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' 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 gréﬁp. The catalytic processes exemplified herein are hydrocyanation and

15 isomerization.

| TECHNICAL BACKGROUND OF THE INVENTION

Phosphorus ligands are ubiquitous in catalysis and are used for a number of

commercially important chemical transformations. Phosphorus ligands

20  commonly encountered in catalysis include phosphines (A), and phosphites (B),
shown below. In these representations, R can be virtually any organic group.
Monophosphine and monophosphite ligands ére 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.
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There are several industrially important catalytic processes employing
phosphorus ligands. For example, U.S. Patent No. 5,910,600 to Urata, et al.

'

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

]
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are di scl oseyen waugt@mmentd@dvmsmelﬁ oz gelpgfivitydy amuef Gaseand i soreri zati on
commercially important reactions are highly desirable. Furthermore, the

discovery of certain ligands that may be useful for applications across a mnge of

10  these commercially important reactions is also highly desirable not only for the
commercial benefit, but aiso to enable consolidation and focusiﬁg of research and
development efforts to a particular group of compounds. 3

~ U.S. Patent No. 5,512,696 to Kreutzer et al. discloses a hydrocyanatlon

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
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



.The . O catal yst conpositions nmade therefromand the various catal ytic
processes which enploy such multidentate phosphite |igands %Wlaq‘I:I'?QOM

di sclosed. In particular, the |igands have beteroatom contai ni ng

‘subst i tWEMB1%A t he carbon attached to the ortho posi ti orcansomizsya erm nal
phenol group. 19 March 2004, WO 01/ 21580 PCT/ US00/ 25548 MULTI DENTATE
PHOSPHI TE L ITSANPRIuS#iad agyele aitdenarret ponbBquid ol mpms&m LI GANDS AND
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Provi si onal ApplWhilt ttercabilyst sy§tirsatbscribéd abb@map repedie ﬁmlﬂimé&?a?l FIELD OF
THE I NVENTI ON 10 The invention relates to certain rrul tidentate Elhosphi te

li gands, t heviglle sptalysts, i alynys remainssdesirehle tmprperfdemmmrmffmtm igherocesses

whi ch engl oy, nds arti r.the

|i gands havé E tercg%é%nirﬂg%tﬁ%ggm n sﬁ'ﬁ“? COS}P‘)ISWZ’ ‘% Xf‘fached to
the ortho pq&otesmtofacmh&marcﬁinﬂ&lmalghﬁmhl ﬂ)?@l&sxréﬂl%a&ﬁﬁma"mie' C processes

“exenplified herein are hydrocyanation and 15-i sonmerizati on. TECHN CAL

BACKGROUND c§Hesirenessmdfon MOMQH@N aPhlg&ﬁU@ aay or abiofoanidits i n cat al ysis
v anof or mat 1 Sieetiviby WElcy & SRR dEb Bk o BB S Bhbn BREGFER. thisalioul ysi s
i ncl ude phosdeiratsis tq ]ﬁ)owd% %dcﬁlbj}ﬁ@mt&&.l)(sB%ystems and/or processes which may
' 10  be optimized for one or more commercially important reactions such as
hydroformylation, hydrocyanation or isomerization. Other objects and advantages
-‘ ) of the present invention will become apparent to those skilled in the art upon
reference to the detailed description which hereinafter follows.

15 - SUMMARY OF THE INVENTION
The invention provides for a hydrocyanation process comprising reacting

an acyclic, aliphatic, monoethylenically unsaturated compound in which the
ethylenic double bond is not conjugated to any other olefinic group in the
molecule with a source of HCN in the presence of a catalyst precursor

20 composition comprising a Lewis acid, a zero-valent nickel and at least one
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.



shown bel ow. ‘In these representations, R can be virtually any organic

group. Monophosphi ne and nonophosphite |igands are conpou %Q %ﬁ ontain’
a single phosphorus atom which serves as a donor to a netal”. Bisp 8 phi ne,
bi sphosphite, and bi s(phosphorus) ligands in general, contain two

phosphorus 25 donor atons and normally formcyclic chelate structures with
transition netals. RORI n P R- RROB OR A g There are several
industrially inportant catal ytic proc&sseadaé&npl oying phosphorus |igands.
For exanmple, U.S. ‘Patent No. 5,910,600 to Urata, et al. 30 discloses that

bi sphosphi te conmpounds caf=h s a consfitutipg~elenment of a 1 19

March 2004 WO 01/ 21580 6 . 8 honog¥kequ catal yst for

vari ous reactions suc ogenation, hydrofprnylatlon, hydrocyanation,
hydr ocar boxyl ati on, hy i gAt.i hydr oesteri f\i ‘ and al do

condensagi on. Some of tf 8t al ytic processes ed in the comrerci al

production 5 of polynmers, ‘sol 4 s and other commuodity

chem cal s. Consequently, due to TRe extrenel arge worl dwi de chemi ca
comodi ty narket, . even snall ‘i ncr Pertd vances in yield or selectivity
in any of these comercially inpdrtant reac ns-are-hi ghly desirable.
-Furtherrore, the discovery of f8rtain Ilgand§8 hat may be useful for
applications across a ra/mme 10 these commerci ' ortant reactions is
al so highly desirable for the

10

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 :



- al. discloses a |iqui dblghase process

-
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comercial benefit, but also to enable consolidation and focusing of
research and devel opnent efforts to a particular group of ﬁfﬂ@&ﬁ@ﬁ®4 uU. S
Patent No. 5,512,696 to Kreutzer,et al. discloses a hydrocyanation process
using a nultidentate phosphite |igand, and the patents and publications 15
referenced therein describe hydrocyanation catal yst systens pertaining to

t he hydrocyanation of ethylenically unsaturated conpounds. U S. Patent Nos.
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substituents on témsistiaglfn 30 attached to the ortho position of the
terninag phenol group for use in a liquid- phase process for the

hydr ocy %ation of diolefinic conpounds to produce 2 19 March 2004 WO
cyclic nitrites as well as a liquid

phase process for the
—
Zz
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



i sonerization of those nitrites to 3- and/or 4-nonoal kene linear nitriles.

