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Phosphorus |igands.are u uj t nunber of
comercially inpor Htﬁ@ﬁ%%¥%%.m Séh%‘%%ﬁ% |onsﬁggﬁﬁhﬁhgiﬁﬂu$?égﬁﬁs 20
commonl y encoGdtlé4 a7 ifiedc2ft d¢ppernkerildB?.ude phosphi nes (A), and phosphites
(B), shown below. In these representations, R can be virtually any organic
group. Mnophosphi ne and nonophosphite |igands are conpounds which contain
a single phosphorus atom whi chrIEeIVEE 1T858 NVYBNQIONO a netal . Bi sphosphi ne,
bi sphosphite, and bi s(phosphorus) [igands in general, contain two

phosphor u0 25 don@heaﬂ@n%maﬁﬁnﬁﬁpﬂﬁmmyrmém¢WwW%PmﬁphW%h§W@&§b¢ﬁﬁﬂuﬁes with

ran
transition WEtcgmp051B ons made therefrom and catalytic processes which employ such

multidentate phosphite ligands. In particular, the ligands have heteroatom-
containing substituents on the carbon attached to the ortho position of the terminal
phenol group. The catalytic processes exemplified herein are hydrocyanation and

15 isomerization.

TECHNICAL BACKGROUND OF THE INVENTION

Phosphorus ligands are ubiquitous in catalysis and are used for a number of
commercially important chemical transformations. Phosphorus ligands
20  commonly encountered in catalysis include phosphines (A), and phosphites (B),
shown below. In these representations, R can be virtually any organic group.
Monophosphine and monophosphite ligands are compounds which contain a
single phosphorus atom which serves as a donor to a metal. Bisphosphine,
bisphosphite, and bis(phosphorus) ligands in general, contain two phosphorus

25  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.

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



PPRRROORAB There are several industrially inportant catal ytic

processes enpl oyi ng phosphorus |igands. For exanple, U S. Pat No.
5, 910, GUBOPQ?EPQ a, et al. 30 discloses that bisphosphi tep%%oﬁ%%@ can be

used as a constituting elepent of a |, WD 01/21580 PCT/ US00/ 25548
homogeneous nBPEPERPEY Petal sasalystdpy vasious sxactionsiaich athydieeemairgenat i on,

hydr of or my| at j, 0, e IYATREH ARk AnarPHOR OGO AohORy qrbXEaaag dat | on,
nagﬁm 0 @%’ﬁ& f nme ofﬂ%dh

hydr oesterification ensati on. ese catalytic
processes ar ehydreektéerifidation andradoldoaldesationict i on 5 of pol yners, sol vents,
pl asticizers and other comodity chem cals. Consequently, due to the
extremely | arge woPPBiofEhesn eatnlyte pwawsaww%mkg&cmmm@rﬁwctwn
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i mportant Teac s are hig esira ur t her nor di scovery of

certain |igangsnidaatnttipiuded the ektrdmdlplargd plorlddideathemacal osamaditaagekef 10
these commercially inportant reactions_is also highly desirable not only
for the commeresn aralbaaemental pdianggsdp yiddd ensghectivith isany ofdhessn and f ocusi ng

of research and devel opment efforts tq. ri.icul [ of..conmpounds.
U.S. Patent N89mg‘,°§3°i§,ly6igr§)°{t8nﬁ{|¢%% oil@?feg}lglg?%eﬁf%gq' ca)%uégleﬁhl rf/’dtf}%cyanat i on

process usi ngdicéHry bfldHant Bgdlde 8Rbhia§ bedefbfor aplslidah@nm&@@tasm%ubf
publications 15 referenced therein describe hydrocyanation catal yst

syst ens pkl t athesergommerdialyHyhodtestanaations isatisochiphly alasitabld gotwnbyafonthe ed
conpounds. U §6m1|?1aetrcelerﬁtbewgf?t', but also to enable consolidation and focusing of research and
development efforts to a particular group of compounds.

U.S. Patent No. 5,512,696 to Kreutzer,et al. discloses a hydrocyanation
process using a multidentate phosphite ligand, and the patents and publications

15  referenced therein describe hydrocyanation catalyst systems pertaining to 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 WO99/06357 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



5,723,641, 5,663,369, 5,688,986 and 5, 847,191 di scl ose processes and

catal yst conpositions for the hydrocyanati on of nonoethylenically

unsat ur a¥@a12188hpounds usi ng zero-val ent ni ckel and nul t iPgaAIR0BSMbhosphite
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compounds t 0, pLOGYEEMHIRON MIMSE PEYGH £mdlobibACT AP pitflel. a5 2 |7 auid
phase process Tor e isonerrzation o ose nitriltes to 3- and/or
4-monoal kene |i ngatilethé EathI9st dedieibe@ abdvieQndy RpRsERIcOmteraiblly i N the 25
presence of zero-valent nickel and a nultidentate phosphite |igand. O her
catal ytic pr otblsetalyss, it dwaygmgmaingaiesirabdotogirovide eyensmereceftendve, digher i zat i on
of nonoal kene nit.riles are described %n thetﬁg,ﬁtents apd puglif tions
referenced PHaPEIRE °F3 FORE SPARREM OB 57PN E FOPES AP A ¢ 120N e
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linear nitriles. iI'e the catalyst systens descri bed above may represent
comer ci 401 y be wptinizddat areysrirsore comalencglly mepradansredetmins atxtheast 0 provi de even
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reference to the detailed description which hereinafter follows.

15 SUMMARY OF THE INVENTION

The invention provides for a hydrocyanation process comprising reacting
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.



selectivity, efficiency or stability, depending on the reaction perforned.
It is also desirable to provide such inproved catal yst systens and/or
processS¥OMHEERO may 10 be optinized for one or nore COTTTTE‘;I‘/(EE/BNOQS%grpOHant
reacti ons such as hydrofornyl ation, F&%hacxanation or isonerization. O her
obj ects and advantages of the present®™R®&htion will becone apparent to
those skilled in the art upoQ reference to the detgiled description which
hereinafter follows. 15 SOVWWARY OE-XPE | NVENKRO e e@nti on provides for
a hydrocyanati on procesg conpriffing reacting an § \ al i phati c,
nmonoet hyl eni cal | y unsat & gonpound in which t eni ¢ doubl e bond
is not conjugated to any olefinic group in t¥elecule with a
source of HCN in the presence of catal yst pregdrsor 20 conposition
conprising a Lewis acid, a zero-Jikfnt nickelﬁdﬁd at | east one
nmul tidentate phosphite |igand sel ectpd fytm pfie group represented by the
following fornulae I, 1-Aor 1-B, An which aN_like reference characters
have the sane neani ng, Ofurther expli©jtly linmted. 3 WO 01/21580
PCT/ US00/ 25548 Formul a | iA X is a bridging
group consisting of: R erein R, R, R3,
R', and R' are independg& el ected fromthe gr
to C 8 al kyl, cycl oal kyl ‘ {
perfl uoroal kyl, -SO2R",
di aryl am no, -OR", -
wherein X' is a bridging group selected from the group consisting of:

RS, R6, R7, RS,
isting of H C,
al ogen, nitrile,

4l yl, tr'% y
12, “acet al , Ket al | am no, or

R" R?

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,q alkyl,

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



C2R', -(CNR')R', -(CNOR')R',wherein R' is C, to C18 alkyl, 10 aryl, or
substituted aryl, -C(ORl12, -C(ONRL2R 3, -OC(OR 2, - NRL12- 3,
wher ei n BP1ZM3OR 3 are i ndependently sel ected from 4 V\()B‘i?@%@%%

PCT/ US00/ 25548 the group of ti, C, tqg Cl18 alkyl ycl oal kyl, .aryl,  or
substituted aryl; whePEBPUWSIHiCone Corabiyl ?M?i.lﬂiﬂlﬁi &R0 k’ﬁiéf“‘&ﬁ aryle
aromatic rings nay al St | il sﬁl& tic Sl oal kyl',
trialkylsilyl, triar y‘?gﬁrplgllq%gﬁ%fl%g%&%?&%r F}Fg?g}{)}gr ugﬁgég?{iifl , ésgul fonyl,
acetal, ketal, 5 dial kyhpalisobe sabséitutédwith@, to CRlkyl-cgciIkyR tfiNRy1silpl;, RCNOR'
,  wWherein R9 and R10 are independentl|ly selected fromthe gr ou]cg consi sting

of H C, to C18 al kyltnacjglvddiakagen, nifrile, pesflucsenliyl; subtosyl. aFSil ketRler ei n X2
t hr ough X% are i ndepenﬂa&%i%leiﬁ(gkﬁ%gﬁ&im O_Q?]ﬁlhe_cgjﬁuli Cﬁﬁm‘sbﬁ{b('i}g)lgl : arlgl

wherein Y7 s independen roni the ’grodp consisting

CR143, wherei n R 4 wherkin IC arld18° alekidepedenklp atlsyted from the group(dolsidiyg of OR14,
(CR142) n-NR 5, wherein R5 is selected fromthe group 15 consisting of H,
al kyl, aryl, -S2R', -BENRQialkyberelealkylamybios sulstigitedanyl; C - C 8 al kyl ,

cycl oal kyl, aryl or,perfluoroalkyl : and Z.s;select fr.omthe group
consi sting of (CRlW}z‘?reW*C%i% 255 Wr&e%e:r’ggglya‘c’ne:&ec&d ?r;slt%egr?“ﬁéd as above.

20 Formula I-A 5 consisting of:

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 R" 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



WO 01/ 21580 PCT/ US00/ 25548 I n ot her enbodi nents of the invention a |Iigand
of the structure of Fornula |[|-A may be substituted for the |i aq% of
For mul a WO OHA$8¢ n t hose enbodi ments an aromatic ring car}‘tﬁ;ﬁuwﬁ/zf & ortho
position to an O bonded to_a P nmay be bonded 5 through (Z )n' to another

aromatic ring carbon in '
wherein Z' is independeg
i ndependently sel ected
cycl oal kyl, aryl, or subD§
wherein it is understood }

R18 and each 4f R18 are

group 10 consi sti C, to C g alkyl,
JWed aryl, n" is eithg op€é or zero; and

= 0 represents bond, replacing the two
aromatic ring hydrogens. fFormul &(-B 6 WD 01/ 80 PCTAUS00/ 25548 | n ot her
enbodi ments of the inveq 1pn1a lig QJ%gﬂJypsanwture Formula |-B may
be substituted for the l'i\gafid of Pe mul & 1, an wher ei a%“aronatic ring 5
carbon in the ortho position to @1 O bonded toQn P nmay/be bonded t hrough
(Z')n" to another aronat ri
0 bonded to the P; wherei is independently R1

In other embodiments of the invention a ligand of the structure of Formula
I-A may be substituted for the ligand of Formula I, and in those embodiments an
aromatic ring carbon in the ortho position to an O bonded to a P may be bonded

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
R1 7
i1 8

and each of R' and R'® are independently selected from the group
10 consisting of H, C, to C,4 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 I-B



10 and each of R'" and R 8 are independently selected fromthe group
consisting of H C to C18 al kyl, cycloal kyl, aryl, or s i aryl, n'
is ei th&YO0HE%Gr zero; and wherein it is understood tha#’%ﬁ%stgbjlggrzsepresents
a bond replacing the two aromatic ring hydrogens. Furthernore, in

enbodi ments of the invents tilizyng Formyxn |, 15 I-A or
Formula |1-B, either onefof the S y be |i'nked th ZY\o forma cyclic

et her. The invention al QO Proy des for a nultidenpate phdsphite Iigand
having the structure reRgesented by the follow ngkQrmsda Il, Fornula Il-A

have t he sane
20 ex@icitly limtdd. 7 WO 01/21580

or Formula I1-B in whichYa
nmeani ng, except as furthey

PCT/ US00/ 25548 For mul a I{ ? 10 e X))\ O wherein X is a dival ent
bridging group and is selgct®d fro'gFf'h'é_ rouvp\consisting 5 of: wherein R,
R, RB, 4, R, R, R, R8 ', and R2 "‘@re independently selected

fromthe group consistinglof H A to Cl18 al kyl,N¢cycl gal kyl,
trialkylsilyl, triarylsi | ogen, nitrile, per Zal kyl, -SQ2R', 10
SO02NR212, acetal, ketal | am no, or diaryla 8R', 8

X4 X

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 (ZHn'!

to another aromatic ring carbon in the ortho position to the other O bonded to the

P;
wherein Z' is independently
R1 7
1R;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.



WD 01/ 21580 PCT/ US00/ 25548 CO2R', -(CNR')R', -(CNOR')R',wherein R" is C, "
, 18 al kyl, cycloalkyl, aryl, or substituted aryl, -C(OR12, -C(O NR12R13,
-0 C(OWQ912158R12- C(O R13, wherein R12 and R13 are i ndegidespoi2§548sel ect ed
fromthe group of H C, to C18 al kyl, cycloal kyl, aryl, or 5 substituted
aryl; wherein positions other than R through R8 on the aromatic rings may
al so be substituted with C, to Cl18 allg cIoaI kyl, trial kylsilyl,
triarylsilyl, halogen, nitrile, perfl uoroaf sul fonyl, acetal, ketal,

di al kyl am no, diaryl am no__—= R', R 0 R’ RENOR' wherein RO and
R10 are independently sel/écted Q_£+%fn t he gl gof H C toC8
al kyl, cycl oal kyl, aryl, fystituted aryl, whe
independently sel ected fRs group consisting a 15 Y2 Y is

i ndependently sel ected froRythAeE\group consisting o yl, CR143,wherein
R4is H C-C8 alkyl, cycloal kN or aryl, ( A12) n- OR 4, (CR142)
n-NR 5 wherein n is a nunber betweeg 0 and 3, %ereln R15 is selected from
the group consisting of H alkyl, 20 R:-y-el aryI -S2R', - SO2NR122,
-COR 6 wherein R6 is H C - C1S %5 yl, cycloa , aryl, or

perfl uoroal kyl ; i :

wherein X' is a divalent bridging group and is selected from the group consisting

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", -



Y2 is independently selected fromthe group consisting of aryl,
CR143,wherein R4 is H C, -C 8 alkyl, cycloal kyl, or aryI]j Oﬁgﬁ)ﬁn- OR14,
(CR142) WR RR158%Wherein n is a number between 0 and 3, 25 | 5is

selected fromthe gro ONSHRipiRG N Of NS 104l ! , -SO2R',
" SCONRL22, S COR 6 whororR R%gﬁ?{sﬁ%,’ é?ﬁoé‘?s}kar“ﬁ@??‘%c?odé?‘k |‘8,£‘)§r1§/| . or

perfluoroal kyl; Z is swletk@darkl, onsibsatugedarpl, cO@RSY, FOEOR' @?2)a-OR 4

wherein n = 0-3 and wherein R14 is fined as a . 9 WO 01/ 21580
PCT/ US00/ 25548 For mul §(@}1§£A-Nﬁq’oﬁiﬁé)quN@Sﬁl%ﬁt@g%}{?ﬁrﬁ@q%@#mésn a |igand

of the structure of Fgglg@é@ﬁoklmég@?gio?g,?ljlpé&i tam,dcyicﬁ)éu%,lrp lji gand of

Formula Il, and wherein an arona carBon”in ‘tho’ position to

an 0 bonded to a P mayutkaniaidted wharen gbsifehsther titandRiothfeighd @methé ¢ ri ng
carbon in the ortho position to the other O bonded to the P; wherein Z' is
i ndependent |y RL7 | mpatie@ingsmayalse frsubsifurd &vit@ toldepkhbent | y sel ect ed

substituted aryl . - PG} Y Bl Siloec ARG pluor L 1 o
that n' = 0 represent gulforyhndetaE REAE dRdkylARinbY\@iaryddraiiat, -OR! i, QOJR/HRoOgens.
CNR!, or RCNOR!! ,wherein R® and R'® are independently selected
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:

..__‘];_YZ
Z

Y' is independently selected from the group consisting of H, 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,

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, cycloalkyl, 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-
OR™, (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 WO 01/ 21580 PCT/ USO0/ 25548 Fornul a 11-B I n ot her enbodi nents of the

i nvention a Iigand of the structure of Fornula 5 I1-B may_ be Sﬁgééituted
for the WP§HAFSf Fornula 11, and an aromatic ring car bort VW48 t ho
position to an O bonded to a P nay be ond ﬁ ough (Z')n' to anot her
aromatic ring carbon in the ortho posi Poh e ot her 0 bonded to the P;
wherein Z' is independently | R18 10 ..and R18 are

i ndependently sel ected i
cycl oal kyl, aryl, or substituffed aryl, n' is either one\\or zero; and
wherein it is understod that//fn' = 0 represents & bond yepl acing the two
aromati c ring hydrogens thernore, in enbodi peRts Of the invention

utilizing Formula 11, 11- A or For [1-B\ either Y or YZ may
be linked with Z to for cychg ether. Th [ al so provides for
certain nultidentate p ﬂh{le | i ggmds-Yahe-P osi tions made

t herefrom useful in the hydrocyandtion of di i onpounds to produce
nonconj ugated acyclic nityriles wel |l as a |i\duid phgdse 20 process for the

to 3- and/or 4- ne linear 11 WO
01/ 21580 PCT/ US00/ 2554

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

to another aromatic ring carbon in the ortho position to the other O bonded to the

P;
wherein Z' is independently
R1 7
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



nitriles. In particular, these include the Iigands of Formula Il, Formula
I1-A and. Forrmula I1-B in conbination with nickel. The p ntion
further ‘?5?8}/?]3& for an inproved process for the hydrocyl?(rilgp 08(%9%’4
diolefins, such as butadiene, and the igQuRid@asi on of 5 nonconjugated
acyclic nitriles. The present invention tfurther provides for an inproved
process for the hydrocyanation of di (}I efins vmthout need for Lew s
acid pronoters. The mnultfdent albe e'o, te |i Jand gase enbodi nent s

i nclude the Iigands of /Fornul
conmbi nation wth nickel '
substituents on the carbo N tached at the ort =/'tion of the

term nal phenol groups. Thg pres pt invention ggly al so provide a catal yst
havi ng a hi gh degree of sglect,i vi inth hydr ocyanati on of diolefins
such that no additional i 1§r&r1| zat ?}P—?(—Qé—u—sp/rdeqw red. Specifically, the
present invention provides)|an |rrpbooﬁed process\ﬁ)r the |iquid phase
hydrocyanation of diol efin$ merization o he resul ting 15

nonconj ugat ed acyclic nitr4 onprising, reacting acyclic aliphatic
diolefin, preferably byradiene, wth a source of Wer ei n t he process
conprises conducting thg hydrogyanation and/or isgnerization in the

presence of a catal yst Xonpri si ni ckel and at

| east one multidentate pho | i gand sel ected frsmFthe gr oup
represented by fornulae Il , Il-A and I1-B as set 20 forth above, in which
all like reference characters have the same neaning, except as further

P Sotnt y 11 on i I8 EERAGHOAR o2 IDAHOR ANHER SRl X ELI TR

continuously from “hydroCyanation o rti nto the Flnal 3-
and/ or 4- mpno@l-BeRs; bd subatitutedifbs the engand-@ﬁmatﬁmla IIIMdmm@@am&smgacarbm
conducted stepwi se, i.e., the

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

10 and each R and R'® are independently selected from the group 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 .

