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isomerization.

TECHNICAL BACKGROUND OF THE INVENTION

Phosphorus ligands are ubiquitc;us in catalysis and are used for a number of
commercially important chemical transformations. Phosphorus ligands
commonly encountéred in catalysis include phosphines (A), and phosphites (B),
shown below. Inthese representations, R can be virtually any organic group.
Monophosphine and monophosphite ligands are compounds which contain a
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.
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There are several industrially important catalytic processes employing
phosphorus ligands. For example, U.S. Patent No. 5,910,600 to Urata, et al.

discloses that bisphosphite compounds can be used as a constituting element of a



30 di scl oses that bisphosphite conmpounds can be used as a constituting
element of a 1 WD 01121580 PCT/ US00125548 honpbgeneous netal catal yst for
various r¥Q8128%8 such as hydrogenation, hydrof or nyl at i U8 yanat i on,

hydr ocar boxyl ati on, hydroami dati on, hydroesterification and al dol
condensat i on. FReegicop Rl ?ﬁ’iyéT V@%ﬁb@&%@é?‘&@égﬂ%@@“ﬁaﬁ% he conmerci al
production 5 GfydREnHFRISR, Ky&loéfidhfion, BY@8aroxFRfién, APdtoathidgfios ormodi ty

chem cal s. Consequently, due to the extrenely |arge worl dw de cheni cal
comodi ty nar kdtydroegterificatipnand aldpl eendenrsation. advances in yield or selectivity

N any of these cORIREGHHelcal ARTARLL S8GLR Al hodlRHbE 20!

Furt hernore, the I'scovery o I gands that nay be ‘us
appl i cati ons aafpslyners; soigatsppladtidizeisané othencormeaditly lchemicgder t ant reactions i s

al so highly desirable not, only for t cO rcgial hepefit, but also to
enabl e consol i PR dd'l’%t(?ﬁ]g??%ewgﬁ?%gggﬁw@ﬁghmag{;&?%ﬂm@%grts to a
particul ar gr ouRe®émAPiHBRIBAE! advarves MAi@@br Sectivitytia dnPOhése Kreut zer, et al .
di scl oses a hydrocyanation process usi ngﬂa nmul ti dent ate phosphite |igand,

and the pat ent scommereialiy mpartans reactians apedrighly desirgble hEyghermersstts i be
hydr ocyanation g SUsTIEARIAREL LY AV 0atie0 oPf
ethylenically u(ﬁn%g?%ﬁ/g%%d Col%%und;ﬁz%%%%{ép%ﬁ%ﬂ&&%%;%%l?P
5, 663, 369, B, 6389 &emmertidly Suiport-al redétings sdsohightyedesizablanet oolytfaf thet
conpositions for the '

hvdr geyvianat i on of . nonoget hyl enj cal L sat ur at ed
conpounds usi ng°°z oo alen '?ﬁtg{?%oe %leﬁ%rf?ﬁf«gﬁ?%?de&)ﬁﬁéép#{}?%mﬁ a%flds, and
20 Lewi s acid pievelopiert effoktsSo apattizalar poup bf daibotind. t o Foo, et al . discl oses
a liquid phase pro for t hydr ogcyanati on of di ol efinic ¢conpounds to
produce noncon] uga_ﬁ‘gg‘spéﬁe%NPtg’]ﬁ@:rsiégit? “%r'ﬁéf sgioses 3y gor¥nabise process
for the i sonerigatdsOksisy a inliifidEntatt phdshBite ligand, and &R Pafehts dnd'Pitdigdttoase | i near
nitriles where the reactions are carried out in the 25 presence of

zer o- val ent 1i cieferengeditharein degqride hydroeyapationshtatyst systeranperta@irgsto the
hydrocyanation of ethylenically unsaturated compounds. U.S. Patent Nos.

5,723,641, 5,663,369, 5,688,986 and 5,847,191 disclose processes and catalyst

compositions for the hydrocyanation of monoethylenically unsaturated

compounds using zero-valent nickel and multidentate phosphite ligands, and
20 Lewis acid promoters.

U.S. Patent No. 5,821,378 to Foo, et al. discloses a liquid phase process for
the hydrocyanation of diolefinic compounds to produce nonconjugated acyclic
nitriles as well as a liquid phase process for the isomerization of those nitriles to
3- and/or 4-monoalkene linear nitriles where the reactions are carried out in the

25  presence of zero-valent nickel and a multidentate phosphite ligand. Other
catalytic processes for the hydrocyanation of olefins and the isomerization of
monoalkene nitriles are described in the patents and publications referenced
therein. Commonly assigned, published PCT Application W099/06357 discloses
multidentate phosphite ligands having alkyl ether substituents on the carbon

30  attached to the ortho position of the terminal phenol group for use in a liquid

phase process for the hydrocyanation of diolefinic compounds to produce



catal ytic processes for the hydrocyanation of olefins and the isonerization
of nonoal kene nitriles are described in the patents and publications

ref erencedvooixdssei n. Commonl y assi gned, published PCT ARSTIUSa/25548

W99/ 06357 di scl oses mnul ti dentate phosphite ligands having al kyl ether
substituents oPPrpRugasdAsHCl ‘°3’€)‘"b?§@%1&’#éé?%]éﬂ‘¥41@’aéﬂrﬁﬁsb@§mel on of the
termnal phenojsoQERURoh B thbs Sithilds B 3-aAdofls-rRREARenR liRGE ARriikQ" t he
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fol lows. 15 SUbpNREDreSInt ihventioh'WiENBécoRe hpgarénd wehbse@killpd m\thedaﬁu;fo@r a
hydrocyanation process conprising reactl n an ac%cl ic, aliphatic,

nmonoet hyl eni caTere%ﬁé%@EﬁMdémB%ﬂhFh rifllowset hy| eni ¢ doubl e bond
is not conjugated to any other olefinic group in the nolecule with a
source of HCN in the presence of a catal st pr ecur sor 20 conposition
conprisingl® Lewis acid, a z&SUBMMARMOF X | east one

nul ti dentate phosphiyf g, |daNHosaLaE! ;f?ydiscmawsp,%gy BorkREGIERLSE DY the

an acyclic, aliphatic, monoethylenically unsaturated compound in which the

ethylenic double bond is not conjugated to any other olefinic group in the
molecule with a source of HCN in the presence of a catalyst precursor

20  composition comprising a Lewis acid, a zero-valent nickel and at least one
multidentate phosphite ligand selected from the group represented by the
following formulae I, I-A or I-B , in which all like reference characters have the

same meaning, except as further explicitly limited.
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following formulae I, I-Aor I-B, in which all |Iike reference characters
have the sane neaning, except as further explicitly limted. 3 11111 WO
01/ 21580 PR MBCWO25548 Formula | x2 3 / Gox~PA P ~ x4 BETHREVESH X' is a
bridgi ng group selected fromthe group_consisting of: ~ R2, RIL R RL R2 1
719 RS R6 Ral( Ra7 7 Ro 5 wherei Foreulaly R3. W w R6, R, Re, R,
and R2 are independently seleacted fromthe group cgrsisting of H C to

C16 al kyl, cycl oal kyl X2 triary3si halwgen, nitrile,

per fl uoroal kyl, -SQ2R', R[22, acetal, ketal Y dial kW ani no, or
diarylam no, -OR', - CO2KS INRL' )R', -(CNOR') R Zin R" is CLto C $
al kyl, 10 aryl, or substit d -C(ow, -C RE2ARL3, -OC(ORL2, -

y selected from 4 WO

NR 2-C(O R13, wherein R12 and R13Mgre independep
C18 al kyl, cycl oal kyl ,

01/ 21580 PCT/ USOQQ 25548 the group ®{ ri, E_t
aryl, or substituted aryl; y X P\

L. O

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

5 whereinR', R?, R*,R*, R*, R*, R", R, R", and R?" are independently
selected from the group consisting of H, C, to C,; alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO,R", -
SO,NR,"?, acetal, ketal, dialkylamino, or diarylamino, -OR", -
CO,R", -(CNR")R", (CNOR")R" ,wherein R" is C, to C,4 alkyl,

10 aryl, or substituted aryl, -C(O)R®, -C(O)NR"R", -O-C(O)R"?, -
NR'2-C(O)R", wherein R'? and R" are independently selected from



wherein positions other than R through R8 on the aromatic rings nmay also
be substituted with C, to C, alkyl, cycloal kyl, trialkylsilyl,

triaryl si WQ02k8Pogen, nitrile, perfluoroal kyl, sulfonyPCTASeN25548 ketal, 5
di al kyl ami no, diarylamno, -OR', -CQR2R', R CNR', or RCNOR', wherein R9 and
RL0 are independent |y agseurstH Cota Cinalkyh exelpaliorhsangs omgpbstitutediand, to C, $

2l kyl o ycloalkyl, arylunedin aiohd il 30 hron IO Sk dgmbdiyiga S ar e

i ndependent |y sel ected fromthe group consist wherein Y is
i ndependent | y sel ect eday glép bh subgtituted withrite Cisatkyb EydibalkylythialkylgR14 3, wher ei n

R74 is H C,-C 8 al kyl . | kyl [., ar 42). N-= 4 CR142)
n-NR s, wherein R s i sms@%i!:‘? ’Zhgf Oﬁﬁ%ﬁq{lﬁg@%ﬁéﬂ% s&?f?ﬂ’saf%%%}gk%él’ H al kyl,
aryl, -S2R', - SO2NR12galky@aid dianieniab N-ORY, -CO,IH R CNKE, $r RCKOR!! |

cycl oal kyl, aryl or perflyorogl kyl; and Z is selected fromthe, group
consi sting of (CR1l efwkdﬁdq%wﬁgadﬁmnﬂwﬂ:y selgeterl fiom the graup qossigivgiofied as

above. M 11 20 Formul g €& @, Alkyl Q,],{k;g ) oFbubstitd@aRR048 X2 X ni p X
-p/ \Of ) n 1 X4 X1In ot her Eynb\/?gi mantgégfothé invgﬁr'?:ion a ligand of the

structure of For nulvherein X theapeh X’ arglindependensty selseted fromitheygrowp of Fornul a |,
and i n those enbodi ”E”Eénsﬁﬂngof;

10 Z

wherein Y is independently selected from the group consisting of H, aryl,
CR";,wherein R™ is H, C,-C,; alkyl, cycloalkyl, or aryl, (CR",) n-
OR", (CR™,) n-NR¥, wherein RY is selected from the group
15 consisting of H, alkyl, aryl, -SO,R"!, -SO,NR'%,, -COR', wherein
R'is H, C,-C,; alkyl, cycloalkyl, aryl or perfluoroalkyl;
and Z is selected from the group consisting of (CR'%,) n -OR! wherein
n=0-3 and R" is defined as above.

20 Formula I-A




aromatic ring carbon in the ortho position to an 0 bonded to a P may be
bonded 5 thrOﬁgh (Z')n" to another aromatic ring carbon in the ortho
position tSOOHES¥ her 0 bonded to the P; wherein Z° is PrHEMORAESt 1y RO7

R18 and each of R® and R $ d fromthe group 10
consisting of H C, to C¥yg alKk « substituted aryl, n'
is either one or zero; : is undersfiood th@t n' = 0 represents
a bond replacing the tvii\arongti i fal-B 6 W

01/ 21580 PCT/ USO0/ 25548 X
the invention a |ligand of
for the |igand of Fornulg

B may be substituted

Aacture of For
ng 5 carbon in the

ein an a

ortho position to an 0 b h (Z')n" to
anot her aromatic ring carbpn in he other O bonded to

the P; wherein Z' is indejende each of R and R 8
are independently sel ectegd :

In other embodiments of the invention a ligand of the structure of Formula
1I-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
5 through (Z")n' to another aromatic ring carbon in the ortho position to the other O
bonded to the P;

wherein Z' is independently

and each of R" and R"® are independently selected from the group
10 consisting of H, C, to Cy, alkyl, cycloalkyl, aryl, or substituted aryl, n' is either
one or zero; and wherein it is understood that n' = 0 represents a bond replacing

the two aromatic ring hydrogens.

Formula 1-B



consisting of H Cl to C18 al kyl, cycloal kyl, aryl, or substituted aryl, n'

is either one or zero; and wherein it is understood that n' = 0 represents
a bond repf@BVHEO the two aromatic ring hydrogens. Furt FRETHRSPY25548n

enbodi nents of the invention utilizing Formula I, Fornula 15 I-A or
Formula 1-B, either one o A Y S y be i ed ' toforma cyclic
ether. The invention al sg ' or a mul'ti dex

osphlte | i gand
Walf, Formula I1-A
2" have the sane
icitly limteg nr WO 01/ 21580

\I OOAP)/&P ~\O 1 L}-x4 X wherein
r)qﬂp and ps—sgleg@ed fromthe group consisting

9 R5/I' Rs  R3 I\I0R4I R10

having the structure refesentf
or Formula I1-B in which\s
meani ng, except as further
PCT/ US00125548 Formul a ||
X is a divalent bridging(
50of: R R. RRR RLR 7

In other embodiments of the invention a ligand of the structure of Formula
I-B may be substituted for the ligand of Formula I, and wherein an aromatic ring
5 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
R1 7
1;1 8
10 and each of R'" and R"® are independently selected from the group

consisting of H, C, to C,; alkyl, cycloalkyl, aryl, or substituted aryl, n' is either
one or zero; and wherein it is understood that n' = 0 represents a bond replacing
the two aromatic ring hydrogens.
Furthermore, in embodiments of the invention utilizing Formula I, Formula
15  I-A or Formula I-B, either one of the Y’s may be linked with Z to form a cyclic
ether.
The invention also provides for a multidentate phosphite ligand having the
structure represented by the following Formula II, Formula II-A or Formula II-B
in which all like reference characters have the same meaning, except as further

20  explicitly limited.



wherein R, R2 , W W W R6, R/, RB, R', and R2 ' are independently

sel ected fromthe group consisting of H C to C g al kyl, cycloal kyl,

trial kyl s™WMOA12188pi aryl silyl, halogen, nitrile, perfluor RITYR2SE4PR', 10
SO2NR212, acetal, ketal, dial kylam no, or diarylamno, -OR', - 8 WD

01/ 21580 PCT/ USQQ 25548 CO2R', -(CNR")R', -(CNOR')R',wherein R' is C, iv
%j, tuicyl, cycloalkyl, aryl, or sulgkuhiatigd aryl, -C(O R12,

-C(ONR12R13, -0- C(OR12, “NR12- C(O R13, wherein R12 and R 3 are

i ndependently selected fremtRe groyp of H, 3 kyl , cycl oal kyl ,
aryl, or 5 substituted ar T i R through R8 on
the aromatic rings nmay akso be/Substituted with Q \}, al kyl,

cycloal kyl, trialkylsilyl N riafylsilyl, halogen, , perfluoroal kyl,
sul fonyl, acetal, ketal, di i no, di aryl am , -C2R',R CNR',
or RCNOR' wherein RO and R10 are iWdependently Iect ed 10 fromthe gr oup
consisting of H C, to Cl18 al kyl, cy oal)@yl, aryl, or substituted aryl,
wherein X2 through X5 are independeptly sel ecfgd fromthe group consi sti ng
of: T, y-)(2 Z 15 Y is |ndepend
of H aryl, CR',,wherein B
(CR42) n- OR 4, (CR142)

cycl oal kyl, aryl, -SO2R',

5 of

whereinR' ,R?,R*,R*,R* , R, R’, R®, R", and R*" are independently
selected from the group consisting of H, C, to C,, alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO,R", -
10 SO,NR,", acetal, ketal, dialkylamino, or diarylamino, -OR", -



C18 al kyl, cycl oal kyl, aryl, or perfluoroal kyl; Y2 is independently
sel ected fromthe group consisting of aryl, CR143,wherein R14 is H, Cl-Cl18
al kyl, cydYQBWVH®0  or aryl, (CR142) n- OR14, (CR142) n- MP?T/%Q@?Séﬁsn nis a

Cons sting of H alkyl CER SRR N RSP KRS, U

wherein R6 is H C - cidoaikylydryl, mysnbmaitéd)dryl eﬂ(@DR” eC((D)NﬁWRj’Qr@al kyl; Zis
select ed from the, of cup GRS SkboRln (A A TS WStk ul” O3 and
X2 X3 1 1 nl\p Xl—-pgeraﬂe%dxﬂﬁetgmrp&megtor@pm&yto J'cldﬁﬂcyl AMeri on a |igand

of the structure of Formula 11-A may be substituted for the | i gand of
Formul a 11,5 and wher ei fubshitusad@mdi Weersin pesitions ethenigan Rnthravah 8 emtheposi tion to

an 0 bonded to a P rrayagﬂlagga;j%dmwm f}uﬂsénﬁéhmtd?cf‘t&% hgf(ylar omatic ring

carbon in the ortho position t onded to the "P; wherein Z' is
i ndependently pl7 RlScyd&lekyﬂhﬂ;{Rmauhﬂﬂlmmee, mtnrlleparﬂkdemallkyl seI ect ed

fromthe group consisti al kyI clo MI y

substituted aryl, n' 5‘5&’1?'%8?5‘%%%% a?@& éihd(ﬁy We?ﬁﬁ |02ﬁu er st ood

that n* = 0 represent scwmbadkcupmétqwngeﬁméaﬁm"’ aft/ifidepbndently sefectiddr ogens.
10 from the group consisting of H, C, to C,, alkyl, cycloalkyl, aryl, or

substituted aryl,
wherein X? through X’ are independently selected from the group

consisting of:
1

L.
I Y

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

15

wherein R" is selected from the group consisting of H, alkyl,
20 cycloalkyl, aryl, -SO,R", -SO,NR",, -COR' wherein R" is H, C;-
C,; alkyl, cycloalky), aryl, or perfluoroalkyl;
Y? is independently selected from the group consisting of aryl,
CR", wherein R" is H, C,-C,, alkyl, cycloalkyl, or aryl, (CR™,) n-
ORY, (CR",) n-NR" wherein n is a number between 0 and 3,
25 wherein R is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO,R", -SO,NR",, ~COR' wherein R is H, C;-
C,; alkyl, cycloalkyl, aryl, or perfluoroalkyl;
Z is selected from the group consisting of (CR™,),-OR" wherein n = 0-3

and wherein R" is defined as above.



10 WD 01/ 215SO PCT/ US00/ 25548 Formula 11-B X2 3 O Ot ~) O p Xt-P\ O
X4 X In other enbodinents of the invention a ligand of the structure of
Formul a SVPPUHS¥ay be substituted for the |igand of For RET/HSA025548nd an
aromatic ring carbon in the ortho poigtiog p@ n 0 bonded to a P may be
bonded through (Z')n" to another aro ° F’ ﬁecarbon in the ortho
position to the other 0 popeged to %ge P erein ZA~~is independently R17
R18 10 and each R' and i Se e

consisting of H C tofCl8 alj cycl oal kyl,
n" is either one or zero wherein it is unddrstood that n' =0

represents a bond repl aci B . two aromatic ri /= ogens. Furt hernore,
in enbodi nents of the invgntion @tilizing Formg 15 Formula 11-A or
Formula 11-B, either Y | i gked gy ma cyclic ether.
The invention al so provi tdgs Tor ceptar okphite |igands and
cat al yst conpositions nadq therefyom useful i dr ocyanati on of
diolefinic conpounds to g € nonconj ugat ed &gcyclifc nitriles as well as
a liquid phase 20 procesg he isomerization g e nitriles to 3-

and/ or 4-nonoal kene |i n§

In other embodiments of the invention a ligand of the structure of Formula
II-A may be substituted for the ligand of Formula I, and wherein an aromatic ring
5  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
?17
i1 8
10 and each R'” and R" are independently selected from the group consisting

of H, C, to C,; alkyl, cycloalkyl, aryl, or substituted aryl, n' is either one or zero;
and wherein it is understood that n' = 0 represents a bond replacing the two

aromatic ring hydrogens.

10



Pf(r) WO 01/21580 PCTIUSOQ 25548 nitriles. In particular, these include
the ligands of Forrmula Il, Forrmula 11-A and Fornula 11-B in conbination

wi th ni ckeWYOHE8Yr esent i nvention further provides for BA/YIPRHERd process
for the hydrocyanation of diolefins, sp&gmpﬁl,?ut adi ene, and the

i sonerization of 5 nonconjugated acyclic nitriles. The present invention
further provides for an imeEoyed prggess fopa.the hy yanati on of

diol efins without the neefl for .'-.', N aci d pfoms
phosphite ligands in thege enbogh mnents incl ude ye |igagds of Fornmula I,
Formula 11-A and Fornmula N\:B ifp conbination with .ni\ck wherein the

| i gands have heteroat om conyai nixg substituents on te& carbon 10 attached
at the ortho position of the ter al phenol gr@ups. The present invention
may al so provide a cataly 1)1a1i ng i gRrdegyee of selectivity in the

hydr ocyanati on of di ol efing sfich th no“add t{onal i sonerization step is
required. Specifically, the\presef invention pQovi des an inproved process

for the 1liquid phase hydrgokyangti on of diol efi ns\and—sonerization of the
resul ting 15 nonconj ugat ed ic nitriles conprifgi eacting an acyclic
al i phatic diolefin, pref\g ene, with affsourcejfof HCN, wherein
the process conprises coRduct i#0 et hydr ocydae’NON andf or i soneri zation
in the presence of a catal conposi tion conpri siwg~zer o-val ent ni ckel
and at | east one nultidentate phosphite 1ligand selected fromthe group

represented by fornulae Il , Il-A and I1-B as set 20 forth above, in which

al'l like reference gqbgmRedmBolinaYSortiiEnveniBn SRR D the S¥CARE of PSmiull t her
explicitly limted: The reactions are nost conveniently perforned

cont i nuous| 8 f ri&# mabr substiwted fop thedigandf Formula lingndangramaticriogcadon j nal  3-
and/ or 4-nonoalkene i . it n be
conduct ed st epvxﬁhgfg&,or%hﬂ%sg{l?%{é aé? l%\@ﬁ%%ﬁ%ﬁ%%&%ﬂ %@g%ﬁ%%ﬁﬁfﬁ] gog resul ting
from t he hydr ocanathet aromatixaningtoartios dr the ertho pasitiondo thp bther OtbondedaortheiPzat i on.

Furt her nore, nonconj L aetine 'i?%}fi%laénﬁen%t riles

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

Furthermore, in embodiments of the invention utilizing Formula II,

15  Formula II-A or Formula II-B, either Y’ or Y may be linked with Z to form a
cyclic ether.

The invention also provides for certain multidentate phosphite ligands and
catalyst compositions made therefrom useful in the hydrocyanation of diolefinic
compounds to produce nonconjugated acyclic nitriles as well as a liquid phase

20  process for the isomerization of those nitriles to 3- and/or 4-monoalkene linear

11



prepared by any nethod can be used as starting materials for the

i sonerization in accordance with this invention. 30 DET@%,@EQ)OBES%:RI PTI ON
OF THE PRPFERFHFSOENBODI MENTS The invention provides for aln

mul tidentate phasphi '&Paﬁ ir toR F¥Shul S SE@ARIAMA @i ng such
| i gands, and tﬁ’gﬁggeﬁg}aﬁsuc qﬁ?e%[%%%?‘%%&PC#USOO/’ZSMB mul tidentate
phosphite |i gardenulall-B ar combimgtibe withygbkelcyanati on and/ or i sonerization

reactions. The mul tigdent ate. phosphi t.e |igand . i ' nd
catal yst systems e 695"?1"@’?&\%8’?{‘%% Bgroﬁgsse Oégxg‘r'ﬁodggverd %ﬁ%@ggo‘?pté‘gm i cability
to various ot hgaroepdnatior df@idlEmis] sueh ss Mitadiens santl Yisk idmeriadi@t ofon and nmay be
optimzed 5 for such reactigns i n accordance w.th_ the present invention.

R TRy

The catal yst caowpersiugptsa gcxslienitiles. nTherpresenfjrysptionfug O #A% conprised
of a nultident Lok forld i6n bf BSlsfits vithotfbtheheed TBEL&Wiv al ent
bri dgi ng comoﬁ%ﬁg&t%&s)@@b%s%\?%rr% [ gggggtlg%gcr_i bed | nol | t13_3or mul ae1 I, 1-A
1-B, |1, |l-A asidprometBrsnidhe multisientptzipbosphise gandy indhegse embedimpntg include 10

known in the art.. For e I | et hyl . P .

