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SUCH CATAL YT$@1 ZORPOSIed 20N ptdrbzor IAB%t ract: Miltidentate phosphite |igands
are disclosed for use in reactions such as hydrocyanation and isoneri zation

“FIELD OF THE INVENTION
10 ~ The invention relates to certain multidentate phosphite ligands, the catalyst
compositions 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 catalytlc processes exemplified herein are hydrocyanation and

15 1sornenzat10n

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 ere compounds which contain a
:"_:_ ) single phosphorus atom which serves as a donor to a metal, Bisphosphine,
bisphosphite, and bis(phosphorus) ligands in general, contain twa phosphorus

25  donor atoms and normally form cyclic chelate structures with transition metals.

R OR
| |
O LN
R R RO OR
A B

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



The . O catal yst conpositions made therefrom and the various catal ytic
processes which enploy.such nultidentate phosphite.ligands ‘?él@la?c!h%m
I'n

di sclosed. In particular, the |ligands have beteroatom contaln
subst | WOMH{23588n t he carbon attached to the ortho positi%ﬁT’é‘F““{"rﬁg“sterm nal .

phenol group. 19 March 2004 WO 01/ 21580 PCT/ USQ0/ 25548 MJLTI DENTATE
PHOSPHI TE L ihemqeeneauametalratlystiopvmiousapastiompurhpsihydrogenation; GANDS AND

el
CATALYTIC P L -5 CROSS REFERENCE
TO RELATED ﬁg%ﬁ%%lg@"r %?‘hé‘N “%p Eu 35%59 %ﬁ%’%&é@ﬁg‘%&ngﬁn U%B’f u.s.
Provi si onal hjdpesesificftibnNad ald®eddiénsotiénf i | ed 20 Septenber 1999. FIELD OF
THE | NVENTI ON 10 The invention relates to certain nultidentate phosphite

| i gands, the cat atopag of thengratalyticprecensed arerused & therpomraereial RIOAUFEOTr ocesses

whi ch enpl oy ] | 1 den . hhosghi i . particular, the
| i gands ave fﬁgﬁé?eég?sgfﬁ}eg‘%bﬁ?g gﬁ#ﬁg&guﬂéeﬁﬁﬂg’%g%e%cgﬁbar bon attached to
the ortho pcGdrséqitnty, duddo tieydxiremely 1afe Wrlde/i@dighemibs comin®ddityirfiatkeQCesses

dt
exenplified herein are hydrocyanation -and 15 isonerization. #ECHNI CAL
BACKGROUND @erysmall ingrpumental admensepingrield or se¢jeatiyitydn any,of dese ous in catal ysis

and are used_for_ a. nuaber of commerci-al J npqrt ant .cheni cal :
Er anaf or o 1 EerERY FRBIAR reGRiTR o Bebl, ArERAYe RUeoBRel n catalysis
i ncl ude phosfiftbRes dfAtstain ligaidiaba hadyetse sBhul for applications across a range of

10  these commercially important reactions is also highly desirable not only for the

commercial benefit, but aiso to enable consolidation and focusing of research and
development efforts to a particular group of compounds. _ 3
~ U.S. Patent No. 5,512,696 to Kreu_tzér,et al. discloses a hyd:ocjranation
| 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 disciose processes and catalyst
compositions for the hydrocyanation of monoethylenically unsaturated
compounds using zero-valent nickel and multidentate phosphite ligands, and
20 Lewis écid 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 proceso for the isomerization of those nitriles to Jj
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
monoaikene nitriles are described in the patents and publications referenced
therein. Commonly assigned, published PCT Application W0§9/06357 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



.shown below. In these representations, R can be virtually any organic
group. Mnophosphi ne and nonophosphite |igands are corrpounq§ v@}mgo&f)nt ain
a single phosphorus atom which serves as a donor to a netal. Bl Sphosphi ne,
-bi sphosW®M&158nd bi-s(phosphorus) ligands in general, coRCEUSOE/25548
phosphorus 25 donor atons_and normally formcyclic chelate structures with
transition riSHEPIILE yiclig nitrileas welkesn bguid ppaserprpeesa far thever al

i ndustrially jﬁgﬁ%@ VAN g ' phosphorus | i gands.
For exanpl 61156_ : a?tgﬁgﬂ)kgl’%g%?g%%%?gﬁwfa a, %pﬂ?ﬁr.m ‘?Sdi scl oses that
bi sphosphi t e coriyhilede ceilysbsysteatdesditrd @bovd mby tdpide @manbrcaliya 1 19
March 2004 WD 01/21580 PCI/ US00/ 25548 honogeneous netal catal yst for

various reactiplipsatalysts. i always rampinsdeasiseble topreviskesvey more effectivedhigbsranat i on,

hydr ocar oxy, Rtk ) | hydro rification an | dal

condensa?i orf. @orre goM%%ge Cg'g{’ra‘%&moé“%rg%@g%ié? OPPOgliegs F’ﬁ&if%@g@&rrrer ci al
producti on pgroedss¢aabyohiete full ebiniritkcial fotatial for adeSired Wadtidie rTrHeommodi ty

“chenicals. Copsequently, due to the extrenely |arge worl dwi de cheni cal

conmodi ty netiestivenessaid/ermerformanse maybe achiguedingay or all pf sapidity, sel ect i vity

in any of t . .clal |y, i aport ant..reactions..are-hi ghl esi.rabl e. -
Fur t her nor e?gﬁgv%?gég%csymé@’%l r’tdz‘ci-fs“3 r{’dﬂgg%fh%‘g rﬁgg{m% o'g’ée‘%slgfstﬂlscf or .
appl i cat i onsdesizilsle $o provRiRGAcHimptovedtattyst SyRemLaral/doprbdRMsvAIEh BgCt i ons s
al so hi th y desirable not only for the
: 0 ° be optimized for one or more commercially important reactions such as

hydroformylation, hydrocyanation or isomerization. Other objects and advantages
L of the present invention will become apparent to those skilled in the art upon

reference to the detailed description which hereinafter follows.

15 o 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
multidentaté phosphite ligand selected from the group represented by the

| ) - following formulae I, 1-A or I-B , in which all like reference characters have the

v same meaning, except as further explicitly limited.



commer ci.al- benefit, but also to enable consolidation and focusing of
research and- devel opnent efforts to a particular group of & r%H%% u. S
Patent No. 5,512,696 to Kreutzer,et al. discloses a hydrocyanation %rocess
using a nultidentate phosphite |igand, and the patents and publications 15
referenced therein describe hydrocyanation catal yst systens pertaining to
.the hydrocyanation of ethylenically unsaturated conpounds. U. S. Patent Nos.
5,723,641, 5,663,369, 5,688,986 and 5F8dmuld91 di scl ose processes and
catal yst conpositions for the hydrocyanation of nonoethyl enically:
unsat urated conpounds usttry zer o-val ent nickel angswaltidentate phosphite
| i gands, and 20 Lewi s § g . U S Ka )
al . discloses a |liquid phase ffrocess for the hy{rocyan®tion of diolefinic
conpounds to produce nconj' flated acyclic ni ' swell as a liquid
phase prgcess for the isSQnerrxati Fes. A0 3- and/or
4-nonoal kene linear nitrites
presence of zero-valent nickel ang a multi defryr
catal ytic processes for the hydroc Xba-
of nonoal kene nitriles are descya’bed in the
-referenced therein.. Coomonly 3 ed PCT Application
W099/ 06357 di scl oses nultadenyat e phosphite |igangds i ng al kyl ether
substituents on the cgrbon 3P attached to the orffho p8sjtion of the
term na{iq]phenol group §or use in aliquid phaseffprocesy for the
hydrocydanation of diol § i ni c&onmeghds to pr®eucd 2 19 pMarch 2004 WO
01/ 21580 PCT/ US00f 25548 ; &
phase process for the ,
wherein X' is a bridging group selected from the group consisting of :

at e phosphite |igand. O her
ol efins and the isonerization
tents and publications

as well as a liquid

15

20

25

wherein R/, Rz, R, R, RS, RS R7, R, R", and R? are indepe_,ndenﬂy
selected from the group consisting of H, C; to C,3 alkyl, cycloalkyl,
triaﬂcylsilyl, triarylsilyl, halogen, niu'ile,.perﬂuoroalkyl,aS(-)zRI’,-
30 SO,NR, "2, acetal, ketal, dialkylamino, or diarylamino,-OR!!,-
COR" -(CNRMR', -(CNOR™)R, wherein R' is C; to Cys alkyl, cycloalkyl,
aryl, or substituted aryl,-C(O)R",-C(O)NR*R¥, -0-C(O)R ' -
NRZ-C(O)R", wherein R and R are independently selected from
4 :

xe the reactigrd aré carried-out in the 25



i someri zation of those nitri tes to 3- and/or 4-nonoal kene linear nitriles.:
Wil e the catal yst systems desqr! bed above may represent comg&lhaéolox
viabl e catalysts, it always renains desirable to provide even nore
effective, higher 5 perform ng catal yst precursor conpositions, catalytic
conpositions and catal ytic processes to achieve full commercial potential
for a desired reaction. The effectiveness and/or performance nmay be
achi eved in any d¢he gronp eensigipgaif i Ci te Erealkylyycjoallof fdrgl, ensubstimtesttanydt 14 t y,
dependi ng on the _neaction.perforned 1L is,a3ls0 ,desirable to provide such
i mproved cat al ysyhgie&gﬂgﬁ%ﬁtg?r%%e@g. i%@ﬁﬁ?ﬁgﬁ’é‘gﬁpti mized for
one or nore CoONMMBisyiaMd de SubBRutedRith €pflCQAMyD WSBloakyl, Rydakignny! ati on,

g

- hydrocyanation or isonerization. Qther objects and advantages " of the
present inventi offiawkilylbelogen, ajple; pefluorpalitybswlfeiyl dcettliketadlhe art upon

referencg to the ' LLpti en1whi h Lnafit er ens. 15 SUMVARY
OF THE Iﬁl\/El\ﬂ'I ON |'%§lgh&§§ﬁ‘” “8:7?’3%3 '¢§9Ra’e%mcﬁr%{:ﬁb . pr ocess :
conpri si ng mdasin RYandR aey ildependehilpddted ﬂ@iﬁﬁ@@%&)ﬁb ebhsidinpYyrunsat ur at ed

conpound in which the ethylenic double bond is nof conjugated to any ot her
ol efinic group i kb Cmﬁléﬂuﬂ@l%lbﬂs%%@wlﬂ@flwem;i n the presence of a

~catal yst prggu 2 DS L] : ST IO ew id, a zero-valent
ni ckel and at {eggjs(t-a]g%gé rm?dtei e F%?e gﬁ%lsep ??ghﬁagog]%sel ected fromthe
group represent edonsistingef:following fornmulae I, I-Aor I-B, in which all

i ke re{ rence characters have the sane neani ng, except as further
explicitfy limted. 3 19 March 2004 Formula | 5

e

z

15
wherein Y is independently selected from the group consisting of H, aryl,
CR,, wherein R* is H, C;-Cyg alkyl, cycloalkyl, or aryl, (CR™)n-
OR14,(CR142)n-NR15, wherein R is selected from the group
consisting of H, alkyl, cvcloalkyl, aryl, -SO.R!", -SO,NR'%,, -COR?S, whetein-
20 R¥ ig H, C-Cygalkyl, -~ aryl or perﬂuoroa]kyl;
and Z is selected from the group consisting of (CR”z)n ~OR' wherein
" n=0-3 and R'* is defined as above.

25 , Formula I-A



10 wherein X1 is a bridging group selected fromthe group consisting of :

15 20 25 Rio wherein Rl,- R2, R3, R4, R5, R6, R7, R8, R anqgﬁaar§§%04 -

i ndependently selected fromthe group consisting of H Cl to ,8 al kyl ,

cycloal kyl, trialkylsilyl, triarylsilyl, halogen, nitrite,

per fl uoroal kyl , - SO2R11 0 SO2NR212,- acetal, ke di al kyl am no, or

di aryl am no, - OR'", ’ ’Vrein R11 is Cl1 to C18

al kyl, cycl oal kyl .. substi t ut ed RW2, - C(O) NR12R13,

-0-C(OR12, NR12-C(§ erein Rig and R13 ¥ J-pendently sel ected

from 4 19 March 2004 gr oup consi sting of o C18 ' al kyl,

cycl oal kyl, aryl, or- i ed aryl; whergfn po%itions other than Rl
i‘gs may al so substiYuted with C1L to C18

K?Isily P 187 silyl, hajegens nitrile, .

acet g, ketal, % dial kyl alfrmo? diarylamino, -OR", -

|, Pwherein RO an@ R10 arfe i ndependently sel ected

' cl oal kyl, aryl, or
(2 through X5 are in ddent |y selected fromthe

al kyl, cycloal kyl, t{
perfluoroal kyl, sulfo

- -C2R'; R CNR', or ‘
fromthe group consi st
substituted aryl; %
group consisting o

In other embodiments of the invention a ligand of the structure of Formula
1I-A may be substituted for the ligand of Formula I, and in those embodiments an
aromatic ring carbon in the ortho position to an O bonded to a P may be bonded
5  through (Z")n' to another aromatic ring carbon in the ortho position to the other O

bonded to the P;
wherein Z' is independently
. R17
: 1R:'IB

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

- the two aromatic ring hydrogens.

Formula I-B ‘



~wherein Y is independently selected fromthe group consisting of H -aryl,
CR14 1, wherein R14 is H, Cl1-G 8 al kyl, cycloal kyl, or aryl1,9|@I A%%p -
OR14, (CR142)n NR15, wherein R15 is selected fromthe group consi'st 3 of H,
~al kyl , WQalsEbkyl , aryl, -SQ2R', -SO2NR122, -COR16, wherrsiTAUS6RASRRE6 i s H,
Cl-C18 al kyl, -aryl or perfluoroal kyl; and Z is selected fromthe group
consisting of (CR142)n _oR=N V\/nere'?n n=0-3; and BiA~~s, defined as above.
25 Formula I-A 5 19 Marfch 200X Xfher e ' f\he invention a

| i gand of the structurg
of Formula I, and in tf ypodi nents an aromat iy gs/carbon in the ortho
position to an O bonded Ns R may be bonded 5 tk g (Z')n' to anot her
aromatic ring carbon in tfhe ortkg position tO(R e other O bonded to the P;

wherein Z' is independe %i}l X, R18 apd eg€h of R" and R $ are
he gr {l'ctﬂiisting of H C, to Cerr]
'tuted aryl ,NR' is either :one or zero;

I ndependent |y sel ected

al kyl, cycloal kyl, aryl, Yor sub
and wherein it is understiood that nl = 0 represents a bond replacing the
two aromatic ring hydroge Pormula 1-B 6 19 Ma 4 '

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
- R17
i1 8
10 and each of R" and R are independently selected from the group
R - consisting o H, 110 Cy , cycio , 1 /1, or substituted aryl, n’ is either
N | £H, C, to C,y alkyl, cycloalkyl, aryl, or substituted aryl, n' is eith

- One or Zero; and Awherein it is understood that n! = 0 represents a bond replacing
the two Aardﬂmatic ring hyd_rogehs.' h
' 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 ihvention also provides for a multidentate phosphite ligand having the
structure represented by the following Formula I1, 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 I n ot her enbodi nents of the inventi on a Iigand

of the structure of Fornula |-B may be substituted for the,$i

Formula |, and wherein an aromatic ring 5 carbon in the ortho p05|%|on to

an 0 bwodedisse a P may be bonded through (Z')n' to anotlcavusaoessasic ring
carbon in the ortho position to the other O bonded to the P; wherein Z' is
i ndependently R17 X18 10 and each of R' and R 8 are |ndependently sel ected
fromthe group consisting of H C, t Clﬁ 3kk cycl oal kyl, aryl, or
substltut ed aryl, n" is either one and wherein it is understood
that n' O represents d replacing 'the two ar
Furtherm)re i n enbodi nget t heX2nvent i o3uLi rmula |, Fornula
15 I-A or Fornula |-B, feither. fpne of the Y's may d with Zto forma
cyclic ether. The |nvt| on gl so provides for a Iti detate phosphite

| i gand having the strucQuLs
Formula Il-A or Formula I1-B which all lik eference characters have
t he sane neani ng, except as furtter 20 explicﬁy limted. 7 19 March 2004
WO 01/ 21580 Fornula Il PCT/ USO0/ 255¢ L

PYags)

t|c ri ng hydrogens.

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", -
10 SO,NR,", acetal, ketal, dialkylamino, or diarylamino, -OR', - )



wherein X is a divalent bridging group and is .selected fromthe group
consisting 5 of: wherein R , R, RB, R , RS, R6 , R7’1d§9|ac%80 nd R
are independently selected fromthe group consisting of H TC “5' 3 '
al kyl, cycloal kyl, trialkylsilyl, triarylsilyl, halogen, nitrile, _
perfluoroal kyl, -SOQ2R', 10 SOZNR2' 2, acetal, ketal, dialkylamno, or
di aryl am no, ' - ORo,Rr!S. ASNPayEh _ el RIR] _— 1) R,
wherein R' is ClL t6 C’ %ylf : ’c@ﬁ@% yIRflavg?r?ﬁ or}és:llj%’;?’istagv d aryl,
-C(OR12, -C (O ceoaiReBaryl,®r s@fstifed 2yl, ~CRYRTLO(B) BIRWérg.n R12 and R33
are i ndependent| le d xthe group congisting of H Cl to C18
~al kyl, cycl oal kyﬁ(oz[?w 'ﬁ]gr'é(é?@ub‘é’}(‘?r%ﬁt%da%ﬂﬁl -argundepsndenibsi ti ons ot her
than Rl through Be@B4 fbhEh hSGstld sOi-he A d wth ClL
o PR PRSI, Thlo P iie by 46

to C 8 alkyl, cycloal kyl, trralky ry nictrile,
per fluor®al kyl , sehstitused/aryl; adetein poditens|othed itk through R¥@dinahy | ami no, - OR',

-CO2R11, R CNR', or RCNOR' erein and. are, i ndependently sel ected

10 from the grouf RGeS H&y\gﬁ]soﬁr,e S&Es%e%}’%tﬁ;%?%,lg N#b oal kyl , “aryl, or

substituted aryl cyclbekal fiak 14, @a91sD1, BABedd HRARD ected fromthe
4 5%%'\(?' iy Ent ngﬁ’%’%

group consisting of : 1 i's independently se m t he group
.consi sting of H, Sefauyl, acptaly Betalpdiatisilamiro Adiprylaying, -OR '8 -0’ Reycl oal kyl |

|, (CR 42 42) n- NR in.n,li nber - , 0 d
g,r "a\r/\%er ei( n R 5) Fisamslg% %gﬁdelﬁ%r b%vnﬂ?rﬁlé’llg%ﬁwﬁgilgla%ﬁg‘%ﬂ%ﬁge“@% SFEE’?BE;YV,E% ar.]

10 from the group consisting of H, C to Cys alkyl, cycloalkyl, aryl, or
substituted aryl;
wherein X2 through X are independently selected from the group
consisting of :
w1
15 '
' .____.T___Yz
z

20 Y'isindependently selected from the group consisting of H, aryl,
CR';, wherein R™ is H, C;-Cy3 alkyl, cycloalkyl, or aryl, (CR'%) n—
C)Rl.",(-CRI"z)n-NR15 wherein n is a number between 0 and 3, A
wherein R" is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO;R'!, -SO,NR', -COR'® wherein R is H, C;~
25 Cis alkyl, cycloalkyl, aryl, or perfluoroalkyl;
Y’is independently selected from the group consisting of aryl,
CRI43, wherein R' is H, C;-Cy3 alkyl, cycloalkyl, or aryl, (CR”z)n-
OR", (CR)n-NR ' wherein n is a number between 0 and 3,
wherein R is selected from the group consisting of H, alkyi,
30 - cycloalkyl, aryl, -SO;RY, -SO,NR'%,, -COR' wherein R is H, C;-
' C;g alkyl, cycloalkyl, aryl, or perfluoroalkyl;
Z is selected from the group consisting of (CR'%,),-OR™ wherein n = 0-3 S

and wherein R is defined as above.

