeldeal O
(d, Br, For 1) amno, alkylam no or dialkylam no. An suitable

. Yl 0

aryl, dival 8ft RUQS caf \P5i eaTied Qubavitly thes¢ digand systamshe The castalyst of this
invention ipg) idl eﬂﬁ’éi o 0t epived fom the, par ent
conpound benzggggﬁl%wmgs?\t ra%déngeﬂdg%g?cﬁlgagr gﬁgﬁd };otiﬁgg’lléggcr%r%e e rfloﬁg
het er ocycl i enwrypepersive, mehiseamsng cardiovisowlatided deutrali femois lsystethethetpiane
derived fromthe parent heterocyclic, conpound furan, _thiophene,
pyrrol e, tedP&haIsEIon: metal camplexear of isyelise shiralyphosphingi Hgandsr ebitke qresent
phosphoje. ; ti i : F Gl Ol ..use herein includes
but is not Illliv%ntlﬁ%%dgisgﬁ}en%oa“ﬁ%ﬁ?&@dﬁwﬁ#%gﬂ gégcezlﬁle?{lg%l%pound bi pyri di ne,
car bazol e, benzoflbeanyentinda$ éllustreted-bylthe sypjiresizadnd, appéioativpy 68, chiral 1,4-
benzopyronope pr benzodj.azin A.sui tabl e aryl ox roup. for use i n the
pr esent invgﬁf’ﬁ%sr?glnr‘icl u bgg)Tbég(a'@i’eW'%O@Eén?b& ar1&)‘qi®)(ﬁ1?@fnéﬂ$eox>@bn
atomas a (abbréidledt {R,UROBICP) (Scheme 2) in @8R ‘thbdiufiefd S i
S degi bréiidte {RUR) ) (Scheme 2) in " B8R rhbdufieldabiffbedS dfhidetric

hydrogenation of a-(acylamino)acrylic acids. An important feature of this ligand is that

20 it contains two cyclopentane rings in its backbone which are present to restrict its

conformational flexibility leading to high enantioselectivity in asymmetric reactions.

. H
PPh, g

BICP (1) Top View
Scheme 1
25 The bisphosphine ligand (1, R, R-BICP) was synthesized from readily available

1,I'-dicyclopentene (2)"* as shown in Scheme 1. Asymmetric hydroboration of 2 using

13



20 wo”Af’l?i’ﬁs havi ng 1-8 carbon atons includes strai 5ﬁg-m8?7"c‘>’?anched
chain al kyl s and cycloal kyl s having 3 to 8 carbon atons.

Repr esent a"(Jr)Vﬁ)oﬁdi m?ﬁ@i]mmé Hﬁ% *-112] follgl\'vgﬁ%&%ﬁy atx %Rt?ﬁ?%é‘” gg\lzjet yl,

tertiary butyl, opent 3" the
The al kyl mmxrmxhedﬁwt@t(n@m@g amfextﬂac@@@nmmrﬁﬁl&%tetﬂe%%n%ew, chWas

al koxy, carboxy, al kyoxycar bonyl , o, am no, or alkyl ‘amno or
di al kyl ami Hsnonyertadniedthe demesylae in hlgh Yteld CButtsaquent oraptiemdf thof dinfesylatees ent

i nvention ine ligand to an organic substrate
or backbongh&\ﬂrﬁguc Q%Sgpgnosql%a@wgﬁﬁl Ib'fﬂ?\oﬁfﬁﬁ?fg] ‘group or the al lyl

or akyl groups adjagcent to phosphi pedmay jnclude a linker towa polyner; the

pol yner e dhipBtatupst pgemaye,NdH.dAONMOgEqous /cat al yst
dependent u 2) HDR) i pO " e | edi um
12 Those skilled in t*he Cheffical "art  will reocogri ze a

wi de variety of equival ent subst i tduent s. e fyclic

chiral phosphing ligands of the presenf invention are reack[g w’sqtph
transistion netals to formcatalyst. Preferably Goup VIII afsift] on
nmetal s qre used and 5 nost preferably the catalyst is formed with
rhodium iridium ruthenium or palladium The i nvention
enconpasses a variety of asymmetric r&ehemechs utilizing catal yst of

the invention, such as hydrogenation, hydride transfer, hydrosilylation,

Gignard Cross- coupling, hydr ocyanati on, | sorreri sati on,

cycl oaddi ti ons, HSueEeBAdiRR| of o-8cktéaAE68RMmic acid washd/ﬂﬁ&pgﬁl tll{)Qﬂd 1a

hydr of or myl ati on, hydrocarboxyl ation, allylic alkylation, drovi nﬁna?l on,
10  cycl obY@fp&ﬁam dhe psﬂserme olothet paml,ysu—léumwe«acsmorﬁ'om\/l[Rh(ﬁDD)quFn|a:ua and
stereo: 5 ctjve grrrerl zation can be carried out wth these |Iigand
systent? TRSPRosPEINGSd ¢ ltl i s Table 1jshewis e pesslis defs hyifagehatinn aofd a-

practi cal s fo rten ive,
anti hi st amgﬁéé%gg?g %a\ygé%g%w%rﬁay Eﬁ%ty §§ 9§ é@ﬂ’ﬂ%r ¢ gata fytic
The transi hmonntmzt’ttulethytalfmhe((ml<ﬁt3N¥c|1I1050)|‘garva|a tUNeE Bptidae yhdl&@ﬁ@ﬁwﬁho&nﬁe
present 15 invention are also inportant in the production of chiral

agr ochemi Cm%hylammc (Entry 1 vs Zphd hmvﬁfmtumy besdud lmwmfbmmhtioylalt ttmngy it thesi s
and applic n hlra 1,.4- hos n
2'R) - bi s( d?%hagn p‘h" Bﬁ’% n%?“( }'ﬁ °a’bﬁ‘e¥“‘£ﬁ 8Po {aif‘rﬁie f‘°&'t Rﬁ’e substrate and
(abbrepq at gsb ﬁ),{ 1.]%]!5 2 r ed a mmaléri c
hydr ogenat i on "o m err QP% no?a%)g'yt E:Tpeg%ll lgg’gk%n&%sg?x{dg a?’g at ur'e'of
t hi s | i ganenansiosdbextivity in the hydrogenanon was found to be highly dependent on the nature of
the Rh complex. When a neutral Rh complex was used as the catalyst precursor, the
optical yield decreased dramatically (entry 3). The highest selectivity (96.8%, S) for the
hydrogenation of a-acetoamidocinnamic acid was obtained in THF at 1 atm of H? in the
20  presence of tricthylamine (entry 4), while changing substrate/catalyst ratio had a small

effect on the enantioselectivities (entry 4 vs 5).
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20 it contains two cyclopentane rings in its backbone which are present
to restrict its conformational flexibility leading to high
enanti osel ectivity in asynmetric reacti TABLE 1 [err]

Schene 1 25 The bi sphosphine ligand (1, R R-BICP) was

synt hesi zed fr ntiraizatipy ofthe asypmetric hydrogenatigp of erasgtamidaeinnzic agids hown

i n Scheme 1. Asymmetric hydroboration of 2 using

13 (+) - monoi sopi nocanphenyl borane [(+) IpcBH err]] followed by

oxidation with Herr](err] gave the desired chiral digl (3) (100%

ee after recryst ( zapitIPH r om et hancopymBrRes), whi COOK nen

converted to tﬁb%at@iﬁzhigh—yﬁkdf——su-bfeque readqti on of the

di mesyl ate W t ]J i t hi um di phenyl phospi ne af forded t bi sphosphi ne 1.
NHAc H Ac

H [err]
' Entry Solvent Et;N (%) ee (%)
| EtOH 89.2
2 EtOH 50 93.3
3 EtOH 50 83.6
4 CICH.CH,C! 50 93.4
5 THF 50 96.8
6 THF 5 95.1

a. The reaction was carried out at rt under 1 atm of H, for 24 h [substrate (0.5 mmol, 0.1235
M):[Rh(COD),]BF:ligand(1) = 1:0.01:0.011]. The reaction went in quantitative yield,
b. Determined by GC using aChirasil-VAL 111 FSOT column on the corresponding methy} ester. The S
absolute configuration was determined by comparing the optical rotation with the reported value.
c. 0.5 mol% [Rh{COD)CI), was used as the catalyst precursor.
d. 0.tmol % [Rh(COD),]BF,/0.11mol% ligand (1)/5 mol% Et;N were used.
The metholology is useful in the asymmetric synthesis of chiral amino acids.
5 Tables 2 and 3 show the enantioselectivity of some amino acids obtained by
hydrogenation of «-(acylamino)acrylic acids - under an optimum condition.
Enantioselectivities in this hydrogenation were not sensitive to the substitution pattem on
the B-position of the prochiral olefin substrates, where a-benzamidocinnamic acid gave

better optical yields than the corresponding acetoamido derivative.

15
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Hydr ogenation of [err]-acetoam docinnam c acid was carried out at rt and 1

at m of hydrogen in the presence oir fat alyst formed in situ from
[Rh(COD)[err]]BFferr] and 10 blsphosp#p?éz—l (1:1.1). Table 1 shows

the results of hydr otsynahéetefe H?drogenatmnsof&)‘cﬁ?@@%ﬂﬁﬁ'mﬁeﬁvﬂﬁb& under a
variety of conditions. The addition of a catalytic anount of
triethylamne (Rh:1:Et[err] N=1:1.1:50) gave a better optical yield than

wi t hout triethylamne (Entry | vs 2). This effect may be due to a
conformational change ingf ﬁ chi RacomRBreomplex, since the carboxyl ate
ani on generated fre su sthat ﬁ?aHGPUIB’of%) » EWN(E8 mialk) 830" gr eat er

affinity for the mataINi’;| S‘pﬁn'm‘r;fg?m‘d—% The, (S)
enantiosel ectivity in the hydrogenation wWEE F8dnd to be hiMHIGR dependent on

the nature of the Rh conpl ex. Wien a neutral Rh conpl ex was used as
the catal yst precurs@pyythe SQQM I yi eI d degp a%ed dr anp cal |y
(entry 3). The hi ghestuzc% eetvity—{-06-8% for E %rogenatl on
of [err]-acetoam doci nnam c¢ acid bt al ned in THF at atmof H2 in the

20 presence of tri ?t hyl am ne (en r)s) 4), while Cf'ﬁUpl ng SUbﬁi te/ cat al yst
ratio had a small ef f ect oﬁ(l{ue enantioselectiVities (e $4vs 5).

14 NHCOCH,

COOH

1

i-Pf NHCOCH, 100 92.6

COOH

).

PH NHCOCH, 100 96.8

COOH

JN

PK NHCOPh 100 99.0

COOH

NHCOCH, 100 97.0

.

Br

a. % ee determined by GC using Chirasil-VAL 11l FSOT Column of the
corresponding methyl ester.
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TABLE 1 Optim zation of the asymretric hydrogenation of

a- acet am doci nnam ¢ aci d" [err] a. The
reaction was carried out at rt under 1 at]qu&,ﬂerr] for 24 h [substrate
(0.5 nmmol, 0.125 [Rh(COD)[errl]BF[[err] gand(1) = 1:0.01:0.01
1. The reaction went 4%-’(“&’&5“’!‘1 Hydrogengtignse DehvdroannnoB@gcbnqrweﬂvgp] ce
using aChirasil-VAL 11l FSOT colum on the correspondi ng nethyl ester. The
S absol ute configuration was determ ned by conparing the optical
rotation with the reported val ue. [Rh(COD),JBF 4 (1 mol%)
e ot BICP (1.1 mol%), EN(S0 mol) COOH
+ H, (1atm) /\‘/ (S
NHCOR' THF, 1,24 h NHCOR'
Entry Substrate Con. % % ee®
COOH
6 NHCOCH, 100 99.0
COOH
7 G NHCOCH, 100 98.2
COOH
8 Micoc:u3 100 92.5
COOH
9 NHCOCH, 100 91.6
COOH

10 @’ NHCOCH; 100 92.9

a. % ee determined by GC using Chirasil-VAL IIl FSOT Column of the
corresponding methyl ester or by HPLC (OJ collumn)

5 For the corresponding methyl ester, the results are summarized in Table 4.

17
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c. 0.5 mlR{HERD)c][err] was used as the catal yst precPCTmsg

urso d.
0. 1 nmol %[Rh(COD)[err]]BF[err]/0. 1 1 no]%Iligand (1)/5 nol % Et[err] N
wer e used. The netholology is useful in the asymetric
synthesis of chiral am no acids. 5 Tables 2 and 3 show the
enantiosel ectivity of sone amino adlABLBH ained by hydr ogenati on of
[err]-(acylam no)acrylic acids m condi ti on
Enant i osel egﬂ"v eteig Hydr P%ﬁ"é‘tﬂyﬂf’g%ﬁléﬁ%ﬁg @Wﬁf"%’%’l’?gl‘??‘(w)"c’b"“t‘?{és
substitution pattern on the B-position of the prochiral olefin
substrates, where [err]-benzam doci nnam ¢ acid gave better optical
yi el ds than the correspondi ng acet oam do deri vative.
% Asymetric
Hydr ogenat i ons of d@.[n no Acid ‘fﬁgﬂ}%&l‘: S COOCH,
H, (1atm) /\l/ (S)
NHCOCHa THF.1t, 24 b NHCOCH,
Entry Substrate Con. % % ee®
(R)
1 H 100 76.2
2 { 100 78.4
3b { ) 100 60.0
4 Q 100 75.1
Br
5 F-@— 100 80.5
Cl
6 G— 100 70.9
7 oo 100 85.3
8 LA 100 79.1

a. % ee determined by GC using Chirasil-VAL Il FSOT Column
b. 50mol% Et;N was added

5 Table 5 illustrates comparative asymmetric hydrogenations of dehydroamino acid
derivatives.

18
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[err] a
Col um of the

PCT/US97/10436

% ee determned by GC using Chirasil-VAL |11
correspondi ng net hyl

TABLES

ester. 5

Asymmetric Hydrogenations of Dehydroamino Acid Derivatives

FSOT

COOH Rh(COD)(P-P)X COOH
R NHCOR H, X=BF,, ClO4 R NHCOR
P-P = chiral diphenylphosphine (% ee)
Substrate DiPAMP  BINAP  CHIRAPHOS BPPM DIOP BICP
COOH
94 67 91 98 73 98
NHCOCH,
COOH
= 84 89 91 81 97
P  "NHCOCH,
COOH
—( 99
- NHCOPh 96 100 99 83 64
COOH
{g% NHCOCH, 94 79* 83 86 84 98
H.CO
AO * NHCOPh
5 For the asymmetric hydrogenation of imines, rhodium iridium-complexes of

BICP are effective. Table 6 provides some results on this asymmetric reaction. For an

imine substrate, up to 94 % ee has achieved and this is among the highest

enantioselectivity obtained with group VIII transition metal catalysts coordinated by a

chiral phosphine ligand.
10

15
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Hydr ogenati ons of Dehydroam no Acid Derivatives

TABLE 6

Ir and Rh-Catalyzed Asymmetric Hydrogenation of Imines

[I{COD),Cl], (0.5 mol%)
BICP (1.2 mol%)

N// Additive, solvent, rt, H, N"

1
Phthalimide (4 mol%) H
H, (1000 psi), toluene, rt 100 % con, 93.9 % ee

[Ir(COD),ClJ, (0.5 mol%)

BICP (1.2 mol%)
-
S Additive, solvent, rt, H,

Ph” "N Ph™ °N
Phthalimide (4 mol%) o H
H, (1470 psi), toluene, rt 100 % con, 64.7 % ee
Rh(COD),BF,, BICP, i-PrOH, _NHCOPh
ye NHCOPh 1000 pe) BN

Ph)l\ N éh)\

100 % Con, 60.2% ee

The rigid fused bicyclic [2.2.1] structure represents a new motif in chiral ligand
5 design. Changes in the size of the R group on the ring system can modulate the
asymmetric induction and high enantioselectivities can be achieved. Scheme 3 shows
the synthesis of new chiral bicyclic phosphines (abbreviated as PennPhos because it
represents a different structure from DuPhos [DuPont Phosphine} and was made at Penn
State).
10

20
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7 : : : :
[err] WO 57/47633 a. %ee determned by GC using Chirasil-VAL Il FSOT
Col umm of the correspondi ng nethyl ester or by HPLC (QJ
col | um) 5 For the corresponding nethyl ester, the results are
sunmmari zed in Table 4. 17
TABLE 4 Asymetric Hydrogenations Sthdwedyl Ester of Dehydroami no Acid
Derivatives Synthesis of PennPhos
R
R
OH
Li, EtNH,_ 1) IpcBH, i
&
2) H,0, 4o*
R= CH3, i-Pr 70 - 80 % 50-70 %

100 % ee after recrystallization

R
MsC), Et;N 4OMs  NaH, HMPA, THF
CHCl, ¢
MsO
R H, P PH,
>959% 36a: Me-PennPhos R = CH3 27.5%
36b: i-Pr- PennPhos R= i-Pr 42 %
5 Rhodium complexes with PennPhos ligands can be used as catalyts for

asymmetric hydrogenation. Table 7 lists the asymmetric hydrogenation results for

dehydroamino acid derivatives.

