WO 01121567 PCT/ US06125547 HYDROFORMYLATI ON PROCESS UTI LI ZI NG MULTI DENTATE.
- PHOSPHI TE LI GANDS CROSS REFERENCE TO RELATED APPLI CATI O\%%f'-!!@ aﬁgpl i cation
claims th&B&MAFEt of U. S Provisional Application No. i filed 20
Sept enber 1999. FI ORFIY _
hydr of or nmyl ati on prﬁg?ggr:um ngiégr\d)ﬁgfg%(}ji?é% Mgﬁ@{ﬁa@%ﬁ%ﬁ%{‘?ﬁ | i gands.
In particular, the |ligands have heteroatom contal ning substituents on the
carbon attached to the ortho 03|t|on of the term al__ | ol group.
TECHNI CAL BACKGROUND “OF SR@S3 R NGE{EO BELATED R are ubi quitous

i n catal ysi Sg and ar eqpk I chem cal
transfornati ons. Phos Eoéjp &Fongclfrggﬁn%b tﬁ?mgog’lkj | n cﬁgal ysi s
i ncl ude phosphi A845 lé) lacmﬁmmbﬁr -(B), ~shown beI ow In these
representations, R can be virtually any organic group. Mnophosphi ne and
nonophosphite Ilgands are conpaunds which contain a 20 single phosphorus
at om whi ch serves as a donor to EIERB/QE THEINVENIIGNe - bi sphosphite, and

b h h I d t d
| s(phosphorus) | | opitavdulofRIRLAD o b AREHIatNPpBBRSRARY dazindOnor at oms an

normal l'y formcyclic chelate struc netals. RORI R~

Y 11~ R ROB1P Faritiden@teybosphite Egande kpagicalar,itheligands have het¢ragiomt ant

No. a's,yé'18 000 ¢ 505 o g uitepls oR BRTHHE MR IR oo Rbufir Ry conpounaspit_aﬁ”t

be .used as . apb@mégﬂotlmtlng el ement of a

TECHNICAL BACKGROUND OF THE INVENTION

15 Phosphorus ligénds are ubiquitous in catalysis and are used for a number of

commercially important chemical transformations. Phosphorus ligands
commonly encountered in catalysis include phosphines (A), and phosphites (B),
shown below. In these representations, R can be virtually any organic group.
Monophosphine and monophosphite ligands are compounds which contain a
20  single phosphorus atom which serves as a donor to a metal. Bisphosphine,
* bisphosphite, and bis(phosphorus) ligands in general, contain two phosphorus
donor atoms and normally form cyclic chelate structures with transition metals.

1 1
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25 There are several industrially important catalytic processes employing

phosphorus ligands. For example, u. S Patent No.5 910 600 to Urata, etal.
dlscloses that blsphosphxte compounds can be used-as a constltutmg clement of a
homogeneous metal catalyst for various reactions such as hydrogenzmon,
hydroformylation, hydrocyanation, hydrocarboxylation, hydroamidation,
30  hydroesterification and aldol condensation. |
Some of these catalytic processes are used in the commercial production of

polymers, solvents, plasticizers and other commodity chemicals. Consequently,

1



honbgeneous netal catal yst for various reactions such as hydrogenati on,
hydr of or nyl ati on, hydrocyanation, hydrocarboxyl ation, hydroam dation, 30
hydr oest erWPi0t2156bn anhd al dol condensation. Sone of t hese"%’é@%ﬂ”@ﬁ%

processes are used in the commerci gl oducti.on of .. pol rs,. solvents,
plrasticizers anﬁ%‘f’ﬁ‘&e"%ﬁﬁ’é’dﬂﬁ?weﬁgﬁ‘%ﬁ ; CM%" ¥eR0 01/ 21567
PCT/ USOQ 25547 jfchehfal 4dVRnds il FiBRl of sél Hinly Gftltee eommpercially conmodi ty
n.arket, ever increnental advances in yield or selectivity i.n any of these
commercially i MWMFMYM% “?hméllﬂ%‘.“m@t"ﬁg?‘%ﬁe, t he

di scovery of cefib@idQthat Qf"ﬂéiﬁse_hh%r a?ﬁﬁt;aﬂ@né&ﬂfwhrﬁn_@é ofthpdei comtinienciallyacr oss a
an

range of these comiercially 5 inpor .reactiops . 1s also highl esirable

not only for5th@mmpmmﬁélféﬂﬁh,lydﬁﬁ%m%‘%‘&“{}c@% Slﬁ?‘t_@mffﬁ‘ggﬁ/‘tﬁigtion and

focusing of resﬁﬁ{fﬁé&t& BILEOERLIREREY arfditb&ising of feleafcHnididevslbpther effuRs Of
ustria

conpounds. One industrially inportant catalytic reaction using phosphorus
| i gands of par ta zpartieulsrgrpprafgempeunds| ef i n hydr of ormyl ati on. For exanpl e,

u.S. Patent No. - 100ge fdurlaiy iiuoreit Gataiftic Ructiof usib BAGBherS gkl or Y1 at i on

process in which an organic bidentate [Igand contalnin tvvod,ohos hor us
atons |inked wi partiselarimpartance isiolpfaihysicgfornpylation; Egrgiawfﬁ,pss- ategt Ngr o
honmogeneous ,hydr h ' : i&%ﬁﬂ}hﬁgﬁw of MIBEH BlorRaR€ €SS es
i nvol vi ng orlgams%%g’llgae({r?fga#éé)@}iﬁg%lrg%iéggg tarning two teri val ent . phosphor us

atoms, in whi chbidestateligaphempiiwng to phosphorustomsdinked, Réth apofafnly 2, 2
ass) gned copen ARy HReEbbn 8 hedin hlbkenin? pyES iy flon tlhalsid 0D ¥
1998, and the paysterh.sHpdrdfopmplatiompiocsssesiinvolving ergehic bidentatg liggslnon| y
hosph 16 |1 gangiay xo SRAIEE Aol ol At B 195 Blosplbiobd MBRS D ©
t he carbon ast aardihkedwithe 20 tibydnoryli k,1'dinaplthalene tridgingesoups e descrigedup f or
use in a in commonly assigned, copending application Serial Number 60/087,151, filed
May 29, 1998, and the patents and publications referenced therein.
Commonly assigned, published PCT Application W099/06357 discloses
multidentate phosphite ligands with a structure having alky] ether substituents on
20 the carbon attached to the ortho position of the terminal phenol group foruseina
liquid phase process for the hydrocyanation of diolefinic compounds.
It always remains desirable to provide evéh more effective, higher
performing catalyst precursor compositiohs, catalytic compositions and catalytic
processes to achieve full commercial potential for a desired reaction such as
25  hydroformylation. The effectiveness and/or performance may be achieved in any
or all of rapidity, selectivity, efficiency or stability. Other objects and advantages
of the present invention will become apparent to those skilled in the art upon
reference to the detailed description which hereinafter follows.

30 ; SUMMARY OF THE INVENTION
The invention provides for a hydroformylation process comprising
reacting an acyclic, monoethylenically unsaturated compound with CO and Hy in
the presence of a catalyst precursor composition comprising a transition metal,
and at least one multidentate phosphite ligand selected from the group represented
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| i qui d phase process for the hydrocyanation of diolefinic conmpounds. It .
al ways remains desirable to provide even nore effective I perform ng
cat al ystWBOHHS$S0r conpositions, catalytic conpositi ongca}r%&@g%ﬂl ytic
processes to Aachi Gi Al Y QR referel&Sdnbfdtefs€act i on such
as 25 hydr of o%h@?ﬁ@é#ﬂ*Fﬁé&g??gc%‘?flvleﬂn)gﬁs‘gﬂg%%uglr_'pgférfor mance r?ay be ’
achi eved in aiye thersamk imeathing cxcept as/further| explicitly kpitedef f i ci ency or stability.
O her objects and .advant 8 ri g]‘ j b WhdnlatipECOME appar ent
to those skilled i et‘ﬂ‘emgg'f uporPra‘Bg %@%giei}% %‘Ei.eaﬁcf{eﬁ{bai. ed description

whi ch her ei naglefitis doniprising reasfingSirioydlic aRimarielafinvanpoudd WithCO rodHe i on
provides for a drof ormyl at i o o] ﬁgﬁm[i i . 4 an acyclic,
nonoet hyl eﬁi CQI‘F%/IPIE?F?&T@%%SE%’%%"O%%%&“‘ Bgﬁgxﬁgsxlqégfo%} é[i é presence of a
cat al yst pr ectimsitionastgiandiat least onennultidentate phaspbitesligapd selectedfrom thand at | east
one nul tidentate phosphife li d.sel ect.e el nepresented 2 WO
01/ 21567 PCT/ %ISEX;?S%%Q"‘I%‘I"‘FﬁaﬂW&ﬁeﬂSﬁ‘hﬁedﬁgﬁnﬁ?;qfwﬁﬁuﬁg -B, in which
all like ref efepiteve chihdes hive thé e ridaring fexeeptasfurther, explicidsplimited.f ur t her
explicitly limted. The invention further provides for the hydrofornyl ation
of aromatic olefins conprising reacting an acyclic aromatic olefin
conpound yth CO and H2 5 in the prBemiutel of a catal yst precursor
conposition conprising a | owvalent transition net and at | east one

nmul ti dent ate phosphite | gt Iexized frorx‘.t he represent ed by the
following formulae I, | , 1n which a eference characters
have the sane neani ng, as further explici gted. 10 Fornula |
X3/ Q2 ~ O P-X ~P-~

wherein X! is a bridging group selected from the group consisting of:



1 ~ wherein X1 is a bridging group selected fromthe group consisting of:
3 WD 01/21567 PCT/US00/25547 R'" RR. \' I \ ~I RILRRRRj I I I 7B 9
R5 RS R3 FROmI/ZXS61 | | | wherein Rl, R2 , R3 , R4, RS, RENUSHRPSSARy R,
and R2 are independently selected fromthe group cq,ns',sti ng of H C, to
C's al kyl, cycloalkyl, trialkylsilyl, triarylsilylR'hB{ogen, nitrile,

per fl uoroal kyl , -SQ20, > 2 acet al , 0, or

di aryl am no, -OR', - “CNRAQL) R11, t R11 is C to
Cs alkyl, aryl, or s Ltk -C(O, B2 = ~-_o C(O W, -
NR12- C(O) R13, Wher eR¥ Rt N ?ndeBdAden?! a fr&% t he
group of H G to Gs al cyc yl, aryl, d aryl; 10

oal k o
wherei n positions other tfan Rt ﬁ%rough R8 on thp aromatic Jrings may al so

be substituted with ClL tol G s al kyl, cycloal kyl,*trial kylsi'lyl,
~triarylsilyl, halogen, nitrile, perfluoroal kyl, sulfonyl, acetal, ketal,
di al kyl am no, diarylamno, -ORll, -C2R',R CNR 1, or RCNOR' , wherein R9
and R10 are independently selected fromthe group consisti Rg 15 of H d

to Gs alkyl, cycloalk ubstituted Nl

whereinR' , R?, R*,R*,R* ,R%,R’, R®, R"', and R? " are independently
selected from the group consisting of H, C; to C;s alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO.R", -

5 SO,NR,'?, acetal, ketal, dialkylamino, or diarylamino, -OR"}, -
CO,RY, -(CNRMRY, -(CNOR!")R!!,wherein R'! is C; to Cys alkyl,
aryl, or substituted aryl, -C(O)R™, -C(O)NR'?R®, -O0-C(O)R"?, -
NR'2.C(O)R®, wherein R' and R"? are independently selected from
the group of H, C; to C,3 alkyl, cycloalkyl, aryl, or substituted aryl;

10 wherein positions other than R! through R® on the aromatic rings
may also be substituted with C; to C,; alkyl, cycloalkyl, trialkylsilyl,
triarylsilyl, halogen, nitrile, perfluoroalkyl, sulfonyl, acetal, ketal,
dialkylamino, diarylamino , -OR", -CO;R',R CNR", or RCNOR",

wherein R® and R'° are independently selected from the group consisting

15 of H, C; to Cy3 alkyl, cycloalkyl, aryl, or substituted aryl;

wherein X? through X® are independently selected from the group
consisting of:
Y



V\/?ersi?{ Xi b\ggti/gglé%alr:&} Bdep/endently selected fromthe group consisting
o] SO0/ 25547 wherein Y is indge sel ect ed
fromthe Wﬁ%s‘f?onm sting of H aryl, CR143, (CRlL 2) n- %&%?%%4

n-NR' 5, wherein R4is H C-C8 al kyI cycl oal kyI or aryl, whereln R15

IS selectedfromth LOYR._ S .con ti H, ..al k %()%I?

-S2NR1 2, - %Pé? Wﬁ?ﬁ g‘t‘?‘“&?ﬁ%‘h&ﬁﬁ éq“Bé’F aryl or
peO‘!Qc Lu%g?ﬂeikxl ; r]agdgz ?“Sﬁ(@h}éﬁl—@l‘b[ﬂéﬂiﬁ gﬁm‘&ml hemn; ‘tstgCﬁCu( CORl42) nh

- S L 10 I'n other
embodi ments of the i nv@ﬁ?pum?%{‘l“fylgoéﬁﬁ%( st’?ﬁ&eﬁ‘fflgoﬁth%m*ﬂl |-A may
be substituged fo[) thecdms[gﬂh nglom,dﬁqn;myla-sbakﬁnsoszzﬂeeekéﬁg%&ehﬁnts an
aromatic ring carbon ing 0 Slt toaPmay be
bonded through (Z')n' thsg[mg:ﬂ#]é% 8" 5?@‘ Lt he ortho
position to the Otraaazessa&tdamegmuphensamg«bﬂm’h)xz-on’éw}mapendent|y
117 R18 and each of R 7 gnd R s are independently selected fromthe group

Formula I-A

10
In other embodiments of the invention a ligand of the structure of Formula
I-A may be substituted for the ligand of Formula I, and in those embodiments an
aromatic ring carbon in the ortho position to an O bonded to a P may be bonded
through (Z')n’ to another aromatic ring carbon in the ortho position to the other O
15 bonded to the P;
wherein Z' is independently
T‘W
R‘l 8
and each of R'? and R"® are independently selected from the group
consisting of H, C; to C;s alkyl, cycloalkyl, aryl, or substituted aryl, n' is either
20  one or zero; and wherein it is understood that n' = 0 represents a bond replacing
the two aromatic ring hydrogens.



consisting of H C to C18 alkyl, cycloalkyl, aryl, or substitut ed aryl, n'
is either 20 one or zero;, and wherein it is understood that n'

repr esent SWQOHIS67 r epl acing. the two aromatic ring hydrog%‘l:i’é’us“gn@%7 01/ 21567
PCTI US00125547 Formula 1-B x2 x3 / 1 %u)rrtl%l P-)OP:109 "4 X In other
erbodi ments of the invention a Iigand g tructure of Formula 5 I-B
at:\ be substituted for the gad of FQrmJI and =l n an aromatic
ring carbon in the ortho positidgptefan bor?@3 g

through (Z)n'" to another [ [
other 0 bonded to the P;

Y0 Res and each
consi sting of H,

Cl to C18 al kyl, cycl oal kyl, aryl, Or substltut eOaryI n' is either one
or zero; and wherein it is

?ie stoo hat =/0 represents a bond
replacing the two aromatic Mg hydr gensx IE’ urthernore, in enbodinents
of the invention utilizing Fprmula @7 Formula 1@\ or Fornula I-B, either

“one of .the Y's may be linkedlwi th to forma cycl The invention
further provides for a hydrdi R i reacting an
acyclic, nonoethyl enicall ated conmpound w t i H2 in

In other embodiments of the invention a ligand of the structure of Formula
5 I-B may be substituted for the ligand of Formula I, and wherein an aromatic ring
carbon in the ortho position to an O bonded to a P may be bonded through (Z*)n'
to another aromatic ring carbon in the ortho position to the other O bonded to the
P;
wherein Z' is independently

?1 7
) L.
and each of R'” and R'® are independently selected from the group
consisting of H, C; to Cy3 alkyl, cycloalkyl, aryl, or substituted ary, n' is either
one or zero; and wherein it is understood that n' = 0 represents a bond replacing
the two aromatic ring hydrogens.

15 Furthermore, in embodiments of the invention utilizing Formula I, Formula
I-A or Formula I-B, either one of the Y’s may be linked with Z to form a cyclic
ether.

The invention further provides for a hydroformylation process comprising
reacting an acyclic, monoethylenically unsaturated compound with CO and H, in

20 the presence of a catalyst precursor composition comprising a transition metal,
and at least one multidentate phosphite ligand selected from the group represented



20 the presence of a catal yst precursor conposition conprising a transitian
netal, and at | east one nultidentate phosphite |Iigand ssﬁ#og%sw omthe
group repf@UAEIy 6 WO 01/21567 PCT/ US00/ 25547 by thée ng fornul a
I, 11-Aor |- Bythd RlshingForatdla 1, TEA oe {IB cidohiCHAl it refefencé\chiasactele sane
meani ng, except as_further explicitly limted, The i,nvention further

provi des for t HavithesamemeIn F’Eﬁﬁptc?ﬁ%m igitly dimitefl s conpri sing reacting
an alcycl ic aromitikaﬁfvbﬂﬁcﬁmﬂﬂviﬂe_ﬂbr%}?ﬂﬂ)ﬂiﬁllyldﬁohfirbﬂng esence Ff a
catal yst precursor conposition conprising a,lowvalent transjti nmet al ,
and at | east or?@fWﬁP?‘PMW‘%GEWP%“SPQ%@@%FM%‘B thir::qwgr}{broup

represent ed sby iﬁhﬁpﬁ-é%kﬁ&\@fﬂﬁatﬁl?&fﬁécﬂﬁoﬂdonibxsiﬁoﬂéomﬂﬁsﬁxg,albﬁ-%ch all Tike .
reference characters have the Same neani ng, except as szufthc?E eégl icitly
linited. For nultgnsitiongetaand at legatong muitidentatephosphiitg ligand; slested fremihey; 5| ent
bri dgi ng group 2ag Eﬁe&ﬁ {eA Bl 2t HlGHhg fRmEla® HOTICRBSIIE | idWhidhfall 1ikdO 01/ 21567
PCT1USO0/ 25547 " R 3 , Rl /'&2 Rl R2 é7 R3 gg RS 14 Re ... .. .

reference characters have the same meaning, except as further exphcltly_ limited.

o 0
O /O

Np
| /P—X'—P\

o o

wherein X! is a divalent bridging group and is selected from the group consisting
of:

10



UOR4 RIO T wherein R, R, R3, R4, RS, R6, R7, Rs, RlL and R2 'are
i ndependently sel ect ed f,romthe group consisting of H G _to %ﬁiﬁ’al kyl ,
cycl oal ky|WOOUZES6d kyl| 5ilyl, triarylsilyl, halogen, nitri %ET{Ha] or oal kyI

-S2Ri 1, 5 SO2NR212, acet al, ketal, di aI kyl am no, 1ora dl arylam no, -OR", -

CRR i, (CNRID)R', (CNCRll)R' wherein R' is Cl s al kyl,
cycl oal kyl, aryl, or ' aryl, -C(OR 3, -0 C(OR12,
NR12- C(O)R13 wher ei n R hre i ndepe il fromthe

group of H G to Cs j al kyl, ary ; bt ed aryl;

RR’ C ri tﬁ%s may al so
cycl oal kyl, trialkylgilyl,
triarylsilyl, halogen, nytrile, Yerfluoroal kyl,| sulfonyl,} acetal, ketal,
di al kyl am no, diarylamneé , -OR'l, -CO2R11,R CNRI', or |' wherein RO
and R10 are independently selected 15 fromthe group consisting of H C, to
Cs alkyl, cycloalkyl, aryl, or substituted aryl, wherein X2 through XS
are i ndependent ly sel ect e ed from the group consisting of % WO 01/ 21567
PCT/ USOQ 25547 1 Y2 /nddgendent | y selREtted frofthe group
consisting of H aryl$§ ) 3 nR4is H C -C 8 allkyl, cycloal kyl,
or aryl, (CR 42) n- 5 ORi{ Cit4) v . > ' nber bet ween O
and 3, wherein R 5 ig H, al kyl,

Rs

be substituted with G

wherein R! , R?, R, R*,R*,R®,R", R® ,R"’, and R?" are independently
selected from the group consisting of H, C; to Cy3 alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO,RY, -
5 SO,NR,'2, acetal, ketal, dialkylamino, or diarylamino, -OR"}, -
CO,RY, -(CNR'HRY, -(CNOR'™R! wherein R" is C, to Cys alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R'?, -C(O)NRR", -O-
C(O)R"?, -NR'2-C(O)R", wherein R'* and R"* are independently
selected ﬁ'om the group of H, C, to C;; alkyl, cycloalkyl, aryl, or
10 substituted aryl; wherein positions other than R’ through R® on the
aromatic rings may also be substituted with C; to C;s alkyl,
cycloalkyl, trialkylsilyl, u_'iarylsilyl, halogen, nitrile, perfluoroalkyl,
sulfonyl, acetal, ketal, dialkylamino, diarylamino , -OR"!, -CO;R'\,R
CNR", or RCNOR" ,wherein R® and R'® are independently selected
15 from the group consisting of H, C, to C;s alkyl, cycloalkyl, aryl, or
substituted aryl,
wherein X? through X° are independently selected from the group
consisting of:



cycl oal kyl , aryI -S2R ', -SO2NR1 2, -COR 6 wherein R16 is H C,- C18

al kyl oal k aryl, or perfl uoroal kyl; Y2 is i ndependentl sel ected
fromthex’&? onS| sting of aryl, 10 CR143 wher ei n R14PEVURIVZRR47 018 5 kyl ,
cycl oal kyl, or aryl, (CR142) n- O?t4 ( 2) n -NR' wherein n is a nunber
between 0 and 3, wherein R 5 is selectbd fromthe group consisting of H, -
al kyl, cycloalkyl, aryl, -SOR 1, -SO2NRL -COR 6 wherein R6is H C1
C18 al kyl, cycloalkyl, aryl, or perfluorparkyl; is Zis selected fromthe
group consi sting of (CR142)p OR14 whereih n 0-3. Formula 11-A ~~X2XLq
nl n X4 In other enbodi nents of the m@ntlon a ligand of the structure of
Formula 20 11-A may be substituted for the ligand of Fornula Il, and
wherein an aromatic rlng carbon in the ortho position to an 0 bonded to a