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



25 nonconj ugated acyclic nitriles resulting fromthe hydrocyanation can be
| sol at ed er se, prior to isonerization. Furthernore, n | d
acycl i CWFWIISQOS prepared by any nethod can be used as 3’@%°ﬁggﬁgteri al s
for the isomegl.zati : L {: I %l | TALLED

115 Tl
DESCRI PTi N G R Rt P Rk AR iergof FOMARY, EBrmel 3
certai n nul t irdentRatieBohespibidatioh ivgtindekell nproved cat al yst systens enpl oyi ng
such ligands, and the use of such 12 WO 01/21580 PCT/ US00/ 25548
mul ti dent ate phospHietrseseniianensionfurthesprevidesipean imrIPwRd RIAEESS &9F tBRd/ or
| sonmeri zation_reactions. -Th I ] . | & ' f the
i nvention an .yd%ogyz%qaglgﬁ °§§Ills° eefpr?g’ %ﬁg%&%@e}s}%%ﬁgﬁedg%%é%gggOg broad range
of appl i cabi |n!ohUorﬁ@gatédaddy@lli@niﬁil_B§_rTﬁ?x@ée}ﬁt in¥ehteaClurtBBSproviadbs &% an
hydr of ormyl ati on and nmay be optim zed 5 for such reactions in accordance

with the predmproviedpeoresofer thethydeasyanagion of diglfistwitheut theared fordevre

I nvention preferably. are.conpyised f a.myltidentate osphite |ligand and
a transition %@tpé?{n%ﬁeﬁ%eﬁtilev’gpgmn%?eipglﬁfrﬂ'ﬁt%gﬁaf'b%sdﬁ esaggng» Oﬁﬁn%nksemffluggnds
descr It bedf in tltxéh H%mdk %gthmila fi, szt-:ﬁua lIL;tx alnlé 'Fﬁnnélﬁdl-lBﬁn Bcéx&ﬁamtaﬁe? wig@pared by a
vari ety of nethods nown in e art. For exanple, dine

2, 2' - di hydr oxjtkel wherepi tha pigatds| have h&,e@atcummtbiok{ép sabgtituems b@¥l}§r<@m1ed
according.to J. A e Soc.., 1954, 76, 296 ar in trahedron Lett.,
1090, 4130and *&.g]aﬁ%é’%\grpé’&mr‘ﬁ’? g?%ﬁ?ﬁ“éﬁ%ﬂ%”@é’éﬁ‘}% he prgyent

2, 2" -ethyl i depehiish tdy-dddibRdk AR hm%bﬁi RIRPARE 8fsAEARAW iR the 0 Bul | .
Chem Soc, . ?g%nl., 1 89,&%2, 3602{;&@???3', , 5' -gt et ;Elgmet %yl -2, 'l-bi phenol can
be prepared HydeeyaationgftmlefinSrsgch tatmo addi9GR] iseBieriz@B; step is required.

2,2' -di hydroxy-3, 3! -dj hoxy-5, 5' - . . :
y 4 Specfﬁrggﬁy, t?x(g pr5ese5nt invention provides an improved process for the

liquid phase hydrocyanation of diolefins and isomerization of the resulting

15  nonconjugated acyclic nitriles comprising, reacting an acyclic aliphatic diolefin,
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 muitidentate phosphite ligands,

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

12



di et hyl -1, 1' - bi phenyl ene can be prepared according to Phytochem stry,
1988, 27, 3008; and 3, 3'-dinethyl-2,2"-di hydr oxydi phenyl net h%ﬂ/(;ss%?n be

prepar eVOU&I%i ng to Synthesis, 1981, 2, 143. PCT/US
3,3,5,5,6,6"-Hexanet hyl -2, 2' - bi phenol ca b repared according to JP
85-216749. ZUIUA&?P&W&E}&ﬂ§§¥“it?h%aé’dsé‘hlef:‘i’rc?‘la%pgeewg‘@gy@éﬂo%@n Pepared by those

SKi 120 11 U ichlionfhc STy SR Abs0 1080 GRAE ol 8 Ui 10 2

glycol with al'1cylal de I'n the pres c acid catal yst. For
ref erences f edtalypr pemisehpoghgbhwhlipahtehaveiacbreat mhye efapplagtiliprtoof an

al dehyde and an al cohol, see Tetrahedron, 1996, 14599; Tet. Lett., 1989,
1609; Tet r ah¥&fids, othaygatalygig reactions W@Iaﬁg‘yéﬁowy&}%tai“fiﬁ‘?@ob%ﬁ‘b‘?%d can be

prepared as descri 1N . . . 69- 80.

Phosphor osélhl gorri%l&# ge%?rtéé))/&ﬁ@ldgéoé%%rc %%}% &P g/eg%ﬁgt“éﬁg?érret hods known in the
art, for exanpl e, TheeadBscédnpdsitivhs usefinyheinverdtdiprefdablyl fik;colpoisehni ¢
Synthesis, 1966, 8, 68;.U. S. 5,210,260; Z Anorg. Aug. |Chem, 1986, 535,
221. 30 Wt hoba nhtidaneaie phesphite hgrdoind a tiansiioRaSehl ori dites can be

prepared in situ Q Cl3 .and th henol . hl oridites of
1- napht hol s can béﬂlﬁ?évﬁgff’ignaglggg?ﬁgg rdé%s%%ﬁ%%gﬁ%?\lg%bﬁg% in the
presence of Fohage I, 1K€ 1B,IIEThA aid IS8 mh$ béBréphtedlhSDvarely biSahddo48

Anot her process for preparing the &;}t%sphochl orodite conprises treatnment of
N, N-di al k§1 &hewylipthespth dioaekamnple, dimethyhi2i2-dibyprosyk) 1'-hmapbaangddpar ed in

RN LG SN T T
as descri bed fieRaRefso7RR! Y9E 3 9884 Ok ProPatiRpt InkPnatrora? 1991323, 200,

2,2 -ethylidenebis(4,6-dimethylphenol) can be prepared according to Bull. Chem.

Soc,. Japn., 1989, 62, 3603; 3,3°,5,5’-tetramethyl-2,2’-biphenol can be prepared

15  according to J. Org. Chem., 1963, 28, 1063; 2,2'-dihydroxy-3,3'-dimethoxy-3,5'-
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



By contacting the thus obtained (OAr)2PClL , wherein Ar is a substituted
aryl, with a divalent bridging conpound, for exanple by the nethod

descri bedOON2138D S. Patent No. 5,235,113, a bidentate phosPFi/U800(25%8nd i s
obt ai ned which can be wused in the process according to the invention. 10
Bi s( phosphi t ejnothegpraeess égruenasiag she plsisphashloreditegomprishs Heatment ¢ff i el d' s

resin can be grepared b Lm | ar ho u thqse.described.in Hetet,
oL OOt AR APty SreBfan B R 1 ClRAIME RS RSP RES i oo o
Lett., 1997, th38narfnkdIedXORansesci $972, 218 F 420 ProsfHotdthioNdies d&hdd 56,

1476-1482. The transition netal may be any transition netal capable of
carrying out fram sgbstihted pbenalskayvedeampieparcd asidg tlay pragddure omdédeyibedint ai n

| abi | e |i gands which ar.e i-ther. displ uring the catalytic reaction,
or take a%aac‘fqr@r@o éfraPS‘g?f’ﬁ'é' Eﬁ?’éﬁ@‘?‘iiﬁl&r&nsfor mation. Any of the
transition netals BR¥oREc !laqﬁ‘fs%@tdiﬁbdt @A&)ZP@?&QerleinTﬂﬁ rsabarhed metals

is
are those conprising group VIIl of the Periodic Table. The preferred
met al s f or hyaybhvathna/dixeientbradging ¢vaappamny, fookbedniple by ithi method dedveibediin 20

al I adi um an tin eferred netal s. for hydrocyanatiqn and/ or
Psorreri zat i ogUgj’r gaWF’E 8i JQ&E ’tai"‘ia‘?ﬁ‘éati)ﬁmsggﬂtﬁﬁgm‘gdﬂoﬁﬁaé?alw @¥ci al |y
preferred foﬁse@fﬂﬁ%‘ﬁf@%& E&Brdir;fgﬁ) HetRledfbn.cOMPOsi tions of the invention
are conprised of at l'east one tidentate phosphite |ligand according to
any one off0 f or mul aBis(phosplite) ligehdslshppdrted aapolymermesihd sushan Marifieldisi t i on

metal . In enbodi nents of the invention, catalyst conpositions useful for
processes sucl§Si<canpePErrgradiyimiar methoda vuchgsdhose\depgribed anplstebds Isuch as

cen e PLepat B B MISGIALES, ARG, ISl RIS by R0t e
Chem Soc., 1893153.5%56,208@GisixBI s, Chik Utda $973,36] m176c018p. VI | |
The transition metal may be any transition metal capable of carrying out

15  catalytic transformations and may additionally contain labile ligands which are
either displaced during the catalytic reaction, or take an active part in the catalytic
transformation. Any of the transition metals may be considered in this regard.
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, II, II-

25 A, and II-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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30 netals are ruthenium rhodium and iridium Suitable Goup VIII netal
conpounds are hydrides, halides, organic acid salts, acetyl acetonates,

i nor ganiw0 0621580 sal t s, oxi des, carbonyl conpounds and amP¢d/EWARTEhds of
these netals. 14 WD 01/21580 PCT/ US00/ 25548 Exanpl es of suitable Goup VIII
met al conpourikemples, offsuitabdx GngipeY IRmetabopmpqurksiano rzxaroiel BUfROD).3,

Ru(acac) 3, Ir4 13, 0

Rh( acac) ( 00) JN RN T PERS) T ERR Y GS) AR P ol RS sy a1

[ R( 0Ac) 0O 76, 30fadsB Och CERMCAQIPODS] IRY QO05: Ric), > acetyl acel onat e
group; "OAc" is an acetyl group; " " i's 1,5-cyclooctadiene; and "Ph" is
a phenyl gr otRHH(G)RE),, [R(Odk)(Q),1hand fReQI(COM)], t(wber€inotasad/lib kn et al
conpounds _are not necessarily limted to.the »lListed conpounds. The
& oup VI TP meeEy S OpRE RaTRbT A RS A ORI S Db A PARSEBSt ai n

| gands whi Clydapybe LRl ASEE PR R SHolRMcH R RASRO UGS, gure 2
preferred 10 source of rhodiu Exanpl es of such preferred rhodi um

conpounds ar enéthi @@ undsare npt sevessari bt khitedIo(tBOp R(VEL @O RPOouhdCAHBS ,
Rh203, Rh4(CO 121 Rh6(CO) 16, 2 nd Rh(2-ethyl hexanoate).

6 Rh( O2CCH3)
Rhodi um suppdficsn VgH metabis prefersbly Zhedjupie Rhodipim gompeunds that gentainy c el
conpounds can; r . : | ' 5 wel |
cnown 1 nt ho L rePAEREE peli BRI Y B ARRERME SRRt EEig abiiEmed? 207,
3,631, 191p 3,Bdfre4b thodiurB4 Exnples afisuch, REBrrd® @hodiimcbmpoendsee Rh(C@j),ed
herein by reference. Zero-val ent nickel conpounds that contain Ii?ands
1

whi ch can be (aeRtelpreienate) i, GrldrBphlHtbatle. RhfhnRh&EE)ia e @he ed
sour ce of g'ogﬁf‘(?zc%)z,%% RS- 6§ HeLthoafd RGN buffots bn COTRAKNS are

Ni (COD) 2 (
also be used in this respect.
Nickel compounds can be prepared or generated according to techniques

15  well 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-CcH4CHj3)3}2(C2Hy), 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 NiY; where Y is
halide, carboxylate, or acetylacetonate. Suitable reducing agents include metal

25  borohydrides, metal aluminum hydrides, metal alkyls, Zn, Fe, Al, Na, or Hy.
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



20 1, 5-cycl ooctadi ene) and N {P(O o- C6H4CH3) 3} 2(C2H4), both of which are
known in the art. Alternatively, divalent nickel conpounds_nmay be conbi ned
with a MUUAIRRY agent, to serve as a source of nickel inppﬂé%%%% on.

Sui tabl e dival eg%sni ck

ds i.ncl ude. d . the f | Ni Y2
where ¥ is. HEadst el dhs AEmENs st e Somarmmasye spreofiiic  ng
agents incl ugge&%c? ﬁbnngs'éa@dlﬁﬁhMQﬁﬁﬂ?,SVanﬁﬁlﬁ! clRbMin? £ded@6n, coBilal

al kyl's, Zn, . or H2. Elénmental nickel, preferably nickel powder,
when conbi nedopyet ziac, batongaluatismom, yaiuah,yiconias, debom,beelybdenuns. Pat ent

3,903,120, is also a suitable source of zeraq; valent nickel. pendi ng upon
the desired FaipiTyEheniurgand tipg &Fﬁ@ﬂ!esﬂ?é“‘%%@r%f‘ﬁ#@ﬁ%g&on of ?hig

i nventi ong ma S@~,JAAC p n 0 n ﬂe@’l\ﬁ i d

pr onot er s? vwgu?#lzg:fq‘deic?ﬁkg%ts Wk’ebggg’l’ \E;:I% %29%8%613%%%’ ]ggglg’ct i VI(? 3}11 of the

catal yst syJi€niTHRp, PiGincTicl;, GiTi(OPrn MnGls, Gadily AACID (Qethondt@Eb, i c

conpound in which 15 WO 01/21580 PCT/USQ00/ 25548 _We at f th
el enents of §€18I€l1ﬂ)u%‘@,a(#ﬁoccéh)b‘ﬁ%n@?ﬁ&lg’I}’lhélgbwﬁéglrﬁngéﬁ?}gé@ggﬁgiﬁ’f ro(ran

scandi um ti j.u a i u h .U} OTRPEA] (O ; ?;;@ t, copper,
zi nc, boron, t@?%@\o{%ﬁ;ﬁ?ﬂgr %Kr:nF2 g‘lgc?léb%(uﬁ] ﬁ%g?ﬁ@@n‘gﬁ% enu#ﬁ cadm um
rheni um and B@HEATECIES Sultable grondonéls Are frther, dederbed, in XThS@aterfis CuCl2, Cudl,

Qj(oescméz, CoC12 Col2, Fel? FeCl3 Fed2 FeCL2(THF)2 _TiCl4(THF)2,
Ti C14, Ti€133.486R17CB8P9.318:\nd o7 745581 3 hegeringlyde satjsseetas ZnCl,

() D SN oG e DL 0 DO SRS,
B(C6H5) 3, Taghd R;BUWhasR! FeistnIby &F Sryd pfoup)l! UlS Pattas4,87H884 desclib& hdvat ent s

synergistic combinations of promoters can be chosen to increase the catalytic

activity of the catalyst system. Preferred promoters include CdCly, FeCly, ZnCly,

15  B(CgHs)3, and (CgHs)3SnX, where X = CF3S803, CH3C¢H5SO3, or (C¢Hs)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 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 formulae I,1-A,I-B, II , II-A or II-B

Representative ethylenically unsaturated compounds which are useful in

25  the hydrocyanation process of this invention are shown in Formulae III 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
CH;—(CH,)—CH=CH—(CH,)5sR? Composition __,. NC—(CH R
3 2)y 2)% Dromoter, (CHa)x4y+3
HCN
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10 3,496, 217; 3,496, 218; and 4,774,353. These include netal salts (such as
ZnCl2, Col2, and SnCl2), and organonetallic conpounds (such as RA1C12,
R3SNO3SBRB01215880d R3B, where R is an al kyl or aryl group) PAI/G00R2548nt
4,874,884 describes how__synergistic conbinations of pronoters.c be
chosen to increasdomBladl al ytic activity of the catal yst ?fﬁ‘@‘ﬁf\?Pr ef erred

pronoters include CdCl2, FeCl2, ZnC12,cat stB(06l—|5)3, and (C6H5) 3SnX, where
X = CF3S3, CH3C6H5SCB, or (CGHS)SBCJC\J_.)m ;!gﬁoﬁml e ratio of pronoter to

ni ckel presentyi Hhx?cp?)a-c-t-ﬁ;m ®- I aRge—of(CRORU—ERP8 to
about 50:1. HY YANATFON OF MONOOL EstohidelCOMPOUNDS — The preésent invention
provi des for a process of hydrocyanati d#iCN20 conprising reacting an
unsat ur at ed corrpoq;nd Wiagg a source of hydrogen cyani de in{:(ge%‘e{ﬂ#)wsence of

a catal yst conposi t% nprising a transition netal selec rom N, Co,
and Pd, and aylepmhs aci d conpound, and at |east one |ligand selected from

the group represented by formulae I , I-A, I-B, Il , Il-Aor II-B
Representative et RAenHCEN, CQeRAtarmpatfowreadkiounds whi ch are useful in 25
t he hydrocyanati on process of..this invention are shown in Fornulae Il or

V, and the corresph ﬁHi‘Wﬁgetré’mit‘hé?; nitrile compounds produced are

illustrated by Foriguhgfesdf ofb ty12 wihR2§d MECY,RING RirfludrbMRyE; ef er ence
characters have sane nmeahing. CH3 (CH2)y CH=CH (CH2) X R22 cat al yst
conposi ti 6n pr onobeis an itd€per of 1 to 12 when R22 is CN; and

R23 is C; to Cy, 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, methyl pent-3-enoate, and ethylenically unsaturated compounds
having perfluoroalkyl substituents such as, for example, C,F5,41, 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 CF2,+1CH=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
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)0 NC-(CH2),,+y+3 R22 16 WO 01/21580 PCT/ US00/ 25548 Forniuia |11 C
H CH (CH2) X R22  Fornula V Formula |V catalyst corrp05|t|o ﬁ rgotﬁr, HCN
NC (C HYQ®218% Fornula VI wherein R22 is H ON, C02R2FCIYPS00/2554

perfluoroalkyl; 'y is an integer of Oto 12; x is an integer of 0 to 12

when R22 is Hhemﬂﬂﬂﬂamnjmddlismnﬁa{vhjdh itseﬁmayimxdangoihydmgpganaﬁbn:LFbo 12 when
R22 is CN;, and RR3 is C_1 to C12 alkyl, or The non j ugated acyclic,
al i phatic, nOaBWPHy MSP Sapenienghidrile i Ated ps @P%%Sl J‘%f"éf %éﬁg: ‘ii’zéﬁadl Snthis

. fi t. f 2t
i nvention i n;i g%ﬁ x’éla'r?xgt?ﬁé” qgec?fé&@ﬁ' eqmgﬁéﬂ%eﬂl dlg’eﬂ ifleRidBoHeOM 0

appr oxi mat el ui't'abl’e unsat urat e
identical with “cyanobutene”).

5 The preferred products are terminal alkanenitriles, linear dicyanoalkylenes,
linear aliphatic cyanoesters, and 3-(perfluoroalkyl) propionitrile. Most preferred
products are adiponitrile, alkyl 5-cyanovalerate, and C;F7,+1CH2CH,CN, where z
is 1 to 12.