10

15
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[err] a. % ee determ ned by GC using Chirasil-VAL |11 FSOT Col umm

b. 50nol %R PEFIPN was added 5 Table 5 illustrates cofpHPSRYE6
asynmetri c hydrogenati ons of dehydroam no acid derivati ves.
TABLE 7

Asymmetric Hydrogenations of Dehydroamino Acid Derivatives

(Rh(COD),BF (1 moi%)

e e L (1.1 mol%) N L=
+ Hy (1atm)

! P

Me-Penn Phos

Entry Substrate Con. % % ee®
COOH
l Py NHCOCl-h 100 84.3
COOH
2 PN NHCOPh 100 52.8
COOH
3 ‘d’_< NHCOCH; 100 82.7
COOH
cl —
4 2:5—_<NHCOCH3 100 823
COOH
5 o NHCOCH, 100 81.9

F COOH
/’_<— 100
6 @ NHCOCH; 83.5

a. % ee determined by GC using Chirasil-VAL 111 FSOT Column of the
corresponding methyl ester.
5 The rhodium complexes with Me-Pennphos are very effective for hydrogenation

of simple ketones. Up to 97 % ee has been obtained with acetophenone, which is the

22
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Asymretri ¢ Hydrogenations of Dehydroam no Acid Derivatives

Substrate hi&@ﬁ%ﬁg&iﬁu&é&ity q'e“pgﬁ’g_)djgﬁthe direct asﬁﬁg%llric hydrogg[}mogaof simple9 1

Bl CP

98 ketoné8 with group98lIl transition metal coviplexty, erMable 8 summarizes some €490
95 84 . 89 91 81 97 Ph
NHCOCH[ er r] for this study. COOH P HCOPh 96 100
99 83 64 99 ABLE 8 COOH
[err], 94 79* 83 E 84 08
ACO 5 [ exsyimniNtfICPlydrogenations of Simple Ketones
[Rh(COD),JBE , (1 mol%) or
[Rh(COD)CI], Q
0 1 mot%
- L (1.1 mol%) OH L= 2=

R'/R\Rl MeOH R’)\Rz ‘56‘ \L‘b'

Me-Penn Phos

Entry Substrate Catalyst H, Pressure Con. % % ee
?
i l \} [Rh(COD)CI], 30 atm 97 96.5
7
o}
2 [Rh(COD)C); 30 atm 70 91
O W
o [RN(COD),] BF 4 70 atm 73 79.6
3 L

Synthesis of another chiral cyclic phosphines is illustrated in Scheme 4. The
phospha-tricyclic structure is unique and the phosphines are made from chiral 1,4-diols

10 with two rings. Tricyclic structure dictates the chiral environment around 'phosphines and
ring size can be changed by varing the chiral diols. = Both monophosphines and
bisphosphines can be made from the straightforward synthetic route. They can be used as

ligands for many asymmetric reactions.

15
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I ridiumconpl exes of BICP are effective. Table 6 provides sone

results on this asymetric reaction. ForS n i mne substrate, up to 94
% ee has achieved and this is anong the—ﬁ-&%‘ﬁ%@t enantiosel ectivity

obtained with group VI1I transition netal catalysts coordinated by a
chiral phosphine ligand. 10 15
19 TABLE 6

I and Rh- Cafakyzed Asyniygisti, :,klydr ogeNsit, im.nPAofrHFm nes
Dl - o,
HO o

100 % ee . "'mu

C5 -Tricyclophos 67%

ui

1) MsCl, Et,N ) PLi; e
A THF

o‘

(N

<\

100 % ee

5 Rhodium complexes with these chiral tricyclic phosphines can be used as catalyts
for asymmetric hydrogenation. Table 9 lists the asymmetric hydrogenation results for

dehydroamino acid derivatives.

10

15
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[1r(caD) 2021878 nol 9
[err] [err] The rigid fused
bicyclic [2.2.1] structure represents gaAgnugwootif in chiral ligand 5
design. Changes in the size of the R group on the ring system can nodul ate

t he asymet r i CAsymimetrioHydnegenationsofeliydzeaming Acidi Rerivativebe
achi eved. Schene 3 shows the synthesis of new chiral bicyclic
phosphi nes (abbrevi ated as PennPhos because it represents a different
structure from DuPhos [ DuPont Phosphi ne] and was nade at Penn State).
10 COOR [Rh(COD),JBF; (1 mel%) o0R
: : L (1.1 mol%)
RN + H, (1atm) R/\E/ Q 5"
NHCOCH; THF. 1t, 1-24 h NHCOCH, Q‘)
Entry Substrate Con. % % ee”
COOH
! ol ok, 100 52.9
COOMe
" — .
~ PH NHCOCH, 100 77.6

a. % ee determined by GC using Chirasil-VAL III FSOT Column of the corresponding methy! ester.

5 The rigid fused bicyclic {2.2.1] structure represents a new motif in chiral ligand
design. Analogous to Burk’s systems, changes in the size of the R group on the ring
system can modulate the asymmetric induction and high enantioselectivities can be
achieved. The present invention provides the syntheses of chiral monophosphines with
this fused bicyclic ring structure (Scheme 5) and their application in Pd-catalyzed

10  asymmetric allylic alkylations.

15
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Schene 3 Synt hesi s
of PennPhos

SCHEME S
OMs
R R 1) IDCBHz in E!20 QH R - R _
Li, EtNH, (from (+}-Pinene) R=Me 1 MsClL EGN R=Me, 2
2)H,0, NaOH - inCHCl o R="Pr 4
R R Y20, Na R = REPI2 s o0y oM
OH s
. . BH; g R
1) Li,PPhin THF ot \a R=Me, 8 31% 1) HBF,.OMe,, CH,Cl, R = Me, 7, 96%
4 — /" R='Pr, 8, 96%
2)BH, .THF Ph R='Pr,6,50%  2) NaHCO, Ph . 8, 96%
R R
40)

The ligand synthesis depends on the availability of enantiomerically pure cyclic
5 1,4-diols. Halterman" and Vollhardt!4 have previously prepared chiral cyclopentadiene
derivatives from the chiral dicls.!3-14 Halterman!3 has synthesized chiral diols 1 and 2
from the inexpensive starting materials p-xylene and p-diisopropylbenzene, respectively.
The synthesis employed Birch reduction, followed by asymmetric hydroboration and
recrystallization to 100 % e¢. Conversion of the optically pure diols to the corresponding
10  mesylates proceeds cleanly. Nucleophilic substitution by LiPPh on the chiral
dimesylates 3 and 4 generated the corresponding bicyclic phosphines, which were trapped
by BH3*THF to form the air-stable boron-protected monophosphines 5 and 6,
respectively, Deprotection with a strong acid produces the desired products [7, (1R, 28,
4R, 58)-(+)-2, 5-dimethyl-7-phenyl-7-phosphabicyclo[2.2.1]heptane; 8, (1R, 2R, 4R, 5R)-

15 (+)-2, 5-diisopropyl-7-phenyl-7-phosphabicyclo-[2.2.1}heptane] in high yields,
Pd-catalyzed allylic alkylation was utilized to test the effectiveness of these new
monophosphines as chiral ligands. Although many palladium complexes of multidentate
phosphine and nitrogen ligands are excellent catalysts for this reaction,!® palladium
complexes of simple chiral monophosphines are normally not effective.!5 However, Pd-
20  catalyzed allylic alkylation with the new monophosphine 7 gave excellent
enantioselectivities and conversions (Table 10), comparable to the best results (99 % ee)

reported to date.!3
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dehydr oam no acid derivatives. [WTUS”"““%

15
21

10

TABLE 1
Palladium-Catalyzed Asymmetric Allylic Alkylation with Chiral Monophosphines®

N L L N (N
Entry L* {Pd) [Pd):L® Nu Additive Time(h)  Yield (%) % ec®
O Pdy(dba)y  1:22  CHyCOMe); - 1.5 9 74 (R)
2 7 Pd(OAc),  1:22  CHyCOMe),  — 40 98 72 (R)
3 7  [PAC3Hs)CIh 1:1.1  CHy(CO Me), - 5.0 97 60 (R)
4 7  [PAC3Hs)Cll 1:22  CHy(COyMe), - 2.0 93 95 (R)
3 7 [PAC3H4)C); 1:3.3  CH(COMe), - 1.5 96 96 (R)
6 7 [PCHs)C; 1:22  CHxCOMe), 28%AgBF, 1.0 80 97 (R)
7 7 [PACHECN, 1:22  CHy(COMe), 2.8 % LiCH 20 95 96 (R)
8§ 7  [PUCHSClh 1:22  CHy(COMe), - 2.0 99 >97°(R)

9 7 [PYCsHCl; 1:22 CHWHACKCO;E); - 2.0 95  >99.54(S)
10 8  [PACHs)CIL 1:22  CHy(COMe),  _ 3.5 99 78 (R)

a. The reaction was carried out under Ny using 1,3-diphenyl-2-propeny! acetate, Nu (nucleophile) (300 mol%),
BSA (bis(trimethylsilyl)acetamide) (300 mol%), KOAc (2 mol%), toluene, [Pd) 1.4 mol % and L*. b. % ec was
measured by HPLC using a Chiralcel OD column, and the absolute configuration was determined by comparing the
optical rotation with literature values. ¢ % ee was measured by comparing the optical rotation with literatore

values.  d. % ce was measured by HPLC using a Chiracel OJ column.
Ruthenium complexes with chiral phosphines are excellent catalysts for the

asymmetric hydrogenation of beta keto-esters, Table 11 lists the results based on Ru-

BICP catalystic system.
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TABLE 11

Asymmetric Hydrogenations of beta-Keto ester

o O Catalyst

OH O
+ H2
MOMC MeOH )\/“\OMe
Entry Temp Catalyst H, Pressure . Con. % % ee
1 65 °C Ru(BICP)Br2 1 atm 97 82
2 40°C Ru(BICP)Br2 5 atm 95 76
3 50 °C Ru(BICP)CI2 5 atm 43 84
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[err] o VO 97/47633 hi ghest enantioselectivity reported in the direct
asymmetri c hydrogenation of sinple ketones with group VIIIl transition
metal conpl exes. Table 8 sunmarizes spRRAMPEESE S for this study.
TABLE 8 5 Asymret ri ¢ Hydrogenati ons of Sinple Ketones

Unless otherwise indicated, all reactions were carried out under nitrogen. THF
and ether were freshly distilled from sodium benzophenone ketyl. Toluene and 1,4-
dioxane were freshly distilled from sodium. Dichloromethane and hexane were freshly
5  distilled from CaH;. Methanol was distilled from magnesium and CaH,. Reactions were
monitored by thin-layer chromatography (TLC) analysis. Column chromatography was
performed using EM silica gel 60 (230-400 mesh). 'H NMR were recorded on Bruker
ACE 200, WP 200, AM 300 and WM 360 spectrometers. Chemical shifts are reported in
ppm downfield from tetramethylsilane with the solvent resonance as the internal standard
10 (CDCls, 8 7.26 ppm). 13C, *'P and 1H NMR spectra were recorded on Bruker AM 300
and WM 360 or Varian 200 or 500 spectrometers with complete proton decoupling.
Chemical shifts are reported in ppm downfield from tetramethylsilane with the solvent
resonance as the internal standard (CDCl3, 8 77.0 ppm). Optical rotation was obtained on
a Perkin-Elmer 241 polarimeter. MS spectra were recorded on a KRATOS mass
15  spectrometer MS 9/50 for LR-EI and HR-EL. GC analysis were camed on Helwett-
Packard 5890 gas chromatograph with a 30-m Supelco f-DEX™ or r-225Dex™ column.
HPLC analysis were carried on Waters™ 600 chromatograph with a 25-cm CHIRALCEL

OD column. '

Example 1
20 (as depicted in Scheme 2 and Figure 8)

(IR, 1'R)-Bicyclopentyl-(2S, 2'S)-diol (3 in scheme 2)
Compound 3 was synthesized by asymmetric hydroboration of bi-1-cyclopenten-
1yl using (+)-monoisopinocampheylborane ((+)-IpcBHj3) according to the literature

procedure (Brown, H. C.; Jadhav, P. K., Mandal, A. K. J Org. Chem. 1982, 47, 5074).

25 The absolute configuration of the diol was assigned based on the asymmetric
hydroboration of trisubstituted olefins (e.g. methylcyclopentene) using (+)-IpcBH,. 1H
NMR (CDCls, 300 MHz) 8§ 4.04(br, 2 H), 3.84 (m, 2 H), 2.02 (m, 2 H), 1.66-1.22 (m, 10
H), 1.21 (m, 2 H); 13C NMR & 78.6, 52.2, 33.6, 29.2, 20.5; MS m/z 170 (M*, 0.35), 152,
134, 108 , 95, 84, 68; HRMS calcd for CjpH303: 170.1307(M*); found: 170.1315.

30
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[err] WO 9747633 Synthesis of another chiral cyclic phosphrnes is

illustrated in Schenme 4. The phospha-tricyclic structure is unique and
t he phosphi nes are nade from chiral -digls 10 wth two rings.
Tricyclic structure dictates the chi‘E]r!gﬁ"pgjrzTgi ronment around phosphi nes and
ring size can be changed I{ys depicted it Beherhie 2anddFighee 8) Bot h nmonophosphi nes

and bi sphosphi nes can be made fromthe straightforward synthetic route.
They can be used as(IR.I'R)Bicystopentyl-(Zoatiy)-din) bisbrethaneadforates. 15
23

\/\O / 4 ¥ - : - A ] - Y
$4/#48idkon of (IR, 1'R)-bicyclopentyl-(2S, 2'S)-diol (0.8 g, 4.65 mmol) and,
5  triethylamine (1.68 mL, 12.09 mmol) in CH3Cl; (30 mL) was added dropwise a solution

[err]

of methanesulfonyl chloride (0.76 mL, 9.92 mmol) in CH»Cl; (2 mL) at 0°C. The
reaction mixture was stirred at 0°C for 30 min, and at 1t for 2 h, then quenched by
saturated aqueous ammonium chloride solution (25 mL). The aqueous layer was
extracted with CH;Cl; (3x20 mL) and the combined organic solution was dried over
10 NajSO4. After evaporation of the solvent, a white solid was obtained, which was used
directly for the next step. 'H NMR (CDCl3, 200 MHz) & 5.01(m, 2H), 3.04 (s, 6 H), 2.17

(m, 2 H), 2.15-1.65 (m, 10 H), 1.43-1.52 (m, 2 H); 13C NMR & 86.8, 48.2, 38.4, 32.8.
27.4,225. '
Example 3
15 (as depicted in Scheme 2 and Figure 8)
(IR, 1'R, 2R, 2'R)-1,1'-Bis(2-diphenylphosphino)cyclopentyl! bisborane
Diphenylphosphine (1.25 mL, 7.0 mmol) in THF (80 mL) was cooled to -78°C.
To this solution, n-BuLi in hexane (4.1 mL, 6.6 mmol) was added via syringe over S min.
The resulting orange solution was warmed to rt and stirred for 30 min. After cooling the
20  mixmre to -78°C, (1R,1'R,2S,2'S)-1,1-bicyclopentyl-2,2'-diol bismesylate (1.01 g, 3.1
mmol) in THF (20 mL) was added over 20 min. The resulting orange solution was
warmed to rt and stirred overnight. The white suspension solution was hydrolyzed with
saturated aqueous NH4Cl solution. The aqueous layer was extracted with CH,Cl; (2 x 20
mL). The combined organic solution was dried over anhydrous Na;SQO4. After removal
25  of the solvents under reduced pressure, the residue was dissolved in CH,Cly (50 mL),
then treated with BH3-THF (10 mL, 10 mmol) at rt and the mixture was stirred overnight.
The reaction mixture was added to NH4Cl aqueous solution, and extracted with CH,Cl,
(2 x 50 mL). The combined organic solution was dried over anhydrous Na;SOy4. After
evaporation of the solvent under reduced pressure, the residue Was subjected to column

30 chromatography on silica gel, eluting with CH;Cly/hexane (1:5) and then CH;Cly/hexane
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[err] 5 Rhodi um conpl exes with these chiral tricyclic

DEOTRY P29 RIS LA St ol VoSN (o IROURRCIIN0L o
acid derivayigees3o (m, 200, Ph), 2.551835 (m, 2 H, CHP(BH3)Phy), 1.95-1.35 (m, 14 H, CH,
and CH), 1.7-0.5 (broad, 6 H, BH3). 3IP-NMR (CDCl3): 8P = 17.5 (br). 13C-NMR

(CDCl3) & 133.43 (d, 2J(PC) = 8.5 Hz, Copho), 132.25 (d, 2J(PC) = 8.5 Hz, Cortho)-

5 132.08 (d, LJ(PH) = 50.0 Hz, Cipso), 130.67 (d, 4}(PC) = 2.1 Hz, Cpara), 130.57 (d, 4J(PC)

=2.1 Hz, Cpara), 129.71 (d, 1J(PC) = 56.5 Hz, Cipso), 128.39 (4, 3J(PC) = 9.4 Hz, Crera).