P may be bonded t hr uiftindependentipselgoted from the zrauprensistiog ofHayl, t c- ae, |
P Cuherein 2 15 1 ndepecioh iR Ek St ARt Gelollie, BLSL (rRgaCe o the
i ndependent By sel ect ed @RonﬁQRne) oNRIpwhemigings a mymbsr betwean Oemd & s al kyl |
Werarn 111 S Unier st oanrial o sliped s e Ptéﬁgm‘%@ BB AR e o
aromatic ring hydr ogenscycloalkyl aryl -SO;R", -SO:NR'?, -COR!® wherem R¥isH, C;-

Cis alkyl, cycloalkyl, aryl, or perﬂuoroalkyl;

Y? is independently selected from the group consisting of aryl,
10 CR';,wherein R is H, C;-Cys alkyl, cycloalkyl, or aryl, (CR") n-
ORY, (CR',) n-NR!* wherein n is a number between 0 and 3,

wherein R'? is selected from the group consisting of H, alkyl,

cycloalkyl, aryl, -SOsR"!, -SO:NR'%;, -COR'® wherein R'¢ is H, C;-

Cs alkyl, cycloalkyl, aryl, or perfluoroalkyl;

15 Z is selected from the group consisting of (CR™,),-OR™ wherein n = 0-3.
Formula I1-A
X? X

(2") ot >P—x1—-P\/) (") o

) o

In other embodiments of the invention a ligand of the structure of Formula
20  II-A may be substituted for the ligand of Formula I1, and wherein an aromatic ring
carbon in the ortho position to an O bonded to a P may be bonded through (ZHn'



Formula Il1-B ¢cX2 X3 O1 Xa X 10 In other enbodi nents of the invention a
| i gand of the structure of Fornmula 11-B may be substituted for the |igand
of For mul aWPI01286T an aromatic ring carbon in the ortho ROEVEWEH¥T o0 an 0

Corbon |5 the ok i puare it i e kP Sestie o B s SRR 6.8 19

I ndependently 17; R s and each R17 and R18 are independently selected from

t he group conS|st|ng IkyI cycl oal kyl, aryl, or
substituted aryl, n W "é??h’éﬂ“‘%ﬁ@‘dgﬁ' 3iero 10 WD 01/ 21567 PCTMS00/ 25547
and wherein i< is :...-'.rsto- at n' =0 esents a bord replacing tr two
aromati c ring hydrogens. Furthernore, in %gggdinents of the invention

utilizing Formula I'l, Formula 11-A or Forjrula 11-B, either Y' or Y2 may be
linked with Zto forma 5 cyclic etheTI%JmFLED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS The invention provi for an inproved

hydr of ormyl ati on process which enpl oys c'difaZi n mul ti dentate phosphite

ligands. The gatalys 7 g#s;gj HohPh
i nvention ar escco ri ts?‘elg q@ Lﬂ ent %&&ﬁ%s&%%c?g I egﬁ) ar?gﬁggﬁmg

transition netalofHKs t@lﬂvﬁlb‘rktcyslpﬂlhﬂb aryl, eommm&é aw;ké’dlﬁ qitherenelor gerads
described in and wherein it is understood that n' = 0 represents a bond replacing the two

aromatic ring hydrogens.
| Formula II-B

10

In other embodiments of the invention a ligand of the structure of Formula
II-B may be substituted for the ligand of Formula II, and an aromatic ring carbon
| in the ortho position to an O bonded to a P may be bonded through (Z')n! to
15  another aromatic ring carbon in the ortho position to the other O bonded to the P;
wherein Z' is independently
T‘l 7

R18
and each R and R'® are independently selected from the group consisting
of H, C; to Cy3 alkyl, cycloalkyl, aryl, or substituted aryl, n' is either one or zero;

10



Formulae I, I-A, I-B, Il ,11--A, and II-B may be prepared by a variety of
met hods known in the art. For exanple, dinethyl .
2,2 -di hWﬂQiﬂ}ﬁ?l 1'.- bi napht hal ene-3, 3' 15 di car boxyl at@ﬂ(ﬁ?“’ﬁ@%repar ed

according to J.anRRvHehapim: mSQﬂarst0195ﬂtn'7=50re§%exﬁ§abd}drgziﬂid'uﬁé'wdw Lett.
1990, 413 and Org. Proc. Prep. International, 1991 3, 200;

2,2"' -ethyli deneaé?%%thM ﬁﬂgﬁ% ‘phenol ) can be prepared according to Bull.

Chem  Soc,. Japn., FRABSmORY in RGHimehisiiF B Bverkifh LI Bomdiadt,- bi phenol can
be prepared accordrn 3, 28,. 10

to_J Chem
2, 2" - di hydr oxy- @@M?Mﬁ@@ﬂsﬁ§ either ' s ?\Mi’eimkﬁ‘ﬂﬂb%??@ﬁ‘@acan be
prepared acc;orddy@ B &RerPhyt ochem stry, 1988, 27, 3008; and
3, 3" -di net hyl - - di hydr oxydi phenyl met hane can be prepared according to
Synt hesi s, 1981 2 143. 3,3 ,5,5,6, 6" - Hexanet hyl - 2, 2' - bi phenol can be

prepar ed accor di ng tﬁ’aﬁgﬁﬁﬁé’éﬁ@nww&mﬁ!*h%?izkktﬁtﬁﬁbb@mtﬂr@ehydes can

be prepared by those SKi or exanple, an acetal can be

prepared by refl uxi iche dnventjernrovidesifor animpraved hyrsefprmylationnsecess Wighce of

oxalic acid catgl ?Thﬁél H?Wcﬁﬂly@ﬁ&hﬁ:lo&ﬁ%ds@ﬁl aci d
catal yzed reactrﬁé%f an g{ug&%ﬁ% an 1% cohol’, see Tetrahedron, 1996,
14599; Tet. lq_etmthemomvamepmwemdﬁgmﬂhdsmsphomy&hzw@t her

substituted ph ﬁfafepared as described in Aust. J. Chem 30
1988, 41, 69- 80. e%&ospaﬁﬂ?oc oridite my be prepared by a variety of nethods

known in the art, gmge:emoempgndmﬂelrgm @eseribed in1992 33, 161;
1986, 535, 25 T‘%‘%?‘?‘E OB, % M B b ety AR oo
prepared in si tknomdnthenst. Wor mbs@mm,dsmydz@whhl' -vigapbthglene 83 phenol -
P 3 ana. 1 HaprREREY G prebal LB R0 Prfi SPEIB, 1672 G 0 e
process for prefeamahedyon fest. 199013 ahd 6rg diroe Peepnintérnational, 8312512005
2,2’-ethylidenebis(4,6-dimethylphenol) can be prepared according to Bull. Chem.
Soc,. Japn., 1989, 62, 3603; 3,3°,5,5’-tetramethyl-2,2’-biphenol can be prepared
according to J. Org. Chem., 1963, 28, 1063; 2,2'-dihydroxy-3,3"-dimethoxy-5,5'-
20  dimethyl-1,1-biphenylene can be prepared according to Phytochemistry, 1988,
27,3008; and 3,3’-dimethyl-2,2’-dihydroxydiphenylmethane can be prepared
according to Synthesis, 1981, 2, 143. 3,3’,5,5’,6,6’-chamethyl-2,2’-biphenol can
be prepared according to JP 85-216749.
Acetal substituted salicylaldehydes can be prepared by those skilled in the
25 art. For example, an acetal can be prepared by refluxing a glycol with
salicylaldehyde in the presence of oxalic acid catalyst. For references for
preparing acetals by the acid catalyzed reaction of an aldehyde and an alcohol, see
Tetrahedron, 1996, 14599; Tet. Lett., 1989, 1609; Tetrahedron, 1990, 3315.
Cyclic ether substituted phenols can be prepared as described in Aust. J. Chem.
30 1988, 41, 69-80.
Phosphorochloridite may be prepared by a variety of methods known in
the art, for example, see descriptions in Polymer, 1992, 33, 161; Inorganic
Synthesis, 1966, 8, 68;.U.S. 5,210,260; Z. Anorg. Allg. Chem., 1986, 535, 221.
With ortho-substituted phenols, phosphorochloridites can be prepared in situ from
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N, N-di al kyl di aryl phosphoram dite with HC1. ClLP(OWe)2 has been prepared in
5 'this manner, see Z Naturforsch, 1972, 27B, 1429. Phosphoroﬂ#o@{%{ytes
derived fWQR/HSHsti t Ut ed phenol s have been prepared usi 5 ocedure

as described in assi,gned. Pa ntacting
t he thus obt ai ngg’?%géq?%é@ﬁ \?mef éluR r ‘T‘é&ﬂa{esu Pa’tut edé] &f%al\%\neth a
di val ent bridgi pgs ﬁ%ﬁmganﬁqrmmammme»r&memmmemmmn 10 U.S.
Patent No. 5,235,113, a bi'dentate phosphite |ligand is obtained which can be
used in the pr omﬂleapmocsslfmgrﬂpennmﬁephwhwhbﬂoma@Wﬁ?ﬁﬁWPW‘P| gands

supported on p°%¥§e§§ﬂ£§%ﬁpﬂg S ergtﬁlcrdll\{g(‘é qjlﬁgomﬁgh&&gﬁlgtgﬁﬂg&ﬁpar ed by

sim |l ar nethods

Carreaux, F.s C%bﬁﬁimer&eezrwarﬁg&vlsaausmzymmsahmn:uromndnes da@died 15
38, 5153- 5156, and G% 3,56,,1476-,1482. . The

transition net alfforpsn B'ét“'&ﬂ?h?“Pgﬁ‘?Y?Wﬂl e v 1«%’?@’ ogsdinge gs dosc ﬁ‘§ e

catal ytic transfgnfhiysigrad). SBpatai Mot 5808578/ cont ain labile |igands which
are either displaced during the catal ytlc rea or, take gn tive part
in the catal ytic trZyseatactngithsthupehtained (Qarhlb n‘é’ qreig A i b Wﬁé

considered in ”Lbii @aﬂrale&%nﬁaﬁg%ﬂf;wd%r wbﬁmeniehﬁaelemmimu ng
group VI11 of the Periodic Tab The preferre

tals . f .
hydr of or myl d0i or-&Ratentdg; 24235; b‘ébﬁbldemﬁeiPHPﬁPHte Pgﬁrfr‘ﬁé"?ﬂ%e%r‘?ﬂfh%ﬁ?i‘ﬁm and

platinum G oup Wi i hOpBaESsRorlitigl3 BleSni@iiokly dr of ornyl ation, can be
prepared or generated according to technjques well kno%ﬂgm? art as

descri bed, for 25 ex@rﬁﬁP@SPWDME)SWOﬁ@@PW#SB‘E‘Fm Chem
Soc., 1993, 115, saﬁuémemkesuamsvuumewamwm

r ut hem um rhod| um ang I°r |um Sui table Gioup VILII netal nds are
‘hydri des, halldé%aVldaﬂ\ﬁaﬁﬂ&ea%leCaEm@ %@ﬁ%%cét’gm@?"”llﬁgr’é bc acid.
salts, oxidg Fﬁ%ﬁglsﬁ%ﬁ i lv%ﬂzﬂeA&DWMawé-unese metal s.
Exanpl es of swtab a 30 conpounds are for exarrpl e,

Ru3(CO) 12, Ru(N03)2 'Ihmg(opmtglglayM@gxgg\)sgmn metal capable of carrying out
catalytic transformations and may additionally contain labile ligands which are
either displaced during the catalytic reaction, or take an active part in the catalytic
transformation. Any of the transition metals may be considered in this regard.

20 The preferred metals are those comprising group VIII of the Periodic Table. The
preferred metals for hydroformylation are rhodium, cobalt, mdlum, ruthenium,
palladium and platinum.

Group VI compounds suitable for hydroformylation, can be prepared or
generated according to techniques well known in the art, as described, for

25  example, WO 95 30680, U.S. 3,907,847, and J. Amer. Chem. Soc., 1993, 115,
2066. Examples of suitable Group VIII metals are ruthenium, thodium, and
iridium. Suitable Group VII metal compounds are hydrides, halides, organic acid
salts, acetylacetonates, inorganic acid salts, oxides, carbonyl compounds and
amine compounds of these metals. Examples of suitable Group VIII metal

30 compounds aré, for example, Ru3(CO);2, Ru(NO3)2, RuCl3(PhaP)s, Ru(acac),,
Ir4(CO)12, rSO4, RHCls, RR(NO5)3, Rh(OAc)s, RhyO3, Rh(acac)(CO)
[RB(OAC)(COD), Rhu(CO)sz, Rig(CO)e, RAH(CO)(PhsP)s, [RR(OAC)CO)L,
and [RhCl(COD)], (wherein “acac” is an acetylacetonate group; “OAc” is an

12



I r4(CO) 12, 1rSO4, RhC1l3, Rh(NGB)3, Rh(0OAC)3, 1111203, R(anan) (CO) 2,
Rh( OA 12, Rh4(CO 12 R116 CO) 16, RhH(CO) (Ph3P)3 cO 212
[ Rh( QAc) {Ng@%z (CO (CO (CO) ( ) 3’!‘%@5&’%&( )

and [ MCl 167 (wherein "acac” is an acetyl acet onate an 12
WO 01/ 21567 PCloetybgiobg;3C0D” iad Stgyclogr-cup;., 4¥d0D: ” ise: phedyl gpaipdo - . and '

I's cv phenyl ou er noted that {h oup Vi1l netal

corrpoulrcr)ds gtreg ggeﬁéﬁse’gé@&ewmpw&ﬁ%‘gb@ﬁ] o‘i?g’pf’?m{ a?flgt)rrpgunds The

G oup VIII netaécessmlymnﬁfeemhbuwvemmﬂmds ummmppwﬁﬂsndtélas contai n

| i gands which ca i spl.aced b | tident ate.phosphites are a

pref erred sourE‘IE‘PE)‘?Q’%’r'?PS%P’E?rnI{?"l E&'ﬁ'rﬁ\é 8‘?{‘?";5‘?@?’8??8’8“’8%’& %im conpounds

g[] g( cR:ho§ %)) 2.% ?&epcl:éd:l.gwmmaaema o@fhmfléﬁ 26 HPOFEHQGoiirc€ 4] hodiin0 3, Rhal( CO 12,
- 6] exanpat odi ted on

carbon may al sgw%%éaqugfﬁvgé TE&SE%&PB% @‘&#@c% *FI C

HYDROFORMYLATI b chmﬁrmm @O)E RMSON, FEI(SLCCHYPOUNDS The

present invention also provides a process for hydrofornylation, _conprising
reacting a nonawskRh(2-ethy atgh Rbo °Mﬁémmm®wm@d§%@t@ﬁ 15 CO
and H2 in the nce of a catal yst precursor conposition conprising a
transition metal* sélected fromthe group of Co, Rh, Ru, Jr, Pd, and Pt, and
at | east - e nmultidentate phosphite |igand selected fromthe group

represented by For 01110?’ P Fic VDR d ATIONP @)Cﬁ:‘S%E Lbed
above.. Represent ' mm%jonp un I ch are useful

in 20 t he process HiY DROEOR M !_‘;JJ_N DN OF MONQOM TN f . Vor VI,

and the correspon %FF gﬂﬂg 3@‘?}% aq re illustrat ed _
by Formulae 1|V, Vldh{ba) (b respec ﬁe&%erel n e reference -

char act er s haveommising reacting a monoethylmxcally unsaturated compound with a source of

15 CO and H; in the presence of a catalyst precursor composition comprising a
transition metal selected from the group of Co, Rh, Ru, Ir, Pd, and Pt, and at least
one multidentate phosphite ligand selected from the group represented by Formula
LI-A,I-B, I, II-A , or II-B as described above. -

Representative ethylenically unsaturated compounds which are useful in

20  the process of this invention are shown in Formulae IIT » V or VII, and the
corresponding terminal aldehyde compounds pmducgd are illustrated by Formulae
IV, VI or VIII, respectively, wherein like reference characters have same

meaning.

c c_ahly;‘t .
omposition
—(CH,),— CH.\—R1® _ > HC—(CHz)ysa—R1®
HaC—(CH2y—CH==CH~(CHx—R HACO
Formula IIT ' Formula IV
or
25
Catalyst
Composition
H,C==CH-(CH);~R"® P >  HC—(CHp)yz—R™
H,/CO

13



meani ng. Catal yst Conposition 19 H3C (CH2)y-CH-CH (CHZ)x-R s

HC (CH2) y+x.3 R H21CO Farmula Il Formula IV or 25 Catg% %;sf
H2C=CH- ( CHMBO1Y%7 Conposi ti on HCI | _(CH2) x}2 819 H21CO 1 B9 567
PCTI US00125547 Fofinul a Vpdphaa VI wherein RI9 is H CNpofhdfRR®, or
perfluoroal kyl; 'y is an integer of 0 to 12; 5 x is an integer of 0 to 12
when R19 is H CHO CoBéeid or perfluoroalkyl; xis an integer of | to 12
when R19 is CN;, and J al kyl aryl. HO Catalyst |
Conposi tion HzI CO g%‘ﬁ%eﬁ@&%%ﬁﬁﬁmﬂgﬁ% aVill R1is an alkyl,

aryl, aral kyl, alkaryyisaafintegéi@f0as o2at i c group of up to 20

5 x is an integer of 0 to 12 when R19 is H, CHO, CO2R20 or perfluoroalkyl;
x is an integer of 1 to 12 when R19 is CN; and
R20 is C, to Cy, alkyl, or aryl.
HO
7 X Catalyst Z
I Composition
S | H,/ICO SA
Ra4 Rz
10 Formula VII Formula VIII

R21 is an alkyl, ary), aralkyl, alkaryl, or fused aromatic group of up to 20
 carbon atoms; R2! may further be branched or linear; R2! may also contain
heteroatoms such as O, N, and F.
The nonconjugated, aliphatic, monoolefinically unsaturated starting
15  materials useful in this invention include unsaturated organic compounds
containing from 2 to approximately 30 carbon atoms. Suitable unsaturated
comp.ounds include unsubstituted hydrocarbons as well as hydrocarbons
substituted with groups which do not attack the catalyst, such as cyano. These
unsaturated compounds include monoethylenically unsaturated compounds
20 containing from 2 to 30 carbons such as ethylene, propylene, 1-butene, 2-pentene,
2-hexene, etc.; nonconjugated diethylenically unsaturated compounds such as
allene; ethylenically unsaturated compounds having perfluoroalkyl substituents
such as, for example, C,F3;.1, where z is an integer of up to 20; and substituted
compounds such as allyl alcohol, 3-pentenenitrile, 4-pentenenitrile, methyl-3-
25  pentenoate, methyl-4-pentenoate, 3-pentenal, 4-pentenal, and functional
derivatives, such as acetals, imines, and hydrazones derived from 3- or 4-
pentenal;. As used herein, the term “pentenenitrile” is intended to be identical
with “cyanobutene”. The monoolefins propylene, 1-butene, 2-butene,

14



carbon atons; R21 may further be branched or linear; R21 may also contain .
het eroat gns such as 0, N, and F. The nonconjugated,. al %s#)hat' '

|
nonool ef WU unsaturated starting 15 naterials us (fﬁm§°ﬁ(7§5ﬁ7 s
i nventi on i ncl Bdgentensnitrile, ahd4-pentgrenitidie anrgspecivlly prefoniCai-napge-frabm 2 to

approxi mately 30 .carhon_.atons. . Sui l,e.unsat ur at ed,, ¢ s include )
unsubstituted MRAFD g qongo Fﬁeag‘gphﬁ9‘&v‘8ﬂ%%3?%°“‘%‘d§s§?’%q€fed with groups
whi ch do not atcompburids areanédin\ssdordahcewith thiviyieention, hipas ebout h6% by vaeightl
conmpounds inclu nonoet hyl .enj cal | sat ur at.ed :conpounds..2Q cont ai ni ng
from2 to 30 cé’?ﬁ’&ﬁgm‘é’ﬁ ﬁ%‘ﬁg] tméﬁégcﬁ?g‘ﬁwm%e%sﬁ‘ﬂ%ﬂlggw éht ene,
2- hexene, efcC. cofjagatedisorgér] which itselfnudyeuridersb hydiofemylatiod.ed conpounds such as
al I ene; ethyl enical unsat ur at ed conpounds having perfluoroal kyl
substituents such g‘,f p%wga?e@pemlaﬁcmpgﬂgﬁp@t Mef eger of up to
20; and subst i talkefi¢hitrites)oRdotiozated alkybpentdnbytes, abssohjupateBpaneanhie ueetal i | €,
4-pentenenitrile, nethyl-3 25 pentepoat t hyl- 4- pent enogt 3- pent enal ,
4- pent enal , andieFWF?%dﬁFmag%ﬂ‘ Bﬁﬂq%gﬁkgg‘@wp%gsi% Bﬁe(g‘,"eaﬁ?e%ggt,egand
hydrazones der iiﬂ&ddefxﬁaﬁm%apeafen&e,pqﬁheﬂal(s.peﬂamuﬂa@dapaeﬁa, the term
"pentenenitrile" is inten ed%%o b@%ﬁné’&ﬁ:al . wi:th_"cyanobutene". The
monool ef i ndOpr dRAnisnenitrile adGolzg+1 Tz (rehereizisWtp 43 21567 PCT/ USOD 25547
3-pentenenitrile, a - beb £ "Wf‘;fﬁﬁ]@?’h‘g’ liRéE - =.:. a
pra.. .. al matter w&ﬁ'@ﬁ&ﬁ@ﬁ%%] ugated alip td+=,§é rmng@% y?eni cally
unsat urat ed c@idshydechitridascand Se(pierfinorgalkypropionaldshyde. tMest prefeyeedt i on, up to
about 10% by ' g ‘Eﬁaﬂg&%t . ' d\%ﬂﬁl@t l&dngompound may be
present in the Ormtsgfkf%ﬁ €on| ugh?éﬂgﬁmdrntﬂ ic’hdﬂlat s‘g may under go
hydr of or nyl at i omleraldehpdesr red are nonconj ugated |inear al kenes,
nonconj ugat,ed | i ne qgﬁﬁio i ' g@éfg : oat es,
nonconj ugatlgd pent Z{ﬁ%feg%doace a &fsgﬁﬁ%\%ﬁg\f/bg:g@igyp 'n%g%‘{éé, gghﬁgl
per f 1 uor oal kyl intentioreare én gentrsl thp saicasiugel islatwgmregtm@l process, described, for
~ example, in U.S. Patent No. 4,769,498, which is incquorated herein by reference
and will be dependeht on the particular starting ethyl;gnically unsaturated organic
compound. For example, the temperature can be frorn room temperature to
20  200°C, preferably from 50-120°C. The pressure ma'j(' vary from atmospheric

pressure to 20 MPa, preferably from 0.15 to 10 MPa and more preferably from 0.2

to 1 MPa. The pressure is, as arule, equaltothecox;ibined hydrogen and carbon

monoxide partial pressure. Extra inert gases may hqwew_ier be present. The molar

ratio of hydrogen to carbon monoxide is generally between 10to 1 and 1 to 10,
25  preferably between 6 to 1 and most preferably 1 to 2.

