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t herefrom and a CGRONTMNENG BUIGH LIGANDIHADNDCATALVTICWPROMGESSES such

mul ti dent at e phosphi t eUTTJZMNE. SUCH (2ATALYTHE COMBOSITHONIS have phenyl

cont ai ni ng substituents attached to the ortho position of the term nal
phenol group 10 and/or attacheg [tion of the backbone.
TECHNI CAL® BACKGROUND OF THE | RV oS 2N gands are ubiquitous in
catal ysis and ar I w@g{ Q,F[gg r m cal
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bi s(phos horg@&/ l'i gands in general, contain two phosphorus donor atons and
20 nor nal a1 atjached tothe prthe pesitioncefithe backbere.t ransi ti on metals. R OR |

t RLL."PR RO 10'r N1 OR A B There are several industrially inportant

catal ytic processes enploying phosphorus |Iigands. For exanple, U S. Patent

No. 5,910,600 to U at FECRHINIGIAL BACKGROUBESOF ITHE BNVBMNTIOIN t e conpounds can
be used as a cong[‘ltgtl ng eI ement of a horrp genequs netal catalyst for
vari ous reacti onS RSREPUS S83P8 ATRIBIOBHIN CatalisisAng Arg RaRe ifefA MHYRF GEyanat i on,

hydr ocar boxy ka&hfe%alw%&%ﬂt Qﬂérﬁx?&l trantRHBARRE e?h&?ﬁ@}u’s ‘Bgar?d%q:oﬁiérﬂac by et al

condensation. Sone o ese catalytic processes are used Int
product i dh ofencaddteped iylmetab'sisimiudemhesphmea%), @ha phesphites (@) hshowndetowdi t y
chem cal s.

Cq R e géjrepresgﬂtatnons R can be virtually any organic group. Monophosphine
and monophosphite ligands are compounds which contain a single phosphorus
atom which serves as a donor to a metal. Bisphosphine, bisphosphite, and
bis(phosphorus) ligands in general, contain two phosphorus donor atoms and

20  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.

25  discloses that bisphosphite compounds can be used as a constituting element of a
homogeneous metal catalyst for various reactions such as hydrogenation,
hydroformylation, hydrocyanation, hydrocarboxylation, hydroamidation,
hydroesteriﬁcgtion and aldol condensation.

Some of these catalytic processes are used in the commercial production of

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

due to the extremely large worldwide chemical commodity market, even small



due to the extrenely | arge worl dwi de chem cal commodity rk ven smal |
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sel ectivity ipraiy QhdVA6&Gn GRITG seleddvity i %Oéﬂtﬁége_coﬁﬁfé?éiilﬁ%p@ﬁﬁn hi ghl'y
desirable. Furthernore, the discovery of certain ligands that may be
useful for apgactionstarehighlydesizablea Furthermos¢, thédiseoveryrafsersiin ligands thadr t ant

reactions is_al so hi desi.rabl e not onl or, the co rcial benefit, but
also to 5 enfy i’eé’é‘?@?ﬁ/ﬂﬁﬁcmnﬁﬁgo?so%{?gg%éf%?sercggﬁq%ﬂggwao’gﬁn\}eI oprent
efforts to aredefibisi§ bik@ highlyQesirdble ot GHIY $ockhe chinmerdid bexuit, Mot alfo 12, 696 to
Kreut zer,et al. discloses a hydrocyanation process using a nultidentate

phosphi t eS| i gaahde canselidatien pad femesingofdessarshiand developmenteffarstedd t herein
descri be hydrgﬁ%?ﬁp ' a systens pertaining to the 10
hydrocyanati(gn of e ﬁg gﬁ?%ﬁ’ﬁh?jnsat_urat ed conmpounds. U. S. Patent Nos.

5,723,641, 5, 663138 Patent NO85,9856961tb Kretitkér,dtRl. diicheesisiydpoyamtions and
catal yst conpositions for, the hégropyanat I on of rnonget hyl enically
unsat ur at ed P5PRSELHNRS a multidentate phosphite ligand; anddhe patentsand PubleRONG phosphit e

| i gands, and | L : : /8 to Foo, et
al . di sel ose?%?ﬁ%h%é@%ﬁ%@gég%&r& éﬁ%@%@?&%@?‘%ﬁ% di ol ef i ni ¢
conpoundd0t o hydmdyematisrootatinjienicaile dnatysted compounds.t US, PatenelNbs.as a | i qui d
hase process r_the i rization t e.nitrites to 3- and/or

o monoal kene 3T&4. 6635085 S8R a0h e SHLI5E GO ArEcessO AP BRBE | n ¢ he
presence of Zc%fr@b&ﬁéxﬁ%r ﬂ”‘?‘ﬁ’g"%ﬁ%ﬁ‘ Médo_@@@ieﬂi'cﬂlyﬂhﬁétﬁﬁkéd%&ﬂpﬁﬁm- Qt her

catal ytic 20 processes for drocyanati on of olefins and the

i someri zat i orusing zenoreaddnk pickel and multidentaterphosphite ligarald, and Iiemds geidt ent s and
publications referenced therein. Commonly assigned, published PCT
Application \RBO8Y6E357 di scl oses nul tidentate phosphite |igands having

al kyl et hgr substj.§ Ueidént NN 5BDE 3PR{Pdb, @t dladibasket B lighi@ phavetphsvesiot t i on of
the term nal phenol group for use in a |liquid phase process for the 25

hydr ocyanat i dhe kydregysnasionef dioiefiniscompeunds top: enonspaisastedaayelir acyclic

nitriles as L QU o] . Enﬁlﬂ% | pn, of those
nitrites to 3- gflr% ?%reﬁaéll}%ggf?%gﬁgo %‘égﬁéﬁ%oﬁep e OHhe ésh%ﬁ%#%rb
mul ti dent at e gabd/es ghnémalkegelirdar kiailés gheve thepbddieheare carfigd it in the

" presence of zero-valent nickel and a multidentate phosphite ligand. Other catalytic

20  processes for the hydrocyanation of olefins and the isomerization of monoalkene
nitriles are described in the patents and publications referenced therein. Commonly
assigned, published PCT Application W099/06357 discloses multidentate
phosphite ligands having alkyl ether substituents on the carbon attached to the
ortho position of the terminal phenol group for use in a liquid phase process for the

25  hydrocyanation of diclefinic 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.

The use of muitidentate phosphite ligands having binaphthalene and/or
biphenyl bridging groups for hydroformylation reactions is disclosed in U.S. Patent

30 Nos. 5,235,113, 5,874,641, 5,710,344 and published PCT Application WO
97/33854



bi phenyl bridging groups for hydroformnylation reactions is disclosed in
U. S. Pat e®001/3370Nos. 5, 235, 113, 5,874,641, 5,710, 344 and ppdaniseorss«ECT-
Application WO 97/33854 2 .................... . WD 01121579
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may be achi eveprocessestp ashlemﬁlll@mmaipmﬁmalé@wsmdmﬂl@f fThei ency or
stability, dep on t.he reaction pe red esirable to
provi de suc |gn%%gve Caértd/qrygﬁawgfeéwgyé%%hbeve%p §§§8@°§W may be
optim zed for geletivig efickinky of Rty AdepedddfCr @O réadidh perfbrMey aRad algn or

I sonmeri zation. O her objects and advantages of the present invention wll
becone 10 appé?smle topronisls suciimpraved ctalystesystems anskéer pregesses yichmay he

detail ed descri, zm: Ja&‘ﬂﬁr §%§§ | NVENTI ON
The invention pr %é/tﬂﬁ ?Qm}ﬁﬂeﬁ@gyaﬁ ?afngn pr ocsgss CO ra'lgszl ng%l;r eacting 15
an acyclic, al ispinefization. Wb@y&em&ﬁvhmagnssﬁthermsedt ineenpion il bevomkei ch t he
et hyl eni c g\é)ubl e bond | S not aonhlégat ed tg any ot h Ql efinic group in the

nol ecul e t haEi’aE"(S‘hT"b O S £HAPpR &f@‘ﬁ%‘@tﬂfh etalled descripihwbEk ¢ i on
conprising a ﬁﬂ s zero-val ent nickel and at |east one

nmul ti dentate phosp igand selected fromthe group represented by the
foll ow ng formul ae 111 or 11l , in which 20 all |ike reference characters

have the sane neani ng, except_@_w;‘lﬂiﬂﬂ\?ﬁlv*kw imted. , gqRs R4 /11

4 /1 31 0_~03PO
The invention provides for a hydrocyanation process comprising reacting

15  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 composition comprising a
Lewis acid, a zero-valém nickel and at least one multidentate phosphite ligand
selected from the group represented by the following formulae I II or II , in which