The present hydrocyanation process may be carried out, for example, by

10  charging a reactor with the reactants, catalyst composition, and solvent, if any; but
preferably, the hydrogen cyanide is added slowly to the mixture of the other
components of the reaction. Hydrogen cyanide may be delivered as a liquid or as
a vapor to the reaction. Another suitable technique is to charge the reactor with
the catalyst and the solvent to be used, and feed both the unsaturated compound

15 and the HCN slowly to the reaction mixture. 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

18



conpounds i nclude unsubstituted hydrocarbons as well as hydrocarbons
substituted with groups which do not attack the catal yst, such as cyano.
Exanpl esvo of2158kese nonoet hyl eni cal |y unsat ur at ed conpoun®ST/URDASES

et hyl ene, propylene, 1-butene, 2-pentene, 2-hexene, etc nonconj ugat ed

di et hyl eni caprefertass Afighertiaessams emieo W9 khac mase.an ba aiseds ifissiredyt

pent -3 enoat & BT FRS hETBE sl Gog ol SPLETRb A Thl i gereased
per f1 uoroal k!bst%‘ﬂb&ﬂ%ﬁﬂms_such as, for exanple, CZF2Z+1, where z is an
h

I nteger of up to 20. e nonoet hyl eni cal ly unsaturated conpounds may al so
be conjugat ed t o N ean be infrodugedda e rgactinmtas\al vaperar-liguihoAs an 20 Preferred

are noncopj ugated.linear al kenes,. nongonj.,ugat ed |.i reall.ene- nitriles,
nonconj ug tegﬁ?mﬁté%ﬁ’ agywﬁxggrgxéga}d b ?Fggrasﬁf 92{"8&83{3’3\? S5 {HSPATREF oal Kyl
ethyl enes. Mpsg pi&fiargsedogubstrates include 3- and 4-pentenenitrile, alkyl

2-, 3-, and 4-pentenoates, and CZF2Z+1 CH=CH2 (where z is 1 to 12).
3-Pentenenitril e did plogesstfehisnnventibe iscasriebmedn ticlpyesonef efranedr mgea 25
practical matter, en t he ngnconjugat acyclic aliphati.c

monoet hyl eni ¢&M2 H’é’&%‘ﬁ?@f’@@%g%gheﬁ VU%@B‘? thy's @EBYI&'aﬂfctgew th this

i nvention, u . T BrBihole g betn ih RPBEANbABAR! dompoRaat ur at ed
conpound myBgﬁg@g?ﬁg’é&m ’#}%%7 \(/)\D 01 21580l IQ%T USOO§%548 the formof a

conj ugat &0 i swwhich théincihich sled dt lematonenafahg)eleimgots of yaid ariarganic 6or  exanpl e,
when 3-pentenenitrile. is used, ,as nmuch as 10% by weight thereof may be

2- pent eneni t Prgaomesadlic campoyad & selectaddrom seandyuiytEaniEm; Yanadium.s j nt ended to

o et e ARGERML I, e, R SRS 5, 7
zirconium, niobium, molybdenum, cadmium, rhenium and tin. Examples include
ZnBry, Znly, ZnClp, ZnSO4, CuCly, CuCl, Cu(0O3SCF3),, CoCly, Coly, Fely,
15 FeCls, FeCl,, FeClo(THF),, TiCl4(THF),, TiCly, TiCl3, CITi(OiPr)3, MnCly,
ScCls, AlICl3, (CgH17)AICI,, (CgH17),AICI, (iso-C4Hg)2AICL, PhyAICL, PhAICI,,
ReCls, ZrCly, NbCls, VCl3, CrCl, MoCls, YCl3, CdCly, LaCl3, Er(O3SCF3)3,
Yb(O2CCF3)3, SmCl3, B(C4Hs)3, 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 ZnCly, Cols, and SnCl,), and organometallic compounds
(such as RAICly, R3SnO3SCF3, 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 CdCly, FeCl,, ZnCly, B(CgHs)3, and (CgHs)3SnX, where X =

25 CF3S03, CH3CgHsSO3, or (C¢Hs)3sBCN. 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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| i near aliphatic cyanoesters, and 3-(perfluoroal kyl) propionitrile. Most
preferred roducts are adiponitrile, alkyl 5-cyanoval erate,
CzF2z+18/9 ) where z is Ito 12. The present hydrocyiﬁiﬁ%ﬁgﬁﬂ%cess may

be carried oyt,_for | e, 10 chargi.ng a reactor, wi.th the reactants,
catal yst co 851’;05?’8}‘?%’3%’%“@%%} “‘?‘*‘tl%?}%”sg‘lﬁen{%‘}%rf’&'dgﬁf%lr,a Rrﬂ%esﬁg rogen
cyani de is aqgefomeAMtiontd? bidRhED MoH6fk&MenitiRs & Mifar nfoRbBRARIHifile int he

reaction. Hydrogen cyanide may be delivered as a liquid or as a vapor to
t he reacti on.thé\presdnee of aicatalylsecangmisitiogeemipsising adtaasigion mpsalrselgeteddrom t h  t he

catal yst and _the solvent to be used, d feed both the unsatura conmpound
15" At he HN Coomid b and RuERad S tom i BotR Hebrinsiad B Horp sl
unsaturated jgomgpyng to catalyst can be varied fromabout 10:1 to about
2000: 1. referably, the reaction nmediumis agitated, for exanple, by
stirring or shaki rithe diblefineasetliin thip invelntidn inelndd primesyvenagated diclafient i onal

t echni ques such  as, for exanple, by distillation, The re ion nmay be run
ei t her bat chyosRimRg framy tok) cashen sioms<topa¥ample. Iibuts ’8?’68@‘251%&4% reaction
can be carri L Wi iefbd k4 I i used, shoul d
be liquid at g—&r’lsegdt“tllt’]eg% e‘é%r%’aer at Jrg%é%ﬁo&giaggsgé%%ﬁi&y%%ﬁ?ﬁ%%mr ds the
unsat ur at ed cmeetsidl mnsbriahee matha pitsluctidiLoftadiponitatzl. \@thessuitable uileefins

hydr ocar bons, such as benzene or xylene, and nitri]es, %‘l}ﬁh as_acetonitrile

25 or berfoniip¢lpdediolefing sphstiguied withigreuns ydich dopet deaddivats the ctglypls for
hydr ocyanat ed L4 21 4e 3 sol vent. The exact tenperature is
dependent to eémglg%f %%ﬁé@%{lﬁo‘ﬁ&ﬁ%&%&ti cular catal yst being used, the

particul ar unsat urgicefdilewirpdfondulae Vibandsel] tlnstrith suitabbsiepeentative. Nor mal |y,
tenperatures of from-25C to 200C can be used, the
starting diolefinic compounds; and formulas IX, X, and XI represent the products

obtained from 1,3-butadiene and HCN.

CH=CH—CH=CH, R#—CH=CH—CH=CH—R?®
VII VIII
1,3-butadiene

15  wherein each one of R24 and R25, independently, is H or a C; to C5 alkyl.

H,C—CH=CH—CH,~CN CH,=CH—CH,—CH,~CN CH2=CH—'TH—C Hs
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 R24 and R25 is hydrogen. In formulas IX, X, and XI, 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



30 range of OC to 150C being preferred. Atnospheric pressure is
satisfactory for carrying out the present invention and _hence pressures of
from abSR 011G t 0 10 at nospheres (50.6 to 1013 kPa) are PEE/WR8Y33¥% 1580
PCT/ US00/ 25548 preferred. H gher pressures, up to 10,000 kPa or nore, can
be used, if kiskocagkpnsisuch ashepzenensylene, o attriles yudheassetaniile, benepritiiiewoul d
probably not justify.the increased cost of such operations. HCN can be

o Apenythk :

i ntroduced t tion as a vapor or liquid. As an 5 alternative, a

cyanohydrin can benhdisedt Rpelturt ETCR deperded, toseortaléxtentaspire, U S.
Pat ent 3, 655, 723. The process of this invention is carried out in the

presence of particuar catalyst beimgiused ¢hadparticarn unsaturatédodonmyicuad beivpgtused #nrd
activity and the selectivity of the cat St S AN ronot er may be
an inorg icthﬁgeﬁfﬁiarﬁﬁng%’f:?aiué{’ COREHOHES Y09 %ﬁi%ﬁon?%%%?ﬁghﬁ? %ﬁﬁ’gt he gt

| east one of wiherdph 87CW B5PC, Béhg teERARE Fangk. Or ganonetal Iic conpound is

sel ected from scandium titaniunt vanadium “chrom um manganese, iron,
cobal t, copper, zThereabiboromay &b varriediont byt ¢harging a reactog ovithuat] ofithebi um

| . ad .
S 1 oteagioss ot pisdeipblgins Bacioh BEbaeaipath (e AgaN LT eBBD  Facts
FeCL2( THF) 2, . T| LGl coliel3d 53 Tb QPR Znide S5CA3, ALCL3,
( C8HL7) Alclzf’&f‘%ﬁ%@%ﬁ? IS0 CAr0) 2ATCT, P QA%' ?é@h 1cﬁ,§§que015,

Zr C14,  NUC15theNSk8pt ez, suala, therfEhatiorGrGiire ok dGHled Hr¢WBISERS) 3,
Yb(Q2CCF3) 3, SnCl13, B(C6H5)3, TaCl5. Suitable pronoters are further

descri bed i nregcton migtans; df desiod whep usingogaseous-ungaturaled,o7ganie 3 These

i ncl ude compound, the hydrogen cyanide and the unsaturated organic compound may be

fed together into the reaction medium. 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 metal salts (such as zZnCl2, Col 2, and SnCl2), and organonetallic
conmpounds 1(such as RA1Cl2, R3Sn(3SCF3, and R3B, where R.is_ an %lﬁ% | or
aryl gr N@PI2IBE patent 4,874, 884 descri bes how syner gi'& /% 4?énati ons
of pronoters can be chosen to increase_the catalytic activity of the

catal yst system Prheffellpwing forrowles i and X1 ilyatrate) saitablemsprpsentatie] 2,
B(C6H5) 3, and ).3SnX, where X =.25 3S CH3CoHS S8, ar H5) 3BCN.
The nol e rat iSéérggé_‘g?a@ﬂaéé?m?%alﬁqnfﬂl@%s'pgg’segrq#e ?tarllmpﬁémflg:alétg B g%' be within
the range of wh&ehitdielfhelifmdidtion Brolucts¥FeROprANIRAItNY A U-hkbRhdilcNT

| SOMERI ZATI ON The present invention also provides for a process for the
hydr ocyanati on of 30 diolefins, which conprises reacting a diolefin with a

source of hydrogen ani de _.in e presence of a catalyst co sition
conprising a trans@[c"yﬁf?r"ﬁ_epé'ﬁ_ ®ct ed fror@h‘lﬁf—,—CU{T,Cﬁ?‘/rd%T' nd at | east
one ligand sel ected fromtt{e group represented 19 WD|01/ 21580

PCT/ US00/ 25548 by FornuladN, I1-A or I1-B. in addCN on, this invention
provi des for a process for__ the isonerization of_branched

nonoal kenenitriles to |inddr rmonoal kene nitrilesXh the presence of a
cat al yst corrp‘gﬁér%f’non conprising a transition netal selected from N, Co,
and Pd, and a Iigand selected fromthe group represented by Formula I, 5
I1-A or I - BR26Tie¢] 6 DCeta1E; kel i n this invention include primrily
conjugated diolefins containing from4 to 10 carbon atons; for exanple,
1, 3-butadi ene (BD) and cis and trans-2, 4-hexadi enes. Butadiene is

copect o | DAL SR SRR PIELE B of FOARARREE B
substituted wWsthidfgenps whi ch do not deactivate the catalyst, for
The isomerization process of this invention can be carried out, for
example, at atmospheric pressure and at any temperature in the range of
10 10-200°C, preferably in the range 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 (diethyl ether, tetrahydrofuran (THF), 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.

22



exanple, cis and trans- 1, 3-pentadi enes. The follow ng fornulas Vil

VITL illustr

formula VIII

and X, 3PN Y%?

and

ate suitable representative starting diolefinic conpounds;
formul asvO X)/20880 and XI represent the products obtai ned fRGHII00Z5HEt adi ene
and HC(N. CHC HC H=CH2 R24 -CH=FC HC H=C HR25 WVII VIII1 1, 3-butadi ene
15 wherein each ong: gitkdRé4mpnst ifRészentidlgapneRile Wheress ﬂﬂthanaym to C3
al kyl . H3C- CH=CH CH2-CN CH2=CH- CH2 CH2 CN CHz=CH- C HC H3 CN I X X Xl
4PN 2MB | t mphaalksnenigile gedctant andhtie lmearpngmlkmpmtrsle aradvetsiang redaivelyof

06
diolefmin accordance with t present invention, ﬁe foll ow ng
descri ptiSon tepipla raeblleTﬂrmlﬂmy\dmg)thadatatm a gEu{vapor phasr: dreratam; peid mAYt Wit h or

wi t hout a sol vent

e alj Uld at the, reaction

PE?2MB i s
@rﬁﬁéﬂ%@; t he

and

3PN

f R4 a i et I X X
QHE" B RaaMeRSh o ihaRr foRaRodSpiBL D Al FEE T 25
2-net hyl - 3- DetRARAL fithe gl B G oAty LlaRid Sk

sol ent  shoul
t enper ature %‘&qg’éﬁidt‘beﬁ %liioggﬁ@éﬁfﬂwa?%h ASPSEPIAhOVIvE cat al yst .

{,Lﬁjgr_iggﬁ\éqﬁgl%ngﬁe 20 WD 01/21580 PCT/ US00/ 25548 hydrocar bons
ene, “xylene, or ntriles such as acetonitrile, benzonitrile,

adi ponitrile. The time element in the process is not critical, and may generally be

Generally, s
such as benz

10

15

20

25

30

governed by practical considerations. The time required for a practical level of
conversion of 2-alkyl-3-monoalkenenitrile to linear monoalkenenitrile is
dependent upon the temperature of reaction, i.e., operation at lower temperature
generally requires a longer time than operation at a higher 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.

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
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
or triple bonds.
3PN: 3-pentenenitrile
2PN: 2-pentenenitrile
4PN: 4-pentenenitrile
2M3: 2-methyl-3-butenenitrile
VN: valeronitrile
ESN: ethylsuccinonitrile
MGN: 2-methylglutaronitrile

23
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The exact tenperature used is dependent, to a certain extent, on the
particul ar catal yst being used, the particul ar unsaturated ¢MmO d bei ng
used anyO 042158 desired rate. Generally, tenperatures of PFT@E{’.@E‘% to 200C,
can be used _w fromOC to.150C, being the preferred range. The reaction
may be carrisgg&\géf{ob‘?ylé’ﬁqﬁf‘ﬁ? Ca reactor with all of the reactants or
preferably T SRGRAN-pehe&ldafeded with the catal yst or catalyst
conponents, the unsaturated conpound, and sol vent. Hydrogen cyanide gas is
10 then swe@D:ovdr3-bitadsne f ace of the reaction m xture or bubbl ed through
said reaction mxture. |f desired, when using a gaseous unsaturated

or gani ¢ comhd,’g'ﬂ‘é"‘?ﬁﬁﬂ‘ﬁ&n cyani de and the unsaturated organic
conmpound:ma . her into the reaction nedium The nolar ratio of
HCN t o cgt aﬁgﬁ J’g%ﬁ%&? y is varied fromabout 10:1 to 100, 000: 1,
preferably P@);:1 ghosghob¥rithlotide 15 a batch operation. In a continuous
operation, such as when using a fixed bed catalyst type of operation, a
hi gher pr opdriik-oretEhydeafarapst may be used such as 5:1 to 100, 000: 1,
preferably 100:1 to 5,000:1, HCN to catalyst. Preferably, the reaction

m xture is agitated, such as by stirring or shaking. The cyanated product
can be recover ed Te profoeeinfor cdladlatigCévrainresctimabsds f@thyirystaahtidnzat i on of
the product fromsolution or by distillation. One can either isolate the
2- al kyl -18- noawssiore pethispmerizaiogretioatif@lpwshe  hydr ocyanati on of the
diolefin or proceed with the isonerization under simlar reaction

condi tions. The 2-al kyl -3-nonoal kenenitriles used as the starting materials
inthe 25 iSOWEVF&%Edpolnh}ero%hh&idrﬁ‘é@éﬁdn@ theCanuséfab pdriterfeniifiles BN s)
hydrocyanati on of diolefin described above or can cone from any ot her
avai | abl e scundgbe 3RN{2Mbrasioss sgportads The product distribution is analyzed by gas

chromatograph using valeronitrile as an internal standard. The % useful PN’s is

15  the molar ratio of the sum of 3PN(cis and trans) and 2M3 divided by the amount
of HCN. The 3PN/2MS3 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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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 WO-0134%88al kenenitriles contain from5 to 8 car bonPSESHRY2%8%% 1 udi ng
any additional 30 substitution. 2-Methyl-3-butenenitrile (2M3) s

especi al |y imfox fork dayis in pe appraayeauRRed oyt Fonsisnser anda Dspptark trap.

representati nitr.l i . - -3~ b $3d

2- propyl - 3- b‘%g Enén H‘ %’ﬁﬁ% Sé]ﬁﬁ%\%%?%%%%@égﬁgééﬁg&rﬁg%oﬂ]eovm ng

fornul as Xl syhéioll wasd driddsdveavizS®)j drdlthe solegnt ems RV aidrated tGgiae L6 Rdf an

2-al kyl - 3-nonoal kenenitriles. Wien the starting nitrile is 2-nethyl-3-

but eneni t ri | &f whife spidnHrwassrystallizeddue bexagee 3- pentenenitrile and
4-pentene5nitrile. CHCH I HCH3 CNXI CH2=CHCHCH2 R6 | CN XII
wherein 5 RR6 is Hor a C1 to C3 alkyl. It will be recognized that Formul a
Xl is a special case of Formula XII, pwhgpe 2R26 is hydrogen. The

| soneri zation process of this invention can be carried out, for exanple,

at atnospheric pressure and at aribynthesisef AcetebBin t he range of

Salicylaldehyde (244 g, 2.0 mol), 1,3-propanediol (228 g, 3.0 mol), and
oxalic acid (4.5 g, 0.05 mol) were added to 400 mL toluene and heated to reflux
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 filtered 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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10 10-200C, preferably in the range 60-150C. The pressure is not critical,
however, and can be above or bel ow at nospheric pressure if @&2 Any of
the conMMY4# bat ch or conti nuous fl ow procedures may Eg/ & ther in
the liquid p th vol atil e reactants and products, in the vapor
phase. The raéggt9§rg 0%‘&9&8@ s tf"r‘échanl cal ly and chenical ly resistant
material, and is usually of 15 glass or an inert netal or alloy, e.g.,

ni ckel , copper, silver, gold, platinum stainless steel, Monel(r),
Hastel l oy(r), etc. The process I s uskmnhple arried out "neat™, i.e., wthout

an added diluent or solvent; ﬁ solvent or dilgent that is nondestructive
of the catal yst can be used. lEncl ude al i phatic or
aromatic hydrocar beR1K di et hyl

et her, tet rahydr of u gla‘d%ﬁiﬁég lcfgxane ycofloﬁﬁ ? %’?(?1 a)ﬁ’u sol e),
esters (ethyindaxeliahed (0S5 ByS nimmi)zwateejlssomeﬂrm kcﬂeene((a@am)rand lheited to

benzonitrile), etc. A nonoxidizing environnment i s desirable i n.order to
retard oxi daellweoveraight inamapparab cdnPPed Milhyasqondenseland higean-Stark fraper ¢

at nospher e, r r S$Ggkr. @l t hough
air may be u‘gfé%qof)ﬂg% tﬂg? Utlénsvﬁg&%%%é%% {;\ﬂ 63%24}%16%”.& of the

cat al yst t hrdghe ﬂﬂlﬁéﬂl@tsbmﬂon&%sﬂﬁb@&b&ﬁ@%?@ﬂ&ﬁﬂ%ﬁ&ﬁ%x%&vw ckel
conplex is essentially nonvolatile, whereas the 2-al kyl - 3-

monoal kdfeniadded entilthe prasucthegan eprecipiiate. Add@olicehd maé ucplll%ct%ir oducts are
relatively volatile. Accordingly, in a continuous flow procedure the
catalyst may be a conponent of the flowi ng systemin a conpletely

|'i qui d- phase operation, it may 5 be Egamplewbil e nonflowing liquid state in
a sem -vapor phase operation, or it may
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,
C¢Ds ,8): 7.9 (s, 1H), 7.17 (d, 2.6Hz, 1H), 7.08 (dd, J = 2.6, 8.7 Hz, 1H), 6.73 (d,
J=8.7Hz, 1H), 6.02 (s, 1H), 1.26 (s, 6HO, 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. 'H NMR (500 MHz, C,D; ,8): 7.7 (s, 1H), 6.96 (d, 2.6Hz, 1H), 6.72
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be in a fixed-bed state (usually on a solid support) in a conventional

fl owi ng vapor-phase operation. The tine elenent in the process is not
criticaMoendsy generally be governed by practi cal cor?ﬁTd@%tzﬁiﬂﬁs The
time required for a practical |level of 10 conversion

2- al kyl - 3- notfsal ke @1 Hzi Bl §-49% (Hels- Thmd B kb ddsi HH), |3e37 @gdPeddént upon
t he t enperat r ti eration at |ower tenperature

general ly reﬁﬂ’ﬁzr@s 3%8(81 1?13 (%k%gm,t " operation at a higher tenperature. A
practical reaction tinme can be in the range of a few seconds to nmany hours,
depending on the particular conditions and nethod of operation. 15 The

nmol ar ratio of 2-alkyl-3-nonoal kenenipxhimbe 8§ 0 catal yst is generally

greater than 1:1, usually in the gyapgsisiirameapput 5:1 to 20, 000: 1,
preferably 100:1 to 5,000:1, for a batch or continuous operation. The

i nvention will no@alixa'lziltwhyslt:l(%g,d)bmoﬂhé rﬁﬁhylahﬁmomndibl (#8t0 ;-2 exanpl es

of certai t wh t t ' d 20
per cent ages. Y. By Sg&&%ﬁe&%@l@e&uﬁﬁﬁe@ i i BeT b Rita o ng
defini tions ?éfﬁz%%f’b W %ngtpgarﬁeﬁg@ﬂwg ed@ith Q%gn&e‘?xgéﬁnd%ﬁf@&ﬁrswk thdp. S

speci fication he term "hy car esi gnates a hydrocarbon nol ecul e
from whi ch aifer byainggthe satubion lwas v&mhmi withidladlCO,$0 ot BOnmLand distildath cont ai n

single, double 25 or triple honds. 3P eneltrlle 2PN:
2- pent eneni t Mafes GOmly)- Ihﬁéﬂf‘%?féﬁ’?% W?‘E ‘?M@Eggzg ‘S?F SQlVERE W3feni tri | e

evaporated to give 39 g of a white solid, which was crystallized from hexane.