The amount of thodium compound is not specially limited, but is optionally
selected so that favorable results can be obtained with respect to catalyst activity
and economy. In general, the concentration of thodium in the reaction medium is
between 10 and 10,000 ppm and more preferably befween 50-500 ppm, calculated

30 asthe freemetal. ' ;

The molar ratio of multidentate phosphorus ligand to rhodium is not
specially limited, but is optionally selected so that fa_.ilorable results can be
obtained with respect to catalyst activity, aldehyde selectivity, and process

15



I ncl ude met hyl - 3- pent enoate, 3-pentenal (3-penteneal dehyde), 3- and 10
4-pentenenitrile and CZF2z+1CH CH2 (where z is i to 12). The preferred
products a@ 821567 nal ‘al kaneal dehydes, |inear aliphatic E?HEEV&@& itriles,
and 3- (per f | uor ogkdnomyp TR rafieigshesaliglés frdd abouyr 0:5716:110@shd reforhbht 5 ardo

n-but yr al dehyde, _2-phen ropi onal depiyde, and 5-cyano- val eral dehyde. 15
The reaction condPﬁ%eth'?gaPﬂ& ?BF%F%I ation process according to this
i nvention are in genghéi¢hoidd®f Seliéht not Exdtibal prodidedihe eslvént iriot deteiaratal to
described, for exanple, in U.S.  Patent lYo 4, 789,498, v%ich I S

i ncor por at ed heré?‘ﬁlyﬁtyfqamﬂeﬁ’d“%tnghﬁf‘we%m 6 &M of reactaptspichigg ) ar
starting et hykenigedtiring Risafubbtad Qthpohlh MeCaldeh arfdfdr bypasdicts, t he
tenperature can be fromroomtenperature to 2 00C, referab,lé Ir, (r’rl]

50-120C. The pr eSyitakle salyentsinciuds sgturated hydserarhops sych ag g, Jniny
preferably from Qydighdxtnel Sthbs3udi s difheRylRirRE, QétrRydroful@Br @ pélyglyRol, MPa. The

pressure is, as a rule, equal to the conbi ned hydrogen and carbon nonoxide
partial pressur e keoresmch prpethylethyd ketane and qyclehéxgrong, pitrilepsuchide np| ar

ratio of hydrogendiQaiaRRRrltD PAKbATilk, Sl BEEAMY, £ehiRE SuchSs tdtudheand 1 to
10, 25 preferably between 6 to 1 and nost prefera’blé 1 to 2. The anount of

rhodi um conpd@nd benzeneandspdenicagsteys suchps mathybalerats aniraprolaetang, sel ected so
that favorable r%ﬂé&ﬁf&ﬂﬂﬁﬂﬁ, S KB sir 43 fent 1oAY, AneSEactibh Vi LY

and economy. In general, the concentration of rhodiumin the reaction

mediumis bet wearrylalsodheonducird withreactants andiproduets finthe B#s phess: ween 50- 500

m cal cul ated 30 f t ol . : i ' te
Bﬁosphor us |igand to%@%’n‘?}lﬁgaﬁmﬁ%&ﬁﬁﬁ?m teﬁ?%ﬁ@"gﬁ?lﬁ%nal |y
sel ected so that agiated, shtheasibystitring og shaking. obt ai ned with respect to
catal yst act| ;' ty. al Gifkyd5aRSls Grli'th iné pritife S (RE fiosent ihventioh Cdstst ofthe

PCT/ US001255
class of polymer-supported bis(phosphorus) ligands in combination with transition

metal compounds, the metals of which are, for example, rhodium, ruthenium,
cobalt, palladium or platinum. Alternatively, useful catalysts can be prepared
from a combination of bis(phosphorus) ligand and a suitable transition metal
20 complex, such as Rh(acetonylacetonate)(CO), or Rhy(CO);,, dispersed on a
suitable support, such as silica, alumina, carbon or a polymeric material.
The hydroformylation process according to the invention can be
performed as described below: '
The preferred temperature range is from about 50°C to about 180°C, most
25  preferably from about 90°C to 110°C. The temperature must be chosen so as to
maintain all of the reactants and products in the vapor phase, but low enough to
prevent deterioration of the catalyst. The particular preferred temperature
depends to some extent on the catalyst being used, the olefinic compound being
used, and the desired reaction rate. The operating pressure is not particularly
30 critical and can conveniently from about 1-10 atmospheres (101.3 to 1013 kPa).
The pressure and temperature combination must be chosen so as to maintain
reactants and products in the vapor phase.
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econony. This t do generally is fromabout 0.5 to 100 and preferably " ta

10 (roles of ligand to noles of netal). The choice .of .S, Not
critical WQ18Ed the solvent is not detrinental to c?’?&@%é@’eam ant and

product. The sol ven Bn ¥illhewh BE BluStrats PRCheflllowirgoh-1asitind t he starting
unsat ur at ed corrpoungl,l t he al dehyde product and/or by-products. Suitable

sol vent s i ncl uexamplesof gertain ¢m ents thareot; whereinaallnarts, PEOROTUARS, AL oj | or
cycl ohexane, eé?r‘é&ﬁgg%&'&@b? WP IR otRirive indi@itddahydr of uran or a
ket ones such”as

pol ygl ycol , thyl ethyl ketone and cycl ohexanone,

nitriles such as nEhefollowingdefinitions are applicplle whereysrithe SERSoni tril e,
~aronmtics sgch I =10.henzene and xyl ene, esters such as nethyl
o et B i miniiclt

val erate an met hyl formam de, and sul fones such as

tetramet hyl enesul f ofiks tefin ShydeasatbyBresigoates hydrasarbemmalecule from Which eact ant s
and products i gf ofHJF435 vebl 504D | Shch BB, dab G5B BlaTe U | 5

used, the reactioff mxture Is agitated, as by stirring or shaking. 15
O her cat al yst srtuipbfhonds.n t he practice of the present invention consist of
the class of polyner-supported bis(phosphorus) |igands in conbination with
transition netal conpounds, the netals of which are, for exanple, rhodium
rut heni um 10coMi3R:, methly]l 3rgéensenoate pl ati num Alternatively, useful catalysts

can be prepare r .ngtion of bis(phosphorus) ligand and a
Ko P apodpia

suitabl e transit10On conpl ex, such as Rh(acetonyl acet onat eeCO) 2 or
Rh4(CO) 12, di s/BeNsediethylaminsui t abl e support, such as silica, alum na,

carbon or a polyeri terial. ..The hydrofornylation process according to
the invention #-bBﬁ”g@%"r‘%‘Pﬁ%‘a"%s descri bed bel ow. The preferred '

t enper at ur e r afmfF:i enbhyofataaut 50C t 0 about 180C, nost 25 preferably from
about 90C t léﬁﬁ }_he & eegﬁf ature nust be chosen so as to maintain all of
the reactants P SAOETETHS t he vapor phase, but |ow enough to prevent
deteriorati on @PN: h2-pentenenjtsilee The particul ar preferred tenperature

‘4PN: 4-pentenenitrile
2M3: 2-methyl-3-butenenitrile
VN: valeronitrile
20  3FVN: 3-formylvaleronitrile
4FVN: 4-formylvaleronitrile
5FVN: 5-formylvaleronitrile
BD: 1,3-butadiene
c= cis
25 t= trans
L/M = ligand/metal S o
An example of the protocol used to calculate conversion, linearity, and
selectivity for a hydroformylation reaction follows:
Total = c2PN+VN+2PN-+3PN+4PN+c3PN-+4FVN+3FVN+5FVN
30  Products = c2PN+VN+2PN+4FVN+3FVN+SFVN
Accounting = Total/amount 3PN added initially
Conversion = Products/Total
Linearity = SFVN/(SFVN-+-4FVN+3FVN)
Selectivity = SFVN/Products

[ 241
(4]
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depends to sonme extent on the catalyst being used, the olefinic conpound

being used, and the desired reaction rate. The operatin I S not
parti cul arW? O4M5¢% i ti cal and can conveniently from about g%‘rigﬁ@%’?gspheres

(101.3 to 1013 kPa). The pressure and tenperature :conbination nust be
.chosen so as to maintain reactants and products in the vapor phase. 16 WO
01/ 21567 - PCT/ US00/ 25547 The inventi &EXampIell now be illustrated by the

following non limting exanples of ggfdeskBr RBRIAGL, Ment's t her eof vvherei n all
parts, proportions, and ercentages are wel ght, unl ess 86her
i ndi cated. The folloﬁnﬂmgl v @8 4es200 ﬁmthﬂmﬂ%m%é}le&é e eflned

terms 5 appgar oiflddiidy 244 sk ﬁf)aarr].g%u%bgﬁo%m&&x@aasﬁemdheq@awnat es a

hydr ocar bon nol Seut en dtom has been renoved. Such
nol ecul es can cmﬂtmfm%da)glmﬁnmeqwmwlﬂlemmm Stagkt hy |

3- pent enoat e ﬁaﬁg Bbits, hosphor us
trichioride T(Iiggpt é{iﬁrﬁ%ﬁh@%&r%ﬂiﬂ%@% dp?é{r?t enendl) |dlrl§3dﬂ€&amep
2-pentenenitril 6‘he461bhotﬂwmiriedlwm MeS0s anhibe S@mebvﬂmmdéﬂe}‘i’ﬁtzﬁlgl e VN
val eronitrile 2Qe3ExN ok QO Y PhSEfRlibdd fform HEURE. 4-fornylvaleronitrile

10

Example 2
Synthesis of Acetal B
Salicylaldehyde (244 g, 2.0 mol), 1,3-propanediol (228 g, 3.0 mol), and

oxalic acid (4.5 g, 0.05 mol) were added to 400 mL toluene and heated to reflux
15  for 8 hours in an apparatus equipped with a condenser and a Dean-Stark trap.

Afier cooling, the solution was washed with NaHCOj; and distilled water, and the

solution was dried over MgSO4. The product precipitated when the solvent was

being evaporated. The solid was collected and dissolved in hot hexane. The

solution was filtered through Celite® (a filter aid manufactured by Johns Manville
20  Corp.), and the product was crystallized to give 108 g of an off-white solid.

Example 3
Synthesis of A C

Salicylaldehyde (24 g, 0.2 mol), neopentyl glycol (20.9 g, 0.2 mol), oxalic
25 acid (1 g, 11 mmol), and toluene (150 mL) were combined and heated to reflux
for 2 days in an apparatus equipped with a condenser and a Dean-Stark trap. After
cooling, the solution was washed with NaHCO; and distilled water. The solution
was dried over MgSOy, and the solvent was evaporated to give 39 g of a white
solid, which was crystallized from hexane.
30
Example 4
Synthesis of Acetal D
Salicylaldehyde (12.2 g, 0.1 mol) and trimethylorthoformate (10.6 g, 0.1
mof) were dissolved in dry MeOH (40 mL), and HﬁSO4 (0.25 g) was added. The
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;SFVN: 5-fornylvaleronitrile BD: 1,3-butadiene c = cis 25 t =trans L/IM=
i gand/ n§; exanpl e of the protocol used to cal cuI Sion, )

i nearit oada!ﬁ?’}'sel ectivit for a hgwr of ornyl ati on react | on Mﬁom: Tot al

= C2PN+VN+t 2PNreagtion-wpp MitEIZem at rgom temperaturs. Lhe reaction

C2PN+ N+t 2PN AEN IR w?.eg TollRblY udiTtheafistage i Ni tial ly -

ConverS| on = Prodlcts ?g | nearl ty 3—0 FVN 5FVN+£1FVN+3FV Selectivity
= 5FVN Pr oduct became pi 900 hizhes The@rydusowasrasnm di 8@5 1884 Hed).s of

Acet al A Salicyld %g at&%ﬂwélsgolleze?. mmol ), ethylene glycol (31 g, 500

mmol ), 5 oxalic aci and toluene (150 nL) were conbi ned
and heated 3o reflux for 3 days in an apparatus equi pped with a condenser

and a Dean-Stark trap. After coolin ol ution was washed wi th NaHCO3
and distilled water. The sol utlon V\%@E&IEE% over MySH, and the sol vent
was evaporated to give 26 g AceH It was crystallized

20 ol ) 13- proparirgptie B, *‘Fé @ﬂ?*f‘imém’m (€29 SotBlausly, (244 0
and oxalic acid (0.45 g, 5 mmol) were dissolved in toluene (50 mL) and heated to
10  reflux overnight in an apparatus equipped with a condenser and a Dean-Stark trap.
After cooling, the solution was washed with aqueous NaHCOs3, distilled water,
and the toluene solution was dried over MgSQO;. After filtration, hexane was
added until the product began to precipitate. 5.89 g of solid was collected.

15 e Example 6
_ Synthesis of Acetal F
A 300 mL flask was charged with 14.929 g of 5-chlorosalicylaldehyde,
12.409 g of pinacol and 0.300 g df oxalic acid and 150 mL of toluene.  The flask
was connected to a Dean-Starke trap and the mixture refluxed overnight. The
20 mixture was washed with aqueous sodium bicarbonate and the organic layer was
dried over magnesium sulfate. The solvent was removed by rotary evaporation.
A yellow solid was obtained which was recrystallized from hot hexane. The solid
was washed with acetonitrile to give 7.118 g of white solid. 'H NMR (500 MHz,
CsDs ,8): 7.9 (s, 1H), 7.17 (4, 2.6Hz; 1H), 7.08 (dd, J=2.6, 8.7 Hz, 1H), 6.73 (d,
25 J=8.7THz, 1H), 6.02 (s, 1H), 1.26 (s, 6HO, 1.18 (s, 6H).

Example 7
Synthesis of Acetal G _
A flask was charged with 18 g of 5-chlorosalicylaldehyde, 13 g of 1,3-
30 propanediol and 2 g of oxalic acid and 200 mL of toluene. The flask was
connected to a Dean-Stark trap and the mixture refluxed for 12 hours. The
mixture was washed with water and aqueous sodium bicarbonate. The organic
layer was dried over magnesium sulfate and the solvent removed by rotary
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oxalic acid (4.5 g, 0.05 nol) were added to 400 nL tol uene and heated to
reflux 15 for 8 hours in an apparatus equi pped with a condenser and a
Dean- St ar K WO @21564f t er cool i ng, the solution was washed WPCE/USBIARSSH and

distilled water, _and t.he ,solution ' ' - T: duct
preci pi t at ed V\/neﬁvaﬁpﬂ@%‘dl Oiﬁ#“@’v%‘?“%g’f’%\%g%%%s ihghaslgﬁcllgﬁc%as

col l ected and di saadingd HNMR{(S00MH2ECDEHE): 75 ds,UH)6:96@s2.6Hz BH)ea.72 hr ough
Celite(r) (a filt ai_d f ur ed by Jabn j | r , d the
product was crys(ﬁff%%ﬁ% dgy'&ﬁgﬁiﬁg%bg)’zg?fﬁn’&@xaﬁgl e 3
Synt hesi s of Acet,gjz}q;, Paliayi®, dsbwe1dR4 g, 0.2 nol), neopentyl glycol
(20.9 g, 0.2 pol), oxalic 25 acid (1 g, 11 mmol), and toluene (150 n)
were conbi ned®and heated to reflux for 2 days in an apparatus equi pped

with a condenser and a Dean Stark trap. gamfle8 cool ing, the sol ution was
washed with NaHCO3 and distilled water. The_solution was dried over MySO4,

and the solvent was evaporated to gimgiéﬁ%hi te solid, which was
crystallized from hexgiigylakithfde (2PL10.0 2l 2 ety af bi @8load, dehyde
feylafdéhide ( ¥ % (eﬂg}@l _Gﬁﬂnogh&x @sload

(12.2 g, 0.1 nol) and trinethylorthofornate g, 0.1 nol) were
di ssol ved i n dry madopralicacid((3.0 g)sad telurng (230 mE) were gpmbingdjang heptgd to 13
01/ 21567 PCT/ USOQURETA2 adyR &b SBaitBiS efbippddivhtl Pbondestaand AINIRISURL F Ogen at

-roomtenperature. The reaction "was quenched by addi ng solid NaHCO3

fol | owed by Na2CtBpiAfisricoeling, the selutien warweshed pith NaHCOh (%8P mIpiad pr oduct
was vacuum di sti lgisgfled Gfter(30 nftS. Phe Solhtirl was dritd dvet- MESEL, £id B 5SIvém wakas

collected. 5 _ _ ]
' evaporated to give 39 g of a white solid, which was crystailized from hexane.

Example 9
| Me OMe

%
OO GO

10 Acetal A (1.33 g, 8.0 mmol) and PCl; (0.55 g, 4 mmol) were dissolved in
toluene (40 mL) and the solution was cooled to -40 °C. Et:N (1.0 g, 10.0 mmol)
in toluene (15 mL) was added dropwise with stirring. The reaction was allowed
to slowly warm to room temperature then stirred overnight. A mixture of EtsN
(0.4 g, 4.0 mmol) and dimethyl 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-

15  dicarboxylate (0.8 g, 2.0 mmol) in toluene (15 mL) was added to the
phosphorochloridite solution, and the mixture was stirred for 2 hours, The
solution was filtered through Celite®, and the solvent was removed to give 2.0 g

of product. >'P NMR (C¢Dg): 8 132.6, other peaks at 146.3, 130.3, 130.7 ppm.
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Exanmple 5 Synthesis of Am no-Acetal E Salicyl al dehyde (6.11 g, 0.05 nol),.