2, 2" -di hydr oxylti‘i!‘%a“gf)?ﬁ%’gﬁ?ﬁg’ gﬂ‘é“—“‘@? A gpd For B?J}'gtuéc%%%m?}gn&n tehpar ed
according to J.nidk¥l whiteinthedigands a9 HeteréftpmaADfitaining substifentsaimettic canbdret t . |
1990, 413 and Org.. Proc. Prep. . International,6 1991, 2 200:

2, 2" - et hyl i Wenetttached abthg prie Wfttﬂ‘fé’i%g}e)t B}ée"‘ﬁf@ﬁ‘éﬁsegmﬁgfﬁﬁi ng to Bull.
be. pr epar ed 15 BenonHayalsb Brovil ddaig ey e o Penal ean
2,2 Pl d P hydr oxy- IBﬂd@cy@tiaﬁgl! pidiglefinssuch thatner adgitional isomsrization gleg icreguiredp e
prepared according t 2 C ) ' 3&0‘;} e th

3,3 -dinethyl-2,2"- d‘ﬁ‘ﬁg@?&é‘g’y@? eg‘%{)ft/ nr‘r’wglgt aﬁyém%%eﬁatgn%?epar %cd acéoredi ng to
Synt hesi s, 1981liqui] pHad8hydBocyanafioh of diplefind-ted asvpterigdtion of thesesyliimgol can be
prepared acgordi ng t.o JB 85-216749. 20.Acetal.substit.u l.j al dehydes
can be pr epfafed“ nipgated acyslicpifgjles Gomprising, reacting an acyc 1 bfighatie lofetin

preferably butadiene, with a source of HCN, wherein the process comprises

conducting the hydrocyanation and/or isomerization in the presence of a catalyst
composition comprising zero-valent nickel and at least one multidentate phosphite
ligand selected from the group represented by formulae II , II-A and II-B as set

20 forth above, in which all like reference characters have the same meaning, except
as further explicitly limited:

The reactions are most conveniently performed continuously from
hydrocyanation of the starting diolefin to the final 3- and/or 4-monoalkene linear
nitriles. However, the processes can be conducted stepwise, i.e., the

25 nonconjugated acyclic nitriles resulting from the hydrocyanation can be isolated
per se, prior to isomerization. Furthermore, nonconjugated acyclic nitriles
prepared by any method can be used as starting materials for the isomerization in

accordance with this invention.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention provides for certain multidentate phosphite ligands,

improved catalyst systems employing such ligands, and the use of such

12



art. For exanple, an acetal can be prepared by refluxing a glycol with

sal i cyl al dehyde in the presence of oxalic acid catalyst. For references for
11" prep¥Pi0HS8cetal s by the acid catal yzed reacti on oPCHHSM28dByde and an
al cohol, see Tetrahedron, 1996, 14599; Tet. Lett., 1989, 1609; Tetrahedron,
1990, 3315. 25uitidentate pbospbite ligands in, frr swarpple hydocyasatideandioBpar ed as

descri bed i n_elrizaoRRors! he okfBSniddphodhid ga b opRRGEAGRL DLl L oy be

prepared by a variety of netho nown in , tor exanple, see
descri ptions Fratalpgisystems emsloging %hllg@ﬂshamlgaadrange@nPMEsblbtytQ966 8, 68;

.U S 5,210,2
ort ho- subst i tggﬂd’% ﬁ'ggéﬂqaly(% &tmﬁgs‘r%gﬂ(l:ﬁ Igr |°S‘<’rt"n ?’a °8ﬁ“‘%%‘a’g$e élr ‘%f In situ
from PC 35andortsbeh qeh&ionémaédmdanc@hhhﬂhm&hlumemﬂm es of | -naphthols can

be prepared in SI m PCLl3 and 1- hols in t resence .of a base
T Kb £ 1 et hyl am ne ThaSHa)is: Smspeats ekl CRabo R ouied Prokan & BRBESds 1 or

preparing theopbﬁﬁﬂm@ﬁthﬂe%%h&@llé‘aﬂlmﬁd S@ansitioRalent of N, N-di al kyl
di aryl phosphoram dite with 1P(OWe) 2 has been prepared in this

manner, see Z Nat uﬂmlsdmtbmémgcmmiwgdlmh@bmé?mmh;dnrdu tes derived
from substitu £ as
described in E&glg%%gglo}‘sla%??{ R%I%ﬁ%b&%{éﬁ%ﬁﬂgtagﬁtgfygﬁ@tggﬁcom acting

t he thus dbt aknmmmmm& exadqﬂc,diimethyl Z%-dﬁxydmb}dtli V'ibinaghthaend-3.3'wi t h a

di val ent bridgin ound, for exanple. b din US
Patent No. 5, é‘%f’.’t’aat n?éopé'?ﬁaée[de“%%gﬁfﬂ%/ ‘ém "fsl%%tzé %g %%i ch can be
used in the proesksradn, d99w413)aﬂdf'@'glBﬁb@@ﬂeﬁﬂnteﬂ;ﬂtz&hﬂ(l@bl)%hm@) | i gands
supported on golyner resins such as Merrifield' s, resjn can be prepared by

simlar methode, -ediyligenghisiibodimethylphenol)can e prepared accerding to BulbChert. M |
Carreaux, F. SS@U%BH' 19d3 6?'3@0359‘3|’93uten'§meth}-leiﬁ’aﬁﬂ%91rbah 8L bre garl@97 38,

5153- 5156, and G'si n, B. 1973, 56, 1476-1

15 according to J Org Chem 1963 28 1063 2 2'-d1hydroxy—3 3'-dimethoxy-5,5'-
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’-Hexamethyl-2,2’-biphenol can
be prepared according to JP 85-216749.

20 Acetal substituted salicylaldehydes can be prepared by those skilled in the
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.

25  Cyclic ether substituted phenols can be prepared as described in Aust. J. Chem.
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.

30  With ortho-substituted phenols, phosphorochloridites can be prepared in situ from
PCl; and the phenol. Also, phosphorochloridites of 1-naphthols can be prepared
in situ from PCl; and 1-naphthols in the presence of a base like triethylamine.

13




The transition netal nmay be any transition netal capable of carrying out

15 catalytic transformati ons and nay additionally contain |abile |igands
whi ch arewaedi2msse di spl aced during the catal ytic reacti oMCT/UR00RBRE an
active part in the catalytic transformation. Any of the transition netals
may be consi deAagtherpreefssfor mm‘g therphosphoshloradite corprifes tregtmentpbs e

conprising gro F;;ggdq s for

hydr of or ny| atlz)LﬁNéré&yl oag“;lﬁﬁo it‘?w{ﬂﬂ Cmrgm Pﬁ{s‘g%} 20 pal badl um and
pl ati num The ﬂnefnamee,dseﬂﬂtlédtwfdrmh h9Y2; 278, d129.i Rhospheddchloriditesdegived at i on ar e

ni ckel , cobalt and S .es ferr for
hydrocyanat | on bg@[‘tg‘??féet"n]é dléﬁe?Pf?ﬁire%Ps’?% Igw:gﬁ%e e:ff;%be?dﬁprl sed of
at | east ong whmodg%ﬁg@dphssﬁmntgols grIBygaccording to any one of
formulae I, 1-A I-B, I, |Il- and li-B and a transition netal. In

embodi ments of the ﬁﬁ\‘f‘@?ﬁ?‘ﬁ'ﬁmec‘h‘ﬂ%?%ﬁ%@%b%@tn%?“ﬂé&ﬁﬂ“?%‘?ﬁ ocesses
such as hydrof mmmalea?nasﬁﬁgg&% d bt éxmﬁwmquﬂﬁémawa&ceﬁeﬁﬁm be

prepared or generated accordi ng echni ques wel nown in the art, as
descri bed, for bXdantNo\{ 235! 1306@6@’(4!3 shosphig(igasdiiz obtaingd wvhichreen be Chem

Soc., 1993, 115, 2 npl es .of .s |table Goup VIIl 30 netals are
rut heni um rhoa‘ﬁ?g!flg?ier?docaeP rﬁzl.ngé%ﬁ)% i oup VIIl nmetal conpounds are
hydri des, hali des, BﬁgﬂmﬂuﬁrhgﬁndﬁwpﬁoneﬂmﬁtmlmmmatmasMwn‘ifjadl’isc acid
salts, oxides, carbonyl corrpounds and am ne _conpounds of .these netals. 14
VD 01/ 21580 PCTesseybepeepgred by similag methodss sich.s thosedeseribediin Heteh GaL--conpounds

f | I r4(CO 121
S o O R AR Bk i, L)

Rh4( CO) 121 Rh6(3@C§1§6ﬂ51MH@¢@}S(hRIB31P)IMv [, @) 1908) ), 2476aH62{ RN CL( COD) | 2
wherein " " AL | :
LoD 1 1 e eycl ot ERE e a SRR AR et ol S i igEN | 97 D

shoul d be nét edatalysit trtusforfaations a\iﬂ hiay a&ditxaiallg oomsin habéle Apmdaothicheecssari | y

limted to the 0 S dco The . .
a de spk e&g ytlc reactlon, or take an active part in the catalytic

transformation. Any of the transition metals may be considered in this regard.
The preferred metals are those comprising group VIII of the Periodic Table. The
preferred metals for hydroformylation are rhodium, cobalt, iridium, ruthenium,

20 palladium and platinum. The preferred metals for hydrocyanation and/or
isomerization are nickel, cobalt, and palladium, and nickel is especially preferred
for hydrocyanation.

The catalyst compositions of the invention are comprised of at least one

multidentate phosphite ligand according to any one of formulae I, I-A, I-B, If, II-

25 A, and [I-B and a transition metal. In embodiments of the invention, catalyst
compositions useful for processes such as hydroformylation may have Group VIII
compounds such as can be prepared or generated according to techniques well
known in the art, as described, for example, WO 95 30680, U.S. 3,907,847, and
J. Amer. Chem. Soc., 1993, 115, 2066. Examples of such suitable Group VIII

30  metals are ruthenium, rhodium, and iridium. Suitable Group VIII metal
compounds are hydrides, halides, organic acid salts, acetylacetonates, inorganic

acid salts, oxides, carbonyl compounds and amine compounds of these metals.
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Goup VIIl metal is preferably rhodium Rhodi um conpounds that contain
| i gands which can be displaced by the nmultidentate phosphites are a

pr ef err edwidoigassoce of rhodi um Exanpl es of such pref er redushomdsasm
conpounds are Rh(CO 2 (acetylacetonate), Rh(CO) 2( CAHICOCHCO t - C4H9),
Rh203, Rh4( CO) Ezampkeso¢fGaitabls Grop VU2 €€HE r@mpaunds &b (for exatplenRw:EC0ORS: €) .

Rhodi um suppor e al so S | N, thi e i.ckel

conpounds can E‘%&Eﬁ@pgﬁé@%ﬁ%ﬁ%‘%@ﬁ@?@@ﬁ%’!dn&“f@v?‘&@ﬁ@ﬁﬁ&é&oy?s wel |

3031, 101: '3, D45 Aot 3. b7 000 Ak s o e AL A Corated
1 L 1 ) ) ! ! ) | [ I t 1)

herein by ref Bgfé?&ﬂ”z&iéb&%ﬂ(c@fbv@ég?%@m&@%ﬂ 6%t &4 | i gands

whi ch can bg diciReRgte Bibup "0 AP GSRPREYS PR, ¥E 0D daNs- ?él@o@ad?én@f erred

source of nickel.” Two such preferred zero-val ent nickel conpounds are

Ni (COD)2 (COD b “Bb” is sphetydisnenp)- sldowensy, itshauliibe petcl tatahe-Hewp)\dJ12( C2H4)
both of which gjg) c(ﬁ%‘{m&iﬁ dfe ﬁ{l%a@e@éaﬁgﬁlirﬁx‘%éd}we"at%b&’e 1isféh‘é%§&lnd9.' e
conpounds nay be conbi ne wth a reduci ng agent, to serve as a source of
ni ckel in the GeaptViiinmetfis praferably iibdiame Rhodiumlcempowidp dianetamtdimc| ude

conpounds of the f.or a NY. e i s..halide, carboxylate, .or
acg}t) yracet onat .gangﬁ?”g]&bIcénw%‘ﬁﬁgﬁég%%:ﬁ@uﬁaﬁﬁﬂg‘@s%saﬁ’é B8y dr i des,
met al  al umi@umsdiyél dfeRsdiuniEE@mpidsiey bisch pféferrddCrhodium ddRpo@ids ke Rh(ELgTENt al

ni ckel, preferably nickel when conmbined with a hal ogenate

owder
catal yst, as dtsetylapdenate), ﬁ(@)zﬁwcg%%gﬁb RhyiQ;, ROk Bi(E@bb-e sour ce
of zero- valen ' ) M_i pr j e
per f or med, thekgatzgjltg-is"gz’SO comnmpo }#?%%a%?%hﬁﬁghisﬁﬁeoﬁ?%b%&g?so i ncl ude
the presence oflsobeussd imthisgespesti s aci d pronoters, which affect both the

activity and the sel;ect,i vit f the catalys system ..Th ronoter may be
an inorganic or or Slgﬁg%?gpﬁn s‘é%‘nfc?ﬂ%efiﬁr °5%e%fgcoﬁdlfl$%t€@ntﬂff§1580
PCT/ USO0/ 2554 8well known in the art, as described, for example, in U.S. Patents 3,496,217;

3,631,191, 3,846,461; 3,847,959, and 3,903,120, which are incorporated herein by

reference. Zero-valent nickel compounds that contain ligands which can be

displaced by the organophosphorus ligand are a preferred source of nickel. Two
such preferred zero-valent nickel compounds are Ni(COD), (COD is

20  1,5-cyclooctadiene) and Ni{P(O-0-CcH4CH3)3}2(CaHjy), both of which are
known in the art. Alternatively, divalent nickel compounds may be combined
with a reducing agent, to serve as a source of nickel in the reaction. Suitable
divalent nickel compounds include compounds of the formula NiY2 where Y is
halide, carboxylate, or acetylacetonate. Suitable reducing agents include metal

25  borohydrides, metal aluminum hydrides, metal alkyls, Zn, Fe, Al, Na, or Hs.
Elemental nickel, preferably nickel powder, when combined with a halogenated
catalyst, as described in U.S. Patent 3,903,120, is also a suitable source of zero-
valent nickel.

Depending upon the desired reaction to be performed, the catalyst

30 composition of this invention may also include the presence of one or more Lewis

acid promoters, which affect both the activity and the selectivity of the catalyst

system. The promoter may be an inorganic or organometallic compound in which

15



the at |east one of the elenments of said inorganic or organonetallic
conpound is selected fromscandium titanium vanadium chrom um
manganese WQ M@A580cobal t, copper, zinc, boron, aluni numPGRYIPRFHIS
zirconium niopiu nol ybdenum cadm rheni um and tin. Exanp].es include
Sbr 2, Zni. oitefolesd RSt Ree oo St horem exsuEmastalE sembout s,  Fels
FeC13, FeCl2, fdoted(ffdriricindiuch @aitrhFanddiuti Shkdmiukl, Sbdgarcbel irb cBbA18, MC12,
ScCl3, AICl3, (CgHi7)Al Cl2, = (C8BH17)2AICI, (i so-_CéIHQ)%AlCi, Ph2Al €1,
PhAJC12, ReC15SCPPFICHAC, bopm slumipums yitriwn giponiymcpigbiumonelybderom,  acC13,

Er (BSCF3) 3, Y{dR&hFRtmum 8. %ﬁ%l—ﬁj W Sul Hab [onoters are
further described in U Sl.lmPat engtlsSx , %ggx?e ; ?%ghg%skgsa(%d 4,774, 353.
These incl ulle Guthl CeGl Co(QSCER2AS0Cn Uiy, FelpoFe]3, X1, SREIZTHR d

organonetal lic dg. &S RALLC12 SnOASCE where R is
an al kyl or ar?ﬁm% il@’ésabgégﬁt&%}%M@B%Cégséfqbéggﬁﬁ@%’nergi stic
conbi nati ons o{C4MGRAIC Fsoc@HAAICH PHEAICIPHAICE SR, ZELE RbElsy Ve, act i vity
of the catal ysh yste Preferred pronoters include CdCl2, FeCl2, znd 2,
15 B(C6H5) 3, " a ﬁle’éépﬁngss’éﬁ&; CdHarleaClo, Er@:86FR3, h@eeFERnSmEs. ( C5H5) 3BON.
The nole ratio r | r i : t 4 an be within
the range of g 0615%532??%&[ 35%%%‘?5‘?8?%&@@%%%{&%}%? N EFI NI C
COVPOUNDS 18 he3.AP&2EH B.496.¢ t¥itand 4,734,3%3. dBwse include metalcaks (suth dsy@hChs yanat i on,
20 conpri sing cl] ur compound. wi,t h ur.c f.ydrogen
cyanide in thgggféedge@glggﬁb#q?%g?’g%%@f “€T ‘5‘@? QSFWW&@F’%&?QC{%F’%Q tion
met al sel ect edand RyBywiiere FCi3,analkyl bichrylnchph US\WPaert @874 3846 dHBes hdd at

| east one |igand sel ected, fronhthe roup.represented by forpulae I , 1-A,
1-B, 11 , II-R°§8Sue cpmpmalions ofpromozs ng%?wweﬁﬁ caiatied conpounds

whi ch are usef adtivitf of &8 cithlgstRy e C PRRa e PronkiQs BekdOCatR Ped ,\2@@4,% are
shown in Fornmulae Ill or V., and the corresponding termnal hitriTe

conpounds  p? odBedsd and (Getls)3SrK cvhersg X <FCH 390 o6H; $H580w) or (EEpsRENvel y,
wherein like rei&mBRIRICIHARHNE S nhBYDraBSn TN ean be within the

range of about 1:16 to about 50:1.
HYDROCYANATION OF MONOOLEFINIC COMPOUNDS

The present invention provides for a process of hydrocyanation,

20  comprising reacting an unsaturated compound with a source of hydrogen cyanide
in the presence of a catalyst composition comprising a transition metal selected
from Ni, Co, and Pd, and a Lewis acid compound, and at least one ligand selected
from the group represented by formulac1,1-A , I-B , 1T, II-A or II-B

Representative ethylenically unsaturated compounds which are useful in

25  the hydrocyanation process of this invention are shown in Formulae I1I or V, and

the corresponding terminal nitrile compounds produced are illustrated by

Formulae IV or VI, respectively, wherein like reference characters have same

meaning.
catalyst
ition
CH;—(CHp)j~CH==CH—(CH,)zR% i —
5—(CH,); CH—(CHpxR p—— > NC—(CHpupa—R?
HCN
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catalyst C H3--(CH2)y CH=CH (CH2)z R22 conposition NC (CH2),",y3-R22
pronmoter, HCN 16 WD 01/21580 PCTI US00/ 25548 Fornma Il Fornula IV

catal yst @ 61RE8pCH2) X R22 conposition NC (CH2) x+z R22 RoOTassoe/zss48 HCN
Formula V Formula VI wherein R22 is H, CN, CO2R23, or perfluoroal kyl; vy
is an integer of O ¥l g an integer of 0 to 12 whenFq@ialy H ~ CcO2R23
or perfluoroalkyl; 5 xis an integer qf,l 40 12 when R22 is CN; and R23 is
Cl to C12 alkyl, or aryl.. The noncoe&Mggziﬁ% acyclic, aliphatic,

nonoet hyl eni caldB~ChsgClLRtRP? starttng—Tmter+abs INEFHH(CHR), SR nvent i on
i ncl ude unsaturated organi c conpoundsProm®t&ont ai ning from?2 to

approxi mately 30 carbon atons. Suitabl dieNsat ur at ed conpounds i ncl ude
unsubstituted hydroEsma™ as wel |l as hydrocarbons substFdrmtRdyIvi t h groups
whi ch do not attack the catal yst, such as cyano. Exanples of these

nonoet hyl eni cal"ﬂh?e'jhsat urated conpounds i nclude ethyl ene, propyl ene, |
-butene, 2-pent ene, R20AXERECOSRT, or frliforiAIKygat ed diethyl enically
unsaturated 15 conpounds such as al'l ene, suUbstituted conpounds such as
3-pentenenitrile, yispeintegeepf@ioil2e, net hyl pent-3-enoate, and

ethyl enically unsat}y{sa%%g %g{ip&%ggvhegi\%lrég_%%szby&rp%%,f&lmn&l;bst i tuents

such as, for exanple, ere z'i
5 x is an integer of 1 to 12 when R22 is CN; and
R23is Cj to Cy5 alkyl, or aryl.

The nonconjugated acyclic, aliphatic, monoethylenically unsaturated
starting materials useful in this invention include unsaturated organic compounds

10 containing from 2 to approximately 30 carbon atoms. Suitable unsaturated
compounds include unsubstituted hydrocarbons as well as hydrocarbons
substituted with groups which do not attack the catalyst, such as cyano. Examples
of these monoethylenically unsaturated compounds include ethylene, propylene,
1-butene, 2-pentene, 2-hexene, etc., nonconjugated diethylenically unsaturated

15  compounds such as allene, substituted compounds such as 3-pentenenitrile,
4-pentenenitrile, methy! pent-3-enoate, and ethylenically unsaturated compounds
having perfluoroalkyl substituents such as, for example, C,F5,,;, where z is an
integer of up to 20. The monoethylenically unsaturated compounds may also be
conjugated to an ester group such as methyl pent-2-enoate.

20 Preferred are nonconjugated linear alkenes, nonconjugated linear allene-
nitriles, nonconjugated linear alkenoates, linear alk-2-enoates and perfluoroalkyl
ethylenes. Most preferred substrates include 3- and 4-pentenenitrile, alkyl 2-, 3-,
and 4-pentenoates, and C;F2541CH=CH; (where zis 1 to 12).

3-Pentenenitrile and 4-pentenenitrile are especially preferred. Asa

25  practical matter, when the nonconjugated acyclic aliphatic monoethylenically

unsaturated compounds are used in accordance with this invention, up to about

10% by weight of the monoethylenically unsaturated compound may be present in

17



I nteger of up to 20. The nonoet hyl enically unsaturated conpounds may al so
be <conjugated to an ester group such as nethyl pent-2-e Preferred
are noncon)"@f¥L& | i near al kenes, nonconjugated |inear a{}?g}r‘rg‘-)o/zrz?%sri | es,
nonconj ugated |inear al kenoates, |inear alk-2-enoates and perfl uoroal kyl

et hyl enes. Most thpfererfrednjegited serherswhich itselfmay undargobyfropvaaptian: thor | e, al kyl
2-, 3-, and 4-pentenoate and F2Z+] i

3-Pentenenitri |‘§“’5\R§" Xlﬁﬁne% ghent %?Zlffseusgéfga%gg %%Mé@%?lgﬁg#?éﬁr&ﬂbea 25
practical natt ez-pemsbrenitiilee (Ammsed héreigathe cermcpaiténenitdile’his dtergled to be

nonoet hyl eni cal ] y ,uEsa}t]grat d cqoupounds are used in accordance with this

i nvention, up teafisgliyit 1@@9‘&‘/“%i)ght of the nonoet hyl enical |y unsat ur at ed
conpound mays be pr eSER prifBrdd/ prifdch itk RARAIRKEN s 2RRABdicyanal kylEnds Of @
conj ugat ed i soner, which |tse?f may undergo hydrocyanation. For exanple,
when 3- pent enenlineaj aliphatic epaporstezss and & (perftonaikybprepionitrile. (Mest prsferfedy be
2-pentenenitrile. .(As i 1 y enidmicdie'on Svhefdlended to
be identical wP Eoﬂvgct%@rgﬁglg%@gﬂ%a?{yl %Qf%y%ér%tf’gar%rﬁtg}? J'bédi'Ii L#cdt}fsicgir’ gv}ltl? %rzfri nal

al kanenitril es, isltiita@aar di cyanoal kyl enes, |inear aliphatic cyanoesters, and

3-(perfluoroal kyl) propionitrile. Mst preferred r od S are

adi poni trilo. al kyl ' BeRERByivdaeiamatonprcesmay by b Qb AR XAREIY 15 110
12. The present chiyglh©s Yeabet wWilh iR RaE, ElysP orisition,thnd Wblvert Gf a0 €, by
10 charging a reactor with the reactants, catalyst conposition, and

sol vent, if anyprefambly,thedivdrogen gyanidds added slgwly te thermigraus of the/efhef slowly to
the mixt f : i.Ofas: , i d
€ mxture o E&ﬁﬁ)dl?ltaﬂt? Bf %%?{ég@&g 'ﬁ\)gl.ggen %:gﬁ%%gﬁ%tﬂc%hvéfyﬂsgmﬁﬁxﬂ%! € may

be delivered as a eactl on. Anot her_ sui tabl e
techni que i s toawhmordretht heactien Arothensuitable tévhnigue sty eltargerthe tebatorswithyent t o be

ssed, and | eed B e RbLASH, PR PRt ISP BB, 1o, e
be varied fnsm amdiit HON sldwlyGo tHeGedctid®ikndre. The molar ratio of unsaturated
compound to catalyst can be varied from about 10:1 to about 2000:1.

Preferably, the reaction medium is agitated, for example, by stirring or
shaking. The reaction product can be recovered by conventional techniques such
as, for example, by distillation. The reaction may be run either batchwise or in a

20  continuous manner.