9



cycl oal kyl, aryl, -SO2R11, -SO2NR122, -COR16 wherein R16 is H Cl 25 C18 .
al kyl, cycloal kyl, aryl; or perfl uoroal kyl; Y2 is i ndepende{]\:}d{dg %§0§ ted
fromthe group consisting of aryl, CR143, wherein R14 is H € kyl ,
cycl oal kyl'; or aryl, (CR142)n- 0?14 (CR142) n- NR15 wherein n is a nunber -
between 0 and 3, . wherein RL5 is s?}% omthe group consisting of H,
al kyl, 30 cycl oal kyl, aryl, -SOZRl -COR16 wherein:R16 is H,
C, - a8 alkyl, cyclas r perf uoroal v Z i s selected fromthe
group consisting of }
defined as above. ¢ :
the invention a |idgapd of fft he structure of Fo rrula
for the |igand of FoRgul-6

ortho position to an 0 bondsqd to a P ma;;/b? pbonded\ t hrough (Z')n' to

anot her aromatic rind carbon N) the orth

") adepend
A epenyePH—yXP&-?—

dfro_m

the. P; wherein Z :Jaﬂch R'.and Rt8 are

i ndependently sel ect C to C, alkyl,.
cycl oal kyl, aryl, or f one or zero; and-
wherein it is undersj at n' = 0 represemNs hond repl acing the two
aromatic ring hydrod : '

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 toan O bonded to a P miay be bonded through (Z)n"

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

P;
wherein Z' is independently
R1 7
11'8
10 and each R and R*® are independently selected from the group consisting

of H, C, to Cyg 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

and wherein an gEgtic ring 5 ‘carbon in the .

osition\to the other 0 bonded to



.1 10 WO 01/21580 Fornul a 11-B 19 March 2004 PCTI USOQ 25548 I n ot her

enbodi nents of the invention a ligand of the structure of Eﬁ;&pﬂ .l -B may
be substituted for the ligand of Formula Il, and an aronati ?WﬁZPQ?bon
-in the B¥P3139sition to an 0 bonded to a P may be bondeRCTHSWESHS(Z)n' to

anot her aromatic ring carbon in the org@olHOﬁgéion to the other 0 bonded to
the P, wherein Z' is independently Rl MEHTS® 10 and each R' and R 8 are
i ndependent |y sel ected from{he group consisting : C, to C18 al kyl,
cycl oal kyl, aryl, or sulp Xii n' ig@.' 4" one\pr zero; and
wherein it is understoqd 0 represents & bond rigpl acing the two
aromati c ring hydrogenss hernore, in enbodi t he i nvention
uti.lizing Formula 11,. 15 mN.a |1 =A or Formul a 3
"be linked with Z to formpa cychN~ ether. The jppention also provides for
certain nultidentate phogphite | gands and cgtmal yst conpositions nmade
therefromuseful in the\yd#imdcyanat ipSl ef uni ¢ conpounds to produce
nonconj ugated acyclic nityiles a Nqui d phase 20 process for the
i sonerization of those ni{riles M noal kene |inear 11

€ither Y or Y2 may

N

In other embodiments of the invention a li gand of the structure of Formula

5 I-B may be substituted for the ligand of Formula Ii, and an aromatic ring carbon
in the ortho position to an O bonded to a P may be bonded through (Z")n' to |
" another aromatic ring carbon in the ortho position to the other O bonded to tﬁc P;

wherein Z' is independently

10 and each R" and R" are independently selected from the group consisting |
of H, C, to C,, alkyl, cycloalkyl, aryl, or substituted aryl, n' is either one or zero;
’ *-and wherein it is understood that n' = 0 represents a bond replacing the two
‘aromatic ring hydrogens . ' -
'Furthermore, in embodiments of the invention utilizing Formula II,
15  Formula II-A or Formula II-B, either Y' or Y2 may be linked with Z to form a
- cyclic ether,
The invention also provides for certain multidentate ph.osphite ligands and
catalyst compositions made therefrom useful in the hydrocyanation of diolefinic
g compounds to produce nonconjugated acyclic ﬁitriles as well as a liquid phase

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

11



19 March 2004 WO 01/21580 PCT/ US00/ 25548 nitriles. In particular, these

I ncl ude the Iigands of Formula Il, Formula Il-A and Forrrulfgéllqlﬁoépra
conmbi nation with nickel. The present invention further dea n
| npr oA 0p2B8kss for. the hydrocyanation of diolefins, - Bt adi ene,

d th 3 i t '
vent 1 on AlFUte i BRBige Pt i eliEgaat fpptulel Frf aeﬂ Jakbcyanat i on
of di ol ef i Nt IR intddgibiEEEn Wt nidieM s acid promoters. The nultidentate

phosphite ligands in these enbodi ments include the ligands of Forrmula I1I,
Fornmula 11-4 andITEqmrmhanimBnufmtha:mwé@sfbnampromdpkmless\/ﬁqeﬂ'@u n the

| ds have het t bst i t th 10 attached
ot Ehe or e Hy By et oot e s BPad e P he BhmeRgE ot o & hacntt on
may al sg pf&%b&@?&é@*cgkyéhuh@y' e frefind thvdRE6E urifer pRIVRELiIfMi 4y i n the

hydr ocyanat i on I ns such that no additional 1sonerization step is
required. Spqnovfeﬂcmbdeys for tte lp'ﬂawamauonmmolcﬁnwmm&e seedifopkeiisd process

- for the ud hase dro yanat i i ol and .i spner.i.za nof the .
resul ti ng 1 ot rﬁrg Rate %‘?Fﬁ?“eq g% ‘?‘F fﬁ‘é‘s‘a‘ﬁl“h% I acyclic
al i phati ¢_dylighidd of FBFA{IEHR ?Bh@ﬂﬁﬁﬁ'eﬁﬁ%ﬂdﬂl@ mmoanm wher ei-n

the process conprises con ct| ng the hydrocyanation and/or isonerization
in the presmidcd whierein ﬁmﬂfghlydsthavehmpnmtdm-annvammg suhistigrentsron-the Farhen ni ckel

and at |east o tidentate p hite and sel ed fromthe group
represdft e Q‘?dcﬂ‘% ?Igmlmﬂ ‘I°P°2 hfg‘ EE‘E"“E%) F P ®ove, in which
all like re Hﬁmﬁ JHEd ety irddef Ur t her
explicitly %?ngnﬁg%g@%a%@a%e no%fgﬁéonvenélbg?ﬂ Iy perrt%lor n%d

~cont i nuous| pydréayamationcfaiolefivastsuch that no hddisomal tisongeriiagbm Step i wquined.f i nal 37)

and/ or 4-nonoal kene Ilnear nitrites. Howeyer, the rqeesses, can be
conduct ed st epwi 2REC ifjcally, th¢ present invention provi esanlmpr ved process for

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
coﬁducting 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 continuousty from )
+ . hydrocyanation of the starting diolefin to the final 3- and/or 4-monoalkene linear )
o nitﬁles. Howevcr, 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 uscd as starting materials for the isomerization in

accordance with this invention.

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

" improved catalvst systems employing such ligands, and the use of such

12



25 nonconjugated acyclic nitriles resulting fromthe hydrocyanati on can be
I solated per se, prior.to isonerization. Furthernore, noncgnj t 4
acyclic nitriles prepared by any nethod can be used as starting nmaterials
for thav@eumssd zation in accordance with this inventioneciB0sdazizgsL ED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The invention provides for

certai n nmul mulsdentttephuispliphligands irg $rcSamply) hodndyaatiah wad/osyst ens enpl oyi ng
such ligands, and the use of such 12 19 March 2004 WD 01121580
PCT/ US00/ 25 ERBeRzrtn eaqtions Thesaptidentateinhasnhiteiligandsnf the inwenion and

hydr ocyanat | yé‘t"!.%@ﬁmse ?d}gﬁéﬁﬂ:@'h%nc?m'a%ﬁadm J?Pd’lsucL {%phosphlte

| i gands of the“Invention-a systens enproyi | Tgands have

a broad r angariais ot catabybic rédctiohOsuck a5 hodo foridy@stiohaindlnydy be stfilze@ns such
as hydr.of or Iatlon and .may be optim zed 5 for such reactions in accordance-

Wi th t he’ pr &ZsHeh ¥%9&W|%ﬂ°°°%°%&?@l%?m§%%‘§iﬂﬁp®ns useful in the

I nvention prefer ANl and and
a transition net gﬁwiﬁgﬁd&’%éir@ﬁg egﬁlllﬁéﬁ%ig%oouno&&usegy r}%Ft1l§)l-i5‘°’gands
described i of afmitidentate phosphife liganB.and b trankitién nadtdl. 11- B may be prepar ed by a
vari ety of net ho 10 known in the art. For exanple, dinethyl .

2, T- di hydr oxyl - Hﬂ?&bhﬁ@ﬂp&ﬁ@n@@d%‘ﬁ%fhﬁﬂﬂbﬁygmdéd@mh@é%repar ed

TR éﬁcf‘]"&}m B [ RCA: gl mbl e by bl LA 1

2,2 -et gl aamiousméaﬁ @bﬂatmﬁla,hﬂmﬂ.m QﬁﬂdeﬁfxﬁpﬁﬁeﬁnﬁFmﬁldhélg 30 Bull.
Chem . Soc,., Japn., 1989, 62, 3603; 3',5 5 -tetranet 2' - bi phenol can
be prepared d‘fﬁ“’&&f’éﬁﬁaﬁ WW@Q&COTQHQ@J 456 ChemgSoc) , 76,296 or in :

22 Al YT 9k AR O TR M s B N5, 586, O

pr epared accor ytothents
2 2’-ethy11dencbls(4 6-d1mcthylphenol) 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-5,5'-
dimethyl-1,1"-biphenylene can be prepared according to Phytochemistry, 1988, 27,
3008; and 3,3’-dimethyl-2,2’-dihydroxydiphenylmethane can be prepared
according to Synthesis, 1981, 2, 143. 3,3°,5,5°,6 6’-Hexamethyl—2 ,2’-biphenol can
be prepared according to JP 85-216749.
20 Acetal substituted salicylaldehydes can be prepared by those skilled in the

art. For example, an acetal can be prepared by refluxing a glycol with
salicylaldehyde in the presence of oxalic acid catalyst. For references for
preparing acetals by the acid catalyzed reaction of an aldehyde and an alcohol, see
Tetrahedron, 1996, 14599, Tet. Lett., 1989, i609; 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, phosphorochioridites of 1-naphthols can be prepared

in situ from PCi;3 and 1-naphthols in the presence of a base like triethylamine.
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3008; and 3, 3' -dinethyl-2,2"-di hydroxydi phenyl net hane can be prepared
according to Synthesis, 1981, 2, 143. rch 20
3,3,5,5,6,6"'-Hexanet hyl -2, 2' - bi phenol can be prepared accora H& Pé JP

85- 216xédinedspAcet al_ substituted salicyl al dehydes can beciphspassgs by those

skilled in the art. For exarrple an acetal can be prepared by refluxing a
gl ycol w t hAngttet pidcasshonp@pariny the PhesphdcRIofodde c@iﬁ?hkéé etk 8f al yst. For

references for pre arln acetals by the acid cat zed reaction of an
al dehyde and-Mreialky orarpiditglvath BEl. CROMe)4 eerr@rcpatedtm., 1989,

or epar ed. ;2%9%%%%%%% Nirgors 2 184,375, Tu 28! PispRbtafpiindl dented N O¢
Phosphor ochfrefi élitsGtud/piRAcRMERAb&A prdpated/ Mih@ihis gﬂacemmms&;&mnl n the.

art, for exanple, see descriptions in Polyner, 92, 33, 161; Inorganic
Synt hesi%, E@B@ODQ%EHGQJUES Patent dlop6821378nor g. Allg Chem, 1986, 535,

221. 30 Wth ort orochl Ldite n, be
"~ prepared in situ cbﬁgé j‘ﬂﬁ%ﬁ‘i&%ﬁg@r %%F‘Ebéﬂﬁ’gdrdl tes of
1- napht hol s rwhﬁammaﬁaad Stnpburd %Fé?c@hﬁl@lﬁsdth%m&@éx%ddﬂ the
presence of al‘i;ﬂlbase like tri e%lhglcambge < March 2004 WO 01121%80

'PCT/ US00/ 25548 PatentiNe. 5236dd3sa bld:ntptemhgsnﬁny ligagd ghaldgnat which san be

conprises tre NN- di,al di a hosphoram dite with HCl .
“d P( W) 2 H%?lﬁ?ﬁﬁpﬁfaﬁmdwﬁﬁﬁﬁ@ S, see 2. Naturforsch, 1972, 278,

1429. Ppwsphor ociligp pm? ﬁg: ﬁwahiaﬁﬁerw&%ummmg&% been
prepared using thIS procedure as deéescri bed 5 commonly assigned U. S.
Patent No. fasBPdarGhiSprepared by bintilar mpthdds, sdthsasdhtsadmdbé&rHaECC L.wherein
Ar is a subfj duﬁd “)
avl Carreaux, F., Carboni, B. and Sauleaw, A., Tetrahedron Lett., 1997,

38, 5153-5156, and Gisin, B.F. Helv. Chim. Acta 1973, 56, 1476-1482.

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 1, I-A, I-B, II, 1I-

25 A, and I1-B and a transition metal. In embodiments of the invéntion, catalyst
compositions useful for processes such as hydroformylation may have Group VIIl
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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~aryl, with a divalent bridging conmpound, for exanple by the nethod
described in U S Patent No. 5,235,113, a bidentate phOSphIigt,ﬁ Ih%%ﬁg S
obt ai ned which can be used in the process according to the™ FERE6R. 10

. Bi s( phwspbirisgo | i gands supported on pol ynmer resins such @spiYsjefkiqge! d' s
resin can be prepared by simlar nethods, such as those described in Hetet,
C. L., DaviBtambles ofsiitabiGroup. VIIGaeR® 8bmpBunddact, Fatdxaaple, Ru,(CORL,r ahedron
Lett., 1997, 38, 5153-5156, and Gsin, B.F. Helv. Chim Acta 1973,

56, 1476- 148 Rut¥RtRe{rlsPhiFdn Rukacar),miay(CD,,alt§Oys, Rhdi, Rh@NOpt Ri(Odepabl e of

bt o1 gaOuRALIEDS, AL BTN rithfBar ol vt 1 £ Feacti on

or take an mm{(ee))mgp)gi[ah(mc)gg%g?aﬁa RECROOD), TohERT: “ARY” Rlant he

transition metals nmay be considel in this regard. The preferred netals
are those caffiylrcstorsteoup: \PAE” isfantacetybardupiiCOPEl$ h5-cyhlocipdieher r ed

nmetal s for i[>0 on..anefhodi u copal t, .iridium. rut ium 20
- pal | adi.um a%&]pﬁltgl%%%#iggo%r)'e#%’ﬁegar’ﬁ%ﬁ@%&‘“‘?@%@&ﬁﬁ?‘? and/ or
I soneri zat i efetdicompbuidslare oiRkEssadRdimRbd @the BbovaNked oilouhds. eTREC al | y

preferred” for hydrocyanation. The catal yst conpositions of the inventi.on
are conpri s&fogr VI meal 43 prsfrsablyrghaditn tRhodiysh oemphéounds thay gnotaic cor di ng t o

f o | - 1- =B, .l | 1- A dLIl-B d t it
ot al 1 o BB OeH ea B8 dibpifed iy this Foulieriies BB PERHETE ot ul £ or
process#s suelrcass Mpdivel. CEAmpFIE: ONsUdR préfenEd Qi&&i&n\ébhﬁ\gguﬁ&”a}@%?éowm as

can be prepared or generated according to techniques I'T known Tn%he art,

as descri beépcetydacetopaieh Rh(CAN(CHIBBCHCO-E,HYI, RE,D, SRE (COM, RE(@O)RE,. Chem
Spc., 1993, Ex e such |table Goup,VIIl 30 netals are
¥ ut heni um ﬁ@?é@?@hﬁ‘@@f%ﬂ‘wgﬁ' i SwRROfted g £ArbOR®MAYo UNds ar e
hydri des, hajsbtﬁe%sed)ihgg@ir@spg&i,d salts, acetylacetonates, inorganic acid

salts; oxides, carbonyl conpounds and am ne conpounds of these netals.
o 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-C¢H4CH3)3} 2(CoHy), 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 Yis
halide, carboxylate, or acetylacetonate. Suitabie reducing agents i;:clude metal

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



14 19 March 2004 WO 01/21580 PCT/ US00/ 25548 Exanpl es of suitable Goup VIII_

nmetal conpounds are, for exanple, Ru3(CO 12, Ru(N03)2, R R
Ru(aeac) 3, 1r4(CO 12, 1r S™, RhC 3, Rh(N03)31 Rh((CAc) 3, UC@&E'Q?‘QOE"‘

Rh( ac¥) ¢1@B588 [ Rh( OAc) (COD)] 21 Rh4(CO) 121 Rh6(CO)161 W@@??ﬁﬂmpﬁl
[Rh(OAc)(CO)Z]Z and [ RhC ( ]2 (wherein "acac" is an 5 acetall acetonate
group; "OA#ne ﬂtsleaéhm&‘cﬁaﬁ the elg ifr sgidrnorganic o orgapomgalisgrEweund Bng " ph" i s

a phenyl 0 \Yi nmet al
conpounds 5§§%oﬁaﬁecessar |’P§%%§8&to’% e abo m%%d“@%r#ﬁlghlﬁds The

G oup VIII caﬁsaj zih§ bofd, alunkihiym| Pebriird [ Brirdohiveh, wiobieaclyBdedunat cont ai n
| i gands whi ch can be di splaced by the nultidentate Ehosphl tes are a

preferred tadmbuwngheninmandding FxamplgsinelydefnBie Anlyy £ntloy 285@Phodi um

nobs1 T LR e bRGSS IS AT Rl bne BRERRECH AR 0

Rhodi um s UNRCL(EHFY) TECY bpim:lm'n(olﬁxqg,bﬂn@@escmg, Aldls (Cgﬂpgmmzl\h ckel

conmpounds can be R epar ed enerated according to techniques 15 well

known in tKesHi1): (!@s@nﬁo)e ICE, 8h2 A AIC]:, ReGls ZrOky .¥Cgs, 217;

2520 150 GiehSudl VoI e T A e s S PPy et

whi ch can Bge 1? ngiraegd Mmblbeaxﬁﬁmbﬁ&m@ae@nbwﬁmdsamempreferred
e

source of nic such preferred zero-val ent nickel ounds are

Ni ( CODj@ (@396.%1726,4_9,6318mdo@27wbn'El;esanu:lude(mwté b¢ c2Hg) ,
bot h of whi ar Wn nthe Altern I a t AN

conpounds z’ﬁ@%c%@ﬁn%‘bd OW’P?‘PJ ig fampaYn g@r\‘g‘ %ﬁ)ﬁg? \}gg O3SEF%iurce of
ni ckel in tihg HiBAGHRIR ishH AIRYI 6t aryl group). U.S. Patent 4,874,884 describes how D)

synergistic combinations of promoters can be chosen to increase the catalytic

QO

~ activity of the catalyst system. Preferred promoters include CdClz, FeCl,, ZnCly,
15 B(CgHs)3, and (CgHs)3SnX, where X = CF350s3, CH3C(5HSSO3, or (CgHs)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,whicf; 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

lneani_ng. _
_ . _ _ catalyst
- 2 composition
CHy—(CHp);-CH=CH—(CH,)zR — > NC—{CHa)yuyes—R™
o © - ] .+ . promoter, o
HCN
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~dival ent nickel conmpounds include conpounds of the formula N Y2 where Y is
hal i de, carboxyl ate, or acetyl acetonate. Suitable reducing @qﬁ ﬁ Q&I ude
nmetal 25 borohydrides, netal al um num hydrides, netal alkyl 29

. Na, or wqeo121B8genent al ni ckel, preferably nickel powder, pmﬂygng@ggagned W|th
a hal ogenated catalyst; as described in U S. Patent 3,903,120, is also a
sui tabl e source d:fon.wtaﬂl val ent ni ckel. Dependi ng upon t hiéordedd IVed reaction
to be performed, the catal yst 30 corrp05|t|on of this invention may al so

i ncl ude the presence of one or nor eﬁﬁ%ﬂ&m d pronoters, which affect
both the actdmi-ty ziectlw t al t tem__Thespr onot er
may be an mo'%?anﬁ?aorégtganonet al i oﬁm{ppund in h?‘%fi'?)rg? Marth 2004
WD 01/21580 PCT/.US00/25548.the.at | eagjcqne of the eI ements of said :
I norgani c or or gﬂ._norre a,gl ic conpound is selected fromscandium_titanium
vanadi um chroni rﬂ"nﬁkfh anese, iron, cobalt, copper, zi normds¥h,
~aluminum  ytdgdedd  zi rconi um ni obi um nol ybdenum cadm um ¥heni um and
tin. Exanples include ZnBr2, zZnl2, ZnCl2, ZnSO4, 5 CuCl2, CuCi, :

Cu( OBSCF3) 2, CoCR22 i{H| N, Bﬂgze,ﬂﬁe@z:ﬁlumw FeCl2(THF) 2, Ti C14( THF)2
TiCl4, Tid3,.CTi go Pr)3, MhCl2,-ScCl3, AlIC13, (C8HL7)AlC12, '
(C$H17} 2A1CL, (idd=en E%Oéptoli’RQAl €1, PhAl1Cl2, ReCl5, ZrCl4, NbCl5, VC13

CrCl12, MoCl15, YC ) ( nC13, '
B(CB1E) 3, Ta0l 5, ﬂ%ﬁt e 8812 e RSH) dop URERNSIACLS o
110 3, 4965217 3, 4&6331x&egam140124vhe35821smﬁ§@d ncl udenetal salts (such as
ZnCl2, (€012, and,.SnC.2), and organonetallic conpounds (such as RALCI 2,
R3SnBSCF3, and? BSC\I\A‘FépezﬂlesoaﬁYbl kyl or aryl group). U S. Patent

3 {]874 884 descri bes how synergistic conbl nat i ons of prormt ers can be
chosen to increase the catal ytic

‘The nonconjugated acyclic, ahphauc, monoethylenically unsaturated

starting materials useful in this invention include unsaturated organic compounds
10 con_t_ainihg from 2 to approximately 30 Vcarbon atoms. Suitable unsaturated
compounds include unsubstituted hydrocarbons as well as hydrocarbons
. s@bsﬁtuted :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 dieth_ylenically 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,), where zis 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 lmear 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 CzFpz+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 weigh. of the monoethylenically unsaturated compound may be present in
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activity of the catalyst system Preferred pronoters include CdCl 2, Fed 2,
Znd 2, 15 B(C6H5)3, and (C6H5)3SnX, where X = CF3SC3, CH3 200
(C6H5) 3BCN. The nole ratio of pronmoter to nickel present in the reaction

can beygioifisee t he range of about 1: 16 to about SO0:1. HYOROSHMMNSE ON OF
MONOOLEFI NIl C COVPOUNDS The present invention provides for a process of

~hydrocyanat jon, 20.conprisi,ng reacti unsatur at.ed ¢ damith a
source of htb‘a ?‘ifﬁ’e?f%‘ipg'ﬁ‘]ga d ‘%‘i“?ﬁ'@f"ﬁﬁggglﬁﬁ%ayo‘ﬁdérg&ﬁygﬂcg%%%ﬁoﬁswlrt ion
conpri si Ng &ainpd) Whieh ShefiRhénitrfle a8 ths thidcAINO% 6P weighi thdrébf madba Lew s
acid conpound, and at l'east one |igand selected _frpnjtheg?roup represent ed
by for mul ae2-penténenitrile. (Bs us¢d herdin, the term Tpeptemepitiic? in intdnded W bg/| eni cal | y

unsat ur at ed. ,conppunds whi ane useful in 25 the hydrocyanation process of
this inventwﬁp[gr@qgsmﬂg‘mﬁnq: rmulae 111 or V, and the corresponding

term nals nitril ergoOprerned produedabeR il AlkhhiitiddsCind dianodlRAened, or VI,

respectively, wherein |like reference characters have sane neaning.

cat al yst  climgeoaliphatin c@Hgest@sind operiioroatiapl) prophomtrile. Nost pefayed v 3 R22
Py er”  proditt e aliponithife, iyt S-eyanovAletate, il (5 | SERLCHBRE wilefd 21! 2V
is1to 12. : - ' '
| The present hy&rocyanation process may be carried out, for example, by
10  charging a reactor with the reactants, catalyst compoéitiOD, 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 liqu'id or as )
a vapor to the reaction. Another suitable teé‘hﬁique is to charge the reactor with
the catalyst and the solvent to bé used, and feed both the unsaturated compound
15  and the HCN slowly to the reaction mixture. The molar ratic 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 orina
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 ‘-t’empera;ture 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
miay itself serve as the solvent. - _ B ‘
The exact temperature is dependeént 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 i

and hence pressures of from about 0.05 to 10 atmospheres (50.6 to 1013 kPa) are
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conposition pronoter, HCN 19 March 2004 PCT/ US00/ 25548 Formula IV NC-(C

H2) X+2 R22 Formula VI wherein R22 is H, CN, CO2R23, or per Mg,rcﬂi?ob&; y

is an integer of 0 to 12; x is an integer of 0 to 12 when 2 1s H, 2R23
.or perfiwg@iekky!l; _S xis an integer of 1 to. 12 when R| ' ; and R23

is C1to Cl2 alkyl, or aryl. The nonconjugated acycli cﬁgllrfllj%dtq?f% _
monoet hyl enipeeferead. UHighéry: abds, upt 81101000 Mt rh@t Scanbefudld, lif\ddsttkd Hupvention

i ncl ude unsaturated organi c conpounds 10 containing from2 to approxi mately
30 carbon a@BYrbenefigthetmiay be abtaingd shercby wonisdoprobably netljustify shesinoensadut ed

hydr ocar bon | as..hydrocarbons substituted with groups which do not

attack the %g?}ﬁ%{‘{wg@gﬂ*as cyano. Exanples of these nonoethylenically
unsat urated conp@ICNigad wihud&@afwh%ﬂ%ac_t%%wwﬁﬁ& or ii'lqau'?dl.&%‘sm 2- pent ene,
2-hexene, etc., nonconjugated diethylenically uhsaturated 15 conpounds such
~as all ené, slieraative, 8 eyano ydroueanbesuseth asitheBopmetof BETN .t Bed, dor example,