2-anilin hanol (8.23 g, 0.06 nol), and oxalic acid ( mol ) were
di ssol ve&%ﬁ”ﬂﬁq Tuene (50 nmL) and heated to 10 refl ux ogcéf'ﬁﬁgﬁ?é?n an

appar at us equi pped with a condenser &wmample BBan-Stark trap. After cooling,
the sol ution was washed wi th aque \ hSstilled water, and the ’
tol uene solution was dried over - | trati on, hexane was added

until the product began to precipi tate. 5.89 ¢ of solid was col |l ected. 15

Example 6 Synthesis of Acetal F A)= eSk was charged with 14.929 ¢
of 5-chl orosalicyl al dehyde, 12.4Q 4 and 0.300 g of oxalic acid
and 150 nlL of toluene. The flask Was{ Yect#d to_a Dean- Starke trap and
the m xture refluxed over nigf ; ' S W€ washed with aqueous

sodi um bi car bonate and the
The sol vent was renoved by
whi ch was recrystallized frg
acetonitrile to give 7.118 ¢
(s,1H), 7.17 (d, 2.6Hz,1H), 7.0
J=8. 7Hz, 1H), 6.02 (s, IH,1.26 § H). Exanple 7 Synthesis
of Acetal G A flask was charged W hl or osal i cyl al dehyde, 13 ¢

of 13- 30 propanediglyalid 13 s mfs Lﬂ&mg(nd%sa%:mﬂ&?wamssmemne The

flask was connect rap a e mxture refluxed for 12

hours. The SmKﬂwe(WMdﬂwowhm“m ed o AOSG F8BS (d @i 108 BmEr honat e.
The organi ¢ | gyGineNiA§s ') Srhs QNG dFOROAR Wit Bifrila! The rédBlbd Wik sliBlwgent T ermoved

by rotary 19
to slowly warm to room temperature then stirred overnight. A mixture of Et;N
(04 g, 4.0 mmol) and 3,3’-dimethoxy-5,5’-dimethyl-2,2*-biphenot (0.55 g, 2.0
mmol) in toluene (15 mL) was added to the phbsphorochloridite solution, and the
10  mixture was stirred for 2 hours. The solution was filtered through Celite®, and
the solvent was evaporated to give 1.8 g of product. *'P NMR (C¢De): & 134.9,
minor peaks at 145.4, 132.3 ppm.

er magnesi um sul f at e.
%1 | ow solid was obt ai ned
™o Was washed with

H NNP-P(SOO MHz, C6D6,S): 7.9
\7 Hz, 1H), 6.73 (d, 25

Example 11
15 Svnthesis of Li C

Q@

DQ
o P\o

Acetal A (1.33 g, 8.0 mmol) and PCl; (0.55 g, 4 mmol) were dissolved in
toluene (40 mL) and the solution was cooled to -40 °C. Et3N (1.0 g, 10.0 mmol)
in toluene (15 mL) was added dropwise with stirring. The reaction was allowed
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(22.3g) which solidified upon standing. 'H NWMR (500 MHz, 1.7
(s, 1H), 6. 99431563 61z 1H), 6.72 (dd, J = 2.6, 8:7 Hz, 15%'{8?@?2%”(d

\(]:8. 7|I:I|)z,1H), 4. slﬂg%w@wm%%nm}npawmiﬁeﬂeﬁsnfdmvﬁml“l .A.z?im('a;qfﬂﬁﬂb ’(2).35
m 1H). 5 Exanple nt hesi.s.. Al H Saligyla 24 g, O.

mol ), 2-met hy|-15%&%@%%@@%@‘3%%%%%%%%“&@@ °§c§'d (2.0 g), and
t ol uene (250 ni) mg%exygmm.osg,mﬁrﬂmmmusm%smd&m]ys in anI
apparatus equi pped wth a ¢qondepser and a .Dean- St ar tr.ap. After cooling,

t he sol ution waspb%f’gh@ﬂcW’i“ﬁte ﬁ%%ﬂ?@mw&r&qﬁlfse ter (30
nL). The sol u§i oggludich Wid MtkraiMbroudh Celite®dtd thé1olvent WasYemobad to\cie@.2ged to
give 39 g of a white soljd, which was crystallized fromhexane. Exanple 9

Synthesi s of Li gafiproduqte” BIBMRICEDe) 8 1302 apinor pegkyatdda 8. 181¢ppss g 0
mml ) and PC13 (0.55 g, 4 nmmol) were dissolved in toluene (40 nL) and the
solution was cooled to -40 C. Et3N (1.0 g, 10.0 mmol) in toluene (15 nl)
was added dropwise with stirring. The rExamplet? was allowed to slowy warm
to roomtenperature then stirred ovgéﬁﬁg$%%%%¥%%¥%ure of Et3N (0.4 g, 4.0
mol ) and di nethyl 2,2'-di hydroxy-1,"1T"- ne-3,3" 15 di carboxyl ate
(0.8 g, 2.0 mol) in toluene (15 nm)\ was added toA he phosphorochloridite
0

solution, and the m xture was stirre) " The solution was
filtered through Celite(r), and the ~

WD 01/ 21567 PCT/ US00/ 25547 evaporat?ti... A light brown. oil was obta' ned

10
Acetal C (1.67 g, 8.0 mmol) and PCl; (0.55 g, 4 mmol) were dissolved in

toluene (40 mL) and the solution was cooled to -40 °C. Et;N (1.0 g, 10.0 mmot)
in toluene (15 mL) was added dropwise with stirring. The reaction was allowed
to slowly warm to room temperature then stirred overnight. A mixture of EtsN

15 (0.4 g, 4.0 mmol) and 3,3°,5,5’-tetramethyl-2,2’-biphenol (0.48 g, 2.0 mmol) in
toluene (15 mL) was added to the phosphorochloridite sbluﬁon, and the mixture
was stirred for 2 hours. The solution was filtered through Celite®, and the solvent
was evaporated to give 1.3 g of white sticky solid. >'P NMR (C¢Dg): & 135.2,
other peaks at 142.7, 134.5 ppm.
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of product. 31P NWR (C6D6): 8 132.6, other peaks at 146.3, 130.3, 130.7 .
ppm 20 WO 01/ 21567 PCT/ US00/ 25547 Exanple 10 Synthesis of Ligand B (MO
Q OMf wWow@2is&etal A (1.33 g, 8.0 nmol) and PC13 (0. aszngvwzﬁ%%n wer e
dissolved in 5 toluene (40 nl) and Ebeyeoiiti on was cooled to -40 C. Et3N
(1.0 g, 10.0 mmol) in toluene (15 gm vvaE .addﬁg dropwi se with stirring. The
reaction was allowed to slowy £ii80 hperature then stirred
overnight. A mxture of Et3N (0.4 g4=4.0mmgl) and -

3,3 -di met hoxy-5,5" -di methyl -2, 2 -4 . 55 g, 2.0 mol) in toluene
(15 nL) was added to the phosphoro solution, and the 10 m xture
was stirred for 2 hours. The sol ut{ ered through Celite(r), and

' 31P NWR (CeD6): 8

)15 Synthesis of Liaand C
f0.55 g, 4 mol) were

—
>
®
(7]
=
<
®
>
—
(9]
®
<
@
e,
o
-
Q
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Q
—
o
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<
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134.9, ninor peaks at 145. 4%
gy 01 0 C/ . Acetal A (1.33y
di ssolved in toluene (40 nl) g cooled to -40 C. Et 3N
(1.0 g, 10.0 mmol) in tol ue S wise with stirring.
The reaction was allowed 21 WO/&% 3 OSQ0/ 25547 to slowmy warmto
roomtenper ure then stirred owg ' ' of Et3N (0.4 g, 4.0
mol ) and di phenyl 2,2'-di hydr oxy 4l ene- 3, 3'

Acetal D (336 mg, 2.0 mmol) and EtsN (1.0 g, 10.0 mmol) were dissolved

5  intoluene (5 mL) and the solution was added dropwise to a stirred, -20 °C
solution of PCl; (137 mg, 1.0 mmol) in toluene (2 mL). The reaction was stirred
for 20 min, and then a mixture of 2,2’-binaphthol (143 mg, 0.5 mmol) and Et;N
(0.4 g, 4.0 mmol) in toluene (3 mL) was added to the phosphorochioridite
solution, and the mixture was stirred 1 hour. The solution was filtered and the

10  solvent was evaporated to give 0.57 g of product. 3'P NMR (CsDg): 8 131.7,

minor peaks at 146, 130.1 ppm.

E e 14
Synthesis of Ligand F

3@%7

With stirring under a dry, nitrogen atmosphere, a dry ether solution (50
mL) of Acetal C was added dropwise over a 20 minute period to N,N-
diethylphosphoramidous dichloride (3.36 gm, 19.3 mmol) and dry triethylamine
(4.88 gm, 48.3 mmol) dissolved in 150 mL of dry ether. After stirring overnight,
20 the triethylammonium chloride solids were vacuum filtered and washed with dry

23



di_carboxylate (1.05 g, 2.0 nmmol) in toluene (15 nL) was added to the
phosphorochloridite solution, and the m xture was stirred for 2 hours. The
5 sol uti orWQ@AY2167 tered t hrough Celite(r), and the sol verRCHERM B3 bved to

give 252( g I of lrzg_r Qs_‘d%;- 3Ly ﬁM%"f L'Wd )Sme?flliﬁ&s&erem '-saptrratpé&kys'elzltt}éelg& 8, ll;%l 4
m a e nt hesis o i gan .0 Mo

ggd PC13 ?8. 55 gi,esi%lpdrpheﬁpwmﬁtedﬁ%léoi-@%ﬂh-hg"ég!es{?a?éﬁﬂéiﬂﬁ?%iﬂ& Fhe

sol uti on was co%ﬁgsgﬁ]@g% ). Eﬁﬁ%ﬂ@e(%g@ﬁglgpﬁgpl) in toluene (15 nl)

was added dropw Se W I ng. ion Was allowed to slowy warm
to room tenperature (Thephasphoramilite (235 gmht8.0 tamel)xwasdisselvedinghy ether 0. 4 g,

Col uene (15 L) Qeeml et RS EIe s AsSkROEA, dipdlotth Bloreh 8 1
mxture was st iethies (6L, 20 M)was addedeirapvise dvera 2@mirfutd peziod to thaicoldgh
sol 1. 31P NVR (EBpbposahoramidRs soiyi: Theenditg s wal rhyeg WLS 501 00V
01/ 21567 PCTI USGiYe2&Fér/anotbalTd hodrs, ‘Bhesolids were vhounirpiiteiedantwashad wih OVs e ~
gvgslo:_eeg\cega! n %"1(52@%@8 @%m%%w%%%@ﬁégﬁg t‘%i V\tnh%gr t60 a
stirred, -200C phosphorochloridite of acetal C, [2-[5,5-(CHz3)z-1,3-C3H502]CsHsOLPCL. 31P
NMR (CDCls): 163.9 ppm.
Di(2,6-dimethylphenyl) 2,2'-dihydroxy-1,1"-binaphthalene-3,3'-
dicarboxylate (0.792 gm, 1.36 mmol) was added to the phosphorochloridite of
acetal C (1.634 gm, 3.40 mmol) dissolved in dry ether (S0 mL). After cooling to -
15 35°C in a drybox freezer, the light yellow mixture was stirred as dry triethylamine
(0.344 gm, 3.39 mmol) was added dropwise over a 5 minute period. After stirring
at ambient temperature for another 2.5 hours, the mixture was filtered through
dry, neufral alumina and tﬁe alumina was rinsed with dry tetrahydrofuran (50
mL). The combined ﬁltraies were evaporated to yield the desired diphosphite
20  ligand as a light yellow solid (0.376 gm). 31P NMR (CDCls): 129.7 ppm.

Example 15
S is of Ligand G

Ghl &
b
25 With stirring under dry nitrogen, 2,2"-dihydroxy-1,1'-binaphthalene-3,3'-

dicarboxylic acid (1.87 gm, 5.0 mmol) was dissolved in dry teu'ahydrofuran (50
mlL) then cooled to -78°C with a dry ice/acetone bath. Methyllithium (25 mL of

24



sol ution of PC13 (137 ng, 1.0 mmol) in toluene (2 nL). The reaction was

stirred ‘Lét”yilgﬁ ! 4 and then a mxture of 2,2'-bi naphtgé}g’g %ﬂz?sﬁg 0.5

nmol ) and g, 4.0 nmmol ) |ntoluene(3m_ was 0 the
phosphor ochl orlcﬁMel‘ soluiman - vigspddededrapwise then the solution 7 scpllewadter . The

sol uti on was f% W ARAhSdohsidnQuadlalided0. 57 g of

product. 31P N m nor peaks at 146, 130.1 ppm Exanple 14
Synthesi s of Lslg cheqbld,mmocmmac 30umlp). The ergpnigphasei®es a dry,

ni trogen at m)s &BL‘Ktwm ﬁ&}d)u &hddd i Was added
dr opwi se over a m nut e peri oép éﬁn?tg ﬁgé?)ﬁﬁoram dous dichl ori de
(3.36 gm 18. 3dxdﬂ9rq:nmmelmddnmghamlmgemﬂ88ﬂgmﬁm di ssol ved
in 150 nlL of dr Mo nmoni um
chl ori de sol i dS ake S%ag%va itjéu&n?? @Eere %&%ﬂhﬁ%ﬁeS?%s‘éﬁ&h&%@tﬁ%&%i 21567
PCT/ US00/ 25547 yellow ®lid (1. ﬁkgmﬁmbl ned et her fi Itrat es were - taporated to
yield the desired p a X
[2-[5,5- (CH3) 2- 1, 3- %2?@@8 o%iﬂ]g’ﬂﬂ’(l%? bis(me cthylketone) 02008845 oy .
31P NMR (CDClB)mﬂo(l)Lwﬂs qdﬂed_mﬂmpmmmmehhudltejpﬁ&cewcm.@hgmlwbmmdﬂ ) was -
di ssol ved 1 l.ed bQ - ?jg'l ox freezer.
Hydr ogen cﬂpo éﬁ‘ﬁﬁq‘ e??%}ﬁgé%%%%svgén% fg&zgwée over a 20
m nut e period nlghﬂy{eﬂowmlxhnemisnnathspdnpupﬂlyim«mﬂ&m mﬁﬂmol)ﬁws resul ting
m xture was ret dtothe gezer EEIER lids were
vacuum fi l tere&‘ﬁfﬁ%’ % ?héjr“{él&%ﬁ_ it | ne gt her
filtrates wer eamthqmshbad,the)m;mm’edvasﬁkeredthroughdry neutral alumina and the
alumina was rinsed with dry ether (50 mL). The combined filtrates were
15  evaporated to yield ﬁie desired diphosphite ligand as a light yellow solid (0.466
gm). 31P NMR (CDCl3): 134.1 ppm.
Example 16
Synthesis of Li. H

R "T
With stirring under dry nitrogen, 2,2'-dihydroxy-1,1"-binaphthalene-3,3'-
dicarboxylic acid (8.42 gm, 22.5 mmol) was dissolved in dry tetrahydrofuran (500
mL) then cooled to -78°C with a dry ice/acetone bath. Phenyllithium (100 mL of
1.8 M in 70/30 cyclohexane/ether, 0.18 mol) was added dropwise then the
25  solution was allowed to warm to ambient temperature. After stirring overnight,

deionized water (50 mL) was slowly added to the reaction solution at 0°C. With
vigorous stirring, 1 M hydrochloric acid was added dropwise until the water phase

20
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1Q phosphorochloridite of acetal C, [2-[5,5-(CH3)2-1, 3- C3H502] C6H40] 2PCl .

311) NMWMR 13): 163.9 ppm Di (2, 6-di nmet hyl phenyl)
2,2 -di hyd %@15?61' - bi napht hal ene- 3, 3' - di carboxyl ate (0. 755’”8%{255]‘.‘736 nmol )

\é\@s aldde(cji to ;hbeqahxet hspbngSIgiﬁl"'orj*’drtze. of e organic phas€was weghd gvith vatergn pnol )

i'ssol ved in dry_ether .

freezer, the Ii eid ﬁ%{ﬁdmﬁ%%%rrlégoﬁmggélﬁg%%eﬁ%%%eﬁy?gﬁsﬁggé(0. 344

gm 3.39 mvl) vesikiuasas tediksolyed inalichloromethinerand glutedsbroughia silita gel phagi r ri ng

at anbient tenpegrature for_ another 2. 5 ho o b ' i lL.htered

through dry, n%’f P?f‘g%\{i@ﬁen‘ﬁasﬁf?oﬁ%ﬁglybe# 2’% "\E/fggdr%g’g dﬁem%ﬂlﬁd* %/

:ﬁtrShydro;uganﬁ(ﬁﬁiﬁ(jm&)yns&?m)md llowd;ofi@(ltOcSagm)lal wer e Fyaporat ed to vyi gllg
e desired di phosphite [ as | el low sol i :

NVR (CDC13) : 129. 7 ppk&'D@@x%?ﬁtﬂg‘é?@h%?“%g%‘i’#ﬁ@bé”@?“éj66'?1%;g’zg@/vt h

thl:;; ib(r)]gyringe;c?gu?l?wa% into"geﬁhos .I dﬂwasdﬁggmfnd i (rjp;ﬁ’eﬁ??nﬁ?arofuran

(50 L) then cdiedt 48’8“%78‘&“\&5‘?1’{330 W&Eﬁ‘%‘é’e‘%ﬁmﬁ .°">r/€EFFTF§’| ¥t hi um (25

tmr_] Oftﬁ4 V\DI OéL/ 3§as.gzsd?ﬁrddm” 'ﬁE&d fs7d;yh'ieﬁ1ﬁémi‘nt' eﬁ(j‘i?ﬁﬂgtm,il& mmlt)&ddadhpe\?[ opwi se
en the solution . - -s allqwed tp rmiqQ anbi ent . tenperature. er

stirring ovdPni GRPWite YL mnye,period- %&%WW%* STAE T v

hydrochl ori ¢ aciaflothé®.5"hdurs, Hoyelo® Mik@re R Tterddthronpls &g fnswralulmainar t hen

evapor ated. The orange residue was dissolved ip 5 _dichl oraonet hane and
el uted t hrough anirheiﬂgﬁmgwaﬁww&%?%é@m-tT%&?é"wé‘?%ﬁ%&w‘affed to

yield 2,2"-di hyduspevatdd tb'yidl fhidesifea dfihesphite ligtidss aRightyeliewaokd (1568 a
gm). 31P NMR (CDCl3): 134.0 ppm. .

15 Exampie 17

S esis of Ligand I

Into a round bottom flask was added 0.412 g of phosphorus trichloride and
about 50 mL of toluene. The mixture was cooled to ~30 °C and 1.288 g of Acetal
20 Gwasadded. A precooled solution (-30 °C) of triethylamine (0.800 g) in 20 mL
of toluene was added dropwise. A 3'P NMR of the mixture indicated 2 major
resonance at 164.1 ppm with minor resonances at 193.3 and 132.5 ppm. To this
mixture was added 0.405 g of 2,2'-ethylidenebis(4,6-dimethylphenol), prepared
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yellow solid (1.52 gin). ,

2,2'-Di hydroxy-1,1' - bi napht hal ene- 3, 3' - bi s(net hyl ket one% %‘ m 0.54
nmol ) vvaé’%ﬂ@éﬁf’to t he phosphorochloridite of Acetal C %l@@%ﬂilg mg 1.35

mmol ) 10 di ssadcentini to Yamadeetabs BE50. ni2) Sor Af tne 198% 62,i3683,tin 108H®f n a dr ybox
freezer, the ljgh ' . Sibde! u@:ﬁ}grg = X}Tﬁ%ﬂt ne (0.155°
gm 1.53 mol )%ﬁégexg%g‘%g%@#@%er 5 gﬁ% nu e%%sérl 0 ‘RI ter stirring
at anbi ent t enmet thenufikerédthrough Gelite®, washiad with toludne, and solvers reagvetibyt er ed

0 The connr A Ermepip B b L g ofs Wl BRI (ITIRR ML Capy 51 e (50

di phosphit e5| i gajod resenamce atd34.9ppinl minos cdsomimfes.atl 632.6, 383.2, 1309, M&2 ( CDCL13) :

134. 1 ppm Exanpl e thesis.of Ligand H.,.O0R| . 20 Wth
stirring underg%Py ‘%ﬁzﬁggﬂ‘m" ?guqmﬁ%rcgwcﬂl%ﬁé%%ﬁ%g%&nog%y ' -

di car boxyl i ¢ aBoshdé 81882 ; gatvul@ed for Ceghle)OiERP.H BSHI8322. i n dry tetrahydrof uran
(500 nL) then cooled to -78C with a dry ice/acetone bath. Phenyllithium
(100 nL of 1.8 Min 70/30 cycl ohexanel ether, 0.18 nol) was added dropw se
then the 25 solution was allowed to \Bxampled8anbi ent tenperature. After
stirring oggrni ght, deionized walé§er !g 30 {L‘-% aﬁs slowy added to the
reaction sofution at 0C. Wth i S Qi g, 1 M hydrochloric acid was
added dropwi se until the water pha 5 WF B 21567 PCTI USOQ 25547 beca-
ae strongly 2). e or;anic phasé6 : R Z a

Acetal A (1.33 g, 8 mmol) and PCl; (0.55 g, 4 mmol) were dissolved in
toluene (40 mL) and cooled to -40 °C. A solution of Et;N (1.0 g, 10 mmol) in
toluene (15 mL) was added dropwise to the cold solution. The reaction was

15  allowed to warm to room temperature then stirred overnight. A solution of (N-
methyl, N-phenyl)-2,2'-dihydroxy-1,1"-binaphthalene-3,3'-dicarboxamide (1.1 g, 2
mmol) and EtsN (0.4 g, 4 mmol) in toluene (15 mL) was added and the mixture
was stirred for 2 hours. The mixture was filtered through Celite®, and the solvent
was removed to give 2.3 g of a yellow sticky product. *'P NMR: & 131.6,

20  smaller peak at 127.6, broad peaks at 133.1, 144.1ppm.
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separatory funnel then dried over magnesi um sul fate and evaporated. The
orange residue was redissolved in dichioronmethane and el uted through a
silica gel Wou®1567The orange filtrate was evaporated to yPETAIS00/25547

2,2' -di hydroxy-1, 1' - bi napht hal ene 5 3, Exalirs(phenyl ket one) as a yel |l ow

solid (10.5 gn). 2,2'-Dihydroxy-1,!'-bipaghthal gne-3, 3' - bi s(phenyl ket one)
(0.715 gm 1.45 nmmol) was added t@@#@%hl oridite of Acetal C
(1.738 gm 3.62 nmol) dissolved in dryqthgr (50 nL). After cooling to
-35C in a drybox freezer, the orange § was stirred as dry

triethylamne (0.365 gm 3.62 nmol r'opwi se over a 5 mnute
period. After stirring at anbient t another 2.5 hours, the

yell ow m xture was filtered throug ® (—% 1 |l um na and the al um na
was rinsed with dry ether (50 nL). _Gonbi ltrates were evaporated
to yield the desired di phosphite |igafd Bs ITgllt. yellow solid (1.68 gm.
31 P NWR (CDC13): 134.0 ppm 15 | & 17§ Sy sis of Ligand | 44no
Into a round bottom fl ask was added ¢Oy osphorus trichloride and
about 50 nmL of toluene. The m xture W@&s -30 C and 1.288 g of

Q
Acetal 20 G was added,. A .precooled solution (-30 C) of trjethylam ne
(0.800 g) in 20 nL ofwitBF‘EFEHS“V&aéﬂ@éﬂ’%%b‘ﬂgﬁa‘%&ﬁt"ﬁaﬂﬁ’ T the mxture

i ndi cated a ®j OfuranyBRRAGIGA0%m, 364 nimél) Wa¥hddad BiopGiseieNMances at 193. 3
and 132.5 ppm Tg this mxture was added 0.4

05 f . .
52 ethyl | denebfigtHiphosghoremidpnpishionise Coi02 g 455 mmolygsdsiey srisfylamine
PCTNSCOL25547  a@errgh,37:3 mi6l) ¥R8566 i 208 tnL. of 3 &thér. Afer othous, thel 989, 62,

3603, in 10 r1L of A toluene and then 0.600 g of trigethyl aJe,. a'rge m xt ure
was stirred overtietplammaninm ghigrids solids werevasuymfiftered é?(qsgf WG wit h

toluene, and sol 4843 k259 d TRY combined ether filtrates were evaporated to yield the

10  desired phosphoramidite, [2-(2-C4H70)C¢H40]2PN(C2Hs)s, as-a viscous oil. 31P
NMR (CDCl3): 142.2, 142.0, 141.5, and 141.2 ppm due to a mixture of
stereoisomers. _ _

. The phosphoramidite (5.0 gm, 11.6 mmol) was dissolved in dry ether (50

mL) then cooled to —35 °C in a drybox freezer. Hydrogen chloride (24 mL, 1.0 M

15  indry ether) was added dropwise to the cold, stirred phosphoramidite solution.
Five minutes after the addition was complete; the solids were vacuum filtered and
washed with dry ether (3 x 15 mL). The combined ether filtrates were evaporated
to yield the phosphorochloridite of 2-(tetrahydro-2-furanylphenol, {2-(2-
C4H70)CgH40]2PCl. 31P NMR (CgDg): 163.7, 162.9, 162.5 ppm due to a

20  mixture of stereoisomers.