The hydrocyanation reaction can be carried out with or without a solvent.
The solvent, if used, should be liquid at the reaction temperature and pressure and
inert towards the unsaturated compound and the catalyst. Suitable solvents
include hydrocarbons, such as benzene or xylene, and nitriles, such as acetonitrile

25  or benzonitrile. In some cases, the unsaturated compound to be hydrocyanated
may itself serve as the solvent.

The exact temperature is dependent to a certain extent on the particular
catalyst being used, the particular unsaturated compound being used and the
desired rate. Normally, temperatures of from -25°C to 200°C can be used, the

30 range of 0°C to 150°C being preferred.
Atmospheric pressure is satisfactory for carrying out the present invention

and hence pressures of from about 0.05 to 10 atmospheres (50.6 to 1013 kPa) are
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Preferably, the reaction nediumis agitated, for exanple, by stirring or
shaki ng. The reaction product can be recovered by conventional techniques

such as,wbeingganpl e, by distillation. The reaction nmeyckespbissei t her
batchwi se or in a 20 continuous manner. The hydrocyanation reaction can be

carried out wiptdferced. Higheoutcssares aipite 0,000 KPecorsmdre; eant be uskd,ufdadireds boul d be
liquid at the _reactj tenperat ure .and pressure.and .ineri towards the
unsaturated c 8%@?5%5‘0 AR zgﬁ’g °§%‘f’5§ Hhsge Yé‘fﬂ“f@%?‘éab@cﬂ°\‘/%‘ﬁ{’]§’ tf‘%lgfrﬁ%fg :

hydr ocar bons, céstehsugh op&iigaee or xylene, and nitriles, such as acetonitrile

25 or benzonitrile, In sone cases, the unsaturated conpound to be
hydr ocyanat ed mayHCNganoe &iroduced do the geagtion a8 3rvapor g lighidcAs B nper at ure i s

dependent 50 gu&REdRI dleyadtytin B BelifedRlthd i@ or HERL Ye¥ Fhr KainBR, Used, the
parti cul ar unsaturated conpound being used and the desired rate. Nornmally,

t enper at ur es &kS.fRatemt 3,68%7230 200C can be used, the 30 range of 0C to 150C

bei ng preferred. Atrﬁg) | L re LS. ' fo rrying out the
present invention an%g%g’%éfe\m%rngggﬁnelgC%Fgfédéﬁgggﬁg%ﬁ? Béont%?%mat nospher es
(50. 6 to 1013 LkRiz)aciipeomdtérs Whidhhff2dtHoth thEdctivitp ddthbselectipiyedfahe ed. Hi gher
p",sures, up to 10,000 k or nore, gan pe used, if desired, but, any

benefit that REPYHSYSHRalRCRIOMALT B8Y boaningregnip preyednomstalijaroppeynd he

i ncreased 10CO% whikh 8iéGh wARE il dt ast-onE6INhE Bl8mbRs baidGAsgAt: 6:0 t he reaction
as a vapor or liquid. As an 5 alternative, a cyanohydrin can be used as the

source of HONoregeemetpliie campaypd is selegtedsfrom seandiung tiggisny yanadipme process of
bromot er o uhi SoR gl tich boball oBirS ZE hchn, ABiR PR, Ve 7
cat al yst syst eirgonitng ngrbime meoly thepunyecadmivim; dregiuni anddin. Exgraplesiatialié i c
compound 10 . 5l Ao 2l Cucih o, CRBNCPIS 81! B Sefyrent s of sai d
15  FeCls, FeCly, FeClao(THF)2, TiCly(THF),, TiCly, TiCls, CITi(OiPr);, MnCly,
ScCl3, AlCl3, (CgH17)AIC], (CgH17),AlC], (iso-C4Hg)2 AlC], PhyAICH, PhAICI),
ReCls, ZrCly, NbCls, VCl3, CrClp, MoCls, YCl3, CdClp, LaCl3, Er{(O3SCF3)3,
Yb(02CCF3)3, SmCl3, B(CgHs)s, TaCls. Suitable promoters are further
described in U.S. Patents 3,496,217; 3,496,218; and 4,774,353. These include
20  metal salts (such as ZnClp, Coly, and SnCl), and organometallic compounds
(such as RAICl,, R3Sn03SCF3, and R3B, where R is an alkyl or aryl group). U.S.

Patent 4,874,884 describes how synergistic combinations of promoters can be

chosen to increase the catalytic activity of the catalyst system. Preferred

promoters include CdCla, FeCl,, ZnClp, B(CgHs)3, and (CgHs)3SnX, where X =
25 CF3S03, CH3CgHsSO03, or (CeHs)3BCN. The mole ratio of promoter to nickel

present in the reaction can be within the range of about 1:16 to about 50:1.

HYDROCYANATION WITH SUBSEQUENT ISOMERIZATION

The present invention also provides for a process for the hydrocyanation of
30 diolefins, which comprises reacting a diolefin with a source of hydrogen cyanide
in the presence of a catalyst composition comprising a transition metal selected

from Ni, Co, and Pd, and at least one ligand selected from the group represented
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organonetal lic conpound is selected fromscandium titanium vanadi um
chrom um rran,ggnese, I ron, cobalt, copper, zinc, boron, alumnum yttrium
zi rconi umWAPEHFM nol ybdenum cadmium rheni um and ti nfPCETAABIEE | ncl ude

ZnBr2, Znl2, ZnC n .. Cu , CucCl (BSCE3) 2, 2, Col 2. Feb, 15
FeCl 3, FeCl2, P@%%E’Cé?—!ﬁ)q;j‘&"ﬁ g—é( ‘r‘rﬂﬁ‘f‘%“gﬁ%memﬁ‘@fé?g%%ﬁt?ﬁsf Bro\nci2,
ScCl3, AlIC13, (KSktnieritionlof bidnghtd/madilkénenittikd tdieR) M dalkend MeAd:GA,
PhA1Cl2, ReCl5, ZrCl4, NoCl5, VC130 CrCl2, MoCS, YO , CdCl2, LaCl 3,

Er (CBSCF 3 3) 3/ HEFREFSERsHalystgompgsition eomusise afesition mel selseied Sioghot er s
are further dQﬁ,CCé,l&ﬁ&iPﬂ,%@aﬁFaMeﬁ:@fe& ﬁ%m%@gx%ﬁxl? iepl?bgﬁ-xg&’s & m@fadr, 4. 774, 353.

These include 20 netal salts (such as ZnCl2, " Col 2, , and
or ganonet al Bi c IednprditBds (such as RA1C12, R3SnO8SCF3, and R3B, where R is

an al kyl or aryl gr WS . Patent 4.8374 884 describes how. ergistic
conbi nati ons of pr o?n.g?aé? ;segg%tlﬁscgén &"&%‘éc@ﬂoq l&b‘i%ﬁ%i’%rﬁ yf%"@é@ﬁ@%ﬁ% activity
of the cat al ystcostyiaingfronPs &f HY daétsbnfatodis) fo? egample; |1\ 8cutddiknt LBDFafdleds ZnCl 2,

B(C6H5) 3, and (C6H5)3SnX, where X = - 25 CF3SCB, CH3CBH5SCB, or ( C5H5) 3BON.
The nol e rati O%C?Mgﬁﬂgﬂe%iwmﬁfs@mdwHrﬁﬁ@drb@dﬁﬂsi”b?f i5an be within

the range of aQQM}neﬂdalﬁn%&taﬁMtthesﬁbéucﬁomeb@mr Wihbled ENT

| SOVERI ZATI ON The dpr(_asen i nvention al so provides for a process for the
hydr ocyanatlPon igsludediplefins|sulystirsed with grnupsovipeli dronot desstiviteithe satalyst, ®km with a
source of hydrqgsen ' | Nt ence of a catal yst conposition
conprising a traﬁgqg’?éggnyn% f‘,g ]gté@éﬁ?;it fromN, Co, and Pd, and at

| east one |igand selbefolldwingdomivies Vil endVIE osreduitabld feprasentiffivel/ 21580

PCT/ US00/ 25548 _ by Fornul,a 11, 1L-A,or |I- i n ition, .this invention
provi des for asﬁf%’@é@g%? co #?émﬁk% 69?9%%@%1?% ﬁ%%@ﬁgﬁeﬁéﬁt the products

monoal keneni t r iobfaed €roln 1)R-BhitadiemOdKRTNE, Nitriles in

CHACH—CH=CH, R4——CH=CH—CH=CH—R?5
VII VIII
1,3-butadiene
15  wherein each one of R24 and R?5, independently, is H or a C; to Cj alkyl.

H;C—CH=CH—CH,~-CN CH=CH—CH,—CH,~CN CH2=CH—(rH-—CHg
CN
IX X Xi
3PN 4PN 2M3

It will be recognized that Compound VII is a special case of formula VIII,
where each one of R?4 and R?5 is hydrogen. In formulas IX, X, and XJ, 3PN is 3-
pentenenitrile, 4PN is 4-pentenenitrile, and 2M3 is 2-methyl-3-butenenitrile.
In the practice of the hydrocyanation of the diolefin in accordance with the
20  present invention, the following description applies:
The hydrocyanation reaction can be carried out with or without a solvent.
The solvent should be a liquid at the reaction temperature and inert towards the

unsaturated compound and the catalyst. Generally, such solvents are

20



the presence of a catalyst conposition conprising a transition netal
selected from N, Co, and Pd, and a |igand selected fromthe group
represent ORI rmula 11, 5 11-A or |i-B. The diol ef i RETHHER254 t hi s

i nvention include primri I y conjugated diolefins containing from4 to 10
carbon at ons; Hydrocatbanssueh asibegzdnatxaliinerns nitiley sushds aietonitrilegbenzonitrile,
trans-2, 4- hexaoql g@‘é&m@“t adiene is especially preferred by reason of its
commercial inportance I'n the production of adiponitrile. Qher suitable
di ol efins 10 i ncl udmedxaut&fnpmmmﬂndupeﬂembhcgﬂﬂupﬁeM¢medo not

deactivate the cat st., for example, G¢is and trans - pent.adi enes. The
o out ot o e hulay iyt eloe nrel R petie e pngtiireish FOmpeSH bR Do AP
starting dipl ahé &sﬁe&ﬁ@%@ﬁll ,A8Hpdrat Y bBPorh %25°8 to 200PCXban RRsEEENT t he
products obtained from1 but ‘adi ene and HCN. CH2=CH CF=CH2 R24

- Cl- 1==CH CH OMtiRfrem O{f fo iﬁof’@ beingthepreferedrage5 wherei n each one of R24 and

R25, i ndependently, ,J;%g% Qla'f‘: (e, ON CH2=CH- CH2
CH2 CN CH2=CH C~H &3@%“%’@%‘?@%&?’?‘}5@% q_‘i)e recogni zed t hat
Conmpound VI | imamm@rdéra\ﬂaﬁ&radctdrmnhuigad\ﬁthmeoalal;'lseoremalysbne of R24 and
R25 is hydrogen. In formulas | X, X and X pentenenitrile, 4PN

i s 4- pent eneni PAPPEST tsah’&“?ﬁ%"? d?‘#\'@&*ﬂ&“@*"ﬂ énfé}cﬂrggqcham?%gaﬂxﬁe practice
of the hydrocyaspdvweptiovet theRtrfste of @k irdactich rAIx6RE SibubBledHrbughRaid 20 present

i nvention, the follow ng description applies: The hydrocyanation reaction

can be carri ede¥HPD WXtREQ I W‘E%WP"%\“S%IWUS“"FH@ aFERic shoul d be a
liquid at the d’oﬁﬁ"ﬁ&d@ﬂle ?&B&%&e@&dﬁﬁe acnt ﬁ%ﬁﬁr&%ﬁﬁ:&%ouﬂ&iﬁﬁw at ed

conpound and the cataly nerally, such sol vent
fed together mto the reaction medlum The molar ratio of HCN to catalyst

generally is varied from about 10:1 to 100,000:1, preferably 100:1 to 5,000:1, for

15 abatch operation. In a continuous operation, such as when using a fixed bed
catalyst type of operation, a higher proportion of catalyst may be used such as 5:1
to 100,000:1, preferably 100:1 to 5,000:1, HCN to catalyst.

Preferably, the reaction mixture is agitated, such as by stirring or shaking.
The cyanated product can be recovered by conventional techniques such as

20  crystallization of the product from solution or by distillation.

One can either isolate the 2-alkyl-3-monoalkenenitriles produced by the
hydrocyanation of the diolefin or proceed with the isomerization under similar
reaction conditions.

The 2-alkyl-3-monoalkenenitriles used as the starting materials in the

25  isomerization of this invention can result from the hydrocyanation of diolefin
described above or can come from any other available source. Suitable starting
2-alkyl-3-monoalkenenitriles can also carry groups which do not attack the
catalyst, for example, another cyano group. Preferably, the starting 2-alkyl-3-
monoalkenenitriles contain from 5 to 8 carbon atoms, excluding any additional

30  substitution. 2-Methyl-3-butenenitrile (2M3) is especially important in the
production of adiponitrile. Other representative nitriles include 2-ethyl-3-
butenenitrile and 2-propyl-3-butenenitrile.
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20 WO 01/21580 PCT/ US00/ 25548 hydrocarbons such as benzene, xylene, or
rutriles such as acetonitrile, benzonitrile, or adiponitrile. The exact

t enper at ureQ BB s dependent, to a certain extent, on tRET/UBMREHMBUI ar
catal yst being used, the particul ar_unsaturated conpound being used and 5
the desired rate. Gihefolloming formmles Xk andagl dlustratositabls Gpresemad@, can be used
with fromOCt ta?ﬁ% i r qgg?’ “ ] be
carried out by%c argﬂgﬁapggg%%e@&gm&ﬁ% gﬁgno ngﬁg{alg ?ﬁ%‘g{ﬂgﬁ%referabl y
the reactor i s buteaenjtride, Nietibonodrizaticat mbdiets ans 3-pattedeyittle and4panarhitilet he
unsat urated conpound, and sol vent. Hydrogen cyanide gas is 10 then swept
over the surface of the reaction m xture or bubbled through said reaction
mxture. |f desiredCcHhOHUGHIOH,0as€e0us U j_ecghor ni g2 conmpound,

t he hydrogen cyanide and th unsatur at ed orggl'ﬁrtt&%o oun Fg/ be fed
together into the reaction ium The nolar ratio OE\‘HCN to catal yst
generally is varied fromabout 10:1 to 100, 000:1, preferably 100:1 to
5,000:1, for 15 a batch op&iation. In a continuggg operation, such as when
using a fixed bed .catalyst type of operation, a higher proportion of

cat al yst may bé"e}lTEeé’ﬂ such as 5:1 to 100,000:1, preferably 100:1 to
5,000:1, HCN t R3¢ @loyat, t&?hﬁﬂam y, the reaction mxture is agitated,
such as by stirring or shaking.” The cyanated product can be recovered by
conventional techniques such as 20 crystallization of the product from

sol ution or by jgi§idd @argh ﬁgd (N is j 50l & 26

2- al kyl - 3- nonoal kenll(’anljiet I esthpr oé@g{a&g&lﬁép?é?gfaﬁ%f/%é@%o&g%lgﬁ%ﬁhﬁe1%he

di ol efin or prachabogent h t he i sonerization under simlar reaction

condi tions. The 2-alkyl-3-nonoal kenenitri.les used as the starting materials
inthe 25 isomeri z;[F’%/bsﬁmS?#‘ﬂ?gr"chthsdﬁv?&ﬁ“ fandig carried ght, ?‘}’ie

hydr ocyanat i on effimpiedt @fnid3phefie pedsiude shded? eeteperafit i MWErahgeD any ot her

avai |l abl e squrce. itabl e startin
l% 1%_20§};'é’ preferably in the ra.ngge 60-150°C. The pressure is not critical,

however, and can be above or below atmospheric pressure if desired. Any of the
conventional batch or continuous flow procedures may be used either in the liquid
phase or, with volatile reactants and products, in the vapor phase. The reactor
may be of any mechanically and chemically resistant material, and is usually of

15  glass or an inert metal or alloy, e.g., nickel, copper, silver, gold, platinum,
stainless steel, Monel®, Hastelloy®, etc.

The process is usually carried out "neat", i.e., without an added diluent or
solvent; any solvent or diluent that is nondestructive of the catalyst can be used.
Suitable solvents include aliphatic or aromatic hydrocarbons (hexane,

20  cyclohexane, benzene), ethers (diethy] ether, tetrahydrofuran (T HF), dioxane,
glycol dimethyl ether, anisole), esters (ethyl acetate, methyl benzoate), nitriles
(acetonitrile, benzonitrile), etc.

A nonoxidizing environment is desirable in order to retard oxidative
deactivation of the catalyst. Accordingly, an inert atmosphere, e.g., nitrogen, is

25  normally and preferably used, although air may be used if desired at the expense

of loss of a proportion of the catalyst through oxidation.
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2- al kyl - 3-nonoal kenenitriles can al so carry groups which do not attack the
catal yst, for exanple, another cyano group. Preferably, the starting
2- al kyl - 3-wowopmgékenenitriles contain from5 to 8 carbonpat/osm/2ssaxcl udi ng
any additional 30 substitution. 2-Methyl-3-butenenitrile (2M3) is
especial 'y i nportante h&k&l%mpﬁ&%&tnhﬂw ﬁlfnvél%l@%e&éabhﬁ%ﬁcﬁ%r
representative nitriles include 2-ethyl-3- butenenitrile and
2- propy! - 3- butreeroaikengnjtgle reactant apd tydinpay @Q%&emmmgmdaﬁﬂ@ﬁ ol | owi ng
formulas Xl a t

R aﬁﬂe’ Adcbi, g'ie)?u?ﬁ ﬁdﬁe hhfﬁﬁJ s Ploly &;%&‘ﬁ@hi% c'a%.ﬁ'étsrl;x? 1%& ot hyl -

2- al kyl - 3- nDnoa nenitri e st tlng nitr

butenenitrile cohipenem ofthe ﬂwin'g(systq:m uchmmmleielg liguidhése pperation, itenaynd
4pentenen|tr| C?% ’{ﬂc CiHS CH CH; CH2 6 CIN t NXL X'l wherein
5 Ro6 |5 Hoor BTt meblleaonfiopne gy %Iatﬂn%%mrmgﬁ BAPERIAS Bt RB a X1 is a
speci al case O ir@fiRed-Bedstdte (ushdlydnR26lid §ippbiy)dh @gerventidial iGwREr | zat i on
process of this invention can be carried out, for exanple, at atnospheric
pressure and XePeBhageIRsSEigB-ure in the range of 10 10-200C, preferably in
t he range 60-150C. efeit] W Eatg],pl can be above
or bel ow at rmspher|’1.(1:I;g§fngssure{i:ﬂftlll ergé}%séﬁ%%rﬁ@%lfmtdhe conve tional batch or
continuous fl @evemetbyipmetisalmpsiberationedThs titherequiredifen practicaldevebhfise or, with

any” mechariteal Ly aHa SRR ook ic BBk PRI ReaiBk REC O O 16

gl ass or an i rnipéndenttipbn the tah;bemtureef@acnom iok @iperaticrpgt ddwer $énhpeeatyre gol d,

| ati nu stai nl ess steel, Mnel Hastel |l o , etc.
P m gencral? y requires a longer t?mé tl'Pan operatgon ata}{&{lgr temperature. A

practical reaction time can be in the range of a few seconds to many hours,
depending on the particular conditions and method of operation.

15 The molar ratio of 2-alkyl-3-monoalkenenitrile to catalyst is generally
greater than 1:1, usually in the range from about 5:1 to 20,000:1, preferably 100:1
to 5,000:1, for a batch or continuous operation.

The invention will now be illustrated by the following non-limiting
examples of certain embodiments thereof, wherein all parts, proportions, and

20  percentages are by weight, unless otherwise indicated.

The following definitions are applicable wherever the defined terms
appear in this specification:

The term “hydrocarbyl” designates a hydrocarbon molecule from which
one hydrogen atom has been removed. Such molecules can contain single, double

25 ortriple bonds.
3PN: 3-pentenenitrile
2PN: 2-pentenenitrile
4PN: 4-pentenenitrile
2M3: 2-methyl-3-butenenitrile

30 VN: wvaleronitrile
ESN: ethylsuccinonitrile
MGN: 2-methylglutaronitrile
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The process is usually carried out "neat", i.e., wthout an added dil uent
or solvent; any solvent or diluent that is nondestructive of the catalyst
can be usW@.01288¢ t abl e sol vents include aliphatic or ar JHNS@O’Wﬁr ocar bons
(hexane, 20 Céﬂlﬁhg ane, enzene), ethers (diethyl ether, tetrahydrofuran
(THF), di oxanef '™ ?‘E:’B}YV'WW? ether, anisole), esters (ethyl acetate,
met hyl benzoatngdp: fiethiyl 3-péntedcatetonitrile, benzonitrile), etc. A
nonoxi di zing environnent is desirable in order to retard oxidative
deactivation &D:thdcwadispst . Accordingly, an inert atnosphere, e.g.,
nitrogen, is nHN9isiBLlo ct?,ngneoref erably used, although air may be used if
desired at the expehsé o oss of a proportion of the catal yst through

oxi dation. 5 2EtND @ietlls8ide PCT/ USOQ' 25548 The ni ckel conplex is
essentially n ol atil e t he 2-al kyl -3 nnonoal kenenitrile reactant
and the linea n b‘i’ﬁ?ﬁ?fg\é\ﬁcﬁﬁ%} products are relatively volatile.
Accordingly, iTHR ¢anhiydivfues: fl ow procedure the catal yst may be a
conmponent of the flow ng systemin a conpletely |iquid-phase operation, it
may 5 be in a nobile nonflowing liquid state in a sem -vapor phase
operation, or it nehe phfodol'fo? chibaifihigRfain rékbfonreslld Ifbhydfbcfanafied d support)
in a conventional fIO\RA ng vapor-phase operation. The tine elenent in the
process i slthotreantions aydllisomenigatinmreastiprs fallows:be governed by practi cal
considerations. The tinme required for a practical |level of 10 conversion
of 2-al kyl -3-nonoal kenenitrile to |inear nonoal kenenitrile is dependent
upon t he tenper at urRer sttp i hgdrbéyanatian reactionytbe tiseful pantdnemigiles @Npar at ur e

generally requirge er.tine th oper at .at.a.higher.tenperature. A
practical reac'ﬂddﬁe ﬁ%%dﬁ“%é@ﬂ?“?ﬁ&’}?ﬁﬂg‘c‘o ‘%&%‘%%‘%@ﬁﬁ%%’f gg)srrany hour s,
dependi ng on t&Romabirapithsiig vaRishitrilOfanamemartdiastdo Thopeiseful PN’sid5 The

nmol ar ratio of 2-alkyl-3-nonoal kenenitrile to cat agi(s,t i S t8eneral |y
greater thih 1thg molargatio af thesumf 3PRiteieand tens)ané gM3glivided\by)ie ppeunt

preferably 100581cN. The 3PN/2M3 ratio is the ratio of cis and trans 3PN to 2M3.

For isomerization reactions the 3PN/2M3 ratio is reported and is defined
as above.
20
For step 2 hydrocyanation reactions the selectivity to adiponitrile (ADN) is
ADN/(ESN + MGN + ADN). The 3PN and 4PN conversion is calculated using 2-
ethoxyethylether (EEE) as an internal standard. The total conversion of PN’s to
dinitriles (DN’s) based on the assumption that all material is accounted for, is
25  calculated as (sum (mol DN’s)/sum (PN’s + BN’s + DN’s)). (BN’s are
butenenitriles). The conversion based on HCN is calculated by dividing the total
conversion of PN’s to DN’s by the HCN/PN ratio in the original feed, i.e., (mol
DN/mol PN at start)/(mol HCN/mol PN at start).

Example 1

30 Synthesis of Acetal A
Salicylaldehyde (24.4 g, 200 mmol), ethylene glycol (31 g, 500 mmol),

oxalic acid ( 1 g, 11 mmol), and toluene (150 mL) were combined and heated to
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to 5,000:1, for a batch or continuous operation. The invention will now be
il1lustrated by the following non-limting exanples of certain enbodi nents
t her eof , Weneyd580 al | parts, proportions, and 20 percerRGEJES/EE by wei ght,
unl ess otherw se indicated. The followi ng definitions are applicable

wher ever the w8px fisd days insn appasatay equippedhwith 8 gendenser and aeanifiark trap.m

"hydr ocar byl " | NafeE i hydr ogen

at om has beenAﬁ?n%ggg’a%u%wgﬁgﬁgﬁﬁ@g@gﬁ cont éf{‘lJ@?ﬁAgPe‘% IEle(li"o?:@‘fee 25 or
tripl e bonds. schi#ldn véasdeind evee MgSO,)| and ti2Bblve®-wasryapoeated to igive 26 gRiflan

4-pentenenitri#e 2NB:1. et hyl -3-b enel%itri le 30 VN. valeronitrile ESN
et hyl succi nonPi Whitg so Nél{f W‘z‘-%ésf%ﬁ' eHS‘Pﬁ‘t ¥t trile 23 WO 01/ 21580 -
PCTI US0012$548 5 F V N 5-fornylvaleronitrile M3P. methyl 3-pentenoate

BD: 1,3-butadiene COD : 1,5-cyclooctadiene 5 Et3N:. triethyl am ne PCL3:
phosphorus trichloride THF: tetrahy/BPleZn The protocol for cal cul ating

certain reaction results for hydggm&;pgfi&gtal g0 reactions and isonerization
reactions follows: For step | hydrocyanation reactions the % usef ul
pentenenitril es (RMlisylaldehyde (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

10  for 8 hours in an apparatus equipped with a condenser and a Dean-Stark trap.