4- pent eneni tf &l et ent - 3-enoate; and ethylenically unsaturated
conmpounds tﬁ%uﬁ%""‘gg;‘s?ﬁ% ‘oal Kyl substituents such as, for exanple,
CZF2Z+1, where ZThe piessioftids fveRfiot'R éaﬂi&pout_mﬁlcgﬂ?éﬂﬁé@é@ &t gt Ahdr¥
unsat urated_conpounds nmay also be. :.conjugated to an ester group such.as
met hyl pent L2wésasid promoters which affect bath the activity and the selectivity of the

catalyst system. The promoter may be an inorganic or organometaliic compound

10 in which the in which the at least one of the elements of said inorganic or

| organometallic éompound is selected from scandium, titanjum, vanadium,

g ) chromium, manganese, iron, cobalt, copper, zinc, boron, aluminum, yttrium,
zirconium, niobium, molybdenum, cadmium, rhenium and tin. Examples include
ZnBr3, Znly, ZnCly, ZnS0O4, CuCls, CuCl, Cu(03SCF3),, CoCla, Coly, Fels,

15 FeCls, FeCl,, FeClp(THF);, TiCls(THF)3, TiCly, TiCl3, C1Ti(OiPr)3, MnCl,
8cCls, AlCl3, (CgH7)AICI,, (CgH17),AICH, (is0-C4Hg)AICI, PhsAICL, PhAIC,,
ReCls, ZrCly, NbCls, VCl3, CrCly, MoCls, YCl3, CdClp, LaCl3, E{O3SCF3);,
Yb(02CCF3)3, SmCl3, B(CgHs)s, TaCls. Suitable promoters are further
described in U.S. Patents 3,496,217; 3,496,218; and 4,774,353. These include

20  metal salts (such as ZnCly, Coly, and SnCly), and organometallic compounds
(such as RAIC],, R3Sn03SCF3, and R3B, where R is an alkyl or aryl group). U.S.

o 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 CdCl, FeCly, ZnCly, B(CgHs)3, and (CeHs)3SnX, where X =

25  CF3SO3, CH3CgHsS03, or (CgHs)3BCN. The mole ratio of promoter to nickel

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

HYDROCYANATION WITH SUBSEQUENT ISOMERIZATION
The present invention also provides for a process for the hydrocyanation of
30  diolefins, which comprises reacting 4 diolefin with a source of hydrogen cyanide
in the presence of a éatalyst composition comprising a transition metal selected h

from Ni, Co, and Pd, and at least one ligand selected from the group represented
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20 Preferred are nonconjugated |inear al kenes, nonconjugated |linear allene-
nitrites, nonconjugated |inear al kenoates, |inear aik-2-en @t@s %04

per fl uoroal kyl ethylenes. Mst preferred substrates includ

4- pentvedeneises | e, alkyl 2-, 3-, and 4-pentenoates, andPCIFHPR5H4ECH=CH2
(where z is 1 to 12). 3- Pentenenitrile and 4- pentenenltrlle are espeC|aIIy
pref erred. b&sFta'leSIIpHa*k,tord&IB rmtdnemonymnvmon@wmodq&fgm ex@c@@f@n i C

al i phati-c noet hyl en| C saturated.c nds are e accordance
with this e i gﬁ%%af’mf CRSPITIfes, ;]:'E‘e‘iffm?'}?&“‘ﬁﬂ B‘é‘t‘%@%ni cally
unsat ur at ey f&%&%f@%@ﬁﬁ%ﬁ odébxﬁinslnggaﬁ%s@ﬂfbn%g% SMRCRY/ 2R 80

PCT/ US00/ 25548 the form of” a conjugated i1soner, which itself Iy under go

hydrocyanatlﬂmﬂ?o Ende,ardrqiigpdmﬂeﬂe&ﬁpmﬁelgmuptmptb&m@h}sﬁmn% much as 10%
by wei ght ereofI gay be 2-pentenenitrile. (As used herein, the term
"pent enéeni t & I-B-7 nt ended to be identical with ' cyanobutene"). 5 The
preferred productfe dofefins WSl A ifAHEBh hichdprinkdr} BsnjkAKPEBRERY | enes,

| i near aliphatic cyanoesters, and 3-(perfluoroal kyl) prfopionitrile. Most
preferred q@ntiiogdrem é tadod pa:rbbn atolmes; farl exginple, ¢pvtadidne(BD) andipid ' CZF2z+i

CH2CH2CN, V\:h to 12 T I esent, drQcyanati on pcess nay be
carri ed out2® m&%hﬁpéh BE@H%? b?SR@ClQR%I %ﬁ%’?‘ﬁ ’E‘ﬁtt?eactan%/s

. cat al yst

catalys Coeggggefcs WO %}] mmddchoaayadlﬁy&uné ebﬁ{ee%yablé&memr ogen

cyanide is xture o ot her conponents of the
reacti de. I—igldiudgdmleﬁmrmummmyl vith ghelips/whicl damotd¢actvitel thercatadyst,fovapor to
the reaction. other swtablet .hni que is to charge the reactor with the
cat al yst and HECRIBYE®Sand feed both the unsaturated conpound

.The-followmg formulas VI and VIII illustrate suitable representative S

starting diolefinic compounds; and formulas IX, X, and XI represent the products
obtained from 1,3-butadiene and HCN.

CH=CH—CH=CH, ' RA—CH=CH—CH=CH—R?%®

Vi . ' - VI
- 1,3-butadiene

15  wherein each one of R24 and R25, independently, is H or a Cy to C3 alkyl..

| "H;,C--—'CH=CH—CH2—CN CH,=CH—CH,~CH,~CN CH2=CH—TH—CH3
S o _ CN S
P ' IX S X X1 i
3PN B 4PN ' " 2M3

It will be recognized that Compound VII is a special case of formula VIIL,
 where each one of R24 and R25 is hydrogen. In formulas IX, X, and X1, 3PN is 3-
pentenenitrile, 4PN is #péntenehitrile, and 2M3 is 2-methyl-3-butenenitrile.
A In the practice of the hydrocyanation of the diolefin in a.ccordance with the
20 rrpre_sent iﬁvention, thc following descﬁption applies:
The hydrbcyanation 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 corapound and the catalyst. Generally, such solvents are
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15 and the HCN slowy to the reaction mixture. The nolar ratio of
unsaturated conpound to catalyst can be varied from aboute g’ﬂ% cbcboggout

2000: 1.

Preferably, the reaction nmediumis agitated, for

~stirriWgoinisshaki ng. The reaction product can be recoveceassy2ssemvent i onal
techni ques such as, for exanple, by distillation. The reaction may be run
ei t her * bat diydraoartems sucheas beédzanentylens) of nitfiles Qich ad beetdnigilebearaiiiride) reacti on

can be carri eaﬁ, out with or without a solvent. The solvent, if used,

be liquid £ 3dRon} tion' tenperature and pressure and inert towards the

unsat ur at ed conpﬁﬁé]gm | l.e V. i ude
hydr ocar bons, suc aséggﬁl ene-gﬁ)ﬁ?éﬁeﬁgnﬁﬂﬁﬁcﬁ&g&bﬁgﬁq&é acetonitrile
25 or benzggniridilarecatalyst BEIfR uSals €fe, patticulaibsdcuafdedmpotmbbity hseduad

hydrocyanated may itself serve as the sol vent.

shoul d

The exact tenperature is

dependeft ttBe desitedmaten Goneraly. tempemaaresefiframy|-35°C 2087 stanibsiused used, t he

particul ar s ' d the desired rate. Normally,
t enper at ures oﬁﬁ%gz@?g%%g?g%e@%g d, the 30 range of 0C to 150C
bei ng pref err ed. TH actiunahaE béRASd 68 byschafpingsd Rator Withall of@ie Yi.ng out the
pr esent

(50. 6 to 10reactupspr preferally the mcegtenis shargedwith thecatalyst pogataigsto/ 25548

preferred.

I nvention and hence pressures of fromabout 0.05 to 10 at nospheres

i f

' r o] re. cam.be used,
st red. o bt 8 Pitaiacl Bolodit, 3P bl iy REy ciiicBs B babi y ot
j usti f yot hahemsweRDer the eaifadiof Brcla@itmixhee 6r bt doBbURR shidt r oduced to
the reaction as a vapor _or liquid. As an

15

.20

i

25

30

reaction mixture. If desi;gd, when using a gaseous unsaturated organic
bémpc;un&, the hydrogen éyamdc 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

a batch operation. In a continuous operation, such as when using a fixed bed

_ c.ataljrs:t type of b‘peratiqn, a higher proportioh of catalyst may be used such as 5:1

to 100,000:1, preferably 100:1 to 5,000:1, HCN to catalyst.
o Préférébiy, the reaction mixture is_a.‘gitatéd,r such as by stirring or shaking.

The cyanated product can be recovered by conventional techniques such as _
crystaﬂizatibh 'of the product from solution or by distillation.

_ Oﬁc can either isolaté the 2-alkyl-3-monoalkenenitriles produced by the
hydrocyanation of the diolefin or proceed with the isomerization under simi.lar
.reaétiori condxtlons _ .

| The 2-al_kjl-3-inonoalkchcnit:iles used as the starfing materials in the
isomeri;aﬁdh of thls invention can result from the'hydrocyanatidn of diolefin
déééribf_:d above or can come ﬁ'om anjr othéi' .évail-a‘blc source. Suitable starting
2¥alkyl-3-monoalkeneniu-iles can also carry groups wﬁich do 'not‘ attack the
catalyst, for example, another cyano group. Preferably, the starting 2-alkyl-3¥
monoalkenenitriles contain from 5 to § carbon atoms, excluding any additional
substitution. 2-Methyl-3-butenenitrife (2M3) is especially hnpoﬁant in the
produétion of adiponitrile. Other representative nitriles_include 2-ethyl-3-
butenenitrile and 2-pr0pyl-3-butenenitﬁle.

21



5 alternative, a cyanohydrin can be used as the source of HCN. See, for
exanple, U S Patent 3,655,723. The process of this |nvent gqﬂ ﬁ @@I’I’I ed
out in the presence of one or nore Lew s acid pronoters whi AIgh280% bot h
t he asvoviszigsend the selectivity of the catal yst syst erRCIVHS00258480t er nay  _
be an inorganic or organonetallic conpound 10 in which the in which the at

| east one of thefiR! BIBWIE fSHimuldl R ARPXHANLSATE sWltBRRPREathiiee conpound is
sel ected from scandium Ttitanium vanadium chrom um manganese, iron,

cobal t, coptasting 24atky]-3hoenmalkeatnitriles nWhymﬂ!elS!immg zntnmsﬂumﬂlﬁl dbium
nol bdenu adm_u r heni um and t| n. | u 2, ZnCl2,
7S04, - CuCPHIETEEilS. b iSggepEaion mégg‘i“? 8%‘2 "’Pg"F e’ g

FeCl2(THF) 2, TiCl4(THF)2, Ti Cl4 T| C13, C1Ti(Q Pr)3, MC12, ScClS, AlC13;
(C8HL7) Al C12, (CgH17)2AICl, (iso-C4AH9)2AI O, Ph2AICl, PhAICl2, ReC15,
ZrCl4a, NbCl'5, V@H,=CHE:OH-MOEE5, YCL3, cma;.—,cHaea:H-—EMzeas%ﬁFs)s,

Yb( Q2CCF3) 3, SrrC13, B(C6H5) 3, TaCl5. Suitable pro ters are further
described in U S Patentgpg, 496,217, 3,496,218; angnd, 774, 353. These .

i nclude 20 netal salts (such as ZnCl2, Col2, and Sn 2) and organonetal lic
conpounds (such as RALRI2, R3Sn@SCF3, and R3KII where R is an al kyl or-
aryl group). U.S. Patent 4,874,884 déscribes how synergistic conbi natlons
of " pronot er¥MIER he chosen to increase the catalytic activity of the

cat al yst: sygt d romoters include CdCl2, FeCl2, ZnCl2,
B( C6Hb5) gdﬁg&ﬁﬁg e ere X = 25 CF3S(B8, CH3C6H5SCB, . or (C6H5) 3BCN.

The m)le rati o of prom)ter to nickel present in the reaction can be within
the range of about 1:16 to about 50:1. HYDROCYANATI ON- W UBS? ENT
| SOM ERI ZATfra\il’Pﬁéeﬁ?gel@%@a‘i Frrevla Xhlseﬁ e} erse o Formpla X, whae&F or 1 he £

hydrocyanat i ﬁ’ 8’% ' 30 diotefins, which conprises reacting a diolefin wtHh-
a source of ;5} ggen cyanide in the presence ofa catalyst conposition

conprising a trafhd iso@eriition Iprcﬁ-,ebse@ﬂthid invention can be carried out, for
exarnple at atmospheric pressure and at any temperature in the range of

10 10-200°C, preferably i in the range 60—150°C The pressure is not critical,

| however, and can be above or below atmosphenc pressure if desired. Any of the
conventional batch or contmuous 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 resietant material,' and is usually of

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

The process is usually carried out "neat" ie., without an added diluent or )
solvent; any soivent or diluent that is nondestructlve of the catalyst can be used. -

_ Sultable solvents mclude ahphatrc or aromatlc hydrocarbons (hexane,

20 cyclohexane benzene), ethers (drethyl ether tetrahydrofuran (THF), dioxane,
glycol dlmethy] ether, amsole), esters (ethyl acetate, methyl benzoate) mtnles
(acetomtnle benzomtnle) etc.

A nonoxrdrzmg envuonment is desirable in order to retard oxidative
deactivation of the catalyst. Accordmgly, an mert atmosphere e.g., mtrogen is

25 normally and preferably used, although air may be used if desired at the expense
of loss of a proportion of the catalyst through oxidation.
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fromN, Co, and Pd, and at |east one |igand selected fromthe group
represented 19 WO 01/ 21580 19 March 2004 PCT/ USOQ 25548 by é:@fg%'fo |l
[1-A or II-B. in aaaition, this invention provides for a p} 5 t he
| soner iwgdlyensPf branched monoal kenenitriles to |inear ?j}& g tri tes
in the presence of a catalyst corrp05|t|on conprising a ran5| iFon nmeta

sel ected from - and Pd, and a and selected. fromthe group
represented by %ermcq‘&lfqmplﬁx Fsles;‘!Fm’&f‘ YI“P“E’ latileewherspethe 2salk¥ledt in this

t 4 to 10
e O AP TE e OLAPTAES S S i

trans-2, 4- h@mﬂfp eAewrdiBglyaih pcvmtinsowssiiee pedceglurertkd edtalgst hyy beason of its
" commrer ci al orta[l?(agglec# the pr.oduction of adiponitrile. Qther suitable
di ol efins 1‘6’ POREAt Qyving %ﬂ@%éwml%ﬂymw -phase pRETAHO® At BBY not

deacti vat e gehg qg&g{e)ﬁghﬂ W{{Pg K 1?9? STt es. The
followngformﬁllas VIl a?] I11 Sg?raggtséls%% epr&é{ ?ﬁ%{;
starting ditelishifiied-ted ntate(asimilyamch obidruppert)liX.a cénventibnil flswippesent t he
products obta| ed froml 3-but adi ene and HCN. CHZ--CH--~Ci---CH2

R24- - CH=CH- VaPes-phasgiopgrationy) | v/ | | 1, 3- but adi ene 15 wherein each one of R24

R e R

governed by practical considerations. The time required for a practlcal level of

10 conversion of 2-alkyl-3-monoalkenenitrile t6 linear monoalkenenitrile is
dependent‘upon the temperature of reaction, i.e., operation at lower temperature
gé_':nerﬂly requires a lénger 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 partiéular conditions and method of operation.

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

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

20  percentages are by weight, unless otherwise indicated.

The following definitions are apphcab]e wherever the defined terms

N appear in th;s specification:

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

25  ortriple bonds. |

" 3PN: - 3-pentenenitrile
2PN: 2-pentenenitrile
4PN: 4-pentenenitrile
2M3: 2-methyl-3-butenenitrile

30 VN: valeronitrile
ESN: ethylsuccinonitrile - ”
MGN: 2-méthylglutaronitrile
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3PN 4PN - 2M3 It will be recognized that Compound VIl is a special case of
formula VIIl, where each one of R24 and R25 is hydrogen. Inlghggwa X, X'
and XI, 3PN is 3- pentenenitrile, 4PN is 4-pentenenitrile é

2~ rret‘hﬁlo;@rsbutenem trile. In the practice of the hydroegansnimesssof the
diolefin in accordance with the 20 present invention, the follow ng

descri pt i 6RVappHioaaylvaleeoddittile ocyanati on reaction can be carried out with or
wi t hout a_solvent. . _The solvent should be a liquid at the reaction

t enper at uM3 an&lqthﬁélr%ﬁm the wunsaturated conpound and the catal yst.
General ly [§ucI] %Bﬁ%ﬁ%ﬁé are 20 19 March 2004 WO 01/21580 PCT/ US00/ 25548
hydrocarbons sué enzene, xylene, or nitriles such as acetonitrile,
benzoni t ridoD: 1¢5-cycloguadiénid | €. The exact tenperature used is dependent, to
a certain_extent, on the particular catalyst being used, the particular
unsat ud at E&Ns o e ﬁ’@I‘BE‘F ng used and 5 the desired rate. Generally,

t enper at uRq .of ht) 4e00C, can be used with fromO0C to 150C, being
t he preferreﬁ ange. e reac ion may be carried out by charging a reactor
w th all aRk:heewdlgdedfarhs or preferably the reactor is charged with the
catal yst -or catal yst . conponents,. the unsaturated conpouhd, and sol vent..
Hydr ogen cyani de gas |s 10 then swepf over the surface of the reaction

e O o DR YoB O oStk €A Plhclfb LR fo by @52 diEflan then UI‘S" ng a

gaseous unsatu organi & corpoan ydrogen cy

unsat ypat geachibgaandiseMeEeAtivh reaMidas foll@es:t oget her into the react [ on medi um
" The nolar ratio of HCN to catal yst

'For step 1 hydrocyanation reactions the % useful pentenenitriles (PN’s) j

~ and the 3PN/2M3 ratio is reported. The product distribution is analyzed by gas -

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

15 the molar ratio of the sum of 3PN(cis and trans) and ?.MB _Vdivided by the amount
of HCN. The 3PN/2M3 ratio is the ratio of cis and trans 3PN to 2M3.

For isonterization reactions the 3PN/2M3 ratio is.reported and is defined
as above. | |
20 _
For step 2 hydrocyanation reactions the scteetivity to adiponitrile (ADN) is
ADN/(ESN + MGN + ADN). The 3PN and 4PN conversion is calculated using 2-

dinitriles (DN’s) based on the assumption that ali matcnal is accounted for is
25  calculated as (sum (mof DN’s)/sum (PN’s + BN’s + DN’s)). (BN’sare
© 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). h
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

24

ethoxyethylether (EEE) as an internal standard The total conversion of PN’s to | )



~generally is varied fromabout 10:1 to 100, 000:1, preferably 100:1 to
5,000: 1, for 15 a batch operation. In a continuous operati Ry sug%(}@? when

using a fixed bed catalyst type of operation, a higher pro:)éoM?ric

. cat al ywoormyase used such as 5:1 to 100, 000: 1, preferabl pci/OSuokssa 5, 000: 1,

HCN to catalyst. Preferably, the reaction mxture is agitated, such as by

sti-rring orreftvakiriodays T én epitabeehuiipedusith £ aohdefiser afdy BlegdlStayk sapvent i onal
t echni ques such af, 20 crystallization of the product from solution or by

di stil | ati dhters9elipg,the selytion wapwashed (with MaH Ry, anddistilieshwateradhhier ri | es

produced b ],pa/sdc{rgécay ' 0, ' i r pnroceed mith.the
i soneri zat ?éghﬂi&# er si mﬁngﬁg@a’c#éﬁg%%lﬁ%tﬁ%%ggpof#%&)&’ give 26 g of an
2- al kyl - 3- roffiohiti solidii Itwds@fysusieatddforh hexdnkar ting materials in the 25

~isonerization of this invention can result fromthe hydrocyanation of
di ol efi A described above or can come from any ot her avail abl e source.

Suitable starting 2-alkyl -3-nonoal .tyiles can also carry groups which
do not attack the -catalyst, for eéﬁ%ﬁ@%nother cyano group. Prefe_rabl_yz

the starting 2-al kyl -3- nonoal k@gfithesis of AsegOBt ai n from 5 to 8 carbon
atons, excluding_ any additional 30 substitution. 2-Methyl-3-butenenitrile

(2MB) i's especi atdlipYlaidrbdedadigs 20medh) ph.3woenanediob28 gi pOmol) ané. Ot her
b opyl - 3- Pie AL ;s 0 035m0l e St 3 00 R 3SR MR 158 25505 The
fol I'owitog ffor Stbas iXlanapgaritub equibped with @ coiMdnsdtsfd A TGRSk dapve starting
2-al kyl - 3-nonoal kenenitriles. Wen the starting nitrile is 2-nethyl-3- -
but eneni t r iAdger qopling sbaselution wenweshsd ithsNaHE O3 apd disdieshwates, ked thed '

: 4? pent eneni stomtio%'w. &n%vgr idig%d:B 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 cfystallized to give 108 g of an off-white solid.

Example3
_ 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 -toluen‘e (150 ml) were combined and heated to refiux

- for 2 daysin an apparétus equipped with a condenser and a Dean-Stark trap. After
cooling, the solution_ was washed with NaHCQO, and distilied 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 (122 g, 0.1 mol) and'-trimethylorthofom'zate (10.6 g,0.1
mol) were dissolved in dry MeOH (40 mL), and H,SO, (0.25 g) was added. The
30  Treaction was stirred for 2 days under nitrogen at room tcmperature. The reaction
was quenched by adding solid NaHCO, foliowed by Na,CO, until the mixture
became pH 9 or higher. The product was vacuum distilled (86.5 - 88 °C, 2 torr),

25



CN wherein CHCH-CH-CH2 R26 .1 CN. XI - XIl 5 RR6is Hor a C1 to C3
alkyl. It will be recognized that Fornula Xl is a special @S@ h ﬁrrmla
. XI'l, where R26 is hydrogen. The isonerization process of t VRt on
can b¥@a¥2i8y out, for exanple, at atnospheric pr essuﬂcéffﬁmﬂéﬁ“sany
tenperature in the range of 10 10-200C, preferably in the range 60-150C
The pressuand 3.98 gof matdnal was colleotsdver, and can be above or bel ow

at nospheric 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, ipxdnile8apor phase. The reactor nmay be of
any nechanically and chemcally resistant material, and is usually of 15
glass or an inert netal or ﬂwﬂﬂﬂlﬁcopper silver, gold,

Cotal 1 carr1 oot aRgEe  1PEU S hopt FabEoRiidl 425 G0 BRI Vent T any

sol vent orarfl d:ééﬁetacidfqeus igS5 ﬁﬁﬁsi?%fd&&domd% 14136neq@h M FindtRatdaao used.

Sui t abl e sol vents include aliphatic or.aronmatic hydrocarbons f(hexane 20

cycl ohexan@ﬂub@men@tmmmm@mqmmdm&lmondswram%/ aPshunStark trapiF) |

di oxane, coI h et her so e est et a et hyl.
benzoat e), ‘E qqlangs E@EB?%WF% ﬁ?@?b @%ﬂueac‘ﬁ%tﬁdm di zing
envi r onMenfnd the Q@lﬁkﬁ@@llﬁldn%rcﬁlﬁa o’ir& M@S@r.dAﬁéf fiR{aki¥®, hexane was

10 added until the product began to precipitate. 5.89 g of solid was collected.