20  all like reference characters have the same meaning, except as further explicitly

0
Q*Q Q‘@ W 0
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Formula 1 Formula I1



RA O0R-I.RT R7 R$ 9 a R8 Fornula | Forrrula |1

PCTI usdﬁ"z@é‘&%” REOORE O OPP/ RsRs R50 o R5 Fg’msio&?ﬁ“Merel n
R is independently Cl to Cl8 pr mary or secondary alkyl. 5 Rz is

i ndependent |y aryl or §ub } utjed 7ary| R3 is independently aryl or
substituted aryl; |nBepe tIyC to Ca primary alkyl; R5 is
hydrogen; R6 is | tly abyl Rt —subst it ut ed aryl; 10 R is

i ndependently C, :\' SoPp i mary o roSgcondary al kyl; R8 is independently C
to C, 8 primary or sec}@nda al kyp;7an RO is independently Cl1 to C s
primary or secondary al kyl ) whe/ei n qgseher positions on the aromatic rings
may al so be substitut eﬁtsvmtch aPkylg5 ether or ester groups, or conbinations
of two or nore thereof 13 {he iysve€ntion also provides for a nultidentate
phosphite |igand having %

1, Uor Il in which all
except as further expli

{erence characters have the sanme neani ng,
ed. | / MPF RBOO4 OOR3P ~

Formula 11

wherein R’ is independently C; to Cyg primary or secondary alkyl;
5 R? is independently aryl or substituted aryl;
R? is independently aryl or substituted aryl;
R* is independently C, to C s primary alkyl;
R’ is hydrogen;
R® is independently aryl or substituted aryl;
10 R’ is independently C, to C,s primary or secondary alkyl,
R® is independently C, to Cqs primary or secondary alkyl; and
R’ is independently C, to Cs primary or secondary alkyl;
wherein other positions on the aromatic rings may also be substituted with alkyl,
ether or ester groups, or combinations of two or more thereof.
15 The invention also provides for a multidentate phosphite ligand having the
structure represented by the following Formula I, 1I or III in which all like

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




OP,04 p320O0OR 1p3 RROORL R7T R7T R38 RO RO 4 W 01/21579
PCT/ USOOMBbpfas7d-ormul a | Formula Il QR6 OO0 R6 - "0 ~Recpnidohsssfs O O
R5 Formula IIl 5 wherein R is independently C, to Cs prinmary or

secondary al kyl; Rlpdruladependently aryl or sulpghiiyped aryl; R is
I ndependently aryl or substituted aryl; R4 is mdependently C2 to Cs

primary alkyl; Rs is h gen; AONR6 is independently aryl or substituted
aryl; R7 is |ndependent R6o LCis/primary or secondary alkyl; Rx is
[ mary ﬂ%ondary al kyl; and R4 is

I ndependently C,
I ndependently C, 5r mary segondary al kyl ; wherein other positions-

on the aromatlcrlng | so be O i tuted with al kyl, 15 ether or
ester groups, or COfTbIR]atIO s of or nore thereof. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTSy The 'FQ‘V t|on provides for certain

nul tidentate phosphite [igagds, Y20s1 nmproved catal yst systems enploying such
| i gands, and the use of dent ate phosphite ligands in

hydr ocyanati on reacti ons.

Formula ITI

5 wherein R’ is independently C, to Cis primary or secondary alkyl;

R? is independently aryl or substituted aryl;
R’ is independently aryl or substituted aryl;
R‘ is independently C, to Cys primary alkyl;
R® is hydrogen,

10 R’ is independently aryl or substituted aryl;
R’ is independently C, to Cys primary or secondary alkyl;
R? is independently C; to Cy3 primary or secondary alkyl; and
R’ is independently C, to Ciq primary or secondary alkyl;

wherein other positions on the aromatic rings may also be substituted with alkyl,

15  ether or ester groups, or combinations of two or more thereof.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention provides for certain multidentate phosphite ligands,

20  improved catalyst systems employing such ligands, and the use of such
multidentate phosphite ligands in hydrocyanation reactions.
The catalyst composmons useful in the invention preferably are comprised

of a multidentate phosphxte hgand of formula I, 11, and 11T and a transition metal.



‘The cat gl ?/st conpositions useful in the invention preferabllylluare conpri sed

of a muMTU&T: e phosphite ligand of formula I, Il, and RGTYUSORES 46
transition metal. 5 WD 01/21579 PCT/ US00/ 25546 QR40 / OpR _. 00O
g. 0--i\ OPp-0\ / R4\;:110/ 4 R 3 R2 0 R~ RT R7T Rs RO
RO Rs Fornula | la | I 3QR6q PRO 0 o RS 0 R5 R Fornul a
[11 5 wherein R tRidefengently C, to prifgery aliky Rr* S

i ndependent | y, VI subs{i ted_aryl, ' ndepehdent | yl or
substituted awyl/ i s irfQepen ly Cl tQ, ri mar 10 R5 is
hydrogen; R6 isS i, fidpendent 5o or substlttute aryy, R7 iis i ndependently

Cl to Gs prim or secondary akkyl; Rs is igadependent|y2 to Cs primary
or secondary al kygt aid o 1

? ane
e 5

Formulal Formula II

R7

R3 R R® R®

Formuia II

wherein R’ is independently C, to Ci; primary alkyl;
R? is independently aryl or substituted aryl;
R’ is independently aryl or substituted aryl;
R* is independently C, to C;s primary alkyl;
10 R’ is hydrogen;
R’ is independently aryl or substituted aryl;
R’ is independently C, to C:s primary or secondary alkyl;
R’ is independently C, to C,s primary or secondary alkyl; and
R’ is independently C,to Css primary or secondary alkyl;
15 wherein other positions on the aromatic rings may also be substituted with alkyl,

ether or ester groups, or combinations of two or more thereof. -



RO is independently C, to C s primary or secondary al kyl; 15 wherein other

posi ti onswemikisearomatic rings may al so be substituted wgdir/Bdesksss €t her
or ester groups, or combinations of two or nore thereof. 6 WO 01/21579

PCT/ USQQ 25546 The Thevd@Vaidtt bA8&iAS botBpaPesed btk 1gshds deddnBed @dvMsulatescnbed
in formulae I, Il, and Il may be prepared by a variety of nethods known

inthe art. Forl é&amﬁallbmagb@,presmsdbyewmmmg pknopngn diecart. B be

prepared accord

B SP5eS “oce “pleled s Sewarplifia s Mifidnorthn bl BB orsng o0 01, 1
85-216749. The Gheiz 1;963[38 -196Dahd 3,81,8,8°,6,6 L Hexanmaip/b 2B Ibipheficitathbe obt ai ned
according to J. Chem , 1998, 63, 7536._ Phosphorochloridite maé%'be
prepared by Ja v%{FE"’éf"ya“GPde’&tﬁsts kIR | The 313 -diagy|-substiuted, bk napht

descriptions i g@g g hesis, 1966, 8, 68;
.U.S. 5,210, 268‘:&5@’E norg 3% mgéném &éégg’ 5 5,3’2%5?8 Wth ortho 10
substit ut ed phenol s Ptpbpimpdmhidmlhhma'ydbbp@amdﬂ)ylaerapetgpﬁmﬂ:oﬂmkmvmmfthe)m PC 3

M situ T rom P Bfé‘)spﬁs{q%%?ér%ﬁh phien Aagd, DL 16k Hergaa e, T
triethyl am ne. é‘%? %@‘S’gﬁ Zd;ﬂio?g @hér}?elﬁwgﬁf'%m ﬁﬁtﬁ%@-

conpri ses treatnent osphofam dite wi th
Cl P(OWe) 2 Hds beubstityted phenols, phnspllnreclﬂmdm:i fan tePprepageddn siﬂatmnﬂlﬁlgatd, 1972,

o onar o usi ng DRPRB oRlstAMoSThor ot ReRsts TripeEiRS e b PrRR R ARG
Patent No. 5, smc;x;sz& 1 RUpHIRGIS MQhé Pilbsdrlos of dbiise 1S GieRSthnlfAr ARRRIr procehier ei n

Ar is a substituted aryl, with a divalent bridging conmpound, for exanpl e
by the nethod despiepasing thnphasphaghioroditetcomprisgs trestnzeasofilisq-daﬂm dentate

phosphite |liga c ording to,
the i nvention. %ﬁ?@%ﬁ@aﬁfﬂﬁ%ﬂ}ﬁFf@P@Meﬁ SI |é§{r’11mrr§ cgpabl e of

carrying outs osaé Zl NatustforseAEi7Q) 2B, i114DS mpmycmwm aérblel Yropont ain | abil e
l'igands which are  either displaced during the catalytic reactlon or take

an active part ﬁ“h“l“l‘f&d E%ﬁ“ﬁ‘sﬁ‘}’%b% PF?P&fPQf"Gﬁ"&é’PF Bioceduns agdeseripedin ansi ti on

nmetal s may be cQ glt"ﬁ”y ?t"elgﬂ@é g2ihgg preferred netals are those
conpri si ng group VI [ &S e @er?o I C %a e. The
By contacting the thus obtained (OAr),PCl, wherein Ar is a substituted

aryl, with a divalent bridging compound, for example by the method described in
20 U.S. Patent No. 5,235,113, a bidentate phbsphite ligand is obtained which can be
used in the process according to the invention.