After cooling, the solution was washed with NaHCO, and distilled water, and the

solution was dried over MgSO,. The product precipitated when the solvent was

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

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

Example 3
Synthesis of Acetal C
Salicylaldehyde (24 g, 0.2 mol), neopentyl glycol (20.9 g, 0.2 mol), oxalic
20  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 MgSO,, and the solvent was evaporated to give 39 g of a white
solid, which was crystallized from hexane.
25

Example 4

Synthesis of Acetal D
Salicylaldehyde (12.2 g, 0.1 mol) and trimethylorthoformate (10.6 g, 0.1

mol) were dissolved in dry MeOH (40 mL), and H,SO, (0.25 g) was added. The
30 reaction was stirred for 2 days under nitrogen at room temperature. The reaction

was quenched by adding solid NaHCO, followed by Na,CO; until the mixture

became pH 9 or higher. The product was vacuum distilled (86.5 - 88 °C, 2 torr),
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and the 3PN2MB ratio is reported. The product distribution is analyzed by
gas chromato raEh using valeronitrile as an internal standard. The %
useful PNWONZIPB the nplar ratio of the sumof 3PN(cis BfAUI0P3H48 and 2MB

di vided by the nt . of HCN. The 3PN 2MB ratio is the ratio of cis and
trans 3PN to fﬂ}gggggroffréaeﬁ‘@%%sﬁpﬁe eactions the 3PN2MB ratio is reported
and is defined as above. 20 For step 2 hydrocyanation reactions the

selectivity to adiponitrile (ADN) is ADN/gESN + MGN + ADN). The 3PN and
4PN conversion is cal cul ated using 2&X yet hyl ether (EEE) as an internal

standard. The total conversi Onﬁth@}ﬁéf%%inggi&h;ﬁi | es (DN s) based on the
assunption that all material iS acco ) 25 calculated as (sum
(ol DN s)lsgum (PNSslll_lcyl@Nhsgclelm[1)|1|'|gs9.})?j rx(oew-gni;ig@thdnut(cmérgi, 0.|06 bet)) . The f
conversi on ba A cul at e | Wi t tatal ., copversion o
PNs to DNs %ﬁg?ﬁaglcﬁ%b’%? Egi g9 rlv”etr?n§¥§5’?‘f°éil?lé??’%f‘%§§,m' apd hegtedjo Dy |
Sal | cyl al dehydo (2 a a0 o oo e ] e o)
oxalic acid (f‘%e,g'c‘i‘éﬂi“ﬁﬁbﬁ? “W&Mmewiﬂmf ‘ﬁ?f-ﬁjﬁﬂl’i‘@@fﬁnd heat ed
L0 i 2D Ot BB BIGH SRR 52d hicd Sl MiESHOT Afkr ol oo at s

equi pped with a condenser and a Dean-Stark ter cooling, the

sol ution V&s wddedamntihibepradupitegarda gragipitatel 588 gvfiselid watvelleatasl. ut i on was

dried over MJSM, and the solvent was evaporated to give 26 g of an off
white solid. It was crystallized from hexane. 5 Exanple 2 Synthesis of
Acetal B Example 6

Synthesis of Acetal F
A 300 mL flask was charged with 14.929 g of 5-chlorosalicylaldehyde,
15 12.409 g of pinacol and 0.300 g of oxalic acid and 150 mL of toluene. The flask
was connected to a Dean-Starke trap and the mixture refluxed overnight. The

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

20  was washed with acetonitrile to give 7.118 g of white solid. "H NMR (500 MHz,
CDs ,8): 7.9 (s, 1H), 7.17 (d, 2.6Hz, 1H), 7.08 (dd, T = 2.6, 8.7 Hz, 1H), 6.73 (d,
J=8.7Hz, 1H), 6.02 (s, 1H), 1.26 (s, 6HO0, 1.18 (s, 6H).

Example 7
25 Synthesis of Acetal G

A flask was charged with 18 g of 5-chlorosalicylaldehyde, 13 g of 1,3-
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
30 layer was dried over magnesium sulfate and the solvent removed by rotary

evaporation. A light brown oil was obtained (22.3g) which solidified upon

standing. "HNMR (500 MHz, C,D; ,8): 7.7 (s, 1H), 6.96 (d, 2.6Hz, 1H), 6.72
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Sal i cyl al dehyde (244 g, 2.0 nol), 1, 3-propanediol (228 g, 3.0 not), and
oxalic acid (4.5 g, 0.05 not) were added to 400 nL toluene and heated to
reflux 16véar218ohours in an apparatus equi pped with a coTdsowzssssand a

Dean-Stark trap. After cooling, the solution was washed with NaHCO3 and
Gistilled wat did Jana6 & EHzsBDE AV, ek THe | Hi 4676 1K S50 (gD Biuct

preci pitated i ng evaporated. The solid was

col | ected and |’S§§)‘I Veﬁ%’%ﬁﬂ jgﬁ(glxéﬂg The solution was filtered through
Celite(r) (a filter aid manufactured by Johns Manville 15 Corp.), and the
product was crystallized to give 108 g of an off-white solid. Exanple 3
Synthesi s of Acetal C Salicylal dehyd&xamnled 0.2 not), neopentyl glycol

(20.9 g, 0.2 not), oxalic 20 aciBynttesigof Atetahlbl ), and tol uene (150 nl)
nbi ned d t fl f 2 i t i d
et ol ned a0 ol Bt ol S BRI 2P

washed with Nati6lbxalitwacit @10 d)) £d tI6drR250MHE) weak bémbified adhested ®d over MySO4,

and the sol vent was ivaporat ed to give 39 of a whit solid, which was
crystal lized fieB fesz 4% 1n smappesiysicquigpedyiih 4. conensegrand a Legp-Sfstk trap.

Sal i cyl al dEhyd&ﬁ&chol?nggﬂmerlﬁnmas ﬁd&ﬂecﬁ&i‘ﬂ{‘ﬁﬁﬁdb%&m&f@ﬁ%&x #1036 g, 0.1
not) were dissolved in gﬂ OH (40 , and S 0.25 g) was added. The
30 reacti on wawaten(3@ még. g soutign yas Veh%%ﬁ@gendﬁl@ splyenv™agnper at ure. The

mxture becand irgt ke AL Sl Qb ol S e B RERE a6, 5 | e

C 2torr), 25 W 01/21580 PCT/ USO0/ 25548 and 3.98 g of nmaterial was

col | ect ed. gExaan e 5 Example 9

Synthesis of Ligand A

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)

10  intoluene (15 mL) was added dropwise with stirring. The reaction was allowed to
slowly warm to room temperature then stirred overnight. A mixture of Et;N (0.4
g, 4.0 mmol) and dimethyl 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-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

15  through Celite®, and the solvent was removed to give 2.0 g of product. *'P NMR
(CsDy):  132.6, other peaks at 146.3, 130.3, 130.7 ppm.
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Synt hesi s of Am no-Acetal E 5 Salicyl al dehyde (6.11 g, O. 05 nDI)
2-anilinoethanol (8.23 g, 0.06 nol), and oxalic acid (0.4 g

di ssol ved YA Hfene (50 mL) and heated to refl ux overn?ﬁﬁp 90(?5%
apparatus equi pped with a condenser and a Dean-Stark trap. After cooling,
the solution was washed with aqueousEXdmigled® distilled water, and the

t ol uene solution was dried over BySfdsis@fligandfB|tration, hexane was 10
added until the product began to precipitate. 5.89 g of solid was

coll ected. Exanple 6 Synthesis oN Acetal F A300 nL flask was charged with
14.929 g of 5-chlorosalicyl al dehyg 2209 g of pinacol and 0.300 g of
oxalic acid and 150 nL of tol uen€ was connected to a

Dean- Starke trap and the m X i The m xture was
washed wi th aqueous sodiu c layer was dried
over magnesium sul fate. The . 1 ] tary evaporation. A
yel |l ow solid was obtai ned mh'ch mas recryst i rom hot hexane. The
solid 20 was washed with a 809g of white solid. "H
NVR (500 MHz, CeD6 ,8): 7. .oHz, 1 H), 7.08 (dd, J =
2.6, 8.7 Hz, | H, 6.73 (d, \ ._ 1H), 1.26 (s, 6HO, 1.18
(s, 6H). Exanple 7 25 Synthesis ask was charged with 18 g
of 5-chlorosalicyl al dehyde, 13 g of 1, 3- propanediol and 2 g of oxalic acid
and 200 ni of tol uén@alﬂ'hbflig,zﬁshnmbanéBGlacéQ;ﬁﬁg,ltmmal)Dmmd:&omamrap and

aqueous soti Uit RS prnd Rl it caolghs 40 & BN R e b Simothagnes um
sul fate and thletohmhdﬁritmlr,)emmﬁﬁbdhkoﬁ\ﬁﬁm stEMAR OTIlrkAfon Hal Alb¥edds own oi |

was obt ai ned é§ﬂ3 whi ch solidified ugon standing. 'H NVR (500 MHz, C6D6
,8): 7.7 (s, Y torgom femnagaturg then srredovemight. Atnixture of Et;N (0.4

g, 4.0 mmol) and 3,3’-dlmethoxy-S,S’-d1methyl-2,2’-b1phenol (0.55 g, 2.0 mmol)
in toluene (15 mL) was added to the phosphorochloridite solution, and the mixture
10 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(D,): & 134.9, minor peaks
at 145.4, 132.3 ppm.

nmol ) were

Example 11
15 Synthesis of Ligand C
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N
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Acetal A (133 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. EtN (1.0 g, 10.0 mmol)
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WD 01121580 PCTI US00/ 25548 (dd, J = 2.6, 8.7 Hz, 1H), 6.49 (d, J=8.7Hz,
1H), 4.87(s, 1H), 3.37 (m 2H), 2.99 (m 2H), 1.37 (m | H), 0.35 (m
111). Exarnpder/fssoSynt hesis of Acetal H Salicyl al dehyde (ptdngoosssss nol ),
2-met hyl -1, 3-propanediol (18.0 g, 0.2 nol), oxalic acid (2.0 g), and
t ol uene (250 i folueae € 5culdbvaseddaintlofvasd with dtivring. €fleweaction wis allayed ton an

appar at us equi d wth a nden and.a .Dean; St ark .trap. r cooling,
t he sol ution \ﬁﬁ AL r%“f’ﬁ ﬁ%&@“ﬁ&%@d’vﬁﬂgﬁ%né nH?‘%‘ch‘TflEé’@f(ba/at er (30
nL). The sol uig] 20 mifs) Shididishesyl 2" WhS@oxy-2 )1 UbihbhitaRny-S[3-dv@boxyda@por ated to

give 39 g of a white solid, which was crystallized from hexane. 5 Exanple 9
Synt hesis of K %&@W“WQ(‘J‘@W?“BUS@@_W“Fadded‘PﬂGPP°SHh°f°d§°ﬁdlEF Acetal A

(1.33 9, 850 WhiRdidn, Q:'IH%E’%&%&%&M&@H&H ! Bruftb 925 Hfeded N Lol uene (40

m.) and the solution was cooled to -40 C. Et3N (1.0 g, 10. 0 mmol) 10 in
t ol uene (15 nﬂyow@)&@&%@nﬁﬁnpwgwmmmdmrgmgzZEhépth BNMR&s al | oned

to slowy war r r | ffed overnight. A m xture of
'@‘1&%) 8 P{é‘)zt ?%ketaﬁy{{f?nsi ppm.

Et 3N (0.4

2,2'-dihydroxy 1,1 - b|naphthalene-3,3'-dicarboxylate (0.8 g, 2.0 mol) in
toluene (15 nL) was added to the phggghogoghloridite solution, and the

m xture was stirred for 2 hours. Th #on was filtered 15 t hrough

Celite(r),jpand the solvent was r gyRu&ss drPighd® 2. 0 g of product. 31P NWR
(CeD6): 8 132.6, other peaks at I%%g Igdg 130. 7 ppm

QO

/°°\

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 mmol)
in toluene (15 mL) was added dropwise with stirring. The reaction was allowed to

15  slowly warm to room temperature then stirred overnight. A mixture of Et;N (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 solution, 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,D,): & 135.2,
20  other peaks at 142.7, 134.5 ppm.
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27 WO 01/21580 PCT/ US00/ 25548 Exanple 10 Synthesis of Lignd B Me O U O
Acetal A (1.33 g, 8.0 mmol) and PC13 (0.55 g, 4 mol) were dissolved in 5
t ol uene (4Womidissnd the solution was cooled to -40 T. Et BRIUS0RSHE 10.0
mml) in toluene (15 nm) was added dropwise with stirring. The reaction
was allowed to slowmy warmto room Exempledd ure then stirred overnight. A

m xture of Et3N (0.4 g, 4.0 m"mlg s of Ligand
3, 3" -di met hoxy-5, 5" -di net hyl - 2, Z'JG‘%FHUF%—%- .55 g, 2.0 mol) in toluene
(15 nmL.) was added to the phosphorogstmyi digeysol ution, and the m xture 10

was stirred for 2 hours. The sol ut yered through Celite(r), and
the solvent was evaporated to giv pr oduct. 31P NMR (C6D6): 8
134.9, mnor peaks at 145.4, 132.% ple 11 15 Synthesis of Ligand
C 0- AOP-OO 10O 1 H OA pl ) and PC13 (0.55 g, 4
mmol ) were dissolved in tol A ution was cooled to -40
C. Et3N (1.0 g, 10.0 mmol) &g 0/25548 in toluene (15
nm.) was added dropw se vvithnsa ohes allowed to

Acetal D (336 mg, 2.0 mmol) and Et,N (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 PCJ, (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 phosphorochloridite
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. *'P NMR (CDs): 8 131.7,

minor peaks at 146, 130.1 ppm.

Example 14
Synthesis of Ligand F

SR
TR
tafiete

j_

g b

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,
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slowy warmto roomtenperature then stirred overnight. A m xture of Et3N
(0.4 g, 4.0 nmmol) and di phenyl .
2, 2" - di hywiomigiske 1' - bi napht hal ene- 3, 3' - di carboxyl ate (gcBbs@nssis0 nmol) in
toluene (15 nL) was added to the phosphorochloridite 5 solution, and the

m xture was s thetriethylagmopiummitaside $¢lils sekanacam fibared ardtveashell withdgugh

' I d ' 2.2 f pr ct. 31P NWR
(CoD6y . 5130, Sbt}S LIHEN T BmbETPUES il s SiaBodliel a3 HGS 5y mi hesi o of
T ot oS o OO Rg, 8es r)

n ne - '
Et 3N ('1_5309?"3%{:6%;;3{9;49 aab %ll‘gﬂ%ﬁéép’%sht“)LWm added dropwi se with
stirring. Fhe reacrﬁ@homr@ﬁm%gg?glé%%ow wasv;ggsgjv%@m&&enperat ure

then stirred overnight. A mxture o N (0.4 g, and

3,3 ,5,5 -tetfld engcopled fst 3A%hisla drpboxdregzer.2Hpdmeganl chloride it dyuene (15 nl)

was added to & Fals O ' t he .m xtur was stirred
for 2 hours. 'Ll'tﬂgr(ggﬁﬂ'??%méss%fiﬁ%§%‘§g%é#e%%g%mgufelqegf’?ﬁé‘%ﬁﬂst he sol vent-
1. 2. B0 ot e Ptk T T T o O RS0 by SOn 26548
135.2, 20 ot hgr peaks at . ) m .

Exanpl e 13 Syﬁf’%g’sﬁ%é e[%’éi‘ﬁﬁsﬁﬁ&s@é?&w&m%@m E)’af avithy, (Zj.Ohm"rDI)
and Et 3N {(@. Od.ethitD(20 mill)0 The W6rhibinéli &5@ filtedes vard &vapsthie@ Ryiéla ) and the

sol ution was added dr p_vd\n_sefto a stirred -20 C solution of E’ClB (137 ng,
1.0 mml) in P sﬂ?ﬁ‘é”’f"f‘ He 9f acetglC.r 28516 Haarls3-S3HsQsHaQPCIO3 M n, and t hen
a mxture of ﬂ]\/ﬁi@j@@(ﬁ%ﬁ@bgrﬁ.l43 nmg, 0.5 mmol) and Et3N (0.4 g, 4.0 nmol)

in toluene (3 nmL) was added to the phosphorochloridite
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

15 acetal C (1.634 gm, 3.40 mmol) dissolved in dry ether (50 mL). After coolingto - -
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,
neutral alumina and the alumina was rinsed with dry tetrahydrofuran (50 mL).

20  The combined filtrates were evaporated to yield the desired diphosphite ligand as
a light yellow solid (0.376 gm). 31P NMR (CDCl3): 129.7 ppm.

Example 15
Svynthesis of Ligand G

e ¢
Ya v

of Qo
oyl fu
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With stirring under dry nitrogen, 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-

25
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solution, and the m xture was stirred 1 hour. The solution was filtered and
the 10 solvent was evaporated to give 0.57 g of product. 31P NWVR (C6D6): S
131.7, 0 2H8%s at 146, 130.1 ppm Exanple 14 Synt h&iESO8R558§ gand F

OF OP P- -04 ~~y .15 W\ stigprin nder, a dry, .nitr n_at here, a
dry ether sol ?’8%‘%’56"&@?7 gt %Qé‘ﬂfg?ly&%” ‘ifﬂé&ld‘artﬁuﬁ%gg"@ﬁﬂ%ngﬁg 20 ninute
period to N, NmLytiRhBydlehespéra with 8 akisicsthdeiine bhtH e MetnyHithiih ng%%ﬁofﬂml) and

dry triethylamne (4.88 gm 48.3 nmmpl) dissolved in 150 of dry ether.
After stirring*dd& shgnts moohweseddoaldepvisieubesplptisngas aligaed to

el hor (3 x 15 o R Etiee, MREA AR IR ShORbTaEr, O Vel

ether (3 x 15 nlL). The co were evaporated to yield
the desiréd ghobphdeesidlil v hydrochléricac{di36 il-)1 TBe Gigrhic phase M4d] 2PN( C2H5) 2,

as a white sglij.d 3 . 31P CDC13): 141.9 m .The
phosphor ami di ?’és“fﬁ.('@@%éaﬁ%q%‘%a%% sorﬁ‘}géﬁf‘ﬁlgd"afﬁgﬁq]v%é?her (150 niL)
then cool ed t dichiBfdmeititana antd stted tHrowgpdizasilica ldes1 Q8 EThedhrpe ifilieaté Wadlr y et her
(36 nL, 1.0 M i se over a 20 minute period to the cold,

_ was dde'dgdgiﬁp - s o2
stirred phospREPSRe;te ieldd.ddityidroxyrlel'binaphthalpne-3,3'isimethybkstongasened to t he
freezer for apg;dwgolia(ﬁmgﬂ%s. The solids were vacuumfiltered and washed
with 10 dry ether (20 nlL). The conbined ether filtrates were evaporated to

yi el d t he10phospho#.dchihgdiony-i 4'-bihaphthalene-3(3'-bis(methylketone) (0.200 gm, 0.54
[2-[5,5-(CH3) MI%@J&Q&%AM&BQcMO%%Re of\l A@n{l %]6?3} gmr,L ?%5 ?mgcﬁfn
dissolved in dry ether (50 mL). After cooling to -35°C in a drybox freezer, the
light yellow mixture was stirred as dry triethylamine (0.155 gm, 1.53 mmol) was
added dropwise over a 5 minute period. After stirring at ambient temperature for
15 another 48 hours, the mixture was filtered through dry, neutral alumina and the
alumina was rinsed with dry ether (50 mL). The combined filtrates were

evaporated to yield the desired diphosphite ligand as a light yellow solid (0.466
gm). 31P NMR (CDCl3): 134.1 ppm.

Example 16
20 Svynthesis of Ligand H

= X2
¢ 07)0\0 9
gl et
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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
25  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
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D (2, 6-di net hyl phenyl ) 2, 2'-di hydroxy-1, 1' - bi napht hal ene-3, 3' -

di carboxylate (0.792 gm 1.36 mmpl) was added to the phosphorochloridite of
15 acetal WO URIHB4 gm 3.40 mmol ) dissolved in dry et herPQIB8B0035548 Aft er
cooling to - 35Cin a drybox freezer, the light yellow m xture was stirred
as dry triet h)ébﬁﬁb@@asﬂﬁw%&foﬂmné-aﬁx%iem@h%efﬂﬁ&.mgtiﬂth%rﬁi@h@Ver a s

m nute period. After stirri ng) at anbi ent tenperature for another 2.5

hours, the ni deipnizeduyates (S0mely)vns slomdyigrided tothe repetionselution atBGa Withd t he
al um na was rig |- . Lhed
fi :Jt rates \?ver:a S‘Sai‘ﬁ\c%qr‘%r?'égf yoﬁy?%:?@x? hga%g?‘}dég&g%gé’%%@%&?t? and as a

l'ight yell ow detan s@_@nﬂ?ﬁcigh)(pH%]Z).Prh&\Rg(xmse)wasl\?z&h?d pithwatet ina Exam | e 15
25y nohob AT e Rl ek W Rl it 2201,
di carooxyl i c agdidhe(was Seligoivebin@idiitRbmeth@® afld slaRl VReught silich ghigihighydr of ur an
(50 nl) then cooled to -78C with a dry_ice/acetone bath. Methyllithium (25
nL of 1.4 M itheorames filteats wagsvaporaied tg yisdd 2.4 rdifsroxa- s hrbipaphibalenstid't on was
allowed to ' RS ter stirring overnight, the

sol ution ms@dﬁ%ﬁgﬁﬁgﬁ?ﬂ%a?g [ ceﬁ%g{%gﬁM hydrochl oric acid (30 nL). The
organi ¢ phase was 2¥aBitydroxylil'-binaphthaldne3, Xbis(pherlliethneY (0716 ganadd45r esi due
Pt nglesfsﬂltﬁ?gtnlérg%gjaggd\?g% g)p{g% @%@%‘%‘o& eqerﬂgﬂé SPALH 49938 eR S kFAmly Pl UG- The
2, 2' - di hydr ox\istolied inidapethér(50 sy - Bfter coblirp(taedng likedgbes freexemtheyel | ow sol i d
(1.52 gm.

orange solution was stirred as dry triethylamine (0.365 gm, 3.62 mmol) was added
dropwise over a 5 minute period. After stirring at ambient temperature for another
2.5 hours, the yellow mixture was filtered through dry, neutral alumina and the

IS  alumina was rinsed with dry ether (50 mL). The combined filtrates were
evaporated to yield the desired diphosphite ligand as a light yellow solid (1.68
gmy). 31P NMR (CDCl3): 134.0 ppm.

Example 17
20 Synthesis of Ligand I

2 T
e

% oF

33

Cl



10 2,2'-Di hydroxy-1, 1'-bi napht hal ene- 3, 3' - bi s(net hyl ketone) (0.200 gm 0.54
nmmol ) was_added to the phosphorochloridite of Acetal C (0.651 1.35
mol ) di EBINRF n dry ether (50 nL). After cooling to E%g@qoﬁ@és dr ybox
freezer, the Ilight yellow m xture was stirred as dry triethylam ne (0.155

gm 1.53 mmol ) was Intaddand bongiflask wascidded 41D goliphofphohB drichi¥rideangt i rring
the mxture was filtered

at anbient te ergéure ‘{}ﬁ{ 15éﬁ,got,her 48 hours, )

through dry, A&H ImIa? Ve "Pﬁ‘é“e‘&‘fslfﬁi’]ﬁét%a?é’_ G WsdeHZWSﬁf_Wlet her (50
m). The conbigags éddt:a.wrp_e&omea SolutfHTPRr) 6k hyhahifhet0!806 ofiESi0o RO
di phosphite ligand as a [ight yellow solid (0.4%6 gm . SJg.PNIVR(CDC13):
134.1 ppm Ex&%ﬁql%enwagedds drapadses AotP NMfuelthemixtyre indicasedoomagor - ~O Wt h

stirring urder ' s =g - , 4 DI hal epe; 3, 3' -

di car boxyl |Bc 5%¥§¥fgh§£@§%§‘@mm"%%gﬁé&cﬁ}g%%? f%daﬁ?h@%]’@eﬁ’e@s’ahydr of uran
(500 25 nl) tobismrewad wded @405/6F 2)2"tekhydidehelis{doidimetiytphendly pfepateieny! | i t hi um
(100 nL of 1.8 M i.n 70/,30 cyclohexane/ ether, O was, added dropw se
then the 32 \w%iwﬁi%ogﬁnﬁéfFﬁsM- i3] O%JP’btpﬁﬁ"{égég%’ #5 warmto
anbi ent  t enpengthétefnd Ahdre 0.680 g OF irfRthyR¥hd) | THM mixtubEW A a8 oVihight 730 ML) Was
slowy added to the reaction solution at 0OC. Wth vigorous stirring, | M

hydrochl ori c dbsndfiligeed throuehiCelitef.washed iwith foluene apgd salvensramoved betofar® st rongl y
acidic (pHo= Zhapolii®onb Gidld heg hR. 2.5 separatory
funnel then driég over gr}g%gg%%sal a%\é@glhdpgya%g%m%t‘%'erﬁ@rgﬁnge
resi due was r @eliosansk aelB4iSppdi, ciiharresvparivesa 1304, 822 £30.9,1128Q¢pma silica gel
|l ug. The or fLltrate was evaporated t.o yield
FZ), 2.9_ di hydr OXWN? ﬁtwg %ca?rgﬁgr_e%,ggmcgl 1omzat1¥m mass spectroscopy): Found:
1183.1; calculated for C;H0,,CLP,+ H":1183.22.