Wil e the catal yst systems described above may represent Col@ﬁél%hzﬁob)i

vi abl e catalysts, it always renains desirable to provide even nore

effective, higher 5 performng catalyst precursor conpositions, catalytic

conpositions and cat al ¢ processes to achi eve || commercial potential
f

for a desired reactif Q éctlvenqx- formance may be
achieved in any or sel ecti i ciency or stability,
depending on the re& It is al iYyabl e to provide such
inmproved catal yst. systens-4nd/ or processes whi &-gBy” 10 be optim zed for
one or nore conmmerci al i reactions &8s hydrofornyl ation
hydrocyanatlon or iso -rlzatl Q her obj s and Ydvantages of the

: 5 Mt g7t hose ski .gd fin the art upon .
reference to the detai\l e descyrptl on V\/mhb her ei na Bfollows. 15 SUMVARY
- OF THE" | NVENTI ON The i provi des forOa hydr g€yanat i on- process

conpri sing reacting 3..2C) 1
conpound in which the eni ¢ doubl e bond i sffnot 2QNj ugated.to any ot her
olefinic group int ule with a source bf HCN™} n the presence of a
cat al yst precursor L LQB CONprigs 3\ Lew s facid, a zero-val ent
ni ckel and at |east & , ntate p sphlt _i-gahd sel ected from the
group represented by the follow ng fornulae I, “A or 1-B, in which all
li ke reference mmmﬁmwofmmmmmmmsmeas%uﬁmaer
epr|C|tIyIIA|mted 19 March 2004 Fornul a_ |

5
may be substituted for thc 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 ‘



.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
i ndependently sel ected from the group consisting of H, ClﬁmaEﬁg%gﬂkyl
~cycl oalwg@P12158¢ i al kyl silyl, triarylsilyl, hal ogen, nitriRG/US60/25548
perfluoroal kyl, - S2R11, 30 SO2NR212, acetal, ketal, dialkylam no, or
dlarylamno-CR CO2R1; RIl)Rl (CNCRI )R1, serein R11 is Cl to Cl18
al kyl, cycl oal kyI ary, uh ut ed ar’& ~C ,AC( O NR12R13,
- 0- C(O) R12, NR12- C(O) R ‘ 3 ghdent |y sel ected
from 4 19 March 2004 ™Ne ogyip consisting of H Yd to £18 ' al kyl,
cycl oal kyl, aryl, or sub ed aryl; wherei n ;-- ons other than Rl

i s?stituted with C1 to C18
,y, halogen nitril e,

al kyl am no, diaryl am no, - OR",

al kyl, cycloal kyl, tri ak £V i| yl
per fluoroal kyl, sul fony )au ta
-C2R', R CNR', or RCNORj) |

substituted aryl; wherei
group consi sting of

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
11 8
10 and each of R" and R are independently selected from the group
e ~ consisting of H, C, to C, alkyl, cycioalkyl, aryl, or substituted aryl, n’ is either
3 | aryl,

one or zero and wherem it is understood that n' = 0 represents a bond replacing
the two aromat:c ring hydrogens
' Furthermore, in embodiments of the invention utilizing Formula [, 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. ‘ )



wherein Y is independently selected fromthe group consisting of H aryl,
CR14 1, wherein Rl4 is H Cl-G 8 alkyl, cycloalkyl, or arylsq 4 d%

OR14, (CR142) n NR15, wherein R15 is sel ected from t he group consl & rng of H,.
al kyl ,wowekmssb kyl , aryl, -SQ2R', -SM2NR122, -COR16, wherevusodRssRe6 is H,
Cl-C18 al kyl, aryI or perfluoroalkyl and Z is selected fromthe group
consi sting of (CR142)n -OR 14 wherein n=0-3 and R14 is defined as above.
25 Formula I-A 5 19 March 2004 In ot er ﬁﬁng?di ments of the invention a

| i gand of the structure of Fornmula be substituted for the Iigand
\nbodlnents an aronatlc ale carbon in the ortho
")n" to another

of Formula I, and in those
position.to an O bonded ) |
aromatic ring carbon iy ‘ho position to th&”other 4 bonded to the P
wherein Z' is independs R17 R18 and each o R$ are

i ndependently sel ected RE group 10 consi sti A8 , C, to (err]

al kyl, cycl oal kyl, aryl, L tuted aryl, is either .-one or zero;
and wherein it is understood thadf\nl 0 repr nts a bond replacing the
two aronmatic ring hydrogens. For \Tp_L. S March 2004

< O

x4 X
)
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', - )
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WO 01/ 21580 PCT/ US00/ 25548 I n ot her enbodinents of the invention a |Iigand
of the structure of Fornula |[|-B may be substituted for the EH/I dZtO%f '
Formula |, and wherein an aromatic ring 5 carbon in the ort % 3’nto'
a P may be bonded through (Z')n" to another arorratic ring

an 0 bonded to

carbon in the ortho position to the other 0 bonded to the

P; wherein Z' is

| pdependent] Y FICOUE, AUk SARENGR R 1oafl Bk 2igcLpepaIgg v Sel eotod

fﬁbft i tut e(c)i aryl cyeioalkgl, mryﬂ hmsubmn&ed)aryI;eC&Q)RfﬁdC\mﬂ\]@%‘FRIPt -0-S En(cjier st ood

at n' repr 8 9 i ng e aromatic ring hydrogens.

_ Furthernore, gﬁ@% TrZﬁ? r&gp ﬁhew Cranig BIE‘FIBt iare idaperdenthul a 1, Formul a
15 1A or Forml SelbctBi ﬁ%ﬁth@gro%g%oﬂilstﬁ&

cyclic ether.

The i nventi on

0 provides f 'ﬁw@{d{l %?%1% J}P{ g

toforma
f)hlte

| i gand havi ng théubsgtut@d:arul‘ @vheaqm pemntbrmcbﬂlm; ﬂtdmdllfthidughm‘i@nﬁbé rrul all,

Formula II-A.or

Il - h t h
the same meani ng: E}xgaglg&ngﬁgmpr&#splp&su It‘étﬁ‘%l""ll%‘liflt?%lr n]gg- C7arlgclvgcszh E21(\384

WO 01/ 21580 For

10

MeYalodikylPERIKYRIN, 2324 Rilyl, halogen, nitrile, perfluoroalkyl,

~ sulfonyl, acetal, ketal, dialkylamino, diarylamino, -OR, -CO,R", R

CNRY, or RCNOR!, wherein R® and R are independently selected
from the group consisting of H, C to Cys alkyl, cycloalkyl, aryl, or
substituted aryl;

wherein X2 through X are independently selected from the group

15

consisting of :

'ﬁ_;_Tﬁ_;YZ

20 Y'isindependently selected from the group consisting of H, aryl,

25

CRM;, wherein R*is H, C;-Cyg alkyl, cycloalkyl, or aryl, (CR'%) n-
ORM (CR14 )n-NR " wherein n is a number between 0 and 3,

wherein R" is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO;R'!, -SO,NR', -COR'® wherein R is H, C;~
Cis alkyl, cycloalkyl, aryl, or perfluoroalkyl;

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

30

CRI43, wherein R' is H, C;-Cy3 alkyl, cycloalkyl, or aryl, (CR”z)n-
ORM, (CR™,)n-NR ' wherein n is a number between 0 and 3,
wherein R is selected from the group consisting of H, alkyl,

- cycloalkyl, aryl, -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

and wherein R is defined as above.