The transition metal may be any transition metal capable of carrying out
catalytic transformations and may additionally contain labile ligands which are
either displaced during the catalytic reaction, or take an active part in the catalytic

25  transformation. Any of the transition metals may be considered in this regard. The
preferred metals are those comprising group VI of the Periodic Table. The
preferred metals for hydroformylation are rhodium, cobalt, iridium, ruthenium,
palladium and platinum. The preferred metals for hydrocyanation and/or
isomerization are nickel, cobalt, and palladium, and nickel is especially preferred

30 for hydrocyanation.

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

multidentate phosphite ligand according to any one of formulae I, Il and 111 and a

MIIMA



preferr for hydrofornylation are rhodi um cobalt, iridium
r ut heni ﬁ&ng)ﬂﬁiplgjﬁadi um and platinum The preferred metal s YGFUBPRSSy anat i on

d/ ' "y X ' d | adi .and ni | i
capect al |y propaiioh QR fn Bnffihent BPRL lnveith Bl obEbeiBRSBef s s o
t he inventi orpracessescogh astndraibrmalationasdy HaneGreup Villesthpowdphreapbicie | i gand

according to ana/ one, of formulae I, Il and Ill and a 7 WO 01/21579
PCT/ USOQ 2554 Prenateon gegpratpdiagsording te tashuinwesivell loowariethearess i on, cat al yst

conmposi t10ns disgind, P exarlfiQ 996330386 1353 By slkat %gy/.'m,oghgﬁgyéﬂgave Group

VIl conmpounds such as ca be prepar€ r’gerier dt ed“accor

t echni quess wel993kAthR066 Examplestof sach silitable Ghaup VIIDmerlsadip hahenfith 95 30680,
U S 3,907,847, .and J.. Arer._Chem  Soc 5 1993, 115, 2066. Exanples of
such suit abl eri@’Bﬁpa'{ﬁ’FFl‘“ﬁbt%}‘@&S@%mm comppingis 3rs hydrides, baligesm

Suitable G oLrghiié hoid'id] ackHRONRASSs, HchadChdid!Gals, iilds UifpmyPT 0ANI C aCI
salts, acetylacetonates, inorganic acid salts, oxides, car%ngnyl conpounds

and ani ne corgsspeyadssmd aminsecomporhds. of Eesapietals. Exampies afsuitaleoup VI 1|1 et al
R aoac) 3, 1 BT ARl i, o oS RiAn Oba AW NGp03)
Rh 100 Ru(l ng& Gﬁﬁ@d, , RECOA SP) 3,
[Rﬁm?(c:)?\gggcc% 2 %([:Rgg%% | g%%zgﬂ&hqg%ﬁhﬁgbac' igs’ an acgalllﬁg?é’tz)nate
group; " OAc"Riacagi Cebn { RN OADGODICBI(GR)11 RE{(EP) s oRBHECD¥PIRP):and " Ph" i s
h I | b ted that th VI t al
conpounds ar & TOATREBRE sad IREIOD N GRS Tace Bh t Ao bbatiamiting. The
Group VIl netlAcTiisan gueef groupl YCODOW ysacydiiadidiche PPN s fHeayl cont ai n

| i gands whi ch car} di splnsgced by the nultidentate phosphites are a
preferred sodf @RI PFRYES: dhfnoulgbe peted thap theGronp B raetalcompenndsaie conpounds

are Rh(CAR2 (@4 abakaniy @,ﬁ, &ggﬁ&gﬁgp@r :
Rh4(CO) 12, Rh6(CO) 16, FthW%g?%ﬁ’S ' G@é%é an - et h?%@a‘r{ga €). isRhodi um
supported on peefetsbly rhediuml Rhobiemumetpounds thatcontaislipaads whick k& beconmpounds can
be prepared of_generated accordi to techniques., well known in the art, as
descri bed, f o‘{ls‘&?ﬁ% © ‘V‘ﬂt‘&m\ﬁe &gls@ﬁfeé are g pfgtespd source of rhodum.

Examples of such preferred rhodium compounds are Rh(CO), (acetylacetonate),

Rh(CO)x(C4sHyCOCHCO-t-C4Hs), RhyOs, Rhy(CO)yz, Rhs(CO)i6, RR(O,CCH;)y,

20  and Rh(2-ethylhexanoate). Rhodium supported on carbon may also be used in this
respect.

Nickel compounds can be prepared or generated according to techniques

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

25  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
1,5-cyclooctadiene) and Ni{P(O-0-CsHsCH3)3 }2(CaHy), both of which are known
in the art. Alternatively, divalent nickel compounds may be combined with a

30  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



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

herei n byV081257%r ence. Zero val ent ni ckel conmpounds that REIASM0MASH46 gands

whi ch can be he or ganqphosph ligand are a preferred

source of ni ckgﬂ"mq'faﬂg ss'ﬂ H"B'F‘B?‘r@gn‘i@f@e\?[aﬂéﬂf ﬁ‘v@%eﬁl Hﬁ-rﬁf&tﬁﬂds are

Ni (D) 2 (OO isSemehi ekl Rk 4, 6N pBRHed LB QAT Bhald@iRi), Dot h
e art. ter hat nt nic

of which are known 1nt Ively, div conpounds
may . be conbi nedatalyst) andSCribeddnt). Slg’ameaﬁm,ﬂﬁo,seaimaamahlesoumeef zfroni ckel in
the reaction. S t abl,e, di val ent ni ckel conpounds include conpounds of the

formula N Y2 wh “’%dfg hal i de, carboxylate, or acetyl acetonate. Suitable
reduci ng agent s | nciDulendil dhondhdfashdd &a?&teaxmeawemmr ohydri des,
met al al umi num hydri des, netal alkyls, Zn , or -1l El enent al

ni ckel , prefer &gmyosmk@ﬂ this dswention rsyegisccinelitieithe prdsence of hue otmerstlawis
tal yst, des; 3.1 ! |
of 2ot o val entoEaptetsgwhich Bt BofiHhe ertald wifthe sty B Prselaly®) . S°U" o

per f or ned, thesgzsaé:a,l Yﬁéproﬁiﬁ%i@ﬁdytbe%mﬁrgirﬁu&mgﬁﬁiﬁdﬂibmoﬁh@ﬁwtﬁéﬂ ude the
presence of one or nore Lewis acid pronoters, which affect both_the

activity and tﬁlaeajé#aéfc?ne«nfﬁe elemenieoisaidingrgenic gy erganametallic eamaneyndis nay be

an inorgankg of the

el enents o sal ?Jgglt%{r%glg‘r%@dor or”(g}%wéﬁ%d I'C conpmﬁgxgn%& Jl‘it)ﬂéﬁél ectéd from
scandi um ti tanoppu manhuhoumluminumnymunuﬁnganmsmobmmpmplybddmhﬁ copper,

zi nc, boron, nurn rco e} dm um
rheni um and ti ﬁa \é’é‘ %glt\?dé ch 5"‘8 gpbngiqﬁlﬁ“s&@?ég cudl ,
Cu( GBSCF3) 2, CgGatl.c I , Bl A t(THF) 2,
TicL, TiCl3, CTi (20 %é’cﬂ%‘c%c lfg’ggl: 1:/’Al ciz H17§?Qi C1? 15

(C8H17) 2AI CI , (rn@o(mm)mu@cwmm@fnspmcmapcmms (CsH1RAIGHCL5, VCL3, |

o ) S HB e T B RS BRI P S PR R W o

3,496, 217; 3, 426CR 1BoCaNYCh, CHEL3BaCI;TRROZSCPHL Uﬂ@(oi‘emﬁb,ssfht:g (such as
ZnC12, Col 2, and SnC12) and organonetal | i c_conpounds ‘(Jsuc as RAI Cl12,

R3SNOBSCF3, 20 BiheHisis B aCln Huitableiprometers|agg further %ﬁssfllbeer' U Pagnts  pat ent
4,874, 884 desc@,‘@@,&lﬁ%‘{\hgs,zls, and 4,774,353, These include metal salts (such as ZnCly,

Colj, and SnCl), and organometallic compounds ('sixch as RAICl, R3Sn03SCF3,
20  and R3B, where R is an alky! 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)s, and (CgHs)3SnX, where X = CF35803, CH3CgHsSO3, or

(CeHs)3:BCN. The mole ratio of promoter to nickel present in the reaction can be
25  within the range of about 1:16 to about 50:1.