. Example6 . o

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 fo a Dean-Starke trap and the mixture refluxed overnight. The
mixture was washed with aqueou;lsodium'bi(:arbonate 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¢Dy ,8): 7.9 (s, 1H), 7.17 (4, 2.6Hz, 1H), 7.08 (dd, J = 2.6, 8.7 Hz, 1H), 6.73 (4,
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. "HNMR (500 MHz, C.,D, ,8): 7.7 (s, 1H), 6.96 (d, 2.6Hz, 1H), 6.72
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deactivation of the catalyst. Accordingly, an inert atnosphere, e.g.,
nitrogen, is 25 normally and preferably used, although air’ dif
desired at the expense of |oss of a proportion of the cat él%?'%ﬁr#gggh
. oxi dat iWQ.01215809 March 2004 WO 01121580 PCTI USOQO 25548 Twer/osmlkeessgconpl ex
Is essentially nonvolatile, whereas the 2-al kyl -3- nonoal kenenitrile
react ant anﬂdc{ He 2-6-fa Hznbh) 81494 a8t 7HZ, d H)r 8T(s HHpre37 aha2) elop
vol atile. Accordi Vo | tinuous flow procedure the catalyst nmay be a
“conponent o?mt ?.g}’g?j(?vﬁmd?‘é@?ﬂ#. ﬂba conpl etely |iquid-phase operation, it
may 5 be in a nobile nonflowing liquid state in a sem vapor phase
operation, or it may be in a fixed-bed state (usually on a solid support)
in a conventional. flow ng vapor-phpggneie® ation. The tinme el enent in the
process is not critical, and mayg '@g’%e governed by practical ‘
considerations. The time requir ‘p‘r‘a@i cal level of 10 conversion of
2-al kyl - 3 nonoal ISelieylaitieliyde (240g,10.mal), Paircaky ke proganedie] (18.0 gapendent upon

the t t f. ' tion at | -t t .

general |y 1 BHULPERCATLE), pad Ghicng ko 35k S eombrascAgaseieddaper at r e, A

practi cal T el | | B W SeGQndset @ mny hours,

dependi ng on theﬁg%%ﬁﬂﬁgrgp%tggﬁwaﬁg{%‘%gg %fan §3§$%§%tﬂ&ti@The

mol ar rat i oAdfer 2ealingy the3ohmion abk eashedtwith NaHCO; 42 &1305hL) endiienad | y

greater than 1:% u ljlalrl3 in.the range fromabout 5:1 to 20, 000: 1,

preferably YHEr 30’('”2’ 5, %ﬁﬂlﬁt}‘”‘f‘@‘l‘s ‘H"%&W&h%%oﬁtﬂ‘hﬁéﬁb’%‘p‘ﬂ%t i on. The

I nvention w -' : . | ow Jdon.limtin exanpl es
"SpsAR B LS PR i Wb BB pbThad o1

Qf certai n enbodi ment erern a pr " and
E — - Example 9
- Synthesis of Ligand A
MeQ.
o
o _
e C b
) ;i ‘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 fo -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 stir_reci'ovcn:ﬁght. A mixture of Et,N (0.4
g, 4.0 mmol) and &memyl 2,2‘-dihydroxy-l,1Fbinaphthalene-B,3'-dicarboxylate
(0.8 g; 2.0 mmol) in toluene (15 fnL) was added to the phosphorochloridite
solution, and the mixture was stirred for 2 hours. The solution was filtered
‘15 through Celite®, and the sOlvent_waé rcmove::dutb give 2.0 g of product. *'P NMR
(CsDg): 8 132.6, other peaks at 146.3, 130.3, 130.7 ppm.
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20 percentages are by weight, unless otherw se indicated. The foll ow ng
definitions are applicable wherever the defined terns appe Mg%t%j a )
specification: The term "hydrocarbyl" designates a hydrocarbon I 8 | e

fr om who 6i12158me hydr ogen at om has been renoved. Such nolperaisew2s5481 cont ai n
single, double 25 or triple bonds. 3PN 3-pentenenitrile 2PN
2-pentenenitrile 4PN 4-pent enenié,{au e . 2-nmethyl -3-butenenitrile 30

VN val eronitrile ESN: "ethyl sugcinonl trjle - 2-nethylglutaronitrile 23
19 March 2004 WD 61/ 21580 5FVI\1;§J!§-£?—56? .*‘#&%ﬁi trile MP: nethyl ,
3-pentenoate BD:. 1, 3-butadieng COD: 1, 5-cyc}ooctadiene 5 Et3N:
triethylam ne PCl3: phosphorus | chloride /THF: tetrahydrofuran

- PCT/ US00/ 25548 The prot ocol for, certain reaction results. for.
hydrocyanati on 10 reactions ary (

Acetal A (1.33 g, 8.0 mmol) and PCl, (0.5 g, 4 mmol) were dissotved in _
5. toluene (40 mL) and the solution was cooled to -40 °C. Et,N (1.0 g, 10.0 mmol) F
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’-djmeihoxy-S,S’-dimethyl-2,2’-biphenol (0.55 g, 2.0 mmol)
i, in toluene (15 mL) was added to the phosphorochloridite solution, and the mixture
| 10 was stirred for 2 hours. The soiution was filtered through Celite®, and the solvent
was evaporated to give 1.8 g of product. P NMR (CD¢): 8 134.9, minor peaks
at 1454, 132.3_ ppm.

_ Example 11
15 Synthesis of Ligand C

O
Acetal A (1.33 g, 8.0 mmol) and PC}, (0.55 g, 4 mmol) were dissolved in

toluene (40 mL) and the solution was cooledto -40 °C. Et;N (1.0 g, 10.0 mmol)

28



For step 1 hydrocyanation reactions the % useful pentenenitriles (PN s)

and the 3PN2M3 ratio is reported. The product distri bUtionlgil\aal%Em%bﬁ%ed by
gas chromat ograph using valeronitrile as an internal standard. Yo

- usef ul WbK2158 15 the nolar ratio of the sum of 3PN(cis mAagydopadss and 2MB.
di vided by the amobunt of HCN. The 3PN 2M3 ratio is the ratio of cis and
trans 3PN intohide (Fbmli)soseididedtiopwiseasitit stirfiag! Mhe AMidMras fllowedits reported
and is defipﬂg@y as above. 20 For step 2 hydrocyanation reactions the

sel ectivity 2FMH 0 reqm tempespiuge then gvespight. MomirtusmfEL N4 3PN and

4PN conver gi ' i - QXY as an internal
st andar d. %hg'ot@gﬁ%%glﬁli}g{re g o%ﬁéélg&ﬁp’gg@g ~d fﬁ%%.ﬁ.%g,?a( %53 xﬁgtged on the
?sslunpt i 051 /(I.ﬂél'g, 20 mmat)dn 'tcdheﬂ&(lﬁmgi?wbdﬁddéd)fo thlei)ll)xé’é'phﬁﬂicﬁléﬁaft@d) as f} sum

no L S um (PNs + BNs + DN's)). (BN s are utenenitriles). The
conve% on stllﬁg‘é‘gl’ a5 themrrturewassreedder howrs.y The sefutiorewasntiliered conver si on of

PN's to DN ' Qe d IR i €. n DN nrol
PN Zt gt ar tﬂ)fr ? %F%&%‘F%rﬁg%ﬂé ar{e@v%g&ngngliégpgglﬂﬁmﬁ‘esrw Acet 2}) . A
Sal i cyl al dé@yuiy 61302, mindtGRakeal1)6.81 34 pp@. gl ycol (31 g, 500 mmol ),

oxalic acid (1.9, 11 nmmol ), and t-ol uene (150 nL) were conbined and heated"
to 24 19 March 2004 WO 01121580 PC /US00/ 25548 reflux for 3 days in an

appar at us equi pped with a cohdensegx%glegzDean- Stark trap. After cooling,
the solution was washed w th NaHCCE stilled water. The

10 - Synthesis of Ligand D

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 mumo!)
oy " intoluene (15 mL) was added dropwise with stirring. The reaction was allowed to
o 15 slowly warm to room temperature then stirred overnight. A mixture of EuN (0.4
£, 4.0 mmol) and 3,3’,5;5’-tetramé_thyl-Z,Z"-biphenol (0.48 g, 2.0 mmol) in
toluene (15 mL) was added to the phosphorochloridite solution, and the mixture
was stirred for 2 houi's. The solution was filtered through Celite®, and the solvent
was evaporated to give 1.3 g of white sticky solid. P NMR (C,D,): & 135.2,

20 other peaks at 142.7, 134.5 ppm.

29



solution was dried over MgSH4, and the sol vent was evaporated to give 26 ¢
of an off white solid. It was crystallized from hexane. Egﬁqph% ﬁ )
Synt hesis of Acetal B Salicyl al dehyde (244 g, 2.0 nol), - %6 8 I ol
(228 gvodfemssd), and oxalic acid (4.5 g, 0.05 nol) vverm:ﬁdmasw 400 mL
t ol uene ‘and heated to reflux 10 for 8 hours in an apparatus equi pped with
a condenser and a Dean-Stark trapExénpridcool ing, the solution was washed
with NaHCO3 and distilled water, and the solution was dried over MgSOH4.
The product precipitated when Synthesinefdiganddi being evaporated. The solid
was col | ected and di ssolved in hat _hexane., The solution was filtered

rany ‘ur&d by Johns Manville 15 Corp.),
8 g of an off-white solid. :
\ehyde (24 g, 0.2 mol), neopentyl
. ~11 mmol ), and toluene (150
™%s i n an apparatus equi pped
il ing, the solution was

Exampl e 3 Synthesis of Acetal
glycol (20.9 g, 0.2 nol), oxali
m.) were conbi ned and heaj#®

wi th a condenser and a Dep
washed wi th NaHCO3 and di $% on was dried over MpSMs
and the solvent was evapgahgd ite solid, which was
crystallized from hexane. theS| s of Acetal D

Sal'i cyl al dehyde (12.2 g, 0.1 )\ PR " Nor t hof ormate (10.6 g,.0.1
nol) were dissolved in dry SO4 (0.25 g) was added. The

Acetal D (336 mg, 2.0 mmol) and Et;N (1.0 g, 10.0 mmol) were dissolved
5 - intoluene (5 mL) and the solution was added dropwise to a stirred, -20 °C :“' )
solution of 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,D¢): 8131.7,
minor peaks at 146, 130.1 ppm.

Example 14
Svynthesis of Lipand F

15
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 triethylaminé
(4.88 gm, 48.3 mmol) dissolved in 150 mL of dry ether. After stirring overnight,

30



e e

30 reaction was stirred for 2 days under nitrogen at roomtenperature. The

‘reaction was quenched by adding solid NaHCO3 fol | owed by Nal%ﬁ%r H%@EA t he
m xture becane pH 9 or higher. The product was vacuum di stil §d .5 - 88

-C, 2 tovopy28880 WO 01121580 . , and 3.98 g of material wascEeidepsigd. 19
March 2004 PCT/ USOQ 25548 Exanple 5 Synthesis of Am no-Acetal E 5

Sal i cyl al dethedeefflabimoniuf). dhforitelshlidewardi vabias e land SadiOwit®alp nol ),

and oxalic acid (0,45 q, 5 nmol) were dissolved in toluene (50 nC) and
heated to F‘&FT@%‘B@E‘[& dhe combined gBen filirates weraieparotated totyielddmdenser and a

ROl - di sETT OBl (Bs s et SRR v Wson. -
After filtrshitosolidk3dgmyas PIOMRIAEDCI4N 14119 dan Pr oduct began to :

. precipitate. 5. 8%%% 1olf solid was collected. anple 6 Synthesis of Acetal
F A 300 f | ask 115 Shesphpmendig (O3 312molB0 mmol) was tissleskinidry kthkedehyde, 15

12. 409 .g ofspi , 30Q.4:0f ;oxalic aci nd 15 of .toluene. The
flask was gﬁrégfg%n%agégg-@f@%@ﬁofﬁeﬁd yﬁgogﬁpf Ade duxed ,
over ni ght . @ther (36imL 1r.6 Myawas/sidbe dropwise sVer 8 20 mifi@dipdfbPic@E Poaat e and the
organic layer was' dried over magnesiumsulfate. The solvent was renoved by

rotary evapSitd Riipsphosapiditesalution; dhoaesullinganixoe was citumedtarther yst al | i zed
T T gL e SR ok .
H), 7. 03 (ddgy ether (20 @L)3 The démbineltlethef filttatéswere evaporated to yield the '
_ ~ phosphorochloridite of acetal C, '[2-[5,5-(CH3)2-1,3-C3H502]C6H40]2PC1. 1p
i) NMR(CDCls): 163.9 ppm. : -
| Di(2,6-dimethylphenyl) 2,2'-dihydroxy-1,1'-binaphthalene-3,3'- -
dicarboxylate (0.792 gm, 1.36 mmol) was added to the phosphorochloridite of
15 acetal C(1.634 gm, 3.40 mmol) dissolved in dry ether (50 ml). After coolingto-
' 35°C in a drybox freezer, the light yellow mixture was stirred as dry triethylamine .
(0.344 gm, 3.39 mmol) was added dropwise over a 5 minute period. After stirring
at ambient temperature for another 2.5 hours, the mixture was filtered through dfy,
neutral alumina and the alumina was rinsed with dry tetrahydrofuran (50 mL).
20  The combined filtrates were evaporated to yield the desired diphosphite ligand as
a light yellow solid (0.376 gm). 31P NMR (CDCl3): 129.7 ppm.

-

Example 15
Svynthesis of Ligand G

vSe
of Qo
o BT TR
5

With stirting under dry nitrogen, 2,2"-dihydroxy-1,1'-binaphthalene-3,3'-
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J=8. 7Hz, 1H), 6.02 (s, 1H), 1.26 (s, 6140,1. 18 (s, 6H). Example 7. 25

- Synthesis of Acetal G A flask was charged with 18 g of 200
5-chl orosal i cyl al dehyde, 13 g of 1,3- propanediol and 2 g o1fg %Qrgpi 9 %ci d

and 200121880 t ol uene. The flask was connected to a DRAFESWZRS4Brap and

the m xture refluxed for 12 hours. The m xture was washed W|th wat er and

aqueous sdrbammxphcam&@h&?gm,ﬂ&ammo@amsﬂ!%l\redymdmmahydm magnesi um

| fat t t d t t b i
3,23 Sbteaf"“ SioRigd 7R A ielhspiote batn Mr Ryt L8 Wy Cos
, 8): awpwl QiR 01121580
_PCT/ 5001 %ﬁéﬁ%g'cf? j? h’&g’l)a"éaéga?c‘ﬂz r%tﬁ%n%g%d, Jr:‘g%%zﬁf%f\ﬁ)@, 4.87(s,
IH), 3. 37v(mmtahbnb1&1t%npme2hﬁﬂer]suﬂ'ﬂagmerﬂlgﬁt,ﬂi&sﬁﬁlt'(mnwasl-oddeEx Synt hesi s
of Acet al al i cyl a] dehyde (24 g, 0.2 1) | - r opanedi ol (18.0,
g, 0.25 nﬁqw%éiﬁ)ré.ce Idy 4 Lé?‘k'é"("@h'ﬁ% a&'ﬂtpgo rﬁ‘ e M"é‘ E:)Oﬂbl Ined <(31nd
heated toy, édm@&;\? %ﬁ%@%&xm&o&%m&&r@ condenser and

ter co |ng, e S

a Dean- Star trap utton was washed with NaHO®3 (2 x
30 nl) andichlabiretiasie andtlated(tBfdugh p sﬂiﬁb(gebpihg.t iTha omed’tih’du veazer I\/gSO4 and

Crystal | | FpREH B -Ehre To -%%fﬂ’e"ﬁe@%-%r %@E#ly ) e "
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 )
Tight yellow miture 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 hourﬁ, the mixture was filtered through dry, neutral alumina and the
alumina was rinsed with dry ether (S0 mL). The combined filtrates were
cvaporatcd to vyie-ld the desired diphosphite ligand as a light yellow soiid.(0.466
gm). 31P NMR (CDCls): 134.1 ppm.

Example 16
20 - Synthesis of Ligand H

With stirring under dry nitrogen, 2,2'-dihydroxy-1,1*-binaphthaiene-3,3'-
dicarboxylic acid (8.42 gm, 22.5 mmol) was dissolved in dry tetrahydrofuran (500
25. mL) then cooled to -78°C with a dry ice/acetone bath. Phenyllithium (100 mL of
1.8 M in 70/30 cyclohexane/ether, 0.18 mol) was added dropwise then the

32



Acetal A (1.33 g, 8.0 mol) and PCI3 (0.55 g, 4 mmol) were dissolved in
toluene (40 ni) and the solution was cooled to -40 C. Et3N M% 0109, 0
mol) 10 in toluene (15 nL) was added dropwi se with stirring. Fle reaction
.was al WaRIR158 slowly warmto roomtenperature then stimorackoorsssgi ght. A
m xture of Et3N (0.4 g, 4.0 rrrml) and di net hyl

2,2' -di hyd -7, 1 3 - di b '
t ol uenle %llgs(aﬁﬁo}‘m‘éag aggg'@gﬂl A S mﬁbxgt&%yﬁ%ﬁuﬁ%léﬁ%ﬂgwgﬂ %‘ng%éznd the

m xture maaieidmidd%téﬂﬁﬂ&ﬁ)%%lovﬂib%d&é& wm@feam édlhﬁ@xf abot5 whrough
Celite(r), and the solvent was renoved to give 2. roduct. MP NMR

(CoDB): 8 Migorgus girFag, IMdrdreshloriemeil w d@ddmmieppm @Wwater phader ch 2004

WO 01/ 2158 f E B PCT/ U 48 Acetal A (1.33
g, 8.0 nmol B%g%éo?ﬂﬁégp]g—%?s I cr ??%H?@%Wﬁg’mﬂgﬁﬁﬁene 240
nL) andst heeparbtory fundather @ddeshet ﬁlagﬂ&u% stlFatdland ethpdratdd - PhdBahge | N

tol uene (15 rrL) was added dropwise wWith stirring. The reactioen was all owed
to slow y Tsidvg was redissely ichleromethane and elutedgtirawgb arsiligatgel plugi xt ur e of

e300, B hufbe BB 3o LGS Gl T3 B fnienl 5ol

phosphorocmlg(phghy]ﬁtﬁﬁbugayalwamdt(hgsw ure 10 was stirred for 2 hours
The solutioon was filtered through Celite(r), and the solvent was

 evapor ated to gide-Dihgdgxpl,irbinaphthalege-p, 3Nbﬁ(;(lﬁﬂﬂ&):ton8) O371.5gm i ADr peaks
at 14548 Tifol) WRRIEBIRE fhosphardchlotidS bPAalC (F95% Gn, 3.62 mmol)

dissolved in dry éther (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 addcr;:‘l
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 (CDCls): 134.0 ppm.

Example 17
20 - Synthesis of Ligand I
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O Acetal A (1.33 g, 8.0 mol) and PA3 (0.55 g, 4 mol ) were dissolved in

tol uene (40 nL.) and the solution was cooled to -40 C. Et 3N {91M rg,zrgég.o
nmol ) 28 19 March 2004 WO 01/21580 PCT/ US00/ 25548 in tol uene i ) was

addedWdr@{2m68%e with stirring. The reaction was al | owed RGFUSPBIHY warm to
roomtenperature then stirred overnight. A mxture of Et3N (0.4 g, 4.0

(105 g 2. 0" by RSy PN ESE et plaead ARRIR AR oris iR Y P37,
sol uti on, aBéet SONEL BFlusR. Vel hixinire ks cosled to30 X ahllel . 288l gibfl Aretalas

filtered through Celite(r), and the solvent was renpved to give 2.2 ¢ of
product . ﬁwamgded( dsprsyoolei salption (-39 56) oftsisthylaming 4@,880 ghinZ0mb,m 10

Exanpl e 12 nt hesi s, .0f .Li gand &t 67 0. ) and PCl 3 :
(055 g, "B IaTee el ef iR £, BOR ot PflipalbalbaliBabe MUY, OF Vs
cool edst O resbflartee dtll 81 (phnPwith mifloPrefbiintes 4tM198 8land 182 Sigpmirl Yo wis added

dropwi se with stirring. The reaction was allowed to 15 slowy warmto room

t enper at umixtuze was addeddid4Q5 2 of 2 ghethylidenekis(.e-dinethylphenal). prepgreds 0 mmol ).

and 3,3"',5, 5" ~tetrametdyl-2 2 -biphen (Q, 4 | 9y t ol uene (15
m.) was a&ﬁ‘éod'd’t% t??ﬁﬁgbﬁd%&éﬁl(&g ?’g.g‘{'“éjg%rg?@oﬁ?’ %%@%ﬂxotfur e was -
stirred fQqsludnd'@id shenT0.B06 ¢lofitieRyMaind, i THeahBaurk Was ugfre@olérhipht and and t he
solvent was evaporated to give 1.3 g of white StICk¥ solid, 31P NWR

(CoDp) : 8 thasfiliered througheCelife®k washedith tpluengjarsi sofyent removed by rotary
10 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 C.H,0,,C1P,+H":1183.22. .

15 ' Example 18
Synthesis of Ligand I

Acetal A (1.33 g, 8 mmotl) and PCl, (0.55 g, 4 mmolj were dissolved in
- toluene (40 mL) and cooled to 40 °C. A solutiofz_ of EEN (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'-binaphthaiene-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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19 March 2004 WO 01/21580 Exanple 13 Synthesis of Ligand E PCTI USOCQ 25548
‘Acetal D (336 ng, 2.0 nmmol) and Et3N (1.0 g, 10.0 rnnol) vely Qricﬁgﬂbxed 5
in toluene (5 nmL.) and the solution was added dropwi se to a Stirred, -20 C
.soluti woef21B613 (137 ng, 1.0 muol) in toluene (2 nl). S%gggshgn was
stirred for 20 mn, and then a m xture of 2,2'-binaphtho "?14 , 0.5

-mol ) and Ef.3 0.+ l).,,ln t.ol uen 3 S d to the
phosphor och O?%rm—g\{eéﬁogmeik.?gﬁ afﬁﬂ"\"ﬁég‘ﬁfwﬁ}"(é- Mr?f ggq »hour. The

- sol ution wagmaliér at1 276! vrof Jldks o 8N, 1R 3ppapor ated to give 0.57 g of
product. 31P NVR (CsD6): 8 131.7, m nor 'peaEs at 146, 130.1 ppm Exanple
14 Synthesis of Ligand F 15 Wth stirring under a dry, nitrogen

at nosphere, a dry-ether solution (20 “nil). .of Acetal C was added dropwi se .

over a 20 mnute period to N, N di gﬁ%h‘@sphor am dous dichloride (3.36 gm
19.3 m®l) and dry triethyl ani @miedis@31 g@&m‘i@- 3 mmol ) dissolved in 150 niL

of dry ether. After stirring overnight, "1 9 March 2004 WO 01/ 21580

PCT/ US00/ 25548 the tri et hyl ammoni ugs de solids were vacuumfiltered

and washed with dry ether (3 65 d/) . Nk e@rrbi ned ether filtrates were

0. 00

evaporated to yield the

With stirring under a drjr, hitrogen ﬁtmosphere, 2-(tetrahydro-2-
furanyl)phenol (5.10 gm, 31.1 mmol) was added dropwise to N,N- -
diethylphosphéi‘am_idous dichloride (2.702 gm, 15..5 minol) 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)C5H40]2PN(C2H5)2, as a viscous oil. 31P

- NMR (CDCly): 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 10 ~35 °C in a drybox freezer. Hydrogen chloride (24 mL, 1.0 M
indry ether) was added dropwise to the cold, stirred phosphoramidite solution.