5 Example 9

Synthesis of Ligand A

Acetal A (1.33 g, 8.0 mmol) and PCI, (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 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 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
(C¢Dy): & 132.6, other peaks at 146.3, 130.3, 130.7 ppm.
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30 VN: valeronitrile ESN: ethylsuccinonitrile M 2-nmethylglutaronitrile
23 WD 01/21580 5FVN. 5-fornylvaleronitrile MP: nethyl 3-pent eno%e BD:

1, 3- but ¥ ¥dS80COD: 1, 5- cycl ooct adi ene 5 Et 3N: tri et hyl arﬁ(ﬁ'éUSFg&ff?:S.
phosphorus trichloride THF: tetrahydrofuran PCT/USOQ 25548 The protocol
for calculating certain reaction reExdhpgleflor hydrocyanation 10 reactions
and isonerization reactions fol ISyafiests@f L$¢a®@@ B hydrocyanation reactions
the % useful pentenenitriles (PNs) and the 3PNN2M3 ratio is reported. The
product distribution is anal yzed\by gas chrofatograph using valeronitrile
as an internal standard. The % us PN &==8 15 the nolar ratio of the sum
of 3PN(cis and trans) and 2M3 di ayrount of HCN. The 3PN 2MB
ratio is the ratio of cis and tr i somerization reactions
the 3PN2M3 ratio is rep e ™. 20 For step 2

hydr ocyanati on reactions |t he gMe@cti ile (ADN) is

Acetal A (1.33 g, 8.0 mmol) and PCI, (0.55 g, 4 mmol) were dissolved in
5  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 3,3’-dimethoxy-5,5’-dimethyl-2,2’-biphenol (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,Dy): & 134.9, minor peaks
at 145.4, 132.3 ppm.

Example 11
15 Synthesis of Ligand C

YA,

%o V=Y 0@
iy )
/ . @u

Acetal A (1.33 g, 8.0 mmol) and PCI, (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)

28



ADN/ (ESN + MGN + ADN). The 3PN and 4PN conversion is cal cul ated using 2-
et hoxyet hyl ether (EEE) as an internal standard. The total conversion of
PN s toW@DPHLs8d | es (DN s) based on the assunption that HRAT/VRMORPMEI is
accounted for, is 25 calculated as (sum(nml DN s)/surn (PNs + BN's +

DN s)). (BNistiuene (bardAevastaddeddiopwiteevigostirang & emse‘én was #toweddo

calculated b IV d| the t ot al nver si n of PN e HCN PN
ratio in théy vﬁ?’dﬁ@l R teereéamre tﬁﬁ’? st mé’t‘ E‘?:t’\("ifs's(tl%Y dEHCN/ nol PN
at start). nga@ﬁhﬁml) ahd d?tﬂh?len%ﬁfdréﬁyatl Q*-bﬁaaﬁ@chaleﬂé alhdeRydexyldt 4 g9, 200

mol ), ethylene ycol ), oxalic acid ( 1 g, I I muol), and
t ol uene ( 15@14@ﬁ)g Wé)rremobnmtqie@lea(ha nH@avaschdded Ruthe\ohesphorsBIDTIRT/ US00/ 25548

fl f t d d d a
Dean St avk ePon Py B mERGR et Rzl tabf B The Sl GASRSA RloR Naricos and
distilled wahfigh B&ﬁte@%&'iﬂe%&l%ﬁwﬂi teftbved % %1|V9§Q4g oPP8dhde IPAMRNT was

evaporated to grve 26 g of an off white soli It was crystallized from
hexane. 5 EXE@@DE82308ynnhmsmakDﬂ1A6é¢a31Bpﬁml|cyIaIdehyde (244 g, 2.0
mol ), 1, 3-propanediol (228 g, 3.0 nol), and oxalic acid (4.5 g, 0.05 nol)
were added to 400 nL toluene and heated to reflux 10 for 8 hours in an

apparatus equi pped with a condenser g ean-Stark trap. After cooling,
t he sol ution was washed wi th NaHCO3 —an istilled water, and the
10 Synthesis of Ligand D
\
p

Acetal C (1.67 g, 8.0 mmol) and PCI, (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,Dy): & 135.2,
20  other peaks at 142.7, 134.5 ppm.
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solution was dried over MgJSO. The product precipitated when the sol vent
was being evaporated. The solid was collected and di ssolved in hot hexane.
The solWO@ObAISEks filtered through Celite(r) (a filter aiRCHHP2E%48ured by
Johns Manville 15 Corp.), and the product was crystallized to give 108 g of
an off-white solid. Exanple 3 Synt kxeimplerf3 Acetal C Salicyl al dehyde (24 g,
0.2 nol), neopentyl glycol (20.9S 0.2 I xalic 20 acid (1 g, 11
mml ), and tol uene (150 ni) V\ere—%gh%ﬁ-%%M 1 eated to reflux for 2 days
in an apparatus equipped wth a copée A a Dean-Stark trap. After
cooling, the solution was washed ¥ Nand distilled water. The
solution was dried over MgSO™4, an
of a white solid, which was crys
Synt hesis of Acetal D Salicyl al dei
trinmethylorthoformte (10.
m.), and H2ZSO4 (0.25 g) was
under nitrogen at room tenpew
solid NaHCO3 fol |l owed by Ng
The product was vacuun1d|st|IIed 8
PCT/ US00/ 25548 and 3.98 g of @

Acetal D (336 mg, 2.0 mmol) and Et;N (1.0 g, 10.0 mmol) were dissolved

hexane. 25 Exanple 4
0.1 nol) and

Z ved in dry MeOH (40
was stirred for 2 days
waS quenched by addi ng

£ “dMecane pH 9 or higher.
2 torr), 25 WD 01/21580
{ed. Exanple 5

5  intoluene (5 mL) and the solution was added dropwise to a stirred, -20 °C
solution of PCl, (137 mg, 1.0 mmol) in toluene (2 mL). The reaction was stirred
for 20 min, and then a mixture of 2,2’-binaphthol (143 mg, 0.5 mmol) and Et;N
(0.4 g, 4.0 mmol) in toluene (3 mL) was added to the 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 (C,Dy): 8 131.7,
minor peaks at 146, 130.1 ppm.

Example 14
Svynthesis of Ligand F

OEW

R

AC‘O BP? B °
g)ﬁ

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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Synt hesi s of Am no-Acetal E 5 Salicyl al dehyde (6.11 g, 0.05 nol),
2-anilinoethanol (8.23 g, 0.06 nol), and oxalic acid (0.45 g, 5 mMmmol) were
di ssol vado pH21580 uene (50 nl) and heated to reflux over niR§HYUSOA25548

appar atus equi pped with a condenser and a Dean-Stark trap. After cooling,
t he sol uti onthgdgethrlamaepniim ﬁhl@qldee@ﬂsdswﬂ@@cuum Sit¢red ard wassl@d witha@id t he

t ol | ut Lltrat 10
addea unt 11 THE Bronutt) o SpEHSPBMRT el v 6Bl g e

| | ect ed. & l§ d wth
14,929 G of & Chl o ORal eyl ol Bt B B el na 0. 300 o of

oxal i ¢ aci d white &gl @L33cgm) dlﬁéiMRCﬂQCIB) d4k9 ppus connected to a
Dean- Starke trap

wached Wi h agubonte bTPIEBILlT Gonare T °Ve®“8€sgémolvq%a93w” & dri ed

over nagnesi umoshl y b cod&fioS.8k%ETH a WABoK HERIEAHY F@ﬁ Mnﬁé’ﬂp&&at ion. A
yel | ow solid was obtained which was recrystallizéd from hot hexane. The

solid 20 wasethers(36anlwi 1t. 0 Mjordscdded dltoqa\wsc ayeva2¥ mid8e genndd tmhe eoldolid. 'H

00 2.6 08 (dd, =
>0 8.7 '\Hﬂzﬂstrﬂqifp%@%afeume shfigion Fhe 1 mg%mtstzlr? g Enpied b (g 6Hg
1.18 (s, 6H) gebtp laﬁo%efﬁS%Y)gfsh%'e§oﬂés waehatufh ﬁltf:lles o andﬂr@ﬁ}ged Wi th

18 g of b5- ch or osa |cy dehy of 1,3- propane 2 g of oxalic
aci d andl®00dryletlodr (E@hﬂQnﬁheEhmbfdedsﬂxemﬁﬁratesmeetzqﬁr&tcﬂm)[DeldnhéSt ark trap
and the mxture refluxed for 12 hours. The th water

m X
and aqueous BRRFPhAFoBhleEADALAcstal €nE-bh iR, 3- CBHSOZ]C6H4O]2PCl b
NMR (CDCl3): 163.9 ppm.

Di(2,6-dimethylphenyl) 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-

dicarboxylate (0.792 gm, 1.36 mmol) was added to the phosphorochloridite of

15  acetal C (1.634 gm, 3.40 mmol) dissolved in dry ether (50 mL). After cooling to -
35°C in a drybox freezer, the light yellow mixture was stirred as dry triethylamine
(0.344 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
Svnthesis of Ligand G

(¢
o?({o

astafiptey
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25

With stirring under dry nitrogen, 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-
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30 | ayer was dried over magnesium sul fate and the solvent renoved by rotary
evaporation. A light brown oil was obtained (22.3g) which I dified upon
st andi nYO MRIRRR (500 MHz, ©BD6 ,S): 7.7 (s, 1H), 6.96 (HF%%%&E{S‘@H), 6. 72
26 WD 01/21580 PCT/ USQQ/ 25548 _(dd, = 2,6, 8.7 H, 1H),. 6.49 , J=8. 7THz,
1 Hy, 4.87(dicarpoyylic acigfl §hgmy m@OéQNﬂS(%SOW,m @é?ﬁ%dra an(%.gss (m

1H). Exanpl is tad . ] d?;@fgﬁ- o5 Q1204101 )
2-met hyl - 1, %Lﬁg%%é%tggﬁﬁgf) Z%ng: %ﬁgtaq%y S&%‘io&?b%)ba I C agf}%&?gz%%% ?ﬂgnzj
t ol uene (250.4M)inethee 3caninol)edhsaidded dripedse then thefsbluxiofh ovas 2lldegd ta n an

apparatus equi pped with a condenser and, a Dean-Stark trap. After cooling,
t he sol uti oWafBdo aRbKaHCMPeRANSHAST sumingRyerghtothg sefutipn Wag@ddegh or (30
m.). The: solut i ) ri tyh %Sn:t vaporated to
gi ve 3959 o?l%ylm ‘1@%‘%@&%&%‘%@%&@@9&% ?gég% rorﬁ%ﬁgﬁg. 5 Example 9

Synt hesi s okwakheganith Aafdthen@vaporited: ThQorangOrédidticalasAli{sdlved ig, 8.0 mmol )
and PC13 (0.55 g, 4 mol) were dissolved in toluene (40 _nl) and the
sol ution wadichispagthene anfheluted thropgh 2 sibicy gelpdug  Hhagprange filtrate was

evaporated to yield 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-bis(methylketone) as a
yellow solid (1.52 gm).

10 2,2'-Dihydroxy-1,1'-binaphthalene-3,3'-bis(methylketone) (0.200 gm, 0.54
mmol) was added to the phosphorochloridite of Acetal C (0.651 gm, 1.35 mmol)
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

QI

)ro_P P—QL
i

With stirring under dry nitrogen, 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-

<K

3

O.

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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10 in toluene (15 nL) was added dropwi se with stirring. The reaction was
allowed to slowy warmto roomtenperature then stirred oy pght., A

m xtureWSIOIAISN (0.4 g, 4.0 mmol) and di et hyl PRS0 988k

2, 2' -di hydroxy-1, 1' - bi napht hal ene- 3, 3' -di carboxylate (0.8 g, 2.0 mmol) in

tol uene (15 swlutionasasalidedd t@whhe tpiabiRhCERGblafire. dAtier g oodmighnd t he
m xture was stirred for 2 hours. The solution was filtered 15 through

Celite(r), aleibnized waser(SAmiasasydowsiyeaddedtoghe ecagtion gplugionatdiGetWitk1p NVR

C6D6): S 132.6, oth t .146. 3...130, 130. 7. 1580
bCH L0/ 255V4%°rﬁ§§%?‘ég’%ﬁ@9ﬁ?ﬂ’i%‘?°sa%‘? wep &‘gdr?ﬁ p&:‘é{)g?rﬁlkg‘{??@égééé 8. 0
ol ) and PGE3ah® sieéndly adidieBhH)= e 'Eneirf st pinfde was washéd wRR«vatet@n #1) and
the solution was cooled to -40 C. Et3N (1.0 g, 10.0 nmol) in toluene (15

m.) was &ddespamtopnfismelshendded oyar mpgngsiemsuliate jand evaporated. ohleaiorange s| ow y
warmto roomt, erature then stirred overni . m xt ur.e of 3N (0.4 ,
4.0 mmol ) arf&S‘gl,q%w?ﬁfeﬁésFﬂlb’ﬁil 11 P’Eﬂ%]?ﬂﬁa.nﬂ,%[}‘tt‘?do@b%‘&ﬁ& Sll{ﬁ.g\fggf £ 2.( 0 mmlg)
in toluene (#p SihhoeRitrapddRlbviforhiia upRm@,gmﬁwrakwi,1t'-%|irﬁ19hmaieﬂa3,3and t he

m xture 10 was stifred for 2 hours. The solution was filtered through

Celite(r), asis(phéreylabnensa yeew solapOi0cft gd).to give 1.8 g of product. 31P
Synt hesi 5. of Li gaha-RiRsdiasyk rimeehinalens:s s bispisnaieiene if By 167 55 g,
mol ) weie dibg9) WEChddld to the phosphorochloridite of Acetal C (1.738 gm, 3.62 mmol)

dissolved in dry ether (50 mL). After cooling to -35°C in a drybox freezer, the

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

15 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
gm). 31P NMR (CDCl3): 134.0 ppm.

Example 17
20 Synthesis of Ligand |



tol uene (40 nL) and the solution was cooled to -40 C. Et3N (1.0 g, 10.0
nol ) 28 WO 01/ 21580 PCT/ US00/ 25548 in toluene (15 nl) v%sr{@%ﬂ?gs“gropw se
with sti%¥? PHG.SS"The reaction was allowed to slowy warmt enperature
then stirred overnight. A mixture of Et3N (0.4 g, 4.0 nmol) and di phenyl

2, 2" - di hydr oxy- 1, jhto #idual boiemanek %ﬁ'ad&hmmgwgﬁmphdr&s fRhirid.addmol ) in
toluene (15 nL) was added to the phosphorochloridite 5 solution, and the

m xture was abpiit FeuiLf efitomengs Fle miktere sysiseppled tava30 1G |andrledB8 g ofr dersal

Celit , dth | t ' 2.2 . of . 31P NMR
(G5 - 5 13880 3ol A pendfRd sO 8RN o6 Ihivpuindne 80 BNy il S0
of Ligand D £G&fughe fvaé ddded dSopwis® AT NMVADEE tREHxtuft Pdicdted4 Ayt ) Wwer e

dissolved in toluene (40 n) and the solution was cooled to -40 C. Et3N
(1.0 g, 50. Gresamahde ati 64 tigypme méth(mMiBorneponmmsessal d 88 3dnd 332 Seppmi- t ho 81$ r r i ng.

The reactio)r&nv%%/atsgpﬁ{%o 9@3#?@@’%&&%@%@% gﬁn?}h}%ggggo?)t grre%a}e en stirred
overni ght. ' : S HCTY, A ) ’
3,3,5,5 -tefg Ra LRGP ICHoR: 45c. 9pn 21989T8D) J60B1in ToGhuere (15 ni)

ly

was added to the osp%%roch?‘gridlte solution, and the mxture was stirred
for 2 hours.tolieae and uhéro0.680% dfitti¢thylachindarTheghixGet mtas Stidred avenightarsbl vent
was evaporated to give 1. white sticky solid. 31P NMR

3 9. of D6): 8
135.2, 20 otthep fijereddhrgpeh olite®, waghe WﬁOIwemdéf}vf%@G‘%@gr%wé‘W%Ms
Exanpl e 13 evaporation to yield the 1.8 g of a white solid. *'P{H} (202 MHz, C;D,): major

resonance at 134.9 ppm, minor resonances at 132.6, 132.2, 130.9, 128.2 ppm.
APCI MS (atmospheric pressure chemical ionization mass spectroscopy): Found:

1183.1; calculated for CH,,0,,C1,P,+ 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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Synt hesis of Lip-and E Acetal D (336 ng, 2.0 mmol) and Et3N (1.0 g, 10.0
nmol ) were dissolved 5 in toluene (5 nL) and the solution was added

dropwi swae/2a58t i rred, -20 C solution of PCl13 (137 ng, 1.PCTARIPESHE tol uene
(2 m.). The reaction was stirred for 20 min, and then a m xture of

2, 2" - bi naphtRQkerhdvtd t8ived2. S gloraly; Ell@@%ﬁiﬁﬁodﬁ& ZpaNMik: & mawle) in tol uene
(3 m.) was added to the phosphorochl oridite solution, and the m xture was
stirred 1 homallerfivak sbl27t.6,dmoadpeaks it 133cld 14hdppthe 10 sol vent was evapor at ed
to give 0.57 g of product. 31P NWR (C6D6): S 131.7, mnor peaks at 146,
130.1 ppm Exanple 14 Synthesis of Ligand F 15 Wth stirring under a dry,
ni trogen atnosphere, a dry ether sogg&hgﬁ 1650 L) of Acetal C was added
dropwi se over a 20 mnute period to I et hyl phosphor am dous di chl ori de
(3.36 gnp 19.3 mmol) and dry triSsnthdsismifdgandX 88 gm 48.3 nmol ) di ssol ved
in 150 nL of dry ether. After stirring overnight, 30 WO 01/21580

PCT/ US00/ 25548 the triethyl ammoni u de solids were vacuumfiltered
and washed with dry ether (3 x = |ned ether filtrates were
evaporated to yield the desi re h e

[2-[5,5-(CH3) 2-1, 3- C3H502] C6H40] 28 \w, D2y@s a white solid (9.33 gm.