Diphenyl 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-dicarboxylate (0.425 gm,

0.807 mmol) was added to the phosphorochioridite of 2-(tetrahydro-2-
faranylphenol (0.793 gm, 2.02 mmol) dissolved in dry ether (50 mL). After
cooling to -35°C in a drybox freezer, the light yellow mixture was stirred as dry

25 triethylamine (0.204 gm, 2.02 mmol) was added dropwise over a 10 minute
period. The mixture was filtered through dry, neutral alumina and the alumina
was rinsed with dry ether (3 x 25 mL). The combined ether filtrates were
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rotary evaporation to yield the 1.8 g of a white solid. 31P{H} (202 VHz,
C6D6) : r _resonance at 134.9 ppm mnor resonances at 132 132. 2,
130. 9, 12‘§ng§m m APClI MS (at nospheric pressure cheri cBFT/U8H2 QWI on nass
spect roscopy): evammto yicl@ theidesiped) diphosphite ligand a8 3+i60GalCT 4 Em)-B1P: 1183, 22.

Exanpl e 18 10 8 mmol ) and PC13
(0. r5n§ g, 4 mol v@%ﬁ fésl'%{)aﬁ&gpl Muefgﬁé%eéf)&%‘ﬁ%ecool ed to)-40 C A

sol ution of Etsteedisoniersy, 10 mml) in toluene (15 nm) was added dropw se to
the cold solution. The reaction was 15 allowed to warmto roomtenperature
then stirred overnight. A solution of (N nethyl,

Nphenyl)-2,' -di hydroxy-1,|"' - bi napht Bedngpbe2®, 3' - di car boxam de (1.1 g, 2

nmol) and Et3N (0.4 g, 4 mmol) in,tal ueng (15 ) was added and the m xture
was stirred for 2 hours. The m xt ed through Celite(r), and

the solvent was renoved to.give 2 y of gyl low sticky product. 31P NWR
S 131.6, 20 snaller peak at 127.6; at 133.1, 144. 1ppm 27
------------ WO 01/ 21567 PCT/ US00/ Synt hesis of Lieand K /\
l=j 11 O Wth stirring under a at nospher e,

2- (tetrahydro- 2-

Tnto a round bottom flask was added 0.343 g of phosphorus trichloride and

about 50 mL of toluene. The mixture was cooled to —30 °C and 1.284 g of acetal

10 F was added. A precooled solution (-30 °C) of triethylamine (0.700 g) in 20 mL
of toluene was added dropwis_e. A3'P NMR analysis of the mixture indicated a
major resonance at 162.6 ppm with minor resonances at 190.4 and 130.7 ppm. To
this mixture was added 0.358 g of 2,2"-binaphthol in 10 mL of toluene and then
0.600 g of triethylamine. The mixture was stirred overnight and then filtered

15 through Celite®, washed with toluene and solvent removed by rotary evaporation
to give 1.753 g of a white solid. 3‘P{H} (202 MHz, CDs): major resonance at
130.0 ppm, other resonances at 143.1 and 130.8 ppm. APCI MS: Found: 1366.3;
calculated for Cr;HzeO14CLP;: 1366.346. |
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5 furanyl)phenol. (5.10 gm 31.1 mmol) was added dropwise to N, N

di et hyl phosphor am dous dichloride (2.702 gm 15.5 nmol) a
n?vﬁé"’zlsg??? gm 37.3 nmol) dissolved in 200 ni opgy%%gﬁfgr. Aft er

triethyla
one hour, the triethylamonium chlori were vacuumfiltered and
washed with dry ether (3 x 15 nmL). The™C ned ether filtrates were

evaporated to yield the 10 desired

[ 2- (2- CAH70) C6H40] 2PN( C2H5) 2, as. a vi
(CDC13):142.2,142.0,.141.5, and 141.
stereoi soners. The phosphoram dite (%
ether (50 nL).then cooled to Cil
(24 mL, 1.0 M 15 in dry ethe e cold, stirred
phosphoram dite solution. Fiv : - N n was conplete, the
solids were vacuumfiltered andA washed 3 x 15 nmL). The

Hydr ogen chl ori de

conbi ned ether filtrates were phosphorochloridite
of 2-(tetrahydro-2-furanyl)phenol, , 410] 2PC1. 31P NMR
(CeD6):163.7,162.9,162.5 ppm due ¥ i ¥Ystereoi soners. Di phenyl

2,2' -di hydroxy-1, 1' - bi napht hal ene- 334 e (0.425 gin, 0.807
nmol ) was added to th ochl orj.di f 2-(tetrahydro-2- .
furanyl) phenol (0. 793%@%01;%%{%" @égf:&g&g?g"g?‘?m Wite dissobvedin  Af ¢ er
coogi ngzg 0 - 350hitclilue'i1_eQ4WW %ﬂ&ﬁlﬁﬁz -gﬁgm.l Algl)shﬁmebf%tén m.%g,mmnu@_ Bistirrs eciI0
as .dry triet am : ) s, added, dropwi se over a

m nute period. ﬁﬁmﬁqﬁ é‘?‘é% ﬁ@%%&ﬂgﬁ@@?‘} ﬂl@iﬂ’?‘g‘f’nﬁaﬁm na and
1E'hlet al ;Jm na vva; allowédd whirin SEfgt%ﬂfg)hiﬁhg%U hﬁ@thSZ%&ﬁremo)renn’Ehﬁd&Gabﬁé}ﬁsf_ I dzg{’ﬂer

iltrates were i ( : evaporat e ir e
desired di phosph?’ﬂg%‘?qéérﬁg’rﬁ‘?mé’ |3 %-2(8;48’4&5‘35)?@ eIy ): several
peaks centered aladded’and P riixfuré Wadstitted fot2chofs. The mixture was filtered through

' 10  Celite®, and the solvent was removed to give 1.79 g of a pale, oily residue. 3'P

NMR: 8 131.3, smaller peaks at 132.5, 144.2 ppm,

15

Amino-Acetal E (482 mg, 2.0 mmol) and Et;N (0.67 g) were dissolved in
toluene (10 mL). This solution was added to a -20 °C solution of PCl; (137 mg, 1
mmol) in toluene (3 mL) over a 5 minute period. After the addition, the mixture
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stereoi sonmers. 5 Exanple 20 Synthesis of Ligand L Ol | - Into a round
bottom f]l ask was added 0.343 g of phosphorus trichlori q,g R@ ,%Q#),ut 50 nL
of t ol uen®O WA xture was cooled to -30 C and 1. 284 g f 10 F was
added. A precwss giged gt 130 MO(I%WSOﬁwmmPWn@% «in 20 nL of
tol uene was ag %&lgm&mﬁéw 'ALY WaSaddbd i he fﬁouraadtuadl cated a

maj or resonance at m nor_resonances_at 4 and 130.7 ppm
To this m xt@l’éﬂrﬁla@smt@m%}dﬁﬁ ﬁ?mWﬁé{ﬁHﬁH@F‘iﬂaﬁ ﬁ@sfﬂ}’%‘f t ol uene
and then ﬁwﬁe 308" i ght and
then fil teredglg%&aﬁé%{ﬁahoe%g%lba&?fpm\%g%hg W th llJer?gs %a]soeﬁr\/@ént renoved
by rotary #vamddd 4.9 ppm.gi ve 1. 753 g of a Wmte solid. 31P{H (202 Mz,
C6D6): nmmj or resonance at 130.0 pp%ég;g resonances at 143.1 and 130.8
ppm APCI MS: Found: 1366.3; calcu r C72H76014C 4P2: 1366. 346. 29 WD
01/ 21567 PCT/ US00/ 25547 Exanpl e_ﬁﬂﬁ_;gmmmg)f Ligand M 0- -0 C50 C05b
Acetal A (1.33 g, 8 mmwl) and PCl : 4 mml ) were dissolved in 5
Et3N (1.0 g, 10 nmol)
in toluene (15 nmL) was add ) ‘] W/ ution. The reaction
was allowed to warmto rg "3 TEN

d overnight. A solution
of 2,2'- biphenol (0.37 g, nmmol ) in toluene (15
nm) was

Acetal C (25.0 g, 120 mmol) and PCl; (8.23 g, 60 mmol) were dissolved in

10  toluene (100 mL) and cooled to - 20 °C. Approximately two-thirds of a EtsN
(21.0 g, 200 mmol) solution in toluene (100 mL) was added dropwise to the acetal
solution over a 30 minute period. The mixture was stirred for another 15 min at -
20 °C. Over the next hour, small portions of solid di(2-tolyl)-2,2'-dihydroxy-1,1"-
binaphthalene-3,3'-dicarboxylate (16.5 g, 29.8 mmol), were added to the cold,

15  chloridite solution (-10 to -15 °C) while alternating with equivalent portions of
the remaining EtsN solution. The mixture was stirred for an hour, and the mixture
was filtered. The solvent volume was reduced to between 100-200 mL toluene,
and the solution was allowed to stand for 2 dayg. A fine white precipitate was
collected (20.6 g). ¥'P NMR: § 129.5 very small peaks at 133.1, 146.7 ppm.

20
Example 24
ion of carbon- st using ligand O

Crystalline Rh(CO);(acac) (1 equiv), was dissolved into 2-4 mL toluene.
The light-yellow solution was added to solid ligand O (100mg), resulting in some
25  bubbling and a change in solution color. '
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added and the m xture was stirred for 2 hours. The m xture was filtered
through 10 Celite(r), and the solvent was renoved to give_1. 7%0 t’ a pal e,
oi ly resi d¥f@.013 NVR 8 131.3, smaller peaks at 132.5, H9HY 0%5% Exanpl e
22 Synthesis of Li gas%rmg,rwah 4099 n&H) adBiPhted Sarbbh (BM Seieitific)oak atied (482
ng, 2.0 mmol ) and EtSil'&ﬁ& .67 g) .were_dissolved in  tol g?d}e fﬂ%{g . Thi s
sol ution was adckad calsingd by beating in flowing helfunp() 0§ miymin)a¢ 850, °C fprg hrs.iThe o) jene

(3 nl) over a 5 JRdalhiboR Wab Bonsfefeli$6 a hitdg@difildd diéve Hok Whetest waesludied VO
01/ 21567 PCT/ USO0/ 25547 w s stirred at - 20 C ftor 15 m nutes. i%TSeHEpenSIOH

of 2, 2' - bi napht hiato g teluengsolutipmspntaining redinm @pd ligand 0. Fheshymptyas ) was
added in one SPOrfo}?5‘11&2%5}:?%50&8&%'%%%%Ju&éﬂ?ﬂeﬁ&aﬁioilias,fd%os?te&iaﬂs- The

m xture was filtered, sol ventt was evaporated to give 0.47 of
product. 31P Nl\/Fches’dgsatzf.thqvm.wdmﬂmmtolmsumtzﬁmgfea y
Exampl e 23 Synt Ls n@fﬂ &g%& erighi tdFRlove and PC13
(8.23 g, 60 mmol \%‘Lél?g%h}ytdso vgég}’ﬁ“% t'o ggr@%l rﬁ% andtqoolo}_a% to - 20
C. Approxi mat el yresidual t¢lirgngand then cayped|aidstored in the gloverhex 2)01’ saalytic tetings
toluene (100 nm.) was added dropwi se to the acetal solution over a 30

m nute period. The m xture was stirred for another 15 mn at - 20 C Over
the next houtQ small portions of solidEkample2s|yl)-2,2' -di hydroxy-1,1'-

bi napht hal ene- 3, 3' - di car boxyl ate (1§: a]gm&q‘lg gpol ), were added to the

col d,
\ <. 7
o ? ({ o)
gv-f r—og
This diphosphite was prepared according to the general procedure
15  described for ligand K except substituting the corresponding dimethyl ester for
diphenyl! 2,2'-dihydroxy-1,1"-binaphthalene-3,3'-dicarboxylate. The product was
an oil. 31P NMR (CgDg): 131.0, 130.9, 130.8, 130.6, 130.4, 130.3 ppm due to a

mixture of stereoisomers along with cyclic monophosphite impurity at 146.8 and
146.4 ppm.
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15 chloridite solution (-10 to -15 C) while alternating w th equival ent
portions of the remaining Et3N solution. The mxture vva for an
hour, an¥QME17xture was filtered. The sol vent vol ume® ob’é%gced to
bet ween 100-200 ni tol uene, and theExampla2bon was al l owed to stand for 2

days. A fine white preci] fh 1 ot PG MMP NVR 8 129.5
very smal | peaks at 133. ppm ammi € Z4 Preparation of

car bon- supported cat al ~-a-= ation-ofia; Suppotted Disubsti afed BmapEolCO) 2(acac) (1
equiv), was dissolved into 2-4 nL toluene. The Ii ght yel | ow sol uti on was

added to solid | |gand O (100ng), resulting in some 25 bubbling and a
change in solutio I 3 01/21567 PCTI LSOO 2554 £0,CH 4ol anul ar

(40-60 Mesh) actl'( ' Tbon (i M Scientifig g~ dNYyEd and cal ci ned by
heating in flow 100 nL/m n) at 8% 1 hrs.” The dried
carbon was transfe a0otrogen filled gret pigre it was slurried
into a tol uene sol utlon contai, ni n-g—Hﬁ-ed-r-Dnand Ilgnd O The slurry was
stirred 5 for 15 or at elida€03dr ynes Q Resi dual solids,

deposited on. thdg { the vessel, were th extra tol uene such

that all were ev ; 1954 t ed onIy oNtsy s K he dry solid was
punped ovegnight to renove re%ldual t ol uene and then capbed and stored in

@ 0- 0 Coaiimr ol f B M 2@@%@‘# AR BeE Hhe "gener
pr ocedure 2 % crosslinked polystyrene, 200-400 mesh beads), 2,2'-dihydroxy-1,1'-
' binaphthalene-3,3'-dicarboxylic acid (33.7 g), potassium carbonate (124 g) and
DMF (dimethylformamide) (350 ml) was heated at 90 °C with stirring for 8 hrs.
10  The color of the resin changed from white to green-yellow. The mixture was
diluted with water, filtered, washed with H;O, DMF, and acetone, and then
thoroughly dried in the ait to give the desired product. IR (KBr, cm™): 1712 (vs),
1676 (vs).

N

Functionalization of the Carboxylate

1,1-carbonyldiimidazole
DMF

15
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15 descri bed for Iigand K except substituting t he correspondi ng di net hyl
ester for hen 2,2'-di hydroxy-1,1"-bi napht hal ene- 3, 3! - di yl ate.
The produc?"Q/tﬁ@ls‘ n oil. 31P NVR (CGD6) 131. 0, reiuSiRRIE

130.9, 130. 8, 130. & % Chh si.%o?tedﬂiol%ﬁ:sﬁénd@dﬁfﬁ()uﬁloa‘ers al ong
wi'th cyclic rmno?t Sphite |rrpur|ty at

8 and, 146 Bt 3§ WO 01/ 21567
PCT/ USOQY 25547 e;a:ardmue >1and trfhisanixturs wasadded 4 éfgﬁﬁv% oFldsorted Li
anend Preparati t shalleR® Iaﬁ@ﬂ{e yaXeribédds CH2pol
N O o Racos PRpStindliniibRaRl Yl iemt s Kire o evo 5 208 (6 # of
Merrifield resi nmld@ﬁ@ﬂme%beadim with
200- 400 nesh eaﬁﬁh, | @1.] &q()ﬁ,ng; Hefoeelr boxyl i c
acid (33.7 g)g) gl um carg ﬁ‘?fé)( &ébOmLZ Jﬁé 2%!‘—8 di i net hyI f or mam de)
(350 M) was heaﬂa&lgaundsﬂv@.lmt R 6o} KBy 1 '61r(V8) ﬂ?%O(Vi)@ The col or of the
resin changed fromwhite to green E%IE! gy&"F was diluted with
water, filtered, washed with H2O e dlhe il nd then thoroughly
dried inthe air to give the de R t. IR(KBr cmd4): 1712 (vs),

1676 (vs). Functionalization of Iate Goup HO(?HHOCH2 pol O
1, 1- car bonyl di i m dazol e

o-cresol, DBU
DMF

@@

Q H HO OCHz—Q—

25.93 g (18.7 mmol) of the pblymer'supported imidazolyl ester was suspended in

10 150 mL of anhydrous DMF. 10.10 g (93.5 mmol) of ortho-cresol and 2.845 g
(18.7 mmol) of DBU (1,8-Diazabicyclo[5.4.0Jundec-7-ene) were added. The
mixture was shaken for two days at room temperature. The product was collected
by filtration and washed with 'DMF toluene, and CH,Cl; (3 x 100 mL) before
final vacuum drying. IR (c 1 KBr): 1759 w), 1720 (w), 1675 (vs).
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DVF rol "N OH HO CH2 pot Nomi O O -' 15 33 WO 01/21567 PCT/ US00125547 25 ¢
8.7 mml) ﬁl%_éllg% pol ymer st,orted diol was suspended in_150 m__of

anhydr ous hd to this mxture was added 4. 54 g (28 ﬁTfo"'}mﬁ"l 1-
carbonyl di i mi dazol e. The mi xtur e Synthesisgkbig wd@r ni ght, and the pol yner
beads turned deep red-orange. The bead ere collected by filtration and -
washed with 5 DVF (3 x 100 m), g ({ x 100 nm), and CH2C12 (3 x 100
m.) before drying under vacuu Q KBr): 1771 (vs), 1720 (vs).
Esterification of the Side Chaiy Q OCH2 poi OO o-cresol, DBU
ADVF ft ROH HO OCH2 poi O O 25. s Dl ) oft he pol yner supported

i m dazol yl ester was sy ded j %f a ous DVF. 10.10 g
(93.5 Mol ) of ortho- ‘ U

(1, 8-Di azabi cycl o[ 5. 4. OTT dec- ene) wer e %dded T m xture was shaken
for two days at roomtenperature. Thg product was collected by filtration
and washed with DMF, toluene, and CHJChas€,3 x 100 nlL) before final vacuum
drying. IR (cmi, KBr): 1759 (w), 1720 |(@P2H75 (vs). 34 WO 01/21567

PCT/ US00/ 25547

OCHz—Q—po

24.8 g (17.4 mmol) of the supported diol was suspended in 150 mL of toluene,
and to this suspension was added 25.0 g (52.1 mmol) of the phosphorochloridite

5 derived from acetal C and 13.4 g of diisopropylethylamine. The mixture was
shaken overnight at room temperature. The pale yeliow beads were collected by
filtration, washed with toluene, CH>Cl> (3 x 100 mL), and then dried under
vacuum. Elemental analysis: 1.15 wt % P (average).
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/ . OHHO CH2 Pol O O - base, CIPZ2 O OCHzZ-~ poi Qi1 P PzZ20 22 7Zz=O0 OO
24.8 g (17. ) of the supported diol was suspended in ?{,

t ol uene, a‘ﬂ%%#%i s suspensi on was added 25.0 g (52.1 mﬁjgﬁ Me
phosphorochloridite 5 derived from acetg*%%l@nﬂ 13.4 g of

di’i sopropyl ethyl am ne. The mi xture was S e_lr'l overni ght at room
tenperature. The pale yel | ow beads vismthesispfbigardRby filtration, washed
with toluene, CHzC12 (3 x 100 nL), angd then dried under vacuum El enental
analysis: 1.15 w %P (average). 3 O 01/ 21567 PCTI USOCQO 25547 Exanple' .7
Synthesis of Ligand R Pto O Thg»ej et her of 2-hydroxybenzyl al cohol was
prepared according to a 5 litg ocedure reported in Recueil. Tray
Chim Pays-Bas 1955, 74, 1448. y idite of this phenol was

prepared from PCl3 in toluene with ase at -30C. 31P nnr
of the reaction m xture: 163.3 ppg

The ethyl ether of 2-hydroxybenzyl alcohol was prepared according to a
5 literature procedure reported in Recueil. Trav. Chim. Pays-Bas 1955, 74, 1448.
The phosphorochloridite of this phenol was prepared from PCl, in toluene with
triethylamine as base at -30°C. 3'P nmir of the reaction mixture: 163.3 ppm. To
this mixture was added diphenyl 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-
dicarboxylate and triethylamine. The mixture was filtered through Celite® and
10  the solvent removed by rotary evaporation. The residue was dissolved in toluene

and passed through basic alumina with toluene. Solvent was removed and the
residue vacuum dried. *'P {H} NMR (202.4 MHz, CDCl;): major peak at 130.8
ppm other resonances at 146.9 and 132.4 ppm.

15 Example 28
esis of Ligand S
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this m xture was added di phenyl 2,2'-di hydroxy-1, 1" -bi napht hal ene-3, 3 .
di carboxyl ate and triethylam ne. The m xture was filtered through Celite(r)
and 10 %‘Y@“’é’dfqent renoved by rotary evaporation. The PEYP3A S

di ssolved in toluene and passed through basic alumna with tol uene.