128.29 (d, 3J(PC) = 9.1 Hz, Ceta), 46.28 (dd, J(PC) = 2.1 and 4.8 Hz, Cy 1), 36.26 (d,

13(PC) = 30.6 Hz, C32"), 31.19 (CHy), 29.52 (CHp), 22.51 (CH2); MS m/z 520 (8.95),

506 (3.55), 429(19.10), 321(100), 253(7.45), 185(26.64), 108(43.68), 91(11.99),

10 77(6.88), HRMS cacld for CagH31P2 (M*-ByHg-Ph): 429.1901, found: 429.1906.

WO 97147633 f’C’I‘/US97IIO436
[err

Example 4
(as depicted in Scheme 2 and Figure 8)

(2R, 2'R)-Bis(diphenylphosphino)-(1R, 1'R)-dicyclopentane (1)

To a solution of teh above borane complex of the phosphine (0.24 g, 0.45 mmol)

15  in CH;Clp (4.5 mL) was added tetrafluoroboric acid-dimethyl ether complex (0.55 mL,
4.5 mmol) dropwise via syringe at -5 °C. Afiter the addition, the reaction mixture was
allowed to warm siowly to 1t, and stirred for 20 h. The mixture was diluted with CH>Cl,,

and neutralized with saturated aqueous NaHCOj3 solution. The aqueous layer was
extracted with CH»Cl;. The combined organic solution was washed with brine, followed

20 by water, and dried over NapSO4. Evaporation of the solvent gave the pure phosphine.
Yield: 0.21 g (93%). !H NMR (CDCl3, 360 MHz) § 7.52-7.27 (m, 20 H), 2.53 (m, 2 H).

2.27 (m, 2 H), 1.93(m, 2 H), 1.72(m, 2 H), 1.70-1.43 (m, 8 H); 13C NMR (CDCl3) & 139-

127 (Ph), 45.9 (d, J = 12.1 Hz), 45.8 (d, J = 12.0 Hz), 40.34 (d, J = 14.0 Hz), 30.9 (m),

23.8 (m); 31P NMR (CDCls) § -14.6. This phosphine was fully characterized by its

25  borane complex.
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Example §

General Procedure for Asymmetric Hydrogenation
To a solution of {[Rh(COD);2]BF4 (5.0 mg, 0.012 mmol) in THF (10 mL) in a
glovebox was added chiral ligand 1 (0.15 mL of 0.1 M solution in toluene, 0.015 mmol),
and Et3N (0.087 mL, 0.62 mmol). After stiring the mixture for 30 min. the

dehydroamino acid (1.2 mmol) was added. The hydrogenation was performed at rt under
1 atm of hydrogen for 24 h. The reaction mixture was treated with CH;N3, then
concentrated in Vacuo. The residue was passed through a short silica gel column to
remove the catalyst. The enantiomeric excesses were measured by GC using a Chirasil-
VAL III FSOT column. The absolute configuration of products was determined by
comparing the observed rotation with the reported value. All reactions went in
quantitative yield with no by-products found by GC.
Example 6
(as depicted in Scheme 5 and Figure 12)

(1R, 28, 4R, 58)-(+)-2,5-Dimethyl-7-phenyl-7-phosphabicyclo[2.2.1]heptane borane (5)

To phenylphosphine (3.0 ml, 27.3 mmol) in THF (200 mL) was added n-BuLi
{34.5 mL of a 1.6 M solution in hexane, 55 mmol) via syringe at -78°C over 20 min.
Then the orange solution was warmed up to rt and stirred for 1 hr at rt. To the resulting
orange-yellow suspension was added a solution of (18§,25,45,55)-2,5-dimethyl-
cyclohexane-1,4-diol bis(methanesulfonate) (3, 8.25 g, 27.5 mmol) in THF (100 mL)
over 15 min. After the mixture was stirred overnight at rt, the pale-yellow suspension was
hydrolyzed with saturated NH4Cl solution. The mixture was extracted with ether (2 x 50
mL), and the combined organic solution was dried over anhydrous sodium sulfate. After
filtration , the solvents were removed under reduced pressure. The residue was dissolved
in methylene chloride (100 mL), treated with BH3-THF (40 mL of 2 1.0 M solution in
THF, 40 mmo)) and the mixfure was stirred overnight. It was then pured into saturated
NH4Cl solution and extracted with CH,Cl; (3 x 50 mL). The combined organic solution
was dried over anhydrous NaySO4 and filtered, the solvent was removed on reduced
pressure. The residue was subjected to chromatography on silicon gel column, eluted with

hexanes/CH,Cl; (4:1) affording the product as a white solid. Yield: 1.95 g (31%). [@])?5p
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a. %ee determned by GC using Chirasil-VAL Il FSOT Col um oF %e

correspondi ng net hyl ester. 5 The rigid fused bicyclic [2.2.1]
structure representy @, @?}’CI?EIH-NMR @mcxg} 5 7169280 (m, 5 HIE3HIN 2.ANRLOGRUS tO
Burk's systens, changes in e size of the Rgroup on the ring system
can nodul atH, CRP(BSMIFIS 2i16-2.08@at 1 o) GHIY 2ttdghsepans iHCH e 168 kL feemeaH,be
achi eved. The present invention provides the syntheses of chiral

nmonophosphi 68, W2 Id, 3J(HH) ki6sS Has:H, K1H0.i 9 (di AgHE) ~ue T bz 3 (5t e | $-0.and

their application in Pd-catal yzed 10 asymmetric allylic al kyl ations.
15 (br, BH3); 13C-NMR (CDCl3) & 131.74 (d, 2J(PC) = 7.3 Hz, Conno), 450.56 (d, HJ(PC) =
SCHEME 5

5 43.9 Hz, Cipso), 129.92 (d, 4J(PC) = 2.0 Hz, Cpara), 128.44 (d, 3J(PC) = 8.6 Hz, Cryera),
43.07 (d, YJ(PC) = 30.5 Hz, CHP(BH3)Ph), 40.85 (d, !J(PC) = 31.6 Hz, CHP(BH2)Ph),
36.27 (CH3), 36.67 (d, 3J(PC) = 13.5 Hz, CH3), 35.91 (d, 2J(PC) = 3.5 Hz, CH), 34.65 (d,
2J(PC) = 9.8 Hz, CH), 20.78 (CH3) 20.53 (CH3); 3!P-NMR (CDCl3) & 36.3 (d, broad,
1J(PB) = 58.8 Hz); HRMS Calcd for C 4H2,BP: 232.1552 (M?*); found: 232.1578;

10 Cy4H9P: 218.1224 (M*-BH3); found: 218.1233.

Example 7
(as depicted in Scheme 5 and Figure 12)

(IR, 2R, 4R, 5R)-(+)-2,5-Diisopropyl-7-phenyi-7-phosphabicyclo[2.2.1[heptane borane
(6)

15 Using the same procedure as in the preparation of 5. Yield: 0.33 g (50%). [«]25p
=+ 25.5° (¢ 1.02, CHCl3).'H-NMR (CDCl3) § 7.55-7.30 (m, 5 H, CgHs), 2.85-2.70 9 (m.
2 H CHP(BH3)Ph), 2.30-2.20 (m, 1 H, CH), 2.18-2.00 (m, 1 H, CH), 1.95-1.65 (m. 4 H,
CHb>), 1.40-1.20 (m, 2 H, CH), 1.03 (d, 3J(PH) = 6.5 Hz, CH3), 0.87 (d, 3J(PH5 = 6.7 Hz.
CH-s), 0.85 (d, 3J(PH) = 7.4 Hz, CHs), 0.53 (s, broad, 3 H, CHs), 1.5-0.2 (broad, BH3);

20 I13C-NMR (CDCl3) 8 131.19 (d, 2J(PC)= 8.3 Hz, Cortho), 130.71 (d, 1J(PC) = 45.2 Hz,
Cipso), 129.97 (d, 4J(PC) = 2.5 Hz, Cpara), 128.45 (d, 3J(PC) = 9.5 Hz, Crneta), 50.30 (d,
2J(PC) = 2.1 Hz, CH), 48.77 (4, 2J(PC) = 9.7 Hz, CH), 38.27 (4, 1J(PC) = 30.5 Hz,
CHP(BH3)Ph), 36.81 (CHj), 36.71 (d, 1J(PC) = 31.5 Hz, CHP(BH3)Ph), 34.73 (d,
3J(PC) = 13.7 Hz, CHj), 31.92 (CHMe3), 31.12 (CHMejy), 22.41 (CHj), 21.55 (CHy),

25 20.73 (CH3), 20.10 (CHz); 3IP-NMR (CDCls) & 36.d (d, broad, 1J(PB) = 51.4 Hz).
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(40) The ligand synthesis depends on the availability of
enantionerically pure cyclic 5 1, 4= di ol g Hal terman[err] and
Vol | hardt[err] have previously prep t+al cycl opent adi ene

derivatives fromthe chi r?{s S‘Mt&l ke SéHerh €5 E,},dlmé‘;@rlrmn[ err] has
synt hesi zed chiral diols and 2 “fromthe inexpensive starting

mat eL ials p-()blyl éﬁgﬂbyfé')-ﬁ*)di’;gdlip_r@dpﬁMﬁwhézg’wadmw-_9-.1]’;18?‘“"81??49) _
o o aory SR MGG o S ois bireng SRielel S PRpiR e I By A e

diols 50 Trrhﬁo]g% Cﬁ‘%‘gg:@'aﬂﬂL)lQas adiR8 YAAHfRSrdYorie AeISdifleBAN kiher cOMBIRRRB! i C
substitution by Li2PPh on the chiral di mesyl at es and 4 generated the

cor r esponehln@ 16 siydl) dropWiseplia 8 egringthit G5 cGeAdlet thenpidition, the reyctBH[@ixtdréHF t o
formthe air-stable boron-protected nonophosphines 5 and 6,

respect i vaNag allowsd do exarimonp wlotly.aand s alcitd Afted2@ és 1 h&NMBsshoaedptheduct s
[7, (IR

5 i et hy FESBREAS PV BrEREYE CERS 2, Mg alieshiy suried ReHED: spcaiy - 15
(+) -2, 5- donBR" ARYAquERNBDN wds BRASRBARNELH,C1]. 1 combh @ic Biubiof
yi el ds. Pd-catal yzed allylic alKylation was utiFized to test

t he el ectwa¢anshead withtthimsefollewed by water) apd dphdrivdsovas NabS 04l EVapoanids of
Al t hough many pal | adi um conpl exes of nultidentate phosphi ne and
ni trogen Ithesalvent gave @ purel phosphine peddpst svhicy washconfirmed tbydMRer¥ipldo A2 adi um

conpl exes of si e chiral mgnophosphi nes are normally not effective.[err]
However , (’gé%kdg?)s@a:f aPY28dC 2ak ItQIuERE); gﬁ{lNM& (@HC‘Bwi3t5é MHELS 7:387.34 (m,

enOPROSE NG 26T AN 2 I, i TR SB0 Y01, SR o
date. [ernl42 (m, 1H), 1.16 (4, J = 6.12 Hz, 3H), 0.55 (d, J = 6.95 Hz, 3H); 13C NMR (CDCl3) &
15 138.68 (d, ] = 29.3 Hz), 131.42 (d, J = 13.0 Hz), 127.88 (d, J = 2.35 Hz), 126.57 (s),
4734 (d, ] =13.5 Hz), 45.26 (4, J = 10.2 Hz), 39.21 (d, ] = 6.7 Hz), 39.21 (d, ] = 5.3 Hz),
38.74 (4, ] = 6.7 Hz), 34.69 (d, 17.2 Hz), 22.37 (d, ] = 7.8 Hz), 21.52 (s); 3!p
NMR(CDCl3) § -7.29.

Example 9
20 (as depicted in Scheme 5 and Figure 12)

(IR, 2R, 4R, 5R)-(+)-2,5-Diisopropyl-7-phenyl-7-phosphabicyclof2.2.1]heptane
(8 in scheme 5)

Using the same procedure as in the prepaﬁtion of 7. Yield: 1.0 g (95.5%). [a]25p

= +43.90 (¢ 1.2, toluene); IH NMR (CDCls, 360 MHz) § 7.35-7.30 (m, 2H), 7.24-7.14

25  (m, 3H), 2.94-2.85 (m, 2H), 1.76-1.53 (m, SH), 1.25-1.14 (m, 2H), 1.06 (d, J = 7.77 Hz,
3H), 0.95-08.0 (m, 1H), 0.87 (dd, J = 3.77 Hz, 7.89 Hz, 6 H), 0.49 (d, J = 9.30 Hz, 3H);

13C NMR (CDCl3) & 138.83 (d, J = 30.49 Hz), 130.69 (d, J = 122 Hz), 127.71 (d,J =

2.87 Hz), 126.45 (s), 53.38 (d, ] = 6.34 Hz), 48.63 (d, ] = 17.06 Hz), 41.97 (4, ] = 13.43
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TABLE 10

Pal | adi um Cat al yzed Asymmetric Allylic Al kylation with Chiral

Monophosphi Hel'40.51 (d, J = 9.96 Hz), 37.60 (d. J = 11.09 Hz), 37.336@, J = 9.74 Hz), 33.03 (d, 6.11

(bi s(trinmethyl si Ig%lt()acetarri de 300 mol %9, KOAc (2, nmol %9, toluene, (Pd)
s

mol % and LHakA].