HYDROCYANATION OF MONOQOLEFINIC COMPOUNDS
The present invention provides for a process of hydrocyanation, 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,
30  Co, and Pd, and a Lewis acid compound, and at least one ligand selected trom the

group represented by formulae I, II, or IIl. Representative ethylenically

unsaturated compounds which are usetul in the hydrocyanation process of this



.synergistic conbinations of pronoters can be chosen to increase the
catal yt WOMZ ity of the catalyst system Preferred prStotE0¥23%48| ude

CdC12, Fed 2,  zZnCl12, . C6HL) 3, X, wh . X = CF3S03,
CHBCGHSSeO_B, dF"er‘]‘E‘@BFB)sg(_ in uﬁgﬁé{(&%ﬁé %Fﬁ’glngttﬂnﬁﬁ“’i REMEHr esent in
the reaction oﬁﬁwtidsi%%{i&cfe@h& iﬁxﬂ’é‘rafeﬂr!%?o%ulﬁ@ivbr V1 1BseltivtihP Whersh 1.

HYDROCYANATI ON EFI NIl C COVWPOUNDS The present invention provides for
a .process of likgdeforepemehiarastess bayesame imegning.eact i ng ‘an unsat ur at ed conpound
with a source of hydrogen cyanide in the presence of a catalyst
conposition conprising a transition netal selected fromN, 30 Co, and Pd,
and a Lewi s acid conpound, and at | east oeetalystgand sel ected fromthe group
represented by.fo I | r.dl | . Rompesiiant ati ve et hyl eni cal |

unsat ur at ed %%0(‘?@5%#8#*&%9@% ul i er‘hydfocyélﬁﬁ mefc%%s of
this 9 WO 01/ 21579 PCT/ US00/ 25546 inventi@onare shown in Fornmulae IV or V,
and the correspondl%ﬂng ermnal nitrite conpounds produceg I%Elﬁ || lustrated
by Forrmul ae |V or , pectively, wherein |ike referent&™&Yacters have
sanme neaning. catalyst CFi3 (CH)y CEhﬁggt(CHZ} R22 conposition NC - (CF gx
4y+3 -R promoter, HON Formula |V keynpdsitiod catal yst CH2"CH (CH2) X - R22

conposi ti on NCHyEERMXER,R2ZR“Pr orotetr—HEN-Fommul NCA—HOHYY.&— IR wherein
5 R22 is H CN, C02R23, “or perfluorodr@@pter, y is an integer of 0 to 12; x
is an integer of 0 to 12 when R22 is HH@2R23 or perfl uoroal kyl ;

Formula V1 Formula VII

wherein
5 R22 is H, CN, CO2R23, or perfluoroalkyl,
y is an integer of 0 to 12;
x is an integer of 0 to 12 when R?2 is H, CO2R23 or perfluoroalkyl;

x is an integer of 1 to 12 when R22 is CN; and
R23 is C; to Cy, alkyl, or aryl.
10
The nonconjugated acyclic, aliphatic, monoethylenically unsaturated
starting materials useful in this invention include unsaturated organic compounds
containing from 2 to approximately 30 carbon atoms. Suitabie unsaturated
compounds include unsubstituted hydrocarbons as well as hydrocarbons
15  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 diethylenicaily unsaturated
compounds such as allene, substituted compounds such as 3-pentenenitrile,
4-pentenenitrile, methyl pent-3-enoate, and ethylenically unsaturated compounds
20  having perfluoroalkyl substituents such as, for example, C,F,,..|, 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.
Preferred are nonconjugated linear alkenes, nonconjugated linear Allen-nitriles,

nonconjugated linear alkenoates, linear alk-2-enoates and perfluoroalkyl ethylenes.

10



X is an integer of | to 12 when R22 is CN, and R2Z3 is C, to C 12 al kyl, or
aryl . 10WOh/2488conj ugat ed acyclic, aliphatic, nonoet hyl ePCTESON25546
unsaturated starting materials useful in this invention include

unsat ur at ed or denstprefemgabsnbstsatescincitide 3vi and 4fpreotenéhitrite, alkpl 2>xBymheél y 30 car bon

atonms. Suitabl e, unsaturate ompounds incl ude unsybstituted hydrocarbons
as well as hydr‘ﬁe%ﬂtﬂ’(?ﬁ?s’f@g&g%ﬂ?ﬂfg§2m € 8i%hi9st4hi ch do not attack the
catal yst, such as C%t&%ﬁimé&%4-%&t&%ﬁﬁle%ﬁ&éﬁﬂy%&€ﬁéd.mgﬂﬁwﬁt ed

conpounds i ncl ude ethyl ene, propylene, 1- butene, 2-pentene, exene,

et c., nonconj uguattes, whesiths hanconjugated anyslia aliphatisdnonsethyisnically unsathirated al | ene,

pent- 3 enoace.  CORRIEeR IR $4rDHRGH s s oot yRIE eSO la s ™!
perfl uoroal kyl oftiRethoidetiyichiciliCiinsatiratédéonspoRiid® iy b&gfeddnt in thelerirofza i S an

i nteger of up to 20. The nonoethyl enically unsaturated conpounds nmay al so
be conj ugat ed oBiugsedispmer, gyhinhiiself may yadesga hydrogyapatiop Eppeamplermder r ed

are nonconj ugat£ nltén@ﬁﬁf(leﬁl\ﬁ?%??ﬂ Iggsc%a)spg%t '-%}gmﬁhéen- nitrites,

nonconj ugat ed |'i near al' kénoa near ‘a noates and perfl uoroal kyl

et hyl enes. 10 Mgenfchedifriie. 9( AAUkEd hévein 2¢he 4éim ‘Ipbrstenepitdlet isindndadastbeat es
i ncl ude 3- %nd él e tergg‘ni trile, alkyl 2-, 3-, and 4-pentenoates, and
CzF2z+ cHI8cH ?"\%ﬁ‘gl"ét Ccyapoputere™}.0) | 3- Pentenenitrile and 4-pentenenitrile
are especially pref e | ; P fehétoat ed

he %?efexféd rﬁ“rggxfc@ﬂrb ?é‘hnnaf@{:%ﬁﬁ%nlw fifleat @ &4

acyclic aliphatic nmonoethyle 'y unsatura conpounds are used in
accor dance wi t Hinedrialiphatio eyanoesters, andt3e(petflvoroalk9Bopbypioniinig t Mostfprefemred

nonoet hyl eni cal | y, upnsat ur.at ed, co nd may he pr. nt | e.f.ormof a
conj ugat ed i sof® éuc%ﬁ%?f{‘??'g@ﬁ a‘ﬁ(/)ﬁ%ﬂa a‘ﬁyﬁ‘??@«?%&#ﬁﬁﬁﬁgrwg}%ﬁm e,
when 3-pentengfijtgide is used, as nuch as 10% by wei ght thereof may be

2-pentenenitrile. (As used herein, the term"pentenenitrile" is intended to
be 10 identlPcal wi t The prasenshydrommnptionTprecess are be earrigd ey for example.hyr ni nal

e o BB YA AR G0l Dol bl i e > 20
preferably, the hydrogen cyanide is added slowly to the mixture. of the other
components of the reaétion. 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

20  catalyst and the solvent to be used, and feed both the unsaturated compound 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

25  as, for example, by distillation. The reaction may be run either batchwise or in a
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

30  hydrocarbons, such as benzene or xylene, and nitriles, such as acetonitrile or
benzonitrile. In some cases, the unsaturated compound to be hydrocyanated may

itself serve as the solvent.

11
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product I lponitrile, alkyl 5-cyanoval erate, and CzFZZ%KIy?-QCI-lZG\I,
wher e z%vlag?lffb?% 12. 15 The present hydrocyanati on procesBC 00%8546ar r i ed

out, for exanple, 'Efxl ~charging a reactor with the reactants, catalyst
conmposi tion, and sbh&et tempergnise isidgpendentp @rcgihip exteneomthgmagisnlatyani de i s

added slowy ) IBI"' ts of the action.
Hydr ogen cyan%ﬁggﬁﬁé%’éﬁe ereﬁgﬂ%ﬂﬁtgﬁ?ﬁﬁg&@}%g "\73'%%?‘“?’ t he
reaction. Anodésied sane.t Nbinmallycrempergtides of fiom I3aC e 200°€ ca@delueEd, Wit h t he 20

catal yst and the solvent to ge, used, and feed both the unsaturated conpound
and the HCN 2P ot178°C beipg p xture. The nolar ratio of unsaturated

conmpound t® cataly Herﬁgp ' 4 : . i 1.