Sol vent was renoved and the residue vacuumdried. 31P {H NWR (202.4 Mz, -
CDC13): nmj or peakThe progaiug: wasthe sameap inexemple?ddligand R)except 3335532, 4 ppm
15 Exanpl e 28tetr§¥13{h9h gg’gs_b@fm{ol Fandedi ﬁQ‘ k ?lé ’§..%%6,9§_39A_25547 The

procedure was the sane as I n exanpl G2l é) ,3",5,5
t et r anet hyl - 2 bmaplghalenerbd-digatboyylatd. i B<{iH: 2024 CDCls): major
2,2" - di hydsoxylala b ' t - PWe P-Y- N 31P {H} NWR (202.4
MHz, CDClS?: JorIls%sB@%t@é%?%n%b&ms%qt“%fbrﬁﬁgg?d'?gg%hances at 142.0 and
130.9 ppm Exanple 29 Synthesis of Ligand T AP O O P O Qoo
2- Hydr oxyphenet hyl al cohol was reacg%g{&tﬁt bronoacetonitrile in the
presence of potassium carbonate to he phenolic oxygen, as in
Tetrahedron Letters, 1993, 34, SudBestrfdigaddlydr oxyphenethyl al cohol was
di ssolved in 20 nlL acetone. To this was added 1.2 g potassium carbonate.
To the stirring mxture was addyg pnoacetonitrile under nitrogen.
The m xture was stirred overnig W#ure was filtered, and the
filtrate was concentrated,__Jhe pur i fad by flash col umm
chromat ography on silica N—@| Jlo ! 3yl acet at e: hexanes, to
yield 81 % of 2-(o-cyanometHyl )phenet hyl gal cagol =/t H NVR (CD2Cl 2): 2.81
(1,2H), 3.72 (t, 2H), 6. 92 \dd, O2H), B8 (d,

P

2-Hydroxyphenethyl alcohol was reacted with bromoacetonitrile in the
presence of potassium carbonate to protect the phenolic oxygen, as in Tetrahedron
Letters, 1993, 34, 7567-7568. 2-Hydroxyphenethy! alcohol was dissolved in 20
mL acetone. To this was added 1.2 g potassium carbonate. To the stirring
mixture was added 0.87 g bromoacetonitrile under nitrogen. The mixture was
stirred overnight. The mixture was filtered, and the filtrate was concentrated. The
product was purified by flash column chromatography on silica gel, eluting with
1/1 ethyl acetate:hexanes, to yield 81% of 2-(o-cyanomethyl)phenethyl alcohol.
TH NMR (CD,Cly): 2.81 (t, 2H), 3.72 (t, 2H), 4.77 (s, 2H), 6.92 (dd, 2H), 7.18 (d,
2H). 2-(o-Cyanomethyl)phenethyl alcohol (1.0 g, 6.3 mmol) was dissolved in §
mL anhydrous DMF and added to a stirring solution of sodium hydride (0.25¢g,
10.4 mmol) in DMF (20 mL). After hydrogen evolution ceases, methyl iodide
(0.47 mL, 7.5 mmol) was added dropwise. The mixture was stirred at room
temperature under nitrogen for five hours. After aqueous workup, the product
was purified using flash column chromatography on silica gel, eluting with 1/5
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2H) . 2- (o- Cyanonehhyl ) phenet hyl al cohol (1.0 g, 6.3 mpl) was dissolved in
5 nL anhydrous DMF and added to a stirring solution of f‘g‘t{ﬁ% |de
(0.25g, 1WOAVHSST) in DVF (20 ni). After hydr ogen evol ut T ases net hyl

i odide (0.47 n ., Rpw StHE BesiVRS p l%hugtred at

room terrperatur«!‘l"yér"ﬂﬁi’éa ’gmogen or 11v olg(ras"b-g]\?G%} aqueosus wor kup, the

product was purq, d— b aatgmagm&hs FH{M(@dﬂz)@B%'(ﬂ,Bﬂ)lm

eluting with 1/5 WO Oltﬂg%‘;He CT/ US00/ 25547 eth ;e.ate/t exanes
dat)

sol vent mi xture (s,cs}gm 266 (1C2H), 4:86 s, B8 04dds 21, 33 (d: 8WD-pr oduct

2- (o-cyanonet hyl )phe %%Ph%& fv%i)&%ﬁm 5\“%1 the?

3.36 (s, 3H), 3.60 ( °Bz(¥—‘b“%§@‘ Qﬁ@#&t@% of} g

2-(0o- dQIanoget hylgrp%admtde;ttnbmm"wmmmm d?ﬁ 3562 56% | 3-toni ng t he

Oyanomet hy| ) pherGERgPefDhe g i .36 5313 oD s Aot 4 .'n°210 "

anhydr ous et hancﬂnhyﬂbaiethamsl dPlatiriutiedioide (29)mg)awasaddieldo this solutions dhat i on. The

sol ution was purged. Wi th hydro nut red under

hydr ogen over ni g%f m*éﬁéwﬁﬁ%&éwﬁ'ﬁ%&ﬂ Ga@ﬁgm\‘&ﬁ??adg;was

concentrat ed. Tli}ﬂrdg%ﬁlodttﬁl sruemmaseﬁlmﬁ,aﬁmeﬁlmmcbommmmxer and

dried over I\/gSO4 er _conegen tio 29 of, Zec{] enet hyI

met hyl ether was qrgg R r hﬁg %gﬁ-dv??md%tg\gva@ 996‘ é w

3_- 2?h(|tbh§;?ohor2 kﬁ&r&ﬁbﬁﬁhﬁﬁﬁﬂmbmilﬂi%)ofg- : mhmee.gnmaﬁymmmmsphoro .

i y [ u
anidite in the sipa %#M&hﬂ@@igﬁ&?&? %ﬁaﬁg{}b ;E(?WNNR (toluene):
137 ppm The phosphor ﬁg&?: M &fd sol ution follow ng
the procedure descn% %l E§ irp*étﬁg%ﬁﬂo ylielfvé the correspondi ng
phosphor ochl or i ddiethylpBasphotemidous tighlorde tovidd thereorraspendingphoRRPhoROUST | dit e was
~then reacted wit 25. 3'p NMR (tol

di (2-tolyl)-2,2 Q‘d‘ﬁ t(1)1>e<>s/ eTam& nadeﬁc% gorfe § g],e gl car box(oa%ege)

137 ppm. The phosphoroamdxte was treated with 1M HCI solution followmg the
procedure described for Example 25 to yield the corresponding
phosphorochloridite. *'P NMR (toluene): 165 ppm. The phosphochloridite was
then reacted with di(2-tolyl)-2,2-dihydroxy-1 ,1'-binaphthalene-3,3'-dicarboxylate
in the same manner as described for Example 19. 3'P NMR (toluene): 125
(major), 127 (minor), 142 (minor).
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I n the sane manner as described for Exanple 19. 31P NWR (toluene): 125 .
(major), 127 (mnor), 142 (mnor). 38 WO 01/ 21567 PCTI USO0/ 25547 Exanpl e

3~ Synt h®ge1/28%67Li gand U 00 P O 97P 0-6 0 0 (5--.* RGY/US00RFSE7 The et hyl
et her of 2-hydroxybenzyl al cohol wasggiggles®d as described in Exanple 27.
The phosphorochloridite of this phenol ared fromPO3 in toluene’
with triethylam ne as base at (ﬁ@r‘l‘eﬁm the reaction m xture: 158,
125 ppm To the phosphorochl ori d| te uti.qn was added 2, 2' -bi napthol in

the presence of triethylamne, as de ] in exanple 27. 31P NWR
(toluene): 131 ppm () or‘) 146 (m . anple 31 Synthesis of Ligand V
OAODO O P \****x~ 0 -6 0\ 6--- he ethyl ether of

2- hydr oxybenzyl al cohol vvas prepared asodescribed in

/\

30% @

The ethy] ether of 2-hydroxybenzyl alcohol was prepared as described in
Example 27. The phosphorochloridite of this phenol was prepared from PCl; in
toluene with triethylamine as base at 30 °C. 3p nmr of the reaction mixture:
158, 125 ppm. To the phosphorochloridite solution was added 2,2’-binapthol in
the presence of triethylamine, as described in example 27. 3p NMR (toluene):
131 ppm (major), 146 (minor).

Example 31
Synthesis of Ligand V

. 3
3 éao« \\b

The ethyl ether of 2-hydroxybenzyl alcohol was prepared as described in
Example 27. The phosphorochloridite of this phenol was prepared from PCl; in
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Exanpl e 27. The phosphorochloridite of this phenol was prepared from PC13
in 39 WD 01/21567 PCTI US00/ 25547 toluene with ~ :se at 30 C. 31P ntnr of
he :eacti oWAQ2N6ire: 158,125 ppm To the phosphorochl or PHTUSYZM0t i on was
added di (2-tol y u&e%ﬁqrﬁ%hydfﬂ% lide g 1b3(gqphtm&§aaghq_§k@gyyl ate in

t he presence of trret am ne,” as described in exanple 27. 31P_N

(tol uene): 131 (158 l@ﬁ):pmlﬂb therphasphorochgidite sotntinn was added §i(2:tok1)-2.89 nt hesi s

of Li2and W 0 lﬂi; HE Ptiethanfe, Was
prepared from t(t%he}g co résponéfl'ng pl égﬁwﬁoﬁﬂ%pﬁé roced‘t"}%l oute1 ined in
Aust. J Chem , B986scribelin4tame284’ Pmmaoluenejgbﬂ (pwngd%(mmeﬂ&é@

2-(2- tetrahygro ﬁ‘ I) 4- et hyl phenol (0.96 g, 5.0 nmol) was dissolved in

25 m di et hyl "and cooled to -40 C. D ethyl phosphorani dous
dichloride (2. 5 mml) was added, foll oEsainglg32triethylanmne (6 mol). The

reaction mxture was stirred at rogﬁ hgﬂgﬁﬁiﬁﬁfor one hour, then
filtered over a pad of Celite(r). concentr at ed i n 15 vacuo
to yield 1.1g (90% of the correspondisag pRasphorous am dite. 31P

NVR(t ol uene): 142.7, 142.6. The above o rous amdite (1.1 g) was

di ssolved in 25 nL anhydrous ether and Qo to -40 C. To the stirring
phosphoram dite sol ution was sl ow y &4 gonl. of precool ed 1M HC
solution in ether. Upon addition, whj S pitate formed. The mixture was

stirred for 10 20 mnutes, and cooled—bac {lv -40 IT for 2 hours. The
resulting slurry was filtered over a p

vacuo to yield 0.92 g of the
&)&:’

2-(2-Tetrahydropyranyl)-4-methyl-phenol was prepared from the
corresponding phenol following the procedure outlined in 4ust. J. Chem., 1988,
10 41, 69-84. In a nitrogen purged glove box, 2-(2-tetrahydropyrany!)-4-methyl-
phenol (0.96 g, 5.0 mmol) was dissolved in 25 ml diethyl ether, and cooled to -40
°C. Diethylphosphoramidous dichloride (2.5 mmol) was added, followed by
triethylamine (6 mmol). The reaction mixture was stirred at room temperature for

one hour, then filtered over a pad of Celite®. The filtrate was concentrated in

15  vacuo to yield 1.1g (90%) of the comresponding phosphorous amidite. *'P
NMR(toluene): 142.7, 142.6. The above phosj:horous amidite (1.1 g) was
dissolved in 25 mL anhydrous ether and cooled to —40 °C. To the stirring
phosphoramidite solution was slowly added 4.4 mL of precooled 1M HCl solution
in ether. Upon addition, white precipitate formed. The mixture was stirred for 10

20 minutes, and cooled back to —40 °C for 2 hours. The resulting slurry was filtered
over a pad of Celite®, and concentrated in vacuo to yield 0.92 g of the

corresponding phosphorochloridite. 3'P NMR (toluene): 161.6 ppm. The above
phosphorochloridite was reacted with di(2-toly1)-2,2'-dihydroxy-1,1"-
40



correspondi ng phosphorochloridite. 31P NMR (tol uene): 161.6 ppm The above

phosphorochloridite was reacted with di(2-tolyl)-2,2' 1' 40 WO
01/ 21567 9213800125547 b| napht hal ene- 3, 3' - di cat : andd‘{m@%ﬁj ne to

Syni hosi s of DRAPHARES 35ueAR 2 &3 Tyh e fSRld o imeficily | CTP S

of 2-(2-tetr alhgatd IR szﬁy(ty:ludnﬁmﬁpl(m@énol was prepared as described in
exanpl e 32. The above phosphorochloridite was reacted wth 3,3 ,4,4',6,6
- hexanet hyl - 2, 2' - bi phenol and trieth I amni ng to yield the correspondi ng

i gand. 31P NMR (tol uene): 134, 131=X Example 34 Synthesis of Li d Y

%0 00P OO Synthesis of ngandX

. The phosphorochloridite of 2-(2-tetrahydropyranyl)-4-methyl-phenol was
prepared as described in example 32. The above phosphorochloridite was reacted
with 3,3°,4,4",6,6"-hexamethy}-2,2’-biphenol and triethylamine to yield the
corresponding ligand. *'P NMR (toluenc): 134, 131,127,

Example 34
Synthesis of Ligand Y

2-(2-Tetrahydropyranyl)-4-methyl-phenol was prepared from the
corresponding phenol following the procedure outlined in Aust. J. Chem., 1988,
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2-(2- Tetrahydropyranyl) - 4- met hyl - phenol was prepared fromthe corresponding
phenol follow ng the procedure outlined in Ausa J Chem, 1988, 41 WO
01/ 21567 PWQM125547 41, 69- 84 In a nitrogen purged §CHS0025547

c(2-tet. .. ydigpsy.e4) Vihaifkio ng hena! (@486 gdrchyranyinjethyihs
dlssolved in 25 di et hyl ether, an cooled to

Di et hyl phosphor 2heaeb(f96:2.H] ol avas ?@IW)ZS\H&‘@%(E&“’F‘B‘# Feteitosy0

triethylam ne (cMBithylpHdifhdrifiabhddicklbridd (2 ﬂﬂﬁ%l)% amd, ﬁnowe@vs»
tenperature for _one hour, then filtered over a pad of Celite(r The

filtrate was cortaghyl %@@WO‘NQ@G@WWWCMS sgomte

correspondi ng phos r L te. 6. The
above phosphorom?g d@f’éﬁ??e(go‘éf)r \R&% ssol ygslf?% éﬁﬁgeér%ous et her
and cooled to I Wﬂﬁh% | |34 i on was

sl ow y added 4. }Qc‘gm?mreg%?w‘goﬁ/lﬂH o) I on l?dr}lb%tatflrg‘rﬁéjug%n addi tion,
a white precipi tl‘EYIB(tObPMdQ‘Vhb‘rM xmatbovmhosahqmmmfhtpr(lﬂcz)manut es, and

cooled to -40 C O, a%@ﬁmﬁ:? Lo over a pad
of Celite(r), an concent rnﬁf I'n vg%%o to F%MS\AS%T # ‘ﬁéj

correspondi ng prphgqphmousam@rte solution mmldwaédedlm&)ofmﬂlﬁ WrHCIThe above

jiera the cor r eebRebiber "ObSRadilod, dphne plsppill fubt, Fmidgg ! om e 10

(st ereoi soners) mmmmmmmm-@mmgmum ThegalﬂﬁnzﬂmﬂgSWt h
stirring under dry, nitraog tc;osphere C ent 10 5 grn
25.3 mmol) was %@%W@&Mog&f f@»dce&@nnﬁtfﬁ/% 3552 i‘aﬁto N, N-

- di et hyl phosphor
triethylam ne %ghg%g&dﬂéégsgﬁ+% I'ssol ved n%l r iftﬁ)er Af ter
stirring two hophesphotonlotiditeswasyreartadovithu rhld-kbi-ﬁmaﬁobmﬂ mbihsdmmewcaxlaldm

filtered and wasied WLl sl Yigand. *'P NMR (toluene): 131.11, 131.14 (stereoisomers).

Synthesis of Ligand Z

'With stirring under a dry, nitrogen atmosphere, 2-cyclopentylphenol (4.10
5 gm, 25.3 mmol) was dissolved in dry ether (15 mL) then added dropwise to N,N-
diethylphosphoramidous dichloride (2.00 gm, 11.5 mmol) and dry triethylamine
(3.26 gm, 32.2 mmol) dissolved in 50 mL of dry ether. After stirring two hours,
the triethylammonium chloride solids were vacuum filtered and washed with dry
ether (2 x 15 mL). The combined ether filtrates were evaporated to yield the
10 desired phosphoramidite, [2-(CsHg)CgH40]2PN(C2Hs)y, as an oil.
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ether (2 x 15 nL). The conbined ether filtrates were evaporated to yield

the 10 degi hosphoram dite, [2-(C5H9) C6HAQ 2PN(C2H€5I+ oil. 42°
WO 01/ 21?@5/'5 USO0/ 25547 The phosphoramdite (2.13 ‘E?,’U%%Gg%%r :

iissol..: in day e%pl(oﬁﬂmrdnhdrt&(é%mﬁékhto - 354issol a:nid;ytem-ertioaezer
Hydrogen chlo I n e ni dded dropw se over a-
5 mnute peri ﬂ?%ncﬂg%%’l égb%g'fll Edfl’(é)o ﬁﬁﬁjﬁélﬁﬁq‘%ﬁnﬁ"éﬁgﬁ‘g‘? to generate
t he phosphoro(:llﬂlQdelOM)Masid&d@omeaﬁ)hmnméper{oatdﬁEstmhw 2PCl . The
resulting soli um filtere dry toluene (2 x 5
nL). The conb?lgo é?‘ﬂ‘lgp? PapmfR e W?&‘ﬁfg@&%?‘gﬁ?%ﬁ%gﬁ?rat ed to 50 niL

vol une. Dry t mmm[ﬁlc%)gmmmmwmdmmt her/tol uene
solution foll Wed b di phenyl ydroxy-1, 1- bj nél‘i)hthal ene-3,3" 10

di car boxyl at e k‘&m‘b ?WWI‘?“%@&S'% r"?hFﬁ@mB‘P ethefftPluERe ¢ he dr ybox,

the solids Wﬁftﬁtéé%%éénhhﬁ&&%d:hﬁ,%mhed with dry toluene (3 x 5 nl).
The conbined filtrates were evaporated tgQ yield the diphosphite. 31P NWR

(CDCL3): 132.0 pphay trethylemingtt:04 gm, }mmol) pas addeddo theyetharfelyeys ExAVPLE B
Synthesis of {Jieam frfovdd by rocedﬁzmy&ogﬁl g'mpmmeag_ggp_hlte was prepared
ur

according to the general déscribed for I'i gand Z except
substit ut ihg digad @611%@;&5?&% mmeb: Afier gisring ovenight ipthg dpbex.the
2,2 -di hydroxyonhslvvm%&ﬁmsﬂaémen%a&eddﬁtﬁ %sﬁigﬁ&\é? (CDC13): 13
1.5 ppmalong with a nonodentate phosphite I urlt at 1
~combined filtrates were evaporated to yield the dip: sphlte 31IP NMR (CD

132.0 ppm. LC/MS (APCI+): m/e = 1231.

15 COMPARATIVE EXAMPLEB
Synthesis of Ligand AA

o4 b q 30
g o ? (\ o] 5;
This diphosphite was prepared according to the general procedure
described for ligand Z except substituting the corresponding dimethy! ester for

20 diphenyl 2,2'-dihydroxy-1,1"-binaphthaiene-3,3"-dicarboxylate. 31P NMR
(CDCls): 131.5 ppm along with a monodentate phosphite impurity at 129.2 ppm.

Example 35
droformylation of 3-Pentenenitrile using L A
25 In the drybox was prepared a solution containing 3-pentenenitrile (3PN)

(0.5 M), thodium bis(carbonyl)acetylacetonate (Rh(acacCO),) (0.9 mM), and
1,2-dichlorobenzene (internal standard, 0.14 M) in toluene. A portion of this
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Exam pl e 35 Hvdrofornvl ation of 3-Pentenenitrile (3PN) using Ligand A 25 In

the drybox was prepared a solution containing 3-pentenenitri Imgﬁgb (0.5
M, rhodi uffO®3¥564r bonyl ) acet yl acet onat e ( Rh(acacXco) 2) (BE nd

1, 2-di chl ar obengz nt J.uen of.jg on of
this 43 WD 01/ 2?2’3‘? B@fl%f%%%mﬁrﬁ%%ﬂ%%ls@%’gd to@‘gnﬁl‘ gssmI I ned
pressure vessel ecpﬂnlentsrdfhgmﬂmdrhodmm - The reagtarwas sealed, Bﬁsﬁpﬁﬁﬂ 58pFhodi um
The 1 eact or s, 563w PLESSHE 03¢ o (3P The rebirhe o dBicalaflg heal ed o 95 C

for 3 hours. was coo epressuri ze a sanple of the

reaction mxt ureepnessurtmdlamteédmle &aeﬁmﬂmmugwapmﬂmbﬁgﬂw 5890A

0.32 mm 1 D5 OUEmARERAIN, it it P 8R0E Cbinekdient VA 4 Qaidhor 7 RGPS A e €1

Cor por at i on. GCc@ﬂH:yeolqummelem, aazmmmo@semﬁhnm:nes@mchas@ ect ivity

toSforrryIvaIe | e, % on . .a a5|s
produced: 94% “a ’S P@#Wg on o u5| ng ﬁlgan ’B In the

drybox was pr epaaaﬁ -edrmgwmmeavm od-apnole basis; linearityof addebydds,
Rh(acac) (CO) 2 (0 9 ;@”ﬁnd 1, 2-di chl orobenzene (internal standard, 0.14 M
in toluene. thls sol ution was added to a glass-lined pressure

vessel and 1p enough of a solution of mlﬂemnd (0.05 M in toluene was
added to give 2.7 equivalen .T AT tor was seal ed,
pressurized to 55 psi 1:1 @ 3 hours. The

reactor was cool ed ahfthe d@mb;ewmpadd amutmmmnmgﬁ-pmmm HMri xt ur e
Qiadrox 25 1 usedIGrmIcOReh 2 At ki 1 3igblhmbendehe (el Sl UMY ' § o
um filmthi cknessihendUACRRESFof this solution was added to a glass-lined pressure vessel and
15 enough of a solution of the ligand (0.05 M) in toluene was added to give 2.7
equivalents of Ligand B/Rh. The reactor was sealed, pressurized to 55 psi 1:1
CO/H; and heated to 95 °C for 3 hours. The reactor was cooled and
depressurized and a sample of the reaction mixture was analyzed by gas
chromatography on an HP 5890A Chromatograph with a Quadrex 23 fused silica
20 capillary column (30 mefexs, 0.32 mm LD., 0.25 um film thickness) purchased
from the Quadrex Corporation. GC analysis: conversion of pentenenitriles:
94.7%; selectivity to 5-formylvaleronitrile: 60% on a mole basis; linearity of
aldehydes produced: 73%.