)1 B8 a2 1.78 (s), 21 2348)i2840Ks); KA BMR(GICh) Bh74al cel

colum, and the absolute configuration was determ ned by conparing the
&;amp ¢

optical rotation with literature valu

1005 cc was measur ed by

conparing the optical rotatiOp,piibkeldctiob AhhEdliptation

5

10

15

20

25

The procedures are exemplified by the experiments carried out with ligand 7 in
toluene. To a stirring solution of [Pda(n3-C3Hs)2Cla] (3.0 mg, 0.008 mmol) in toluene
(1.5 mL) was added ligand 7 (0.36 mL of 0.1 M solution in toluene, 0.036 mmol) under

a nitrogen atmosphere. After 30 mins, racemic 1,3-diphenyl-1-acetoxypropene (150 mg,
0.60 mmol) was added. Then the solution was allowed to be stirred 30 mins. N,O-
bis(trimethylsiyl)acetamide (0.44 mL, 1.8 mmol), dimethyl malonate (0.21 mL, 1.8
mmo!) and potassium acetate (3 mg, 0.03 mmol) were added in this order. The reaction
was monitored by TLC (eluent: Hexane / ethyl acetate = 10/1). After 1.5 hrs, TLC
showed the reaction was over. After the solvent was evaporated in vacuo, column
chromatography on silica gel (eluent: Hexane / ethyl acetate = 10/1) of the residue
yielded the pure product : Yield: 190 mg, 97.7% . The optical purity was determined to
be 95.5% ee by HPLC (Daicel] Chiralcel OD column, 1 ml/min, hexane /2-propanol =
99/1).
Example 11
Typical Procedure for Hydrogenation of Imines

To a solution of chloro(1,5cyclooctadiene)iridium(l) dimer (2 mg, 0.003 mmol) in
toluene (4 mL) was added a solution of BICP in toluene (0.1 M, 71 ul, 0.0071mmot), the
resulting solution was stirred in glovebox for 30 min. Then phthalimide (3.5 mg, mmol)
was added and the reaction mixture was stirred for another 30 min before 2,3,3-
trimethylindolenine (96 ul, 0.6 mmol) was added. The reaction tube was placed in an
autoclave, pressurized with hydrogen to 1000psi after several exchange with hydrogen,
and stirred at rt for 65 h. Conversion (97.8%) and enantiomeric excess (92.2%) were

determined by GC (a capillary column: y-dex-225).
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val ues. d7OH&B3%as neasured by HPLC using a Chiracel QJ FETUHFP 710436 5
Rut heni um conplexes with chiral phosphines are excellent catalysts

t he asymmetric hydrogenation giy j@jheto-esters. Table Il lists
results based on Ru- Bl CP catalysiic system 10
27 {asAk8pittedlin Scheme 3, Kigwrech and: Figpate ddknat i ons of
bet a- Ket o ester . .
Me-PennPhos: 1,2-Bis{(1R,2S,4R,58)-2,5-dimethyl-8-phenylphospha-
bicyclo[2.2.1]heptyl}benzene (36a)
5 To the suspension of NaH (8.0 g, 333 mmol) in THF (200 ml), cooled to 0°C, was

added 1,2-diphosphinobenzene (4.0 ml, 30.4 mmol), followed by HMPA (80 ml). The
resulting orange suspension was stired at 0°C for 1 h. (1S,2S,4S,58)-2,5-
dimethylcyclohexane-1,4-diol dimesolate (18.3 g, 60.9 mmol) in THF (150 ml) was
added over 20 min. The resulting orange-red suspension was stirred at RT for 3.5 days,

10  hydrolyzed with NaCl-H20 and then extracted with hexane (2 x 100 ml). The combined
organic solution was dried over Na;SO4. After filtration, the solvents were removed
under reduced pressure. The residue was subjected to chromatography on silica gel
column, eluted with hexane. Yield: 3.6 g (27.5%). 'H-NMR (CDCl3): 8H = 7.25-7.10
(m, 2 H, aromatic), 7.08-6.95 (m, 2 H, aromatic), 3.21 (d, broad, 2 H, 2J(PH) = 14.5 Hz,

15  PCH), 2.58 (d, broad, 2 H, 2J(PH) = 13.4 Hz, PCH), 1.90-1.60 (m, 12 H), 1.55-1.35 (m, 2
H,), 1.17 (4, 6 H, 3J(HH) = 6.3 Hz, CH3), 0.60 (d, 6 H, 3J(HH) = 6.3 Hz, CH3). CH. 13C-
NMR (is out of first order, CDCl3): 8C = 143.94, 143.66, 143.48, 143,20, 131.05, 131.00,
130.93, 126.33, 46,24, 46.20, 46,17, 46.13, 45.92, 45.69, 45.61, 45.38, 40.17, 40.05,
39.89, 39.73, 39.61, 39.52, 39.33, 39.29, 39.26, 34.76, 34.61. 34.51, 34.41, 34.26, 22.69,

20 22.65,22.61,20.82. 3!P-NMR (CDCI3): P = -7.3 ppm.

Example 13
(as depicted in Scheme 3 and Figure 11)
i-Pr-PennPhos: 1,2-Bis{(1R,2R,4R,5R)-2,5-bis-isopropyl-8-phenylphos-
phabicyclof2.2.1]heptyl}benzene (36b)

25 1,2-diphosphinobenzene (0.4 ml, 3.04 mmol) and NaH (0.9 g, 37.5 mmol) were
mixed in THF (50 ml) and cooled to 0°C. HMPA (8.5 ml, 49 mmol) was added. The
resulting orange suspension was stirred at 0°C for 1 h and then (1S,2S,45,55)-2,5-
dimethyl-cyclohexane-1,4-diol dimesolate (2.17 g, 6.08 mmol) in THF (40 ml) was added
over 10 min. The resuiting orange-red suspension was stirred at RT for 3 days. After

30  cooled to 0°C, it was hydrolyzed with NaCl-H,O, and extracted with hexane (2 x 50 ml).
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The combined organic solution was dried over NaSO4 and filtered. The solvents were
removed under reduced pressure. The residue was subjected to chromatography on silica
gel cotumn, eluted with hexane. Yield: 0.6 g (42%). 'H-NMR (CDCl3): 8H = 7.20-7.10
(m, 2 H, aromatic), 7.05-6.90 (m, 2 H, aromatic), 3.38 (d, broad, 2 H, 2J(PH) = 14.2 Hz,
PCH), 2.85 (d, broad, 2 H, 2J(PH) = 13.5 Hz, PCH), 1.85-1.45 (m, 12 H), 1.30-1.08 (m, 4
H), 1.03 (d, 6H, 3J(HH) = 6.4 Hz, CHz), 0.96 (d, 6H, 3J(HH) = 5.6 Hz, CH3), 0.86 (d, 6H,
3J(HH) = 6.5 Hz, CH3), 0.47 (s, 6 H, CH3). 13C-NMR (is out of first order, CDCl3): 8C =
143.97, 143.62, 143.56, 143.50, 143.45, 143.09, 130.96, 130.90, 130.86, 126.11, 54.10,
54.06, 54.03, 48.65, 48.56, 48.46, 42.02, 41.96, 41.24, 41.20, 41.18, 41.14, 37.94, 37.77,
37.60, 37.46, 33.29, 33.27, 33.24, 31.69, 23,45, 23.40, 23.35, 22.22. 20.97, 20.54, 31p-
NMR (CDCli): 6P = -8.7 ppm.
Example 14
(as depicted in Scheme 4, Figure 4 and Figure 10)
CS5-Tricyclophos: 1,2-Bis{(2R,6R,7R,11R)phosphatricyclo[3.3.0.0[undecanyl}-benzene
(26)

1,2-diphosphinobenzene (0.20 ml, 1.52 mmol) and NaH (0.40 g, 16.7 mmol) were
mixed in THF (50 ml} and cooled to 0°C. HMPA (4.3 ml, 25 mmol) was added. The
resulting orange suspension was stired at 0°C for 1 h and then treated with
(1R,1'R,2§,2'S)-1,1"-bicyclopentyl-2,2'-diol bismesylate (0.993 g, 3.04 mmol) in THF (40
ml). The resulting orange-red suspension was stirred at RT for 20 h, pale orange-yellow
suspension formed. After cooled to 0°C, it was hydrolyzed with NaCl-H7O, and extracted
with hexane (2 x 50 m!). The combined organic solution was dried over Na;SOy4 and

filtered. The solvents were removed under reduced pressure. The residue was subjected to

chromatography on silica gel column, eluted with hexane/ether (40:1.5). Yield: 0.42 g
(67%). 1H-NMR (CDCl3): 8H = 7.50-7.30 (m, 2 H, aromatic), 7.25-7.10 (m, 2 H,
aromatic), 3.15-2.95 (m, 2 H, PCH), 2.85-2.70 (m, 2 H, PCH), 2.50-2.30 (m, 4 H, CH),
2.05-1.00 (m, 24 H, CHj). 13C-NMR (is out of first order, CDCl3): 8C = . 144.03,
143.98, 130.16, 130.12, 130.08, 127.50, 53.64, 52.97, 44.72, 44.66, 44.60, 43.07, 32.64,
32.01, 31.86, 31.68, 30.58, 26.47, 25.41, 25.36, 25.31. 31P-NMR (CDCl3): 6P = 9.6 ppm.
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Unl ess otherwi se indicated, all reactions were carried out under nitrogen.
THF and ether were freshl y di st Jd f©om sodi um benzophenone ketyl .
Tol uene and 1, 4- di oxane were fEHl e stilled from sodi um .

Di chl or onet hafrenenadi Pracednze ﬁaemybmwiﬂ: Hydtogenatioit of| Dty dt-dawiincatilis for] -

Met hanol was distilled from magnesg nd CaH err]. Reactions were
nonitored by thin-layer chronatogr ’(’T ‘@5’” nal ysis. Col umm

chr omat ogr aphy r 0= .
[err]H NVR wer eM?aZ%lg F’%%o %ngcgieu %&éﬁbﬂ%oﬁ&@? %ﬁ%%lé}gg gi@ ;ﬂ.é g’? m 360
spect r det eatalyst Ghezntsonknd Mé—Psnrthes irep eatioes]” I. hmol ligarppperdonvof Rﬁladdflloqm
tetranet hylfs | ape wi t h tB %&' resonance as the internal standard 10
(cDCl[err]® ‘k'e BIVEN solygnt| ¢gapsed), dhe nepu amor[aeswﬂlwl%@ewasm@
recorded og Br 6 Varj 0

spect r omet ‘grs f\/‘iﬁlﬁt ) @M SPQen subrs(t)rtagég(jl ﬁémaﬁlbgu@/@at 10@?6\%8#% hi f'f‘go%%
reported i ammpphedownf eﬁd}ﬂngdfd)m Heby dasttihy tiri schlesk withtH3.hThs ﬁéa‘tﬁﬁlrﬁ mixture
resonance as the internal standard (CDCl[err], [err]77.0 ppm. Optical
rotation w¥as B15e stiediabRT and 1 atn Horfer nsataiarpemio;iam i The esactiovEsadyteat r a

were regcorded on KRA ss.,15 te 9/50 for LR-El and
HR- El . gﬁ%lPVé?‘g ‘*Wé‘?%‘ “éﬁ“’é rgel'lé{’)ﬁgf‘{ with et °‘h°fP G MVEERR yikee were
chromat ogr ghsurddt by &S andlysiviRa! @lﬂrﬁll% Hloéolﬁmgzﬁ%%%lue ﬁ&lﬂ'@%tmn was HPLC

anal ysis were carried on ters[err] 600 chromatograph
CHI RALCEL determimil by measuring the rotatlon of product and comparing w1th the corresponding

Exanmple 1 (as depicted in Schene 2 and Figure
8) Qandard values. (IR, 1'R)-Bicyclopentyl-(2S, 2'S)-diol (3 in
schene 2) Compound 3 wa xﬁy,a;ehﬁ;m zed by asymmetric

hydr oboration of bi-I-cycl openten- usi ng

(+) - nohoi sopi nocanrﬁewk&i’meﬁ(&ﬁ)r#wﬁl@)waﬁbdmgwnugon of Kbvonks t er at ure

procedure (Bro

e eoyay. {56 ha Houdhan, A3EATion fod s SRR wirdRtcomsT g2 s RO Ble o

on the asypiRily laid Me-PennPhos (3.7 mg, 0.0103 mmol), and MeOH (10 ml, dried and
degassed), the resulting orange-yellow solution was stirred at rt for 30 min. Then ketone

substrate (1 mmol, substrate /catalyst = 100) was added. The reaction solution was then

20  placed in an autoclave. The nitrogen atmosphere was exchanged to Hy by flashing the
autoclave with Hz (10 to 20 atm). The autoclave was pressurized to a certain atmosphere

of Hy. The reaction mixture was then stirred at RT for a given period of time. The

reaction solution was then passed through a short silica gel, washed with ether. The

conversion and ee were measured by GC analysis on chiral B—dex 120 column. The

25  absolute configuration was determined by measuring the rotation of product and

comparing with the corresponding standard values.
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hydr oboration of trisubstituted olefins (e.g. nethyl cycl opent ene SQLI%‘IM%%

(+)-IpcBH err]. [err]H NVR (CDCl[err], 300 MHz) [err] 4.04(br, 2 H),
3.84 (m 2 H), 202(m2|—|),16612@x§ﬂme]1(7 H, 1.21 (m 2 H);

[err]C NVR [err] 78.6, 52.2, 33.6, 29.2, 20.5. M5 mz 170 (M-, O0.35), 152,
134, 108, 95, 84, GeremRREvcedurefor dﬁyr@temqiﬁ{t&p gqrayien of betarlietozsteray) ;

“E;’;% o 170- 1315 Bftp (0.01 mol) and Ru(COD)(2- mehyIplly)y (001 meDsre placsd in g Ef%ur .

8) Schlenk tube anflltht véssB) whd ? Wge@REN dthod. 25ml. Df-#hh9Urous acetone were
bi s( met hanesul f onal o0 a solution of

(IR
1' R) - bi cyxl opfidsdyTo ?tﬁrs SUSPERSLOR WS a(!@cdangthanplwi%@rl)l mhaf a §.29 Mrsobution) and ne

1.68 nL, 12 Cl

gol ution 3 “gg?’rs‘réf]ha%es E&? (r)jrg)y'{nine%tlr%r f%g S%)e?\é@%&gg&%? \%(’%aqﬁ@ under
CH err] C1[ er ¢dculrh Whd e Rh@ICGPIBr, TbBtained was hB&f ti@edidtdliyur eTH@SsoRition’ @
at O[err]C for 30 min, and at rt for 2 h, then quenched by sat urat ed

aqueous annoﬂﬂmmr&w @ﬂb&!@f%él unineh I(IZQCg%‘_S)Bd sofweat atdiediswasaplacedvds 2 10 ml

t ted {
was aricd ovBphIeny %%e{éx??y&W Kbl ose S R BRhtE Wl e o'
white sojgd vasyalt %8 lv@d@el\/ﬁﬂ pl&cRd under argonCih B@O%Nsﬁxﬁfcs& Bl@elﬂﬁ%éclﬁeep
[err]H Nl\/R(CDClS 2 [err] 5.01(m 2H), 6 H,
(m 2 H, 2. Tk Arm msm@rwas 1épleged with hydrogen. ijhe PE‘#YPE@NVRS sye%nsl urtigr 2,
?égéiial 22381 5the reactlon cohd:%’ons given The solven( Yias &%-B?vce{i e“d‘dehp‘§é?1“é'ﬁ‘ec‘2m’;§ﬁ%°’?:f‘5‘ar e

8) ee are dettBninkd bR c18RAl G Blurhn B-dex 120 and y-dex 225.
- Bi s(2-di phenyl phosphi no cycl opentyl bi sborane

15 The above examples illustrate the present invention and are not intended to limit

the invention in spirit or scope.
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Di phenyl phBQFR* a3 (1. 25 i, 7.0 mol) in THF (80 nL) was cSGEFT*39sc

To this solution, n-BuLi in hexane (4.1 nL, 6.6 mmol) was added via syringe
over 5 mn. The resulting or & M&‘gn was warnmed to rt and
stirred for 30 min. After cooling t “Xture to -78C,

(IR 1'R 25,2'S)-1,1" -bicycl opentyl -2,2" -di ol bisnesylate (1.01 g, 3.1

mol) in THF (JMotrjsonps Diddeid AymmeRi: SinthesiFhecadeict Prog: N e 3R R0 985, on

was war g;eo‘ﬂn%o [)t and, stirred overnight. The white suspension sol ution
was hydr ol yzed%hi ¥-h (b) Bosnighy By.ok&adswnmesstic Garpleris Nartiges Nijhedl Publisherueous

| ayer was ext ' 1 , C i
oréani c sol )ljt Pg%g%&%?e@[&g{ééﬂdghE%&r%ué?@ré?err] gq%vp%e?swAﬁ@, gg)m)&g? 25
of the Sol venNoyoridd®.; néicinned, Medn ubRdernhSyirkaicd Weens; BoheibMedR] NEY.-

CH[err]Cl[err% (50 ni) ~ then treated with BHEerr]-THF (10 ni, 10
mol ) at rt ananiegss-Yerlesy Berlip Hedelbersdl 3% Malght p 115 (PhdlugentctWord.,

L TS, Rk T Bl 11950155 2004 00, MDD ERE R g
over anhydr oudseheric]Shlhesis) VCH: Naw York, 1983 dhpNayordR Odsyhireerselcuedrsinder
reduced press r@, t he resi due was_subjected to colum 30 chronmat ography on
silica gel, efuPrampicwxniesis; dphn (W‘ieé'r PrRwiag Nen Yok, 4898.t hen

CH err]d [err]/hexane 30

(25 B8O 00 BiGuf  1sSfobby heh RBy S8, v,
]2- ? C)CI5—|PE EH[ et8)] ))Fﬂlj. e({bb]anﬁe@aglbzﬁmeégf?d%eﬁ{dooﬂ (I)Df Enfgﬂ%ke?g)iye

. (- 0. roa -, rr - err . err = . r).
[err] G- NVR %a’“?ys(sd%?ﬁ}‘?"}g"%ké???ﬁd(ay 2J(PC) = 8.5 Hz, Cortho), 132.25
gl, 2]J§PC)1§S s.w,éqeisa](g)ag 5&11:;;08 ((rj,][err]J(PH) 350.? Hz, )

err , . ~ Y ,
= 2.1 He, Cﬁpa@t)., 1”2195(.’3% rae [cekryr’]J'(JﬁC)mgggg’.% %lzj J%[gg’rS r§f§‘: Caf’ %;},é,}g&
[err] I(PO) = 997, H, (YMenayp)d, B. D.; KnbBtks29.(8; Shibacky,JPQ); BachmiantG. L
Qreta)ys 46. 28yt Ak antd BY. 4% Trdnd soz §ob% 99Gder 1 - Lerr] ™). 36.26 (d,

4. (a) Achiwa, K. J Am. Chem. Soc. 1976, 98, 8265. (b) Ojima, L; Yoda, N.
Tetrahedron Lett, 1980, 21, 7865.