Pr ef er abl ys,) t he reé%:qtui;sgn J?%{&#eﬁgsgé‘éﬁﬁgﬁgﬁpwn@‘gﬁ%?g’%g%‘ﬁ‘g% %’OI}II ng or
shaki ng. The amgichenceoprepnred of fromeabob0.0% to Lk atembspheresq(50.616 i101BkPd)ashni ques
such 25 as, for exagple, by distillation. The reaction npy pbe run either
bat chwi se or frﬁ{egeé‘cg]?ﬁhehﬁf%?r B i ?& r‘B‘?fﬁa‘Fi‘&tbfb‘ﬁedo dgetirednb®an be
carried out Wrybeféfit\hdt R bedbiMled hreby Wolld BRIBYER ot ju%tiety?ﬁéjincréﬂgg'l d be

liquid at the reaction tenperature and pressure and i t owar t he
unsat urat ed ce¥helseh aperations. cat al yst. Suitabl e sol vents include 30

hyd b , | dnitril tonitril
o benzoltrite. N AR e HEBbed Rl Raaiias Bopbirsioni Audine o
hydr ocyanat edaitemative, tasghhohyeriy Carftfe UsbE asiaik ¥autte of I ACKN el dtatph! ©

PCTI US00/ 25546 _ The exact tenperature is dependent to a certain extent on
the particul a‘*-scgﬁt&P‘y%ﬁﬁoﬂé@ng used, the particular unsaturated conpound

bei ng used and th | t: from-25C to
200G can be used, 1 ovess o bilihorlh $Raiska o AL Bleblr? ofbnd b ABbre < phver 1
pressure is slawis#cad pomotémswhichraffectrimtiotie activityindtinieldctivignéfithet  and hence
pressures 5of fromabout 0. 05 to 10 a&m)spheres (50.6 to 1013 kPa) are
preferred Hi‘ij’f‘l%Ft BLROL | Fhespropgter gay be gp inogapicor qrganometallic qompoyady, |
desired, but inahichRRERI Which fhetar IEBSt o€ oPtHeReRfils!dTShiR orgiil 6F P Obably not
justify the increased

organometallic compound is selected from scandium, titanium, vanadium,

chromium, manganese, iron, cobalt, copper, zinc, boron, aluminum, yttrium,
zirconium, niobium, molybdenum, cadmium, rhenium and tin. Examples include

20 ZnBry, Znly, ZnCly, ZnS0O4, CuCly, CuCl, Cu(03SCF3)y, CoCly, Cols, Fels,
FeCl3, FeCly, FeCly(THF);, TiCl4(THF),, TiCly, TiCls, CITi(OiPr)3, MnCly,
ScCl3, AICl3, (CsH;7)AICH,, (CgH17),AlC, (is0-C4Hg)AIC, PhyAICI PhAICI,,
ReCls, ZrCly, NbCls, VCl3, CrClp, MoCls, YCl3, CdCly, LaCls, Er(O3SCF3);,
Yb(02CCF3)3, SmCl3, B(CgHs)s, TaCls. Suitable promoters are further described

25 inU.S. Patents 3,496,217, 3,496,218, and 4,774,353. These include metal salts
(such as ZnCly, Coly, and SrCly), and organometallic compounds (such as
RAICly, R3Sn03SCF3, and R3B, where R is an alky! 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

30 CdCly, FeCly, ZnClp, B(CgH5)3, and (CgHs)3SnX, where X = CF3S0;,
CH3CgH5803, or (CsHs)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.

12



cost of such operations. 10 HCN can be introduced to the reaction as a
vapor or WQ 81§79 As an alternative, a cyanohydrin can be REIAIPHSHhe -

source of HCN. See,_for exanplege, . Pat ent 3,655,.723. . The process of
this invention is cyl‘er‘f‘%‘?imBgB"fPP‘t’ H_Eﬁfb‘is'é%té‘?ew@étb&fﬁ “%F‘_"HbﬁngmgLewi s acid
pronot ers whi caafpied OF cfifiethbisiA&dts detebf, abrdil Rl ﬁﬁ{sgﬁ}ob&hfovxs,%?t he 15

catal yst system The pronoter may be an |.no_r§|_an| c or organonetallic
conpound i n wpercentagieeare by wreight, untess athetvasssindicated.of t he el enents of said

i norgani c or organgme | ic nmpound i s selected from,scandi um_titani um
vanadiumchr om anf g SERRBHT freaFpiab Yfevel BT PR pppdet

al um num ¥ t rin\this spetificeign: um ni obi um nol ybdenum cadm um rheni um and
tin. Exanples include 20 ZnBr2, Znl2, ZnCl2, ZnSO4, CuCl2, CudCl,

Cu( GBSCF3) 2, CoC12, Thepem “hydrocarhyl clesignates bydreeachon melequiofromivdich oner) 2,

Ti C14, Ti C13, g C , . 1

( C8HL7) 2Al CL, ﬂdg%ée&ﬁg'} gﬁ W@?ﬁfcﬁ%ﬁ%@% cah %‘@&‘é%&é‘?ﬁb‘?\%’ma

VC13, CrCl2, Mipkbhonid€’13, CdCl2, LaCl 3, Er(Q8SCF3)3, Yb(O2CCF3)3, SnCl 3,
B(C6H5) 3, TaCl5. Suitable pronoters are further described 25 in U S
Patents 3,496, X1¥: Lpaepeptrle 5ng 4, 774, 353. These include netal salts
(such as ZC12p0! Zperd 85! 2) . and organonetal Iic conpounds (such as

RAI C12, R3SnO3SCF3, gncl R3B, where Ris an al kyl or aryl group). U S
Patent 4, 874, 484 dépenereastrilaow synergi sti ¢ conbi nati ons of pronoters can
be chosen to n%b?@_re se tEg_ catal.ytic activity of the catal yst system
Preferred pro r s PRV LERuEs 2, FeCl2, zZnCl2, B(C6H5)3, and

(C6H5) 3SnX, whyne XaferbhigRO3, CH3C6H5SC3, or (C6H5) 3BCN. The nole ratio of
pronoter to nickel present in_the reaction can be within the range of
about 1:16 to EBYutetdsuccingnitigp 01! 21579 PCT/ US00/ 25546 The invention will,
now be il ustr iLNng non-limting exanples of certain
enbodi rr.ent?st h%f?*\%&%‘!t%ogﬁ%parts, proportions, and percentages are
by wei ght, unl sEB¢Nos-fafmivakerdnitfilecat ed. The foll owi ng definitions are
applicabl e V\/neluaséer the defined terns appear 5 in this specification:

methyl 3-pentenoate
BD: 1,3~butadiene-
COD: 1,5~cyclooctadiene
20 EN: triethylamine
PCl;: phosphorus trichloride
THF: tetrahydrofuran

The protoéol for calculating certain reaction results for hydrocyanation
25  reactions and isomerization reactions follows:

For step 1 hydrocyanation reactions the % useful pentenenitriles (PN’s) and
the 3PN/2M3 ratio is reported. The product distribution is analyzed by gas
chromatograph using valeronitrile as an internal standard. The % useful PN’s is
the molar ratio of the sum of 3PN(cis and trans) and 2M3 divided by the amount of

30 HCN. The 3PN/2M3 ratio is the ratio of cis and trans 3PN to 2M3.

For step 2 hydrocyanation reactions the selectivity to adiponitrile (ADN) is

ADN/AESN + MGN + ADN). The 3PN and 4PN conversion is calculated using 2-

o



.The term "hydrocarbyl" designates a hydrocarbon nol ecul e from which one
hydr ogeWO#BH7as been rempved. Such nol ecul es can cont aPETHINHR46 doubl e
or triple bonds. 3PN: 3-pentenenitrile 10 2PN. 2-pentenenitrile 4PN

. 4- pent eneni t ethbxyetyiethe? (FEEh 34 arGntemab standard.i The towdliconwendien ofni tri | e ESN:

et hyl succi noni tril h |tr|Ie SEVN:

5-f or myl val ePEHEEH ?51185 a’ﬁﬁ%’c‘ﬂ?ﬁ %‘-b&L%EE P&theBB umption gt all one cop;