9



wherein X is a divalent bridging group and is sel ected fromthe group. .
consisting” 5 of: wherein R , R, R8; R , RS, , , nd R
are independently selected fromthe group consi st ng of H19§9|a{c&%80§

al kyl, cycloal kyl, trialkylsilyl, triarylsilyl, halogen, nitrile,
perfluoroal kyl, -SO2R', 10 SOZNRZ&@&EA, ket al , dial kyl am no, or
diarylamno, '-OR', S 19 March 20 (CNRll) R11, -(CNOR1l)R',
wherein R' is Cl.to kyl, . g¢ycl oal kyg aryl substituted aryl,
-C(OR12, -C (O NRI2 ) X? . 3, wherein R12 and R33
are independently. ¢l fromthe group cansi sti of H Cl to Ci18

al kyl-, ~cycl oal kyl , g 5 substituted aryl ;- of ei n posi tions other
than Rl t hrough R8 ON

to C 8 al kyl, cycl oal
perfluoroal kyl, sulf
-CORR11, R CNR', of4

al kyl silyl,
e{al , ketal,

, halogen nitrile,
di aryl am no, -OR',
&endently sel ected
H ClL to € cycloalkyl aryl-, .ar
substituted aryl; ,
group consisting of / 0 Y1 is i.ndepender
consisting of H, ar \3s wherein R4 is

el ected fromthe group
Sl 8 al kyl, cycl oal kyl,

‘ A nunber between 0O and
3, whereln R'5 is elec,, xrﬁthe__,gr_ N g of H, alkyl,

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

aromatic rings I 66 be substituted with C1 .

dently selected fromthe



.cycl oal kyl , aryl, -SO2R11, -SO2NR122, -COR16 wherein R16 is H Cl 25 C18
al kyl, cycloal kyl, aryl, or perfluoroalkyl; Y2 is i ndepende@g ﬁgoﬁ ted
from the %rogi% consi sting of aryl, CR143, wherein R14 is H kyl ,
-cycl oal ¥/ Oaryl . (CR142)n- OR14, (CR142)n-NR15 wher eRGI/HSM0&53#8nunber
bet ween 0 and 3, wherein R15 is sel ecged flrﬁ%the group consisting of H,
al kyl, 30 cycloal kyl, aryl, -SQ2R11, CORL6 wherein R16 is H,
C - as al kyl, cycloal kyl ¢yl , ﬁ/{e]rfl uor oal kyl ; = selected fromthe
[ erei nX wherein R14 is

defi _ned as above. _ 9 1 9 March 004 -Formila f-A enbodi nments of

for the ligand of Fornula and wherein an ar ongs ng 5 carbon in the
' &d through (Z')n' to

on to the other 0 bonded to
10 and each R'-and Rt8 are

of H C to C, alkyl,

her one or zero; and

repl acing the two

anot her aromatic ri ng carlon in ortho posi

the P; wherein Z' is i r{e bﬁdentl%PR-l—lx‘lRl-q:-

cycl oal kyl, aryl, or subsyitutegdaryl, n' is e
wher ei n it_is under st.ood Ogrepresents
aromatic ring hydrogen -

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



| 10 WO 01/ 21580 Formnula 11-B 19 March 2004 PCTI USQOQO 25548 I n ot her

enbodi nents of the invention a |igand of the structure of F

I |l
be substituted for the ligand of Formula Il, and an aronati WW 229%hon
in thaVQPOIRBSHositian to an 0 bonded to a P nay be bond&dI/VHiss

anot her aronmtic.ring. carbon in the ofr.tho | ti t h e bonded to
the P; V\hé?‘n'gﬁlk:"? anpﬁlgw?ﬁﬂgﬂféﬁm&ﬁﬁ&gmdf%g?gﬁ%Iilﬁcgngglé;ﬁ% £%°ﬂd R 8 are
i ndependentgoyrmSil 1IBE RtohbiRibh i aeiconsi sting of H C to C18 al kyl,

cycl oal kyl,

wherein it

aryl, or substituted aryl, n' is either one or zero; and

i s urbterpeseotinvémionfurtherProvgesfor an émproyedpracess factheg t he two

-B may

(Z)n" to .

aromatic ri.ng hydrogens ., . Furthernpre,..in e di nent.s .of the invention |
utilizing A% énﬁ%,“ Oi‘g“’k?ﬁ;‘ﬁ\.ﬁ“ﬁ Ia?rrg‘ﬂaglrcni"-”(ﬁ“ QISPRCBZIAN Y, v or Y2 may

be |inkegd vmlbmﬁ?%ae& wﬁgm

certain nultide

@ﬁn%&' The Srefi invbifion RYARE bRIVid¥s F6r 4 ovi des for
te phosphite Iigands and catal gst conposi tions nmade

t her ef r om Uisipkrerediprodessefon therhydyaryandtion ofidial ithow thewgeddonbiewiso pr oduce
ed. acyclic nitri)Jes as Il..a5.a l,i guid phase.20 process for the.
il BIOMOtET o b mpludeutate phosphift Jieands b AL IERIS Mg |

. honconj ugat

i soneri zati

.10

15

20

, 25

the ligands of Formula II, Formula II-A and Formula II-B in combination with
nickel wherein the ligands have hctcroatom—coﬁta’iﬂing substituents on the carbon
attached at the ortho position of the terminal phenol groups. The present
invention may also provide a catalyst having a high degree of selectivity in the

hydrocyanation of diolefins such that no additional isomerization step is required. )

Specifically, the present invention provides an improved process for the
liquid phase hydrocyanation of diolefins and isomerization of the resulting
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
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 )
nitﬁles. Howevcr, the processes can be conducted stepwise, i.e., the

nonconjugated acyclic nitriles resulting from the hydrocyanation can be isolated

per se, prior to isomerization. Furthermore, nonconjugated acyclic nitriles

30

prepared by any method can be used as starting materials for the isomerization in

accordance with this invention.

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



19 March 2004 WO 01/21580 PCT/US00/ 25548 nitriles. In parti cuI ar, these
I nclude the ligands of Formula Il, Formula Il-A and Forrml &-
conbination with nickel. The present invention further provi des or an

i nprov&Opruistss for the hydrocyanation of diolefins, suchuse2esigadi ene,
and the isomerization of 5 nonconjugated acyclic nitriles. The present

i nvention f undidentate phasplsite Bgindsin, formexamphd hpdeesaatibaandbe hydrocyanation
of diolefins without the need for. Lewis_ acid pronoters. The nultidentate

phosphite | Fsé’&??ﬁ‘?t}% TEfRtioms. @Fhﬁdﬁ‘ﬂlﬁﬂﬁﬂt%telﬂh&m% h&ﬂh@s of the inyenten mtula |,