5. Nagel, U,; Kinzel, E.; Andrade, J.; Prescher, G. Chem. Ber. 1986, 119, 3326.
6. Kagan, H. B.; Dang, T.-P. J. Am. Chem. Soc. 1972, 94, 6429.
ZQ 7. Fryzuk, M. D.; Bosnich, B. J. Am. Chem. Soc. 1977, 99, 6262.
8. MacNeil, P.A; Roberts, N.K.; Bosnich, B. J. Am. Chem. Soc. 1981, 103, 2273.

9. (a) Miyashita, A.; Yasuda, A.; Takaya, H.; Toriumi, K.; Ito, T.; Souchi, T.; Noyori,
R.J. Am. Chem. Soc. 1980, 102, 7932. (b) Miyashita, A.; Takaya, H.; Souchi, T.;

*y

Noyori, R. Tetrahedron 1984, 40, 1245. (c) Takaya, H.; Mashima, K ; Koyano, K ;

25 Yagi, M.; Kumobayashi, H.; Takemomi, T.; Akugawa, S.; Noyori, R. J. Org. Chenm.
1986, 57, 629. (d) Takaya, H.; Akutagawa, S.; Noyori, R. Org. Synth. 1988, 67, 20.
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lerr]I(PO) O3H*%*y. qerr].[err]'), 31.19 (CHerr]), 29. 52PC(TéU4T9g’rl?‘i3)6
22.51 (CHerr]); M5 mz 520 (8.995), 506 (3.55), 429(19.10),
321(100), 25@(a)4Burk, 18502 G651y, J1B3(H&IBB)R. D1QdghndMriallids01990, M, R688) (b)
Tound: 926, 190BTEMISUAL] Bhen Soc Mo )3 g I L errl P 4292900
(as depicted in Schenme 2 and Figure 8) (2R,

2' R) - Bi s(di phepyl iTn R To
a solution g? %t@gﬁg\% Jbg%%%gg%% Lexcg# %gﬁg 0s Re g}mﬁ 1976 41 60 ol )

15 in CHerr] (ﬂ)[(?slerd]mg(ed, B. Sy Ginshsrgabd&dOtge Chem) lﬂSﬂOMI‘MO6aCI d di rret hyl
et her conplex (0.55 ni, 4.5 mmol ) dropwi se via syringe at -5 C.

Co i, aha 341 o sbsdiev g & TMendcaRes qre et a2 (0 G [orr))

and neutral ized with saturated aqueous NaHCO3 sol ution. The aqueous Iayer
was ext Ched, e, mwmﬂiéxﬂmﬁlﬂ%r(l»rgaﬂ}ﬁexsmeplfjﬂ 197 944y ¢ sol ution
was washed with brine, foll by water, and i'ed’ over

Na[err] SO err]. Evaporation of the solvent gave the pure phosphine.

Yi eI d: 0.2114 HQB%nan[BrL} Yoliarit( KDBlFarWF Ike &0 B/Hﬂlas[eerlb], Bo&s@; R Z7Apmm

20 H). 2.53 L 1.93(m 2 H), 1.72(m 2 H),
1. 70 1.43 (m(ng"ﬂj‘%‘{CeF?ﬁ" IRK/E?‘?) 1[err]) [err](TSQ- K 1(291(Ph;_? 45. 9
(d, J =12.1 Hz), 45.8 (d, J = 12.0 Hz), 40.34 (d, J = 14.0 Hz), 30.9 (m).
23.8 (m); [es.rRevidWR (@PTrdsty Bl M| aran] Vratdterf - D.THi Er8RORENI 1906133, BY5 | Yb)

characterized by its 25 bor ane conpl ex.
10 ayashi.T. In Catalytic Asymmetric Synthesis; Ojima, 1. Ed; VCH Publishers: New

York, 1993; 325, (c) Consiglio, G.; Waymouth, R. M. Chem. Rev. 1989, 89, 257.
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CGeneral Procedure for Asymmetric Hydrogenation To a solution
of [Rh(COD)[err]]BF[err] (5.0 ny, O.Q3Rams! ) in THF (10 nm.) in a

gl ovebox was added chiral ligand 1 (0.1I5 nL of 0.1 Msolution in tol uene,
0. 015 mmolWhat isclaimediisEt [err] N (0.087 nL, 0.62 mol). After stirring the

m xture fo droam no | The
hydrogenat\r %ﬁg‘gﬁpgﬁ?s‘é’m&?dhﬁ?"%ef TRaEPs @ cg'%if’gmf(“%hglfbm%ro eﬁcfs gﬁiﬁ

The reacti onyrei e PRcsphb@aiedondetino @riddant ofieie cyvclic shabwed) twivdresl th@
Vacuo. The residue was passed through a short sjlica gel colum to

remove 5t he céngai@sgldxtyrpeowed@rmhmd|Cblrai>d¢@sl§¥matm9rl@ nw&ae\%ﬁab@e@)ysmnewng a
Chirasil- 10 VAL |11, FSOT .colum. ,The, abs.o onf | ur tLQ f products
was det er m nOEBAHF reacuon%oqplga}w Fg1: Hhe 8‘?)%585\98 '538§a115is ﬂecv&%t g’ gbé’lpt ed

val ue. Al 18AGHMT AN@HYal pibsphine lightitPddhipridfgve yield with no by-products
f ound byGch&é 2 b SPRIne e ptriag Exampl e 6

(as depicted i ni)Saher?s2 SbisdibrEingphesphinp)-14 -bls(cymhc)zsgucm wherein each cycle
55)-(+)-2,5-D net hyl - 7: phenyl,- 7- phosphabi ¢ e e . {5)

To phenyl phosphi né%(t%c b@&ynﬂ/@#@& Rrﬁ'e %56’5"?:115?“&@ r&‘&eégg fau?
(34.5 g of a 1. GaNHQ@kh‘ﬂbbﬂﬁtohﬁ m%ﬂme(cycﬁﬁ) mtﬁre‘ﬂi’easa&itﬁtbﬂg&baﬁ atofs &idr ] C
over 20 mn. Then the orange solution was warnmed up to rt and stirred

for 1 hr at rt. Towhdmnnbesearbon@oms in thebrsm)gbcwpm otbgrstb@m@iedm Ihasanddded

a solution of (1S5,2S 4S hexane- 1, 4- di ol

bi s(met hanesul f on ' &P (xga(g?xsz%rbaptdw mﬁ%‘ﬁ‘ﬁ‘% 100 ) over 15
mn. After the m >G)U5q Wois(sydwc;-@ci %th’hﬂ;b}ﬁﬁﬁhlﬁite)rs&ucthﬁe pal e-yel | ow
suspensi on was dr ol gqed wth saturated NH err] Cl solution, The

m xture was extraced leahp sphine (Iizapd somprising a htgroatgmcantAinias ApirALRis-

organi ¢. solution was drie [.an jum sul fate. After

filt raﬁ t he sol ngﬁago&qsg 1Per’rll-)g%gﬁ(ﬁ)l}%seo?ﬁ)reduced pressure. The residue
was di Ssol ved 25 a) 2 émiamxﬂx@ﬂ&talph@sphdﬁ lﬁéaaa dokpristrigeat(bid)phiokphaRircecltd - THF

(40 mL of a 1.0 Msolution in THF, 40 mmol) and the m xture was
stirred overnight. | IStf\AﬁQfetWﬁlé*habﬂﬁ&ecETPPﬂ’o sat ur at ed NH[ err] Cl

sol ution and extragted whh HLGH] Febff cbmbhsitig®? [Bid)fusdd Spiiiprd-HRYctic

organi ¢ sol ution
structure comprising a bridge structure;

20 f) a chiral phosphine ligand comprising a cis(bis) phosphine fused bicyclic
structure;
g) a chiral phosphine ligand comprising a trans(bis) phosphine bicyclic
structure;
h) a chiral phosphine ligand comprising a cis or trans biphosphine cyclic
25 structure having two R’ substituents selected from the group consisting of
alkyl, fluoroalkyl or perfluoroalkyl, each having up to 8 carbon atoms,
aryl, substituted aryl, arylalkyl, ring-substituted arylalkyl, and -
CR’2(CR’2)qZ(CR’2)pR’ wherein q and p are the same or different
integers ranging from 1 to 8; Z is defined as O, S, NR, PR, AsR, SbR,

30 divalent aryl, divalent fused aryl, divalent S-membered ring heterocyclic

——
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was dried over anhydrous NaJerr] SC{ err& and filtered, .the_sol vent was
renoved on reduced sroupp%%gmalss PelsTagyeliGEouR Mejesc Rag selgcted from the

chromat ography on sili t b ,%Q i ¢
hexanes/CH err]Cl[err ]g%?.ﬁ& '%%m?% &?Eﬁedtfﬁegagﬁrgb uc? asaxg 'm?ts‘ébsélo f:%l \lfoerl d:
1.95 g (31% . [[ édra]¢keral ] Monodentate phosphine ligand comprising a phospha-tricyclic

32 + 59.5(c 1.07, CHCl[err]). [err]H—NI\/R(CDCI[err]) [err]
7.60-7.30 (m 5 F{m@P@rr]H[err]) 2.60-2.40 (m 2

CHP(BH[ ecrr] \P 1

1. 6(5 1[55 ]%r}% ?4"?1” gﬁ&pﬂﬁ.&@ané ‘gzcl%g ‘ ?‘gf}% 2"’1458“’4@8 %‘%&e%ﬁ r“gaf”’e P,

0. 59 (d, [ebfdisingdf:= 6.7 Hz, 3 H, CH[err]) 1. 6- ~ (br, BHerr]);

[err]GNVR (CDCl[err]) [err] 131.74 (d, [err]J(PC) 73Hz Cerr]), 130.56

(d, [err]J( Pk Bidentats tygligchigal phosphiney;  129. 92 (d, [err]J(PC) = 2.0 Hz,

Cerr]), 128.44 (d, Jerr]J(PC) 8. err]), 43, 07 (d,
CHR{ B2 N

[err]J(PC) = 30.5 A err]) P d, 1.6 Hz,

CHP(BH err]) Ph), (CH & ' .P@.Z (d, ( 13.5 Hz,

CHerr]), 35.91 (d, = 3.57 H 34.65 (s [err]J(PC) =
20. 53 grEH [-err]P- ) [err] 36.3

9.8 Hz, CH), 20.78 ¢Odlerr
(d, broad, [erl}”J(EPg% 58.8 Hz)y pléRg'?S Cal cd for 2§él’]] err] BP:
232.1552 (Merr]): fould® 232.1578; 10" Cerr]Herr]P; 218. 1224
(Merr]-BHerr]); found: 218.1233.
Exanple 7

H
Figure 12) 1R\ 2R 5R) - (+)
7- phosphabi cycl o[ 2.°&7heptane borane N

: H :
(6) 15 Usi ng §hB sane procedur epgs 3 n t he prarpar@gg,on of 5. Yield:
0.33 g (509 . [[err]][®&r] Br,
Type II Type IV Type IV
[ Bridge | Ri...
\
(‘ P In
’n
I
R
Type V Type V1
PR, PR,
R' i R
R : PR, :
PR, R'
Type VIia Type VIIb Type VIIb Type VIIc

or

B. monodentate cyclic chiral phosphines

R 0RO
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= + 25 5[WPSMTE3 1. 02, CHCl[err]).[err] H NVR (CDCl[err]) FEFYS 9% 7 30

(m 5 H, C[err]H[err]) 2.85-2.70 9 (m 2 H CHP(BH[-err]) Ph),
2.30-2.20 (m 1 H, CH), 2.18- O(m 1 HrGH), 1.95-1.6

CHlerr]), 1.40-1.20 (m B 03( r]J(PH) [?,!W}Mlm”

0.87 (d, [err]J(PH) 6.7 . 0.85 (d,

Hz, CHerr]), 053(s br o 3 H, CH[e -02(broad B‘H[e"?rs
[err]C—NI\/R(CDCI[err]) 8 131.:19 (d, [err]J( 83Hz Cerr]), 130. 71(d
[err] J(PC 45.2 Hz, \_~dJerr]), 12 [err]J(PC) = 2.5 Hz,
Cerr]), 128 45 (d, [err]J(E@quSHz ETy ]e)\,'150 30 (d, [err] (PO

= 2.1 Hz, whdein d&th/R 1s(1€ide;£eﬁﬂér]tl}'(sl€@:teé ﬁ%n?thblzgrox@l'@ansﬁﬁngaf didyl dfe-g Larbb) =
30 5 Hz, CHP(BH err])Ph), 36.81 (CHerr]), 36.71 (d [err]J(PC) =
31.5 Hz, pems m@aﬂg)snhstltutsda% [err]J(PC) = 13.7 Hz, CHerr]),
31.92 (CHNE[err]) 31.12 (CHNE[err]), 22.4] (CHerr]), 21.55 (CH[err]), 25
20.73 (CHerr]), 20.10 (CHerr]); [err]P-NVMR (CDCl[err]) [err] 36.d (d,
ggoad 5 [ eeadhIRPE3 indepéndknti®)selected from the group consisting of alkyl ﬂuoroalkyl and

(as depi cpedluorraliorepachaxing un ﬁlﬁ garpor atoms; aryl; S@iﬁ“‘@@&ﬁmlalkﬂ ring-

7o) 2 obi LEsElEd Atendr PRNCR HAE, RRRARNIE W Eh&Eincq BdCE Al e e op
4.31 5 §{frebnt ihidgbslran ﬂaﬂ%ﬁﬂlo $22 Wla} deAsedded 42 3 LUQRQPRSMChe

aci d-di met hyl ether conplex (2
group consisting of O, S, NR, PR AsR, SbR, divalent aryl, divalent fused aryl, divalent

10  5-membered ring heterocyclic group, and a divalent fused heterocyclic group where R is

as defined above:

the cyclic structure D represents a ring having 3 to 8 carbon atoms and the cyclic
structure D represents a ring having 0 to 8 carbon atoms; each of which may be

15  substituted within the ring with one or more oxygen, sulfur, N-R', C=0, or CR’,,
wherein the ring may further be substituted with R’ as defined above;

the Bridge is selected from the group consisting of -(CH3),- where r is an integer ranging
from 1 to 8; -(CH3)sZ(CH3)m- wherein s and m are each the same or different integers
20 ranging from 1 to 8, 1,2-divalent phenyl; ' 2,2’divalent-1,1’biphenyl; 2,2'divalent
1,2’binapthyl; and ferrocene; each of which may be substituted with R’ as defined above;
and wherein the substitution on 1,2-divalent phenyl, the ferrocene or biaryl bridge is
independently selected from the group consisting of hydrogen, halogen, alkyl, alkoxy!,
aryl, aryloxy, nitro, amino, vinyl, substituted vinyl, alkynyl, or sulfonic acids;
25
X is selected from the group consisting of O, S and NR where R is as defined above; and,
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m., 21.6 mmol) dropwi se via a Syringe at - err]C. After the addition, the
reaction nixture was aIIoﬂ“ﬂ”ﬁl““ﬂMb ‘]ovMy and stirred at rt.
After 20 h, fgrrém2.NVR showed t h was over, it was diluted
by CH err]Cl[err], neutralized by*sdturtat®d Na Hcos aqueous sol ution.
The aqueous | ayer was extracted with CHerr]Cl[err]. The conbi ned organic

ielelrjt :\lg[]err]gq er % X@:%g}r@ébﬂoﬁihﬁﬁéeﬁginﬂl la&rgﬁ gl ven lﬁgévgggn%ur e ﬁogﬁ?ﬁ ne

product, whi giwoe@s: confirnmed by NVR Yield: 0.9 g (96%
[[err]][err]D—+92 50 (¢ 2.3, toluene); [err]H NIVR(CDCI[err] 360 MHz)
[err] 7.38-7.34 (m 2H), 7.26-7.21 (m 2H), 7.19-7.16(m 1H),
2.60- 2. 54 (m 2H), 1.89-1.62 fH 1. 44- 42 (m 1H), 1.16 (d, J
= 6.12 Hz, 3H), 0.55 (d, J = N ; [ ¢ X (CPCl[err]) [err] 15
138.68 (d, J = 29.3 Hz), 131N 13.0 X, B8/ (d, J = 2.35 Hz),