15 Example 18
Synthesis of Ligand J

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
20  toluene (15 mL) was added dropwise to the cold solution. The reaction was
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 Et,;N (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
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bi s(phenyl ketone) as a yellow solid (10.5 gm.

2,2'-Di hydroxy-1, 1' - bi napht hal ene- 3, 3' - bi s(phenyl ketone) (0.715 gm 1.45
10 mol ) wesorsked to t he phosphorochloridite of Acetal eTUsod’®84sgm 3. 62
mmol) dissolved in dry ether (50 nmL). After cooling to -35C in a drybox
freezer, the vwasaRERER!gid DN VRS yslow sicky podeie. Y Nivet:hg 11aimiene (0. 365 gm
3.62 mml) was added dropw se over 5 mnute period. After stirring at
anbi ent t enpefrmelier geakat 1%£6tb|5@dpeé<s@t Wouk. d444pmm-yel | ow mixture was filtered
t hrough dry, neutral alum na and the 15 alum na was rinsed with dry ether
(50 nmL). The conmbined filtrates were evaporated to yield the desired

di phosphite I igand as a light yell o@mb!_dz(l 68 gm . 31P NWVR (CDC13):
134.0 ppm nple 17 20 Synt hesb L| and Cci oci cl1 33 slnr
VO 01/21586 PCTI USOQ) 25548 | nt o {1 ask vas added 0,412 g of
phosphorus trichloride and about 50 gy o= ol uene. The m xture was cool ed
to -30 C and 1.288 g of Acetal G A precool ed solution (-30 O
of triethylamne (0.800 g) in 2 @ was added dropw se. A 31P
NVR of the m xture indicated a ce at 164.1 ppmw th m nor
resonances at 193.3 and 132.5 p pxture was added 0.405 g of
2,2' -ethylidenebis(4, 6-di net hyl d according to Yanada et
al., Bull. Chem Soc. Jpn., 19 O nL of toluene and then
0.600 g of triethylamne. The ed overnight and then
filtered through Celite(r), wash , and sol vent renoved by
rotary

With stirring under a dry, nitrogen atmosphere, 2-(tetrahydro-2-
furanyl)phenol (5.10 gm, 31.1 mmol) was added dropwise to N,N-
diethylphosphoramidous dichloride (2.702 gm, 15.5 mmol) and dry triethylamine

10 (3.77 gm, 37.3 mmot) dissolved in 200 mL of dry ether. After one hour, the
triethylammonium chloride solids were vacuum filtered and washed with dry
ether (3 x 15 mL). The combined ether filtrates were evaporated to yield the
desired phosphoramidite, [2-(2-C4H70)CgH40]2PN(C3Hj5);, as a viscous oil. 31P
NMR (CDCl3): 142.2, 142.0, 141.5, and 141.2 ppm due to a mixture of

15  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
in dry ether) was added dropwise to the cold, stirred phosphoramidite solution.
Five minutes after the addition was complete, the solids were vacuum filtered and

20  washed with dry ether (3 x 15 mL). The combined ether filtrates were evaporated
to yield the phosphorochloridite of 2-(tetrahydro-2-furanyl)phenol, [2-(2-
C4H70)CgH40PCI. 31P NMR (CgDg): 163.7, 162.9, 162.5 ppm due to a
mixture of stereoisomers.

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

25  0.807 mmol) was added to the phosphorochloridite of 2-(tetrahydro-2-
furanyl)phenol (0.793 gm, 2.02 mmol) dissolved in dry ether (50 mL). After
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10 evaporation to yield the 1.8 g of a white solid. 31P{H} (202 MHz, C6D6):
maj or resonance at 134.9 ppm mnor resonances at 132.6, 132.2, 130.9,

128. 2 ppmOBBEEONS (at mospheric pressure chenical ioni zZB¢THMORYE
spectroscopy): Found:__.1183. 1, calcul ated for C58H60014C14P2+ H: 1183.22. 15
Exanpl e 18 SyAPHESPS3HE 10 A garbex otpep tes leghAXfé{%mﬁh{fwsgstheﬁgs ARbl ) and
PC13 (0.55 9, tAetijiRinine(@264 EthSE02 MBH]) Was aiddURSRviEASVelh 1 0 afishte 00l ed to -40
C. Asolution of Et3N (1.0 g, 10 nmol) in 20 toluene (15 nL) was added
dropwi se to t trstied| Bhesmixinre was filtmed theaugh domnewirs! diminaagd ths alymina t o r oom

tenperature t | | S ' f

N- phenyl) - 2, 2%i@%ﬁ‘g@gﬁ?@ﬁ?Eﬁﬁaspwtﬁ?iaﬂéeﬁégb%%as |€glrﬂg§§s<g%m}ede (1.1 g, 2
mmol ) and Bt 3Nvéapratedjto yieldritheldesited diphosyehite ligdrfd asta)whita solidi(deti gmi)d3iPhe mi xt ure
was stirred f rs. Th | Xt ure wa iltered through Celite(r), and

t he sol vent 335%@2#@1%@%@&;%3%“% “?f@ﬁde'?af give 2.3 g of a
yel | ow sticky smréfisoeders. 31P NVR 6 131.6, snaller peak at 127.6, broad
peaks at 133.1, 144. 1ppm Exanple 19 5 Synthesis of Liand K O qoV T-o O
0O be-6 OWth stirring under a dry, nitrogen atnosphere, 2-(tetrahydro-2-

furanyl ) phenol (5.10 gm 31.1 nmol) d dropwise to N, N
di et hyl phosphor am dous di chl ori de (2%‘%\'@ 15.5 mmol ) and dry

triethyl anithe Synthesis of Ligand L,

Cl

Cl Cl

Into 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
F was added. A precooled solution (-30 °C) of triethylamine (0,700 g) in 20 mL

15 of'toluene was added dropwise. A *'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 tricthylamine. The mixture was stirred overnight and then filtered
through Celite®, washed with toluene and solvent removed by rotary evaporation

20  to give 1.753 g of a white solid. *'P{H} (202 MHz, C,D): major resonance at
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10 (3.77 gm 37.3 mol ) dissolved in 200 nL of dry ether. After one hour,
the triethylanmmoniumchloride solids were vacuumfiltered and washed with
dry ethe™WQ®245845 nl). The conbined ether filtrates werPeTAiBAMSF8t ed t o
yield the desired phosphoramdite, [2-(2-C4H70) C6HAQ 2PN(C2H5) 2, as a

vi scous oil. 3300NMR, ¢tBBGERNnancsld.123.1 bd@ 13).8 dfim 5 APCHMS: Fbuid:[(1p66.8lue to a

m xture of 15 ste i rs. [ horamdite (5.0 gm 11.6 mmol) was
di ssolved in 8?‘?“18@%g‘ffs‘%g%@r&‘;mﬁ?gﬁgiﬁo| ed to -35 Cin a drybox freezer.
Hydrogen chloride (24 nL, 1.0 M in dry ether) was added dropwi se to the
cold, stirred phosphoram dite solution. _Five mnutes after the addition
was conplete, the solids were vacuuni¥ampleled and 20 washed with dry ether
(3 x 15 nlL). The conbined ether fohdidd&GTiVBERqEVaporated to yield the
phosphorochl oridite of 2-(tetrahy WFW‘H&&;TWTphenoI , [2-(2-

C4AH70) C6H40] 2PCl . 31P NWR (C6D6) : , 162.5 ppmdue to a mxture
of stereoisoners. D phenyl
2,2 -di hydroxy-1,1' - bi naph
mol ) was added to the phop ahydr 0- 2-
furanyl ) phenol (0.793 gm K R_dr¥ ether (50 nlL). After
35 FIm WO 01/ 21580 PCTI USOO in a drybox freezer,
the light yellow m xture wa i eghpl am ne (0.204 gm 2.02
mmol ) was added dropw se ov . The m xture was filtered
through dry, neutral alumna a As rinsed with dry ether (3
X 25 nL). The conbined ether fi aporated to yield the

desi red di phosphite Iigand as a 0.81 gm. 31p NWR (C6D6):
several peaks cent ércetd Ai(1.31384, Sopmol)ard PCL, €0.58 g dunmolp verestiszoleed moner s.

Exanpl e 20 toluene (40 mL) and cooled to - 40 °C. A solution of Et;N (1.0 g, 10 mmol) in

(0.425 gm 25 0.807

toluene (15 mL) was added dropwise to the cold solution. The reaction was

10  allowed to warm to room temperature then stirred overnight. A solution of 2,2°-
biphenol (0.37 g, 2 mmol) and Et,N (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 1.79 g of a pale, oily residue. *'P

NMR: & 131.3, smaller peaks at 132.5, 144.2 ppm,
15

Example 22
Synthesis of Ligand N



10 Synthesis of Ligand L Cci O ci cl Into a round bottom flask was added
0. 343 g of_phaosphorus trichioride and about 50 nL of toluene. The m xture
was cool edm?g V2139 C and 1.284 g of acetal F was added. RCHPEWAEMEd
solution (-30 C) of triethylamne (0.700 g) in 20 nL 15 of toluene was
added dropwi se. A 31P NWR analysis of the m xture indicated a major
resonance at 162.6 m To
this m xture was adde 0\3&‘%%&13@ Mm%%z@&ﬁb?‘?ga%gt gf(%%g%lg@%t&s?&&vgd r'llljene and
then 0.600 ¢ f@fuethr(l@mﬂy)L diirisrselutidin wanadded tea \RAS Casblutioeof BOe(137 giyg, 1and t hen

filtered thro she w th tol pe ol ve tenoved by
rotary evapora’@g‘raﬁngo lée%{’&g% gvefgg ynyE pﬁn\’ﬁ# ‘?@e@%ﬂﬁd °§’1Bﬂl}}xrt“f02 MHz,
C6D6) : maj & remmmdetenmc%rmnﬂﬂa&eali&&sﬁ@bﬁlmﬂﬁ thol 343 Ghgdpm Ot her
resonances at 143 1 and 130.8 ppm APCI MS. Found: 1366.3; calcul ated for

C72H760L40 4P29-5 1Y) anddt %ﬁ@@lﬂ%ﬁ%h@éﬁ@i@ln@@m@owdﬂw o o-(C
0 Co Acetal A WBAR) Lirhch 3 ?lgémg solved in
t ol uene (40 m?kéﬁgv%gglfbed t!())g- 40 %‘%A’lé% ution g?%’ %\?{(301%&10 nol )
in toluene (1Waskvepyrated tackivel0.47 g pfproduct.’'R NMR-0d wzsbuao Bosmall Heaksr eact i on
was 10 al | owned tlg7ga{,ﬁ1§n&n{oomterrperature then stirred overnight. A

sol ution of 232 (0.37 g, 2 mol) and Et3N (0.4 g, 4 mmol) in
toluene (1B nL) was added

Example 23
Synthesis of Ligand O

%L// L

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

15  toluene (100 mL) and cooled to - 20 °C. Approximately two-thirds of a Et,N
(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,

20 chloridite solution (-10 to -15 °C) while alternating with equivalent portions of
the remaining Et,N 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 days. A fine white precipitate was
collected (20.6 g). *'P NMR: § 129.5 very small peaks at 133.1, 146.7 ppm.
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and the mxture was stirred for 2 hours. The m xture was filtered through
Celite(r), and the solvent was renoved to give 1.79 g of a pale, oily

resi due. Idlo1 g 8 131.3, smaller peaks at 132.5, 144 .ptrammnestss Exanpl e
22 Synthesis of Ligand N C\ F OPhr- j*Ph CO0)-6 N Ph Ph 37 P11 WO
01/ 21580 PCTI USOQ 25548 Am no-Acetal E (482 ng, 2.0 mmol) and Et3N (0. 67
g) were dissolved in toluene (10 rrL); Thils ;ol ution was added to a -20 C
solution of PC13 (137 nmg, | nmol) i e (3 n) over a 5 mnute

period. After the addi Prdasatibh6f dAibehisuhorted Waslvst bibihs Bbndlo - 20 C for 15
m nutes. A suspension of 2,2'-bi and Et3N (0.33

. bi napht hol (143 ng, 0.5 nmol)
g) in toluene (5 mSrysalinaRHED)i(#rapHd cguiv), Mendisselved o 2rf mLtelenas al | owed
to stir forg2 g 'uﬁﬁ?ﬁé WA ek r 2
evapor at ed 5to ﬁ'ﬁghbygg’%g 0 %S’i)ducqea t%%o%d%@@ﬁf@%%ﬁ%@%n sas%r?rﬁsal | peaks
at 147.2, 144.%Wubbling artiG: dhxmgepih sol@®on Slont hesis of Ligand 0 0 0 0 0
5g of granular (40-60 mesh) activated carbon (EM Scientific) was dried
and calcined by heating in flowing helium (100 mL/min) at 850 °C for 5 hrs. The

dried carbon was transferred to a nitrogen filled glove box where it was slurried
10  into a toluene solution containing rhodium and ligand O. The slurry was stirred
for 15 min then evaporated to dryness in vacuum. Residual solids, deposited on
the sides of the vessel, were rinsed with extra toluene such that all were eventually
deposited only onto the carbon. The dry solid was pumped overnight to remove

residual toluene and then capped and stored in the glove box for catalytic testing.

15
Example 25
Synthesis of Ligand P
S Ye Y,
0~ 4O
o5 7
Qﬂgj %’9
20 This diphosphite was prepared according to the general procedure
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 (C¢Dg): 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
25 146.4 ppm.
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K Acetal C (25.0 g, 120 mml) and PC13 (8.23 g, 60 mmol ) were dissolved in
15 toluene (100 nm.) and cooled to - 20 C. Approximately two-thirds of a

Et 3N (21. op12880 mmol ) solution in toluene (100 nm) wasPCIdEoe2584%0pwi se to
the acetal solution over a 30 mnute period. The m xture was stirred for
another 15 min at - 20 C Over the 1%%, smal | portions of solid
di(2-tolyl)-2,2"-di hydroxy 1,1'- bi :é% ne 3,3 - d| carboxyl ate (16.5 g,
29.8 nmmol ), were added Ligs yhidhesis eri Sob el on( 10 to -15 O
while alternating with vale t ort' f. the.r n| ng Et 3N sol ution.
The m xture was stirred . 2 T & filtered. The

sol vent vol une was _r eduged gg?}s].gt vveen 100 200 mL toI uer¢ R‘;\ﬁnd t he sol ution
was al |l owed to st@hd 3 A fine white R (82 coIIected
(20.6 g). 31P NMR 146.7 ppm 38 WO

01/ 21580 PCT/ USOOTRR=% - O AN - suppor t ed

catal yst using i Cryst aJ_I_L.n.P_BI:(.CO) Z( acaq

di ssolved into 2-42m 2. 5 Kbeodsl ght -

equi v), was
A3 9 Q@i on was added to
gnd a change in
: II 3F céé 40- 60 mesh) g egd carbon (EM
Scientific) was dried and ned by heating”in owiC@athel i um (100
m.lmn) at 850 C for 5 hrs. The dried carbon was transferred to a nitrogen
filled gl ove box whAemixtire ofydkg @Dmmbiédchrﬂfntdcesin(n@ﬂ%ﬁ‘éwewlm-

containing rh r Ld: r 15 mn then
evapor at ed toag*%gegﬁs}&leénb(\gg%ﬂﬁ @;Slcﬁhg{hﬁéaﬁ%f' |ytlég on the sides
of the vessel binsphthalened3,d'dlivurtidxykeacid(33H g)ﬁpﬁmsﬂumhaﬂhﬂéte €214 gyané eventual |y

deposi ted onl ta the carbq e dr olid was ed. over ht to
remove resi d@ﬁgé‘g‘m@%&m@%ﬁ?&ﬁﬁy&aﬁ p@r%ﬁ"‘ﬁ%‘“ﬁ‘ﬁ‘@ £y 82'?7‘8 box for
catal ytic testihd@olor dfthe resin changed from white to green-yellow. The mixture was
10  diluted with water, filtered, washed with H,0, DMF, and acetone, and then
thoroughly dried in the air to give the desired product. IR (KBr, em™): 1712 (vs),

1676 (vs).

Functionalization of the Carboxylate Grou

SRS

HO OHHO OCHZ-Q—pol
o o

1,1-carbonyldiimidazole
DMF

15



Example 25 Synthesis of Ligand P 930 OO .1 O 20 This di phosphite was
prepared according to the general procedure described for |ligand K except

substi t ut ivgei/dissocor r espondi ng di met hyl ester for di phaaylusoeo/2ss4s

2, 2" -di hydroxy-1, 1' - bi napht hal ene- 3, 3' - di car boxyl ate. The product was an
oil. 31P NWR ( 'y 131 130, 9 .130. 8, 130.6, 130, . due to a

m xt ure of steérgg%[@?gn“érp (s’ng{tgﬁagl%%%é@ %ﬁ?lomﬁwg%ngﬁiﬁgsﬁﬁ%&ty at 146.8
and 25 146. 4 gnhpdroGSDMD, &ilit2 IEShixAeT WMaSalle? 854§ QEmawplof 126 Li gand Q -

Synt hesi s of Pol yner.. . Su rted Ljgand Preparation of a orted

) subst ! £ ut ed BNETHIRORE oA TP PO AR Ve ETh o) GAgONERF Poois\ 11 k2003
OH CO2H COZH yymed\de8ptbdib@ngd THE beads Wrd BRbctedty AYREH N 4n8 Waste@SHith (P01CH2C
where pol =1 2 %crosslinked pol rene, 200-400 nesh beads)

t
2,2 -di hydrioxyDMF(S x 160 riarfelentie 0 mL)ind GEhGlyd kd0RELa befor dryigg
t [ : - . [ f id 350 m
pot assi um car @mgl{ﬁcé%ﬁ%rﬂ{%% aﬂﬁﬂs%é@"‘?ﬁ%“’é onnam de) ( ) was

heat ed at 90 ring for )| or of the resin changed
fromwhite to green-yellow. The mi xture was 10 diluted with water,

filtered, washed with H2O, DWVF, a tacetf N&: g .then thoroughly dried in
the air to give the desired pr = = . 1712 (vs), 1676 (vs).
Functional i zati on of the CarbIi ate

o-cresol, DBU
DMF

XS,

Q O OH HO OCHZ—Q'PO'
0 o

10 25.93 g (18.7 mmol) of the polymer supported imidazolyl ester was suspended in
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

15 final vacuum drying. IR (cm®, KBr): 1759 (w), 1720 (w), 1675 (vs).
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i--tSHO-OHHO OCCH2 * pol OO- | 1,1-carbonyld iimdazole DM ~N OH HO
OCH2 pol 15 O O 40 WD 01/21580 PCT/ USOCQO 25548 25 g (18.7 nnnl% of the

pol ynmer sW@B2188 di ol was suspended in 150 nlL of anhy&FHG@“ # and to
this mxture was added 4.54 g (28 mmol ) of 1,1- carbonyldiimdazole. The

m xture was shaken overnight, and the pol yner beads turned deep
red-orange. The beads were collected hy filtragtion and washed wwth 5 DVF (3
X 100 nL), toluene (3 x 100 nL),%ﬂﬁggﬁﬂgé%gmggix 100 nlL) before drying
under vacuum IR (cm, KBr): 17 20 (vs). Esterification of the
Side Chain rN OH HO OCH2 _~ po esol, DBU DM OH HO OCH2 pol O
O 10 25.93 g (18.7 mmmol ) of th pported i m dazolyl ester was
suspended in 150 nL of anhydr ) 10 g (93.5 nmol) of ortho-creso
and 2.845 g (18.7 mol)_of DBO pi cycl of
added. The m xture '
product was coll ected
CH2C12 (3 x 100 ni) beforg§
1720 (w), 1675 (vs).

dature. The
M - - tol uene, and
mdrying. IR (cm, KBr): 1759 (w),

24.8 g (17.4 mmol) of the supported diol was suspended in 150 mL of toluene,

5  and to this suspension was added 25.0 g (52.1 mmol) of the phosphorochloridite
derived from acetal C and 13.4 g of diisopropylethylamine. The mixture was
shaken overnight at room temperature. The pale yellow 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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41 I'111i" WD 01/ 21580 PCT/ USO0/ 25548 Synthesis of Ligand Q OH HO OCH2 pal
O O base, CPZ2 OCH2 pal 30- Z2P PZ2 O Z=O OO 24.8 g (17.4 mmol) of
t he supporWVedVvais#l was suspended in 150 nL of tol uene, SPGKUSI0RSS#hI s
suspensi on was added 25.0 g (52.1 nmmol) of the phosphorochloridite derived
fromacetal C and 13.4 g of diisoproEk@biRlzan ne. The mi xture was shaken
overni ght at roomtenperature. The pale yellow beads were coll ected by
filtration, washed with tol uene, &thesisqfiigandB0 ni), and then dried under
vacuum Elenental analysis: 1.15 % P (ayxerage). 42 WO 01/21580
PCT/ USQQ 25548 Exanpl e 27 Synth ' R O PO~O0O

cet

2- Hydr-oxyphenet hyl al cohol NC i i tY2r o onitrile in the
@0
\
| o] f \P (o] o~
J 0\

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-Hydroxyphenethyl 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-(0-cyanomethyl)phenethyl alcohol.
IHNMR (CD»Clp): 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 5
mL anhydrous DMF and added to a stirring solution of sodium hydride (0.25g,
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 ethyl
acetate/hexanes solvent mixture to yield 0.56 g (56%) of the desired product, 2-(o-
cyanomethyl)phenethyl methyl ether. 1H NMR (CD2Cly): 2.96 (t, 2H), 3.36 (s,
3H), 3.60 (t, 2H), 4.86 (s, 2H), 7.04 (dd, 2H), 7.31 (d, 2H).
2-(o-Cyanomethyl)phenethyl methyl ether was deprotected following the
procedure described in Tetrahedron Letters, 1993, 34, 7567-7568. 2-(o-
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presence of potassium carbonate to protect the phenolic oxygen, as in
Tetrahedrg\;}holégg;)8 ers, 1993, 34, 7567-7568. 2-Hydroxyphenet_§i§l al cohol was
di ssol ved m. acetone. To this was added 1.2 g pot%l% 92848 bonat e.