31P NWR (CDC13): 141.9 ppm 5 #ph(\r(ém e (9.33 gm 18.0 mmol) was
di ssolved in dry ether (150 nmd -35C in a drybox freezer.
Hydrogen chloride in dry O

O

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 mmol) 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(C2Hs)2, 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)CgH40]2PClL. 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). Afier
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ether (36 nL, 1.0 M was added dropw se over a 20 mnute period to the

cold, stirred phosphoramdite solution. The resulting m ret urned
to the WU for another 1.5 hours. The solids were vmp%é?égred and

washed with 10 dr I 0. nmL). The conpined ether filtrates re
evapor at ed t%oyv%¥%355§ in éﬁagbaﬁ&esm E g g mgng s, stifred as dFy

1% i O SR g BB oo

di car boxyl atperip8. T82 ngriurd wasfilered throagh drgdmaittabalumingphigksthheluothd ori di t e of
15 acetal C (1.634 gm 3.40 mmol ) _dissolved in dry ether (50 nL). After
cooling to -WQ?H@SFQ“QMWBB}?rﬁﬁé%G?‘D- tIhs cpv@megfﬁrqr&nrwwaﬁee was stirred
as dry triet ] . i oyer a b5

i nut e par i oguP o yich ittty dpHiRo B ligarts AR A0 T2 S
hours, the MIMRI(GD¥)Sseveral peaksl céiered ghl 3rppm doetd 4 miixtatewfi na and t he
alumna was rinsed wth dry tetrahydrofuran (50 nL). 20 The conbi ned
filtrates wetegeaspeiSated to yield the desired di phosphite ligand as a

i ght yellow solid (0.376 gm. 31P NWR (CDC13): 129.7 ppm Exanple 15
Synthesis of Ligand G 25 Wth stirring under dry nitrogen,

2,2' -di hydroxy-1, 1' - bi napht hal ene- 3,EBxample 20 01/ 21580 PCT/ US00/ 25548

di carboxylic acid (1.87 gm 5.0 nmmol) was dissolved in dry tetrahydrofuran
(50 mL)I0 hen cool ed to -78C wit Bynthesiyof bigardbt one bath. Methyl |ithium (25
m. of 1.4 Min ether, 35 mmol) was_3 opwi se then the sol ution was
allowed to -

cl Ci

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 triethylamine. 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

36



warm to anbient tenperature. After stirring overnight, the solution was
added 5 slowly to ice cold, 1 Mhydrochloric acid (30 m.)_ ni c
phase vvéi‘g)‘”\ﬁdgff?ed wi th water then evaporated. The orange Prcérl'il}sg)ﬁggsags
di ssolved in dichloronethane and eluted through a silica gel plug. The
orange filt ri&0d ps, otberapsomaness at 431 ehdl 120.8'ppoii. hARCHMS: Found: 1366.3;

| ' - bi napht hal ene- 3, 3' - bi . s( | as a yellowsolid (1.52 gm. 10
2,2 -Di hydr(ﬁ?&u%tid P%Fﬁé%hﬁéﬂénggégg‘%m s(net hyl ket one) (0.200 gm 0. 54
mol ) was added to the phosphorochloridite of Acetal C (0.651 gm 1.35
mmol) dissolved in dry ether (50 nmL). After cooling to -35C in a drybox
freezer, the Ilight yellow m xture i2sangtlié 2ted as dry triethylam ne (0. 155
gm 1.53 mmol) was added dropw se pver 5 'lclute period. After stirring
at ambi el tenperature for 15 angﬂﬁgﬁﬂwgiﬁgﬂgLr-the m xture was filtered

t hrough dry, neutral alum na and t/hse )

pa\ Wwas rinsed with dry ether (50
m.). The conbined filtrates were yield the desired
di phosphite ligand as a |ight yel

31 P NMR (CDC13):

134.1 ppm Exanple 16 20 S¢AtNqesi s O i i h- ~~ Wth stirring
under dry nitrogen, 2,2' -4 1 i 3,3 - dicarboxylic
acid (8.42 gm 22.5 mmol ) Wy i i ' pydr of uran (500 25 nl)

then cooled to -78C with a . Phgnyllithium (100 nL of
1.8 Min 70/30 cycl ohexaneRetper, 0P18 nol ) JLY
WD 01/ 21580 PCT/ US00/ 25548

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

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: 6 131.3, smaller peaks at 132.5, 144.2 ppm,
15

Example 22
Synthesis of Ligand N

Ph—




solution was allowed to warmto anbient tenperature. After stirring

over ni ght dei oni zed water (50 nL) was slowy added to t Welg
sol uti oW QPVHEY Wih vi gorous stirring, 1 M hydrochlori cln‘f\r(f{‘% &/«%\%&added

3
dropwi se until the water phase becane strongly acidic (pH = 2). The
organi ¢ phase was washed with water in a 5 separatory funnel then dried

over magnesi um sul f at d ted. Th I.d di | ved
n i chi'or omet nand it St EXRERRE 2 mmaBieR BRaE o G E e SR v
filtrate wasiRuapQl@hfg. ThiskbRidn vad addédwod 28y ClolutioRiof@aN! hal ene-13, 3' -

bi s(phenyl ketone) as a yellow solid (10.5 . . )

2, 2' - Di hydr omynal) i tobkna@l‘mhabwel-muibp@r? 1ehfjerikbe addatior;, Gheymbxtyiyy 1. 45
10 I dded h hl ori dit f | C 738 3.62
Lo e a0Ed S ISP TP R AE Rt ot rAaeh Abofinll £Ter 3. °
freezer, theo.smeg%a@tmm ¥ teihidd @InBPwal ¥ddell iRy EIbAGd $e365 gm

3.62 mmol ) was added dropwi se over a 5 mnute period. After stirring at
anbi ent t enpmiixure eas dlowadao ktirfor 2 dayh clhesmixtive weslfileredyrand thesolvast fi |l t er ed

t hrough dry, neutral alumna apd the 15 um n rinsed with d et her
(50 nl). TheWasRmAPQECS togiyeP-84 g\%Pé"dl"éQ/g%?oﬂMlgdg\ﬁSZ% &Qﬂgtsﬁﬁlﬁld’égﬁl ed
di phosphite || lg@r% 1%9%) | ght yellow solid (1.68 gm. 31 P NWVR (CDC13):

134.0 ppm Exanpl ynthesis of Li agnd | C C C 33 WO 01/21580
PCT/ USO01(25548

Example 23
Synthesis of Ligand O

Ay

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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Into a round bottom fl ask was added 0.412 g of phosphorus trichloride and
about 50 nL of toluene. The m xture was cooled to -30 C and 1.288 g of
Acet al WVW® 0m2158tdded. A precool ed solution (-30 C) of tri GV2HES (0. 800
g) in 20 mL of toluene was added dropwi se. A 31P NWVR of the m xture
indicated a major 5 resonance at 164.1 ppmw th m nor resonances at 193.3

and 132.5 ppm To this m xture was adde 405 g of

2,2 -ethylidenebis(4, 6-di net hyl phenog’f——é-?g-éa}m ared according to Yanada et

al., Bull. Chem Soc. plAration 988arbbr-surtitPdd chidlyifudite Bdandi®! uene and then

0.600 g of triethylammné. e mxture was stirred overnight and then

filtered through Ce}rsitalﬁ(le Rh(Q@)(aeac)\(l £huil ) iveas dissolyad indo Rvie mL todwanged by

rotary 10 eva or.a to |eldthe18 a 30|d 31 202 MHz,

C6D6) : nej or L ?é‘gé “@3“4""@”5’6‘(%“97?% hgaéévg)néﬁe JESuftEie ’%FSBOT%

130.9, 128. 2, I t pressure chem cal i oni zation mass
Qﬂﬂlonl% @Bg C{l%%ﬁ(l? s{mﬁ BH%BIO?

spect roscopy) ca cul ated for C58H60014C14P2 + H+:1183.22.
15 Exanple 18 Sysghégraubi (40-6@nttsk) addested cabér (B2 Sgjentifieyroh) daedl PCL3

(0.55 g, 4 mol) were_dissolved in toluene(40 ni. nd .cool tqQq.-40 C. A
sol ution of E@@Rﬂlelpe@)bgheamgﬁﬁélomgq el 60Qank/nn at%é &a‘g gg‘é% ropwi se

to the cold ga E&%B%twlﬁ‘iaﬁﬁ?ﬁ%d @ é(l)iﬁﬁ%ﬁ{fﬁl S’Yetﬁbx"@ﬁé%ﬂt%{s%w”perat ure

then stirred overni 1 on

N-phenyl )6 2, andlthmeﬁ@s@ruﬂonlconmum@hﬁmm@ﬁd ligéhd-@l The bluxgnvabestifredl g, 2
mmol ) and Et3N (0.4 g, 4 mol) in toluene (15 nl) was added and the m xture
was stirred flor!mimolier evaperated terdiyeesain vacupme Regidwal selidp derasiteder ) | and

the sol vent %ﬁe sV\é)es o]f/tgelée%(s)elp\%rrle%sn%% %?tg%%ra 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
O & ? ({ g O
S@-? o)
Q‘g) 5@

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 (CgDg): 131.0, 130.9, 130.8, 130.6, 130.4, 130.3 ppm due to a
mixture of stereoisomers along with cyclic monophosphite impurity at 146.8 and

25 146.4 ppm.
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was renoved to give 2.3 g of a yellow sticky product. 31P NVR b 131.6,
smal | er peak at 127.6, broad peaks at 133.1, 144. 1ppm Exanple 19 5

Synt hesi0 BF2158¢gand K U U 0 Wth stirring under a dry, niRGIdg¥a25848ospher e,
2- (tetrahydro-2- furanyl)phenol (5.10 gm 31.1 nmol) was added dropw se to
N, N- di et hyl phosphoram dous di chl ori %ez 2 gm 15.5 mmol) and dry
triethylamne 10 (3.77 gm 37.3 mmol ved in 200 nL of dry ether.
After one hour, the t LighlY) agvmhésidoPilonedSuppottedbiggde vacuum filtered
and washed with dry ether (3 x_ 15 nmL). The conbined ether filtrates were
evaporated to vyield t hBrepaagon afja Supposied Disnbgtituted Binaphthol

[ 2- (2- C4H70) C6H40] 2PN( S a viscous oil. 31p NMR (CDC13): 142. 2,

142.0, 141.5, apgrid Qa¥ to a nixture o o/GQR>GHpRels. The
11.6 mml ) was dis fry ether (50 nl)
2 (o -

phosphoram dite
oride (24 nL, 1.0 M
, etir™Ned pi@dphoram dite
solution. Five nnuteg aftGH t he—agdi T3 was conp| ete, the solids were
OHThe conbi ned
ochloridite of

then cooled to

ol | vy [2-(2- CAH7ORQBEM4K &1 P NVR (C6D6):
163.7, 162.9, 162.5 ppm due pSHa m xture of stereol somg'égHDi phenyl
2,2' -di hydroxy-1, 1' - bi napht hal ene- 3, 3' -di car boxyl ate (0.425 gm 25 0.807
mmol ) was added t& mixaurphrbihHaeGbama) oidMerwifipld @S(nt(eplr(&hﬁhw@emolﬂ-

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 (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

10  diluted with water, filtered, washed with H,O, DMF, and acetone, and then
thoroughly dried in the air to give the desired product. IR (KBr, cm™): 1712 (vs),
1676 (vs).

Functionalization of the Carboxylate Grou

HO OH HO OCHZ—Q—pOI
o o)

1,1-carbonyldiimidazole
DMF

15



furanyl)phenol (0.793 gm 2.02 nmmol) dissolved in dry ether (50 nL). After
35 WO 01/21580 PCT/ US00/ 25548 cooling to -35C in a drybox freezer, the

i ght yavoeu21s8kture was stirred as dry triethylam ne ((RCIIUSHAFS48. 02
mmol ) was added dropwi se over a 10 mnute period. The m xture was filtered

t hrough dry, } 1§ I it y ether (3
25 m) i BOHET a8 e ip et £ Bl RE R HOHLERY Bloe
desired di phatydiduws DMgaad taghia mikivrewaohdddd @484 (28mhmoBlofyd,1-NVR ( C6D6) :
several peaks centered at 131 ppmdue to a m xture of stereoi soners.

Exanpl e 20 1¢aregnpldiznidazele. Theymidure was shakemoveppightaandyths dobygaer 84S ask was

added 0. 343 t 44l i e. The

m xture was cggﬁfde(%lgﬁ ZQJJ@%H % 'ailﬁcfc@a%%g% c(;%;ﬂ g%ltg%? g?ﬁtrafr—h%\g\l/ar%dg\f’cﬁafel% &ﬁﬂpr ecool ed
sol ution § - 3DMB (1% 100 mhwhuie (Bx (100 A9, nd CH,AD (3106 n0f) befdrei@Rngas
added dropwi se. A 31P NWR anlal sis of the mxture indicated a mjor
resonance atundsp vacywnm g om pKds): 1788 drran’@8 (¥9)- 190. 4 and 130.7 ppm To
this m xture was added 0.358 g of 2,2'-binaphthol in 10 nL of toluene and
then 0.600 g of triethylam ne. The m xture was stirred overni ght and then

filtered through Celite(r), weGHAEatWnldT thoSide Thamnd sol vent renoved by
rotary evaporation 20 to give 1.753 g of a white solid. 31P{H (202 Mz,

C6D6) : maj or resonance at 36</ \> </ \>

7 N_¢ N\
E/N_“g —g;g_%ﬂ—OCHz—Q—pol

o-cresol, DBU
DMF

O OH HO OCHz—Q—pol
o) 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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WD 01/ 21580 PCT/ US00/ 25548 130.0 ppm ot her resonances at 143.1 and 130.8
ppm APCI Ms. Found: 1366.3; calculated for C72H76014C14P‘$,S %@%@%46
Exanmpl e W? 95258ht hesi s of Ligand M Acetal A (1.33 g, 8 13 (0.55
g, 4 mol) were dissolved in toluene (40 nm.) and cooled to - 40 C. A
solution of Et3N (1.0 g, 10 mml) in toluene (15 nL) was added dropw se to
the cold solution. The reaction was 10 allowed to warmto roomtenperature
then stirred overnight. A sol uti &ynthesigobLigapd Ghenol (0.37 g, 2 mwvl) and
Et3N (0.4 g, 4 mmol ) in toluene Qs added and the m xture was
stirred for 2 hours. The m xtu ed through Celite(r), and the
sol vent was renoved to give 1. X , Oily residue. 31P NWR S
131.3, smaller peaks at 132.5, /

Ligand N 37 WO 01/21580 PCT/ US o-Acetal E (482 ng, 2.0 muol)
and Et3N (0.67 g) werg , +dne (10 \hi s solution was
added to a -20 C sol c\ Koo, EOOH: @ opolene (3 nlL) over
a 5 mnute period. Aft the agdi ti1on, theom xture Ss=wéhs stirred at - 20 C
for 15 mnutes. A suspenston of 2,2'-binaphthol (143 ng, 0.5 mol) and

Et 3N (0.33 g) in toluene (5 nL) was ged in one portion and the mxture
was allowed to stir for 2 days. The ?e was filtered, and the sol vent

0 O O OCHZ—onI
o, \_oO

ZP Pz,

Z=0
O
SHO
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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was evaporated to give 0.47 g of product. 31P NVR 8 132.1, 130.8, s
peaks at 147 144.9 ppm 10 Exarrpl e 23 Synthesis of e
(25.0 g, 1rﬁer)I) and PCl 3 (8.23 g, 60 nmol) were di ssoﬁfg@ﬂgﬂgség
(100 ni) and cooled to - 20 C. Approxinmately two-thirds of a Et3N (2
200 mmol ) solution in toluene (100 nExampls 2ddded dropwi se to the aceta

solution over a 30 mnute period. The mxture was stirred for another 15

mnat - 20 C. Over the next houSynthegisiof Ligand®as of solid
di (2-tolyl)-2,2" -dihydroxy-1,1"- binaphthalene;3,3'-dicarboxylate (1

29.8 mmol ),

were added to the co

while alternating with equival en ' ~the renaining Et3N so

The m xture was stirred for
sol vent vol ume was reduce

anh
, and the s

was allowed to stand for \&—d ; [ tate was colle

(20.6 Q).

M. tol uene.
(100ng), resulting in sony
granul ar (40-60 nesh) act

5 The light-yel [ ed to SO|Id ligand O
_ ol ution col or.
was dried

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-(o-cyanomethyl)phenethyl alcohol.
TH NMR (CD»Cly): 2.81 (t, 2H), 3.72 (t, 2H), 4.77 (s, 2H), 6.92 (dd, 2H), 7.18 (d,
2H). 2-(o-Cyanomethyl)phenethyl alcohol (1.0 g, 6.3 mmol) was dissolved in 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 (CD7Cly): 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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naH

t al
toluene
1.0 g,

6.5 g,

was filtered. The

ol ution
cted

59 of



and cal cined by heating in flowing helium (100 nL/mn) at 850 C for 5 hrs.
The dried carbon was transferred to a nitrogen filled gl ZLF@WI{S ere it
was sl uMQYEM1Y into a tol uene sol ution containi ng rhodi Lf ?ggnd O
The slurry was stirred for 15 mn then evaporated to dryness in vacuum
Resi dual solGydsometdyhphanethyd metliyth €0.56 aei;lbmﬁéW%Sl%fPWe Y minsed with

extra tol uene, s cht at ~all were.ev d o 0 the

car bon. TheaHJP rg‘ésl? Hﬂﬁ‘ﬁﬁ’é’odlwa?k#) \5%&1 S %Dualnf ol uene and
then capped saﬂl@oﬁtw%s eG vtflt}? T\ﬁ:lr@,g){é?l BP0 frﬂﬁut@@taﬁ(llﬁeh%nh@&hhd@ 15 Exanpl e
25 Synthesis of Lig I s~ di phosphite was prepared according to the

gener al prodwdrogen odem[ghlt b@ﬂe frixtute \gwﬁiltd(edgmé the fltrptetwastonpentrates.
correspondi thyl ester f

2, 2" ~di hydr g&y}qlﬁs ue Yps eaeole Weet%efswa%ri{ ed AYifowstrn ed dipdoye MeRPe was  an
oll. 31P N%ﬁe@@@ﬁéenh&ﬁ&n%”’% /'?)h CyC Q}i@eﬁeth ?iQetﬂ 1 b33 -whsppm due to a

m xt ure of ereol soners al on nophosphl e inpurity at 146.8
and 25 146.iolppd) 'BBRNW (CDLZ1HB0. 78(&[/2&501)3265&11) Bxéln@s Z2HR6 Li gand O -
Synt hesi s of Pol yner Supported Llﬂgand Preparatlog1 of a Supported

Di substituted Bi mapydmyyPhenshy ther was reacted wi

diethylphosphoramidous dichloride to yield the corresponding phosphorous
amidite in the same manner as described for Example 25. *'P NMR (toluene): 137
ppm. The phosphoroamidite was treated with 1M HCI solution following the
procedure described for Example 25 to yield the corresponding
phosphorochloridite. *'P NMR (toluene): 165 ppm. The phosphochloridite was
then reacted with di(2-tolyl)-2,2'-dihydroxy-1,1'-binaphthalene-3,3'-dicarboxylate
in the same manner as described for Example 19. *'P NMR (toluene): 125

(major), 127 (minor), 142 (minor).