.
-

F:_ive‘mjnp_tes after the addition was complete, the solids were vacuum filtered and

20 washe_c_l wnh dry e_;_hé: .(3 X 15 mL) ‘The combiq_ed ether filtrates were evaporated
o yigld th‘é phosphorochloridite of 2-(tetrahydro—2-fﬁranyl)phenol, [2-(2-.
C4Hj0)_C6}I40]2PCi. 31P NMR (C¢Dg): 163.7, 162.9, 162.5 pp.m duetoa
mixtwre of sercoisomers. 1
7 _ Diphenyl 2,2'¢di}1ydroxy-_1,1'-_binaphﬂ;aléﬁeé,3'-dica:boxylate (0.425 gm,

25 0.807 mmol) was added to the phosphorochloridite of 2-(tetrahydro-2- :
furanyl)phenol (0.793 gm, 2.02 mmol) dissolved in dry ether (50 mL). After
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desired phosphoram dite, [2-[5,5-(CH3)2-1, 3- C3H502] C6H40] 2PN( C2H5) 2, as a
white solid (9.33 gm. 3 tP NWR (CDC13): 141.9 ppm 5 The ﬁ'tlﬁ(r?@ﬁ‘ dite
(9.33 gin, 18.0 mmol) was dissolved in dry ether (150 i) %d to
- 35C WO B121580box freezer. Hydrogen chloride in dry et RET/USW/25848 1.0 M
was added dropwi se over a 20 mnute period to the cold, stirred

phosphor andodling tes-SACiin a dryboe freeset] the tightyetlow mixtare wansnmmddsuioy t he

Wi tho30 crieBy st 626 F0. HH2 B S AGEAREPPHE BYERL TRES ovapor At ed Lo
ield th

1oI5. 5 ?as%&“%-? ??‘g?ﬁ*%%%?%%h%s?%@* By feutyolelpmipa pd thg glpming

Di (2, 6- di medsryiseti evith dryﬁﬂﬁr (311( 2y aulop Fht cdmbinedaghivr fiddratoewdre3' -

di carbgxyl ate (0.,792 nmol ) was added to the phosphor hl ori di te
of 15 §cet=aﬁap@e?désxwgﬁ¥fhesdeammah9spmt%§w¢@a 3 whigg splid (R ng After

coolingt(}mﬁ? xture was stirred

as dry triet {ééméze %ygﬁ%s%‘ﬁ&%ﬁ%ljn%'éhgg{oy FygdﬂrFopwi se over a 5

m nut e persterdoxsé!hblar stirring at anbient terrperature for another 2.5
hours, ‘the mxture was filtered t-hrough dry, neutral alumna and the .

alumna was rinsed with dry tetrahydTofuran (50 nmL). 20 The conbi ned
filtrates were evaporated to yiel %%%%%red di phosphite ligand as a -

“light yellow solid (0.376 gm. 31 13): 129.7 ppm Exanple 15

Synt hadi s of Li gand G 25 Wth Syhthesingf Ligaed Ldry nitrogen,

2,2' -di hydroxy-1, 1' - bi napht hai ene- 3, 3' 31 WO 01/ 21580 19 March 2004

(o
" Into a round bottom flask was added 0.343 g of phosphorus trichloride and
about 50 mi. of toluené. 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 dropmsc A¥PNMR analy31$ 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 'adcrlcd 0.358 g of 2,2'-binaphthol in 10 mL of toluene and then
0.600 g of uiethylémim. The mixture was stirred overnight and then filtered
through Celite®, washed with toluene and solvent removed by rotary evaporation
20  togive 1.753 g of a white solid. *'P{H} (202 MHz, C,D,): major resonance at )
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PCT/ US00/ 25548 di carnoxylic acid (1.87 gm 5.0 mml) was dissolved in dry
tetrahydrofuran (50 nl) then cooled to -78C with a dry ic ( at h.
Methyllithium (25 nL of 1.4 Min ether, 35 nmol) was addeg{gg]ﬁg%\%ﬁr@ggt hen .
_the sow2e1R1580as allowed to warmto anbi ent tenperatur@crAiSeerssagirring
~overnight, the solution was added 5 slowy to ice cold, 1 Mhydrochloric

acid (30 mysg.0h & ng,g@g S FHEE WLt D . 4 ~ated. " The
or ange resi dSe l\g/\gls]’qutigi‘ggfbve , ?tnmdll %Woréng%én%pgtngfsélt}%tﬁg% tﬁr%lrigh a
silica gel qalawtptedrfor Cothy@eCIER,t 1365346was evaporated to yield : _
2,2' -di hydroxy-1, 1'- binaphthal ene-3, 3"-bi s(nmethyl ketone), as a yellow
solid (1.52 gm. 10 : :

2,2' -Di hydroxy-1, 1' - bi napht hal ene- g, 3 ~his(met hyl ket one) (0.200 gin, 0.54
mol ) was added to the -phosphoroch of Acetal C (0.651 gm 1.35
mmol ) &issolved in dry ether (Sthekis ofAigamd Mooling to -35C in a drybox
freezer, the |light yellow m xture was stirred as dry triethylamne (0. 155
gm 1.53 mmol ) -was added dr opwi ; inute period: After stirring
at anbi ent tenperature for 15 aRpt hey : S, the mxture was filtered -
t hrough dry, neutral al unisg and '

MhE i-fa wWa nsed with dry ether (50
m.). The conbined filtra ; apor gted to H t he desired
i_vel | sol™Nd_(0. 448 di. 31 P NMR (CDCL3):

di phosphite ligand as a
vnthe9T§rof Li gapd stirring under dry

134.1 ppm Exanple 16 20
ni trogen, 2,2'-di hydroxy-4 6
gm 22.5 mmol) was di ssol n dfy tetrahydrofuread (500 25. nl) then
cooled to -78C with a dry icej o o Nyl lithium (100 nt of 1.8 M
.ip 70130 cycl ohexane/ et her, O fdropwi se then the 32
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 solutidn. 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: 8 131.3, smaller peaks at 132.5, 144.2 ppm,
15

. Exampie 22
| j , . Synthesis of Ligand N




19 March 2004 WO 01/ 21580 PCT/ US00/ 25548 sol ution was allowed to warmto

anbi ent tenperature. After stirring overnight, deionized \A@éﬁ (1(’_15%5{}) was -
a
S f oY

slowly added to the reaction solution at 0OC. Wth vigorou

hydr od¥®@012158tci d was added dropwi se until the water ph&CEUSBEZEME strongly

acidic (pH = 2). The organi c phase was washed with water in a 5
separ atoryfunnel -then dried over magnesi um sul fate and evaporated. The
orange residue was redissolved in dichloronethane and el uted through a

silica gel plugAmigpréicetahEd82 g 24 mmodand BN (Q.6¢ 8) weredissodved in

R e S P T i g B TR i DS ST

gm 145 JhdTVRI thieAs (PRI Avérs § RinlQeHOO! AR} MeladilftRnOtheAfi®hae C (1. 738
gm 3.62 mml )" dissolved in" dry ether (50 m.). After cooling to -35Cin a

drybox § r ewzestirredhat - 26r°Snfye 18 ainutesn Avmspansionraf@,2i Dingphtheli(Hwpani ne
0. 365 .62 | d | 1 nut . peri . Aft
st rring S meelmaal 8 erh whnbll i Me sl qip g Pori@ e 1 it ur e

- was filter ghxdhd QEONIGWed to 38+F0r 2! dads UThE thiddiee WhSfillded! 4ndl th@soiént! | nsed
wth dry ether (50 M.). The conbinéd filtrates were evaporated to yield

t he desi rewadiepdlmqibdtoegiwg&ﬁcgdsiradfdtgﬂPmcﬁldm,iIGO(SlsmSllpgﬁhs). 31 p
NVR. (CD01§2147].”2Q’,A1213.90&%. 20 Exanplg Synthesis of Ligand I Cl1 CE 33

10

Example 23
Sm' thesis of Ligand O fj

Acetal C (25.0 g, 120 imnoi) 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 dropvs;ise 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 add-;_d to the cold,

20  chloridite solution (-10 to -15 °C) while alternating with equivalent portions of
the remaining Et,N solution. The mixtire 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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WD 01/21580 19 March 2004 PCT/ US0O0/ 25548 Into a round bottom fl ask was
added 0.412 g of phosphorus trichloride and about 50 nL Ofﬁ@la}'éi The
m xture was cooled to -30 C and 1.288 g of Acetal G was ad r%’Pécool ed
.sol uti omo01/338€) of triethylamne (0.800 g) in 20 nL of pEphMERRsMAS added
dropwi se: A 3!'P NVR 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 mxture was
added 0.405 g of 2,2'-ethylidenebis(4,6. dinethylphenol), prepared
according to Yamada et al., Bull. Ckxampk@4 Jpn., 1989, 62,3603, in 10 ni
of toluene and thengd, 600 ! | Xture was stirred
overni ght and then fTFte ot € Ragad O, ¢ ol uene, and
sol vent rem)ved <tallifné Rh t ahite

sol id. 1180} ( (202 v ek .’“ﬁ%’%ﬁ%’i@éﬁgﬁan‘gﬁ@gﬁ&?ﬁ §4 s Yl

reso nanc%s fe 113§t‘13°11028®1®0!lm@8 ®ided 28 salidhligand CAADION, realting rheniec

h Found: 1183.1; cal cul at ed
Por” cssre. cbiieasd kb JBRRRRREG PRy ot hesi s Tof L and o0 ¢
Acetal A (1.33 g5g%fprmbular (40166 k3h) £35ed catbol (EM S Eat/}g \lﬂ’tc?kx%_s, d in

tol uene (40 nL) and cooled to 110 C. A solution of 0 mol.)
20 tol uene fadcaltnedhy %ﬂ’@dndlmhdmm(mﬂanbbmmabsﬁﬂﬁ@fmme Tteact i on

was all owe to o erature.th overni ght, A solution
of (N— met hg{l&?c%& %nllrecftgpam ogenﬁltlede&o xw ere ltwassumed

N- phenyig - erﬁoaddﬁbb’ﬁ%mﬁohébnt&hﬁ Phddiah &h ?1@mﬁ9dlmr;%gng&hhl g, 2

-~ ol ) and Et3N (0 , 4 mmol) 1n toI uene
. was stirredfards IBmeGn svapﬁmc‘imomnessmsaduuiﬁ. Residudllzolidgdepsyitedi 04r ), and
5;ty1e sol vent

Oll I.l

th% sides of the vessel, were rinsed with extra toluene such that all were eventually
deposited only onto the carbon. The dry solid was pumped overnight to remove
residual toluene aﬁd then cappgd and stored in the glove box for catalytic testmg
15 ‘ -
Exémgle 25
Synthesis of Ligand P

So’”“%

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, 136.3 ppm due to a

mixture of stereoisomers along with cyclic monophosphite impurity at 146.8 and
25  146.4 ppm. |
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19 March 2004 WO 01/21580 PCT/ US00/ 25548 was renoved to give 2.3 g of a

yel l ow sticky product. 31P NMR 8 131.6, snaller peak at
peaks at 133.1, 144.1ppm Exmla 19 5 Synthesis of Ligand é‘%W'?"ﬁh?W‘?n ng

~under wip @issgi t rogen at nosphere, 2-(tetrahydro-2- fuugpitosiensss (5. 10 gm
31.1 nmmol ) was added dropwi se to N, N- di ethyl phosphoram dous dichl ori de
(2.702 gm 15.5 nmmol ) and dry triethylamne 10 (3.77 gm 37.3 mol)

di ssolved in 200 nmiL of dry ether bwamyple 26e hour, ~the triethylamonium
chloride solids were,vac . 3 A8 / h.dﬁy ether (3 x 15

mL). The conbi ned et K& YRSt d=to~yreld the desired

phosphoram dite, [2- P&Emﬁmbﬁﬁﬁﬁ%&aﬁ(m&m%ﬁe@empuﬂﬁpous oil. 3 tP NWR

(CDC13): 142.2, 142. an ppmdue to a m xture of 15 :

st er eoi somers. C %h‘ldlte (5.0 gm g o] C H%gpolved indry
T |_|y

3 rogen chloride
(24 m., 1.0 her) was added dr op he cold -stirred

phosphor am di t N~QH1 ve m nut es af 3 on was conpl ete,

the solids were vacul m filtered—and20yashed vvlt dry ether (3 X 15 rrL)
The conbi ned giite P ver ekggapor at ed {el OHhe

phosphorochlo (tetrahydro=2-fur§f [ 2-(2-.

‘C4AH70) C6H40] 2R 8CGD6) 163. 7, 1K 5 ppmdue to a. mxture
of stereoi soner CO.H CO,H

2, 2" -di hydr oxy- 1- 1' - bi napht 4al ene- 3 3' -dicar boxyl ate (0.425 gm
5 A mixture of 50 g (60 mmol) of Merrifield resin (polCH,Cl where pol = 1-

2 % crosslinked polystyrene, 200-400 mesh beads), 2,2"-dihydroxy-1,1'- f.)
binaphthalene-3,3'-dicarboxylic acid (33.7 g), potassiﬁm carbonate (12.4 g) and e
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 |

i 10 diluted with water, filtered, washed with H,0, DMF, and acetone, and then

| thoroughly dried in the air to give the desired product. IR (KBr, cm™): 1712 (vs),
1676 (vs).

.Funcﬁonalization of the Carboxylate Grou

1,1-carbonyldiimidazole
DMF

15

40



25 0.807 nmml) was added to the phosphorochloridite of 2-(tetrahydro-2-
-furanyl yphenol (0.793 gm 2.02 mmol) dissolved in dry et herk?(ﬁ| m,%) Af ter
35 WO 01/ 21580 19 March 2004 PCT/ US00/ 25548 cool i ng to -35 Area P§box
freezekyobiigiskd ght yel low mixture was stirred as dry cglt/{% pige (0.204
gm 2.02 mmol) was added dropw se over a 10 minute perio e mxture was
filtered through dry, neutral alumna and the alumna was rinsed with dry
ether (3 x 458 %7mmel)eé%lmbmeétshmomdﬂmlmaesumn@dm&@mhméd to yield

t he desi redigﬂ]’!’ d._as a it 31p NMR (C6D6):
several peaks”center ed’m{ tggﬂil' 55'%53%1533\1&8 ﬂg‘ér ls0i somers. 10
Exanpl e 20 catyoryidisrmidiagdie. Lmﬂﬁkthrecwas%a&eﬁt&eﬁugtgﬁt_wﬁ thOpbRMer Ibagds Was added

0. 343 g of phosphorus trichloride and-"about 50 of tol uene The m xture
was cool ed wEnedtgepredqerange shhecheads wensteallectdd by Slteaticn dnd quh@bwiihed

__Zgljgé' ggsoéwﬁ MEF ngmhgﬁﬁw)f ;6(2#8}?&8)&1;{%3@ ’?W'P&SE Btt ene was

resonance afindtfadugRMRYchi¥, RBFRN 77E6RNaNseevsyt 190.4 and 130.7 ppm To
this mxture was added 0.358 g of -2, g@?bl nagvs?hol in 10 nL of toluené and

then 0.600 g of triethylamne. The m xture was stirred overni ght and then

filtered through Celite(r), vashe W l,uepe. and sol vent renoved by
rotary evaporation 20 to gi vg—iﬁ%&g—ﬁ—m%r&ﬁ@ml solid. 31P{H (202 MHz,

C6D): mmj or resonance at

o-cresol, DBU
DMF

. 10 2593 g (l 8.7 nnﬁoi) 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-D1azab1cyclo[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 (v5).
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36 19 March 2004 WO 01/ 21580 PCT/ USOQO 25548 130.0 ppm "ot her resonances at
143.1 and 130.8 ppm APCI Ms: Found: 1366.3; calcul ated f'c\m}lr9 March 2004 ’
C72H760=4C14P2: 1366. 346. Exanple 21 5 Synthesis of LigandM Acétal R (1.33
g, 8 mwobj2usd PCl 3 _(0.55 g, 4 mol) were dissolved in PEOUSEES54840 nL) and
cooled to - 40 C. Asolution of Et3N (1.0 g, 10 mol) in "toluene (15 nl) ’
was added dropwi se to the cold solution. The reaction was 10 allowed to
warmto roomténperature then stirred overnight. A solution of 2,2'-

bi phenol (0.37 g, .2 nmmol) and E{mbedifofllgandt@mol ) in-toluene (15 nl) was
added and the mixture was stirred for 2 hours. The mixture was filtered

through Celite(r), and the goIWg
oily residue. 31P 15 NVR 8 ﬁ@.
e

Exanpl e 22 Synt hesi's of Li 'g'a

Ph-1 /-=~ 0, )-\\ C04-Ph Ph Ph 37

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 134g of dii_sop:_opylethylamine. The mixﬁure 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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WO 01/21580 1 9 March 2004 PCT/ US00125548 Ami no- Acetal E (482 ng, 2.0
‘mmol ) and Et3N (0.67 g) were dissolved in toluene (10 nl) M& t|on
was added to a -20 C solution of PC13 (137 ng, | mmol) int
over a WOMBALRE® period. After the addition, the m xture 5cmomsswed at -
20 C for 15 mnutes. A suspension of 2,2'-binaphthol (143 ng, 0.5 mvl)
and Et3N (0.33 g) in toluene (5 rrL)Em dfl?ed I n one portion and the
m xture was allowed to stir for 2 m xture was filtered, and the
solvent was evaporated to gi veM;gafmgmct 3P NMR 8 132.1, 130.8,
smal | . peaks at 147.2, 144.9 ppm 10 Exile 23 Synthesis of Ligand 0 Acetal
C (25.0 g, 120 nmmol ) and PC13 ( 60/¥npl) were dissolved in 15
~toluene (100 nL) and cooled to. . C- ASRrorimately two-thirds of a Et3N
(21.0 g, 200 nmol) sol uti oy i as added dropwi se to the
acetal solution over:a \ e was stirred for
another 15 mn at - 20 P portions-of solid di(2
tolyl)-2,2" -di hydroxy-1, IS- b"b ht Ral enQ 3 3\ di ta boxylate (16.5 g, 29.8
mmol ), were added to the. c®l d hioridine <3 uti ogy4~10 to -15 C) while
alternating with equival enf port| ns of thg remaining Et3N sol ution. The
m xture was. stirred for an hour and the niXxure g@s filtered. The
sol vent vol une was reduces % ween 100- 200\ L 0 uene, and the solution
was allowed to stand for{ A fingwhite Pri tate was collected
(20.6 g). MP NMR S:129::! kS 8 '146. 7 ppm 38

~
\ 2-Hydroxypheneﬂ1yl alcohol was reacted wuh bromoacetomtnle in the
presence of potassmm carbonate to protect the phenolic oxygen, asin Tetrahedran
‘Letters, 1993 34 7567—7568 2-Hydroxyphenethyl alcohol was dissolved in 20
i mL acetone. To this was added 1.2 g potassium carbonate To the stiing

mixture was added 0.87 g bromoacetonitrile under nitrogen. 'I'he mixture was
stirred overnight. The mixture was filtered, and the filtrate was concentrated. The
product was purified by flash c_olum:t cﬁ:omatography on silica gel, eluting with -
1/1 ethy! acetate:hexanes, to yi&d 8 1% of 2-(o-cyanomethyl)phenethyl alcohol.
JH NMR (CD5Cl»): 2.81 (8 ZI-i) 3. 72'-(t,'2H) 4.77 (s, 2H), 6.92 (dd, 2H), 7.18 (d,
2H). 2-(0-Cyanomethyl)phenethyl alcohol (1.0 g, 6.3 mmol) was dissolved in 5
Yy, mL anhydrous DMF and added toa shrnng solution of sodium hydride (0.25g,
10.4 mmol) in DMF (20 mL). : After hydrogen evolution ceases, methyl iodide
(O 47mL, 7.5 mmol) was added dropwise. The mixture was stirred at room
temperature under mu'ogen for five hours. After aqueous workup, the product was
punfied usmg ﬂash column chromatography on silica gel, eluting with 1/5 ethyl
acetate/hexanes solvent mixture to yield 0.56 g (56%) of the desired preduct, 2-(o-
cyanomethyl)phenethyl methyl ether. |H NMR (CD2C12) 2.96 (t, 2H), 3.36 (s,
. 3H), 3.60 (1, 2H), 4.86 (s, 2H), 7.04 (dgL 2H), 7.31 (d, 2H).
Z{O-Cyanomethyl)phenethyl _methyl ether was deprotected following the
procedure described in Tetrahedron Letters, 1993, 34,,75_67-7568. 2-(o-
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19 March 2004 WO 01/ 21580 PCT/ US00/ 25548 Exanpl e 24 Prepar ation of

car bon-supported catal yst using ligand O Crystalline Rh( (%C%H

equiv), was dissolved into 2-4 nL toluene. 5 The light-yel ow S I'on was
addedW@OEMI5B | i gand O (100ng), resulting in sone” bubRST/HEPORAMBa change

I n solution color. 5g of granular (40-60 mesh) activated carbon (EM

Scientifiqpy a\fﬁﬁleﬁ{e‘lﬁﬂenﬂﬁ hi@hl (oe:ds 88, Nafinolavistidsbivet hg4delli um (100

m./mn) at 850 C hrs. The dried carbon was transferred to a ni t rogen

filled gl canbyfons ethanel. iPlatinasn dioxidei (38 mig) wasndded todhia splation| The on

cont ai ni ng odi um and | urr r 15 mn then
evapor at eosoﬁ‘g‘ B VireBee ?%Wﬂﬁ@ﬁﬁwsc %‘]13’ éﬁ’l ﬁ‘@s‘ﬁe'ﬁ‘ ggﬁnggr the sides
of the vesggireg eﬁ?d&nﬁ%ﬁtsqtﬁe\ﬁ;ﬁchn@%m&&h%héﬁmﬁwc@iclenwéce eventual |y
deposited only onto the carbon: The dry solid was punped overni ght to

renove reﬁmaﬁucMw&!hssamdnmgwenaWbdm“@m;@d dmdtorwerhﬂgSOe box for
catal ytic stin Exal eS| of d 20 Thi s di phosphl te
was preparéﬁeﬁwg?“%[‘t@w%sg‘gﬂgfg Sl&"ﬁlf g’f?@‘é’l PRSI For li gand K
except Subgblated! MANMRE( tnmyilsrmte skor, b, di phenyl

2,2 -di hydro>;<1y 1,1 -bi ncgﬁh ?ene—g 3 -di ca(r)lgg)el at g’ HRe product was -an
oi | . 31p NWR (@D@&o%hc@y@%?le@%&rﬁ&@@imthwo 4, 130.3 ppmdue to a
g‘nét urzg ?4@% E}gﬁs onerlsdogls deQO y}/eﬂ{hecglprgsop%n&%g pb;[)s%hloxr:g) yrity at 146.8

amidite in the same manner as described for Example 25. *'P NMR (toluene): 137

‘ppm. The phosphoroamidite was treated with 1M HCl solution following the
~ procedure described for Example 25 to yield the corresponding 0
' ;pl-xosphorbchloridite 3P NMR (toluéhe)' 165 ppm. The phosphochloridite was
N ‘thcn reactcd thh d1(2-tolyl)-2 2'-d1.hydroxy-1 1'-binaphthalene-3,3'-dicarboxylate
in the same manner as described for Example 19. 3P NMR (toluene): 125
(major) 127 (mmor), 142 (mmor)

Example 28
Svnthesis of Ligand S

QO’XP P\ | g
3/ \
/ o -

| @"o*\ o\

‘The ethyl ether of 2-hydroxybenzyl alcohol was prepared according to a

5  literatire procedure reported in Recueil. Trav. Chim. Pays-Bas 1955, 74, 1448.
The phosphorochloridite of this phenol was prepared from PCl, in toluene with
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- .19 March 2004 WO 01/21580 PCT/ USO0/ 25548 Exanple 26 Li and 0 - Synthesis of

Pol ymer Supported Wand . Preparation of a Supported Di substl.l%g Oﬁgpht hol
A2L~?3 CO2H NCO2H 5. A mixture of 50 g (60 nmol) of Merrifieldresi

..( po1CHATL0111880c p0| = 1- 2 %crosslinked polystyrene, 200TAG00/2358% beads),
2,2' -dirhydroxy-1, 1' - bi napht hal ene-3, 3' - di carboxylic acid (33.7 g),

pot assi um c#etfalamine(as base a)-38:7€. Wdf@u@hﬁmmﬂdﬁﬂ(%@mﬁ) was
heated at 9 Wit h t|rr|n for 8 hrs. ol.0 t.he res changed
From whi te 48 155 BiepherpPHiandis Sinon tradird Sb iph vt aiipesron

filtered, wagahghthieh& 3P Gicaddry 1@9@@%@&3@ Py Reny ta@%é&'ﬁ:@hlfnd“ ed in
the air to give the deS| red product (KBr, ° cmJ: 17&’2 (vs), 1676 (vs).