To the sti rriNgg’ m xture was added 0. 87 %abrormacet_oni trile under nitrogen.
The mixture anogpgthyliphensisd megl (0.56-8 3n3 mmeld wandisyolveddn 4QmLand t he
filtrate was GRRGIRRsEHBH: P FolclT bl ﬁpwg ; ol um
chronat ography on si Iei ca ge?-%?ﬁle’?ﬁil ng EO%Q%§W%J¥J5§ y §8%%lgl?e: eexanes, to
yi el d 81% of 2olgtiorc yaswwmgsdmyith) intleogen figrl 1 0ahiowths land thieh ktirdRndED2Cl 2) : 2. 81

(t, 2H, 3.72 2 4 . 77-(s. . .. 692 (dd, .2 7.18 (d :

2- (0o- Cyanonet ﬁ’}g/'i&f)oﬁ%ne v(?f’ﬁ%/]}t‘ 3?‘%8&1%&(“??8%8," ’@P@%Fﬁtemc‘%\cg’gﬁ?‘{%d in5 nL
anhydr ous DIVF Tae desitiid ®ds redissoloéd infetaf) washediviitwatér, abdrisdoRydvse,. (0. 259,
10. 4 mmol ) inﬁ%\g (20 m). After hydrogen evolution ceases, nethyl iodide
(0,47 nt, 7. 5 AiforycRREtiandhip efSIHIo e hydmeymheRatis anefed ebei Wased Bt room

Lemper at Ur e sRied\ EHOURCERICIY! Y95 fonhes aA{d, oin sapumor kup, the

product was purified using h col urm’ chr ofat 8gr ap n silica gel,
eluting with 1/5 etiydroxyphenthyd tiethyhetber veasireaetet withxt ure to yield 0.56 g

56% of the I - (O an t hyl ) phenet hyl ., net hyl ether. | H
§\||\/R/o( CD2C12) : *3@&29%53{"3%‘*% ‘ﬁ%ﬁ?"s‘%&g?ﬁﬂm ?‘%ﬁgﬁl"g‘@ﬁ%"k‘?@? {s, 2H), 7.04
é dd, 2H), g.?hlnlﬁdltqiﬁlﬂ)esgﬁe@mﬁbtagd&ﬁgadlﬁmﬁﬂﬁﬂ_ m.;rmmhm(éame{ 18@s
eprotecte ollo ng, t rogceadure aescrl be n etr edaron etters,

1993, 34, 756?1"?‘5\@@‘?%29?5“2? eoves Ei%%g‘"’lﬂt*?ﬁii@@b@sa lowing the

Cyanonet hyl ) phgseiity dedBbébor Qe 5 to3iddHiWBispdRdingi SS0I ved in 40 ni

anhydrous ethanol . Pl atinum.di oxi de (2 was added to this solution. The

sol ution was Phegpbaroghioridits, JPRIMR (alyene)) 164 prmcEhe phaspheshloriditewased under
hydr ogen over nj WSt ref: fhlt S
cgncegt rat ed. Qh%acrtéggﬁ%%&v%@ edi Qﬁﬁff@%@ﬂ%@%&gh&é@ﬁ Fw?ewat er, and

dried over Mj90the sam¢ manneras desatibedtfordixandledd. §'POSIIR) (tadden): 15Ir oxyphenet hyl

gr.sggyl(tetga)r VBSior), 19 ALiSth, 145 MR, CO2C12) 1 2.78 (t, 211), 3.32 (s, 3H),

Example 28
Synthesis of Ligand S

O 0 0 (o)
O./ \.O

— R
7 N4

Oro~

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
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2- Hydr oxyphent hyl nethyl ether was reacted wth diethyl phosphoram dous
dichloride to yield the correspondi ng phosphorous amdite in the sane
manner aswiercissbed for Exanple 25. 31P NVMR (tol uene): XET/USPIiRs548The
phosphoroam dite was treated with 1. M HC1 solution followi ng the procedure
descri bed for tEetipdsminens bass ayi-30 L.t AR nmsiof the prantitnmyixtyserdSBHBSEEM. or i di t e.

31P NMR (tolu : . 4]t 8\ WSy {pacted with
di (2-tol yl)- 2?28?}’3P&§5§§%’9%‘,‘%&-%B| ﬂﬁ%ﬂ’?ﬁ‘iﬁ%ﬁé@“ )-%r?i%‘r‘%‘g‘%% L2 Th The
sanme manner asbidaphthaleped,3f-dicarbooayliase in thOpre@her dfviRethylamine)ws)desctiB&d in( naj or ),
127 (minor), 142 (nMiji0ohy, le 2 nt s of Ligand 00000 OO
oOP I(D O O) 0 Cf’%m%[? et‘l)gﬁﬁgta(ﬁg‘fmf)f ﬁ%‘%ﬁig%éﬁ‘?@%?@%’%ms pr epar ed
according t9o a 5 literature procedure reported in Recueil. Tray. Chim

Pays- Bas 1955, 74, 1448. The phosphgorochloridite of this phenol was
prepared from PCL13 in toluene with Examgledd; 21580 PCT/ USOO 25548

tnet hyl am ne as base at-30 C 31Psﬁ{ﬁesgfof1‘%n&@action m xture: 158, 125
ppm To the phosphorochloridite solution S added

di (2-tolyl)-2,2" -di hydroxy-1,1" - bi ene- 3, 3' -di carboxylate in the

presence of triethylam ne, as descri) exanpl e 27. 31P NMR (tol uene):

131 (major), 146 (mnor), 163 (mno
o

2-(2-Tetrahydropyranyl)-4-methyl-phenol was prepared from the

corresponding phenol following the procedure outlined in Aust. J. Chem., 1988,

10 41, 69-84. In a nitrogen purged glove box, 2-(2-tetrahydropyranyl)-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 corresponding phosphorous amidite. *'P
NMR(toluene): 142.7, 142.6. The above phosphorous 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 HCI 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

45



Synthesis of Ligand T 0 0 0 0 0 o QPO

2- (2- Tetrahydr opyranyl ) - 4- net hyl - phenol was prepared fromthe
correspondvaner/s88nol fol | owi ng the procedure outlined i NACKUSIORSS@hem ,
1988, 10 41, 69-84. In a nitrogen purged gl ove box,

2- ( 2- t et r ahy dvoyesnoadipe phdspherothioriditehSADIMR (olaeney, 161.®ppmoThe shese di ssol ved

in 25 m diethyl .et ..and _cool e 0 .- k. Ssphor am dous
dichioride (Fospheithlordie gasdféasfeff‘&‘t? 8@%‘%&’2{%@%’}’%?% (6 mol ). The
reaction m XxtbisgphtiaiensB3i}-dieatbatylite and triethplamareuts gicldthe carfspdiding, t hen
filtered over _a lite(r), The filtrate was concentrated in 15 vacuo
to yield My (W@'qgﬁﬁ{‘q&?%‘?‘}egslégﬁaﬂﬂ’a- phosphorous amidite. 31P

NVR(t ol uerge): 142.7, 142.6. The above phosphorous amdite (1.1 g) was

di ssolved in 25 nL anhydrous ether %nd 0 bed to -40 C. To the stirring
phosphoram dite solution was slowy .4 mL of precooled 1M HCL
solution in ether. Upon additi onsﬁﬁ'sise,fgi%gagi tate fornmed. The m xture was
stirred for 10 20 mnutes, and cool ed back to -40 C for 2 hours. The
resulting slurry was filtered over_g pad of Celite(r), and concentrated in
vacuo to yield 0.92 g of the 45 @ Q5B PCT/ USOQ/ 25548  correspondi ng
phosphorochloridite. 31P NVR (tol ugms) . >#61. 6 ppm The above
phosphorochloridite was reacted with P(\{;\Lol yl)-2,2"-di hydroxy-1I,I|"-

bi napht hal ene- 3, 3' - di car boxyl ate ang/t rie fyl am fie’vo yield the

corresponding ligand. 31P NWR (tol dene): 5 Exanpl e 30
Synt hesis of Ligand U o— o
d o)
o)

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’-hexamethyl-2,2’-biphenol and triethylamine to yield the
corresponding ligand. *'P NMR (toluene): 134, 131, 127.
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-0 0 / \\P O 0 O ~P0O OO O The phosphorochloridite of

2- (2-tetrahydropyranyl)-4-nethyl - phenol was prepared as described in
exanpl e 33awodhmsabove phosphorochloridite was reacted Wdiusoo/2ss4s

3,3 ,4,4",6,6" -hexanet hyl -2, 2' - bi phenol and triethylam ne to yield the
correspondl ng |ligand. 31P NNR (toluene): 134, 131, 127. 46 WO 01/21580
PCT/ US00/ 25548 Exanple 31 Synthesis of Ligand V . OD 00 O0 OO0 OS5
2- (2- Tet rahydr opyr anyl ) - 4- met hy| - pheExdmple3l prepared from the
correspondi ng phenol follow ng thg 988 raendqytl ined in Aust. J Chem,

1988, 41, 69-84. In a nitrogen purged

2- (2-tetrahydropyranyl)-4-nmethyl - ph 0. 96 g 5.0 mmol ) was di ssol ved
in 25 m diethyl ether, and cool ed % C. Di et hyi phosphor am dous
dichloride (2.5 mmol) was added, @ '. 10 triethylamine (6 mml). The
reaction mxture was stirred at roo rature for one hour, then

' \ate was concentrated in

-

o

5 2-(2-Tetrahydropyranyl)-4-methyl-phenol was prepared from the

corresponding phenol following the procedure outlined in Aust. J. Chem., 1988,
41, 69-84. In a nitrogen purged glove box, 2-(2-tetrahydropyranyl)-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

10 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
vacuo to yield 1.1g (90%) of the corresponding phosphorous amidite. *'P
NMR(toluene): 142.7, 142.6. The above phosphorous amidite (1.1 g) was
dissolved in 25 mL anhydrous ether and cooled to —40 °C. To the stirring

15 phosphorous amidite solution was slowly added 4.4 mL of precocled 1M HCl
solution in ether. Upon addition, a white precipitate formed. The mixture was
stirred for 10 minutes, and cooled to —40 °C for 2 hours. The resulting siurry was

filtered over a pad of Celite®, and concentrated in vacuo to yield 0.92 g of the

corresponding phosphorochloridite. P NMR (toluene): 161.6 ppm. The above
20  phosphorochloridite was reacted with 1,1°-bi-2-napthol and triethylamine to yield
the corresponding ligand. **P NMR (toluene): 131.11, 131.14 (stereoisomers).
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vacuo to yield 1.1 g (90% of the corresponding phosphorous anidite. 31P
NVR( t ol uene(% 142.7, 142.6. The above phosphorous am dltl%l( %%‘ was

di ssol ved YR91%458Y anhydrous ether and cooled to -40 C MY r i ng 15
phosphorous am dite solution was slowy added 4.4 nL of precooled 1M HCl
solution in ether. Upon addition, a white precipitate formed. The m xture
was stirred for 10 m nutes, and cootm,ﬂ@:;240 C for 2 hours. The resulting
slurry was filtered over a pad of Cellte(r) and concentrated in vacuo to

yield 0.92 g of the correspondl oridite. 31P NWR (tol uene):
161. 6 ppm The above 20 phosphoroghloridite was reacted with .
1,1 -bi-2-napthol and trlethylanPne to yield correspondlng | i gand. 31P
NVR (toluene): 131.11, 131.14 oi sorrers) .Onr WO 01/ 21580

PCTI USOQ 25548 Exanpl e 32 Sy, eS| s Qf_ A gan on P-O~\ O OOPRP O
0 5 A 100 nL flask was charge ] 0.412 and 50 nL of toluene.
The m xture was cooled to -30 C anthidf et al .081 g) was added. This
was followed by 0.65 g of NEt na?0 m_ Iue,ﬂ recooled to -30C), which
was added dropw se. After g to spp8nperature and stirring for
about 40 mnutes, the m xtur S coo to 03¢ and

3,3",5,5,6,6"-hexanet hyl - 2, 2" 5¥8bi p (0.496 4) was added, foll owed
0.6 g of NEt3. The m xture was |stijrred overpight, filtered through Celiteg
and the solvent was renoved by ary evapdrateon. A white solid (1.652 g)
was obtai ned. 31P NMR in CDCl3: mmj or

5 A 100 mL flask was charged with PCl, (0.412 g) and 50 mL of toluene.

The mixture was cooled to —30 °C and the acetal B (1.081 g) was added. This
was followed by 0.65 g of NEt, in 20 mL toluene (precooled to -30°C), which was
added dropwise. After warming to room temperature and stirring for about 40
minutes, the mixture was cooled to —30 °C and 3,3’,5,5’,6,6’-hexamethyl-2,2°-

10 biphenol (0.406 g) was added, followed 0.6 g of NEt,. The mixture was stirred
overnight, filtered through Celite® and the solvent was removed by rotary
evaporation. A white solid (1.652 g) was obtained. *'P NMR in CDCl,: major

resonance at 134.42 ppm with minor resonances at 135.08 and 132.6 ppm.

15 Example 33
Synthesis of Ligand X

iP10 D 0 OCH,MR

Qs 0
0 \72_ ) _gV,U

MR = Merrifield resin
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resonance at 134.42 ppmw th mnor resonances at 135.08 and 132.6 ppm 15
Exanple 33 Synthesis of Ligand X iPrO O OOOH2ZMR O/ \O P ~0O0Of OC 2
t 02 Mwooerssifield resin 48 WO 01121580 PCT/ USO0/ 258¢BUs0aR5548/ OCFz \ /
of OHHO OFro Cof t-~ OHOQQPro @2 -(~~ ._Pd 2ZY PZ2 ~+y O Z= 0\
A mxture of 50 g (60 mml) of Marrifigld resin (pol = 1-2 %crosslinked
pol ystyrene, 200-400 nmesh bead§ ) hydr oxy- 1, 1' - bi napht hal ene- 3, 3' -

di carboxylic acid (33.7 g), 4
(di met hyl f or mami de) (350 m) vés ) at 90 Cwith stirring for 8 hrs.
The color of the resin chapged Wit Bcii ,yellow. The mi xture was
di luted ‘

A mixture of 50 g (60 mmol) of Merrifield resin (pol = 1-2 % crosslinked
polystyrene, 200-400 mesh beads) 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-
dicarboxylic acid (33.7 g), potassium carbonate (12.4 g) and DMF

5 (dimethylformamide) (350 ml) was heated at 90 °C with stirring for 8 hrs. The
color of the resin changed from white to green-yellow. The mixture was diluted
with water, filtered, washed with H,0, DMF, and acetone, and then thoroughly
dried in air to give the desired product. IR (KBr, em™); 1712 (vs), 1676 (vs).

81.64 g (84 mmol) of the light yellow polymer supported carboxylic

10 acid/ester was suspended in 300 mL of anhydrous DMF containing 13.6 g (84
mmol) of carbonyldiimidazole. After stirring at room temperature overnight, the
orange intermediate was isolated by filtration and washed with DMF (3x). The
polymer was then placed in a mixture of DMF (200 mL) and iPrOH (51.4 mL,
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with water, filtered, washed with H2O DW, and acetone, and then
thoroughly dried in air to give the desired product. IR (KBr, cm); 1712
(vs), 1676vgwmuss081l.64 g (84 nmol) of the light yell ow pREE/HEN284Pport ed
carboxylic 10 acid/ester was suspended in 300 nL of anhydrous DMF
containing 13. &72@):(1&4andﬂﬂh6hﬁxtﬂrfemsﬁﬂ@d\dhhghtd'amoﬂnecmﬁratem gherring at room

t enperat ure overn| ht r e interne ol.ated, by.filtration
and washed wi tRf! st‘meg‘f"r‘?g %IR’WSWW&%‘%’H@%"‘%?E&@&T 3R ?qﬁvéihﬁée of DMVF
(200 nl) and iGrOTHFSAd dceidne béfBrdtad dryf 01/ 21580 PCTI US00/ 25548 672 mml)
and the m xture was stirred overnight at roomtenperature. The _polyne

supported di oI /d| eslt?ag (9 saned) of ghespal yiasr spenertsd digl W?P'FY‘PE%?"&H‘P%d vvashed
with THE a n@&flﬁrlgnﬁ, Sftgﬁn\frh{]gnd thtifis Sad ddded ng%ﬂ (l@fnurnbﬁ 0{30| ymer

supported e previous exanple was suspen
t ol uene, and tdnsbtmopylnﬁslaamwaﬂdl Oimmbl (1= apptdpﬁatcfphosphmsd}jombw é’ihhyl am ne

d 4.0 | of th t h hl
Shaken at T oonTIEHIoR IR kY FRgTR e rsrhefte aBe oefiicrs PHERE Wsp .
filtered, washgenMmtéred twdshearbﬁﬁ(ﬁlu&nel@ A1) mLPPME @ x10RLYlahd Cal0l, CH2C12

(met hyl ene chlori de) (3 x .10 bef ore drying under vacuum 10 El enent al
anal ysis: 1. 45(mgthyl e’)&‘:ﬁ@ﬁ*ﬂﬂé-"éﬂot‘ﬂ@ bsEre AR nedBAH IPEREP- bi s( phosphi te) was
treated wi §h NefefdhthPadalsisOl xga:ytlhe brown-orange N (COD) | oaded derivative.
This material was then treated with COat | atmand roomtenperature to
gi ve the | i ght Ayemplewf thelpplyerer sunppries bis(thgsphite) Gy reateshysiteMi( W®cteri zed
by|t5|nfraredsetrum|n ) anpl e
34 Synthesis give g%an“(ﬂn Orange Ni (COﬂ)?lo%dildeZwStK% Thi%qlgaleri?él ‘VXSS&mr?{}LatedEx
with CO at 1 atm and room temperature to give the light yellow polymer

supported P,Ni(CO), complex, characterized by its infrared spectrum in KBr:
15 2051.7 (vs), 2001.3 (vs) cm™.

Example 34
Synthesis of Ligand Y

0
\ P
" o

20 3,3',5,5'-Tetramethyl-2,2'-dihydroxy-1,1'-biphenylene (0.303 gm, 1.25
mmol) was added to a toluene solution (50 mL) of triethylamine (0.41 gm, 4.0
mmol) and the phosphorochloridite (1.11 gm, 2.8 mmol) of 2-(tetrahydrofuran-2-
yDphenol. After stirring overnight, the solids were vacuum filtered and washed
with toluene (3 x 5 mL). The filtrate was evaporated to yield the product. *'P

25 NMR (CDCl,, 202 MHz): several peaks between 134.9 and 133.6, and several -
peaks between 131.2 and 127.5 ppm.

50



PO 00 20 3,3 ,5,5 -Tetranet hyl -2, 2' -di hydroxy-1, 1' - bi phenyl ene (0. 303
gm 1.25 mol) was added to a toluene solution (50 nL) of triethylam ne
(0.41 gm wbdrasswol ) and the phosphorochloridite (1.11 gormugetsswol ) of

2- (tetrahydrofuran-2- yl)phenol. After stirring overnight, the solids were
vacuum filtered and washed wth toluene (3 x 5 nL). The filtrate was
evaporated to yield the product. 31P 25 NWR (CDClI 3, 202 MHz): several peaks
bet ween 134.9 and 133.6, and sever aExample@§ between 131.2 and 127.5 ppm 50
WD 01/ 21580 PCT/ US00/ 25548 Exanpgl %5 nt hcf"fi s of Ligand Z OV Vn L
Acetal C (1.67 g, 8.0 mml) and g@?%i%é’i?%— =4 mol) were dissolved in

tol uene (40 nmL) and the solution wa w to- 40 T. Et3N (1.0 g, 10.0

mmol) 5 in toluene (15 nL) was add® Mse with stirring. The reaction
was allowed to slowy warmto room ja;@‘: then stirred overnight. A

m xture of Et3N (0.4 g, 4.0 prol'Nand drmeyfy

2,2'-di hydroxy-1, 1" -bi naphth- . 2\ g@ate (0.8 g, 220 mol) in
toluene (15 nL) was added to tRe phogphorbchlorpkdite solution, and the

m xture was stirred for 2 houF;{. The sol uti on s filtered 10 through

Celite(r), and the solvent was re wve 2.6 g of product. 31P NWR
(CeD6): 132.7,130.4,129.7,129. 1 phod >f 36 Synthesis of Ligand AA O

Acetal B (1.44 0, B0 WRlsh o2 il s D085 g BHRY walBisoleaso! ved 11
toluene (40 mL) and the solution was cooled to - 40 °C. Et;N (1.0 g, 10.0 mmol)
5 intoluene (15 mL) was added dropwise with stirring. The reaction was allowed to

slowly warm to room temperature then stirred overnight. A mixture of Et,N (0.4
g, 4.0 mmol) and dimethyl 2,2'-dihydroxy-1,1"-binaphthalene-3,3'-dicarboxylate
(0.8 g, 2.0 mmo]) in toluene (15 mL) was added to the phosphorochloridite
solution, and the mixture was stirred for 2 hours. The solution was filtered

10  through Celite®, and the solvent was removed to give 2.6 g of product. *'P NMR
(CcDg): 132.7,130.4, 129.7, 129.1 ppm.

Example 36
Synthesis of Ligand AA

*ech

Acetal B (1.44 g, 8.0 mmol) and PCl, (0.55 g, 4 mmol) were dissoived in
15  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 Et;N (0.4
g, 4.0 mmol) and 2,2'-binaphthol (0.57 g, 2.0 mmol) in toluene (15 mL) was
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15 toluene (40 nm.) and the solution was cooled to - 40 C. Et3N (1.0 g, 10.0
mmol ) 1n_tol Hene (15 nm.) was added dropwi se with stirri%a The reaction
was al | ond® H6 glovvly warmto roomtenperature then st i FTIAFY G ght. A

' tol uene (2oed § e e n syl sffite” wln PRSI B %) %t

phosphor ochl & hatirs. eEltecblutipnwas fltoted theough Celite®, avalshs sdlvanewas emoRediour s. The

| uti filt dth , ' , | t d t
Give 107 § ofgrsdnt o Hebne? TOBLEDU 155 IS, PR R o pom Bxampl e 37

Synthesis of Ligand BB 0 d C / OYicl OCAPO~~ 00 OA 100 nm
flask was charged with PC13 (0. 343 and 50 nL of toluene. The m xture
was cooled to -30 C and acetal F (1: Iwas added, followed by 0.7 g

of NEt3 in 20 nL toluene (pr ecoolﬂhggséﬁggﬁﬁg\hi ch was added dropw se.
After warmng to roomtenperature and stirring for about 40 m nutes, the
m xture was cooled to -30 C and 2, 2' - ¢t hyl i denebi s(4, 6-di net hyl phenol)
(0.338 g) was added and then 0.6 g of /\NEL 3 paS added. The m xture was
stirred overnight, filtered : ' and the solvent was renoved
by rotary evaporation. A _ whjig ) was obtained. 31P NMR in
Co6D6: mmj or peak at 133. 19 d g at 130. 96, 130. 78,
130.01 due to inpurities.