25 Example 37

Hydroformylation of 3PN using Ligand C
In the drybox was prepared 25 mL of a solution containing Rh(acac)(CO).

(2.4 mM) and Ligand C (6.8 mM), and triphenylphosphine oxide (internal
standard, 2.1 mM) in toluene. This solution was loaded into a 100 mL Parr

30  autoclave under a stream of Ho/CO. The autoclave was charged to 65 psi with 1:1
H,/CO and heated to 95°C. Once the temperature had stabilized, 10.0 mL of a
solution of 3-pentenenitrile (3.5 M) and o-dichlorobenzene (1.0 M, internal
standard) in toluene was added via a high pressure syringe pump (Isco Series 260
D) over 1 minute. Then a continuous flow of 1:1 Hy/CO (approximately 30
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fromthe Quadrex Corporation. GC anal ysis: conversion of pentenenitriles: .
94 7% s ty to 5-fornylvaleronitrile: 60%on a linearity
al de%@él%oduced 73% 25 Exanple 37, Hydrofor nﬁ#ﬁ%\%ﬂo#ﬁﬂéPN usi ng
L| gand C I n t e/mimhwmspropided o the seagter, mpintaining a pressire of 1PEoft-ai ni ng
Rh(«'av:ac)(CO)2nm{aﬁwf’vvaam\i&m@d1 abbﬁﬁiﬁﬂte@§®x§m@ﬁhaﬂﬂdﬁw‘ehﬁ&ﬁ&éh&&%ﬁhl ne oxide

(internal standard, 2.1 nV) t ol uene. "This solution was | oaded into a
100 L Parr 380 zinwes. aiﬁap!ﬂsmwm%mepwwemﬁen%meswg% was char ged

to 65 pSi Wit BbinkoghHPhPh AHPI3860Ehofraligfaph i QTR iitce had

stabilized, sol ution of pentenenitrile (3.5 M .and

o- di chl oroéenzmlﬁary@lgnm(mmfsﬁn@@zmmhﬂdﬁ-ﬂémﬁM@MMaﬁfﬂded via a
hi gh pressure nglg‘ge te. Then a
cont i nuous f|£{,§,¥{) ? Hg, %L%ag%f’%ﬁﬁgt s30 44 % 01/2%67
PCT/ US00/ 2554¢on\msion Qt)’enmn}mbvllﬂ@% tsde‘tﬁm tedrferevylvalepanitrile: B8%@na pressure
of 65 psi. Ts, f Waﬁ%@;&g Bhiced PP mately 900 rpmwi th an
rer tor

air-driven rotary S utes. Sanples were withdrawn via a
needl e val ve and analyzed by gas chromatography on an HP 5890A

Chrorratog Eph wth a Quadrex 23 fus ldiaga 5 capillary colum (30 neters,
0.32 mm . 0.25 urn fiImthickne hased fromthe QJadrex

Corporation. After 80 m nuthl conversi on of

ponenen U1 . "4t 5l B N S i 00 o1
Hvdr of or nv| at intiredy ind3tfdh mngwmmtomm@a sycmwiz{fé@&@ togb 4 g 3PN and,
4100 57 UL ROGRG s ol 6 oSl #3900 {0 el @
15  were mixed and put into a glass vial. This mixture was heated to 95 °C under 75
psi (1:1 H2:CO) for 3 hours. A sample was analyzed by gas chromatography on
an HP 5890A Chromatograph with a Quadrex 23 fused silica capillary column (30
meters, 0.32 mm LD., 0.25 um film thickness) purchased from the Quadrex
Corporation. GC analysis indicated conversion of pentenénitriles: 100%;
20  selectivity to S-formylvalerbnitrile: 75% on a mole basis; linearity of aldehydes
produced: 95%.

Hydroformylation of M3P using Ligand J
In the drybox was prepared a solution containing methyl-3-pentenoate

25  (M3P) (0.5 M), Rh(acac)(CO); (0.9 mM), and 1,2-dichlorobenzene (internal
standard, 0.14 M) in toluene. A portion of this solution was added to a glass-lined
pressure vessel and enough of a solution of the ligand (0.05 M) in toluene was
added to give 4.6 equivalents of Ligand J/Rh. The reactor was sealed, pressurized
to 55 psi 1:1 CO/H; and heated to 95 °C for 3 hours. The reactor was cooled

30 and depressurized and a sample of the reaction mixture was
analyzed by gas chromatography on an HP 5890A Chromatograph with a DB-
FFAP fused silica capillary column (30 meters, 0.32 mm LD., 0.25 um film
thickness) purchased from JW Scientific. Conversion of methyl-3-pentenoate:
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volune. 64 ng of Ligand J and 5 nL of the stock solution (ratio of P/Rh:
5:1) 15 were mxed and put into a glass vial. This m xture vvas heated to 95
C under 75WO@R1S61:1 H2: CO) for 3 hours. A sarrpl e was anaPGEER0R5544as

chr omat ogr aphy an HP. 5890 rrato th a ysed silica
capillary col unﬁﬂf’i’ﬁ?‘” %@?‘%V%ZPWIV B-ae 3 §nﬁr’ﬁ%g§g pﬂ l?ness)
purchased from §igehydesptoguced@B.8%r at i on. GC anal ysi s indicated conversion
of pentenenitriles: 100% 20 selectivity to 5-fornylvaleronitrile: 75%on a
nmol e basis; linearity of aldehydes produced: 95% ExaruRh 39

H-Iydroforrryl ation of MBP using Li gancExhniple 4he drybox was prepared a

sol ution containi ng nethyl - t, 1\ENBP ( M, Rh(acac) (CO) 2

(0.9 mV), andl 1, 2-dichl or obeH¥H A Prer——ST T AP ¢ . in tol uene.
A portion of this solution was added to a gI ass Irned pressure vessel and
enough of a solution_of the Irg;and 0. 05 Iueg.gl added to give
4.6 equival ents of L2Y2h&83ENH125mg %F%WF?@&’ to 55

psi 11 1 COH2 3iekedi6diake a'sidcPsolétiond Talke Msnsg (0503 mLy af iy stobksokioh ed 30
and depressurized and a_sanple _of the reactjion m xturege was anals(éé{ebg by. gas

chr omat ogr aphy &h1Gmeabligaddd. d¥n telueaeeidsd Ryp samecopgition-gsgboye, ilica
capillary Cqbum\ﬁs Pfer cgfedwghs&mm&o&‘éﬁmﬁdm s8guAckness)
ci en nv

pur chased fromJ efsion of net

ent enoat e: a’rsze
01/ 21567 PCT/ us@brmmplsmam Q/ﬁssd%lhcwpirﬁw*’s @W%’%P 78%

on a nol e basis %,&orgé&amﬂ qad0 5
Hvdr of or nvl atrorl?%?%gl\lﬁu‘grrlﬁigmﬂrﬁé%nd ﬁ}lggo %%M3PN 0.125 g Rh(CO)Z( acac),

and 2.59 1,2 dianalysis indisated n@wmm of pentenemtxﬂes 85%; selectivity to
formylvaleronitrile: 55%; linearity of aldehydes produced:65%.

15
Example 41
Hydroformylation of Methyl-3-Pentenoate(M3P) using Ligand M

Inthe drybox was prepared a solution containing methyl-3-pentenoate (0.5

M), Rh(acac)(CO), (0.9 mM), and 1,2-dichlorobenzene (internal standard, 0.14

20 M)in toluene. A portion of this solution was added to a glass-lined pressure
vessel and enough of a solution of the ligand (0.05 M) in toluene was added to
give 2.5 equivalents of Ligand M/Rh. The reactor was sealed, pressurized to 55
psi 1:1 CO/H; and heated to 95 °C for 3 hours. The reactor was cooled and
depressurized and a sample of the reaction mixture was analyzed by gas

25  chromatography on an HP 5890A Chromatograph with a DB-FFAP fused silica
capillary column (30 meters, 0.32 mm 1.D., 0.25 um film thickness) purchased
from JW Scientific. Conversion of methyl-3-pentenoate: 74%; selectivity to
methyl-5-formylvalerate: 57% on a mole basis; linearity of aldehydes produced:
70%.
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m xed to nmake a stock solution. Take 0.4575g (0.503 nL) of this stock
solution_to 10 ng of [igand M No tol uene added. Run sane condition as
above. (PV@HUIST)" o 5) A sanpl e was nag ﬁ?y gas chPEHEEMERMphy on an
HP 5890A Chronat ograph with a Quadr exg’?? %@é silica capillary colum (30

meters, 0.32 mm | . RdroformAationof 3PN hag&fkf 1,08 phe Quadrex -
Corporation. GC analysrs 1ndicate converS|on of pentenenitriles: 85%

selectivity to 5 fornylvaleronitrile: 55%. and¥earity of al dehydes
produced: 65% 15 Exanple 41 Hvdrofornylation of Methyl-3-Pentenoate(MP)
using Ligand MIn the Qsg/box was prepared a_solution containin

met hyl - 3- p&nt enoat Bxaple36 wys reprated ovith Ligamds D throgghdvand Kk, N, P, .
1, 2-di chl orobwﬁnohéieﬁgggga%v&tﬁm@q befdwi4 20 M in toluene. A portion

of this solution was a gl ass I'I ned pressure vessel and enough of a
solution of the | iiabled. ationtof Brpentenenitrile-hy theiaboye methed 2. 5
equi val ents of Ligand MRh The reactor was seal ed, pressurized to 55 psi
1:1 COH2 and heated to 95 C for 3 hours. The reactor was cool ed and
depressuri zed and a saxnhtplof thugmtlocmxtsae le Ml yzed by gas 25
chr omat ogr aphy on anr B 96 : DB--RRAR-f used silica
capillary colum (30 net®s, 0.32 “thi ckness)
purchased from JW Sci en¢3f|c. Con\gar5| on 93 mealmyl 43 peneenoate 74%
selectivity to nethyl-5-fornylval erate: g SN% ?ba linearity of
al dehydes produced: 70987 46 WO 01/'21567 P /1J§ 0/ 2554 Exarrpl e 42-53
Hydr of ornvl ati on of 3PN4ging Ligagls D thggughg. @®g8d K5L. N P X and Y
46 H 93 80 98 65.5

47 | 83 45 58 54
48 K 91 74 96 56
49 L 85 61 81 50
50 N 66 39 48 55
51 P % 61 75 28
52 X 66 71 82 60
53 Y 80 53 64 60
10 EXAMPLE 54

Gas- Hydroformylation of Propylene Using Ligand O

An empty 0.25-inch (0.64 cm) diameter, 15-inch (37.5 cm) long stainless
15 steel tubular reactor was placed in a nitrogen-filled drybox. A plug of glass wool
was placed in the bottom end of the reactor, followed by 3 g of catalyst. A
thermocouple was inserted into the top of the reactor. Both ends of the reactor
were sealed by valves, and the reactor was removed from the drybox and was
connected to stainless steel reactor feed lines purged with nitrogen. The reactor
20  was equipped with a by-pass line to allow for a flow of CO and H; to be
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5 Exanple 36 was repeated with Ligands D through I, and K, L, N, P, X
Y. The results are given in Table 1 below. Table 1. Hvdrofornvl ation of

and

3-vent enenMO012856hy t he above nethod Exanple Li gand ConvPEHPSE547| AR 42

A 100 mL autoclave equipped with a sampling line connected to a sintered
frit was charged with 1.32 g of Ligand Q. The autoclave was evacuated and a

48

D98 70 86 5.0 43 E 96 41 48 1.6, 44 F _89.83 98:5.5 5 .G 89 98 5.5 46
H-93 80 98 5.5 thh%bﬁgeesﬂa!‘&theﬁgﬂﬁ‘dﬁffg‘&‘%“%.‘%‘h"iﬁdﬁ‘%@ €81 5.0 50
N 68 39 48 5.5 dadiredRenfitrdtire 68 180°C wisdstéblished ih tBrefictOr bybeans8Pa Sit64 6. 0
10 EXAMPLE 54 Gas- Phase Hvdr of or nvi ationwgf Pr %%Axegne Usi.n Léﬂand O An
enpty 0. 25-i nch by fedags frmapading F reagior. fn the % ﬁ?m?’ﬁ?fb‘%@ fifess 15
steel tubul ar rggaed G2ckaRintO aRI2dc, méh Y febd§ibs Rdd Bebrtlachioved)a valvewasg Of
glass wool was placed in the bottomend of the reactqr,. fol I,owesg‘t‘)d\; 3 g of
catal yst. A 5t hdwnertiohseia pagsing GQapd Heoyesths catalyst- cally, at imes W B,
ends of the reag) fhple Yekhorsr it MinplédwedSanaled by Bas'chitimidids foreioVed
fromthe drybox and was connected to stainless steel reactor feed |ines
purged with nit ragents of rreactesknrepylons, ligear and branshed tytyraldghyds. pass 1ine to
allow for a flow of RyaRAnbERs e g catdlifst'Whil tht/ WAIPEF PhbiphbiiS@Pihe emdifst
used. The mole ratio of Rh/P shown in Table 2 is the ratio used to complex Rh to
10  the catalyst from a solution of Rh(acac)(CO); in toluene. The TON/hr numbers
shown in Table 2 were calculated to represent the moles of propylene reacted per
mole of Rh per hour.
| TABLE 2
Gas Phase Propylene/ CO/ H; Reactions
Catalyst Propene/CO/H, Elapsed  Propylene  Linear/
ligand g,%P,RWP cc¢/min Time,hr % Conv. Branched TON/hr
o - 3.0,0.08, 0.5 222 3.1 78.0 106
' 9.5 80.6 >29 131
32.8 78.4 68.5 = 104
38.8 819 68.3 131
503 81.7 68.5 103
533 78.8 67.0 131
15 LE 55 |
Hyvdroformylation of 3PN using a polymer c st - Ligand



establ i shed before opening the inlet side of the reactor to the feed gases.
The desired tenperature of 100C was established in the reactor by neans of
a split WQMEM6Irnace surrounding the reactor. Wen t hePCRUIP2F4 enper at ur e
and flow r atsebtioh corainingi h048@ efiRh(zxeelC@hiin $Pg pE-pentensaitrils 3a@s heen

achi eved, a mg,&lmE' | 9&:%5@} Fﬁm : t he

cat al yst. Peﬁ%?%xy?c%?lﬁﬁes S g\%& n aﬁ e ZJSQ{r*gglEglggug’gafsl'uent

sanpl es wer e remaved-Aeain the ayteclavdvia thetsampling-linebyrapplying praspupihe selidinr eact ed
| . linead. 3 . h . f

propytene, 1l nﬁ%r“\‘,ﬁ%&g g&%ﬁ%%ﬁ@ﬂwmwkgﬁ B¥dfiond B8 FmPof SMEntdifi1O O

cat al yst and phosphorus 1 n e catalyst used. The nple ratio of
Rh/ P shows i readtafollowingthe same progefiare. s selution coptaisiing70rgofi3opemepenitrile c at al yst

froma sol utiona,of ‘%Q}g ' hr nunmbers shown in
Table .2 wer &® &%%‘ggé‘%@?‘?% repr eggﬁ% the rrtgltﬂels%(')?—mgé'opyl ene reacted per
mol e of Rh per ho(The aftbBlafe WasGuessirad with65 psi COEL(100y heped 2XC ons  Cat al yst
Propene/ CO H2_El apsed Pr.opy| | | o 0 cd mn. Tine,
e 56 Conv. by BRI gtgpg?@%'%g’g@é, b S’?’éﬁ’z‘tgﬁw ofMmbihl 010 o0
>29 131 32. For&hdurEA Saniglelwa3Bmpvalifrdn 6 réactkd sfterdhoBrs@nd anglgz&l 103 53. 3
78.8 67.0,13 E><‘A%P_ ' 2 [ a nol ver

sunr nnt edm(%atlhll (%ét(mge 1)%56%%39%%‘% g@%’agg"gﬁilgﬁggﬂw th a sanpling

| i ne connect emniersian 94%} SNl seléatiivity 706, aldehydrelinearity944%82 g of Li gand Q The
aut ocl ave was evacuated and a 48

EXAMPLE 56
Hydroformylation of 3-Pentenenitrile using Ligand R
15 A solution containing 0.2536 g of Ligand R, 0.018 g of Rh(acac)(CO),, 1
g of 1,2-dichlorobenzene and 30 g of 3-pentenenitrile was loaded into a 100 mL
autoclave and heated with vigorous stirring under 65 psi CO/Hx(1:1) while
flowing CO/H; at a rate of approximately 30 mL/min at 95°C for 4.5 hours. The
reactor was cooled and depressurized, and a sample of the reaction mixture was
20 analyzed by gas chromatography on an HP 5890A Chromatograph with a
Quadrex 23 fused silica capillary column (30 meters, 0.32 mm LD., 0.25 um film
thickness) purchased from the Quadrex Corporation. GC analysis: 2-pentenenitrile
1.3%, valeronitrile 10.0%, 3-pentenenitrile 5.1%, S-formylvaleronitrile 66.8%.
Conversion of pentenenitriles: 95%; selectivity to 5-formylvaleronitrile: 71% on a
25  mole basis; linearity of aldehydes produced: 80 %.

E LE 57
Hydroformylation of 3-P itrile using Ligand
The reaction was run as in example 56, but with 3.1 equivalents of Ligand
30 S/Rh, for 5 hours. GC analysis: 2-pentenenitrile 0.1%, valeronitrile 17.9%, 3-
pentenenitrile 0.1%, 5-formylvaleronitrile 58.7%. Conversion of pentenenitriles:
100%; selectivity to 5-formylvaleronitrile: 59% on a mole basis; linearity of
aldehydes produced: 72 %.
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WD 01/ 21567 PCTI US00125547 solution containing 0.048 g of Rh(acacXCO 2 in
50 g of 3-pentenenitrile was |oaded under vacuum The m xture was stirred
for 5 m nuWeMAHE7the |iquid was renoved fromthe autocl BGEFU§0ZS¥MAe

sanpling line by applying pressure. m#_g remai ning in the autocl ave
wds rinsed wth 3 portions of 50 ml - nenltr|Ie5eachfoIIow|ng
t he same procedure. A sol uti oHydroformylation of rogtené usingdaigandenitrile and 2 g
of ortho-dichl orobe %ﬂggg"ifﬁ ﬁ%&@ga] 6.89 W) ocl ave was
pressurized with 65%?%%’ ea%ec}mat nder rtV| orous stirring

for 4 hours whi Rb(abaa)(GO)g (SIDMND, artd Ligamsk (26 mMe intoluenes 1 mbof hours A

Cmolesg 2Pt 2. SO Rl b Shadk b6 i G CRUT AP R L iRl | O
5FVN sel ecti vi t {2.5u840.02netndlg)eas| addetintot the Srixtii¥as theiitBakstadard and the
Hydr of ornvl ati on.of 3-Pente

ion, - . LEel L e usin i
containing 0.25 Srevyas%a %Pi %ﬁ@%@%ﬁ%&?gms
1, 2- di chl or obenzélumned0ech 30.3YmmIDF- amlé%]l‘e.a%tddtdne lﬁm%inmdtlcbctenﬁo a 100 mL
aut ocl ave and h h, vi rin H2(1:1) while
flowi ng CO H2 aﬁgﬁ d%{n@{hg %8&%&4’ V‘@g%ﬂﬁw ‘2%@7 93(‘131 hours. The
react or was 1000I0eflversioh 6ERO6@&RE 10086,Gelettivitydo nomgahle 57%; lidearityedaldelwydesi xt ur e
was 20 anal yzed b _s?iﬁ/kionat ography on an HP 5890A Chronat ograph with a

Quadrex 23 fuse Capillary colum (30 neters, 0.32 nmI.D., 0.25 um
film thickness) purchased fromthe Quadrex Corporation. GC anal ysis:

2-pentenenitrile 1.3% valeronitril 0 -pentenenitrile 5.1%
5-fornylval eronitrile 66.8% Conver tenenitriles: 95%

-

sel ectivity to 5-fornyl vaifkefomiylation of 3 PPelitefienitile’ sl igadddBi s; |inearity of
0,
o dehydes DQINCCT: 0 2o vkt bS58 ol ik 5 S Lalasal S GRS 11

T /Rh. GC analysis: (mole %) 2-pentenenitrile 18.5%, valeronitrile 6.5%, 3-
pentenenitrile 42.0%, 5-formylvaleronitrile 23.6%. Conversion of
pentenenitriles: 54%; selectivity to 5-formylvaleronitrile: 44% on a mole basis;
linearity of aldehydes produced: 83%.

20
EXAMPLE 60
drofo ion of 1-octene using Ligan

The reaction was run as in exémple 58, but with Ligand U. GC analysis:
(mole%) 3.8% octane, 31.0% internal octenes, 5.9% 2-methyl octanal, and 46.1%
25 nonanal. Conversion of 1-octene: 100%; selectivity to nonanal: 53%; linearity of

aldehydes produced: 89%).