_Funct i onakxaraple 3d. ofM@dubm}yl?dt(m@rﬁ;dﬁGluﬂnwhﬂﬁbmm) m dazol e DM
15 40 19 March 2004 WD 01/ 21580 PCTI USOQ 25548 25 g (18.7 mml) of the
pol ymer %upported di ol was suspended in 150 nL of

Example 29
Synthesis of Ligand T

-

2 (2-Te11-ahydropyranyl)—4-methyl-phenol was prepared from the
correspondmg phenol following the proccdure outlined in Aust. J. Chem., 1988,

10 41,69-84. In a mtrogen purged glovc box 2 (2-tetrahydropyranyl)-4-methyl—
phenoi (0.96 g, 5.0 mmol) was dissolved in 25 mt diethyl ether, and cooled to —40
°C. Digthylphosphoramidous dichloride (2.5 mmol) was added, followed by

. j L 'uiethylamine (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. sp.
NMR(toluene) 142.7, 142.6. The above phosphorous amidite (1.1 g) was
dl_ssolvcd in 25 mL anhydrous ether and cooled to —40 °C. To the stirring
phosphoramidite solution was slowly added 4.4 il of precooled 1M HCl solution
in ether. Upon addition, white precipitate formed. The mixture was stirred for 10

20 'minutes; and cooled back to —40 °C for 2 hours. The resulting slurry was filtered

-over a pad of Celite®, and concentrated in vacuo to yield 0.92 g of the '
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anhydrous DVF, and to this mixture was added 4.54 g (28 mmol) of 1, 1-
carbonyl di i m dazol e. The m xture was shaken overni ght, and ﬁ}ﬁ roﬁlzéﬁ&r
beads taned deep red-orange. The beads were collected by f P& and
was hedyiipifskg DMF (3 x 100 L), toluene (3 x 100 nl), apcr/Okives84s(3 x 100
nm) before drying under vacuum IR (cm', KBr): 1771 (vs),. 1720 (vs).

Esterific 5 BRossholSciRhAliRe. Y& NREORokhehd 161 Hin. The khvepol ymer
supportedé‘? azoleP s§hercvvas suspended@?n‘3 élfgo mL ‘'of anhydrous DMF. 10. 10

g (93.5 nphbsphafochlotidite waematted mithali@4®ly))-221gilydromt),l'of DBU (1,8
Diiiabicy 5. 4. 0] ynd e ded. The xture shaken for two
days at glﬂ#’]ﬂ‘@ﬁlﬁﬁﬁl 3 &'&"’IZ‘?#Q %r"‘\gﬁ ?tﬁgbé@"%‘iol’@@fl%e CWSP?II' P&tion and
washed w (3 x 100 nL) before 15 final vacuum .
dryi ng. EEEcm KBr len ?n'@?%g’%zo (w), 1675 (vs). 41 19 March 2004 WO
01/ 21580 Synt hesis of Li gand O Z PCT/ USQQ 25548 24.8 g (17.4 mmol) of the

supported di ol was suspended in %%k%rgf toluene, a nd to this suspension
was added 25.0,.9g (52.1 nmol) of Sphorochloridite derived from

acetal C and 13.4 g of diisopiSgpthesitofLipand&] The m xture was shaken.
overnight at roomtenperature. The pal e yell ow beads. were collected by .

filtration, washed with tol uene, 12 (3 x 100 nL), and then dried under
vacuum El enental analysis: 1. _ verage). 42 19 March 2004
- 00 : '

The phosphorochlondlte of 2« (2-tetrahydropyranyl)—4—methyl-phenol was
prepared as described in example 32 The above phosphorochlondlte was reacted
with 3,3’ ,4,4’,6,6’—hexamethyl-2,2'-blphenol and triethylamine to yield the
corresponding ligand. *'P NMR (toluene): 134, 131, 127.
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WO 01/ 21590 Exam |l e 27 Synthesis of Ligand R PCTI US00125548

2- Hydr oxyphenet hyl al cohol was reacted with bromacetqnitrifg%'é'%hb%
presence of potassium carbonate to protect the phenolic oxygen, as |?‘|

- Tetrahavooemisget ters, 1993, 34, 7567-7568. 2- Hydr oxyphengifiseoiseahol 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 under nitrogen.
The m xture was stirred overnight. The m xture was filtered, and the
filtrate was concentrated. The pr @kdfiiplewss purified by flash colum
chromat ography on silica gel, eluting wwth 1/1 ethyl acetate:hexanes, to
yield 81 % of 2-(o-cyanonet hyl ) Sythesisefilisand:¥iol . AH NMR (CD2C12): 2.81
(t, 2H), 3.72 (t, 2H), 4.77 (s, 211), 6.92 (dd, 2H), 7.18 (d, 211).

2- (0o- Cyanonet hyl ) phenet hyl al cohold (. " 6.3 mmol ) was dissolved in 5 nL
anhydrous DMF and added to a stirrpng gofution of sodi um hydride (0. 25qg,
10.4 mmol ) in DVF (20 nml). After Ingd o evol ution ceases, nethyl iodide
(0.47 nL, 7.5 mmol) was added dropwi @) The mi xture was stirred at room

tenperature under nitrogen for fiv:[wouﬁ\s.S Af ter aqueous wor kup, the
col

product was purified using flash cgl.umNghronat aphy on silica gel, -
eluting with 115 ethyl acetate/hexanes sdpyent ure to yield 0.56 g
. 4.86 (s, 211),

(56% of the desired pr, cyanomgt phex
NVR (CD2Cl12): 2.96 (t5 , 3.36 (/s, 3H), |3.60.

7.04 (dd, 2H), 7.31 (d, 2B\ 2-(¢-Cyanonet iyl ) phenet iyl net hyl et her was
deprotected foll ow ng the ocedure descr'bpe Tetrahedron. Letters,

1993, 34, 7567-7568. 2-(0 43 W0 580 '
\J ‘ O

hyl nmethyl ether. IH

5 2~(2-Tetrahydropyranyl)y-4-methyi-phenol was prepared from the

corresponding pheno! 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 mimol) was dissolved in 25 ml diethyl ether, and cooled t6 —40
°C. Diethylphosphoramidoﬁs dichloride (2.5 mmol) was dddéd, -foilc)wed by

10 triethylamine (6 mmol). The reaction mixture was stirred at room temperature for
one hour, then filtered over apad 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 HCI
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 sturry was

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

corresponding phosphorochloridite. *'P NMR (tdlue‘ne): 161.6 ppm. The above
20  phosphorochloridite was reacted with 1,1°-bi-2-napthol and triethylamine to yield |
the correspondiug ligand. *'P NMR (toluene): 131.11, 131.14 (stereoisomers).
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19 March 2004 PCTI USQQO 25548 Cyanonet hyl ) phenet hyl nmethyl (0.56 g, 3.13
mmol ) was dissolved in 40 nL anhydrous ethanol. Platinum dilé)M' z'hé@g‘ ngy)
was added to this solution. The solution was purged with h dr 6 or 10
m nut ¥ 0181880t hen stirred under hydrogen overni ght. ThBCHURSR S
filtered, and the filtrate was concentrated. The residue was redissol ved
in ether, washed with water, and dried over MgSO4. After concentrati on,

0.39 g (82% of 2-hydroxyphenet hyIg nmet gzé% ether was isolated. 'H NWR

(Cbh2C12): 2.78 (t, 2H), 3.32 (s, : (t, 2H), 2-Hydroxyphenthyl
methyl ether was reacted w th gdimmisivdaaieamier am dous dichloride to yield
t he correspondi ng phosphorous "amdite 1n the sane manner as described for

Exanpl e 25. 31P NVR (tol uene) o T3y ppm The phosphoroam dite was treated. -

with 1 MHCL solution foll ow n
yi el d the corresponding phg
The .phosphochl oridite was ¢
di (2-tolyl)-2,2" -dihydroxy
sanme manner as descri bed for Exaippb
127 (mnor), 142 (mnor). '
‘et her of 2-hydroxybenzyl

procedure reported in Recu

Trav. : s 1955, 74, 1448. The
phosphorochl oridite of this phepol S~Pprepar e om PC13 in toluene with
.44 19 March 2004 WD 01121580 PLTI US00125548- -

| P

5 A 100 mL flask was charged with PCl;(0.412 g) and 50 mL of toluene. j
The mixture was cooled to —30 °C and the acetal B (1.081 g) was added. This
was foliowed by 0.65 g of NEt; in 20 mL toluene (precooled to -30°C), which was

g the procedur escribed for Exanple 25 to
#ochloriditeg 3P NVR (toluene): 165 ppm
PN reasiee, it h -

©bi naj al ene- . -di carboxylate in the
31P. toluene): 125 (mgjor),
th¢Si o6f Li and S . The et hyl
grfd according to a literature

added dropwise. After warming to room temperature and stirring for about 40
minutes, the mixture was cooled to ~30 °C and 3,3 f,_5,5’,.6_,6’-hcxamethyl-2,2_’.-

10 bi;ﬁhenol (0.406 g) was added, followed 0.6 g of NEt;. The mixtﬁ;‘e 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 o oy

Synthesis of Ligand X

MR = Merrifield resin B o
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.triethylam ne as base at -30 C. 31P nnr of the reaction m xture:

ppm To the phosphorochloridite solution was added

di (2-tolyl)-2,2"-di hydroxy-1,1' - binapht hal ene-3, 3' -di car boxyMat e i

. presen¥@OHRIBY | et hyl_.ami ne, as described in exanple 27. PETRSMNIIS4E ol uene) :
131 (major), 146 (mnor), 163 (mnor). 5 Exanple 29 Synthesis of Ligand T
2- (2- Tetrahydropyranyl ) -4-nmeth heng

correspondi ng phenol foll ow

was prepared fromthe
gedure outlined in Aust. J.

1988, 10 41, 69-84. In a nitNogén Puded gl ove box,

2- (2-tetrahydropyranyl)-4-

in 25 m diethyl ether, ag 4 g,c . ?\;I phosphor am dous
dichloride (2.5 mmol) was Wdedy, fie) | oy H-y ylam'ne(6mml).
reaction mxture was stirred gnperature for one hour, then

filtered over a pad of Celite(r)

toyield 1.1 g (90% of the corre%pondl ng phosphorous amdite. 31P

NVR(t ol uene): 142.7, 142.6.- The a
di ssolved in 25 nL anhydrous
phosphoram di te sol uti-on was
solution in ether. Upon addi
stirred for 10 20 "m nutes,
resulting slurry was fil¥#erg
in vacua to yield 0.92 g of-
correspondi ng phosphorochlorldlte

10

i

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
(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, ,aﬁd acetone, and then thoroughly

_ dned in air to gwe the desired product. IR (KBr, em™): 1712 (vs), 1676 (vs)..

81.64 g (84 mmoi) of the light yellow polymer supported carboxylic
acid/ester was suspended in 300 mL of anhydrous DMF containing 13.6 g (84

mmot) of carbonyldiimidazole. After stirring at room temperature ofemight, 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,

49

158, 125
arch 2

(0 96 g, 5.0 mmol) was di ssol ved

The filtrate was concentrated in 15 vacuo

ove phosphorous amdite (1.1 g) was
ercool ed to -40 C. To the stirring

. gded 4.4 nmL of precooled 1 MHC
e precipitate fornmed. The m xture was

back -40 C for 2 hours. '
9"{1‘@'&‘@“), and concentrat ed '
arch 2 WO 01/ 21580 PCTI USOO125548

31P NMR (toluene): 161.6 ppm The above



phosphorochloridite was reacted with di(2-tolyl)-2,2"-di hydroxy-1,1'-
bi napht hal ene- 3, 3' -di carboxyl ate and triethylaniine to vyi el1g) t heh 004
corresponding ligand. 31P NWR (toluene): 130 (nmjor). ZgM M@c é’ 8% hesi s
of Li woictizissihe phasphorochloridite of PCT/US00/25548
2- (2-tetrahydropyranyl)-4-nmet hyl - phenol was prepared as described in
exanpl e 32675 H@nap&v&ﬂﬁmmew%ﬁéd Siebigh@s réch fdnffratit¥el The )
3,3 ,4,4',6, 6" -hexanet hyl -2, 2" -bi phenol and triethylamne to yield the
corres po ndpnlgmqr gap;d)rteé ﬂhmte(rtpmdwhw)ls theg isolatdiiby fileration gnd washedch 2004 WO
01/ 21580 Exa t}?ﬁzl s of . Li and V PCT/ US00125548 5

3 grefs

2-(2-Tetraly Ry was prepared fromthe
cor r espondi ng phe;n 1.5 lrhébPhetpd ﬁlﬁdﬁeﬁcﬁ’élfolfllﬂé%cwhﬂuﬂ&&in 1d.; Chem,
1988, 41, 69-84. ?E a nl‘f_g\r)\’(t),ger‘l3 pur ged ove box P

2-(2- teirahgadrsumndmww@hwﬁ'h;luenepmmlthl(smad@d b7 olo(M9onolf di ssol ved ‘
25 m di thI and | ed 40 C. t h d

i chlor 1 de csoRomviEmy lipite anel mimel t shcepmsgprigt BorhdigRARRRES (Bimmol ) The

- reaction msﬁi;iéﬁﬁoﬂ%s $hdkeh @frdim fe?r#ﬁﬁnﬁ-@'fé%ﬁlgﬂi eThOolo8 phsdct whéien

filtered over a pad of Celite(r) he filtrate was concenfrated in vacuo

to yield 1tHap filo6ed, wishedwith tolnes@nd] CupLnHINMEHR xdf¥snb)iadd C3,Ch1 P |
MR ol eng egéi‘%m?m%&r?&m@wm%g@p@@ g 0 o (L0 vas
10  Elemental analy51s 1 45 %P
A sample of the polymer supported bis(phosphite) was treated with Ni(COD), to .
give the brown-orange Ni(COD) loaded denvatwe. This material was then treated ”)
with CO at 1 atm and room temperature to give the light yellow polymer
supported P,Ni(CO), complex, charactcnzed by its infrared spcctrum in KBr:
15 2051.7 (vs), 2001.3 (vs) cm’.

Example 34
Synthesis of Ligand Y

\p’ "/° ‘% |
o' | &

20 3,3',5,5"-Tetramethyl-Z,fZ'-dihydroxy-l',l'-biphenylene (0.303 gm, 1.25
| mmol) was added td 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-
yD)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 séveral '
‘peaks between 131.2 and 127.5 ppm. - ' | h
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15 phosphorous am dite solution was ;slowy added 4.4 nL of precooled 1 M
HCO solution in ether. Upon addition, a white precipitate rmeg. he
mxture was stirred for 10 minutes, and cooled to -40 C fof° ¥2i£8£004 The
.resul tiwmgoptisssy was filtered over a pad of Celite(r), pahdiudepRsQptrated in
vacua to yield 0.92 g of the correspondi ng phosphorochloridite. 31P NWR
(toluene): 161.6 ppm ‘The above 20 phosphorochloridite was reacted with
1,1 -bi-2-napthol and triethylam ne to yield the corresponding |igand. 31P
NMR (toluene): 131.11, 131.14 (Steg@nmpR™M8rs). 47 WO (c) 1/ 21580 Exanple 32
Synt hesi s of Ligand W19 March 2004 F’E‘_ I70S00/ 25548 5 A 100 nL fl ask was
charged withPd 3 (0.412 g) and Synthdsisaff Iiigdgndéhe.. The nixture was cooled to
-30 C and the acetal B (1.081 @) added. This was followed by 0.65 g of
NEt3 in 20 nL toluene (precooled t : 0% whi ch was added dropw se. After
warmng to roomtenperature and styTm ng Nor about 40 mnutes, the m xture
was cooled to -30 C and 3, 3", 5,dx (ank -2,2" 10 bi phenol (0.406

- g) was added, followed 0.6 @g#0j was stirred overnight,
filtered through Celite(r) 5 noved by rotary
evaporation. A white.- solid {% ) ags
resonance at 134.42 ppmwth fréson&aces o
Exanpl e 33 Synthesis of Ligand @"“a A JD\O .

135.08 and 132.6 ppm 15
0o/ .\O

Aceta! C (1.67 g, 8.0 mmol) and PCl, (0.55 g, 4 mmol) were dissolved in
toluene (40 mL) and the solution was cooled t6 - 40 °CI. 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 stirréd overnight. A mixture of EgN 0.4
- g,4.0 mmol) and dimethyl 2,2'-dihydr6xy-1,l'-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
(CeDy): 1327, 130.4, 129.7, 129.1 ppm.

Example 36
Svnthesis of Ligand AA

_ 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 tqluen’e (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 '
2, 4.0 mmol) ana 2;2'-binaphthol (0.57 g, 2.0 mmol) in toluene (15 mL) was
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OCH2ZMR MR = Merrifield resin 48 19 March 2004 WO 01/ 21580 HO Pro i PrO z=
PCT/ US00/ 25548 A m xture of 50 g (60 mml) of Merrifield re&iﬂ I(CPXCEOO_ 1-2 %
crosslinked polystyrene, 200-400 nesh beads)

2,2' - dvagtiedy - 1, 1' - bi napht hal ene- 3, 3' - di carboxyl i c ackcI/US®@/zEs43) ,

pot assi um car bonate 12. 4 and DMF 5 (dinethyl formam de) (350 nl) was
heat ed at added @\tbctmhogphqrml&wdlmsommnsanm mighire wap piurgeldresi n changed

fromwhit gr 0 di | hed filtered,
washed wi ? ﬁ‘“gﬁ &\%glﬁgoﬂ%Eﬁéﬁe@%%S%%%Yﬂt%m}c‘!g n air to
give the @@Qﬂvé@d”@bﬂﬂbﬂﬁct PR NMEBY (C,DOY: 13241@425(1\45)01:;5&676 (vs). 81.64 g (84
mmol ) of the light yellow polymer supported carboxylic 10 acid/ester was
suspended in 300 nL of anhydrous DM-"containing 13.6 g (84 nmol) of
carbanyl dii m dazole. After stirri at] 390m t enperature overnight, the
orange internedi ate was isol ated gg@?—ﬁtiatlon and washed wi th DVF (3x).

The pol ynmer was then pl aced s%@cgigdﬂugﬁ,@gw (200 M -) and i PrCH (51 4

m., 49 1 9 March 2004 WD.01/2

A 100 mL flask was charged with PCl, (0.343 _ g) and 50 mL of toluene.

The mixture was cooledr to 30 °C and acetal F (1.284 g) was added, followed by
0.7 g of NE, 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 removcd by rotary evaporation. A
white solid (1.67 g) was obtained. *'P NMR in C6D5 major peak at 133.104 ppm
along with resonances at 130. 96, 130.78, 130, 01 due to lmpuntlcs )
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672 mml) and the m xture was stirred overnight, at roomtenperature. The
pol ymer supported diol/diester product was then isolated by@k,{ag({ha#d% and
vvashed W|th THE and acetone before air drying. 1.7 g (1.0 t

. pol ymeWORIZAH#Ot ed diol of the previous exanple 5 was sKEFAIHHIOESI4A 15 nl of
toluene, and to this was added 1.7 nL (10 mmol ) of diisopropyl ethyl am ne
and 4.0 mmol of the appropriate phosphorochloridite. The suspension was
shaken at room tenperature overnight. The_col orl ess product was then
filtered, washed with toluene (3 8 DMF (3 x 10 ni), and CH2Cl12 .