A 100 mL flask was charged with PCl; (0.343 g) and 50 mL of toluene.
The mixture was cooled to —30 °C and acetal F (1.284 g) was added, followed by
0.7 g of NEt, in 20 mL toluene (precooled to —30 °C), which was added dropwise.
After warming to room temperature and stirring for about 40 minutes, the mixture
was cooled to —30 °C and 2,2’-ethylidenebis(4,6-dimethylphenol) (0.338 g) was
added and then 0.6 g of NEt, was added. The mixture was stirred overnight,
filtered through Celite® and the solvent was removed by rotary evaporation. A
white solid (1.67 g) was obtained. *'P NMR in C,D,: major peak at 133.104 ppm
along with resonances at 130.96, 130.78, 130.01 due to impurities.
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Exanpl e 38 Synthesis of Li angd CC / "0\ b 071 O-

3-(2- Hydroxyphenyl ) propan-1-ol was prepared from di hydrocoumarin follow ng
t he procedﬁﬁg@@ﬁ@"l ined in J. Chem Soc., 1956, 2455. ThePGifs9oRise8 hydr oxyl
group was protected with cyanonet hyl group by the reaction of 3-(2-

hydr oxyphenyl ) propan-1-ol with bronoacetonitrile in the presence of

potassi um carbonate as described in,Jelfahedron Letters, 1993, 34,
7567-7568. 3-(2- Hydroxyphenyl) propan-t- (27.49) was dissolved in 300 nL
acetone. To this was added 30 oSyntiesissf Ligph€8onat e, fol | owed by
bronoacetonitrile (21.7g), and the mxture was stirred overnight. The
reaction mxture was filtered, conce ed, and purified by flash colum
chromat ography to yield 65% of 3-(2- nonet hyl phenyl ) propan-1-ol. "H
NVMR (CDC13): 1.85 (q, 2H), 2.73 (t, 2 3.67 (t, 2H), 4.79 (s, 2H), 6.93
(d, IH, 7.03 (t, 1H), 7.22 (m : 3.72 (t,2H), 4.77 (s,2H),
6.92 (dd,2H), 7.18 (d,2H). 3-( anonetlyl phenyl ) propan-1-ol (3.0 g)
was added to a stirred suspensj hydr oxi de (3.5g) in DVSO
(di net hyl sul foxide) (30 nL), in%ly | d by nethyl iodide (4.5q).
The solution was stirred at roomte ratdwes for 1.5 hours, then poured
into water, and extracted wth dichl oronethane. The organic |ayers were
conbi ned, washed wBi{}Hydtogyphenyl)peapanles]l was grepaed fromuifydtoeoumarincent r at ed,

and purified fl.ash col u cht omat aphy o | L el . toyield 1.7 g
(53% of 3-( 2?%1°&9%ﬁ1‘3ﬁ8{°ﬁ§f{pb%%’ﬁm%8@fg1¥%aﬂiﬁ E@%ﬁé‘?“e pli‘ﬂlé’hxcyanorret hyl
group was cl eay&exylgrolpses phtatddvithdyamdnaiyd Qroluﬁbjr eSeacti&Per 3-34,

7567-7568. 3- ( 2- 0- Cyanonet hyl phenyl gpropyl -l.-methyl ether. (0.77 g, 3.8
mol )  was di SEGPyEhenypiepansl-of with frompaceteniilin the prasepteg{ppasier tube. To

this carbonate as described in Tetrahedron Letters, 1993, 34, 7567-7568. 3-(2-
Hydroxyphenyl)propan-1-ol (27.4g) was dissolved in 300 mL acetone. To this

was added 30 g potassium carbonate, followed by bromoacetonitrile (21.7g), and
the mixture was stirred overnight. The reaction mixture was filtered,
concentrated, and purified by flash column chromatography to yield 65% of 3-(2-
o-cyanomethylphenyl)propan-1-ol. "'H NMR (CDCl3): 1.85 (g, 2H), 2.73 (t, 2H),
3.67 (t, 2H), 4.79 (s, 2H), 6.93 (d, 1H), 7.03 (t, 1H), 7.22 (m, 2H). (t,2H), 3.72
(t.2H), 4.77 (s,2H), 6.92 (dd,2H), 7.18 (d,2H). 3-(2-0-
Cyanomethylphenyl)propan-1-ol (3.0 g) was added to a stirred suspension of
potassium hydroxide (3.5g) in DMSO (dimethylsulfoxide) (30 mL), immediately
followed by methyl iodide (4.5g). The solution was stirred at room temperature
for 1.5 hours, then poured into water, and extracted with dichloromethane. The
organic layers were combined, washed with water, dried over magnesium sulfate,
concentrated, and purified by flash column chromatography on silica gel to yield
1.7 g (53%) of 3-(2-0-cyanomethylphenyl)propyl-1-methyl ether. The
cyanomethyl group was cleaved as described in Tetrahedron Letters, 1993, 34,
7567-7568. 3-(2-0-Cyanomethylphenyl)propyl-1-methyl ether. (0.77 g, 3.8 mmol)
was dissolved in 15 mL anhydrous ethanol in a Fisher-Porter tube. To this

solution was added 20 mg platinum dioxide, and the reaction was stirred at room
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sol ution was added 20 ng plati num di oxi de, and the reaction was stirred at
room 53 f 191: WD 01/21580 PCT/ US00/ 25548 tenperature under 35 psi of
hydr ogen ™0 0121880urs. The nmixture was filtered, and thePET/USMZEMS was
concentrated to yield 0.62 g of 3-(2-hydroxyphenyl)-propyl-1- nethyl ether.
"H NVR ( CDCl 3)xeémptratdre (€ider 35)psi of h¥drofén fortthour®. Bie rhixtur@ tps filkerdd) afids, 3H),
6.85 (m 2H), 7.09 (m 2H). In a nitrogen purged, gl oye box,
3-(2- hydroxprF)“ﬁF@ﬁft&cFmFPé‘fdﬁﬁly“é‘i?r ?gc’fi'.(g‘ﬁy@?’,‘}'l’&&y%dﬁ’rggﬂ'fl\?ed in 38 m
di et hyl et her maRd efeR!"SINMR (CHTIS: 1.4P(¢ Ry P0G RID! 387 doas), slold, or i de

A (BT wmmg(_ggg)_

(0.65g) was added, followed by triethylam ne The reaction
m xture was st3r@sp ae 28HohP? ature for one hour, then filtered over a

pad of Celite(r). ]2 8 | 1t ' % 1. 6g
(99% of the correypgﬁ%{loh%[{%ﬁ%g or?%&g’cflﬁ%}ﬁ(g&pﬁ%thlo ﬁtékg t‘:ijerl%. 7.
The above phq3phg),ouss dissolekdiie 38 inl diethyl wther, andswoled ¢a407°C7 nlL anhydr ous

et her and coql.e -40 C.. To . the .stjrri ani.dj sol,uti o S. slowy
added 74 i fictyleBepimericons wetlouds (4Ssh e pltth SRV EK RRAERER, whi t e
precipitate fqneed). THdYBadlon n#ktBre WS sfifréd 4t@6brh Rpéfinié fod bfShoudtHerc 00! ed
back to -40 C for 2 hours. The resulting slurry was filtered over a pad of

Celite(r), andiltemﬁmaizpddmjdehtﬁa'mﬁﬁltmevgabed’rtd:eﬂtraﬂaﬁ‘ingaaubtdsydelchg espondi ng
phosphorochloridite. 31P NMR (toluene): 161.6 ppm The above

phosphor ochl or(P#¥:} ef theisorrespanding phosphodugamigits’ P NMR énluete)] 136,71 Thsi phenol
and triethyl anjne t,0 viel " HE 31R N . | ' 42 ppm
Exanpl e 39 S;art]’f) ' 1}053 hé’ﬁo"l(%iaé’é(ﬁ%qgg# P}Ngs ?15%%4’5 Sélﬁpgﬁ%gﬁ}dé?&%ﬁmlé?%xybenzyl

al cohol was proepkdes—40cOrTH the stirfing hmilite sélatiai wasslgvlpaddddi7et mBe€uei | . Tray.

Chi co. Pays-Bas, 1935 448. The hospharochloridjte qof this phenol
(0.499g) was Fﬁrg(i?a?cgdl\/béa H:éut,,ogd&egh% 08, lgon, white prec1p1tate?bnneg.

The mixture was stirred for 10 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 1.345 g of the corresponding phosphorochloridite. **P NMR (toluene):
161.6 ppm. The above phosphorochloridite was reacted with 3,3°,5,5°-
tetramethyl-1,1’-biphenol and triethylamine to yield Ligand HH. *'P NMR
(toluene): 134, 142 ppm.

Example 39
Synthesis of Ligand DD

R cf;g

)_J:b —

The isopropy! ether of 2-hydroxybenzyl alcohol was prepared according to
5  aliterature procedure: Recueil. Trav. Chim. Pays-Bas, 1955, 74, 1448. The
phosphorochloridite of this phenol (0.499g) was prepared by the reaction of PCI,
(0.206 g) in toluene (11 g) with triethylamine (0.400g) at -30 °C. This
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(0.206 g) intoluene (I 1 g) with triethylamne (0.400g) at -30 C. This 54
WO 01/ 21580 PCT/ US00/ 25548 phosphorochloridite was then reacted with

3,3 ,5,5 -weorvassst hyl - 2, 21- bi phenol (0.203g) and tri et BdTawsonessfsd. 300 g) .
The mixture was filtered through Celite(r) and solvent renoved by rotary

evapor ati on t%ggépﬁgroghl3§@xte%£fthetnm:&k\‘:d\@@l%% soﬁflgan}g&ﬁS Al é]‘( Hef1 3) - ITB.J or

resonance at m nor resonances  at 130. 89 ppm
Exanpl e 40 Sy020%)iand wicthylamame(0.380 BE The mixfire WasHilGred thtoogh Celite®t aI H (1.55

g, 8.0 mol) an 0. 4 L)...were.di | ved, .in . tol uene (40 nl)
and the sol ut |33%s%s§5ec%%vg§b’??%%9gaﬁ?% g(?‘gﬁgg“?g*"ﬁk‘ﬁ%ﬂ gﬁo I n tol uene
(15 m) was adigpexdMIr (@D@1JEmajbi tescmbuderat IRB.95Rith thihdf tesenansedat B2 7swed to

slow y marn1to r&qyg% qgerature then stirred overnight. A m xture of Et3N
(0.5 g, 570 BP™i net hyl

2, 2' -di hydroxy-1, 1 - bi napht hal ene- 3, 3' - di carboxylate (0.8 g, 2.0 mmol) in
tol uene (15 nL) was added to the phosphorochloridite solution, and the
mxture was stirred for 2 hours. TheExamplg4lbn was filtered 15 through

Celite(r), and the solvent was L%@%Z.O g of product. 31P NWR
(CeD6): 8 131.1, 134.4,147.4 pp 121580 PCT/ US00/ 25548
EXAMPLE 41 Synthesis of Ligand FF

@o/ ng
C}Q 6@

Acetal H (1.55 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)

10 intoluene (15 mL) was added dropwise with stirring. The reaction was allowed to
slowly warm to room temperature then stirred overnight. A mixture of Et;N (0.5
g, 5.0 mmol) and dimethyl 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-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

15  through Celite®, and the solvent was removed to give 2.0 g of product. *'P NMR
(CeDg): 8131.1, 134.4, 147.4 ppm.
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ad a ad o0d o0 POO OIna 100 nL flask with a nmagnetic stir bar
was charg%%vmth 0.412 g of PC13 and 50nL of toluene. The m xture

cool ed i nMOM2X80C and the acetal derived from 5-chl orc}’ﬂ(‘fs@%sifgdehyde and
neopentyl glycol (1.456 g) was added. 5 To this m xture was added dropw se
a precool ed solution (-30 C) of tripgAMperyne (0.800g) in 20 nL of tol uene.
31P NMR of the reaction m xture Sg%{jﬁg;ggfg%mmf resonance at 164.44 ppm

al ong with m nor resonances at 99 ppm The m xture was
cooled to -30 C, binaphthol (0.429 g) in nm. tol uene was added and then
0.600g of triethylamne. The m xElure vyé?fs?l lfed 10 overnight, filtered

through Celite(r), washed with tol a vent renmoved by rotary
evaporation to give 2. 105‘:? 90! | 1P NVR in C6D6: nmj or
resonance at 131.21 ppmw @ eso nc 44696 and 132.20 ppm
g /G CT/ USOQ 25548 I n a |
ar

EXAMPLE 42 Synthesis of Liga

OO flask with a magnetic sgj rer> 0.412 g of PC 31 1.081

g of the acetal B, and 20 i of THF. he sol w& on vvas cooled to -30 C and
a precooled (-30 O solutlg trie hyI e(O in 20 nL of toluene
was added dropw se. The slUuiry was st m errperature for about 1

hour. 5 The slurry was cooled to -30 ‘489 of
3,3 -diisopropyl-6,6'-dinmethyl -2, i oxy-1, | blphenyl was added. To
this m xture was added 0.600 g of

In a 100 mL flask with a magnetic stir bar was charged with 0.412 g of
PCl; and 50mL of toluene. The mixture was cooled in to —30 °C and the acetal
derived from S-chlorosalicylaldehyde and neopentyl glycol (1.456 g) was added.
5 To this mixture was added dropwise a precooled solution (-30 °C) of
triethylamine (0.800g) in 20 mL of toluene. *'P NMR of the reaction mixture
showed a major resonance at 164.44 ppm along with minor resonances at 193.04
and 131.99 ppm. The mixture was cooled to —30 °C, binaphthol (0.429 g) in 10
mL toluene was added and then 0.600g of triethylamine. The mixture was stirred
10 ovemight, filtered through Celite®, washed with toluene and solvent removed by
rotary evaporation to give 2.105 g of a white solid. **P NMR in C,D,: major

resonance at 131.21 ppm with minor resonances at 144.96 and 132.20 ppm.

EXAMPLE 42
Synthesis of Ligand GG
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triethylamne. The m xture was stirred overnight, filtered, solvent renoved
by rotary evaporation to give 1.668 g of a white solid. 3'P NVR (CDCl 3):
maj or reswoanzestat 132. 26 ppmw th m nor resonances at ASRUSG255482. 86,
135.83, 10 132.62, 131.76,128.88 ppm Exanples 43-53 Catal yst sol utions

were prepared by mpxh 300, Adek WA mRgncAP Kirkd wallShahed SN £12 BgD&mﬂQs of the
(COD)2" i n 457 15

i nvention and 0.014 mmol of N t ol uene.

Hydr ocyanat i ort-08124 ¢fithescetahB, axid 28 mlapf/EHF.sBha solution pas @l tord °ANi ) pr epar ed
as descri bed { 4- 7] . J I d vial and
cooled to - 20aa%?\éi{%?leégyidcr?gsfalu?%of&g?ﬁg}ns%q @ﬁ?éﬂ@%@ﬁ&gﬁl eronitrile
(0.83 mmvl HCNyasaddedaBOpwjke. (Fhealusryl wisistimedodt r@ith tempematunefoe adht 9 Adurmmol  BD)
20 were added...,The vials e e d ated at 80 C. Sanplgs were
renoved a%t erlbgs n‘?ﬁas§°‘\P{¥g‘iﬁ°§'§8%he&?@é’rfiggﬁaﬁc’%c’aﬂé G%é‘i“ﬁtﬁl’lﬁ%ﬁ' diluted in
di ethyl ether dikyded§)1, Bbibherya was edlieRY TEthiomainie way added 01600 gioke as an

I nternal standard. 2M3 Isonerization: 130 pL of a cold solution containing

2MB and val er driethylamine. SEhemuixtyowastirred ppmightefiltepedy sohymt gemqved BY o yst

sol ution (0.0%tagpng hdonth SRRTES gLd; d'Pal"hg‘K dtoa

sept um capped vi I.arl"(&le c’vi a? was sg??g anc%l heat e ;(Fﬂ?géﬁﬂ anpl es were
removed after résobanmadt B32R6ipps withhwined resomhnckislatil 3207, 132.86, 135.83,her . The
product digtri L, O. | yzed by GC, using valeronitrile as an

i nternal s analg'gg.b’ gvngﬁﬁrg% PCT/ US00/ 25548 Exanpl e Li gand BD cony.
Ratio of Ratio of 3PN 2M3 isomafter 3 h after 3 h 3PN 2M3 (% conversion to

3PN) (% fromBD 43 W74.2 24.7 21.5 44 B 64.1 1.4 16.8
Examples 43-53

Catalyst solutions were prepared by mixing 0.042 mmol of one of the bidentate
ligands of the invention and 0.014 mmol of Ni(COD), in 457 mg toluene.
15
BD Hydrocyanation: 74 pL of the Ni catalyst solution (0.0018 mmol Ni) prepared
as described above was added to a 4-mL septum-sealed screw-capped vial and
cooled to —20 °C. After cooling, 120 pL of a solution of HCN in valeronitrile
(0.83 mmol HCN) and 280 uL of a solution of BD in toluene (0.925 mmol BD)
20  were added. The vials were sealed and heated at 80 °C. Samples were removed
after 1.5 and 3 hours. The reaction mixtures were then diluted in diethyl ether

(Et20) and analyzed by GC against valeronitrile as an internal standard.

2M3 Isomerization: 130 uL of a cold solution containing 2M3 and valeronitrile

25  (0.930 mmol 2M3) and 82 pL of a Ni catalyst solution (0.002 mmol Ni) prepared
as described above were added to a septum capped vial. The vial was sealed and
heated at 125°C. Samples were removed after 1.5 and 3.0 hrs, cooled and diluted
in ethylether. The product distribution was analyzed by GC, using valeronitrile as
an internal standard.
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45 X 11.9 37.8 20.4 46 Y 78 1 15.4 47 U 89.4 0.7 15.9 48 V 62.6 0.5 6.0
49 7 59.8 1 16 50 AA69.5 0.4 15.8 51 BB 21.50.7 7.8 52 CC63.41.4
15.1 53 DBOPY238B. 6 16.7 CATALYST TEST METHOD A Cat al y®CTAISPUISS48ns wer e
prepared by m xi ng 0.042 nmmol of one of the bidentate |I|igands of the
invention and 0.014 mml of N (COD)2 in 457 ng toluene. 5 Hydrocyanation of
3.4 Pentenenitrile (3.4 PN): 125 gL of a solution containing HCN, t-3PN,
and 2-ethoxyethyl muhgd (ifnd%D a0l Edbor 0. RQicnrINM33BNkaere added to a

septum capped vial. 13 L of a_sql.uti nCl2 in t- (0.0067 nmol
Znd 2) were added to the vi ali'ﬁ?;{(r)ljd1 th%ﬁ\//zl?jgl é%&“é’*&"%‘%”?g C. After cooling,

116 L (0.003 nmml N ) of a cdfal yst EBRi on prepared as descri bed above
were 10 added to thgzvial yw The %anl wasqgeal ed and pHe§ aside for 24 hours
at room tenperature. After 24 hrs the reaction mxture was diluted with
ethyl ether and the 4frodu® di s#41 buti det anal yzed bl6-8C using 2- et hoxyet hyl
ether as an internal,. starRdard. port yi el ds ar sed on HCN consuned.
CATALYST TEST NETHC]SSB 159€\ gl alslsE&reac?g§ fitted w (ﬁéa ni t rogen bubbl er
was charged with 3-géntend&nitril78@ (5 nl; 52 mmol),184 gand (0. 42 mol ),

Ni (COD)2 (0.040 g; 91714 1) a#bd ZnCl é,’ 58 WO 01/ 2]55980 PCT/ US00/ 25548
(0.020 g; 0.15 mmol )" "under” i ner i trodeh at nosphere.” The m xture was

heated to 50C and agitated wi tépg nagmpegic stirrer goHCN was delivered to
the reactor by

49 Z 59.8 1 16
50 AA 69.5 04 158
51 BB 21.5 0.7 7.8
52 cC 63.4 1.4 15.1
53 DD 70.3 3.6 16.7

CATALYST TEST METHOD A
Catalyst solutions were prepared by mixing 0.042 mmol of one of the bidentate

ligands of the invention and 0.014 mmol of Ni(COD), in 457 mg toluene.

5  Hydrocyanation of 3.4 Pentenenitrile (3.4 PN): 125 pL of a solution containing
HCN, #-3PN, and 2-ethoxyethyl ether (0.396 mmol HCN, 0.99 mmol #-3PN) were
added to a septum capped vial. 13 uL of a solution of ZnCl, in -3PN (0.0067
mmo] ZnCl,) were added to the vial and the vial cooled to -20 °C. After cooling,
116 pL (0.003 mmol Ni) of a catalyst solution prepared as described above were

10 added to the vial. The vial was sealed and set aside for 24 hours at room
temperature. After 24 hrs the reaction mixture was diluted with ethylether and the
product distribution analyzed by GC using 2-ethoxyethyl ether as an internal
standard. Reported yields are based on HCN consumed.

CATALYST TESTMETHOD B
15 A glass reactor fitted with a nitrogen bubbler was charged with 3-pentenenitrile (5
mL; 52 mmol), Ligand (0.42 mmol), Ni(COD), (0.040 g; 0.14 mmol) and ZnCl,
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sparging a source of liquid HCN (cooled to 0C) with dry nitrogen (30
cc/mn) and directing the resulting saturated HCNN N2 m xture into the
reactor beYQW/2AH8 5 |iquid | evel. Progress of the react iRSIT/USO0/2A548 t or ed by
removi ng aliquots and analyzing by GC. After 1 hr the reaction is

term nat ed. EQ:020lge0)16 gansl) aadyr ibrtditropen bintbsphizfe. Bfhe Smikni® was KeatedS W 72. 2
97.5 A 56 FF 2 57 B 89.5 93.3 58 X 29.5 9 9Y26.0
710 A 00 Gooh G antaguisd v cpeastostarst o N g delivpirido s reer PE3 BB 21, 5
86.6 A 64 H a%j&‘iaé’ou&eo@ﬂqﬁ@m &&%W)@Kh!g%%eﬁ%@ccﬁnm@ VO

01/ 21580 PCT/ 25548 What is clained is rocyanati on process,
conpri si ng re@l’@tqlwat"w’ﬁha@;@ﬂp&samﬁw Hﬁyﬂﬂﬁmxquﬁyr@ﬁﬁoebﬁlwﬂmsm ur at ed

compound 151 Wil idbie PREIAs 8P A0 € moR T el kool afNgA o0 Lo any

other olefinic group in e Wt rce o I'n the presence
of a catal ystmmzﬁf&mmmwﬁnﬂ?uﬂfcﬁﬁiwf a?“I dlm a zero-val ent
Tepresentod by ¢ s PRI g FRUT alor PRR To Fpu | | Aok o 0P

54 EE 838 95.5 A

55 W 72.2 975 A

56 FF 215 965 A

57 B 895 933 A

58 X 205 917 A

) v 260 710 A

60 GG 63.9 95.1 B

61 cC 422 926 A

62 J 13.0 88,6 A

63 BB 215 866 A

64 H 59 954 B

66 DD 645 912 A

67 v 13.0 830 A
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X2 3 oP xt--P \o 1 x4 x Formula I-A ~x2 x3 O\ 1P X1-P (Z1) n \OI
X4 X 15 60 * CL MWD 01/21580 PCT/USOQ 25548 Fornula 1-1 X2 X3 yOO nl

~P XLP/ "woeikisso X4 X wherein; 5 X is a bridging groupcgaiseurss4t fromt he
group consisting of R2, RIR RILR2 17?1 I

What is claimed is:
1. A hydrocyanation process, comprising reacting an acyclic,
aliphatic, monoethylenically unsaturated compound in which the ethylenic double
5  bond is not conjugated to any other olefinic group in the molecule with a source of
HCN in the presence of a catalyst precursor composition comprising a Lewis acid,
a zero-valent nickel, and a multidentate phosphite ligand selected from the group

represented by the formulae I, I-A or I-B:

10 Formula I

S
VAR

s,
VDS

60
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7891 R RE R3I I RAIl RIO whereinR, R, RB, R, Rs, R, R, R,
R', and W are independently selected fromthe group consisting of H, C

to C18 al kwb.oiemsed oal kyl, trialkylsilyl, triarylsilyl, pel/osmnssspitrile,
per fluoroal kyl, -SQ2R', 10 SOZNRQlamnamgmg ket al , dialkylanino or

di arylam no, -OR', - CO2R11, -(CNRI')R", (CNCR)R' V\,hereln R"is C toC$
al kyl, cycloal kyl, aryl QUDSt Whaut ed aryl 2, -C(O NR12R13, -0
61 111111111111111 C L /111111 p 111 s WO B PCT/ US00/ 25548 C,

_ f bected fromthe
gr oup con5|st|ng of H C\\o @8 alkyl, cycloal kbe_afyl, or substituted
aryl; wherein positions otfier tRan R through on~the aromatic rings may
al so be substituted with ¢ al kyl, 5 cy<l oal kyl, trialkylsilyl,
triarylsilyl, halogen, n{Z 1)*?, perp! talpyl, sulfonyl, acetal, ketal

di al kyl am no, diarylam no -OR', /CO2R", R \SNR', or RCNOR' , wherein RO
and R10 are independently \sel ectSd fromthe glédup consisting of H C, to
substituted ary < erein X2 through X5
are independently sel ectfé the group consi$ Y Z wherein Y is
[ ' group consi sting

wherein;

5 X' is a bridging group selected from the group consisting of

wherein R’ , R, R?,R*,R*, R, R, R®, R", and R?" are independently
selected from the group consisting of H, C, to C,; alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO,R", -
10 SO,NR,", acetal, ketal, dialkylamino, or diarylamino, -OR", -
CO,R", (CNRM)R", -(CNOR™)R",wherein R" is C, to C,, alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R", -C(O)NR"R", -O-

gy



15 CR143, (CR1"2) n-OR', (CR142) n-NR S wherein n is a nunber between O
and 3; wherein R14 is H C -Cl18 al kyl, cycloal kyl, or aryl; wherein R 5
i s sel ect sMObr2I880t he group consisting of H alkyl, cycl ozckyisoas4sl

-SO2R', -SG2NR 22, -C@'G a_ R ewhe: ﬁi nw]?‘.?n z{flﬁkmarg’ﬁlﬁe Ky“ﬂguaryl’ or

perfl uoroal kyl ; 20 wher'ein Z i's s‘e ec’t e group consi ng of
(CR142). OR 4 wher ei n selected frof ﬂamgi-ommtmﬂfd{ iG; talEf;iatkyll cpcloalkylve: wher ei n

a ligand of the structure of ,For A or For nul geast one
aromatic ring carbon i3 He’ “(?thtﬂghlﬁgé’l t}eBﬁ‘PP?flté?ﬁsB&'B{)tHﬁ‘ég '?‘6“511 bonded
through (Z')n' to anotdiahe SbREES fitgsmdyGlsode R@tituted With Qf fol®), 4IRA[ ti on to the

other 0O 25 bonded to the P; wherein Z is_ independently; and !l1!Sl I
1111 M 625W0 01/ 2158@Yﬁeqlkz}swlq§9&18mwwm10&rh niggileppenfiuorpglkrli g ar e

i ndependent |y sel ect e%ugsﬁq%dg%ﬂnggﬂém aRfarfiho HoWH, £, 101 al kyl,

cycl oal kyl, aryl, or S eltﬁer one 6r zero. 5 2.
The process of cl ai m @NRP&IR&N@R‘I’Lgand has the structure of formula I.