EXAMPLE 61
H lation of 1-oc ing Li v
30 The reaction was run as in example 58, but with Ligand V. GC analysis:

(mole%) 6.5% octane, 28.3% internal octenes, 7.0% 2-methy! octanal, and 50.4%
nonanal. Conversion of 1-octene: 100%; selectivity to nonanal: 55%; linearity of
aldehydes produced: 88%).
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The reaction was run as in exanple 56, but with 3.1 equival ents of Ligand .
30 S/ Rh, r urs. GC analysis: 2-pentenenitrile 0.19 itrile

17. 9% 3-&§gﬁl?lg£yejni trile 0.1% 5-fornylvaleronitrile 58{%/“2%%rsi on of
pentenenitriles: 100% sel ect i Vi tyr&@ffe@ryl val eronitrile: 59%on a mole
basis; linearity of 3 ; G 9 3 ‘: {04 dW567

PCT/ USO0/ 25547 EXAMP oct ene usl n<):| Ligand S In
the drybox was preﬁaﬁ‘)@ﬂma%m&ﬂﬁré&EhSﬂﬁWgo 91808:9@4!(3‘{38)(@@1&/},801'

Rh(acac) (CO) 2 grtho-dickidrobepittle shdS0'¢ ofinéth %%HZ 24 B id l@ﬁroﬁfmﬂ his 5

solution was heated at 80C under 7100 Butyl et her
(2.5ng, 0.62meptoelav WMWﬂxmmmemmmsénm n(rhlémbdﬁ standard and

the mxture &lgﬁg%(,a(gﬁbw heursTRMPack
CP-SIL 8 colurmz%mx %%ﬂl%’ E Ii% Yooct ane, 14.3% 1 nt er nal

oct enes, 14 mwmlemddmssudu@w@tmmmﬁﬂ@mnmmws and 52. 3%

Tneari iy of AAERIIRE irimaBEaRan hitl At Cbibilpl SRR | oot

3-Pentenenitr |HFAPLf9$ngﬂigagmﬁarwcq!WﬁDmm¢0ﬂmmdd);Ql%mfﬂm exarrpl e 56,

lZJUtpe\rllvlt Eagenl t r?ﬁ%?’g% vaég#%l%?‘?gl }%%@V@‘ﬁ%w&k ogteAZ 0%

5-f or nyl val er dA0%; selestigity 1©¥etitd Avformyyilvaleraté: 92eon aan@hlbam,llmsantﬁé%

3
(J

selectivity t |V al. itrile: 44%on a nole basis; linearity of
al dehydes pro%@%}d&g%ﬁéﬂﬁ MPLE 60
COMP. BXAMPLEA-I
15 Hydroformylation of 3- itrile using Ligand Z

The procedmé of Example 36 was followed for ligand Z. The data in
Table 3 indicate that ligénds C and P give higher selectivity to the desired product

than ligand Z.
20
Table 3. Hydroformylation of 3-pentenenitrile
Ligand _ Conv Sel Lin LM
C 00 80 93 5.0
P 91 74 9 56
z 70 45 58 50
(o]0 _ LE B-1
formylati - itrile usin Ligand
25 The procedure of Example 36was followed for ligand AA. The data in
Table 4 indicate that hgands A and X give higher selecuvny to the desired product
than ligand AA.
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Hvdrof ornvl ati on of |-octene using Ligand U The reaction was run as in
exanple 58, but with Ligand U GC analysis: (nole% 3.8%octane, 31.0%

i nternal owWOMMRES675. 9% 2- net hyl octanal, and 46.1 % 25 nBEEHHS25¥Bnver si on
of 1-octene: 100% sel ecti Vigipidf vlaf G L énfabditile Of al dehydes
produced: 89% . EXAMPLE 61 [ i usi ng Ligand V 30
The reaction was run as in exd.rigind58 Conv wSeh ILiigparldMy. GC anal ysi s:

(rmol e% 6.5% oct ane, 28. S%WI octanal, and
50. 4% nonanal . Conversion of 1-'0ctene: T00% 'sel ectivity to nonanal: 55%
linearity of aldehydes produced 88% . 980 W8101/Z8.562.8PCT/ USOQ 25547

r. XAMPLE 62 Hvdrof ornmvl ati on of thyI oPent oaéﬁhug'?ng i gand WA
'sol'ution containing 0.2600 g |i 018 of (aCac) (CO 2,1 g of

ort ho-di.chl orobenzene and 30 g of rret hyI 3-pentenoate was | oaded into a 100
mL 5 autoclave and heated with.vigorous stirring under 55 psi CO H2(1:1)
while flowng COH2 at a rate of approximately 30 nL/mn at 95C for 6.5
hours. The reactor was .cool ed and depressurized, and a sanple of the
reaction mxture was analyzed by gas chronmat ography on an HP 5890A
Chromatograpﬁ with a DB- FFAP fused silica capillary colum (30 neters,
0.32 Mm [ .D., 0.25 umfilm 10. thickness) purchased from 3W Scientific.
Conversion of nethyl-3 pentenoate: 100% selectivity to mnethyl

5-fornylval erate: 92%on a nole basis; linearity of al dehydes produced:
98% COMPARATI VE EXAVPLE A-1 15 Hydrofornvl ation of 3-nentenenitrile using
Li gand Z
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The procedure of Exanple 36 was followed for ligand Z. The data in Table 3
indicate that ligands C and P give higher selectivity to the desired
product WOMRI567gand Z. 20 Table 3. Hydrofornvl ati on of PFEHERRBALNi tril e

Li gand Conv Sgégéhnlu M!xc 100 80 93 5.0 P 91 74 96 5.6 Z 70 45 58 5.0
COMPARATI VE - drof ornyl ati on of 3-pentenenitrile using ngand
AA 25 The procedure of Exanple 36was followed for |igand AA. The data in
Table 4 indicate that Ii ive higher selectivity to the

oot red product - ¢ Han | ATy ion prftest compmnieisegn Smifaed 1 1e 4.
Hvj r of or ny atidou@buﬁwhmcermdﬁzﬁnﬂleptdgameloibmmﬁsiuohmnhﬁﬁﬁ A 69 77 94 10

Clai e 155 1. TRSRGR PSR pltesonsgmathes Bog G g L0 FragL

unsaturated deApeRrBEd With CO and H2 in the presence of a conp05|t|on
conprising a

Formula I

O

P—-x1—P

L 0

Formula I-A
{: 1 : X2 X
N F: :
/P—X‘— \ ( )n
X
15

33

10

* c L ] S *



5.transition netal, and at |east one nultidentate phosphite Iigand of the

formulae 1, I|-Aor |I-B: Formula |l QIXZ X3/ 1 OAP Xt-P/O 10 Formula |I-A
X2 X 1 171wWolony2s6xL- ) n 1 X4 X 15 53 111212121 i l1111 111 PCT/OSOON2S547] | 11| C
L MS WD 01/ 21567 PCT/ US00/ 25547 Fornéla |_I X2 X3 Q1 PX--P 0/ b 1 X4
wherein; 5 X1 is a bridging group sel ffom t he group consisting of
R2, 1 RlI RR Rl R2 2 3
X X
o)
@ at p—x—p
o \0
X4
wherein;
5 X' is a bridging group selected from the group consisting of

D (R 1

R3 ? T R‘ ? R10 ?
whereinR!, R?, R®,R* ,R®,R®,R7,R®, R, and R?" are independently
selected from the group consisting of H, C; to Cis alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO,R", -
10 SO;NR;"2, acetal, ketal, dialkylamino, or diarylamino, -OR", -
CORM, (CNR™MRY, (CNOR™MRM, wherein RM is C; to Cyg alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R'?, -C(O)NR*R", -O-

54 [
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1111 79R R3t I R4 IR?10 wherein Rl, R2 , R3 , R4, R6 , Re, R8

, RI', a . gre independently selected fromthe gr I ng of H,

C to G S%a'ﬁéﬁﬁ? cycloal kyl, trialkylsiiyl, triarylsi Iw,ﬁ‘ﬂﬁ?%%%en

nitrile, perfluoroalky, SOZRll_C o0 mﬁg, @g@t@é désehadntl: ‘
y¢%?31R R~ R, DR fitbiady ‘

di al kyl am no, or diar E
- (CNCRIL) RL1, wher ei n Fmpctedﬁ@mﬂnag@usc@nswngoflé 1|t9&1:s<=}lkyl gicipalkyl

substituted aryl, 1 Rl JR811111111 C
'SV 01 21567 PoTy Uy T el ks otk bk e K

i ndeelnEelnt ly SF| ect e@memmanenggm srhsi substingedwithC1 to lslg“‘ﬂ tshal k>F/\yI

cycl oal ky ary Wﬁa%r 1%{%3[ an

t hr ough R8 on the aro I cori l%gylm %ﬁgﬁ%‘ﬁgﬁﬂ\%tﬁ ; to Cs

al kyl, 5 cycl oal kyI tsulfahjdyéuetal #bt;tl,ﬂmlkallaynlm diarylatinb e 9@“ ', GQR l:%

perfl uoroal kyl, nwﬁﬁhal ketal, dial kylam no, diarylamno ,
-OR', -CO2R1 1 CNR 1 Vher ei n R9 and R10 are independently

sel ected fromthe grhaamk’mﬂﬂ%?mgndemdmﬂy@electedﬁomthﬂmwc@?@hml kyl ,
aryl, or substituted a u%%t%#g Al g’ lehwpgpm}égmg{ega%dependently

sel ected fromthe gro
- 10 wherein X? through X® are independently selected from the group

consisting of:

Y

Z
wherein Y is independently selected from the group consisting of H, aryl,
CR'; (CR') n-OR™, (CR™;) n-NR' wherein n is a number
15 between 0 and 3; wherein R™ is H, C;-Cis alkyl, cycloalkyl, or aryl;
wherein R"* is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO:R", -SO:NR'%, -COR; and wherein R is
H, C,-C;; alky), aryl, or perfluoroalkyl;
wherein Z is selected from the group cons:stmg of (CR"2),-OR™ wherein
20 n=0-3;
wherein a ligand of the structure of Formula I-A or Formula I-B has at
least one aromatic ring carbon in the ortho position to an O bonded to a P bonded
through (Z")n' to another aromatic ring carbon in the ortho position to the other O
bonded to the P;
25 wherein Z' is independently; and

I
T

R18

* ) D RN O



Y. Z wherein Y is independently selected fromthe group consisting of H,
aryl, CR 3, (CR142) n-OR14, (CR 2) n NR5 wherein nis 15
bet ween 0 WRAVZS6hherein R14 is H Cl-Cls al kyl, cycloal k!}ﬁ?T’BW§*{4§| ;

wherein R15 is selec QM R RTUDP . Ol St BG. jRéted rom! the cycl oal kyl,
aryl, -S2R 1, -SOZWE@Q%%& and’ V(ﬁgir ei n}% 61s . H C b?: al kyl ,
aryl, or perfuoroal kednsistihgefHCizo Cas alloilccycloalkyl, eyl ton substititgs an@idt’i ng of
(CR142)"- OR14 whereip .. = 0-3; wherein a ligand of the structure of
Formula 1--A or For nﬁleétﬁ%-%e éger%t | east one aromatic ring carbon in the
ortho position to an O bonded to a P bonded through (Z )n" to another
aromatic ring carbon,in t [ | Ly . ifBer PRALS 10 t he P
25 wherein Z° is ind%’pendﬁ ﬁy%ﬂgﬁﬁ?%%tﬁﬁ?gaﬂ&ﬂﬂa °r 0
FETEETTETTETTT] kd forhlalcytlidéthérl C L M S WO 01/ 21567 PCT/ 13800/ 25547 wherein
each R7 and FF~ |y selected fromthe group consisting of H C to C18
al kyl, cycloal kyl, aryl, or substituted aryl, and n' is either one or
zero. 5 2. The proce8s of The procesd ofidkaimel whdréia the lipand hastbe stiuchwe ofy | i nked to
Z to forma cyglic her. 3. The process of claim1l wherein the |igand has
the structure o%°m?léﬁelfmla |

10 4 The process of claim 1 wherein the ligand has at least one terminal

group of the structure of formulae A or B; Y3 = O or CH,; and is defined as

above:
Formula A

15
Formula B
) R14 14 .
g /"
Riq
s R—Ru
Ri4
5. The process of claim 1 wherein the reactants are in the liquid
20 phase.
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10 4. The process of claim1 wherein the ligand has at |east one term nal .
group of the structure of fornulae A or B; Y3 =0 or CH2; and is defined as
above: F®ORN2156X P 4 R14 R14 p Rla 15 Fornula B R14 1RCRUSPO253#3 R14 R14

5. The process of ai whereip the reactgnts agre in. lgquid 20
phase. 56 | 111111 |%]'| | %WFTSFPETIF‘MWF{T' Y M ?bﬂiﬁlﬂgﬁ’%%? g
PCTI US00/ 2554 Phag. The process of claim1 whet.. .c reacts : -ire in the
vapor phase. 7. The process of claim| wherein the unsaturated conpound is

an 5 acyclic, nongethylenicall a c : ocess of
claim1 wherein the uns ﬁ?rg?%saxgé%t%%ﬁ'qgen&%%qu@p%ﬂﬁ Ic olefin

conpound. 5  acyclic, monoethylenically unsaturated compound.

8. The process of claim 1 wherein the unsaturated compound is an
acyclic, aromatic olefin compound.

10 9. The process of claim 1 wherein the acyclic, monoethylenically
unsaturated compound has from 2 to 30 carbon atoms.

10. A hydroformylation process comprising reacting an unsaturated
compound with CO and H; in the presence of a composition comprising a
15 transition metal, and at least one multidentate phosphite ligand of the formulae II,

II-A or II-B:
"~ Formulall _
Qx‘ x’ﬁ
O\P—X1—P/o

AN

L 20
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1Q 9. The process of claim1 wherein the acyclic, nDnoethernicaIIy
unsat ur at ed co ound has from2 to 30 carbon atomns. Mg@égﬁgyl ation
process co¥R13Y reacting an unsaturated conpound W|th in the

presence of a conposition conprising geshsald 30si tion netal, and at | east
one nultidentate phosphite |igand of the formnul ae II 11-A or Il-B:

Formula 11 OQX2XLy /P 1 [1IIL2C 11 iyd 111 lill L MWD
01/ 21567 PCTI US00/ 25547 - “A Xz X3 / 01 X4 X
Formula 11-B X2 X3 nl 1 Xa 5 wherei 5 a bridging group
sel ected fromthe group ing of ----------
1 .
@ Sp—x— (') o
ol o
> o X
Formula II-B
(Z') o1 O\P—xL— d
g n‘b
5
wherein;
X! is a bridging group selected from the group consisting of
R
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I [ IIiIII"IIIIIIIIIII'II58*CLMSV\DOl/21567PCT/U800125547
Rl. " RL\ RRRLR I I 7RB 9 RR6 U4 Rlo T | I S\g@?

R, W PBOU2YF R s R1", and R2' are |ndependently rs]lé(ll %g)fromthe
group consisting of H C, to Gs al kyl, cycloal kyRY REri al kyl silyl,
triarylsilyl, halogen, qitrile erf uoroal kyl > S02NR212, acet al’,
ketal , dialkylam no, ) o, -OR' 1, CNR')R',
-(CNOR')R", wherein R} ' I, or
substituted aryl, g€ ONA RR2R13R0 2 - CRE) R13,
wherein RL2 and RL3 are |ndepe dently sel ect fromtheroup consi sting
of H Cl to G s alkyl, ¥ycloal l, 10 aryl, orYsubsti t ut §d aryl; wherein
positions other than R1 t hroughl R8 on the arolmtlc ri ngd may al so be
substituted with C, to Cs alkyl, cycloalkyl, trialkylsilyl, triarylsilyl,
hal ogen, nitrile, perfluoroal kyl, sulfonyl, acetal, ketal, dialkylam no,
diarylamno , -OR', -C02R11, R CNR', or RCNOR11l; 15 wherein R9 and R10 are
I ndependent |y sel ect i st iR of HR® to Gs alkyl,
cycl oal kyl, aryl, or h X5 are

whereinR', R?, R?,R* ,R%, R®,R7, R® ,R", and R? " are independently
selected from the group consisting of H, C, to C;g alkyl, cycloalkyl,
- trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO;R", -
5 SO,NR;'2, acetal, ketal, dialkylamino, or diarylamino, -OR'', -
CO;RY, (CNR'RY, (CNOR')R",wherein R is C; to Cis alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R'2, -C(O)NR"R", -O-
C(O)R2, -NR'™2-C(O)R”, wherein R'2 and R™ are independently
selected from the group consisting of H, C, to C;s alkyl, cycloalkyl,
10 aryl, or substituted aryl; wherein positions other than R through R®
on the aromatic rings may also be substituted with C, to Cys alkyl,
cycloalkyl, trialkylsily, triarylsilyl, halogen, nitrile, perfluoroalkyl,
sulfonyl, acetal, ketal, dialkylamino, diarylamino , -OR"', -CO;R",R
CNR!"!, or RCNORY ;
15 wherein R and R'° are independently selected from the group consisting
of H, C; to Cy3 alkyl, cycloalkyl, aryl, or substituted aryl;
‘wherein X? through X° are independently selected from the group
consisting of:

* c L N S *
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caonsisting of 111111112111121121111212 11 1111 59 WO 01/21567
PCT/ US00/ 25547 y2 Z wherein Y' is independently selected fromthe group
consi sti ngwwoidisearyl, CR143, (CR 42) n OR14, and (CR 42pCmAss/ssd7wher ei n

nis a nunmber 5 between 0 and 3, wherein R14 is It Cl1-Cl18 al kyl,
cycl oal kyl, or aryl, wherein Rs is selgted fromthe group consisting of
H alkyl, cycloalkyl, aryl, -SQ2R 1, -S(O2NR122i -COR 6, and wherein R6 is

H, C-C18 al kyl, cycloal kyl, aryl, or e Dal kyl; wherein Y2 is

i ndependent|ly selected fromthe group consisting of aryl, 10 CR143, (CR1
2) n-OR14, and (CR142) n -NR s, wherein s a nunber between 0 and 3,
wherein R14 is H Cl1-C 8 al kyl, cycloal kyl, or aryl, wherein Rs is
selected fromthe group consisting of H alkyl, cycloal kyl, aryl, -SQ2R',

-SO2NR122, - COR 6, aggkriih o’ q4 ihdEpeidintly stlectéd frém Y conSi¥tidgGTH wiyl, ary!
or perfluoroal kyl; 15 whergin Z,is seﬁect ed f,rom t roup consi sting

(CR 42)"-OR14 wherein n GR 9(CR "NAOR| M(CRJMNR&VW Ms @ ure of

Formula I|-A or Formul a lyeRvddf® andB, Whésih RATR KB higy 1l Eyetbalil, RPAyLN t he
ortho position to an O bgndedxgééa P bonded?ﬁﬁ%ﬁ?)n'@o aﬁgt her

aromatic ring carbon in Whegeig selesded from, the groupeconsigtingiagf & alylonded to t he
P; and wherein Z' is i n%@ﬁ&&?ﬂ&b}’,i-séﬂ', -§6§“R'22, -COR'S, and wherein R'® is
H, C;-C,3 alkyl, cycloalkyl, aryl, or perfluoroalkyl;
. wherein Y? is independently selected from the group consisting of aryl,

10 CR";, (CR',) n-OR™, and (CR'%;) n-NR", wherein n is a number
between 0 and 3, wherein R' is H, C;-C)s alkyl, cycloalkyl, or aryl,
wherein R"® is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO;R', -SO,NR'%, -COR'®, and wherein R'S is
H, C,;-C;s alkyl, cycloalkyl, aryl, or perfluoroalkyl; .

15 wherein Z is selected from the group consisting (CR',),-OR" whereinn =
0-3;

wherein a ligand having the structure of Formula I-A or Formula I-B has
at least one aromatic ring carbon in the ortho position to an O bonded to a P
bonded through (Z")n' to another aromatic ring carbon in the ortho position to the

20 other O bonded to the P; and

wherein Z! is independently;

T‘i?
L.
and wherein each R!? and R'® are independently selected from the group
consisting of H, C) to Cys alkyl, cycloalkyl, aryl, or substituted aryl, and n'
25 is either one or zero.

11.  The process of claim 10 wherein the ligand has either Y* or Y is
linked to Z to form a cyclic ether.
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and wherein each R 7 and R18 are independently selected fromthe group
consisting of H C, to Cl18 al kyl, cycloal kyl, aryl, or substituted aryl,

and n' O0{052156% her one or zero. 11. The process of cl 2cTUS@/288w3r ei n t he
i gand has either Y or Y2 is linked to Zto forma cyclic ether. 60
111121212121212 10l 11211 11 1111 WO 01/ 21567 PCT/ USO0/ 25547 12. The

process of clai m 102whefé¢ process of ¢lgjiomt) wherein the ligand basthestoucturd off nrul a H. 5
13. The procesgrffiagl @i m 10 wherein the I|gand has at |east one term nal
group of the structure of forrmulae A or B; Y3 0 or CH2; and is defined
as above: Formula A p Rla R14 0 R14 10 Forrrula BR44P4 R4 14 R14

14. The praocess ofyl ai r% 13 Hlda k N |l iquid phase
15. The pr%gess of 3g| ai Fn'ﬂl%g g?ﬁ# r%%gt anggénair;agalk%ﬁe vapor

terminal group of the structure of formulae A or B; Y* = O or CH,; and is defined

as above:

Formula A

10
Formula B
. Ris Ryq .
g /[
Ria
P R“Ru
Ris
14.  The process of claim 10 wherein the reactants are in the liquid
phase. '
15

15.  The process of claim 10 wherein the reactants are in the vapor
phase.

16.  The process of claim 10 wherein the unsaturated compound is an
20  acyclic, monoethylenically unsaturated compound.
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phase. 16. The process of claim 10 wherein the unsaturated conmpound is an
20 acyclic, nmonoethylenically unsaturated conmpound. 61 I1I1II11I1liii? C
I1iji N IIWwplonRIses WO 01/ 21567 PCT/ US00/ 25547 17. The prifSRUSM0E554Z| ai m 10

wherein the-unsaturated conpound | S .an cyclic, aromatic ol efi.n conpound.
18. The process of &f-ai Mﬁ@* %Pﬂ?;mﬁm@%‘mgﬂ‘f@df?‘? 5
unsat ur at ed corpwliocthrtraatid olefin éboipoud) car bon atons. 10 11!11111 111111
1111 11122 11 1t * CL MS 62

18.  The process of claim 10 wherein the acyclic, monoethylenically
5  unsaturated compound has from 2 to 30 carbon atoms.

10
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