Formula 11- I n the
| i gands havga 58%{%& 8%%‘%’68%?3 S |f%(rabn s ong%]ﬁﬂ(p@g%@ {f attached

at the ort hwamslcﬂh@namfyubh&cheﬁmu&alashb&lmimgﬂami‘and'ﬁw B @fibfiized | Nvention
may al so_prqvide a catalyst having. a hlgh degree of selectivity in the :
hydr ocyahat fSiTuEh reartimenn Accosdnune MithithmBresemiieyestian. i soneri zation step is

requi red. Specifi Vs V. process
for the liquid ggée gﬁ%ﬁ%naggsr#ﬂfﬁgﬁé%Qfﬁl@%rg%%bzgner| z \ﬁ%gcrll of the
resul ting 15fmnn¢mﬂmtmﬁleﬂphwﬁgand antltartidnsition @aesll si ng, reacting an acyclic
al i phatic diolefi referahly butadiene, with a source of HCN, wherein’

t he process corrplTP§Q§P alenp bridging rompeHNds ysed i the ligansls desatibsd in soner i zat i on

in the presegaRiff C ni ckel -
and at Ieasl(:? one&r;u tAl’g&eagké?Ite sp%s%ﬂE&%PP%bé);gﬁ%@&@aﬁ%aé group
r epr eseh® ed khywh i thia larte Fbﬂ-cxdnhplé; dimedthil 2 2-aihyatixyR 9, If-Bihhbhtﬁﬂeﬁe-B 3t which
all like reference characters have the sane neanin except as further

explicitly Bicabogylatcriap be paeparesascerdingosh Auwo Ghemi 41,95ﬁe7$ @9%wg in
okl R YA SRS Bl 05 3 B2, L 7 T
conduct ed stepwitsdidenebis(4, 61dihﬂethylphenol) can be prepared accordmg 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, phosphorochloridites of 1-naphthols can be prepared

in situ from PCi;3 and 1-naphthols in the presence of a base like triethylamine.

13



25 nonconj ugated acyclic nitriles resulting fromthe hydrocyanation can be

| sol ated per se, prior to isonerization. Furthernore, noncwg% E@ﬂé o7
rials

acyclic nitriles prepared by any nethod can be used as startin

for thgogipmeei zation in accordance with this inventiopcraidedlsEéd LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The invention provides for
certain nul Ahd&ﬁtgf&eﬁEsp&Fmg M?BG?hobMEfdﬁf@@oﬁﬂhQésX&huﬁéﬁébﬁm enpl oyi ng
such ligands, and the use such March 2004 WD 01121580

PCT/ US00/ 2554%-dialky} diaryiphosphsmeristiterveith H@én@éP(QMe)ﬁ bas keea pppared in

Y Gande o PReARYaneedh Mo 490 AR o SRR el na have

a broad ranggnpéubaiifikd blsth¥vd Been\pRéparstbusihd s probadiurd 4sCek@ffeliiRns such.
as hydrofornyl ati on an k}/sbe optimzed 5 for such reactions in accordance

wi th t hed pr eeamoniygssigned bl.S. Batent oabypet 36’8rrp05| tions useful in the

Y ransi 1 on ot B cerplctipé Bbis Selpingl (GABRCL SR AT APbed | angs
described i grylfwithdldagiidnt blidging coMpoind, for exAmph Yy the nR GV dREbedgRar ed by a

variety of nmethods 10 known in the art. For exanple, dinethyl

2, T- di hydr oly$.-Batant Nei. §23511113) abidegtate Ph@tfpiaﬁﬂmda&@wam wbmbrcelpbced '
accor di ng to ?léer 296 or in Tetrahedron Lett.
1990, 413 aH%FddeAﬂ] B‘?"&'Essaﬁ?%émgl‘ﬁ % 1991, 23, 200;

2,2 -etfyli demb'fﬁﬁ(ﬂh@sggit@%lizéﬁ g\gﬁ,g Sﬁ?ogﬁn&&&ﬂﬁrsﬁ&m%é?&sto Bul I .

Chem . Soc Japn tetramet hyl -2, 2" - bi phenol can
be prepar edresin cachy phepayed by dinfilay mﬂmisl such®8 Fhos2 desctib&Bin Hetet, C. L.,

2, 2" -di hydr -di net h - 1, 1' - bi phenyl ene n be 3
pr epar ed ac@&%{ﬂz H'g ggm,rﬁ,,aﬁggguf/eg A, Tetrahedror Left., 19%% 3

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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-3008; and 3, 3" -dinethyl-2,2"-di hydroxydi phenyl net hane can be prepared
according to Synthesis, 1981, 2, 143.

3,3,5,5,6, 6'-Hexanet hyl -2, 2' - bi phenol can be prepared acc?o'Y'@:":H&OPé JP

. 85- 216 Wi®oe1/A60Acet al. substituted salicyl al dehydes can bep@Fgginssigby t hose

. skilled in the art. For exanple, an acetal can be prepared by refluxing a

glycol with Exsmble@mli'am%m’@ﬁmprvﬂhﬁteﬁﬂ 26:2P6Endfard) ¥t dxBmPle, Rug@®| ,yst . For
ref erences for pre arl n acetal s the acid catal yzed reaction of an

al dehyde andNOak ﬂ’éﬁR“(&aﬁhhde@;za r§0¢ RhCl5 BN Ogk, R(@Ac);, 1989,

or opar o os ME2R RS noieﬁé@@@)@éé#bﬁ,%ﬁébmﬁﬁ@ s o oo o

Phosphor ochIRMH(@O)@hgRyy, [Rﬁ(me]@@oqu,landm@r(ceﬁ%q{wha%m ckigapn in the

art, for_exanple, see descriptions in 92, 33, 161; Inorganic
Synt hesi 3, fedglaceionatggroups O4cdis@nzgetyl grqupo QODAislgs-o@hm;admaas 535,

221. 30 Wt [ enol s ho r I.{es-
- prepared i nlalsulg)tl%}bf r%ﬁéﬁégg&gﬂd?{]%wevsﬁ&% “ﬁﬁfe CE ’s‘b 5%8’6?5@& dites of
1- napht hol s neetdl compptsizakeot rcbesshdily lirhiéd BQhéa&Wé liksredaRigRhds | The he
presence of a base like triethylamne. 13 1 March 2004 01121580

PCT/ US00/ 25%54gupNbi natalpm@‘éeg@blv @hocbmwhnglm hempowsip et lebutaindi t e

SOl vy 2 BTSRRIy e Sl RO DR ST S sttt 1070, 078,
1429. Phspbeuresbf Miotiint, CEx A8l 8Fkuch rpeéfbﬁé@ ?ﬁé&%%mﬁﬂﬁﬁ@ ae 'Riﬁ{éo%ee“

prepared using this procedure as described in 5 commonly assi gned

Patent No. $cglacstomateR RI(EMACHGOEHEQ-ISH bR SR (OO ) BHLCO),pher ei n

LAF I's a sub ﬁxté)z%éﬁ;,)z, and Rh(2-ethylhexanoate). Rhodium supported on carbon may
also be used in this respect. ' |

Nickel compounds can be prepared or generated according to techniques

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



aryl, with a divalent bridging conpound, for exanple by the method
described in U S Patent No. 5,235,113, a bidentate phosph,"gtﬁ I[hg%z?)gg S
obt ai ned which can be used in the process according to the oSNt . 10

Bi s( pMsx@RR21589 | i gands supported on pol ymer resins sucPCEUMERFMEI el d' s .
resin can be prepared by simlar nethods, such as those described in Hetet,
C. L., Dainegtlaast onsofithe glements of saidnenganigor grggnataetpllic fomROUNGiSt r ahedr on