1, 5- cycl ooct agtepiats acddubed or, isrda&hm@.ldmaﬂn RAGIDNRBIQmP (N ¢S BNischl or i de
THF: tetrahydrof uran The rofocol for calculating certain reaction results

for hydrocyam{ n(BIYS are enemslea)ndrhewm@abaseﬁon@&‘dhsmbumﬂd| . For

step | ction % e ) and
t he 3PN/2 r%elhg??tég%r#egﬁ?ﬁpﬁﬂg htﬁ) i u .6%“{".%’?"3%%@“2(1 by gas
chr omat ogr apfeedsil g \qmoh DN/@6] PNiat stag)(niol H(mmdmN gitsggar d. The % usef ul

PNsis the nolar ratio of the sumof 3PN(cis and trans) and 2M3 di vi ded
by the anmount of 30 HCN. The 3PN 2M3 ratio is the ratio of cis and trans

3PN to 2MB. For step 2 hydrocyanati o ions the selectivity to
adiponitrile (ADN) is ADN (ESN + . The 3PN and 4PN conversion is
calculated using 2 HT WO 01121579 P 0/ 25546 et hoxyet hyl et her (EEE)
as an internal standard. The total co lon of pentenenitriles (PN s) to

dinitriles (DN s), based on the assunpg’idon that all nmaterial is accounted
for, is calculated as (sum (nol DN s)/su (PN's + BN s +

‘33/ L\%

2'-Ethoxyl-1,1'-biphenyl-2-0l was prepared by modifying the procedure
10 reported inJ. Org. Chem. 1981, 46, 4988. In 50 mL of acetone was added 10g of
2,2'-biphenol and 9.4 g of potassium carbonate. After stirring at room temperature
for one hour, a solution of iodoethane (9.2 g in 10 mL of acetone) was added
slowly dropwise. The mixture was filtered, washed with acetone, and solvent _
removed by rotary evaporation. The residue was flashed chromatographed to give
15 5.1 g of the 2'-ethoxyl-1,1"-biphenyl-2-ol as a colorless oil. "H NMR (CsDs): 7.20
(m, 3H), 7.10 (m, 1H), 7.05 (m, 1H),6.85 (m, 2H), 6.55 (m, 1H), 3.38 {(q, 2H),
0.81 (t, 3H).
In a nitrogen purged glove box, the above phenol {(0.73g, 3.40 mmol) was
dissolved in 10 mL ether, and cooled to ~30 °C. To this was added cold (-30 °C)
20 1M phosphorous trichloride solution (1.7 mL), followed by dropwise addition of
IM triethylamine solution (4.0 mL). The solution was stirred at room temperature

for 5 minutes, then kept at -30 °C for two hours. The reaction mixture was
filtered through a pad of Celite® and concentrated to yield 0.67 g of the
corresponding phosphorous chloridite. **P NMR (toluene): 160.4 (78%), 126

25  (22%). The phosphorous chlorodite was reacted with 1,1'-bi-2-naphthol in the
presence of triethylamine to yield ligand 1. *'P NMR (toluene): 131.3 (major),

14



DN s)). (BN s are butenenitriles). The conversion based on HCN is

cal cul at eWO¥§21539dj vi di ng the total conversion of PN s to POSKASHN25s4se - -

HCN PN ratio in the original feed, i.e., (m)l DN/ nmol PN at start)/(noi

HCN nol PN at ¥0#t). Exilel1 0 P 0---,'/ Or 1

2' - Ethoxyl -1, 1' - bi phenyl - 2-ol was preg qu lﬁy nodi fyi ng the procedure 10

reported in J. Org. Chem 1981, 46, 4 50 nL of acetone was added |

Qg of 2,2'-biphenol and 9.4 g of potassiu rbonate. After stirring at

roomtenperature for one hour, a soluti on@i odoet hane (9.2 g in 10 nL of

acetone) was added slowy dropvm se. ThgMixture was filtered, washed with

acetone, and solvent renoved by rotay \on. The residue was

fl ashed chromat ographed to gi vl ¥ S - ehoxyl - 1,

| ' - bi phenyl -2-0l as a colorles Y. 7.20 (m 3H), 7.10 (m

1H), 7.05 (m 1H),6.85 (m 2H), 2q, 2H), 0.81 (t, 3H).
0.73g, 3.40 mmol) was

In a nitrogen purged gl ove box,
di ssolved in 10 nL ether, and his was added cold (-30
m.), followed by dropw se

C 20 1M phosphorous tr| chl ori de soI t
addition of IMtriethylamne solution ) nML). The solution was stirred at
roomtenperature for 5 mnutes, then kept -30 C for two hours. The
reaction mxture was filtered through a p of Celite(r) and concentrated
to yield 0.67 g of the corresponding phosphorous chloridite. 31P NWR
(toluene): 160.4 (78%,126 25 (22% . The phosphorous chlorodite was reacted
wth 1, |I'-%i-2-nagh2’kdihydroxy-1e’-binspisieaene- 38 -His(diphenylethier)was grepared d | i gand
1. 31p NWR (toluene): 131.3 (major), 14 WO 01/21579 PCT/ US00/ 25546

according to literature procedure reported inJ. Org. Chem. 1998, 63, 7536).

Under an atmosphere of nitrogen, a 250 mL two- necked Schienk flask equipped
with a reflux condenser was charged with 3,3’-bis(dihydroxyborane)-2,2’-
dimethoxy-1,1’-binaphthyl (2.250 g, 5.60 mmol), Pd(PPh;) 4 (0.360 g, 0.42

10 mmol), Ba(OH), (5.25 g, 30.6 mmol), 4-bromo-diphenylether (4.47 g, 17.9
mmol), 1,4-dioxane (36 mL) and H>O (12 mL). The reaction mixture was refluxed
for 24 hours. Upon cooling to room temperature, the mixture was diluted with
CHxCL, (150 mL) and washed with 1 N HC! (2x75 mL) and brine (2x75 mL). The
solution was dried over MgSQ;. Removal of the solvent gave a brown oil, which

15 was diluted in dry CH,Cl, (125 ml) and cooled — 40 °C. Over a period of 10 min,
BBr; (3 mL) was slowly added and the reaction mixture was stirred at room
temperature overnight. The resulting red-brown solution was cooled to 0 °C, and
H,0 (300 mL) was carefully added. The organic layer was separated and then
washed with H,O (2x300mL), 1 N HC1 (300 mL) and brine (300 mL). The

20  resulting solution was dried over MgSO, and concentrated. The resulting red oil

15
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130. 2.. %%7% P40-8) 2 d 8 2 5

2,2' -di hyd , 1' - bi napht hal ene- 3, 3' - bi s(di phenyl et her ) PGHYS25546r ed
according to literature pLocedur,e reported in J. Og. Chem 1998, 63,

7536).  Under Wahcuempograehed o siligarte giye?, 2’ ilpsipoxyr 1.4 \Woinaphshatens-3st'hl enk f 1 ask
equi pped with a reflux condenser was charged with

3, 3' - bi s(di hybis(diphprxiether) apa shite criystaliineosohid] 0180 g 236ht B/NMR (C5RQ):g, 5. 60
mwl ), Pd(PPh2) 4 (0.360 g, 0.42 10 mmol ), Ba(OH) 2 (5.25 g, 30.6 mmol),

4- br ono- di pheh§0 &, BED, 7.64 &f & 8.2 Hz2H)Ti3)(d, =4 THe e 723641l sand H20 (12
m.). The reaction mxture was refluxed for 24 hours. Upon cooling to room

tenperature, HREQHY 2hai(f, g (CHT 114, SHdd Gk 150 nmL) and washed
with.1 N HCl(2x7§an) éndn%?i ne (2x7n)ﬂﬁrr1_)rltn’TheQ 'S0 )luti on was dried over

S50, YL e el € B 0,
over i gnt THEVHSRRR i o & ey i aens ol Betghebigedng. 100

(300 nL) was careful |y added. The organic |ayer was separated and then
washed with Q58 §cﬁy§rm1r91) yagaggted to Bsophesphoghlgrasite o 563068 tetrahydrprle 20
resulting solution was dried over MgJSO4 and concentrated. The resulting red
oi | 15 WO 01naphtmd(GESR g 33 12561 dissoles! io et ethgr EiPhmid). OWhité | i ca to gi ve
2, 2' -di hydroxy-1, 1' - bi napht hal ene--3, 3' - bi s(di phenyl ether) as a white
crystal | i ne smhinthirfifly B3 tgmpélatude, triethylddiie (CABGIL, 1.63 Bfhol)Svasaliled 7. 64 (d, J
= 8.2 H, 2H), 7.53 (d, | =8.7 Hz, 4H), 7.22 (d, J = 8.3 Hz, 2H), 7.12

(M 4H) 7105- dbpiHie tathe hotd mi ing A he fGimidl phece of
nitrogen, a colg (?35 Ce:) gﬁ;ﬂgﬁgﬁ%sg?xg%@cgt hergﬁégﬁﬁé)ﬁg?lggﬁél) of
2, 2" -di hydr ox oY) Fﬁﬁﬁ 3 bl ' . (0,405 g, 0.65
nmol ) was add)e‘géﬁ%lr?%eﬂgﬁ%{gp C o%cférl ?géeggﬂggﬁg%%gﬁ )a‘HEFd‘?f B-1-

filtered through a pad of basic alumina and Celite®. The filtrate was evaporated to

yield the desired diphosphite as a white powder (0.537 g, 65 %). 3P {'H} NMR

(202.4 MHz, CgDg): 132.75 ppm.