(et hyl ene chloride) (3 x 10 rstﬁﬂggfscgfq‘@ @#@ under vacuum 10 El enent al
analysis: 1.45 % P. A sanple 0 € polyner supported bis(phosphite) was
treated with Ni (COD)2 to give .the bgg orange Ni (COD) | oaded derivative.
This material was then treated wth t 1 atmand roomtenperature to
give the light yell-ow pol ymer supporg’&d P2Ni (CO) 2 conpl ex, characterized
by its infrared spectrumin KBr: 15 05 7 (vs), 2001.3 (vs)-cnjerr].
Exanpl e 34 Synthesis of Lig : ‘
3,3",5,5 -Tetranet hyl -2, 2' - di Xy-1, 1' L phefiyl ene (0.303 gm 1.25
rrrml) was added to a t ol uen soli I on (50 triethylamne (0.41 gm
4.0 mnol) and the phosphoro 1d|te 11 2.8 mmol ) of

2- (tetrahydrofuran-2--yl)phenol. Apltrer s o1:|g overni ght, the solids were”

vacuum fil tered and washed wth tol uene (3 x 5 n). The filtrate was
evaporat ed to ydPdlydiexyphenjl)propagiPobwasprepaetddom medmelm)masaveral peaks

Dot 13g B BRI Y caB R TOSUERs heGudliic 7 S PP S0

) hydroxyl group was protected with cyanomethyl group by the reaction of 3-(2-

hydroxyphenyl)propan—l-ol with bromoacetonitrile in the presence of potassium
carbonate as dcscnbcd in Tetrahedron Letters, 1993, 34, 7567-7568. 3-(2-
Hydroxyphenyl)propan—l-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 stitred overnight. The reaction mixture was filtered, |
concentrated, and purified by-ﬂash column chromatography to yield 65% of 3-(2-
o-cyanomethiylphenyl)propan-1-ol. 'H NMR (CDClH3): 1.85 (g, 2H), 2.73 (t, 2H),
3.67 (t, 2H), 4.79 (s, 2H), 6.93 (d, 1H), 7.03 (t, 1H), 7.22 (m, 2H). (t,2H), 3.72
(t,2H), 4.77 (s,2H), 6.92 (dd,2H), 7.18 (d,2H). 3-(2-o-
Cyanomethylphenyl)propan-1-ol (3.0 g) was added to a stirred suspension of

. DI - potassium hydroxide (3.5g) in DMSO (dimethylsuifoxide) (30 mL), immediately
followed by methyl iodide (4.5g). The solution was stirred at room temperature
for 1.5 hours, then poured into water, and extracted with dichloromethane. The
organic layers were combined, washed with water, dried over magnesium sulfate,
concentrated, and purified by flash column chromatography on silica gel to yield
1.7 g (53%) of 3{2-0—cyanome&1ylphenyi)ptopyl-1-mcthyl ether.. The
cyanomethyl group was cleaved as described in Tetrahedron Letters, 1993, 34,
7567-7568. 3-(2-0-Cyanomethylphenyl)propyi-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 addzd 20 mg platinum dioxide, and the reaction was stirred at room
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WO 01/ 21580 PCT/ USOQ 25548 Exanple 35 S thesis of Li and Z Acetal C (1.67
g, 8.0 mol) and PA3 (0.55 g, 4 mmol) were dissolved in t g&%réoﬁg m.)
and the solution was cooled to - 40 C Et3N (1.0 g, 10.0 #I | | uene
(15 mWwoma21ssédded dropwi se with stirring. The reacti on wagnmobossag to
slowly warmto roomtenperature then stirred overnight. A m xture of Et3N
(0.4 g, Aiethgetdthve ' : :

© 2,2 -di hydr%(y- 1, 1'%?%2%&?%2}‘%%@%? gqr_z |0(§1§15r'b1(;1>1<ey| at eew(aé.ﬁéte&d’ 3’.“10 mrol ) in

t ol uene ( léerfilirateasasanddechtiatedtth arigldh 062hpofB-{2-hydrdigphengpprapybi; and t he

m xture was stirred rs.. The sol uti.q filtered 10 through

Cer Loy maf plhers oF SR (GHCT 10 G 1 g Bin) 3350 S & 315
(CeD6): 13 , 7 .1 ppm Exanple 36 Synthesis of Ligand AA
Acetal B (%Hsz'ﬁg-?%%m}nﬁ)l%(mé%gﬂbcm (0.55 g, 4 mol) were dissolved in 15
'tol uene (40 nli)namilrdges pargediglove buxs3¢Ddlydmbxypheny)Propyl- Enddthylktlierg, 10.0

: ) int 15.m dqded d ] ith stirring. Th ti
o omed t oC1-2F Bhips ditved B 36l el s apdneled s 10 8 over i ght . A
1 Xt f ; : : '~ [ Q.. 2.0 |
et R R b
t he phosph@@.82 B).ocThaiiehetioahivhire wasatitted Aeroohxietperanes fatone hedr, filgen 2 hour s.

The solution was filtered thégugh’ Celite(r), and the solvent was renoved
to give 1. filtgredfovpr agadof Cite’ NNie fiiafoVas coidRerdratclida vacudltd Gi€ld (1 5p

(99%) of the corresponding phosphorous amidite. 3p NMR (tqluene): 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

Paions!

precooled lM HCl solution in ether. Upon addition, white precipitate formed.
The mixture was stirred for 10 minutes, and cooled back_ to -40°C for2 houfé;
« _ 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 - : ()

“The isopropyl ether of 2-hydroxybenzyl alcohol was prepared according to
5  aliterature procedure: Recueil. Trav. Chim.' Pays-Bas, 1955, 74, 1448. The
phosphorochloridite of this phenol (0.499g) was prepared by the reaction of PCI, |
(0.206 g) in toluzne (11 g) with triethylamine (0.400g) at ~30 °C. This
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_Exanple 37 Synthesis of Ligand BB A 100 nL flask was charged with PC13
(0.343 g) and 50 nL of toluene. The m xture was cooled to 93Ipl C ?6(34acet al
F (1.284 g) was added, followed by 0.7 g of NEt3 in 20 nL 1[0 a%"H

. (precod¥@@1Ri80 30 C), which was added dropwi se. After veCTUS®/Z5s8r oOm
~tenperature and stirring for about 40 mnutes, the mxture was cooled to

-30 C and 2,2'- ' i s(4. 6-dj met. | Q). dded and
then 0.6 g PPSRERGHIOA AR, bl B Sedarn il SR R “F Tt or e
through Cel(@©t206g) amhicthytansiak WRBOO PR STHARKVAE waY filtefed iroB¥RICRRE ON. A

white solid (1.67 g) was obtained. 31P NVR in C6D6: mmjor peak at 133.104
ppm al ong #delvcatismayed by setanvryaperationty gige 0.782 gf thick viscousrgbliri t i es. 52

WO 01/ 21580 | & .Synthesis of  Ligand.£C.19 March 20

PCT/ Usoo! 3554 DR (GDA B RERprines o RS M mifer iaptseS d® 192,77

di hydr oSourad 130.§9qdpgneWi ng t he procedure outlined in J. Chem Soc., 1956,
2455. The phenolic hydroxyl group was protected with cyanonethyl group by

the reaction of 3-(2 hydroxyphenyl)propan- 1 -61 with bronoacetonitrile in.
t he presence of potassium. car bonatﬁ' as dgﬁcri bed in Tetrahedron -Letters,

1993, 34, 7567-7568. 3-(2- Hydroxypif Pt opan- 1-ol (27.4g) was dissol-ved
in 300 mL acetone. To this - wasswalgast o710 ishnd®ESSi um car bonate, followed by
bronoacetonitrile (21.79), and the- nixture was stirred overnight. The -

reaction mxture was filtered, @ONCY
chromat ography to yield 65% of @

ntr and purified by flash col um

-0/

_ Acetal H(1.55 g, 8.0 mmpl)ﬁnd 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)
o 10 intoluene (15 mL) was added dropwise with stirring. The reaction was allowed to
slqwly warm to room ten"nperaﬂuc thén stirred overnight. A mixture of Et;N (0.5
g,5.0 mrnloll) and dimethyl '2?2'-di:hyd;(;xy-1 .1 ';binéphthalene-B,3'_—dicarboxyiate
(0.8 g, 2.0 mmol) in toluene (15 mL) was édded 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
(CDy): §131.1,134.4, 1474 ppm. - |
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o- cyanonet hyl phenyl ) propan-1-ol."H NVMR (CDCI 3): 1.85 (q, ZFD 2.73 (t, 2H

3.67 (t, 2H), 4.79 (s, 2H), 6.93 (d, 1H), 7.03 (t, 1H), Eﬁ;&nk:§£%4 ’

(t,2H), 3.72 (t,2H), 4.77 (s,2H), 6.92 (dd,2H), 7.18 (d,?2 9

~CyanoiY¥® By2358&kny| ) propan-1-ol (3.0 g) was added to a stP¢F¥BE0ZG¥Fensi on of
pot assi um hydroxi de (3.5g) in DVBO (di net hyl sul foxide) (30 nL), immediately

foll owed by nethyl iodide (4.5q) ‘ tion was stirred at .room

temperature for 1.5 hours, the : o water, and extracted with

di chl or onet hane. The or gani cSkathesisof kigatd EEhi ned, washed with water,

" dried over magnesium sul fate, concentfated, and purlfled by flash colunn
chromat ography on silica gel ? yieldg t¥.7 g (53% of

3-(2-0- cyanonethylphenyl)propﬁ etdier. The cyanonethyl group was -

cl eaved as described in Tetrah' 1993, 34,

7567-7568. 3- (2- 0- Cyano thyl ether. (0.77 g, 3:8

nmmol ) was .di ssolved in n.tl Fi sher-Porter tube. To

this solution was added Q‘Q nd the reaction was

stirred at room53 1 9 Map 200& US00/ 25548 tenperature

under 35 psi of hydroge fo 2 he was filtered, and the
filtrate was concentrat y| el 0._. 62 of Ohydr oxyphenyl ) - propyl - |
- methyl ether. "H NWR 13) 1.4 (@7 2H), 72N\(t, 2H), 3.37 (t, 2H),
.3.40 (s,  3H), 6.85 (m 2H), 7.09. AH). In a™jfrogen purged gl ove box,
3- (2- hydr oxyphenyl ) propyl -1 - met hj (1.25 was di ssolved in 38 n
di ethyl ether, and cooled to -40 Ayl phosphor am dous di chl ori de
(0.65g9) was added, followed by tp

ne (0.99 g). The reaction
m xture was stirred at roomte pr one hour, then , (')

I’O

In 2 100 mL flask with a magnetic stir bar was charged with 0.412 g of
PCI, 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
sﬁowcd 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
i0 ovcrmght filtered through Cehte® ‘washed with toluene and solvent removed by

" rotary evaporation to give 2.105 g of' a wlute solid. 31p NMR in CD,: major

,
#or
¢
1}

resonance at 131.21 ppm with 1 minor resonances at 144,96 and 132.20 ppm.

" Synthesis of Ligand GG

5
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filtered over a pad of Celite(r). The filtrate was concentrated in vacua to
yield 1.6g (99% of the correspondi ng phosphorous am di te.1g”;éP Nﬁp
(toluene): 136.7. The above phosphorous amdite (1.6 g) was F'%Cg éd in
37 nmL MAPHRE8E- et her and cooled to -40 C. To the stirrpemusowdsdse
solution was slowy added 7.4 nL of precooled 1M HC1 solution in ether.

Upon addi tion, wWaig®oRlesiRiviat £nlaeheRst Pt . td for 10
m nut es, and cool ead back to -40 Ca or 2%3%%%E§J%ﬁ1l?r%&;ﬁl?’ry was
filtered ovied8lag phithe ofetddd,iand 20)mL of THI: CFteesviutivinecas dvoledaoa30 2@ yiel d

1.345 g of the correspandi hosphor.ochl ori djte. 31P.. NMR_(tol uene):

161.6 ppm afﬁea %%WE%B%?@%P POt ‘ﬁgaw&e doéf*;o&)éﬂzwﬂﬁlh"%t jeng o

t et r amet hylwds dddedi | | M A l?él'gﬂll‘é . P NWVR
(toluene): W134, 14%85# E@ggr%)wg? syntﬂggsérgt%# Li gan%?%d?#hoﬁgopr opyl
et her of 2-ThedlexywaeendlediiocS0SC, Qa4 8p o B 3t-dilsapeapyl-Bi6'direthy52,2-1 i t er at ur e
procedur e: cuei | . . Tray.. I m - Bas, 1955, 74, 1448 . The
'phosphorocfﬁ&#ﬂﬁ%’ld&pﬁfﬂy?“ﬁﬁéﬂ%%(s@ xtyggwvasadded @408 ¢ ofhe reaction of
PC13 (0.2 iofind. OTHE R xfutelwd) st i jine: AO C. This
B VD 1) > s ladin OTHE Ry Pdﬂ%gﬁ%%@ﬁh%%}%@hf%ﬁ ady o0 hen
react ed wi triotaBy 8vapbraion tepivartedas\g oD ®hitbdsglik itk NMR (CD8BY,): maidr
triethylamne (O. 303 22 The m xture.was filtered through Celite(r) and
sol vent rerfBV’é‘%“?ﬁ/at 4P PPEA MR Faineigssqrgnegs Ak 1329801328 13183k vi scous oi | .

31P NMRo( COGhEp, 19R76i248 88ppance at 133.95 with minor resonances at 142.75
5 and 130.89 ppm ’ _ : _

L | 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 Hydrogyanation: 74 uL of the Ni catalyst solution (0.0018 mmol Ni) prepared
as described above was added to a 4-mL septum-sealed screw-capped vial and
* cooled to 20 °C. -After cooling, 120 pL of a solution of HCN in valeronitrile
(0.83 mimol HCN) and 280 pL of a solution of BD in toluene (0.925 mmol BD)
20 Wt;r?;@dgf_.:d. The vials were sealed and heated at 80 °C. Samples were removed
after 1.5 and 3 hours. The magﬁoq_ frﬁitu;es wgfé then diluted in__dicthﬂ ether
oy (E20) and analyzed by GC against _vajerogjﬁile as an internal standard.

:2M3 Tsomerization: 130 pL of a cold solution containing 2M3 and valeronitrile
25 (0.930 mmol 2M3) and 82 1. of:aNi 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 G,C,tlisihg valeronitrile as
an internal standard.
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Exanpl e 40 Synthesis of Ligand EE Acetal H (1.55 g, 8.0 mmol) and PCl 3
(0.55 g, 4 mol) were dissolved in toluene (40 nL) and theﬁ@a\%gli was
cooled to -40 C Et3N (1.0 g, 10.0 muol) 10 in toluene (15 S 3ded

- dr opwwxeoMa1888 stirriing. The reaction was allowed to sl PpPQI/ASeRSMSt 0 room
tenperature then stirred overnight. A mxture of Et3N (0.5 g, 5.0 mmol)
and di met hyl 2, 2'-di hydroxy-1, 1'-bi napht hal ene-3, 3" -di carboxyl ate (0.8 g,
2.0. mol) in toluene (15 nL) was added to the phosphorochloridite
solution, and the m xture was stirred.for_2 h .The solution was :
filtered 15 t Fo0Yh BB @Pr‘i‘_’,“"‘an%’"f’ﬁé sowgﬁ?%@é%b%hé’dﬁfo give 2.0 g of
product. 3i P NVR (C6D6): aSerB3l. 13PNKBM3 4, (%A cbrivedsiqupanIPNG5 WO 01/ 21580 EXAMPLE
41 Synthesis of Ligand FfGJ9 Marg gp04 PCT/ USDO/ 25548 In a. 100 nL flask
with a magnetic stir bar vﬁza charged with 0.412 g of PC13 and 50ni of

t ol uene. The mi #Bure Ws codl4edl in 28.7-30 C and. tRkSacetal derived from -
5-chl orosal i cyl gl,dehy and penty] ,glycol (1.4 g) was added. 5 To -
this mxture vvag"‘addegﬁdropvﬁ}gg a priééool-ed sol ut ?gﬁ (-30 C) of- e
triethylam ne (Q@s58009)xin 2014 of tglgiene. 3i P Npgof the reaction m xture
showed a maj or resonance at 164.44 ppmalong with m nor- resonances at -
193.04 and 131499 ppn¥ The MBxture vas cooled tol340 C_ bi-naphthol (0.429
g) in 10 nlL toluene s ad and then 0.600g of i ethyl am ne. The

m xture was stirted 1\880ver gﬁgﬁt f-i&‘?er"ed"t‘-hr ougﬁg%el-t e(r), washed with
tol uene and sol ygnt regoved &yg 0.5 6.0 _

9 zZ 598 1 i 16
50 AA 695 04 . 158 )
51 BB 215 07 . 18
52 cC. 634 14 15.1
53 DD 703 3.6 167
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.

‘Hydrocyanation of 3.4 Penteneitrile (3.4 PN); 125uL ofa 'solu'tibn containing
'HCN, +-3PN, and 2-ethoxyethyl ether (0.396 mmol HCN, 0.99 mmol 1-3PN) were
, - added to a septum capped vial. 13 L of a solution of ZuCl, in +-3PN (0.0067 )
mmol ZnCl,) were added to the vial and the vial cooled to -20 °C. After cooling,
116 pL (0.003 tamol 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 recom
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. e

. 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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rotary evaporation to give 2.105 g of a white solid. 3iP NVR in C6D6: mmjor
resonance at 131.21 ppmw th m nor resonances at 144.96 an grc%(bdaam

EXAMPL t hesis of Ligand GG 56 19 March 2004 WD 0O

-PCT/US@C#@%%In a-100nL flask with a magnetic stlrrerjP\é P@?Séﬁd with
0.4129 of P31 1.081 g of the acetal B, and 20 nL of THE The sol uti on was
cool ed to (BO20g; &hdimangl) amder ivext mt@@emﬁﬁwphtmoﬁh@ﬁnthQWhmﬁe (0.68 @)

t brmer ot ur e S0 SRR RS SR A BEN S PR Sy, 256y o
3, 3" -di i SOpsRPM gaﬁsoﬁ:cedsfrmghmkcﬁ ,(Rooled BYEHCYWithldry nithigeh esVécad added. To

this. m xture was added O of triethylam nel The m xture was stirred
over ni ght , ahd iresting, the tsukting satErmdeHCbVN mixtareyintovthgpreaetor belowdhg)i ve 1. 668 g

f whi t J.i.d P NVR t..1 ith
o nor Theo laRdEvel, Plogsti ot Begsadion R rdnitaled g 1SS uididds dm 150 86’ 0o

Exanpl es 4§n§§‘aﬁ§%?|détﬁ§£f Vit fRSeX¥RioR iPleRRBaRA. DY m xing 0.042 mmol of one
of the bidentat i gands _of the invention and 0.014 mpol of N (COD).2 in
457 ng tol uene| I1BaBee Hydr ogpeehat | on: o™ plf of dishe N caetAdyst| sol ution
(0.0018 nmol N prs@par g0 ogg des¢ri be@d abgve wees adped 0 a 4-nl
septum seal ed perew cap etvi—ah—er . .—-t—e—§.-,”“ S—AFer—eqol ing, 120 L
- of a solution pf_H nivaleronitii 83 mm HCM\ and 280 [err]L of 'a
sol ution-of BD|in t%68I uene (OFF925 fmrol 21B‘?B) 9.5 A
57 895 933 A
7 58 X 295 91.7 A
o ] 59 7 26.0 710 A
e 60 | GG 63.9 85.1 B
61 “CC 422 926 A
62 J T13.0 886 A
63 BB 215 | 866 A
64 ~ H 59 95.4 B
66 _ DD 645 912 A
67 Vv 130 830 A
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20 were added. The vials were sealed and heated at 80 C 'Sarrpl es were
renoved after 1.5 and .3 hours. The reaction m xtures wer d9tNteroh @004t ed in
di ethyl..ether (Et20) and anal yzed by GC agai nst “val eronitrile as an

< internal standard. 2M3 |sonerization: 130 L of a cold solution containing

.2MB and valeronitrile 25 (0.930 mmol 2M3) and 82 L ofaN catal yst
solution (0.002 mol Ni) prepared as descri bed above were added to a septum
capped vial. The vial was sealed and heated at -125C. Sanpl es were renoved
after 1.5 and 3.0 hrs, cooled and diluted in ethylether. The product

di stribution was anal yzed by GC, using valeronitrile as an internal
standard. 57 19 March 2004 WO 01/21580 PCT/ US00/ 25548 Exanpl eLi gand BD
cony. Ratio of Ratio of 3PN12MB isomafter 3 h after 3h3PN 2M3(% conver si on
to 3PN) {%) f rgruBPchiddis?224. 721. 5. 44. B64.11.4 '16.8 45X11.937.820.4
46Y78=1.15.4 47U89.40.7...;.15.9 48V62.60.56.0 49259. 8116 50AA69.5.0.415. 8

1. 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

10  HCN in the presence of a catalyst precursor composition comprising a Lewis acid,

a zero-valent nicke), and a multidentate phosphite ligand selected from the group

\ - represented by the formulae I, I-A or I-B:
Formula I
X2 X3
O O
N
/P—X1—-P<
O (o)
D X4 X
15
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51BB21. 50. 77. 8 52CC63.4 .1.415.1 53. DD70.33.616. 7 CATALYST TEST METHOD A
Cat al yst sol utions were prepared by nixing 0.042 mmol  of or@ Mgrch B4
~bidentate Iligands of the invention and 0.014. mol of NI (COD)2 -in 457 ny
- toluene. 5 Hydrocyanation of 3,4 Penteneiiiirile (3.4 PN): 125 L of a
solution containi.ng HCN, 1-3PN, and. 2- ethoxyethyl ether (0.396 mmol HCN,
0.99 nmol t-3PN) were added to a seBemmhlekdped vial. 13 L of a solution of
ZnCl 2 in t-3PN (0.0067 pl ZnCl 2) were added to the vial and the vial
cooled to -20 C. After jee i ) wof a catal yst

[ : e vial. The vial
ure. After 24 hrs
pr oduct
as 'an internal
CATALYST TEST METHOD

zh d wth
BHehh 2 (0. 040 g

e was- heated to 50C

was seal ed and set asi{de for f£4 hours_.at room 1
i ed with ethyl ether
\Ng 2-et hoxyet hyl
standard. Reported yleldu are b&ked on HCN co ..
B 15 A glass reactor fi d th |tr ubbl er

3-pentenenitrile (5 m_c g?%l) gﬁg—rp 2 mol )
- 0.14 nmol ) and ZnCl 2 58 YO 01/ 2§80 19 Nhrch

and agitated with a magpe i . HCN was delp 2y, to the reactor by
spargi ng a source of Il¢quid Hm (cooled to 0C itrogen (30
cc/mn) and directing Tres thp sat ur at xture into the
reactor bel ow the X

5 - Formula I-B

o
o

wherein;,

P-—xt—P
X’ 1s a bridging group selected from the group consisting of

. 61



l'iquid |evel.