Lett., 199 - 6-|E§|g iy hﬁ LV ' 3,

56, 1476- 14 ﬁl?‘:‘%&g(’?lrl%%fa M N e a’lq may écgrr?y PamatE ggﬁ’{r?g{'gﬁ&%;’pabl e of
carryi ng ogbppekbzifidibatat, alintihais o] Zifsdaivat) ichiymAasdiybdanmh,| y contain

| abile |igands which are either displaced during the catalytic reaction,
or take ancadmium rhepiumianditine Examplgstipelude ZaBeg ok, Zrpl)4.0f t he

transition al : i dered AR this a rred metal s
are thode cohphi ‘2‘.“;‘3&5@&1@?% ?%gﬁz,t(?]ogz,g%ﬁ, gfﬁleg’ ‘Fg%llzbg@ﬁ@‘ﬁ;ﬁ’ef erred
netal s for el PEPYTICL] PICIA G TP MnCBbSEC]s, ANGISi(CgHaldini um 20
pal | adi um and platinum The preferred netals for hydrocyanati on _and/.or

coner | zat (EsHapAKTICHE-CaHanAIE), PhrdlGIoPRAKT ReCindrale RBClS ¥ apeci al | y

preferred 0 ati.0n. (The I c bk QN t he i nventi-on
are conpri Qﬁ%&g‘?ﬁf‘gﬁ%t‘féﬁb Hﬁ%%@%@é’%ﬁ@i‘?{:@ﬁ%ﬁ%’ according to
any one of g(oMy)2FaCls1 ShitableBrothbters ake fidthefdeskfibled inBSARstedtst r ansi tion
metal . I n enbodiments of the invention, catalyst csﬁr&msﬂmns useful for
procesi@s SA36.21T; ByAd6 3481 angd ﬁf?%h‘l}hqsamhé;@gal ts (suglyapdnhlts such as

Can e PR Il SRS b U AL SIS, 1
Soc. , 1993 shARER Wiere IEAARPAIRSI SHarPliBbuIU 8P ReRUTA Suldesctbesmbl § are (7
ul

rut henium rhodium and iridium abl'e Group Vi I met al conmpounds are -
hydri des, sghérgiatic combimationsiof prommters sarcheethpkerciotingrease she ¢at@dydani ¢ aci d

salts: oxi Qo8 iy aF B2 Wty eP TRAHN BBt oot r RAME Cachy, FobEs InbEL 2! S
15 B(CeHs)s, and (C¢Hs)3SnX, where X = CF3803, CH3CeHsSO3, 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. _ :
HY'DROCYANA'I'IQN OF MONQOLEEMC COMPOUNDS
The present invention provides for a process of hydrocyanation, -
20  comprising reacting an unsaturated compound with a source of hydrogen cyaxiide
in the presence of a catalyst composition comprising a transition metal selected
from Ni, Cq,.,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

meani_ng. _
_ . _ _ catalyst
. 2 composition 22
CHy—(CHp);-CH=CH—(CH,)zR — > NC—{CHa)yuyes—R™
o © - ] .+ . promoter, o
HCN

16



14 19 March 2004 WO 01/ 21580 PCT/ US00/ 25548 Exanpl es of sui'tabl e Goup VIII
met al conpounds are, for exanple, Ru3(CO 12, Ru(N03)2, R 3 ﬁ%alt
Ru(aeac)3, I1r4(CO) 12, 1rSO4, RhCI3, Rn(N03)31 Rh(OAc)3, Rh203 ¢
. Rh(acaw@ @dBgo [ Rh( QAc) (COD) ] 21 Rh4(CO) 121 Rh6( CO) 161 m@ﬂm&gagp)sl
[Rh(OAc) (CO 2]2, and [RhCI (COD)] 2 (wherein "acac" is an 5 acetyl acetonate
group; "OAc" is diermwest§l group; "COD' is 1,5-cyclooctadiEmemiaBnd "Ph" is
a phenyl group). However, it should be noted that the Goup VIII netal
conpounds are not necessarily |imted@dYsthe above Ilsted compounds. The

Goup VI mﬂﬁﬁﬂﬂﬁﬂ_ at_c aln
| i gands whi (%n b (ij-gi’-‘ﬁaced by t herombtér, dent at e g‘;l"?ﬂsz ar

preferred 10 source of rhod| um. Exanplggnof such preferred r hodi um
conmpounds are It CO) (acetyl acetonate), Rh(CO 2(C4AHyO00HCO-t - CAHI) ,
Rh2031 Rh4(CO)12 4 16, Rh(RCCH3) 2, and Rh(2- et hyl Fremsa¥le) .

~ Rhodi um suppgid:gf on carbon may also be used in this respect. N ckel
conpounds can be prepared or generated .according to techniques 15 well
known i n the art RZds HoEN, O0uR23 farperflmnguilleyl; i n U. S. Patents 3,496, 217;
3,631,191; 3,846, 461; .3, 847, 959; .and .3, 903, 120, which are i ncor porated:
herein by referé’rféén%‘iiofglt%ﬂ? n| tkel conpounds that contain |igands

whi ch can be %%_ﬁﬁ%qegéfotfheio erre QQQ%soﬁoi:%s%%g,l{%ﬁ%&l@rgd%preferred

source of nickel zero-va dbunds are
"Ni (COD) 25(COD i sﬁeaﬁ;&ewwoasuadmﬁa)umwﬂoo CoHACH3) 3} 2( C2Hq) ,
both of which are . known in the art. Alternatively, di val ent ni ckel
conpounds nay be B3 ibCn &I Craalknl, 8r¢38u0|ng agent, to serve as a source of
‘njckel in the reactlon Surtable

‘The nonconjugated acychc, ahphahc monoethylenically unsaturated
startmg materials useful in this invention include unsaturated orgamc;gompounds
10 con_t_ainihg from 2 to approximately 30 Vcarbon atoms. Suitable unsaturated
compounds include unsubstituted hydrocarbons as well as hydrocarbons
. :sel?sﬁtuted :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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di val ent ni ckel compounds include conpounds of the fornula N Y2 where Y is .
hal i de, carboxyl ate, or acetyl acetonate. Suitable reducing 1’3@9@;& %ﬁbﬁl ude
nmetal 25 borohydrides, netal al um num hydrides, netal alkyls, Zn, Fe, A,
Na, ORwdigi/z1skd enental nickel, preferably nickel powder, pedvesoozzssdsi ned with

a hal ogenated catalyst; as described in U S. Patent 3,903,120, is also a

sui tabl e source of.zero- val.ent nickel. endin n. th siged reaction
to be perf o"ﬁ Hm ?fi’f’écoé%ﬂgﬁfegé?o%’ %ﬁﬁgd@?lﬁtgﬂ %dc&‘#@ it %t?%h l:rr‘r)gy al so

i ncl ude t heepf@Re Mien ipeRidReMiril AT Bel W riuchPds) ID9P by WRligtt ShervdTirady B f ect.
both the activity and the selectivity of the catalyst system The pronoter
may be an iZrwpemjenenitrite: (As ysesbimseinl the terovTneotangnitiicis intended thobavar ch 2004
WO 01/ 21580. ,PCT/ LJSO 25548 the.at | east one of the elenents of said .
i norgani c JfcG EYAIPPEeR hound is  sel ected from scandium titanium
vanadi um chr om g ,RRAYE pRRfcts afORrmARPAkhneni@iPRhear didyanodlRylefts,

alum num yttrium zirconium niobium nolybdenum cadm um rheni um and
tin. Exanplkear sliphatie cmBesters ZmiS-(nenfxoalkyly paopisnitile] Mostpreferred