Example 28
Svnthesis of Ligand S

OQ

W}

3@% \\b

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 PCI, in toluene with
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K2CO3 CO2H CO2CH2pol OH OH CO2H 5 A mi xture of 50 g (60 mmol ) of

Merrifield resin (polCH2C1 where pot = 1- 2 %crosslinked %olséstérene,
200- 400WRHRIBads), 2, 2' -di hydroxy-1, 1' - bi napht hal ene- 33UV R oxyl i ¢

acid (33.7 g), t assi um carbonate 4 12. 4 and . DVF (di hy| f or mam de)
(350 m) mszwgﬁfﬁ@ama@s eseétwgﬁ)ﬁ&su(l? Pﬁnﬁag%ﬁea@nﬁpg}lx&%g‘gﬁoﬁérppé?- t he
resin change ' S ESMYEl A1 51y yhuted with
water, fil te?gg},{%\gﬂlggg%ﬁ?ﬂmmql t}S.E/IF‘%&;&#gI&;gle(?‘éar?gg %WF@%}Q% ’kllor oughl y

dri ed in thebmaphthaeng-98'-ticerbdrglatedd thpr prdsemte of te(HyBminemas'describéd2n (vs) ,

1676 (vs). Functionalization of the Carboxylate G oup 15 OHHO 0 O
1, 1- car bonyl E’FWIEQLZO%E NMBHtolgensgs @ﬂ/(ﬁﬂ@% lﬁéfmeszsb/léggw% g (18.7 mmol)

of the pof{ ynmer supported di ol was suspended in 150 niL of

Example 29
Synthesis of Ligand T

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
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anhydrous DVF, and to this m xture was added 4.54 g (28 mmol ) of 1, 1-
carbonyl di i m dazol e. The m xture was shaken overni ght, and the pol yner
beads twobnp2is8eep red-orange. The beads were col |l ect ed RCHUSWORLS4Bon and
washed with 5 DMF (3 x 100 nL), toluene (3 x 100 nL), and CH2C12 (3 x 100
m.) before edrydsponding ghosphawuhloridit®? *{FCNMR &Biupne)1 181.6(pps)., THT@®VEVS) |

Est f t f the Side Chain | 0- 0.,25. 93 18. 7
mol ) of C?h'er?%@ﬁwem%ggis%%ﬁ g%'c{ém%zc@@? ke ddiydhbaded i n 150 nt of
AR Sbaatatfe-d s iaboliilo)anf bl R 83 Hekofrelifihathe (187 TO!)

of DBU (1,8 |cyc1 o added. The m xture was
shaken for hmddaysqmmaoeﬁegemmqhﬁgmye The product was collected by
filtration and washed wth DMF, toluene, and CH2A 2 (3 x 100 nlL) before 15
final vatuumdrying. IR (cm, KBr): 1759 (w), 1720 (w), 1675 (vs). 41 WO
01/ 21580 PCT/ US00/ 25548 Synt hesi s oExfhﬁgagd Ol base, CIPZ2 24.8 g (17.4
mol ) of the supported diol was suspended in 150 nL of toluene, 5 and to
this suspension was added 25.0 @vafesisofbigandd} the phosphorochioridite
derived fromacetal C and 13.4 g of diisopropyl ethylam ne. The m xture was
shaken overni ght at roomtenperature/ Ne pale yell ow beads were collected
by filtration, washed with --@e@t (3 x 100 nL), and then dried
under

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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vacuum Elenental analysis: 1.15 w %P (average). 42 WO 01/21580

PCT/ US00/ 25548 Exanple 27 Synthesis of Ligand R 2-Hydroxyphenet hyl al cohol
was reast@o1/2458t bronpacetonitrile in the presence of pRCA¥ESNAPHEr bonat e
to protect the phenolic oxygen, as in Tetrahedron Letters, 1993, 34,
7567-7568. 2-Hydroxyphenet hyl al cohol was dissolved in 20 nL acetone. To
this was added 1.2 g potassium carbonate. To the stirring mxture was
added 0.87 g bronpacetonitrile undeExaimpledlen. The mixture was stirred
overnight. The m xture was fil te|E=edI and;#.he Edll trate was concentrated. The
product was purified by flash c & aphy on silica gel, eluting
with 1/1 ethyl acetate: hexanes, t i 81% of 2-(o-cyanonet hyl) phenet hyl
al cohol. IHNW (CD2C12): 2.81 (t, by 72 (t, 2H), 4.77 (s, 2H), 6.92
henet hyl al cohol (1.0 g, 6.3

mmol ) was dissolved in 5 nL anhydreuw DA and added to a stirring solution
of sodi um hydride (0.25g, 10.4 nmol)O@ DMF (20 nmL). After hydrogen

evol ution ceases, nethyl iodide (0. 7.5 mmol ) was added dropw se.
The m xture was stirred at room tenperatue under/itrogen for five hours.
Af ter aqueous wor kup, the product puri pled u§ flash col um

chromat ography on silic g wth 1/ et at e/ hexanes

solvent mxture to yie€
cyanonet hyl ) phenet hyl

56 g (56 of thd desir
rrethés t her/ 1H NWR (|CD2Cl12):

duct, 2-(o-
.96 (t, 2H), 3.36 (s,

3H), 3.60 (t, 2H), 4.86 (s, , /.04 (dd, ; 31 (d, 2H).
2- (0- Cyanonet hyl ) phenet hyl et hyd hdr was otected foll ow ng the
0)
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 diethy! 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 precooled 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 slurry 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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procedure described in Tetrahedron Letters, 1993, 34, 7567-7568. 2-(o0 43 WO
01/ 21580 PCT/ US00/ 25548 Cyanonet hyl ) phenet hyl net hyl (0. nmol )
was di s¥Q V&8 40 nL  anhydrous’ et hanol . Platinunldioxﬁggggﬂéq%%ﬁ was
added to this solution. The solution was purged with hydrogen for 10

m nutes, and then stirred under hydrogen overnight. The m xture was
filtered, and the filtrate was concegp i.e® The residue was redissol ved
in ether, washed with water, and drie ver MpSO4. After concentrati on,
0.39 g (82% of 2-hydroxyphenet Bynthesislof Liginid¥ was isol ated. 'H NWR
(cb2Cc12): 2.78 (t, 2H), 3.32 (s, 3H), 3.60 (t, 2H), 2-Hydroxyphent hyl

met hyl ether was reacted with df et\hyl phosphoram dous dichloride to yield

t he correspondi ng phosphorous apgite in the fa manner as descri bed for
Exanpl e 25. 31P NWR (tol uene) ppm The Phogphoroam dite was treated
with 1 MHCO solution foll ow the "“prosedure Hescribed for Exanple 25 to
yield the correspondi ng pho te. 3 MR (tol uene): 165 ppm
The phosphochloridite was then reBc®edYw th

di (2-tolyl)-2,2" -di hydroxy-1 c Jnapht aIeneEB, -di carboxylate in the
sanme manner as described for npl e 48 PPANVR toluene): 125 (major),
127 (mnor), 142 (mnor). Exa e 28 hesP Ligand S The et hyl ether

of 2-hydroxybenzyl al cohol wagPreparedactordingfo a S5 literature
procedure reported in Recueil {Trav. Chim Pa Bas 1955, 74, 1448. The
phosphorochloridite of this ph | was prepaffgpfron1PC13 in toluene with
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

iPl0—{ 0 o JOCHMR
0/ \O
P

S T
D7L 2 ‘sVD 2

MR = Merrifield resin
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44 WO 01/ 21580 PCT/ US00/ 25548 tnet hyl am ne as base at -30 C. 31P nmr of the
reaction m xture: 158, 125 ppm To the phosphorochloridite sol %i on was
added dWVPBIRBEBY|)-2, 2' -di hydroxy-1,1' - bi napht hal ene- 3, SPCB’iUégq/% Wiate in
the presence of triethylam ne, as described in exanple 27. 31P NWR

(toluene): 131 (major), 146 (m= Q3 (mnor). 5 Exanple 29 Synthesis
of Ligand T 2-(2-Tetrahydropy Y, t hyl - phenol was prepared fromthe
correspondi ng phenol follow ng kedure outlined inAust. J. Chem,

1988, 10 41, 69-84. In a nitr Q dr gep gl ove box,
2- (2-tetrahydropyranyl) - 4get Y QE'.'Apr > mol ) was di ssol ved
; % N # hyl phosphor am dous
by

in 25 m diethyl ether, and

dichloride (2.5 nmol) was ad , G triethylamne (6 nmol). The
reaction mxture was stirred at ropmtenperature for one hour, then
filtered over a pad of Celite(r). Fhe filtrate was concentrated in 15 vacuo
toyield 1.1 g (90% of the correspondi ng phosphorous amdite. 31P
NVR(t ol uene): 142.7, 142.6. T abo
di ssolved in 25 nL anhydrous & hg
phosphoram dite sol uti on was g
solution in ether. Upon addit

stirred for 10 20 m nut O3

cooled to -40 C. To the stirring
ed 4.4 nmL of precooled 1M HC

@ preci prrate fornmed. The m xture was
PkH 'for 2 hours. The
\ CeTite(r), and concentrated in

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, cm™): 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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WO 01/ 21580 PCT/ US00/ 25548 correspondi ng phosphorochloridite. 31P NWR
(toluene): 161.6 ppm The above phosphorochloridite was reacted with

di (2-t oM@ YVAS80 - di hydr oxy- 1, 1' - bi napht hal ene- 3, 3' - di carB§ay$04{2&548nd
triethylamne to yield the corresponding ligand. 31P NWR (tol uene): 130
(major). 5 EEMmhe])HKd th?tynii)kte&i\sammeﬂmvamghﬂafﬁmenpﬂampfwxracffh@ri dite of
2- (2-tetrahydropyranyl) - 4-net hyl - phenol was e§§ as descdr %d I n
exanpl e 32 ncﬂémsrowemﬁs%@ﬁkféwaehpr&fivﬁ.waé thersiSpla iltrgfignyand was

3,3 .,4, 4 kﬁﬁagﬁt andtrlethylamneto yield the
correspondl ng fll gan %)ﬂg ﬁllvéfo QAIFF}@?\%': 134, 131, 127. 46 WO 01/21580
PCT/ US00/ 25548 Exanmg @. O&ﬁmo&/dﬂthﬁeﬁdﬂ?mf sdp'pgﬂadidl‘dl 6Dthd previous example

2-(2- Tetrahydropyrady )-4-meth phenol was prepared fromt
cor r espordi nﬁabﬁ@ﬁ?ﬂ ef‘é‘llll%\mln @H@nﬁrae?éé‘éiwléw%?qqeﬁéﬁﬁnﬁr (Aeﬂmolj of chem

1988, 41, 69-

2-(2-tet rahy rlsé) {/orpér ﬂ%l% Zggﬁl %;ﬁ@%%te p&og;horoc]hgondlte Jh ssol ved
in 25 m di egdy éns@dd’lﬁﬁs stﬁl@dm meblﬁdeﬁ]peraﬂaee o¥ernighte tThel dohwrpdi produetdodss

di chl oride (2. was added, followed by 10 triethylam ne (6 mol ). The

reaction ni xthsrné'ﬂ%@si weshedavithatolyene 3 Kéﬂﬁ@F)aW%(i‘ ¥ 0 ipeantbtH,Ch hen
filtered ovep a;pad o583 SUOmL Bl ddidiGadARcGancentrated in

10  Elemental analysis: 1.45 % P.
A sample of the polymer supported bis(phosphite) was treated with Ni(COD), to
give the brown-orange Ni(COD) loaded derivative. This material was then treated
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
Svynthesis of Ligand Y

%‘:j b X
A &~

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-
yl)phenol. 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.
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vacuo to yield 1.1 g (90% of the correspondi ng phosphorous am dite. 31P
NVR(t ol uene): 142.7, 142.6. The above phosphorous amdite (1.1 g) was

di ssol vé¥o P1121238 nl. anhydrous ether and cooled to -40 C. TREHWHWORPMBring 15
phosphorous am dite solution was slowy added 4.4 nL of precooled 1M HC
solution in ether. Upon addition, a white precipitate formed. The m xture
was stirred for 10 mnutes, and cooled to -40 C for 2 hours. The resulting
slurry was filtered over a pad of Eahinpk(35), and concentrated in vacuo to
yield 0.92 g of the correspondi hospharochloridite. 31P NWR (tol uene):
161. 6 ppm The above 20 phosphor 1 reacted with

1,1 -bi-2-napthol and triethylam ne /48 yise the correspondi ng ligand. 31P
NVR (toluene): 131.11, 131.14 (ster? . 47 WD 01/ 21580

PCT/ US00/ 25548 Exanpl e 32 Synthe5|z A 100 nL flask was charged

wi th PC13 (0.412 g) and 50 nL @l Xt ure was cooled to -30 C
and the acetal B (1.081 g) . Mas |l owed by 0.65 g of NEt3
in 20 nmL toluene (precooled t whi dded dropw se. After

warmng to roomtenperature a r ab 40 mnutes, the m xture
was cooled to -30 C and 3, 3’ met hyA\x 2, 2" 10 bi phenol (0.406
g) was added, followed 0.6 g of 1 b@f{@ure was stirred overnight,
filtered through Celite(r) and thd&%olven s renoved by rotary

evaporation. A WALRaISO(1.6Y £.18.6Rdndl) altPBCRPO.55 BEA musch PwbbédiissavedGd 3: MRy or
resonance at 134.42 ppmw th mnor resonances at 135.08 and 132.6 ppm 15
Exanpl e 33 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 mmol) 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
(CeDg): 132.7,130.4, 129.7, 129.1 ppm.

Example 36
Synthesis of Ligand AA

o

Acetal B (1.44 g, 8.0 mmol) and PCl, (0.55 g, 4 mmol) were dissolved 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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Synthesis of Ligand X iPrO OCH2MR 2 MR = Merrifield resin 48 WO 01/21580
PCT/ US0Q/ 25548 HO OC OH HOiPrOiPrO Z= A m xture of 5% %ﬂé?g@z%?l ) of
Merri fi SQ01220, (pot = 1 2 %crossl i nked pol ystyrene G sh beads)

2 2 o1 S o QBB e, SRR BERUS LT )

heated at 99p6ucd tie séluﬁaﬁa@smérea tlhl’bﬁgh Eeﬁtecggaild)me@mvtehtewammvemanged
fromwhite to green-yell ow. The m xture was diluted wth water, filtered,

washed wi t htoHg@; 1.D\gof rrpducct P(NMR(@@Bs)t hehd tIR8oe bt PPPdried in air to
give the desired product. IR (KBr, cm"'): 1712 (vs), 1676 (vs). 81.64 g (84
nmmol ) of the light yellow polyner supported carboxylic 10 acid/ester was
suspended in 300 nL of anhydrous DMEx#fmepleayning 13.6 g (84 nmmol) of
carbonyl dii m dazole. After stirring at roomtenperature overnight, the
orange internedi ate was i sol at eSyrthesis dfiliganidBBand washed with DVF (3x).

c. @i“

e
@ g RS

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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pol ymer was then placed in a mxture of DMF (200 nL) and i PrOH (51.4 nL, 49
WO 01/ 21580 PCT/ US00/ 25548 672 mmol ) and the m xture was &%[r@%ﬁ%%ernight
at roomMOHF3t ure. The pol yner supported diol/diester % &l s then
isolated by filtration and washed w th THE and acetone before air drying.
1.7 g (1.0 mol ) of the polyner supported diol of the previous exanple 5
was suspended in 15 nL of toluene, ggg §g3§his was added 1.7 nL (10 nmol)

of diisopropyl ethylam ne and 4.0 he appropriate
phosphorochloridite. The suspedsitsiverd igfirk@d at room tenperature
overnight. The colorless product was then filtered, washed with tol uene (3

x 10 m), DWF (3 x 10 nL), and CH2Cl12 thyl ene chloride) (3 x 10 nl)
before drying under vacuum 10 El enenpd] >nal ysis: 1.45 % P. A sanple of

t he pol yner supported bis(phosphite) s\treated with Ni(COD)2 to give the
br own- orange N (COD) | oaded derivatlzgé is material was then treated

wth COat 1 atmand roomte gtt,u.r to gyve theg,llght yel | ow pol ymer
supported P2Ni (CO 2 conpl ex, terized infrared spectrumin KBr:
15 2051.7 (vs), 2001.3 (vs) . anple 3 hesis of Lim 20

3,3 ,5,5-Tetranet hyl -2, 2' -di hyd -1, 1 -W ene (0.303 gm 1.25 nmmol)
was added to a toluene solution (509mL) o et hylam ne (0.41 gm 4.0

mol ) and the phosphorochloridite (1.11 gm 2.8 mmol)_of
2- (tetrahydrof ur éP@zHya}mmmnﬂDprombrolwmpn@dcfm@? ﬁihéiﬁlt(’co‘tuﬁé“%ol i ds were

vacuum filt ?’ol?(gwfﬁg dhe procecfjure outlined in J. Chem. Soc., 1956, 2455. The phenolic
hydroxyl group was protected with cyanomethyl group by the reaction of 3-(2-
hydroxyphenyl)propan-1-ol with bromoacetonitrile in the presence of potassium
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 (q, 2H), 2.73 (8, 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-o-
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-o-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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with toluene (3 x 5 nL). The filtrate was evaporated to yield the product.
31P 25 NWMR (CDO 3, 202 WWHz): several peaks between 134.9 and 133.6, and
sever al Wﬁé'afkks%et ween 131.2 and 127.5 ppm 50 WO 01/ 2158BCPEHIUESHHE 25548
Exanple 35 Synthesis of Ligand Z Acetal C (1.67 g, 8.0 mml) and PO 3
(0.55 g, 4 nﬁﬁip):rameandlérs%qjsveﬂhjrdﬂogdncfouemem(s4crhah)1xmrmlwbhﬁltaeh uindon was
cooled to - C. Et3N (1.0 g, 10.0 mol) 5 in toluene (15 nm) was added
dropwi se wi tﬂhe§tlﬁr?tFW@§°°Wétr?‘éééQ Y’G}fl Qvé% gé)lf I3d\gé€(d€Q¥YP§¢1‘t¥\}\] propErin t o room

and ai met ny1 P909) bl CEAONELEIY, 1.4 | A E28 L S Ranfe B0 078 o

2.0 mmol) i n3ERlewesEn, 2D, MhY (magHRdded to the phosphor ochl ori d| te sol ution,
and the m xture was stirred for 2 hours. The solution was filtered 10

t hr ough Cel i t e(r)In apigrogerepuraed slove hax. 3-Crbxdsexyphegyhinsopylel -getw] pheduct .