126.57 (s), 47.34 (d, J A 1B.5:Fz), 45.28\(8, J:= 10.2 Hz), 39.21 (d,
J =6.7 H), 39.21 (d, J = 5.3 Hr), 3 3®R{4(d, § = 6.7 Hz), 34.69 (d,
17.2 Hz), 22.37 (d, J = 7.8 Hz), 21.52 (s); 31P NVR(CDC1[ err]) [err]
-7.29. Exanple 9 20

(as depicted |n Schene_5 and Figure 12)
5R) - (+) - 2, 5- BiFsEpeaHyR- lwmmﬂg nty 581%5%351 Hmrewz ca%tﬁpség“t%wbsmted

(8 in scherre ) .the same procedure as in the preparation
of 7. Yield: t?dargalk(yégfé% .m‘fﬁdr(rﬁ? ’[ err]D = +43.9[err] (c 1.2,
toluene)igoferr]H NI\/R(CDCl[err] 360 WMHz) [err] 7. 35-7.30 (m 2H),

7.24-7.14 25 , 2.94- 1.76-1.53 SsH), 1. 5-1.14
(m 2H), 1. 08¢ ay(chs st?an %represents agngLewgs i 8 f#%ﬂ}&% %‘»31 qay be

?C7DZ:1|[-Zr r ]7 ) 8?%%5“%35» il tﬁg rif Wiy o §§)n?&g3°§5%5m sy, BERY] g—lﬂ\tﬁ Bz 71
(d, J = whe&xrBt'beI-rln)g mé)'Z Garthsr Ys3ubstBtedvifldR’ wheretn R2isHe)ecteddraiB tk(ecgrou]p =
17.06 He), 4%0:195:75t1(ng of alkyl, %Iuoroalkyl and perfluoroalkyl, each having up to 8 carbon atoms;

15  aryl; substituted aryl; arylalkyl; ring-substituted arylalkyl; and -CR’2(CR'2)qZ(CR’2)pR’
wherein q and p are the same or different integers ranging from 1 to 8, R’ is as defined
above, and Z is selected from the group consisting of O, S, NR, PR, AsR, SbR, divalent
aryl, divalent fused aryl, divalent 5-membered ring heterocyclic group, and a divalent
fused heterocyclic group where R is as defined above.

20
4. A cyclic chiral phosphine ligand, according to claim 3, selected from the group

consisting of structures 1-13 as illustrated in Figure 2.
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34 WU 7633 Hz), 40.51 (d, J = 9.96 Hz), 59’%’3""(3’“6 -

11.09 Hz), 37.39 (d, J = 9.74 Hz), 33.03 (d, 6.11 31. 86 (s)
21.89 (s),52 t [ . 49.
Exanpl & 105 A AR1iE PhosphineiBgdnd) accslinlo Gﬁ}éﬁé&ltﬁf\g}'séeb IHEI(\:{[B?V s?r;i/x:f:t}\%e

Al kyl ati on y Jhe pro resyare exenpired by th ment s
carried out w i in ol ugne. i ng i on\of
[Pd[err] (n[erNyCEerr rr])%] (3. 9. 008 ’ ' ol uene
(1.5 n) was adﬁed‘ll and 7 (0.36H1 of 0.1 MgY in twlfuene, 0.036
mol ) under PRA nipky ogen atmgpher ¢r, After nins, raceffR OPR,

1, 3-di phenyl - 1- acet oxypropene (150 'ng, 0. 62 nfits I) was added. Then the

solution was allowed to be stirred 30 mins. N O 10

bi s(trinmethyl si,vyl ctam’e .44 ni 8 I di net hyl | onat.e .(Q. 21
m g™ e epHaR R Shichebdenly sbleued BSpL o sonsige st sutribiled n
this order }I’? )§ﬁ‘btf'10i§‘carbonat%§ moni tored by TLC (el uent Hexane / ethyl
acetate %8’ fter 1.5 hrs, TLC showed t he reaction was over.

After tﬁe sol vent was evapor at ed |n vacuo, colum chromat ogr aphy on

silica gel e ‘Sl&ﬁxanﬁ / etsh ace te = 3%) 38) g [ esi d 15
yi el ded th ’ch W Y P avige 3,19 ¥ q4[Ron, Qrps, WH I‘W bs
determ neds&@smmed WighifSthe “pime vt bIE’eL(;g kot Chlygbl SiahzeIN-RD celyms:. Ci,,

m /mn, hexane /2-propanol =
Exanpl e 11wherein the ring may further be substitatddowith Rf vherein B gsrselqymdcfgym the groupf

i mor (2 montsaof Ay Higtoatdh BN SR BTG 1 R bt B
BI CP I o t olapan@ubsBiutedVaryT; 1ar}‘lhlky9 r&@?smmmd awmkyx and I‘-@RLH(CRFQIQ zs(dws)lpnn was

stirred in gl ovebox for “30 min. Then pht hal i m de (
added and whergiragcardop ard thesame wa diffrent irtegdrs rangimg frem B® & R’ tsea‘scdeﬁnad 3 3-

trimet hyl I (96, ul . 6 I dd h t] b.
bl b T BRovs and g tscieleRted fRgh SECaTPIe, SaSishEh oh PSS 16 ASH S Siefeay
sever al exg‘ﬂgnaﬁa Ynt Fudbddiy e&wanem S-H%Hﬂex%ﬁ'ﬁxfgeﬂet%c¥éllcf §r’6u1§5ad?l GC@W&Y&:ES' on

(97.8% an hantionmeric exXcess (92. erm ned
capi | | ary duodedhetergeyitdic g2@AH)where R is as defined above; and,
15
X is selected from the group consisting of O, S and NR where R is as defined above.
6. A cyclic chiral phosphine ligand, according to claim 5, which is selected from the
group consisting of structures 14-23 as illustrated in Figure 3.
20

7. A cyclic phosphine ligand according to claim 1, having the following structure:

wherein each R is independently selected from the group consisting of aryl, substituted

aryl, or alkyl of 1-8 carbon atoms;

R



. 1US97/10436
35 WO 97/47633 .J I‘“‘l “\! !“ “lll u“ Exanple 12
(as depicted in Schenme 3, Fig 11) Me- PennPhos:
1,2-Bis/ (1R, 2S, 4R, 5S) - 2, 5- di et yI 8- phenyl phospha-

bi cycl o/ 2.2 1/ heptyl }benzene (36a) 5 To the suspension of NaH (8.0
g, 333 Mol }hd BydlidFstna@eD) repfeetted fimg Bevinge® to 8 cardddestoms which may be
1, 2- dlphosphlno%enzene nr

30.4 mol ), foIIovvedb HVPA (80 i The
resul ting osubsgaltsduw@nsﬂbﬁ Regs Waithi PR @r ADOIBCOX)EED,L SH ur( MR, ’5‘8) CR'5-

di met hy ngl exag}e 1}‘&5 ?urﬁlﬁeég?g\go&ﬁ{u?ed(\%%i %he?e(%xa% méléctéffr&lﬂﬁhé éf%g?m zj

was I'ng orange red suspensi on was

at RT fog 31:5:155&&\% ofiglkgll fm&%&xw Q@ld\/pefﬂhd}@&llyll-'ﬁ:@dﬂ h@xﬁg\dx ttoes celsbn aringy

wi th hexane (2 The conbi ned qanl c sol utlon was dried over

Na[ er r ] SO eraryl; sulfstitrted asyl;raaylabinl; ringesubstituied arylokkyl andnbRez(CR'2)qZ(CRIdpR’

ot B e aAR e $eBr gr CHTBETS iisgers sfEInE FPTEA R, Rl ey S
H=7.

[ err] %ﬁgze, %Qg'z sele}:?%i gﬁﬁnﬁtheaéregﬂiédrfs}snné o@%) &, Q@(FR %sll’:l Stﬁi,mérﬁ)

.21 (d, broa broad, 2
[ err]J( PH) -ar)113 dévakdnt f\R@Bi) aryl,. di@aléntcHmembered rlﬂ)g hetpaﬁwhcagro(um ad a dwalMt)

1.17 (d, [err]J(H Hz, .CH 60 (d, 6 H [err]J(HH) = 6.3
Hz, CH3O se[dép;qrq;yc cgroup@hyrﬂlgsg,{ffﬁ:g]pa F‘P‘?Vsef “Eé’der , CDCl[err]): [err]C
= 143 94, 143.66, 143.48, 143.20, 131.05, 131.00, 130. 93, 126. 33,
46, 24, 46.20, 46,17, 46.13, 45.92, 45.69, 45.61, 45.38, 40.17, 40.05,
39. 89, 39. 73he BYidgd is Pected, fr@A HB3groR9 c@BistiBY of 6(CIBY,- Meher@ 4 1s6an InBgerrbnging
34.41, 34.26, 22.69,
from 1 to 8 -(CH3)sZ(CH2)m- Wherein s and m are each the same or different integers
ranging from 1 to 8; 1,2-divalent phenyl; 2,2’divalent-1,1’biphenyl; 2,2’divalent
15  1,2'binapthyl; and ferrocene; each of which may be substituted with R’ as defined above;
and wherein the substitution on 1,2-divalent phenyl, the ferrocene or biaryl bridge is
independently selected from the group consisting of hydrogen, halogen, alkyl, alkoxyl,

aryl, aryloxy, nitro, amino, viny), substituted vinyl, alkynyl, or sulfonic acids.

20 8. A cyclic chiral phosphine ligand, according to claim 7, which is selected from the

group consisting of structures 24-34 as illustrated in Figure 4.

9. A cyclic phosphine ligand, according to claim 1, having the following structure:

o Ri...
=P p I
- "

25  wherein each R’ is independently selected from the group consisting of alkyl, fluoroalkyl
and perfluoroalkyl, each having up to 8 carbon atoms; aryl; substituted aryl; arylalkyl;
ring-substituted arylalkyl; and -CR’2(CR’2)qZ(CR’2)pR’ wherein q and p are the same or

47



20  22.65¥0224B33 20.82. [err] P-NMR (CDCl[err]): [err]P PCTUSS7HHA¢
Exanpl e 13 (as depicted in Schene 3 and Figure
11) differerit -iftegersranging from 1 to 8, R’ is as defined above, and Z is selected from the
1,2-Bis((1R 2R 4R 5R pr.oRy
phabi cycl OF‘?“E Wﬁéﬁ%@Pf@e%z@ﬁe%& 3 gg& BN ‘B'y P%n?hmt }S‘fngler’ngﬂ@}FZ'éne
(0.4 n, fHBE}E [rﬁilgq] §7d 2 dIVARIn} ﬁl’k@ﬂ?ﬁetem lidproaf wharelkhis (50
m) and coole to err]C I\/PA (8 49 mol ) was agm Tﬁ e
resul ting asdefgedsabspensi on was sti rred at 0C for | h and t hen
(1S, 25,4S,55)- 2, 5- di et hyl - cycl ohexane- 1, 4-di ol dinesolate (2.17 g,
6. 08 n'nso I n THF (40 mM) was added over 10 min. The resulting
orange redlﬁ;‘vﬁ {s31eMR fRdh tleSstod cdbistiff of -(@ML)- wWHel€F is M intefQQ

it was dro yzsed wi th NaCl- lg‘?r] o] and extracted with hexgﬁehﬁgé 50
m ) from 1 to 8; «(CH2)sZ(CH2)my- wherem s and m are each the sam86r different 1nteger§' he
conbi ned organic sol ution was dried over Na2SO4 and filtered. The sol vents

wer e rangéng\featmuh disr &edhaehlvqbwésmh‘l Faadivaentel, b biphenyu ), 2 divatent o

oo ] 48t b P B B S i
ar omat 1@) ar?d Q@Ie@elﬂolh@ @ub&:tﬁhonﬂbﬂ W-dﬁhlcnﬁ pﬁgn dthebfeﬁaéhne%r"bxa{g? rligé RE) =
14.2 Hz, 5 (d, broad, 2 H [err]

1. 85 1. 45 (nﬁepg en)ly srlqwdlfr@a thergromp conmstmg—lp hydrgger, chalogen, qlbylr plkoxy)) =

6.4 Hz, CHe 96 (d..6H 5 (r 6 (d, 6H,
[err] J(HH) LQ"@"@%’ %9«[ APy V‘“%Fi‘gﬂ Fé*?‘!?%vwh ﬂgﬁg’r TS%‘%&#%@- v\ﬁ&g (i's out
of first order, CDCl[err]): [err]C = 143. 97, 143.62, 143.56, 143.50,
143. 45, 1438. 09, 130. 96, 130.90, 130.86, 126.11, 54.10, 54. 06, 54.083,
48. 65, 48.84851408246, 42.02, 41.96, 41.24, 41.20, 41.18, 41.14, 37.94,
37. 77,l 0 37.60, 37.46, 33.29, 33.27, 33.24, 31.69, 23,45, 23.40, 23.35,
22.22.7°20.97, 20.54. 3]P- NVR (CDCl[err]): [err]P = -8.7 ppm

10. A cyclic chiral phosphine ligand, according to claim 9, which is selected from the

group consisting of structures 35-39 of Figure 5.

11. A cyclic phosphine. ligand, according to claim 1, having the following structure:

PRZ ﬁ‘ RZF pRz
Type VIIc
wherein each R is independently selected from the group consisting of aryl, substituted

20

aryl, or alkyl of 1-8 carbon atoms;

each R’ is independently selected from the group consisting of alkyl, fluoroalkyl and
25  perfluoroalkyl, each having up to 8 carbon atoms; aryl; substituted aryl; arylalkyl; ring-
substituted arylalkyl; and -CR’2(CR’2)qZ(CR’2)pR’ wherein q and p are the same or

different integers ranging from 1 to 8, R’ is as defined above, and Z is selected from the

48
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Exanpl e 14 WO 97/47633 (as depicted in Schene 4, Plg'rmu§9ém 3gmd

Fi gure 10) Co5-Tricycl ophos: 1,2-Bi s{(2R 6R, 7R

115 P g ek o L MRERRILL LR, gyt

g, 16.7 mmolj-meatbered ring hetercegiclingrotiy; apdQ divylestnfilseblodterdcydicGireny WhereHVRA
(4.3 mM, 25 mmpl) s added. The resul ti ng orange suspensi on was
stirred at (?64‘5‘1"3 apoverd0dihen treated with

(I1R1'R 25,2"S)-1,1" -bicycl opentyl -2, 2" -di ol bisnesylate (0.993 g, 3.04
mmol) in THF (40 20 m ). The resulting orange-red suspension was stirred
at RT fois 2Ghb,cyeht estrctung ® yepresewts a ning badpe3stol oboredtonty brd tiwaydit t o
0C, it was hydrolyzed with NaCl-H_ err] O and extracted wi t h hexane
(2 x 50 m). StrieEurg JdRhTeRECIEE Fa ARG haymg: Pote Recerban atpnas; cgachpfswhichrimay be

filtered. Th%b?t?éu\%%ﬁhx%{a?nﬁ%%ﬁ%ﬂe Upﬂﬁ% é e)?gﬁeﬂﬂ F%?&” = T%E%em fue. wa

subj ect ed to on s elut’e £n”

hexane/ et herthé 4gind) t‘urﬁibﬁ‘l)dsub@uté&dgwﬂﬁk 4s5déhined EabWe] H NVR (CDCI[err]):
[err]H = 7.50-7.30 (m 2 H, aromatic), 7.25-7.10 (m 2 H, aromatic),
3.15-2.95 (m 2 H, PCH), 2.85-2.70 (m 2 H, PCH), 250230(m4HCH)

Lerr]c 20, 11, *ByeliEChiral nifsblshe AR ool % slah 3y, B8 stheta B e

52. 97, 44. 72grodd cosistihg. dfGtruétdred 45-FofHigure 7. 32. 01, 31.86, 31.68, 30.58,
26.47, 25.41, 25.36, 25.31. 31P-NMR (CDCl[err]): [err]P = 9.6 ppm
37 WO 97/ 47633 Exanpl e 15

General Procpg cﬁ%’m pﬁ%m@tﬁ{gﬂﬁ %MBH F@&lh&?l%v%ﬁﬁg?&mlﬂg% {_;{?,Ff or

Pennphos | i gands ove reacti o e was
charged with a given anmount of Rh 5 cat eR:yst precursor and Me-PennPhos
inaratio of 1.1 nol ligand per 1 nol Rh an oOm

R\P )n

M

15  wherein R is independently selected from the group consisting of aryl, substituted aryl, or

alkyl of 1-8 carbon atoms;

each R’ is independently selected from the group consisting of alkyl, fluoroalkyl and
perfluoroalkyl, each having up to 8 carbon atoms; aryl; substituted aryl; arylalkyl; ring-

20  substituted arylalkyl; and -CR’2(CR’2)qZ(CR’2)pR’ wherein q and p are the same or
different integers ranging from 1 to 8, R’ is as defined above, and Z is selected from the
group consisting of O, S, NR, PR, AsR, SbR, divalent aryl, divalent fused aryl, divalent
5-membered ring heterocyclic group, and a divalent fused heterocyclic group where R is
as defined above;and,

25

nis lor2.
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—
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of the gi va¥P2UI¥&ht (dried and degassed), the resulting orBEGESYEINISY
solution was stirred at rt for 20 mn. Then substrate (1 mmol, sub/cat
= 100) was added. The nitrogen at nosphere was exchanged to H2 by
flashing thgs mel he & LE&Gh ' I Shich |

stirred at RT g\nmaéggg%ﬂrﬁ:}[er %C}Pﬂéfgerta%wpg% SI’o‘?hlt‘:}llr‘rs\s\.se}z‘iﬁéd F‘gg{; |eon
sol uti on I1group eassigtingof dtridtures g40-44 adhilinstratéd Figaregel , washed with et her.