Cu( GBSCF3) 2, Cl2, | 2, .Fe FeCl3, . Fe FeCL2( T, | CL4( THF) 2,

Ti Cl4, Ti OB ‘Eﬁ‘%ﬁ?@%ﬂ‘@ﬁ%‘é"{'ﬂ?&'&i‘%‘?‘?‘%’ééﬁ%@éﬁé‘f@: hiche 2
(CEHL7} 2A1GL,; pi1g0- CAH9) 2AI G, Ph2AI €1, PhA1Cl12, ReCl5, ZrCl4, NoCl5, VC13,

CrCl2, MoCl5, YC13, CdC 2,.Lad 3, E (O3SCF3) 3, _.Yb( OZ_CCFS) 3, SnCl3,
B(C6H5) 3, Tad 5. Thupresdnt bydrocyapatiorspracessimat becardedout, fs¢xamply, BY Pat ent s

10 3,496, 217; 3,496, 218; . .4, 774,.353. Th “j.ncl tal .salt h

Zncr?, 1000 16araing 2 el itk o o SRR OB SR BAC Sei B B Ol 2,

R3SNGBSCF3, ref’c?&gg,?tﬁ?]hw}eééi ahﬁe@a&%ielﬂ)éimﬁg 18 e mBhRERF theldtifer Pat ent -
d%scr I S Nho :

4,874, 884 ynérgi stic conbinations of pronoters can be
chosen to i comparatstdfehereadtiont Hydrogen cyanide may be delivered as a liquid or as 9

a vapor to the reaction. Another suitable technique 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. - _ N ‘
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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‘activity of the catalyst system Preferred pronoters include CdCl 2, Fed 2,
Znd 2, 15 B(C6H5)3, and (C6H5)3SnX, where X = CF3SCB, 043%%%,209&
(C6H5) 3BCN. The nole ratio of pronmoter to nickel present in the reaction
.can be ywblghhikgd he range of about 1: 16 to about SO0:1. HYDRROGYANALLON OF
MONOOLEFI NI C COMPOUNDS The present invention provides for a process of
hydr ocyanat ipesferrct) Hightfyskai@s, UPac1i0TIDoUPA TA4Y! Gh e weahPsdeidh @
source of hydrogen cyanide in the presence of a catalyst conposition
conpri si ng anY benefit thabmayrbe ghtainstidherebly wonisrpribably oot justifyt tRrlincemskda Lewi s
acid conpouggsto?%habtpﬁg% I one ligand selected fromthe group represented

by fornmul ae S, 1, 11-Aor I'1-B Representative ethylenically
unsat ur at ed_ coPHENIsarbY Biftoiced s RieEadtion % JaBS: GMURALYADEI ON process of
this invention are 'shown in Formulae Il or V, an e correspondi ng

_termi nal 5 ni aiemativeapyameliydris ik heatied e thel sousternd HHEN b§es; forexammpld,\V or VI |

respectivel rehLn ki reference characters have sanme neaning.
cat al yst cé’rﬁ%‘:l)%?%?g%sé?éi( CH2)y CH= CH(CH2),s R22°a. NGC-.(CH2)x vy, 3 R22

g;gg});i N | .‘ HONThE pMfeeid ot %559&5&6&%' cardidd oifeth Eid grédehde of SRe%or nie MUl a V
Lewis acid 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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‘conposition pronoter, HCN 19 March 2004 PCT/US00/ 25548 Formula 1V NC-(C
H2) X+2 R22 Formula VI wherein R22 is H, CN, CO2R23, or pe%,lﬁ .?05%0 )
is an integer of 0 to 12; x is an integer of 0 to 12 when Y 2R23
or perwbapesad kyl; S xis an integer of 1 to. 12 when RIGWUEIUONRSSEN, and R23,
iIs C1 to Cl12 al kyI or aryl. The nonconjugated acyclic, aliphatic,

monoet hyl erb)déortmllmHsHt-Al,rca'tM mtaaumongﬂmnmnt@ns:rm@‘slfor 4 proeesisdof nvent i on

i ncl ude -unsaturated o i C ound C ntalnln fro t roxi mately
50 tar on St oRieagaRa A brandied ranbaeaaiin A efie ATHEER ot o

hydr ocar bonge pfeséfilel ofacaliFht 6RpEIGh corhiptising y&%twrh @l UREdRéHEN do not
attack the c?a?alsyst ° such %g cyano. Exanples of tlheseem)noet hyl eni cal l y

unsat ur at ean@wanﬁBé andal lighad selegted from the gpouperpresenteddyt Bmmullipent ene,
2- hexene, eé Efﬂtcom ugated diethylenically unsaturated 15 conmpounds such
as alle e '&ﬂ' “tt ed conmpounds such as 3-pentenenitrile,

4-pentenent {11 | CThdHolktins BE! inRARs6on SR e Folong! ed

conpounds havi ng perfl uoroa substituents “such for exanpl e,
CZF2Z+1, whesntaigingfrogm4 to 20 egxbnn afomsp far@xﬁﬁple]'hé bumimler@Dé and gis| y

I ich.
St 3L e, COROU S el BuBiene 1 QLYY S0 208 SRb5efl 0P SUh s

commercial importance in the production of adiponitrile. Other suitable diolefins

10, include diolefins substituted with groups which do not deactivate the catalyst, for
example, cis and trans-1,3-pentadienes.
‘The foliowing formulas VII and VIII illustrate suitable representative i )
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

20



.20 Preferred are nonconjugated |inear al kenes, nonconjugated |inear allene-
nitrites, nonconjugated |inear al kenoates, |inear aik-2-en @t,gs g%m

per fluoroal kyl ethylenes. Mst preferred substrates includ arc

-~ 4- pent BeGIV2I580 e, al_kyl 2-, 3-, and 4-pentenoates, andPCIE3g025548CH=CH2
(where z is 1 to 12). 3- Pentenenitrile and 4- pentenenitrile are especially
pref err ed. . hysiracartities suchcdsi beakenepttlede, onhrtriles sithao acssitiattedzatiile,i c

al i phati c nonget hyl.enically unsaturated conpounds are used in accordance

with this i9had - up.to about 10% by. wei ghL of the nonoethylenically

unsat ur at ed conpﬁrg]%a te | ; : 4 1/ 21580

PCT/ US00/ 25548 -t he ormglpga c%ﬁj&@glg g‘%fm I&Trg %F\Ce%f’ é\%gmay under go
hydr ocyanatpaeticuldrasatal ysx bﬁﬁg esedg\/ﬂerpammtxﬂmﬁmtealcbﬁprﬁnd@ﬁﬂg ued ddch as 10%
by wei ght thereqf nmay be pentenenitrile. (As used herein, the term