- 57889. 593. 3A 58X29. 591. 7A 59Y26. 071. 0A 60G363. 995. KRB RECCA2. 292. 6A

62J13. 088. 6A 63BB21. 58¢, H3. 995. 4B 66DD64. 5912A 67W13,Q83. 0A 59 19

March 2004 5 \What

reacting an acyclic,
whi ch the ethyl eni,

group in the nol
precursor conposition

nmul ti dent at'e phosphite

formul ae |,

10

15

| -A or

IS

ul e

whereinR' ,R? ,R? ,R?, R*,R®, R, R®,RY, and R* are independently

selected from the group consisting of H, C; to Cyg alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO;RY,
-SO,NR,"2, acetal, ketal, dialkylamino, or diarylamino, -OR", -
CO;R", -(CNR'MR', (CNOR'MR", wherein R" is C, to Cyg
alkyl, cycloalkyl, aryl, or substituted aryl, -C(O)RY,
_C(O)NRR", -O-C(O)R", -NR'-C(O)R"?, wherein R'> and R"
are independently selected from the group consisting of H, C; to Cys
alkyl, cycloalkyl, aryl, or substituted aryl; wherein positions other
than R through R® on tlie aromatic rings may also be substitute.d
with C; toCjg alkyl, cycloalkyl, trialkylsilyl, triarylsilyl, halogen,
nitrile, perfluoroalkyl, sulfonyl, acetal, ketal, dialkylamino,
diarylamino , -OR'!, -CO;R"!, RCNR", or RCNOR'"' ,

wherein R’ and R are independently selected from the group consisting

of H, C;to Cjsalkyl, cycloalkyl, aryl, or substituted aryl;

wherein X* through X’ are independently selected from the group

consisting of:

- 62

Progress of the reaction is nonitored by renoving aliquots
and analyzing by GC. After 1 hr the reaction is term nated® March 2004
Exanpl el i gandconydi st met hod 54EE- - 8. 895. 5A 55W2.:297. 5A 56FF21. 596. 5A

conpri si ng
Hd conpound in
ol efinic

()
el ected fromt he| group represent ed by the
| -B:! Formul & | S



15 60 19 March 2004 Formula I-A 5 - Formula I-B -P/ (pl) -"\D-Y \O.
wherein;. K is a bridging group selected fromthe group d@rﬁéﬁ@b?ﬂ@"r of

61 19 March 2004 wherein R, 2 , R3, R4, R, ' R6, R, R R', and R2.
7 are independently selected fromthe grogp consisting of H Cl1 to Cl18

al kyl, cycloal kyl, trialkylsilyl, triarylsilyl, halogen, nitrile,
perfluoroal kyl, -S@2R', ,- 5 -S2NR212, pcetal, ketal, dialkylarino, or

di aryl ami no, -OR' CO2R11, -(CNR11)RIT; 'YRi1l, wherein R" is Cl.to C18
al kyl, cycloal kyl, aryl, or substitut ed ryl, -C(OR12, -C(ONR12 R13,

-0 C(OR12, -NR12-C(O R13, wherein R12 gnd R13 are independently sel ected
fromthe group consisting of H Cl to-C,8 10 alkyl, cycloal kyl, aryl- or
substituted aryl; wherein positions other than R through R8 on the

aromatic rings may al-so _be subst t 0- C18 al k ycl pal kyl ,
trialkylsilyl, tr."éb%i?lgmpgﬁlm WQP‘%@@M se eﬁ%?f’f"e‘h‘?ﬁm“l’ﬁ‘ﬁﬁﬁ%ﬁ |IE Ff onyl
. acetal, ketal, -dial kyl@fﬂw]ctCRuz)n ORM, (CR“‘g)nNR'5 wherein n is 2 number

5 : _between 0 and 3; wherein R"is H, C;-Cys alkyl, cycloalkyl, or
aryl; wherein R' is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO,R!!, -SO,NR'?,, —COR'G; and wherein R'¢ is
H, C-Cis alkyi, aryl, or perfluoroalkyl;

“wherein Z is selected from the group consisting of (CR'*;),-OR" wherein

10 n = 0-3 and wherein R is defined as abo_ve;

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

bonded to the P; and

15 wherein Z! is independently;
R‘I 7
.__cl;_____
R‘l 8
A - wherein each R'” and R'® are independently selected from the group

consisting of H, C, to C;3 alkyl, cycloalkyl, aryl, or substituted aryl, and
n' is either one or zero. '

20

2. The process of claim 1 wherein at least one of the groups X2x°

has the structure of formulae A or B; Y* = O or CHy; and R is defined as above:

H

25
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diarylam no, -OR 1, -CO2R11, RCNR', or RCNOR11l , 15 wherein RO and R3 are
i ndependent|y sel ected fromthe group consisting of H C 1BMaeB2804kyl
cycloal kyl, aryl, or substituted aryl; wherein X2 through X5 are

i ndependently selected fromthe groug “ﬁﬁ¥ isting of: 62 19 March 2004
wherein Y is independently selected Tromihe group consisting of H aryl,
CR143, (CR142) n-OR14, (CR142) n-NR' wherein n is a nunber .5 between 0 -and
3; wherein R14 is H, C -Cl18 al kyl, cycloalkyl, or aryl; wherein. R5 is

sel ected fromthe group consisting of HRetkyl, cycloalkyl, aryl, -SC2R1
-1, -SO2NR122i -COR16; and wherein R16 isf JH€\4g -Cl18 alkyl, aryl, or

perfl uoroal kyl; wherein Z is sel ect n1the group consisting of
(CR142) - OR14 wherein 10 n = 0-3 an 4 is defined as above,
wherein a ligand of the structure o a |l-A or Formula |I-B has at

| east one aromatic ring carbon in or¥ho pgeition to an O bonded to a P
bonded through (Zl)nl to anoth ar ondi ¢ rlnd carbon in the ortho
position to the other 0 bonded to the P; and 15 wherein Z1 is

i ndependently; R17 | C | 18 wherein each R17 and Rib are- |ndependently
sel ected gron1the gr oup . _

Formula B

S
/™
2 Rq4

3. The process of Claim 1 wherein the Lewis acid is selected from the
group consisting of ZnBry, Znly, ZnCly, ZnS04, CuCly, CuCl, Cu(035CF3),,

10 CoCls, Cols, Felz, FeCls, FeClg(tetréhydrofuran)z, TiClg{tetrahydrofurran)y,
TiCly, TiClz, CITi(OiPr)s, MnCl3, ScCls, AlCl3, (CgH17)AICI2, (CgH17),AICH,
(is0-C4Hg)2AIC), (phenyl)2AICI, phenylAlCl,, ReCls, ZrCly, NbCls, VCls,
CrCly, MaCls, YCl3, CdCly, LaClz, Ex(03SCF3)3, Yb(02CCF3)3, SmCl3, TaCls,

_ CdCl,, B(CgHjs)s, and (CgHs)3SnX, wherein X = CF3S03, CH3CgHsSO3, or

Y, 15 (CeHs)3BCN. |

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

20 integerof 1 to 12,

5. A process for the liquid phase hydrocyanation of diolefins and

isomerization of the resulting nonconjugated acyclic nitriles comprising, reacting

1
1

an acyclic aliphatic diolefin with a source of HCN in the presence of a catalyst
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- consisting of H Cl to C B alkyl, cycloalkyl, aryl, or substituted aryl,

and nl is either one or zero. 20 2. The process of clai m 9Maseke?p04t

| east one of the groups X2-X5 has the structure-of fornulae Aor B, Y3 =0

*-or CH2; and %gmfoﬁngﬂf:b%ﬁds:ﬂg?ni@ba\@d aPReadi 3nd thulidentat@piibéphice ligand oA 5
Forrrula B R14 \ R14 3. The process of Claim1l1l wherein the Lew s

acid is sel eghetormulaeidl, BeA o§floBp consisting of zZnBr2, zZnl2, ZnCl2, ZnSo4,

CuCl2, Cud, Cu(03SCF3)2, 10 CoCl2, Col 2, Fel2, FeC13,

FeC12(tet rahydr ofuran) 2, Ti Cl4(tet rahydr of ur an) 2, Tid4, TicC13,

C1Ti (G Pr)3, MC12, SCC13 Al C13, (CadtmpAlIlC 2, (08H17)2A1C1

(i so- C4H9) 2AI C1, (phenyI)ZAI Cl, phenyl Al C12, ReCl5, Zr Cl4, NbC15, VC13,

CrCl2, MoCl5, YC13, CdC 2 -

_(CGHS)SBCN. 4. The proc
conpound is selected fr
4-pentene- nitrile; alKkyl
wherein z is an 20 Lnteger of 1Qo 12.

P—x1—P<
(@)
x4 X
5 .
Formula II-A
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- 5. A process for the liquid phase hydrocyanati on of diolefins and
i someri zation of the resulting nonconjugated acyclic nitril1@MaehdPd4i ng,
reacting an acyclic aliphatic diolefin with a source of HCN in the

- presence of a catalyst 64 19 March 2004 conposition conprising nickel and
at | east one nmultidentate phosphl te I |ga£ﬂ{lg the. fornulae 11, 11-A or
11-B: Formula Il O O1 > X a I1-A 65 1 9 March 2004
Formula 11-B WnPXPO \05vvhere|n is a '
fromthe group consisti 2 wher ei D(
R7, RB , R and R2 ' arg indepgnhdently

dgi ng group sel ected
, R4, RS, Re,

o -
(Z') a1 P-———x1-—P

e

5  wherein;

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

R O
|

whereinR! , R? , R} . R, R%,R%, R, R® , RY, and R* are independently
selected from the group consisting of H, C; to Cg alkyl, cycloalkyl,
10 trialkylsilyl, triaryisilyl, halogen, nitrile, perfluoroalkyl, -SO,R™,
-SOzNRzm, acetal, ketal, dialkylamino, or diarylamino, -Or", | -
CO,R", «(CNR'"HRY, -(CNOR'MR!, wherein R is C, to Cy3

. 66



sel ected fromthe group consisting of H Cl to C18 al kyl, cl oal kyl, 10
trialkylsilyl, triaryisilyl, halogen, nitrite, perfl uoroal kélMafEB@QFQB

- S02NR212, acetal, ketal, di al kyl am no, or diaryllamno, -OR', CO2R',
-(C\NR')R 1, (CNOR" )R, wherein R" is C_tqg Cl8 . 66,,19 rch,22Q,04 al kyl ,
cycl oal kyl, aryl, or @Eﬂs‘tbﬁci‘m@&l aélr‘ly‘PfSUbﬁﬂtHﬁ}eF‘sz’ EORNRTS RG o R12,
-X12-C(O R13 V\/nerel n d 2 md 2l 3e t he
group consi sting of HCBé?Oﬁi‘ ’Olﬁéﬁlal k é% ﬂf@ atd Raré/rﬁﬁo%gerfcf ituted

aryl; wherein pOSItIOd’biecfbel’ﬁfmﬂ'féag‘i @cdﬂsrsﬁﬂ?bfﬁgc&mshn@l ayaffalkyp ri ngs
may al so be substituted wth C 18 al k cycl-oal kyl ,, trial kylsilyl,

triarylsilyl, hal ogenaryhpxsubstetutqd@nl;wbp@mmqsmonsgﬁwmlﬂylll threughR ket al ,

di al kyl d | R9
o R0 6 ndependcit g sxurieirings S AolE el aRE G L 907 ) 2
to C 8 alkyl, cycl oal kyjoalkdl,¥ial Exlﬁubﬁaiylhljh%l@éﬂ'mtrﬂ@%reﬂlﬂbréﬁk)‘lhrOUQh X5

are i ndependent |y selected fromthe group consisti ng of: wherein Y1 is
i ndependent |y sel ect eshlfongpadetad, lggtzduqhalkyhmls@,udnﬂgylemm, -8R/[,, CR143,

(CR142) n-OR14, and ( = NRis L is a nunber between 0 and 3,
wherein R14 is H C, %ﬁa lﬁ@hﬁcy&%ﬁpﬁ or aryl, wherein R15 is

sel ected fromthe 18 Kithied %561 @g! S2R.
CSONRL22, - CORD, "Rty HERCRIR'© i Gen R, SRR pccfg M"ﬁyl aryI
or perflimroal kyl ; V\hﬁﬁ‘ﬁ,l(ﬁl Y Y alkyhdycpieaiﬁyﬂmdyy of aibattubet drybm t he group

oy

consi sting of ar I CR143, (CR1A2 OR. (CR142) n-NR', wherein n
is a nunbgr Y wherein X throu(gh X arc)a mdependently se?ccted from the group
consisting of:
_ 1’1
_?"“"Yz
Z :
15 wherein Y' is independently selected from the group consisting of H, aryl,
' CRY;, (CR'™,) n-OR', and (CR'%) n-NR", wherein n is a number
between 0 and 3, wherein R' is H, C,-Cz 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
‘ 1 /20 H, C;-Cy; alkyl, cycloalkyl, aryl, or perfluoroalkyl;

wherein Y? is independently selected from the group consisting of aryl,
CR!;, (CR'";) n-OR"Y, and (CR'%,) n-NR"’, wherein n is a number
between 0 and 3, wherefn R"%isH, C,-Cis alkyl, cycloalkyl, or aryl,
wherein R is selected fr;)m the group consisting of H, all.cyl,
25 cycloalkyl, aryl, -SO;R"!, -SO,NR'%, -COR'®, and wherein R'® is
H, C;-C3 alkyl, cycloalkyl, aryl, or perfluoroalkyl;
wherein Z is selected from the éroup consisting (CR'*,),-OR" wherein n =

0-3 wherein R' is defined as above;

30 wherein a ligand having the structure of Formula I-A or Formula I-B has at
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between 0 and 3, wherein R14 is H, C -C18 al kyl, cycloal kyl, or arg ,
wherein R5 is selected fromthe group consisting of H, al 13)9|Margl52 04
cycl oal kyI aryl, -SO2R11, -SO2NR122, -CORt6, and wherein R16 is H, Cl-Ci18

“alkyl, cycl qaisku.l.e ar@ﬁﬁiﬁc nﬂ%Ratl%s&J 486 Qﬁhclﬁfbsmﬂﬁ‘ﬁra%'@bgndea t6 8lpescn@gl from t he

group consisting ( wherein n 0-3 wherein R14 is defined as
above: 30 V\Mkmougma')n|tgamthhaaromgt1ctmvsarbmm1heorbho Pasitinn to the ather OFor nul a
| -B has at %5&9 Ngﬁ E 2004 | east one aronmatic ring carbon in the ortho
position to “9f e GE@d% a P bonded through (Z)n'" to another aromatic

ring carbon int ﬁé 8ht the other O bonded to the P, and
wherein Z' is mgﬂbenlgent I;Sé"Rﬂlty0 Res and wherein each R17 and Rig are

i ndependently sel ected fromthe group Rﬁnm sting of H C to Cl18 alkyl,
cycloal kyl, aryl, or substituted aryl, fand n' is either one or zero. 10 6.
The process of claim5 wherein at Ieas one of the groups X2-X5 has the
structure of fornulae A or B; Y3 =0 oYy CH2; and R14 is defined as above:.
Formula A 14 15 Fornula B R14 S
18
5 R
and wherein each R'” and R'® are independently selected from the group

consiéting of H, C, to Cyg alkyl, cycloalky], aryl, or substituted aryl, and n!

1s either one or zero.

R 10 6. The process of claim 5 wherein at least one of the groups X%x°
has the structure of formulae A or B; Y* = O or CHa; and R" is defined as above:

Formula A

3
M R1a

15 Formula B

1

7. The process of claim 5 wherein either (a) hydrocyanation or
isomerization is performed as a batch operation, (b) both hydrocyanation and

20 isomerization are performed as a batch operation, (¢) hydrocyanation or
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R14 R14 7. The process of claim5 wherein either (a) hydrocyanation or

i sonerization is performed as a batch operation, (b) both A§ddaselyaels i on
and. 20 isonerization are performed as a batch operation, (c) hydrocyanation
or 28 19 WhlighndDdod RYAROIEE dodlinbiSl 8F ()/SREh fgidtlang or (d) both

y rocyanatl on an |zat| on are performed continuously. 8. The
process of qkmsztxm@eﬁommnnhmsw compound is selected 5 fromthe
group consisting of 1, 3-butadiene, cis-2,4-hexadi ene, trans-2,4- hexadi ene,
cis-1, 3-pentadi ene and trans- 1.3-pen.tadiene.” 9. A nmultidentate phosphite
| i gand of the for I Bdlegtel! -A 21 1
-\ (,) n 69 19 ﬁrgﬁ %ﬁﬁésﬁgﬁﬁg ﬂﬁwégm\]/‘:ﬁerﬁgﬁér?ﬁ&gldogﬁ?{ss aebre!ddgl ng group

sel ect ed sf r gyom iR gé%@ne@ﬁﬁg st i Boupllidie] dis-R4-vdxediens) tBhs 2,42 , W R, R5,

R6 , R7, R3, R and are i ndependent |y
'hexadiene, cis-1 ,3-pentadiene and trans-1 ,3-pentadiene.

9. A multidentate phosphite ligand of the formulae I, II-A or II-B:

::s—x1—p\Q
i,

Formula H-A

Q

10 . Formula II

Q Qo OQ

(Z') ot P———X )

o/\o

?C
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selected fromthe group consisting of H Cl1 to Clg al kyl, cycloal k
“trialkylsilyl, triarylsilyl, halogen, nitrite, perfl uoroal I@?IMBTCIS&W
. -S2NR212, acetal, ketal, di al kyl am no, or diarylam no, -OR', CO2Rl 1,
-(CNR11) Ri 1, (CNO?ll) R 1, wherei g s _%1 to C18 alkyl, cycloal kyl,
aryl, or substltuted aryl, -C(OR1Z, 82(!)] R 2R 3, 70 1 9 March 2004
-OC(OR12, -NR12-C(OR I 2 and 3ar rdependently sel ected
fromthe group consistifng of o C 8 aKky ; cIo kyl, aryl, or
substituted aryl; whergi fftions other than R{ througgh R8 on the

[ [ ) [ i yl, 5 cycl oal kyl,
ref oal kyl,  sul fonyl,
- CO2R", RCNR" or RONORI 1

trialkylsilyl, triarylsiyy Ral ogen, _nitrile,
acetal, ketal, dialkyl anifno, 8
i _! ndepe oent 1y sel ect from t he group consi sting

2l whi kyl , PeyXLerpSubstituted aryl; 10 wherein X2
throu'gh X5 are independeftly sel e,e,’t ed from tNgroup consi stl ng of:

15 CR143, (CR142) n-OR14/=s CR142) n-NR 5, wh
C18 al kyl, cycl oal
|s sel ected fromthe goup co si sting of H al ky
'-S02R11, -SO2NR 22, -(QOR16, £ne-uber ei n RLg5 ¢ 8 al kyl,

cycl oal kyl, aryl, or pe ¢ ; 20 whérein Y s=Fhdependent | y
sel ect ed, fromthe gr oup consi st i ng of aryl, CR14, (CR142) n-OR', and
(CR142) n-NR15, wherein n is a nunber

D 1S a nunber betmeen
aryl, wherein R15
oal kyl, aryl,

iy wherein;

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

0
|

whereinR' ,R?, R, R*, R, R®,R", R®,R", and R? " are independently
selected from the group consisting of H, C; to C,3 alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO:R",
10 _SO;NR,"2, acetal, ketal, dialkylamino, or diarylamino, -OR", -
CORY, (CNR'MRY, -(CNOR™R!, wherein R is C; to Cyg
alkyl, cycloalkyl, aryl, or substituted aryl, -C(O)R'?, -C(O)NR'*R",
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between 0 and 3, wherein R14 is H C -C 8 al kyl, cycloal kyl, or aryl,
wherein R15 is selected fromthe group consisting of H al K§iMargh@084l kyl ,
aryl, -S02R', -SM2NR122, -COR16, and wherein R16 is 25 H, C -C18 al kyl,

cycloal kyl, aryl, or p@r(f( IfzpaJﬂWJC(omé*;whae& RY aaeRéi:aremdepammny gr oup
consi sting (CR142) "-OR14 erein n = 0-3 wherein R14 is defin above,;
wherein a |igand havi ﬁ@cqt%ﬁgmrth%gfﬂﬂﬁCWS‘WM%QI-“}D\Cmal%r f lgy B has at

301 cast one aromatic Llid AP AchNEngEH BB bhoNnbPRAtuBubipRYC to. 2

P bonded 71 19 March aromatic ring carbon in

the ortho position tooﬁlﬂfe;Qb;lﬂ@ﬁcﬁngsbﬁﬁydﬁdob@sdﬂsﬁm&d\aﬂﬁdCy\kmCQmﬂql i's
I ndependently; R17 RI18 and wherei n each R .8 are.independently

sel ected from t he grogwl@dhéi @@uﬂ'&ll&h hwryl@ljyl; balgﬂ%h gitiils) perByenoglkvky | aryl ,

b d I 1 [
o fubstitut ed sl B0t actl Eodl BBy b ughd: Qi 1 gand of <l m

The ligand of claim9_peyrNoROMNR'SIGrRtNOR!Df Formula || wherein at | east
one of the groups X2- X5 has Ehe structure of formulae A or B Y3 =0.o0r
CH2; and Rl4 is de'ihemmRasthowéc inigpengently seloctadoiror the goup consisting

of H, C, to Cy3 alkyl, cycloalkyl, aryl, or substituted aryl;
10 wherein X? through X? are independently selected from the group

consisting of:
- 1

__T___Y2
Z

wherein Y' is independently selected from the group consisting of H, aryl,
15 CR"Y,, (CR',) n-OR', and (CR'%)) n-NR'%, wherein n is a number
between 0 and 3, wherein R!* is H, C,-C5 alkyl, cycloalkyl, or aryl,

W

wherein R" is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO,R'"", -SO,NR'%4, -COR'®, and wherein R'¢ is
H, C-C;5 alkyl, cycloalkyl, aryl, or perfluoroalkyl;

) 20 wherein Y is independently éelccted' from the groﬁp consisting of aryl,

) ‘ CR'3;, (CRY)) n-OR'®, and (CR'%;) n-NR ", wherein n is a number
between 0 and 3, wherein R** is H, C;-Cys alkyl, cycloalkyl, or aryl,
wherein R is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO;R", -SO;NR'2,, -COR'S, and wherein R'® is

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

wherein Z is selected from the group consisting (CRMz)n—ORM whereinn =

0-3 wherein R" is deﬁnéd as above;

wherein a ligand having the structure of Formula I-A or Formula I-B has at

30 least one aromatic ring carbon in the ortho position to an O bonded to a P bonded
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R14 20 72 19 March 2004 12. A catal yst conposition conprising the Iigand of
claim9 and a Goup VIII netal. 13. The conposition of cl aemiskeh 2b@t ein
the Goup VIIl netal is 5 selected fromthe group consisting of

rut heni um rhodi,umi, and_ irddium _.nicke cobal t .. and.pal ium k4. The
Compost ¢ 1 on PRI G 1o et ettt Csinor GRS POyt | B e B 6 T
conposi ti onbahded!taihd B;antiur t her conprising a Lewis acid selected fromthe
group consisting of ZnBr2, ZR12, ZnCl2, ZnSO4, CuCl2, CuCl, 'Cu(GB8SCF3)2,
CoCl12, Col 2, Fel wherincZ3is indapendendlyr ahydr of ur an) 2,

Ti Cl4(tetrahydrofuran)2, TiCl4, TiC13, GLITi (QPr)3, MCl12, ScCl3, AlCIL3, 15
, (C8HI 7) Al C12, (C8HL7)2AICl, (iso- C4I—_|9RZ 1C1, (phenyl)2A1Cl1l, phenyl Al C12,
ReCl5, ZrCl4, NbCl5, VC13, CrCl2, I\/bClE’, YC13, CdCl2, LaCl3, Er(G3SCF3) 3,

~ Yb(Q2CCF3) 3, SnCl3, TaCl5, Cdd 2, BEce — and (C6H5) 3SnX, wherein X =
CF3SO3, CH3C6H5SM3, or (C6HS)3BCN. 20 13 -
o g . R18
5 and wherein each R'7 and R"® are independently selected ﬁom the group

consisting of H, C; to Cy; alkyl, cycloalkyl, aryl, or substituted aryl, and n!

is either one or zero.

10.  The ligand of claim 9 wherein either Y' or Y is linked to Z to form
) 10 acyclic ether.

11.  The ligand of claim 9 hglving the structure of Formula II wherein at
least one of the groups X*-X° has the structure of formulae A or B; Y2 =0 or
CH,; and R' is defined as above:
15 Formula A

20
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10

15

20

R

19 March 2004 .

12. A catalyst composition comprising the ligand of claim 9 and a

Group VIII metal.

13. The compositioh of claim 12 wherein the Group VIH metal is
selected from the group consisting of ruthenium, rhodium, and iridium, nickel,

cobalt, and palladium. .

14,  The composition of claim 12 wherein the Group VIII metal is

nickel.

15. The composition of claim 12 further comprising a Lewis acid selected

from the group consisting of ZnBry, Znly, ZnClp, ZnSOy4, CuCly, CuCl,

"Cu(03SCF3)2, CoCly, Coly, Fely, FeCls, FeCly(tetrahydrofuran),

TiCl(tetrahydrofuran);, TiCls, TiCls, ClT1(01Pr)3, MnCly, ScClz, AlCl3,

(CgH1pAICI,, (C3H17)2A1C1 (iso-C4Hg)r AICI, (phenyl)>AlCI, phenylAlClz,

ReCls, ZrCly, NbCls, VCl3, CrCly, MoCls, YCl3, CdCly, LaCls, Er(OgSCF3)3, -
Yb(02CCF3)3, SmCls, TaCls, CdCly, B(CgHjs)s, and (CgHs)3SnX, wherein X =
CF1S03, CH3C6H5503, or (CsHs)3BCN.
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