The conversion and ee were measured by GC analysis on Chirasil-Val I1I
colum. The absol ute configuration was determ ned by measuring the
rotationr of44€rod | ] ' 4 ard

ol Ges. % of 1 Pr oW AN cGRPRERE B8 giAd & il P&Gﬁp?%gn’%gpgﬂg%nsﬂoﬁhéﬁﬁ

General Procedure for Asymetric Hydrogenation of Ketones In a
gl ovebox, a reaction bottle was charged with [Rh(COD)Cl][err] (2.5 ny,

0. 0101 mmol ) and Me-PennPhos (3.7 ng, 0.0103 mmol ), and MeOH (10 nl,

dried and 4 : 5 ot A
at 1t for ol ntRGRRESRef linl €5 sk ¥ FORFRN els SElibh Mool B Bobb 7.
100) was adetagisting of thodivin, dridiasl, nithetiumpgallabitm a4 platiigsed i n an aut ocl ave.

The nitrogen at nosphere was exchanged to H2 by flashing the aut ocl ave
wth H[lgrr] (10 to 20 atm. The autoclave was pressurized to a certain

at nosphere f ) | LT for .a
gi ven por i ool sEfethgiier GEASHERCR Ehbx MARYLAL IRy BoglabBlory
short sili cletorsds, intinsd)od odéfin) tied mproverhient comprising ¢atabsing thé) teaconaith the
nmeasured by GC anal ysis on chiral B-dex 120 column. The 25 absol ute
confi gurat i%‘%ﬂ@féét@rlﬁi ned by neasuring the rotation of product and
conparing with the correspondi ng standard val ues. :

38

15 18. In amethod for a transition metal catalyzed asymmetric reaction selected from the
group consisting of hydrogenation, hydride transfer reaction, hydrosilylation,
hydroboration, hydrovinylation, hydroformylation, hydrocarboxylation, allylic alkylation,
cyclopropanation, Diels-Alder reaction, Aldol reaction, Heck reaction, Michael addition,
and stereo-selective polymerization, the improvement comprising catalysing the reaction

20  with a catalyst of claim 16.

19. A method of claim 18 wherein said catalyst is selected from the group consisting
of compound 1 as illustrated in Figure 1, compound 36 as illustrated in Figure 5,
compound 40 as illustrated in Figure 6, and compound 26 as illustrated in Figure 4.

25
20. A method of claim 18 wherein the catalyst is a complex of a chiral phosphine
complexed with a compound selected from the group consisting of [Rh(COD)Cl],,
[Rh(COD)]X; [INCOD)Cll2; [I(COD)2]X, Ru(COD)Cl, [Pd(CH,CN),[BF.L,
Pd,(dba),, and [Pd(C,H,)Cl1},; wherein X is selected from the group consisting of BF4,
30 Cl1Qy4, SbF¢, and CF1S0s.

30
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Exafrpl e 17 Generalzilmﬂﬂﬁmllﬁlmm yrmetrl ¢ Hydrogenation of
bet a- Keto esters

Ru(COD) (2-nmethylallyl)[err] (O. 01 m)l) wer & pl aced inal0 m Schl enk
tube and the vessel was purged with argon. 2 nL of anhydrous acetone were 5
added. To t Ris Asmephedsofoclamn 8 ademih thet dataipdtiis aHBmpodnd selektedffram @h& graup

iﬁ 't gg? ngggﬁmséﬁr‘tege #&iﬁ%fd>?&o“ﬁ§5§&>aha?mﬁ8y&h?§%h wf?%ﬁeﬁ;m;m
i n degassed solk‘@%ﬁe #2(2' n{lf“?e(a 'R cgnsigﬂ'%{&pﬂ ’ hggﬁ#l?s&@tyﬁ S(";Lafrgii:ijBa )

degassessby 3 @ighoSshifé of@siinT argon. This m xture was added to the 10
catalyst (1% in a glass vessel and placed under argon in 300 nl stainless
steel autocl ave. The Argon at nosphere was replaced with hydr ogen. The

hydr ogenat i ops ,wer e nder eact | condi-t i ons ven

sol vent was %%\?&E}e{yﬁge{% APEURURE hy%gﬂ\?g ﬁé}g iid oL8! ﬂneca(ﬁ%?%%n}i’)hé‘d
by chiral GC cebmprexB: Q{@ﬂ& Ml'ddli‘)ﬁna%ﬁshxral fipand, the 1mpro{réiﬁetﬁl%@ﬁ$nsmg
exanpl es illustra the resent i nvention and are not intended to limt

t he i nvention |cnnc§ptmgtthq)¢au§gqg§)y1th a palladium complex having a chiral phosphine ligand

10 of claim 1.

23. A method of claim 22 wherein said catalyst is selected from the group consisting of
compound 1 as illustrated in Figure 1, compound 36 as illustrated in Figure 5, and
compound 26 as illustrated in Figure 4.

15

24. In a method for asymmetric allyllic alkylation catalyzed by a complex comprising

palladium and a chiral ligand, the improvement comprising conducting the catalysis

with a palladium complex having the chiral ligand of claim 1.
20 25. A method of claim 24 wherein said catalyst is compound 40 as illustrated in Figure 6.
26. The chiral phosphine ligand shown as compound 1 in Figure 1.
27. The chiral phosphine ligand shown as compound 36 in Figure 5.
25
28. The chiral phosphine ligand shown as compound 40 in Figure 6.

29. The chiral phosphine ligand shown as compound 26 in Figure 4.

30  30. The intermediate shown as compound 3 in Scheme 2.

31
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T IR = p
1. A chi ralwﬂﬁalﬂﬁ"f? ne ligand conprising a conformationally rll,%llvt SS,(:’iillc :il o

Struct ur e, Type vV Bidentate G&EE Shddpthdde phosphorys is bonded to or is part of the
cyclic structure, whereby the 5 Iggand ﬁwgwm»wY Pwovrﬁesoeﬁhanced
chiral discrimnhBridee jn metal catal yzed asynfgtippes kvl aryl beergpgans ¢
reactlozf~ .and_xher ei n\ he phi ne” | i gand |§m§@W§éW@H*F%%n1the gr oup

di-

consi stifn chiral e |ligand conpri sing: i) a) a
2,2 r ggqophosphi , 1" - bi s(cyghde£d ARLINUEL Whir ) WheL ekny,eqch. gycl e
of the bis(c ) structurfe conprlses bendefk. Rrb@fbQ) atoms wherein the 1,
', 210 ngag' carbon atons in the bis(cyclic) structure are
an

sat urat ed carbon atons wherein the carbon atons in the

bi s(cyclic) structure other than thgmpes1l , 2 and 2' carbon
atons are optionally replaced with nitrogen, b) a
1,1 -bis(cyclic)-2,2" (organophosphinite) structure; . c) a

chiral phosphine |ligand conprising a heteroatom containing sp
or ganophosphi ne or organophosphlnlte
bi dent at e pspm

onpr psi.ng a/(B \z)ph
structure mn é’brldq p; <:y
| i gand co sed phospha-k
structure conp ng sa |dge structu
phosphi ne |iga risingh cis(bis) S~ L
structure; g) a chiral phosphfne |igand corg sihg_g
trans(bi s) phosphine bicyclic structure;
h) a chiral phosphi | i gand conpri sing is or trans bi phgspN ne cyclic
25 ructure having tw ubstituents sel 8d fromthe
group consi sting |,\ fluoroal kyl "
per f | uor oglkyl , up to 8 errnd Cp—P—/,
aryl, su%stltl al kyl , rlhg substi t ut ed arylalkyl, and -
CR'[err]( r])pR whejéin p are the %me ordi fferent
i nt egers rangl /o 8, Z is dépt £ NR As R 30
dival ent aryl, ; tused aryl, div -nmenbered ri ecyclic
group, or a divalent ed heterocyclica g up where R is sele ~d fromthe

group consisting of alkyl of 1-8 carbor\atbns, aryl, and su stliuted aryl ;
or ii) a chiral nonodentate phosphine Iigand conpris a
phospha-tricyclic structure.

Ot

Type V Monodentate Chiral Phosphines

'R1~\P Ph ;
Examples N 1\‘? P

<
2
\-/: .

X= chnral uxazolines,
R1 = ary} or alkyl groups or COOH. OMe. OH. SMe.
substituted aryl or alkyl groups 12 33 SH. NR'~. PPh-

34
Figure 4. Selected new phosphine ligands with ring structures
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. TS I043
52 A cycIvY%97dﬁ78§3ph| ne ligand of claim1 having a structurgcse ect edﬁf_rom
t he group consi sting of: A. Bidentate cyclic chiral phosphines:

[err] Type VI Bidentate Cyclic Phosphines

Bridge = Alkylfe.g.. -ICH2i-.n=2. 2. 4% Anlicg.
benzene. ferrocene, eic.)

n=1{.2

Examples

& cp—PF
|
P i N
Cp—p_ R
R R,
I
R

(-
R 14
H,CO
H}CO 39
O R’

P
ot =

R'= CHa. EL. 1-Pr. Ph. ew.

Figure 5. Selected new phosphine ligands with ring structures

5/15



' ’ : . . PCT/US97/10436
B. nnnodentg¥%?¥§%9% c chiral phosphi nes S

43 [err]

Type V Type VI wherein each R is independently
selected fromthe group consisting of alkyl of)1-8 carbon atons, aryl,
and substituted aryl; 5 each R is indepeéitdgntly selected fromthe

er f | uor oal kyl , each having

group Caps At Me@d@Rfacdy k¥ prospinepr oal kyl .and o ,
al kyl; ring-

up to 8 carbon atoms; aryl; substituted aryPs
substituted arylalkyl; and -CR [err] (CR [err]) GR [err])pR wherein g and
p are the sane or different integers rangivig froml1l to 8, R is as
defi ned above, and Z is selected fromthe R¥group consisting of 0, S

NR, PR, AsR, SbR, divalent aryl, divalent fused_ aryl, divalent 10
5-nmenbered ring heterocyclic group, and a diVal'ént fused het erocyclic group
where Ris as defined above; the cyclic structure D
represent s E¥P%tg having 3 to 8 carbon atoms and the cyclic structure
[err] represents a ring having O to 8 carbon atons; each of which nay be 15
substituted within the ring with one or noreMeiygen, sulfur, N-R, C=0 or

CR [err],, wMerein the riMe.gay further be shgstituted witH R.. as
defi ned above; g Ph~P /
Ph—P Me—P Ph—P
Me M Me iPr
40 ¢ 41 42 40a

R’, R = aryl or alkyl groups ¢¢.g.. CHj, Et. i:Pr. Ph. etc.) and
substitituted ary!l or alkyl groups

R"". Rlo
-+ "
X
R’ AL
43 0\2‘.— R,
X = chiral oxazolines, - RJR2 44
COOH, OMe, OH, SMe, Ry

SH, NR';, PPh, Ry, Ry Ry, Ry = aryl or alky! groups

Figure 6. Selected new phosphine ligands with ring structures
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the Bri dgewgs’yﬂs&t ed fromthe group consisting of -(CH er rﬁ%@%’éo“és
an i nteger ranging fromlto 8, -(CHerr])sZ(CHerr])m wherein s and
m are each the same or different integers 20 ranging from 1 to 8;

1, 2-dival ent phenyl; 2,2'divalent-1,1 'biphenyl; 2,2'divalent

1, 2' bi napt hyl; and ferrocene; each of which may be substituted with R as

defi ned above; and wherein the substitution on 1, 2-dival ent phenyl,
the ferrocene or biaryl bridge is i ndependently sel ected fromthe
group consi sting of hydrogen, hal ogen, alkyl, al koxyl, aryl, aryl oxy,

nitro, amno, vinyl, substituted vinyl, alkynyl, or sulfonic acids; 25
X is selected fromthe group consisting of 0, S and NR where Ris as

defi ned above; and, Type VI Bidentate Cyclic Phosphines

44 nis 1or 2. 3. A cyclic chiral phosphine | i gand,
accordingpiro claim1, haprpg the foll ng str.uc

[err] 3 wher ei n eaclt E{ igs i ndepe tly s@ec,]; {-;’ff nli:: ')irl:ﬁ:r;:l ‘nem::m
consi st oH aryl, suyb @t ed

additions] chiral centers

7 Ru .....
H PR, TR ¢
PR, R’ = 00 8 carbon atums structure coataining
alkyl, aryl, heteroatoms or additional chiral
cenlers
Examples
PR,
’ PRz
RZP'U.. R'
R’ R
PR, R
45 6 4 48
PR,
Rl
R‘
PRz 5 50
R;P PRy
49

Figure 7, Selected new phosphinc ligands with ring structures
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aryl, or alkyl of 1-8 carbon atons; 10 the cyclic structure D
represents‘ﬁgﬂ?’ﬁlﬂﬁavi ng 3 to 8 carbon atons which may be &@ngﬁ‘sut ed
within the ring with one or nore oxygen, sulfur, NNR, C=O or CR [err],
wher ei n t he Synrgs ofdypefluBidiren: GelisBHosphinesut ed with R wherein R is selected
fromthe group consi sting of alkyl, fluoroal kyl and perfl uoroal kyl,
each having up to 0 ons; 15  aryl); subsg iskutvadnad yde fro@b Y Bl Kyl ;
ri ng-substituted 3 7 d -CR [err] [ ercodipia((BR. bl hdriaRms or
wherein g and p are ] vre~or different integedduohslngtangntkom 1 to 8, R
is as defined #Pgve, and Z is selected fromthe group consisting of O

S; NR PR AsR SbR dival ent aryl, divalent fused aryl, divalent
5-menbered g] ter lic group, and a dival ent fused heterocyclic
group wher eﬁdﬁﬁggﬂgs?eaaée)?’iyﬁed above. 20 4. A cyclic chiral phosphine
| i gand, ac di nggip claj , SelCeCh.ed PECIgPRh)he group consi sting of
structuredq 1- 3-a-s—|-Hu

45 - BA47633

ed.i.n_ELgure 2.
5. k'cycl ¢ phosphine |igand, according to claim
1, having the follow ng structure:

1) Asymmetnic Hy droboraton

.
Luand

3 Oxidanion by H-0-

1) Pinacol Coupling '
2) Eliminaton

1) Hydroboration and oxidation by H.O-

2) Chiral resolution or sepraration

NaOH. EtOH O j)NaBH,
HH+

Oﬂo RuCly(PCy115=CHR)

@L olu—_’%

CuCl;. cat PdCll( Pph_'. I

1Y MsCL. Et:N

2) LiPR,

1) MsCl, EiN

2) LiPR»

- -
HPR,
/ -

Figure 8

) = Chiral Backbones
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[err] WO SUE68 h each R is independently sel ected from EREYPELNS
consisting of aryl, substituted aryl, or alkyl of 1-8 carbon atons;
t he cyclic structure D represents a ring having 3 to 8 carbon atons which

may be substltuted within the ring with one or nore oxygen, sulfur,
NR, (5-36'3"“6’? tR [err], wherein the ring may further be substituted
vmth R wherein R is seI ected fromthe group consi sting of alkyl,

fl uoroal kyl and perfluoroal kyl, each having up to 8 carbon atons; 10
aryl; substituted aryl; arylalkyl; ring-substituted arylalkyl; and