Ui gand Aa Acech Deve sttt & Rt e pele BB T o ere
di ssol ved i nDlell%lﬁmsBEMnﬁdjdﬂs@c)hl&m (gms ?%:H&ddéa f0HsWE®BY Btethflamirt0 C.
Et3N (1.0 g, 10.0 mmol) in toluene (1 was added dropwi se with

stirring. Th®.9%gktTheresstionanixbewas stirred awpgmigmperaturer foo e kerpethgour e t hen
stirred overnight. A mxture ofg Et3N (0.4 g, 4.0 mmol) and 2, 2' - bi napht hol
(0.57 g, 2. oﬁ}’mrgdpverrp pasl afdrrditq 1 3 haifiltragig vag concentrated in vacuo to yleld 1.6g

(99%) of the corresponding phosphorous amidite. *'P NMR (toluene): 136.7. The
above phosphorous amidite (1.6 g) was dissolved in 37 mL anhydrous ether and
cooled to —40 °C. To the stirring amidite solution was slowly added 7.4 mL of
precooled 1M HCI solution in ether. Upon addition, white precipitate formed.

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

&
et 5

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 PCl,
(0.206 g) in toluene (11 g) with triethylamine (0.400g) at —30 °C. This
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WO 01/ 21580 PCT/ US00/ 25548 added to the phosphorochloridite solution, and
the m xture was s"rred for 2 hours. The solution was filtered through

Cel it e( YO OH:E8¢ he sol vent was renoved to give 1.7 g of BHHORS5481P NWVR
(C6D6): 132.4, 134.5, 146.0 ppm Exanple 37 Synthesis of Ligand BB A 100
m. flask wa k& 1 1209 ol The m xture
was cool ed tspgl%- &%&%%&ﬁaéc\g%;tﬁerg%? géggg&l ga?ﬁ%é%%zgt}néeégflylfzgil ILME)I\ISI}\/S({:I1 by 0.7 g of
NEt 3 in 20 n®.200famiaricthybadnt €o300g): Ihe@ixtundivah filtersd dlstdegh Geliio®i se.

After warmng to roonltegggrature and stirrLg% &gé agggt 40 m nutes, the
mxture wasAndEelvERt EBI0YeH DL TRRY oyaperatienio §ivefdfr 4! 918?’%‘?%ﬁ?1phenol)
(0.338 Q) Tﬁ?ﬁ . ~@%q@ 1 X3 95 e was
stirred ovgfiﬁg ,%épﬁﬂﬁg%ggpF%?gﬂ%ﬁg%£$$%e(r ﬁgn tﬂgmggﬁéngéags renoved
by rotary eva@drat§ogppm. A white solid (1.67 g) was obtained. 31P NMR in
C6D6: mmj or peak at 133.104 ppm along with resonances at 130.96, 130. 78,
130.01 due to impurities. 52 WD 01/21580 PCT/ US00/ 25548 Exanpl e 38

Synt hesi s of Ligand CC 3-(2-Fydroxyggégéi%ﬁgopan-l-oI was prepared from

di hydrocourmarin follow ng the proc lined in J. Chem Soc., 1956,
2455. The phenolic hydroxyl gr Gintivi dfTegedBRl Wit h cyanonmet hyl group by
the reaction of 3-(2- hydroxyphenyl)propan-|l-ol w th bronpacetonitrile in

t he presence of potassium carbong bed in Tetrahedron Letters,
1993, 34, 7567-7568. 3-(2-

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  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 (0.5
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
(C¢Dy): 8131.1, 134.4, 147.4 ppm.
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Hydr oxyphenyl ) propan-1-ol (27.4g) was dissolved in 300 nL acetone. To this
was added 30 pot assi um car bonate, followed by bronoacetonjtri 21.79),
and th‘é’%lﬁgﬂ%}“e was stirred overnight. The reaction m ng?é}s\%g%%f | tered,
concentrated, and purified by flash colunn chr omat ogr aphy to yield 65% of
3-(2- o- cyanonethylphenyl)propan- \ ;%%gQ(CIKEB) 1.85 (q, 2H), 2.73
(t, 211), 3.67 (t, 2H), 4.79 (¢ ¢ ( 111), 7.03 (t, 1H), 7.22
(m 2H. (t,2H), 3.72 (t,2H), 7 +§——éﬂ%2 (dd,2H), 7.18 (d, 2H)
3-(2-0- Cyanonethylphenyl)propan | -ol (30 g) was added to a stirred
suspension of potassi um hydroxige (3. i n_DMSO (di net hyl sul f oxi de) (30
m.), inmediately followed by nethyl 4 odijde Ph.Sg). The sol ution was
stirred at roomtenperature for en poured into water, and
extracted with dichloro ' organi yers were conbi ned, washed
with water, dried over magn Pbd and purlfled by

flash col um chronat ography *8y QJJ 1.7 g (53% of

3-(2-0- cyanonethylphenyl)pr0->l-l- ‘ = cyanonet hyl group was
cl eaved as described in raf edron Letters 93, 34, 7567- 7568.

3-(2-0- Cyanonethylphenyl) vl - 1- hyI 0 g, 3.8 mol) was

di ssolved in 15 nL anhydrotis et hanol 4n Flsher-Por er tube. To this

sol ution was added 20 ng plati num di pxi da,_and th eaction was stirred at
room 53 WD 01/ 21580 PCT/ US00/ 2554 re un 35 psi of hydrogen for
2 hours. The m xture was filtered, filtrate was concentrated to
yield 0.62 g of 3-(2-hydroxyphenyl - methyl ether. '"H NVR (CDC13):
1.41 (q, 2H), 2.72 (t, 2H), 3.37 ¥ 40 (s, 3H), 6.85 (m 2H), 7.09
(m 2H).

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 5-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  overnight, 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
Svynthesis of Ligand GG
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In a nitrogen purged gl ove box, 3-(2-hydroxyphenyl)propyl- | -nethyl ether
(1.25 g), was dissolved in 38 m diethyl ether, and cooled to -40 C.

Di et hyl pre8phEBani dous dichl oride (0.65g) was added, fol | DEHSHYRS48
triethylamne (0.99 g). The reaction mxture was stirred at room

tenperature for ope [UOML fadeRith hinhdePetdstv@waa cRagde@ivithel 41264 6) PCIThe

filtrate was concentrated in vacuo to yield 1.6g (99% of the
cor r espondi ngOphgoptisrasetsl Bnangi 2mL3fH HIVRT e ssilutéonelyas copdedrto -3&C above

phosphorous amdite (1 y~Wwas di ssol.ved in 3 anhydrou her and

ool d to - s pipdifLCaf) ¢ Rigon et driedylegtins (0 _%3&&% GOty 74
of  precool egasladdelii@ropiabd!t T sty Vab Stirred RBoradethpérafire R abSutrigairpi t at e
formed. The m xture was stirred for 10 m nutes, and cool ed back to -40 C

for 2 hours. TheT$lerry eesicoolad tetif 16, OB efafl3i Bdésopsopsl-6a6' shmiedyl-2al-i t e(r) ,
and concentrated in vacuq to yield 1.345 g.of the carr ndi ng

phosphor ochl %ﬁ"yg‘l{’f‘é’l g @%@qﬁm ‘(’%ls‘cﬂdﬂg‘ﬁe%’ é‘lh‘i g‘ix%rep‘ﬁ?ﬁ ad%ﬁ%(a}@g\ge(’fn .
phosphor ochl f?fehﬂ)lﬁrﬁin\é’.asr Ife‘éﬂﬁ&lﬁg v‘)ééfsrsﬁrrg’d &erﬁﬁgﬁ fijlRl! &R ¥émovedby- bi phenol
and triethylamne to yie Ligand HH 31P N toluene): 134, 142 ppm

Exanpl e 39 Syarykespaatidn toigienH661Dg She white polihyi' P dINB(CHICL: mgjdr oxybenzy|
al cohol was prepared according.to .5 a literatuyr rocedure. Recueil. Tray.
Chim Pays- Bi§sonangest 132426 HM&M‘%H@%FFSQ%F%&?&% dﬁ%’%flgéﬁi phenol
(0.4999) S r t action of PC13 (0.206 g) in toluene (11 g)
W th tri%%y}gmggig3?g.6?ggg%g%ﬁ- 30 C. This 54 WD 01/21580 PCT/ US00/ 25548

phosphorochloridite was then reacted with
3,3 ,5 5 -tetranethyl -2, 2" -bi phenol
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 uL of a solution of HCN in valeronitrile
(0.83 mmol HCN) and 280 puL 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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(0.203g) and triethylamne (0.300 g). The m xture was filtered through
Celite(r) and solvent renoved by rotary evaporation to give 0.782 g of
thick vikeouzisge| . 31P NVR (CDC13): nmjor resonance at 1BGT/Y800/5848 ni nor
resonances at 142.75 5 and 130.89 ppm Exanple 40 Synthesis of Li anQd
EE Acetal H (1.55 g, 8.0 mmol) and PCI3 (0.55 g, 4 mmol) were dissolved in
tol uene (40 nm.) and the solution was cooled to -40 C. Et3N (1.0 g, 10.0
nmol) 10 in toluene (15. 0L s _added. dropw i LTl The reaction
was al | owed to %arélﬁ#yi' a?c}m%co%omﬁ lé’(r!r)rrf)er git{%{rgeoy\%ﬂﬁzzr@sl%ﬁ“{drﬂgga bvernight. A
m xture of Et3N (0.5 g, 5.Cfienddl) ANH2M3 me”hspnversion to 3PN)
2, 2" -di hydroxy-1, 1" - bi napht hg}yene- 343, @i car boxylate (0.8 g, 2.0 mmol) in
toluene (15 nL) was added to the phospharochloridite solution, and the
mixture was stirred for ¥ hour#2The g8tuti on was f2l-fered 15 through
Celite(r), and the 4sol vept vvas64viarmved o give 2.0 gr?f product. 31P NWR
(CeD6): 8 131.1, 134.4, 147.4 ppm 55 01/ 21580 PCT/ USO0/ 25548 EXAMPLE 41
Synthesis of Li agg d FFxIn a 109 ni fI7agsk with a np@aetic stir bar was
charged with 0.412 g of PCl13 and 50niL of toluene. The m xture was cool ed
into -30 Cand th acet¥l derf8ved frdm 5-chl orosal?-#yl al dehyde and
neopentyl glycol (], 456 g) was qﬂ?ded. 5 To this még re was added dropw se
a precool ed solutitn (-30 O o§' riethg)/'l am ne (0.80 g’? in 20 nL of toluene.
6.0

31P NVR of the reaggion wixturg.e 0.5
49 V4 59.8 1 16
50 AA 69.5 0.4 15.8
51 BB 21.5 0.7 7.8
52 CC 63.4 14 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 uL of a solution containing
HCN, ¢-3PN, and 2-ethoxyethyl ether (0.396 mmol HCN, 0.99 mmol 7-3PN) were

added to a septum capped vial. 13 pL of a solution of ZnCl, in #-3PN (0.0067
mmol 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 TEST METHOD 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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showed a mmj or resonance at 164.44 ppm along with m nor resonances at
193.04 _and 131.99 ppm The m xture was cooled to -30 C, IQ! H}z&% (0. 429
g) in 18O W21 uene was added and then O. 600g of triethylanine. e

m xture was stirred 10 overnight, filtered through Celite(r), washed with
t ol uene and(Ge20vgrt15 smoolpdinbsr inerohidrogew etmmsphare.ohhe anighure Was bealed) of a

Fesonances. ST RASG A1 sBAHC SRR 5 iciade BRI G 56
WO 01/21580 E%g@g;%gﬁ%;%ﬁqm HCRBied loaPle) iiduird ntRGRAIBO cgninf er v

charged with PCI3T 1.081 g of the ac and 20 nL of THF.
The sol ut i oandvdiseqtingtkeiresolting BatGratahid CN/¥; movwiedutothgmadpr belpwithen of

triethylamne (0.68 in 2Q nlL of, tal uene s added dr.opwi se, The slurry
was stir? edlignidlgvrh Feqgsess meere?%‘ronéﬁﬁ’ﬁfm‘imﬁ%ﬁr“.’m%""?‘ﬁé‘{lgﬁ?(\t,}\n? M was cool ed

to -30 C, 0.4 " AL B 6wl |-2,2" -
di hydroxy-l,aﬁé-?%flgfﬁg%(? %gﬂ? Zgge l.% gg?ﬁsitsemﬁ’lﬁgfteg%/e was added 0.600 g of

triethyl am ne. €Exampié urfe wagendst i f r edeoower ni ghtdist f i | { er @ethodsol vent renoved
by rotary evaperatiggnmto grvege 1668 gggl a Whiggssol {d. AP (CDC13):
maj or resonance_at 13226 ppm-with-m-por+resengpees—at—132-97 132. 86,
135.83, 10 132. 62, P31.76, 128"88 ppm EXanplles 23-53 Catal’yst Sol utions
were prepared by meng 0. 042Ffmol [of & of| t h@6Bi dent at e® |igands of the
i nvention and 0f8td—ggmot—jofNg(TODJ2Z 180857 Ny eeBuUeENné. 15A

58 X 295 91.7 A

59 Y 26.0 71.0 A

60 GG 63.9 95.1 B

61 cC 422 926 A

62 J 13.0 88.6 A

63 BB 215 86.6 A

64 H 59 95.4 B

66 DD 64.5 91.2 A

67 v 13.0 83.0 A

59



BD Hydrocyanation: 74 gL of the N catalyst solution (0.0018 mmol Ni)
prepared as described above was added to a 4-nlL septum seal ed screw capped
vial andvOoeBybed to -20 C. After cooling, 120 pL of a solREHBPIEHS4BICN i n
valeronitrile (0.83 mmol HCN) and 280 L of a solution of BD in tol uene
(0.925 nmol vﬁ%lggag&rdq added. The vials were sealed and heated at 80 C.
Sanpl es were renove after 1.5 and 3 hours. The reaction nixtures were
then diluted in diethyl ether (Et20) and anal yzed by GC agai nst

val eronitrile as an internal standard. 2M3 Isonerization: 130 gL of a cold
sol ution cont ai nilng 2 VB hygrgcxampEebPIoLess) @mrwn(g)reggmgrﬁmcyglm) and 82 L of
a N catal ysd ? uBlO%QCté?l@Q%%ﬂ aturatzz g %d a}l&l% t]hé/a nécd L%{)(f,iwere

added to a se um’ ca Vi a Hha'Ws a geare 25C.

Sanpl es ger %oﬁ@mv&do@hgﬁédﬂo fnyaitHerdI&HiMiE Erou Q@H@dn@l@éhlglv\hmtaeﬁ)urderbf
ethyl ether. The product distribution was analyzed by GC, using

val eroni tri [RCMdn tl@rprmnefrcm%ac%alammcdrsoszzom@s@tmrm@&um@ra Usoer28b48
Exanpl eLi gand BD Y. 0 0 ) er 3 h after 3
PN oNB( o6 CdRDeYaRis see Tyl fte Bhoshiis S Ul o i el 4 6. 5

45X11. 937. 8%}3résented by the formulae I, I-A or I-B:

Q/pxp

oliee
o~
& 20
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46Y78115. 4 47U89. 40. 715. 9 48V62. 60.56. 0 49759. 8116 50AA69. 50. 415. 8
51BB21. 50. 77. 8 52CC63. 41. 415. 1 53DD70. 33. 616. 7 CATALYST TEST METHOD A

Cat al ystw@012458bns were prepared by m xing 0.042 nmol of REEUSH2EHE

bi dentate |igands of the inventionFemtl®!-@14 mol of N (COD)2 in 457 ny
toluene. 5 Hydrocyanation of 3,4 Pentenenitrile (3, 4 Phb 125 .tL of a
sol ution containing HGM (0.396 nmol HCN,
0.99 mol t-3PN) were /[added De p L of a solution of
ZnCl2 in t-3PN (0.0067( nmol #nCl2) were added tqQ pl and the via
cooled to -20 C. After Of a catal yst

i 0“the vial. The vial
240|ours at roomQOtenperature. After 24 hrs

ted Qyl vher and the pr oduct
u5|ng ﬂi'Tﬁk et her as an internal
are bggyed on HCN c%umed. CATALYST TEST METHOD B
W t h nitrogen bubbl®y was charged with
), Ligand (0.42 i (COD)2 (0.040 g;

was seal ed and set aside for
the reaction m xture wa
di stribution analyzed b
standard. Reported yield
15 A glass reactor fitte
3-pentenenitrile (5 ni;
0.14 mol ) and zZnd 2 5

X4 X

wherein;
5 X' is a bridging group selected from the group consisting of
R" R?
R2 R1/ ! ! ‘RZ

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", (CNR'R", (CNOR')R" wherein R"" is C, to Cy, alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R'*, -C(O)NR"R", -O-
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WO 01/ 21580 PCT/ US00/ 25548 (0.020 g; 0.15 mml) under inert nitrogen
at nosphere. The m xture was heated to 50C and agitated with a magnetic
stirrer WOilON21488 delivered to the reactor by sparging a BOULUSeV/5548 i qui d

HCN (cooled to 00 with dry pidr O*gﬁ{l;ig"%%{ﬁ%@ﬁm‘lwag% lﬁ%%ﬁ%tﬁ#éﬂg t he

resul ting saturated HCN/ NZ i Xt ute’ | reactor be l'iquid

|l evel . Progress of tBéedted@frbin0he gfoupdhtistigtoftly, Caowy} aigyhkycoaksl, and
analyzing by GC. After 1 hr the reaction is term nated.