"pent enéni tthe riémrig"d%@na@kly,ttsmaeam%&ﬂf feomm -mqu'waﬁmmb@nféec} 5 The

preferred gﬁﬁ? b, I l'i near di cyanoal kyl enes,
| i near aliphati c}%ydgl%egﬁe@b%%% 5’?%]& 'gﬁ{ah%roal kyl) propionitrile. Mbst
preferred produThsreactibnadapbidfied eut b3l dhtgiy £icanevaitRallof theand CZF2z +i

CH2CH2CN, where z. is lto 12. The present hydrocyanatlon process may be
carried outfeaqtats gxamfsrably gie reaciords shargedwith thegatalyst of eatalyste r eact ant s,

catal yst cq ﬂﬂ? era t he hydrogen
cyanide is aﬁgehgﬁt?omf uﬁ-?lﬁﬁ%@&; %‘Irdéggélsqlﬁcenttoﬁrxgrr ge%a%%ﬁe%atsés of the
reacti qo. Fmamgqno@wmed&fmmfla&ﬁaéﬁdnaﬁmaarmmm hs@ig a vapor to
the reaction. Another suitable technique is to charge the reactor with the

cat al yst ‘arfgaction @W&n!fdeéﬂ'ﬁb Whse ysingadzaseoys upshated erganisat ur at ed conpound
) compound the hydrogen cyamde and the unsaturated organic compound may be

fed together into the reaction medium. The molar ratio of HCN to catalyst
generally is varied from about 10:1 to 100,000:1, preferably 100:1 to 5,000:1, for
15 abatch operatiorl In a continuous operation, such as when using a fixed bed
_ catalyst type of operahon, a higher proport:on of catalyst may be used such as 5:1
to 100 000: 1 preferably 100:1 to 5,000:1, HCN to catalyst
Preferably, the reaction mixture is ag1tated, such as by stirring or shaking.
The cyanated product can be recovered by conventional techniques such as _
20 crystallization of the product from solution or by distillation.
Orie can either isolate the 2-alkyl-3-monoalkenenitriles produced by the

hydrocyanation of the diolefin or proceed with the isomerization under similar

i

reaction conditions. _
| The 2-alky1-3-rnonoalker1enitriles used as the starfing materials in the
25 1somenzat10n of thrs mventron can result frorn the hydrocyanatlon of diolefin
descnbed above or can come from an),r other avaﬂable source. Suitable starting
2. -alkyl-3-monoalkenenitriles can also carry groups whlch 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
30  substitution. 2-Methyl-3-butenenitrife (2M3) is especially irnportant in the
produetion of adiponitrile. Other representative nitriles_include 2-ethyl-3-
butenenitrile and 2-pr0pyl-3-butenenitﬁle.
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15 and the HCN slowy to the reaction m xture. The nolar ratio of
unsaturated conpound to catalyst can be varied from about f?;}ﬂ% b(&o@hout
2000: 1. Preferably, the reaction nmedium.is agitated, for ;
stirriwgenmsseshaki ng. The reaction product can be recovRIEUSIRSESNvent i onal _
techni ques such as, for exanple, by distillation. The reaction may be run

ei ther batchw Ser}ﬁrfollmgfg&rﬁ&rmﬂimrnaﬁmésmiahaﬂ&}aftrswwtion reaction
can be carried out with or wi thout a sol vent The solvent, if used, should

be i quid MZﬁ&@dﬁrmﬂq&ﬁtw@nﬁﬂm e%mﬂmmgélﬂams 2-methyl-Bowar ds t he
t t d d th t al t
st urat o oI ol b ot ot S0 LONLE SELVRDLE LMY 1

25 or benzonitrile. In sone cases, the unsaturated corrpound to be :
hydrocyanated nmay itself serve as the solvent. The exact tenperature is

dependent to a ceHy=aChi-e€HerCHan t he part iCHI=CH-e@HCH R ~Rthg used, the
particul ar unsaturated cqgnpound being used and the} desired rate. Normal'ly,

tenperatures of from =25gp 0 200C can be used, theg\p0 range of 0C to 150C
bei ng preferred. Atnospheric pressure is satisfact ory for carrying out the
present invention and EK&nce pressures of fronXdbout 0.05 to 10 at nospheres
(50.6 to 1013 kPa) are 18 19 March 2004 WO 01/21580 PCT/ US00/ 25548
preferred. Wﬂ'ﬁ’@r pressures, up to 10,000 kPa or nore, can be used, if

desired, bugas e M&g may be obtai ned.thereby woul d probably not
justify theﬁl n‘gr@}e‘%r‘rsﬁ3 ‘{dé f such operations. HCN can be introduced to

the reaction as a vapor or Ii qU| d. As an
It will be recogmzed that Formula XI is a special case : of Formula Xii, where R26 5
is hydrogen. ' ' e
The isomerization process of this 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 contrnuous flow procedures may be used either in the liquid
phase or, with volatile reactants and products, in the vapor phase. The reactor
may be of any mechanically and chemically resistant rhaterial,' and is usually of
15  glass or an inert metal or alloy, e.g., nickel, copper, silver, gold, platinum,
stamless steel, Monel®, Haste:lloy® etc.
The process is usually carried out "neat" ie., without an added diluent or )
solvent; any soivent or diluent that is nondestructrve of the catalyst can be used. -
_ Surtable solvents mclude ahphatrc or aromatrc hydrocarbons (hexane,
20 cyclohexane benzene), ethers (drethyl ether tetrahydrofuran (THF), dioxane,
glycol drrnethy] ether, amsole), esters (ethyl acetate, methyl benzoate) mtrrles
(acetomtnle benzomtnle) etc.
A nonoxrdrzmg envrronment is desirable in order to retard oxidative
deactivation of the catalyst. Accordrngly, 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.

22



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 i nventi&ﬂ]agﬁgﬁtfi ed
out in the presence of one or nore Lewi s acid pronoters whitT bot h
the actywyiglysgnd the selectivity of the catalyst system,dIh ter may

be an inorgan?d(ﬂ:l or organonetal lic conpound 10 in which ¥‘%§5F@52% I'ch the at

| east one of the.ele ts of said ingrganic or organonetallic conpound is
sel ected from sggf?d}lé]%rc?l?ﬁﬁﬁﬁﬁf'ﬁe ¥ denyslatilenwheseasthe Zadlk¥indsse, i ron,

cobal t, COPRASKoalldn Fitrild Haltln ] ' s Al ' ola]l
nol ybdenum ca?dm' uﬁ]ﬁmrlﬁeni un% %Jrc\lgﬂ% Pﬂ%g{@r{r’p%gk?lﬁ?%@%%%? g;',lﬂ%z , ZnCl12,
ZnSO4, CuClvdlatiBy CAccopliagly Sardcitintaus ffow Padcdurcale catdiystagy Be a FeCl2,

* FeC12(THF) 2, Ti Cl 4(&;@{%, Jicla, TiCls, CLTi (O Pr)3, MCL2,  ScCl3, ALCL3,
( C8HL7) Al CI%™ROBGHY Qg sysiem an ugpmpletsly lignidaplase operatien, it mare 15,

Zr C14, NoClgyi : : 9 3.