-CR [ e J+) 9Z( CR)M%!r];,)ﬂpR y and p are the sane or
di f f engnt ,' f ranging from1 to 8, )8 i ned above, and Z
is selet{e Bt he group—TonsTsti ng of 8 —/ PR, As@ SbR, dival ent
aryl, ent: fused aryR)LiBRval ent 5- rrerrﬁ)red rii ng heter ycﬁl@'fg'r%tmnmand
a-dival en H fused heter ocyclic group whére BRts as defined above; and,
15 X is selected fromthe group consisting of 0, S and NR where Ris
as defined above. 6. A cyclic chiral phosphine ligand, according to

claimb5, whrok~s sel pited fromtg g¥/oUp, COH tng of structures
14- 23 as iII F|gULe3 . 7. A L& phasphi ne |igand,
according to ai m avi ng the fmN owi ng struc N wherein

each Ris |ndependently selected fromthe groum:c Si q_;l ng of aryl,

substituted aryl, or alkyl of 1-8 carbon atoms
OH R’
Q\ 1) 'BuLi. O °C. THF 1) BH:in THF 7o
/ 0] 2) cat, PACL(CH3CN), 2 H:04 M
R CuCl, R’ :
HO
PPh: R’
1) MsCl, EiyN
2)LiPPR2
1) MsCL BN
2) LiPPh2
R R
1) ‘BuLi. O °C. THF A o 1) BH; in THF
\ - () —
2) cat, PACI»(CH,CN), O ,  MH.O:
CuCl, R

For the synthesis of

1) MsCl. Et;N

Mitsunobu 2) LiPRs

reaction

Figure 8 (Cont.)
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46 w097/-17ﬁ363 cyclic structure D represents a ring havi ng’%ﬂwm“g6
carbon atons which nmay be substituted within the ring wiwth one or nore
oxygen, sulfur, NR, CO or CR [err], wherein the ring may further
be substituted with R wherein R is selected fromthe group 5 consisting
of al kyl, fluoroal kyl and perfluoroal kyl, each having up to 8 carbon atons;
aryl; substituted aryl; arylalkyl; ring-substituted aryl al kyl; and

-CR [err](CR [err])qzZ(CR [err])pR wherein g and p are the sane or
different integers ranging froml1l to 8 R is as defined above, and Z
is selected fromthe group consisting of O S, NR, PR, AsR SbR dival ent
aryl, divalent fused aryl, divalent 5-nenbered ring heterocyclic group, and
a divalent 1 fu eterocycl iC gr odpy wher e s d fi ned above; and,
the Bridge i ~E£C ed fwommm;grou-p—s-d-n-s-l-s-t CH)r- here r is an
i nt eger ranglnﬁl\ n from1l to 8; (@HFbrr])[erNJZ(CN err])m wherein s
and m are each twe aame or different |ntegers m\—,rnp,gl ng from 1 to 8;

1 ,2-divalent phenyl; 2,2 divalent-1,1 'biphenyl; 2,2 divalent 15

1, 2" binapt hyl; and ferrocene; each of which may be substituted with R as
defined above; and wherein the substitution on 1, 2-dival ent phenyl,

the ferrocene @ bridge is a’mdepend H ted fromthe
dr otyen ClhRby ogem—aé‘ky-ﬂ' iaryl, aryl oxy,

group consi st Mg q_{

nitro, am no, Vi% ubsti tuted vinyl kynyl , h oni ¢ aci ds. 20
8. A cyclic chi raI [ﬂmsphl ne ligand, according to C‘T P which is
sel ected fromthe group consisting of structures 24-34 as illustrated
in Figure 4. 9. A cyclic phosphine lIigand, according to claiml1,
havi ng the follow ng structure:
HO 0O HO
HO ><° 1) NaH, PhCH,Br HO
OH OH OCH,Ph
— ——(
OH  T:0H, acetonc 0>< HH OH
OH 0 OH
PGO PGO— DH,
PG = @ HO 1) MsCL EtyN —-—zvhq
- OCH,Ph i = 0C1i;Ph
* 2) LiPPh2
' e
3 L
BH, OPG
1) doprotection BH,
2) Sween Oxidation 3:'—- —~—PPh, D Hy, PaC
- "0CH1Ph Lo
3) Winig reaction CLLPPY;  Ph,P—— 2) Swern exidusion
4) Hydruburation and oxidstion I »—-IOPG IH
$) protection ’

Figure 9. Synthesis of new chiral ligands 14-23.
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[err] %“’O%@r’%. n each R is independently sel ected frorﬁqTﬁ%sga/rl%“g

consi Stﬂyﬁ\gcsgt)f ﬁldgx}dm C)fcknymoﬁﬁlngsyhgnnds 43!) and perfluoroal kyl, each having up
to 8 carbon ato bstituted aryl; arylalkyl;

ring-substitut gﬁ@l kyl; __and -CR [er r)(QR' [ r,],),&q;‘(&.}g{{,grhr“]“)ﬂ&, wher ei n
q and p(ﬂ‘e, t same o conaining alkyl, aryl. h;lnrnatnms or _

47 /47633 P ferent integers rangidihnficRm dnt@ S R is as
def i ned *ab

PR, AsR, SbRY di

nd Z is el gcted from thge: - AlkyIQUP GRSt § of . S, NR
alent aryY, divalent fUSEd aryhensd VoSl e"(;','g) rv"n”oe ed

ring heterocy c gr oupud a divalent fused heterocyclic group where Ris
as defined above; 5 the Bridge is selected fromthe group consisting
of -(CHerr])r where r is an integer ranging from1l to 8;
-(CHerr])lerr]lZ(CHerr]) mg in s andOm dach the same or different
i ntegers |} Bridge angl ng fr 8; 1,2-@givalep phenyIB,uLi

2,2"di ent-1, IV glphenyl 2, 2' 4 val ¥nt : " bi napt nd ferrocene;
each o i ch na? Be substlt €d with R ag defined above; 1 and wherein
t he substitution on 1, 2-di gnt phenyl, t ﬁerrocene or bigryl bridge is
i ndependent |y selected fromThe group consisting of hydrogen,” hal ogen,

al kyl, al koxyl, aryl, aryloxy, nitro, amno, vinyl, substituted vinyl,
al kynyl or sulfonlc aci ds and, nis 1lor 2. 15 D. A cyclic

chiral | i gand, cor to claim9, which is gerecred fro he
group con of s;ructu 39-0of Eigure S(Q% P

Synthesis of Monodentate Chiral Phosphines (ligands 32.34)

OMS Soz ! 0 . R‘ -~
R;PH: + OMS or y BuLi P
N

9

R1 = arsl or alkyl groups

Figure 10
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11. A cycI | 13%68ﬁl ne |igand, according to cI a| m 1, having {’ﬁT’UPO'f’f"gSﬁ ng
structure: 20 %5 wherein each Ris
i ndependent |y sel ect edP#ont Shahess @fuB’d‘Ef‘b’t‘fquS‘tclpﬁ@fP fes Hiegpds 3si¥bst i t ut ed
aryl, or alkyl of 1-8 carbon atons; each R is independently

sel ected frc,)mt x up RSi sting of alkyl, fl uor oal kyl and 25

perflu a ky n %ha ' up to 8 carbon atons; aryl; ﬁsubstltuted aryl;
aryl al k q R s tuted ar %é‘f‘k ol %d‘cw’“ me L3 Arliey

-CR [er R [err] qZ( L?ﬂpR‘ wherEhh ﬁ“&%u‘“p’ are the sane or
differen nt,egers rangin 1to 8, R,ipsas defined above, and Z is
sel ected}lfromthe 48
group coMgjsting of O SR NR, PR, AsR, SbR, divalent aryl, divalent fused
aryl, di val ent 5-nmenpered ring hetegocyclic group, and a dival ent
fused het erocyclic groupRwhere Ris R.as defined above; and, 5 t he

3 to 8 carboRuix Bk and t he
0to,8, rb%n[_a ons; each

cyclic str =1, D represe ring havi
cyclic Ez:ﬂfture Dr B, aofi
of whiﬁhh y be sub Qd withi ONb with one or nore oxygen,

sul fur;}2 " the ring may furthey be

. . Y
substituted with R as dBfined above. R ( o R
. n ~

7/P P )a
! n
R '
R
n
Rh ..
Bndzc
+ LiP: > In
MSO Ta
R"a.
Ms 1) work up in MeOH
Na,P — LiP )
OMS 2) BuLi )’
Rl
R’
11 i i
PH, Ms DlcauwvBuli _ Lip ),
OM5 2) 2 equiv BuLi Yo
R'
BH /
3 RM,‘_' R) R,,
f OMs 1 BH, ) B ‘
Cl,P. + n OM .._Ll—,, \P 1y HCI p )
4 S n
Cl NE(v -rn— EtzN ): _-_—> Ll, )n
Rl , LI .



10 12. A WRI74I6Bhiral phosphine |igand, according to clai BETPSITIM, i s

sel ected fromthe —gf-oup—€onst-sting—oft—structes 45-49 of Figure 7.
13. A cyclic phosphine ligand, according to claim1, having the follow ng
structure: [err]
15 wherein R is independently selected fromthe group consisting of aryl,
substituted aryl, or al kyl of 1-8 carbon atons; each R 1is

i ndependent|y sel ect ed fHRigum t hEyndesiBp Bilomad CyclidRhosphinegd (Kyahds 40-Ruor oal kyl and
perfluoroal kyl, each having up to 8 carbon atons; aryl; substitut ed aryl ;
aryl al kyl; ring- 20 substituted arylal kyl; and
-CR‘[err](CR‘[err]ﬂqZ(CR‘[err])pﬂkhmhereln g and p are the sane “~

di fferent integers r ing from1l tel8, R |§waﬁndehuned %ggve

sel ect edRfpigm t b ~G5Posm, cens APMF B—S—NR—P

di val ent ary d|v Osed aryl rraMnt 5. rrenbered rin ,,

het erocyclic group d"a dlvalent sed het erocyclic group whereg

as defined above; an = 25 nigs or 2. 14. A cycl RS Chl ral
phosphi ne ligand, according to claim13, which is selected fromt hQ
group consisting of structures 40-44 as illustrated Figure 6.
R'M.. R"'
. R
RX + LiP hn - P \Ha
’n ,n n=1.2
' R

R’ = Me, E, PhCHa. etc. R
X = Br. 1, OTs, or OMs

R'h.,.. R’u
1) work up in MeOH
NayP * n OMs —— LiP )a
TOMs  2)BuLi Yn
4 [}
R R
R’, R’h
PH, . - OMs 1)1 equiv BuLj ~ LiP )
T OMs  2)2equiv BuLi N
) ?
R R
BH3 R’h. .. ) +
! oMs 1: B Ru., g
a-P . . OMS Li \P y  bHC o )
a’ NEy Ta EL,N ) "L Li” Vo
3 y Bt &

13/15



i PCT/US97/10436
5 15  AYQITATeR

ySt conprising a ligand of claim1 conplexed wth a
transition netal. 16. The catal yst of claim 15 wherein the
transition nmetal is selected fromthe group consi sting of rhodium

iridium ruthenium palladi umand g[atiniu_m 10 .17, In a nethod for
transition metal conpiesse Batvathsset BiensfyelciProsphings Gigardsfr-ah of

ket ones, imnes, or olefin, the inprovenent conprising catal ysing the

reaction yhth the PRt al yst of clg m 16. 15 18. In a nethod for a
transiti o%Fret al cataly daaqym*ret ric ﬁﬁe’ac,i on d fromthe

group copsi sHing of hydrog¥ffati on, N t 1 ang bact i on,

hydr osi | , bbor at i of gr ovi nyl:at i hydr of or myl ati on,
hydr oca ion, 1 al kyl g@ cig&ol@zpanati n, Diels-Al der
reaction, ol reactiond Heck re i oh, M chael additf on, E = and
stereo-sel'epRi,ve pol yner iPBati on, the iRiprovenent conprising tal ysing the

2

reaction 20 “with a catalyst of claim 16. o8 ‘““‘N‘rﬁé‘l‘ﬁfﬂg ( L#ai m
18 wherein said catalyst is selected fromthe group PEEHEyRES prfitianal chiral gemers
conpound 1 as illustrated in Figure 1, conpound 36 as_illustrated in Figure
5, conpound 40 @Misi | lustrated in Figure 6, and ound 26 as
illustrated in Fi gure_f 4'H25 20. A nethod of clafm#f8 wherein the
catal yst is a conpl gaagi-a chiral phospfﬁ"‘h’e dap| exed with a
conmpound sel ected f t he} gr ouReonsisSting oT [ Rh( err],
[RA(COD)[err]] X [IreC€Bi][err]; [Ir(COD)[err]]X 3 Cl[err],
[Pd(CH err]CN)[err][BH efr][err], Pd[err] (d err], and
[Pd(CH err])Cl][err]; vAMsein X is selected fromthe gr consi sting of
BF[err], 30 ClO[err], SbF[err], and CF[err]SOerr].
50 '

on- PRy

R’ R R
Asymmeuic Bydroboration Q 1) MsCl, EyN .
R 14,0, R ; 2) HPR, + Buli R
o PR,
OH PR,
R: b Rv R'
Asymmetric Hydroboration Q 1) MxCl, EuN . O
- 2) HPR4 + BuLi o
» H,0, 110 i ’ PR,
oR Rn i‘

QEP Asymmetric reduction m 1) MsClL LN
| \ "
° 5

> 2) HPR, + Bul.i
OH ¢ PR; PR,
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97/1043
21. A net ho‘?ﬂ°3?"‘7(§F%u m 18 wherein the catalyst is a conpound se(Uscgt/éd from

t he group C Ofigii S t+i Sage BFpliRNIERCOCYMerti} C31yiiRliad. esr] (V) ,
Ru(methyla]lyl)[err](¥), Ru(Caryl group)Xerr](Y), wherein X is
selected fromt é¢epsisting of d , Br and I; and, Yis a chiral 5
di phosphi nﬁﬁﬁb Naproxsy, a et AUnRagimaesy ARt r i hydration of
a ket one, e or ol efl n cat al yzed by a conpl ex conprising Ru, Rh
and Ir and a chiyal and, the inprovenent r’rlprl si ng conduct i ng
the catalysis Wth a pal PHdi um é9rpreselibyi n “’é"%‘ﬁl ral phosphine |igand 10
of claim 1. 0 23. A nethod of claim22 wherein said catalyst is
selected fromthe up consisting of conpound 1 as illustrated in
Figure |, conpound as il | ust fatewediare Fi guSntiesis afiBrostanglandins conpound 26
as illustrated irHﬁi gure 4. 15 24. In a nethod for asymetric
allyllic a ti on catal yzed by a conpl ex conprising pal | adi um
and a chi raI I I u e i nprovenent conpri si he catal ysis
with a pal IH% x haFrAgide Redregsnation Ilmﬁgipmghg:mmr: 20 25. A
met hod of claim 24 OCHsai d catalyst is oun as illustrated in
Fi gure 6. é hi ral phosphine |i and'n rﬁgwﬁ as conmpound | in
Figure 1. iral phosphine Ii éHﬂmgW‘Wﬁ as conpound 36 in
Fi gure 5. 2“‘}1 28 The chiral phosphine |igand shown as conpound 40 in
Fi gure 6. N’Z@C’the ®RRaHal [ aefgHel Meankpa@sTtonglt@ih as conpound 26 in
Figure 4. fatty acids through membranes
OHO
R3N+\/'\)LO- R=H GABOB. an anti-epilepic and hypotensive drug

OHO Intermediate C i
PhCH.O. X ompactin, a human menopausal
: Moczﬂs gonadotropin-coenzyme A redutase

inhibitor
CHO '
OC;H; a protected statine, aspartic proteinase inhibitor
NHBoc
OHO
HO:@)\(( OH  L-DOPS an anti-Parkinsonian agent
HO NH, \/
OHO o)
OCH, Intermediate  Antibiotic carbapenems Hos/.\/'\)"ogl
NHCOC¢H;
OH

©/‘\,C] — @/\? = ©.\I\j§"‘s) Levamisole

0 OH
CIA_OCH /™ AOH Daiso Technology

)\,OH ——— /\,OH ———  Levofloxacin

PG'N'\ OH

\‘IN‘PG >
0 /T\H HIV Protease Inhibitor

Merck - Indinavir
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