Exanpl el i gandconydi s®@mitosnbstimtes axghs whareie pysptiony ptiss thane thraygh R
6213, 085, 6A 6321, SHANGHORHTE bt R REFERD LR I CedRR 50 wo
01/215805PCT/ USO0/ 25248 oMt triakydbi/iNeidryisilyl, halogen, nitrile, perfluoroalkyl,
sulfonyl, acetal, ketal, dialkylamino, diarylamino , -OR"', -CO,R" R
CNR'", or RCNOR" ,
wherein R’ and R" are independently selected from the group consisting of
H, C, to C,, alkyl, cycloalkyl, aryl, or substituted aryl;
10 wherein X? through X are independently selected from the group

consisting of:

Y4

wherein Y is independently selected from the group consisting of H, aryl,
15 CR", (CR") n-OR", (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  bonded to the P;

wherein Z' is independently; and
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1. A hydrocyanation process, conprising reacting an acyclic, aliphatic,
nonoet hyl eni cal | y unsaturated conpound in which the ethylenic double 5 bond
is not compunased to any other olefinic group in the nol RQN/ESOA26H8a source
of HCN in the presence of a catalyst preeursor conposition conprising a
Lewis acid, a zero-valent nickel, and'g® nultidentate phosphite |igand
selected fromthe group represented bylthe fornmulae I, I-Aor I-B: 10
Formula | Formula I-A 15 60 WD 01/ 2 PCT7 US00/ 25548 Fornul a 1-E
wherein; 5 X is a bridging group selegted fromthe group consisting of R
R2' wherein R , R, R3, R, RS, RRI8R R8, R', and R2' are

i ndependently selected fromthe group consisting of H’t%’ to C18 al kyl,
cycl oal kyl, tri avhsreigigagh R and & varsiimdgpendently gelpcted from the 8798 £ | uor oal kyl |

"SR, 10 SCRNR212. . | L oofl 0o, - ina.1-OR' . -
CORR, - (CNRLL) RECTSPRRERE e (G oML aAR or QU A pAT B0 TR

aryl, or substit uksedhérotle.orz&00 R12, -C(O NR12R13, -0 61 WO 01/21580

PCT/ US00/ 25548 C, -NR "-: ,J)R -, wherein R 2 and R 2 are independently
5
2. The process of claim1 wherein the ligand has the structure of
formula L.
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

Rq4

15 Formula B
R1 4 R1 4

AL
o\
‘

R4

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,
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sel ected fromthe group consisting of H C to Cl18 alkyl, cycloalkyl,
aryl, or substituted aryl; wherein positions other than R through R8 on
t he ar orPi0&/2158hgs nay al so be substituted with C, to C, 8PETHpP0/25548

cycl oal kyl, pigbhiith kbSblistlum, chd@id, sb -yl , hak@gen, nitrile, perfluoroal kyl,
sul fonyl, acetal, kefal, dialkylamno, d| arylamno , -OR', -C2R',R CNR',
or RCNOR' V\/nerel n R9 and R10 are |ndependently sel ected fromthe group

consi sting of to C18 | cl k r vl
10 wherein X2 thrsoughe%ocﬁ? (ﬁé‘gbé%'gﬁetloﬁ)l seellweﬁf1 lg’lsfsrezi)er‘r:\ %5%?%%2(1 Ayl
consi sti ng iouﬁ\éo%'i%ﬁé I 2(n}3 CRQEZ‘&S%,W@EM”C@(TM‘SW 35 oup

consi sting aryl n-OR 4 &CF\’42 n-NR 5 wherein n
is a nunmber Co€lweai, @eﬁdeeeh,Wh@bémalRﬂmﬁl@nH TeS Laatgahyigfiranioy c | oal kyl, or

oyl oal“‘;ﬂe' e o B RCPD SRR CE BN GIAIE L ALY ¢ ¢ 6
al kyl, —aryl iso %jé&xbggﬁ)ﬁé% !Aic129héM}?A1@1§ R7e01§ E@h@@lb@k,f\!@m t he group

consi sting éreln wherein R14 is defined as
above; wher @rCla Md,@l@mglcgf aded), i;hClch:((ESGhEoYh(ﬂ)zQ@Fm $mEor Fefls. | - B has

at least one aromatic ri n carbon_jn.the n 0 bonded to
a P bonded GdfrlpBf¢etiz 93)?]11 (Eﬁ}}aﬁ)&ﬁ IWhiFed?rg{ E%ﬁgﬁ @?%ﬁ%’%e ort ho
g(l‘)l?il ti oqoto b?ﬁs)%b%%. 0 25 bonded to the P; vvherel n Z is independently;

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,F,,+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:
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62 WD 01/21580 Y R18 PCT/ USQOQ 25548 wherein each R' and R18 are

i ndependently selected fromthe group consisting of H C, to Cl18 al kyl,

cycl oal Ry0 01721580 . or substituted aryl, and n' is either OPEI/BPOORSF4E. 2. The
process of claim wh erein the Iigand has the structure of S5fornula I.
herein at |east one of the groups X upgf 3. The process of claiml w

10t he structure of fornulae A or or and R14 is defined as
above: Fornmula A 15 For a B R14 R14 14 R14 R14 A4 4. The process of
Claim1 wherein the Le i
i norgani c or organonetpg fnpounds in which ofile el emant 20 of said
conpound is selected f i i i 1
manganese, iron, cobalt

, zinc, boron, al R

(@) o
\P—XL—P/
Formula II-A

|='—x1-—/0 )
bﬁ Jé
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63 WO 01/21580 ni obi um nol ybdenum cadmum rb , ' -ad tin. PCT/US00/ 25548
5. The process of Caim4 wherein the Lewis acid is selected fr he

gr oup cgvr%‘?lé?tlﬁfi?g of ZnBr2, zn12, ZnCl2, zZnSO4, cuCl2, cudCI/EM 3)2, 5
CoCl2, Col2, Fel2, FeCl3, FeCl12(t ethoahylvldBuran)2, Ti Cl4(tetrahydrof uran) 2,
Ti Cl4, TiCl13, CL1Ti (G Pr)3, mCl2, ScCl3, A1C13, (C8H17)A1Cl2, (C8HL17)2AlC1,
(i so-C4H9) 2Al C1, (phen p yl A1Cl 243 ReClj5 &Ll4, NbCl5, VC13,
CrCl2, MCl5, YC13, Cd 13, “Er (OBSCF3) 3, 3) 3, SnC13, TacCl5,
CdC12, B(C6H5)3, and ({C6 bnX, wherein X = CF C6H5SC3, or 10
(C6H5) 3BCN. 6. The procw
conpound is selected fro
4-pentene- nitrile; alky] 2-, 3
wherein z is an 15 int;:§r1of
the ethylenically unsat ted
4-pentenenitrile. 20 8.

pent eneni tril e,
Ckband 4- pent efdat es, and CF2z+| CH=CH2,
1

12.\,7._gtie process of Claim6 wherein
gﬁygﬁuna(ls pentenenitrile or

{he progyss of daimpwhich is carried out at a
tenperature of -25C to 2 50.6 to 1013 kPa. 9. The
process of Claim8 which c@rried out at atnosp pressure  and at a
tenperature of 0Cto 10. A process for M d phase

hydr ocyanati on of diol § )

wherein;

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

R" R?

R1

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", (CNR")R", (CNOR")R" ,wherein R" is C, to C,q alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R", -C(O)NR"’R", -O-
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I somerization of the resulting nonconjugated acyclic nitriles conprising,
reacting an acyclic aliphatic diolefin with a source of HCN in the
presencav@bl/Asgat al yst  conposi tion conprising nickel andClyU08asH8 one

nmul ti dentate phosphléﬁ) D?@QQ”C@(O)Q@ WRBrefoR Muh @R ¥l dre indepA . Or 1 1-B: 64 WO
01/ 21580 Formula I - Formuia I'l-A 5 PCT/ USOQ! 2%548 65 WO 01/21580
PCT/ US00/ 25548 For nadla;tddlﬁcﬁn\thﬂagreunconﬁstmg of 1, &, by Cagilnd, gyclmapkydel ect ed
fromthe group consi st

op M5 9T PP CRI°! S ° abstinel And st RO Gl Pan & Bufinen B aroup
consi sti ng of H C &rpthgagoxﬁét%yﬁngs% Q?A Bé’iubstlﬁlfédasbllﬂi/tstd& qaliyliarylsilyl,

hal ogen, nitrile, perfluoroalkyl,” - , 10 SO02N acet al, ketal,
di al kyl &m no, or di aa:ygcllcaaﬂiiyl,ana}k@?ﬂyl,{narylmlyl halogen, mtnle perﬂuoroalkyl
sulfonyl, acetal, ketal, dialkylamino, diarylamino , -OR'', -CO,R",R

CNR'", 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:

_?_YZ
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 aryl,
wherein R" is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO,R", -SO,NR",, -COR'S, 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 is H,

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

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

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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C2R', -(CNR11)R1l', -(CNOR')R',wherein R' is C, to C 8 al kyl, cycIoaIkyI,
aryl, or substitut ed aryl, C(O) R12, -C(O NR12R13, -0 66 WD 01/21
PCT/ USOWOH24880 C(O) R12, - NR 2- C(O RL3, wherein RL2 and FEféf"éSr"@/Zﬁ‘fﬁepe

sel eeted {1 Amd B ST RISERINA ol ol Sonid F3F Phep Sy maley |

aryl, or subSti U rei’n positions ot

the aromati Cthfdugﬁqzbﬁvtoainsmeb&omalﬁaungwhﬂ@nm te dethotposition @l thy btheBO
cycl oal kyl , trlalkyIS|IyI triarylsilyl, halogen, nitrile, perfluoroalkyl,
sul fonyl, ackanded tqeds andji al kyl ani no, diarylamino, -OR', -CRR',R CN\R',

or RCNCR' ; V\,her ej EﬂR\%ﬁ géﬁ]egiﬁegﬂgndependently sel ect ed fro_mthe gr oup

consi sting of ycl oal kyl, aryl, or substituted aryl;
10 wherein X2 through X5 are |ndependen 1y sel ected fromthe group
consisting of: Y2 wherein Y' is indepen?ently sel ected fromthe group
consisting of H aryl, 15 CR 43, (CR14 n- OR14, and (CR142) n-NR 5,
wherein n is a nunber between 0 and=37 in Rl4 is H C -Ci18 al kyl,
cycloal kyl, or aryl, wherein R15 is sellected fromthe group consisting of
H, al kyl,. cycloalkyl, aryl, -S®R', -SRMR122, -COR 6, and wherein R6 is

H C -CI8 al kyl, cI oal kyI aryl, or perfluoroal 20 wherein Y2 is
i ndependent |y sel é%‘il whereingiach Re @d&:ga@%%{“i‘%YéF%ﬁtFQﬁom BREIWDP (CR 42)

n-OR 4, and (CR 4g), iR op 1, M8 €1 a1, or substituted aryl, and o'

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
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between 0 and 3, wherein R14 is H, C -C18 al kyl, cycloal kyl, or aryl,
wherein R15 is selected fromthe group consisting of H, alkyl, cycloalkyl,
aryl, -S@R1586C2NR122, -COR 6, and wherein R 6 is H 25P@/USHESHSKy| ,
cycl oal kyl, aryl, or perfluoroal kyl; WoeenelaB Z is sel ected fromthe group
consisting (CR142)"-OR 4 wherein n = -3 wherein R14 is defined as above;
wherein a ligand having the structure B¥4FRqpula |-A or Fornula I-B has at
67 WO 01/21580 PCT/ US00/ 25548 | east one\gronmafva ring carbon in the ortho
position to an O bonded to a P bonded reygh (Z )n'" to another aromatic
ring carbon in the ortho position to ﬁe oth Rfaonded to the P, and
wherein Z' is independently; 5 R17 R18 arld wherein each R' and R18 are
i ndependently sel ected fromthe grou con/s ﬂ]‘ H C to Cl18 al kyl,
cycl oal kyl, aryl, or substituted is elther one or zero. 10
11. The process of claim 10 wherein the |'1 gand S the structure of
formula I'l. 15 12. The process of claim 10 wherein at |east one of the
groups X2- X5

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 at a

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
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has the structure of fornmulae A or B, Y3 =0 or CH2; and R' is defined as
above: _Formula A 68 WO 01/21580 PCT/ US00/ 25548 Formula B R14 R14 13.
The proc%ggllgl_ss%l aim 10 wherein the diolefuiic conpound | KCT{USP0/25248

but adi ene. 1410 FhEHCHY lecatpbys presirapneonspaymd iebeiwesn zhout hOY s 9 &Rt on or
isonerization is perfornmed as a batch operation or both hydrocyanation and
i sonerization are perfornmed as a batch operation. 10 15. The process of

clai m 10 wher ei n 28i t hex niyidd&afata pRéspaite figand sfaheforamalaed) 1i-2. @di-Bor med
continously or both hydrocyanation and isomerization are perforned
continuously. 15 16. The process of claim 10 wherein the diolefin conpound
conprise§ conj ugat ed di ol efins contﬁﬁnkgglfron14 to 10 carbon atons. 17.
The process of claim 16 wherein the Nl ‘n conmpound is selected fromthe
group consisting of 1, 3- 2 ci s- 2, 4- hexadi eng
hexadi ene, cis-1, 3-pent n and-Xfans- 1.%3 4 ene
claim 10 wherein hydrogyanati is carried out af a
about 0C to 150C.

rans-2,4 20
18. The process of
tenperature of from

o o)
>P—x1—|=<
/o) o)
> & X
Formula II-A
X2 X3
o)
Bt N ()
/ \O :
x4 X
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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.wQ01/.215B& process of claim 19 wherein during hydr oRGEHHS025548t he
rml ar 69 WD 01/21580 PCT/ US00/ 2554& ormv:all-B 0 of HCN to (italyst precis

, or conpound is between about 100:1 to 5,000:1. 21. A nultidentate
of mula Il X Formul a

e . ; b X is a

bridgi ng group selectgd fromffhe group consisting of R'\\RF wherein R , W,
RB3, R, R, RB, R , and W are independenify selected from

the group consisting of - to C18 al kyl, : trial kylsilyl,
triarylsilyl, halogen, njtri I e, oper f | uor oal kyb - SOZR" 10 SO02NR212,
acetal, ket al , dial kyl ?1 0,4 Or d\aryl aryp_o - CozR", -(C\NR') R,
-(CNOR'")R", wherein R' i 1to c1gP. R‘\{cl oal kyl, aryl, or substituted
aryl, -C(OR12, -C(ONR R13 6 1 o

wherein;

5 X' is a bridging group selected from the group consisting 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', -
_ CO,R", -(CNR')R", (CNOR™R" wherein R" is C, to C,q alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R'?, -C(O)NR"*R", -O-
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WO 01/ 21580 PCT/ US00/ 25548 C(O) R12 NR 2-C(O) R13, wherein R 2 and R13 are
I ndependently selected fromthe group consisting of H C, to Cl18 al kyl,
cycl oal RyO0121888/| , or substituted aryl; wherein positionsPGT/HN&0/2ShEN R

t hrough R8 on the aromatj.c r|n s may al so be substituted with C, to C18
al kyl, 5 cycl oal kyl , Q(ﬂ)&lzkw 4C;(O)R rwhergingR ' ¢id Rﬁate)gldnpenldﬂmtily | e,

fl | kyl , | |, k | ,
PERR R R | or ReRERed S bE el istiteab Fols Catishaaiiorilel ect oo
fromthe group CO”S' %H'ln&‘ Qiibstifited-aryl; Qvifetéin pbitibns GH& tﬁﬂ Ry{hroﬁ’%lyl@ or

substituted aryl; 10 wherein X2 through X5 are independentiy selected from
the group consi stingndhe ammttlemmgs/mawsalsorhﬁequbsthWﬂB@J tedt,gdlkiyt,om t he
group conpsisting of H CR143, 4 4. angd ( 42) n-NR',
wher ei n E is a nunbercyﬁlg’?%{eﬁ‘éﬁﬁ‘ﬁ’&;%mad}@é WB]‘PSP ptrile, pfﬁgu@%gké(f kyl
cycloal kyl, or aryl, }?Bﬁifleéd&taﬁétdlsd =38 wp sigting of
H, alkyl, cycloal kylsu aryl, - SO’R", I%Nngﬁw%ﬂﬁg Q%Ig‘d \A%Bef% R6is
H  C-ClS al kyl, cydINRI'ked RCHOR" ; or perfluoroal kyl; 20 wherein Y2 is
I ndependent |y sel ect ed fro the group consisting of ary CR143, (CR 42)
n-OR 4, and ( CR #%)ereinfgR %@F&%quegt &Sﬂ&?fﬁgfwnﬁéﬁm @ngERInGsof wher ei n
R14 is H C, -C18 al k)fl[ Ca}g @l(#‘lyl:ycl&[l\cﬂ %AJ%,I or%b%ﬁtdt@d%ég Is selected from
yl’} “cycloa

the group consisting of - SO2NR122,
-COR 6, 18nd wher awher&ﬁ@(zlthrddgh X? are independently selected from the group

consisting of:

__?___YZ
Z

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

15 CR'Y,, (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'® is H,
C,-Cy; alky), 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'® is H,

25 C,-C,; alkyl, cycloalkyl, aryl, or perfluoroalky];

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

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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25 C,-C18 al kyl, cycloal kyl, aryl, or perfluoroal kyl; wherein Z is sel ected
fromthe group consisting (CRL42)"OR 4 wherein n = 0-3 wherein Rl4 is

defi ned V@ 0H288k; wherein a |igand having the structure JCTAGRARIAS| - A or
Formul a | - Beh@®natarofdatid0iryldaZtib 80 FCImhdSeMiRmtd @n O barsied ome Paonded i ¢ - i ng
carbo 1li ..he orth(p position to an O bor led to a P bonded throu%h (Z')n'
to anot her tareueht(ZOnr toanother Bramatis ringeaghonyp thegrtha rositiog torfle gisel o
bonded to the P...a rein Z' is independently; 5 Rl7 T R18 and wherein
each R’ andg??cgdé?g%l%gendently selected fromthe group consisting of H,
C, to C18 al kyl, whyfiwal kYhdepafidentlyor substituted aryl, and n' is either
one or zero. 10 22. The ligand of claim21 wherein either Y or Y2 is
linked to Zto forma cyclic ether. 2R'The |igand of claim21 having the
structure of Formula Il wherein at Iealst one of the groups X2-X5 has the
structure of fornulae Aor B, Y3 =00 15 CH2; and R14 is defined as
above: Formula A 73 WD 01/ 21580 PCT/ USEO/ 25548

5 R1 8
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 n'

is either one or zero.

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

form a cyclic ether.

23.  The ligand 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
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Formu' B R14 R14 5 24. A catal yst conposition conprising the |igand of
claim21 and Goup VIII netal. 25. The conposition of claim?24 wherein the
Goup VIWOORSS) is 10 selected fromthe group consisti nBCHUSYORASHSNI um
rhodium and iridium 26. The conposhidrmmh: Bf cl aim 24 wherein the G oup

VIIl metal is rhodium 15 27. The c osition of claim24 wherein the
Goup VIIl nmetal is selected fromtH®1grRyp consisting of nickel, cobalt,
and pal |l adium 28. The conposition of imFX¥qpherein the Goup VI netal
is nickel. 20 29. The conposition of at 4 wherein a Lewis acid is

selected from the group consisting i nor 19r organonetal lic
conpounds in which one elenent of sjaid conpound is selected from scandi um
titanium vanadium chrom um man ese, iken-Rgpbalt, copper, zinc,
boron, alum num yttrium 25 zir [ ob\um ol ybdenum cadm um
rheniumand tin. 30. The conposition of clainRg4 wherein the Lews acid is
selected from the group consisting of ZnBr2, Znl2, ZnCl2, ZnSO4, CuCl2,
CuCl, Cu(OGBSCF3)2, 74 WD 01/21580 PCT/ US00/ 25548

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 ZnBr, Znl,, ZnCly, ZnSO4, CuCl,, CuCl, Cu(O3SCF3),,
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2, O '- ell Fed 3, FeCl2(tetrf -hydrofuran)2, 7 "'14(tetrahydroturan)2,
Ti C14, TiC13, CI1Ti (O Pr)3, WMCl2, ScCl3, Al1C13, (C8HL7)AlCl2, (C8H17)2Al1C1,
(i so- CAMO) 2188 (phenylé&AlCl, phenyl Ai C12, ReCl5, Zr CLECT{H04/23548/C13,
Cr C12, MoCl5y ¢ ¥CL3, .. Gele1PeClh i (tety hrdeipan)3; | Yi(pearypsiramga13, TaCl5, 5

Coore) 3pon, Tre ity RO Muci Sk, Wit (G RIcE R AT,
(i50-C4Hg)2AICI, (phenyl),AlCI, phenylAICly, ReCls, ZrCls, NbCls, VCls,
CrCly, MoCls, YCl3, CdCly, LaCls, Erf(O3SCF3)3, YB(O2CCF3)3, SmCls, TaCls,
5 CdCly, B(CgHs)s, and (CgHs)3SnX, wherein X = CF3S03, CH3CH5SO03, or
(C¢Hs);BCN.
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