15 Example 3

Under an atmosphere of nitrogen, a cold (-35 °C) anhydrous diethyl ether
solution (5 mL) of 2,2’ -dihydroxy-1,1 "-binaphthalene-3,3’-bis(diphenyl) (0.050 g,
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napht hol (0.588 g, 1.63 nmmol) dissolved in diethyl ether (10 nmL). Wile

mai nt ai NiWG A1t enperature, triethylanm ne (0.23 nlL, 1.63rams)onsass added -
10 dropwi se to the above mixture resulting in the formation of a white

preci pitate. ¢ mmol; waxadded ta the pbospheshieroditeofsS, §,3,8- tetraldravdmephthelhe
reaction mxture was filtered through a pad of basic alum na and

Celite(r). The(0f07l5tg;aﬁémel)dismdéhditthybethyﬂ(élui): hWhiltorsaingathing thisosphi t e as
a white powder (0.537 g, 65 %. 31P ('H NWR (202.4 M1z, C6D6): 132.75

ppm 15 Exanpl@mgeraturd; tdeth &nmvr@%xan @izm&ww@saﬁe@aﬂowﬁe%uﬁ cold (-35
C) anhydrous di ethyl ether solution

(2)1/2213'7922:?_?(@%?)@%4\]@@@ rnnoiﬁ &g@'@é?@gﬁ%%e phospﬁ%c%?orodl te of

5,6,7, 8-tetsah 0, 076 21 |n d_i t hyl
ether (5 nb). Nty Fﬁuﬂﬁg ey, the rencsion “",wf‘? ﬁ’ﬁ%gﬁe”’(‘g 03 ni,
0.21 mmol) was added dropvm se t%the above m xture resultlng in the
formati on of aofibasit elupimacindiQelitec.. Petfitrate twas evapgraied 1o yieldthetdesiedr at ure f or
three hours, the reactlon m xture was filtered through a pad of basic

i phosphi te_aciiahptess aovatepoptden P s 35 960 * P4 M e MIE 3" ic

CeD6) : 127.83, 132. 14, 132 60 (major), 133.66, 141.51, 143.99 ppm

Hydr ocyanat i onCéfgul2783-dB2. Tiel 3Ri6hxamjony, 1BX.86p14d.52, 14B.9% pgaar at i on of

catal yst: A catalyst solution was prepar ed by add| ng 0.0039 g of N (COD)2
(0.014 nmol ) in 0.320 toluenet 2 ], Of . gand of Exanple 2
(0.049 mml) in 0.200 % .“ : AMRCH enenitrile (3,4 -
PN): 116 .d of the above catalyst soI utlon (0 0031 mml Ni), and 13 1 of a
sol ution of0 znCl 2 ifrepprtion of Qualpg7AsABlySANGLDN Was Peepated by aﬂ@n&OWé? fitted,
wth a septumcap. The vial was cooled to -20C and 125 | of a solution of
HCN, t-3PN, angloPNgCOD}y .t mebl) éi 0.320mb Rlueiend 0.062g o tidigandof t - 3PN) was
added. The vial was sealed and set

Example 2 (0.049 mmol) in 0.200 mL toluene

Hydracyanatio.n of 3,4 Pentenenitrile (3,4 PN): 116 ul of the above

catalyst solution (0.0031 mmol Ni), and 13 ul of a solution of ZnCl, in 3PN
15 (0.0067 mmol ZnCly) were added to a vial fitted with a septum cap. The vial was

cooled to -20°C and 125 pl of a solution of HCN, t-3PN, and 2-ethoxyethy! ether
(0.396 mmot HCN, 0.99 mmof t-3PN) was added. The vial was sealed and set
aside for 24 hours at room temperature. The reaction mixture was diluted with
ethyl ether and the product distribution analyzed by GC using 2-ethoxyethyl ether

20  asaninternal standard. Analysis showed that 22.7% of the starting pentenenitriles
had been converted to dinitrile product ( 62.8% yield based on HCN.) The

selectivity to the linear ADN isomer was 97.4%.

17
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.aside_for 24 hours at roomtenperature. The reaction m xture was dil uted
with eMBM2¥Rer and the product distribution analyzed BFTRSOK3FHE

2- et hoxyet hyl ether 20 as an |nterna standa d Anal yS| s showed that 22.7%
of the starting pentend# $ie P&-=hi tril e product (
62.8% yi el d based on HCN.) The seI ectl vi t to the Iinear ADN i soner was
97.4% 17 H M WO Fremmretion gcriabatok egalys solitipn was areparerdy aiddiag Pdl03%he
Li.gand of Exanple 3 Preparation of catalyst: A catal yst sol ution was

prepared by @@M@:@Dwanwmﬁél)Ndmz?tod&newomg)ofml andOf M tol uene
to 0.025 g of the | i gand of Exarrple (0.020 nmmol) in 0.200 n. toluene 5

Hydrocyanatl ent 4 PN): 116 0 of the above
cat al yst soI 330(0%]3“‘”&13 §d"‘gﬁé p1 of a solution ofZnCl 2 in-3PN
(0.0067 mol ZnCI 2) were added to a vial fitted wth a seﬁé um cap The vi al

was cool 8d to - 2dbdseryanationgf 3 Peaptaneniile § 3, 4 INFHCAI6 wl ofpt
2- et hoxyethyl ether (0.396 nmol HCN, 0.99 nmmol t-3PN) was added The vi al

was seal ed angtapst sohitioag0 @031 mo? Wi)and $3 Al off aselatiof HPZnELL Ul 8PNThe reaction
m xture was di luted with ethyl et her and t he product distribution analyzed

by GC using 2 t her er nal st andard si s showed
that 9.2% of { f?bgif‘é?“ﬁ %éhg@’ﬁfeewg tted yeth, seht %ﬁ%rﬁ@d" ddinitrile
product ( 25.4%vyield based on HCN. ) The selectivity to the |inear ADN

i somer was 97%obfd to 10°Exad Nl e uHofd DutidnIHCNUSIPN) afldl Alethokydiyldetis. 6 2
22.7 97.4 3 9.2 97.5 20 18 WD 01/ 21579 PCTI US00/ 25546 What is cl ai ned

I si (0.396 mmol HCN, 0.99 mmol t-3PN) was added. The vial was sealed and set

10 aside for 24 hours at room temperature. The reaction mixture was diluted with
ethyl ether and the product distribution analyzed by GC using 2-ethoxyethyl ether
as an internal standard. Analysis showed that 9.2% of the starting pentenenitriles
had been converted to dinitrile product ( 25.4% yield based on HCN.) The

selectivity to the linear ADN isomer was 97.5%.

15
Example # Step 2 conv Step 2 dist
1 10.4 94.6
2 227 97.4
3 8.2 a7.5
20
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1. A hydrocyanation process conprising; reacting an acyclic, aliphatic, 5
nonoet hW(mlmmlsvl y unsaturated conpound in which- the et hytfﬁmson/zggubl 5] bond
is not conjugated to any other olefinic group in the nolecule with a
source of HCN in the presence of a catalyst conposition conprising a Lew s
acid, a zeroyalent . nickel and at |east one nultidentate phosphite Iigand

sel ect ed froMfhehis cpimedisy epresented - Dby the following formulae 111 or 111
, in which all |ike reference characters have the - -- 10 sanme neani ng,

except as further explicitly limted: R3/ RAf [/ Q@\ I;k3 OO0\~ 4 ~ R4 -
- 32 R Rl R /[ Y/ -Ahydlocydigtidtyprses c8mpiising; reabiingnan awytlichaliphetica || RS .O

O Rs P\|11111 FLEgtiibbrrr)r111111 .rRs, P A OO0ORs -
Pormul b 15| Tgnaethyleniqalis aseririged CIPOYEE N Epe, lleric, Subls ot 1) or
secondary al Bdﬂ,ugaﬁatbanyaakepﬁeﬁﬁa&oupﬁmhmwﬁmﬁmﬂ&ﬁééém’mmme R3 is.