3. The process of ¢laim foi N ou has 10
t he structure of f ok‘?ﬁﬁ’lﬂ a\ﬁﬁlgr af?m%?en&('}ﬁw&fﬁ%‘%o%g’%@fp cgﬁsdg%lgil%d as
above: Fornmula A 4 RIM, CR3€,, alkyl, cycloalkyl, aryl, or substituted aryl;

10 wherein X? through X° are independently selected from the group

consisting of:

Z

wherein Y is independently selected from the group consisting of H, aryl,
15 CR", (CR", n-ORY, (CR",) n-NR" wherein n is a number between
0 and 3; wherein R™ is H, C,-C,; 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,, alkyl,
aryl, or perfluoroalkyl;
20 wherein Z is selected from the group consisting of (CR™,),-OR' wherein n
= (-3 and wherein R" is defined as above;
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
25 bondedto the P;

wherein 2! is independently; and

Wy

62



p Rl4 15 Formula B R4 R14 14 3 Rl14 R14 D R14 4. The process of Caim1l
wherein the Lewis acid is selected fromthe group consisting of inorganic
or or ganonwbaltiseo conpounds in which one el enent 20 of saigusappRsnd is

sel ected from scandium titani um. vanadium chrom um nanganese, iron,
cobalt, copper, zinc, boron, alumnum ¥}ttrium zirconium 63 ( ( ( f
Frrrrer reerer reerr reeer e il CL MS W 01/21580 PCT1USO0/ 25548

ni obi um nol ybdenum cadm um rh: . IO ThtT™5. The process of Claim4
wherein the Lewis acid is selected from|the group consisting of ZnBr2,
Znl2, ZnCl2, ZnSO4, CuCl2, CuCi, Cu(CBSB‘—‘Q) 5 CoCl2, (0012, Fel2, FeC13,

2,
FeCl2( t et r ahydr of 2. Ti GRA( L ek ahydr of Ti Cl4, TiCl3,
G (G Py 3 Mnc1o s epth Rl R B bleciel s s
(i s0- CAHO) 2AI C1, ( basisting 3AHQT, to[th el AlyBlodlky IRel] br suBktitlted aflGadn' VC13,
Crd 2, MCL5, YCL3, QJCl2, LaCl3, Er(CBSCF3)3, Yb(O2CCF3)3, SnCl3, TaCls,

CdC12, B(C6H5)3, ar¥*CHEM)E&X wherein X = CF3S08, CH3CGH5SM3, or 10
(C6H5) 3BCN.5 6. The process of Claim1 wherein the ethylenically unsaturated

conmpound is selected fromthe group consi sti n? of 3-pentenenitrile,
4- pent ene- 2. The process of claim1 wherein the ligand has the structure of

formula I.
3. The process of claim 1 wherein at least one of the groups X>-X° has

10  the structure of formulae A or B; Y* = O or CH,; and R" is defined as above:
Formula A

15 Formula B

4. The process of Claim 1 wherein the Lewis acid is selected from the
group consisting of inorganic or organometallic compounds in which one element
20 of said compound is selected from scandium, titanium, vanadium, chromium,

manganese, iron, cobalt, copper, zinc, boron, aluminum, yttrium, zirconium,

A



nitrile; alkyl 2-, 3-, and 4-pentenoates, and CzF2z+1 CH=CH2, wherein z is
an 15 integer of 1 to 12. 7. The process of Caim®6 wherein the
et hyl eni caVPP1/2438ht ur at ed conpound is 3-pentenenitril e @CT/US00/25548

4- pent eneni t 1 hibBiumg thoBybddmen, Rad@aRmsor’ Cl-aidrinl which is carried out at a
tenperature of -25C to 200C and at a pressure of 50.6 to 1013 kPa. 9. The
process of C aim 8 whi ch Is carried out at atnospheric pressure and at a

tenmperature of 0C §o egéofgﬁamﬂ WHAER R [Fis aé?@ls séIG&bdjerxlﬂQﬁ@
hydrocyanation of d| ol efins an I someri zation of the resulting

nonconj ugat edgmpcbnsastmgbflt&s Zdn ol AgSO4. Eaéli, 6yClL &w(@sSfdsdx al i phati c
diolefin th 0 e ne conposition
conpri si n\g;vg ni ﬁgfb gﬂ% gﬁqz’l éggr i:ébl%&%aﬁ cgg&at“ e1%1%%e%%hﬁr¥ﬁ+an nd of 30 the
formul ae 11, Ticl4 TiCls, CIH(OiPd);, INthCleAcCld, AW QT H-HACCIRCTLHG)AIZE548
F | I XZ P
o e (io0-B,HOLAICH lontrytiaatey, prom A, Recls, ZC1, Rl v, L 7 ) Y ()

CrCly, MoCls, YCIl3, CdCly, LaCls, Er(03SCF3)3, Yb(O2CCF3)3, SmCl3, TaCls,

CdCly, B(CgHs)s, and (CgHs);SnX, wherein X = CF3803, CH3CgHsS03, or

10 (CgHs)3BCN.

6. The process of Claim 1 wherein the ethylenically unsaturated
compound is selected from the group consisting of 3-pentenenitrile, 4-pentene-
nitrile; alkyl 2-, 3-, and 4-pentenoates, and C,F5,,1CH=CH,, wherein z is an

15 integerof 1 to 12.

7. The process of Claim 6 wherein the ethylenically unsaturated

compound is 3-pentenenitrile or 4-pentenenitrile.

20 8. The process of Claim 1 which is carried out at a temperature of -25°C
to 200°C and at a pressure of 50.6 to 1013 kPa.

9. The process of Claim 8 which is carried out at atmospheric pressure
and at a temperature of 0°C to 150°C.
25
10. A process for the liquid phase hydrocyanation of diolefins and
isomerization of the resulting nonconjugated acyclic nitriles comprising, reacting
an acyclic aliphatic diolefin with a source of HCN in the presence of a catalyst
composition comprising nickel and at least one multidentate phosphite ligand of

30 the formulae II, II-A or II-B:

o I



1 x4 x 5 121221222 1oy reeee rreer et MSsS 65 Imr WO 01/ 21580

PCT/ USOQ 25548 Fornula 11-B X2 X3 / | OO nl >Xt P(O 1 X~ x wherein;
5 X is awydiggdstg group selected fromthe group consi sPCHESOF2554®)" R2. Rl /
RRRRI TI 1 78 91 RRRERII R4 RIO wherein R, R2, R3, W W
W R7, R, R and R2' are independeEtH {j6| ected fromthe group consisting
of H C, to C g alkyl, cycloal kyl, *P ulg ylsilyl, triarylsilyl, hal ogen,

I
1
t

nitrile, perfluoroal kyl, -SQR", 0 SOZNRZ;.Z ketal , dial kylam no,
or diarylamno, -OR', - ) YR1L X ',wherein R' is C, to
Cle al kyl, cycl oal kyl, or substituted ar D) R12, -C(O NR12R13,
-0-
(@) o)
>P—x1——P<
O
@x4 XD
Formula II-A
o)
&1 p—x—K ") n
(0]
x4 X
5

R
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66 I11111!I.MI~ " VIII Il L 1111 . S WD 01/21580 PCTI US00125548

COR 2, -NR12-C(O) R13, wherein R12 and R13 are indepe ;  selected from

the group™OMe{¥¥ing of H C to C 8 alkyl, cycloal kyl, PCI 40025548

substituted aryl; wherein positi onsFamhbrIIBhan R through RS on the

aromatic rings may al so be ubstltuted with C to C, 8 al kyl, 5 cycl oal kyl,
s

trialkylsilyl, triarylsi , Nitriyde, oal kyI sul fonyl ,
acetal, ketal, dialkyla ary am' no , -OR , R CNR", or RCNCR'
; wherein R and Rt0 arg fendent |y sel ect ed - group consi sting
of H C, to Clg al kyl, o4 kyl , aryl, or subststyred aryl; 10 wherein

X2 through X5 are indepen Iect ed fro consisting of T1

_y y2 Z wherein Y' is ingdepend |y selecte rom the group consisting of
H aryl, 15 CR143, (CRIZ) pl- OR14 pand( 42) n-NR', wherein nis a
nunber between 0 and 3, erein F(14 is H, -C,, al kyI cycl oal kyl, or

aryl, wherein R15 is sel§ omt he group sonsi sting of H al kyI,

cycl oal kyl, aryl, -SQ2R' QNR1L22, -COR 6, andNaPERQIin R6is H C -C 8
al kyl, cycloal kyl, arylg or peyfluoroal kyl; Y2 is independently
42) n-OR 4, and

(CR 42) n NR 5, wherein XEr  bet e wherein R14 is H,

C -C, 8 al kyl, cycloal kyl, aryl,
wherein;
5 X' is a bridging group selected from the group consisting of

whereinR', R*,R?*,R*, R*,R®, R", R*,RY, and R?' are independently
selected from the group consisting of H, C, to C,, alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO,R", -
10 SO,NR,", acetal, ketal, dialkylamino, or diarylamino, -OR", -
COR", (CNR™MR", (CNOR™)R" wherein R" is C, to C,, alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R'?, -C(O)NR"R", -O-

66
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wherein R1S is selected fromthe group consisting of H, alkyl, cycloalkyl,
aryl, -SQ2R', -SM2NR122, -COR16, and wherein R6 is H 25 C -C,c al kyl,
cycl oal kylwo ewratbse or perfl uoroal kyl; wherein Z is sel ectiednisvegsishe group

consisting (CR 42)n- Oﬁééﬁ]”‘mke'dlo I W reﬁaﬂmﬁrfaek‘maﬁ%de defined as above;

wherein a |igand havin é structuré of Formu ormil a |-B has at
67 1111111111111111111el¢q‘sbcrfrdmMe@@pwpn%ngmfﬂle,&ﬁq?ﬁlkﬂmevoaﬁﬁus | east

one aromatic ring carbo oftho positiaop to .an Qdedt a P bonded
through (Z')n' to anoffel aﬂ" %g'{t?‘{cargfﬁ’ger@grpﬂ% °I?sr?ﬁ{eﬁ8m8%t lﬁ%‘ tion to the
other 0 bonded to thenmemﬁtmgemayﬂsobﬁsubnﬂﬁaewﬂﬁmtcyc,sﬁlkil 5 R18 and

wherein each R' and Rl are i ndepen eIe ted fromthe grou
consi sting of H C, t&yq?yﬂ@wéfmlﬁﬁ ﬂ'éﬂs Imméﬁ’P?gB%rPP]f‘ﬂ?ed aryl ,

and n' is either ones‘gfon;ps&mln&mim@ms mm& CORM MCBIRMRET €i n” t he

| i gand has the structure 1 12 The prodess of ¢élaim 10
wher ei n at | east one E&NR'% er%ﬂiQBé ,X2 X5 has the structure of fornmulae A

gl 4B Y3 = 0 or CHgerd0R Bk Se 1351850921200 Som thrbP BHlidhine o4 R14 Y
H, C, to C,; alkyl, cycloalkyl, aryl, or substituted aryl;
10 wherein X? through X° are independently selected from the group

consisting of:
1

__T_..Y2
Z

wherein Y’ is independently selected from the group consisting of H, aryl,

15 CRY,, (CR",) n-OR™, and (CR',) n-NR", wherein n is a number
between 0 and 3, wherein R" is H, C,-C; alkyl, cycloalkyl, or ary),
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,; alkyl, cycloalkyl, aryl, or perfluoroalkyl;

20 wherein Y? is independently selected from the group consisting of aryl,
CR",, (CR")) n-OR", and (CR",) n-NR", wherein n is a number
between 0 and 3, wherein R" is H, C,-C,, 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¥isH,

25 C,-C,, alkyl, cycloalkyl, aryl, or perfluoroalkyl;

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

0-3 wherein R" is defined as above;

wherein a ligand having the structure of Formula I-A or Formula I-B has at
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R14 11112121 1HI[1 ~Jdlia. 1l * ~~~"L, M5 68 WO 01/21580 PCT/ USOQ 25548
Formula B R4 Rl4 14 Ri14 Rl14 0 R14 13. The process of claim 10 wherein

t he di ol eMARIBBpound is 1,3- 5 butadiene. 14. The pr RELLSBLSSEE ai m 10
uher el n eit NelleddyHe AEHRHHRrind arBbn il HOBTRA fidlioR Ty &PORBRIAWED g DAt ch
operation or both hydrocyanation an Isonerization are pertorned as a

bat ch oper at i dhrouglo{ZDs! torinethpr asomatic ririg aattminin the orthe pesitioneta the pther O

hydr ocyanati o i rization is performed continously or both

hydr ocyanat i on%oggr‘leditll)?%r%rdl‘éati on are performed continuously. 15 16. The
process of clai m 1@vheteir Ziipirddbgendemlyef i n conpound conprises conj ugat ed
diolefins containing from4 to 10 carbon gtons. 17. The process of claim 16
wherein the diolefin conpound is sel ect T fromthe group consi sting of

1, 3- but adi ene, ci s-2, 4-hexadi ene, trans-2,4 20 hexadi ene,

cis-1, 3-pent adi ene and trans-1, 3- perniad) 18. The process of claim10
wherei n hydrocyanation is carried out ati a tenperature of from about OC to
150C. 5 R18

and wherein each R' and R"® are independently selected from the group
consisting of H, C, to C,, alkyl, cycloalkyl, aryl, or substituted aryl, and '

is either one or zero.

10 11.  The process of claim 10 wherein the ligand has the structure of

formula II.

12.  The process of claim 10 wherein at least one of the groups X*-X?
has the structure of formulae A or B; Y* = O or CH,; and R" is defined as above:
15 Formula A

[

%

LU

68



25 19. The process of claim 10 wherein during hydrocyanation the nol ar
ratio of HCN to catal yst precursor conpound is between about 100:1 to
5,000: 1. w&bi2198¢ process of claim 19 wherein during hydcowgenassaon the
molar 69 ITLLIILE//0T00Tit/Zittl,lihi,formuid®!l !’ WO 01/21580 PCTI USOQ 25548
~:.tio of HC(Nto c ttalyst precis ;or conpound is between about 100:1 to

5,000:1. 21. A nultidentate phosphite R'gaﬂg of the formulae IT, Il1-A or
I1-B: 5 Fornula Il cX2 X3 o 1 CPXL-P&&( 24 Formula I1-Ax2 X3/ 1 -~z

1) 0> XL P\ (1) OF XI1II 1111 11134 111111 111111 1 MS 70 WO
01/ 21580 PCT/ USQQ 25548 14
Ris
o\
Ris

13.  The process of claim 10 wherein the diolefinic compound is 1,3-
5  butadiene.

14. The process of claim 10 wherein either hydrocyanation or
isomerization is performed as a batch operation or both hydrocyanation and
isomerization are performed as a batch operation.

10

15.  The process of claim 10 wherein either hydrocyanation or

isomerization is performed continously or both hydrocyanation and isomerization

are performed continuously.

15 16.  The process of claim 10 wherein the diolefin compound comprises

conjugated diolefins containing from 4 to 10 carbon atoms.

17. The process of claim 16 wherein the diolefin compound is selected
from the group consisting of 1,3-butadiene, cis-2,4-hexadiene, trans-2.4-
20 hexadiene, cis-1,3-pentadiene and trans-1,3-pentadiene.

18.  The process of claim 10 wherein hydrocyanation is carried out ata
temperature of from about 0°C to 150°C.

25 19. The process of claim 10 wherein during hydrocyanation the molar

ratio of HCN to catalyst precursor compound is between about 100:1 to 5,000:1.

20.  The process of claim 19 wherein during hydrocyanation the molar

69
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Formt:a I1-B XZ X3/ | nl1 >Xt_ P\ 1 X4 X. wherein; 5 X is a bridging
group selected fromthe group conS|st|ng of R R2 RLRR RLR 78 9 R5
R6 R3 R4 YORASH Mherein R, RZ, R3 R, R7, PEI/USGSS48ng Rp
are i ndependenittiopf HQY tactalyst prsen f%émgpwﬁ l%@ﬁ‘s’?f@tﬂbﬁ‘é 190:11p 5089010 C1 8

al kyl, cycloal kyl, trialkylsilyl, triarylsilyl, halogen, nitrile,

perfl uoroal kyl , -SOZR', 10 SOZNR212, acet al , ket al, dial kyl am no, or

di aryl ani no, -OR',21l. COARiultiden@mMphpRhite lig@NCRBeormier il AR II-B: C1 to C18
al kyl, cycloal kyl, aryl, or substituted aryl, -C(OR12, -C(O NR12R13, -O0-
7000000 e rrerr rerrr 1 L MS flol W 01/ 21580

PCTI USO0/ 23548 C(O) R12 NR12- C(O R13FoMiigsBin R 2 and R13 are independently
sel ected fromthe group consisting of H C to Cl18 alkyl, cycloalkyl,
aryl, or substituted ary reln sition&;othe Ty R t hrough R8 on
the aromatic rings may 3§ ituted Z Y O al kyl, 5

cycl oal kyl, trialkyl sil aryl silyl, hal ogen) \ perfl uor oal kyl ,

0
el
o)
X4 X
Formula II-A
x2 x3
@t ek (7' n
(o]
x4 X

OO ) o
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sul fonyl, acetal, ketal, dialkylamno, diarylamino , -OR', -CO2R',R CNR',

or RCNOR' ; wherei n R and R1D are independently selected fromthe group

consi stingdiddo C to C18 al kyl, cycloal kyl, aryl, or rewhsteassdsed aryl ;

10 wherein X2 through XS are |ndepqgg§@5kygselected fromthe group

consisting of. _y2 Z wherein Y' is 1ndependently selected fromthe group

consisting of H, aryl, ZCR142) 3CR 4 (CR142) n -NR',

wherein n is a nunber } i\ H, Cl-C18 al kyI,

cycl oal kyl, or aryl, i nffR s |s selected f om t helgroup consi sting of

H, al kyl, cycloal kyl, ¥ SA2R", - S2NR122, {WLOR and wherein R6 is

H C- C18 al kyl , cycloa , or perfluopbalkKyl; 20 wherein Y2 is

i ndependent |y sel ect ed fromthe roup consi %ﬁ)ng of aryl, CR143, (CR 42)

n-OW, and (CR 42) n- NR( rein p-Ls: |sx§__P er between 0 and 3, wherein

R14 is H, Ci1-ClH al kyl, "dyc oalky wherein Rs is selected from

the group consisting of , cycl oaI kyIO aryl, -SQ2R', -SO2NR122,

i el kyl, aryl, or

sel ected fromthe gfou Qnsi sting

mhereln R14 is dgfined as above; wherein a
B -B has at 72

=D 01/ 21580

-t

perfl uoroal kyl ; wherein
(CR14),,-0OR14 wherein
| i gand having the struc
1111217121 12 2 21 1 @

PCTI USO0/ 25548 | east one aromatic Ang carbo.: i:_ the ortho position to an
0 bor Jed to a P bonded _
wherein;
5 X! is a bridging group selected from the group consisting of
r' R?

whereinR' ,R?, R*, R*, R, R®, R", R® , R", and R?' are independently
selected from the group consisting of H, C, to C,, alkyl, cycloalkyl,
triatkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO,R", -
10 SO,NR,'?, acetal, ketal, dialkylamino, or diarylamino, -OR", -
. CO,R", (CNR™)R", -(CNOR")R" wherein R" is C, to C,q alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R"2, -C(O)NR"R", -O-

71
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through (Z')n' to another ‘aromatic ring carbon in the ortho position to the
other O bonded to the P; and wherein Z' is independently; 17 5 R18 and
wher ei n ewohi/kssend R18 are i ndependently sel ected fr omrITAISH/2A548
consisting of H C to C, al kxl, C gloal Igyli aryl, or substituted aryl,
and n' is either oneCHRIerNR“IHOM”, wherein R§andiRGfarccindénendentlher ei n ei t her

Y or Y2 is |linked to l:G: et : ' of claim21
having the structure Béeﬁ%?r%ﬁghgéo'%%%l&ﬁioggFéé??“%]n l’g*g%@gl’groups

X2- X5 has the structuasyl,ek shbstitatbdbarylAwherel po¥iions étherthanll® thiddgh Rhd R14 i s

defined as above: Fornmula A 14 . R14 Y R14 R14 111] LLI L it T
Il 1111 St 73 FIFU %‘Wﬁ%&%@"ﬁw&@%‘é’&%‘“‘éw 110Gkl R14 14 R14
5 cycloalkyl, trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl,

sulfonyl, acetal, ketal, dialkylamino, diarylamino , -OR", -CO,R" R
CNRY, or RCNOR!" ;

wherein R’ and R are independently selected from the group consisting of
H, C, to C,, alkyl, cycloalkyl, aryl, or substituted aryl;

10 wherein X’ through X’ are independently selected from the group
consisting of:
....__.(r.__.YZ
Z
wherein Y' is independently selected from the group consisting of H, aryl,
15 CRY,, (CR™,) n-OR", and (CRY,) n-NR", wherein n is a2 number

between 0 and 3, wherein R" is H, C,-C,; 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,; alkyl, cycloalkyl, aryl, or perfluoroalkyl;

20 wherein Y? is independently selected from the group consisting of aryl,
CRY,, (CR™,)) n-ORM, and (CR',) n-NR", wherein n is a number
between 0 and 3, wherein R is H, C,-C,; 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,

25 C,-C,; alkyl, cycloalkyl, aryl, or perfluoroalkyl;

wherein Z is selected from the group consisting (CR",),-OR" whereinn =

0-3 wherein R" is defined as above;

wherein a ligand having the structure of Formula I-A or Formula I-B has at
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R14 0 R14 5 24. A catalyst conposition conprising the ligand of claim 21
and Goup VIII netal. 25. The conposition of claim?24 wherein the G oup
VIT1 metalwos12138b sel ected fromthe group consisting of wartseoesse rhodi um
and iridium R8s ofdSofBhP S ekt i0TheGhtBb Posionih 84 B Har iddqo PPUsRded | | net al
is rhodium 15 27. The conposition of claim 24 wherein the Goup VIII

metal is sel Beeugh (ZDwte anathes promstie Hng rasbanp therorthp preition tagbepther @nd

pal | adi um 28 ition of claim27 wherein the Goup VIIl netal is
ni ckel . 20 29P°$E§mctg§pﬁg%?ti on of claim24 wherein a Lewis acid is sel ected
from the group cowsdreihZhiy indeperdentlygni ¢ or or ganonetal i c conpounds in

whi ch one elenent of said conmpound is sﬁ ected from scandium titanium
vanadi um chrom um nanganese, iron, alt, copper, zinc, boron,

alum num yttrium 25 zirconium niobium nolybdenum cadm um rhenium and
tin. 30. The conposition of claim Zmrer-' n the Lewws acid is selected
from the group consisting of ZnBr2, zZnl2, ZnCl2, ZnSO4, CuCl2, Cud,
Cu(@B8SCF3)2, 74 | 1thivip e 1 ettt vy * CL MS W 01/ 21580
PCT/ USOQO 25548 ' 12, Uf 7el2 F$013 Jecl2(tetr h;'Jrotbran)2,'J

" 14(t et r ahydr ot ur a8 ovhengireach RYjapd B'* are imigpendoptiyselagted fiom the gfoyp A1C13,

(C8HL7) AIC12, (Cg %Ql%ﬁlg% H, C, to C,; alkyl, cycloalkyl, aryl, or substituted aryl, and n'

is either one or zero.

10 22.  Theligand of claim 21 wherein either Y' or Y? is linked to Z to

form a cyclic ether.

23.  Theligand of claim 21 having the structure of Formula II wherein
at least one of the groups X>-X* has the structure of formulae A or B; Y’ =0 or
15 CH,; and R" is defined as above:

Formula A

Iy

73



(i so-C4H9) 2Al C1, (phenyl)2AlCl1, phenyl Al C12, ReCl15, ZrCl4, NbCl5, VC13,
CrCl12, MaCl5, YC13, CdCl2, LaCl3, Er(O3SCF3)3, Yb(O2CCF3)3, SnCl3, TaCl5, 5
CdCl2, B(e®HapBsoand (C6H5) 3SnX, wherein X = CF3SO8, CHXHABRURSS4Hr

(CBH5)3BCN. 10 15 20 25 1111111 Hakhd'LBL11 11111111 1 1 I | | L MS 75
r-ni R . R1‘
XL
3 Ris
o R14
Ria
5

24. A catalyst composition comprising the ligand of claim 21 and
Group VIII metal.

25.  The composition of claim 24 wherein the Group VIII metal is

10  selected from the group consisting of ruthenium, rhodium, and iridium.

26.  The composition of claim 24 wherein the Group VIII metal is

rhodium.

15 27.  The composition of claim 24 wherein the Group VIII metal is
selected from the group consisting of nickel, cobalt, and palladium.

28.  The composition of claim 27 wherein the Group VIII metal is
nickel. '
20
29. The composition of claim 24 wherein a Lewis acid is selected from
the group consisting of inorganic or organometallic compounds in which one
element of said compound is selected from scandium, titanium, vanadium,
chromium, manganese, iron, cobalt, copper, zinc, boron, aluminum, yttrium,

25  zirconium, niobium, molybdenum, cadmium, rhenium and tin.

30. The composition of claim 24 wherein the Lewis acid is selected from
the group consisting of ZnBrj, Znl3, ZnClp, ZnSOy4, CuCly, CuCl, Cu(03SCF3),,

74
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s Ty, Cr ., ¥ely FeCls, FeCly(tetic hydrofuran)y, 137 l(tetrahydroturan)y,
TiCla, TiCls, CITi(0iPr)3, MnCly, ScCl3, AlCks, (CsH)7)AICk, (CsHi7),AICL
(is0-C4Hg)2AICl, (phenyl)2AIC], phenylAlCly, ReCls, ZrCls, NbCls, VCls,
CtCly, MoCls, YCl3, CdCly, LaCls, EX(O3SCF3)3, Yb(02CCF3)3, SmCls, TaCls,
CdCl,, B(CgHs)s, and (CgHs);SnX, wherein X = CF3803, CH3CgHsS03, or
(CeHs)3BCN.
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