I ndependent|ly aryl or substituted aryl
presence of a catalyst composition compnsmg 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 or III , in which all like reference characters have the ---
10  same meaning, except as further explicitly limited: '

RE. © O g5 -

Formula 1
15
wherein R’ is independently C; to Cis primary or secondary:. alkyl;
R?is independently aryl or substituted aryl;
R’ is independently aryl or substituted aryl; -
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WO 01/.2 USOQO 25546 R4 is independently L1 Lv % 18 primary al kyl; |
MR EcBluihetes

IIIIIII 1 VIIL ii Iill RS is hydrogen; * ¢ L MEC
~i.ndependently aryl or ﬁqpﬁfﬁé L& IR pendently Cl to Cs
primary or secondary al k ﬁdﬁ' yl S +ndf%e'ha3¥ to Gs primary or

ﬁmmi\mumml“m@ |§1llml!36§nmnently Clto Cs pri mary or secondary al kyl ;
posjet.i O he cr| s may al so be substltuted
with @l Kyl » &ther or%ésffg'a ?I‘Blé'"ﬁ e1“'§ns of two or nore thereof.
10 2. The process of (i’dsﬁiuépe%&ft@ tébﬂwbpgcgﬁde@cally unsat ur at ed
conpound is sel ected fromthe &oup consi'sting of 3-pentenenitrile,

4-penteneS nitrile; alfysindependentlyhto Ggmsimasy onsesendagnalkylZF2z +, CH=CH?,

wherein z is an inte The proce i m 2 wherein
the starting ethyl eni ggl T&Bfﬁeﬂaé}m&ﬁ égéu‘cp&mﬁd Secan c%"yp%%’(l nitrile or

4- pent eneni t rvherein 4thef besnﬁtﬁrﬁaﬁaﬁe Somatiaifigsimmhiled b ﬁxbﬁﬂﬁt'éﬂ SthQmylat a
tenperature of, -25C to 200C and at a pressure of 50.6 to 1013 KPa. 20 5.
The process oft %I%FWWHP%H"F@W&ﬂfmmeimf&tthﬁsgqfher| c pressure and at
a tenperature of 0C to 150C. 6. The process of Claim| wherein the Lew s
acid is selected fromthe 25 group consisting of inorganic or

organometl® |ic corﬁ)omiﬂs)macswf@hnt hwherein théstating ethyRiceity drsairieandi um
titanium vanadi u rom nese, ,iron, cobalt copper, zinc,

boron, al uni iHP @E‘! ﬁW#EDE%? g?ﬂ“" SPRNiStng-of Jpegtsaraittile, 4-ReaigAs-um r heni um
and ti n. 30 "itrild) QlkPY DCES a_ whee sel ect ed
fromthe graoup corlfgl sti ngmgf %\%irx;z&éan 2, @ﬁ‘c’:kfz Zr"f\,\@e&&%{%ﬁ Cud ,

Cu( CBSCF3) 2, integeriof 1t@d22, Fel2, Fed 3, Fed 2(tetrahydrofuran)2

Ti d 4(tetrahydrofuran)2, 20 WO 01/21579 PCT/ US00/ 25546 Tid vy, TiCl3,
CITi(G Pr)3, MCl2, SCC13, AIL13, (L8H17)AICl2, (C8H17)2AlICl,

15 3. The process of Claim 2 wherein the starting ethylenically unsaturated

compound is 3-pentenenitrile or 4-pentenenitrile.

4. 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. |
20

5. The process of Claim 4 which is carried out at atmospheric pressure
and at a temperature of 0°C to 150°C.

6. The process of Claim 1 wherein the Lewis acid is selected from the
25  group consisting of inorganic or organometallic compounds in which the cation is
selected from scandium, titanium, vanadium, chromium, manganese, iron, cobalt,
copper, zinc, boron, aluminum, yttrium, zirconium, niobium, molybdenum,
cadmium, rhenium and tin.

30 7. The process of Claim 6 wherein the Lewis acid is selected from the
group consisting of ZnBr, Znly, ZnCly, ZnSO4, CuCly, CuCl, Cu(O3SCF3),,

CoCly, Coly, Felp, FeCl3, FeCly(tetrahydrofuran),, TiClg(tetrahydrofiran),,

20



(i so-C4H9) 2Al C1, (phenyl)2A1Cl, phenyl Al C12, ReCl15, ZrCl4, NbCl5, VC13,
CrCl2, M™ODIRISHC| 3, CdCl2, LaCl3, Er(O3SCF3)3, Yb(O2CCF3pg8T/USee2sd46 TaCl5,
CdCl2, B(C6H5)3, and (C6H5)3SnX, wherein X = CF3SO3, CH3C6HsS03, or 5

(C6H5) 3BCN. 8 TxGh,eTiﬁ]lp&'EiéOmemeln SBc@heAktiig (Cild) DA (Cilag)jAlE€L st ruct ure .

8]; oc]:ag; m(;:‘ ac Ill‘gs?ﬁ%}*ﬁmgf EPH'FPPE);IA? M@&%ﬁﬂe@%m &@dg qulbq;f%‘fza-rh ean d

R3 i's unsubst Immgdyeiaecmz, §£t13,‘ﬁ}eo#s @¢P§)§n§nm'9era@m dacl R7 and

RO are net hyl rocess are

met hyI 12 TIHiCpHs)se@d (Sﬁﬂs)aﬁﬂ%whﬁﬂanﬁﬁ’gchﬁﬁ)sﬁﬂiﬁﬁﬁssmmf at I east about

97% éﬁége phosphltellgand of the formulae Il or I11: QR4Q
/RSOOR .10-h\ nR4 0.03\/ 3200R R R O

OR ° .. Rl / R7 R$R99Rs Lrreverirrerererrrrerrrrrrrrilr 20 L MS

Formula | Fornmula Il 21 WO 01/21579, PCT/ USQ0/ 25546 R6 PRs o O_ s OP
POR ~ ~ Rs 8. The process of claim 1 wherein the ligand has the structure of

formula II, R? is substituted aryl and R*is cycloalky!.

10 9. The process of claim 1 wherein the ligand has the structure of
formula I and R® is unsubstituted phenyl.

10.  The process of claim 9 wherein R', R’ and R” are methyl.
15 11.  The process of claim 9 wherein R, R® and R’ are methyl.
12.  The process of claim 1 having a distribution of at ieast about 97%.

13. A nmuitidentate phosphite ligand of the formulae I II or III:

- Q
o AN

o]

- R9 Ra DRV, Hllllll HIIH lllH Hl!l H Illl

20

Formula 1 Formula II
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R5 O O‘Béoi-{igs:r 111111 --- * 11 1111111111111111111 For é’?’éfF{’J{ﬁé“éﬂ S

wherei n ?ndependently C, to Cs primary or seconda RZ is

i ndependently aryl or bstituted aryl; R3 is independently aryl or
substituted aryl; inqiep ntly C, to Cs primary alkyl; RS is
hydrogen; R6 is indepehdénify Qr substituted aryl; 10 R is

| ndependently C, t | mar Yo or RS ndary al kyl; R8 is independently C,
to Cis primary or yalkxl; i ndependently C, to Cis primry or
secondary al kyl; andys whekei n otch’eq tions on the aromatic rings may

al so be substituted with alkyl ,/ eth or ester groups, or conbinations of
two or nore thereof. I 149 THR |ig§and of claim 13 wherein the |ligand has
the structure of fornulz pe\RZ is substituted aryl. 15. The |igand of
claim 14 wherein R4 is 20 16. The ligand-of claim13 having the
structure of fornula I i's unsubstit henyl . "17.—Fhe | i gand

of claim 16 wherein R, y?_re ?at hyl . 3%!7?’!ﬁ[l’ﬂllqlf”,sﬂﬂml of claim

16 wherein R, R8 and RO are
Formula I

wherein R’ is independently C, to Cys primary or secondary alkyl;
5 R? is independently aryl or substituted aryl,

R’ is independently aryl or substituted aryl;
R* is independently C, to C;s primary alkyl;
R’ is hydrogen;
R® is independently aryl or substituted aryl;

10 R’is independently C; to C,s primary or secondary alkyl;
R® is indépendently C, to C,s primary or secondary alkyl;
R’ is independently C, to Cys primary or secondary alkyl; ané |

wherein other positions on the aromatic rings may also be substituted with atkyl,

ether or ester groups, or combinations of two or more thereof.

15
14,  The ligand of claim 13 wherein the ligand has the structure of
formula I1 and R? is substituted ary.
15.  The ligand of claim 14 wherein R*is cycloalky!.
20 16.  The ligand of claim 13 having the structure of formula I wherein R
is unsubstituted phenyl.
17.  The ligand of claim 16 wherein R', R and R® are methyl.
25 18.  The ligand of claim 16 wherein R, R® and R® are methyl.