Yb( 02CCE3) 3‘?% ‘%‘é@%‘%’,““‘é{%ﬁ%&% ,i%&é.g}‘éﬁis%gﬂ’é‘ﬁﬁ%ﬁ Tl SR,

descri bed ite iadixeReied state (Bsubdl§, ot brsolid, siPpor)lifa condertiondlfldvihg These

i nclude 20 netal, salts (such as ZnCl2, Col2, and SnCl2), and organonetallic
compounds YAPPPhasE OpSAke  R3SNOBSCF3, and R3B, where Ris an al kyl or.
aryl -group). U. ; ' . raLsti onbi nati ons
of pronoters Caﬂi%gﬂ@é@ﬁ@ﬁ@%&ggﬁ@t@%ﬁ gﬁ:@ﬁ&g gglé%%j\ﬁ P&g/ of the

cat al yst symivemed By ptaetical dongideraticis! ThenivhefquiredCiio? a gradiicdl 1eda@2,

B( C6Hb5) ﬁ and ( C6HS) 'é% where X = 25 CF3S08, CH3C6H5SO3, or (C6H5) 3BCN.
The mol'® r &PP¥FTEIEnGE eB-menoplkspgnitrls ta Saear menaalkenemisgleiion can be wit hin
t he range : ik I H SUBSEQUENT -
I'SOM ERl ZA'(IH]Q ag%ﬁ%“%?“é@%%@’@%ﬁ?%#ﬁ?@%ﬁ@@ “%Q%I?}P%e&% for the
‘hydr ocyanatgeaeralif requii@s alloigex tifie thantupefatiof @ps higher tepdferatie. A diolefin with
a source of hydrogen cyanide in the presence ofa catalyst conposition
conpri si ng PRatticalSpastiontimgean bejn therapge of a few seconds to many hours,

depending on the particular conditions and method of operation.

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

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

20  percentages are by weight, unless otherwise indicated.

The following definitions are applicable wherever the defined terms
appear in th;s specification: |
| The term “hydrocarbyl” designates a hydrocarbon molecule from which
one hydrogen atom has been removed. Such molecules can contain single, double

25  ortriple bonds. |

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

30 VN: valeronitrile
ESN: ethylsuccinonitrile - ”
MGN: 2-méthylglutaronitrile
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fromN, Co, and Pd, and at |east one |ligand sel ected fromthe group
represented 19 WO 01/21580 19 March 2004 PCT/ USOQ 25548 by Irsaé@ %I
I1-A or II-B in aaaition, this invention provides for aproce 8 t he

I-somMaybodkises of branched monoal kenenitriles to |inear POOVIESab/RsBse nitrites |

in the presence of a catalyst conposition conprising a transition netal
sel ect ed SFVM: 5Morm@lvalepordtrifel, and a |igand selected. fromthe group
represented by Formula I, 5 11-A or II1-B. The diolefins used in this

i nvent i onM¥i Gféf'éhlgu H?{F'quftﬁ‘conj ugated diolefins containing from4 to 10
carbon at i %aiggée, 1, 3-butadiene (BD) and cis and

trans-2, 4- éxa&fenes utadiene is especially preferred by reason of its
commer ci alcobpdrs-eydeodtadiénte production of adiponitrile. Qher suitable
diolefins 10, include diolefins substituted with groups which do not
deacti ¥at @t%eteﬁbﬁl%ﬁe for exanple, cis and trans-1, 3-pent adi enes. The
fol |l ow ng | illustrate suitable r-epresent ative
starting 5; gﬁhn?%h%%'gsn%gglngi‘dg and formulas 1 X, X, and Xl represent the
product s . THR:aiteeshyldfefdrah, 3- but adi ene and HCN. CHZ--CH----~C ---CH2

R24- - CHECH---CH--CHR25 VII VIII. 1,3-butadiene 15 wherein each one of. R24
and R25, independently, is Hor a Clfto C3 alkyl., H3C -CH =CH CH2-CN

CH2=CH CHz- CHz ’l% p%cmopcﬁc%g Mf@éﬂ)ﬂ)ﬂ results for hydrocyanation

10  reactions and isomerization reactions follows:

'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 _Vdivider:l by the amount
of HCN. The 3PN/2M3 ratio is the ratio of cis and trans 3PN to 2M3.

For ison:rerization reactions the 3PN/2M3 ratio is.reported and is defined
as above. | |
20 _
For step 2 hydrocyanation reactions the scfectivity 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 Svynthesis 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 | )



3PN 4PN - 2M3 It will be recognized that Conpound VII is a special case of
formula VIII, where each one of R24 and R25 is hydrogen. |nf,qrmul I X X

and XI, 3PN is 3- pentenenitrile, 4PN is 4-pentenenitrile, mé)nlﬁar%ﬁﬁg

. 2- et hwb-ozissoenenitrile. In the practice of the hydrocyapnesiomssqaf the

diolefin in accordance with the 20 present invention, the follow ng

descri pt i onefimpforesdayitie al ysfiapnyasiipped widds borienef Bnde Dead:-Biadiltraplt Wi th or
w t hout a solvent. The solvent should be a |iquid at the reaction '
t enper at ur ARFFEorliag the sulution waswashed dvith NaHE®, aeddistilied waier. tFhe cat al yst .

Goner al|y. i SOANERRE £1680 S0V 1vaR0A: U0, 011 21500, PATL LS00 25548

hydr ocar bons such as benzene,>"xXy1'ene, neerrl

benzoni t ri loff white selid.pRRds chystalliZeddronx Aétankenper at ure used i s dependent, to
~a ceftain extent, on the particular catalyst being used, the particular
unsat ur at ed ‘conpound being used and "5 the desired rate. Generally,
tenperatures-of from-25C to 200C, £ 2used with fromOC to 150C, being
the preferred range. The reaction n'Mmrried out by charging a reactor

with all of the reactants or psehthesibbfAckgl Beactor is charged with the
catal yst or catalyst .conmponents,. the unsaturated conpound, and sol vent.

Hydrogen cyani deS¥icylaldehyde (344:2, 20amel) olsdprepsnediol 238 @, HP malleandact i on
m xture or WUl L S A ' L xture. | f desired..when using a
gaseous unsat u?gﬁgéhg%% clﬁgg%éj%g‘,%# ‘%@%%B’gﬂe 3%%1‘%3 Qe
unsat urat edfop8 Boutsin@appataGls BRYippel witkd chAdpkdand aDdaniSiakhaact i on medi um
The nolar ratio of  HCN to catal yst : a -
er cooling, the solution was washed with NaHCO, and distilled water, and the
T solution was dried over MgSO,. The product precipitated when the solvent was
being evaporated. The solid was collected and dissolved in hot hexane. The
solution was filtered through Celite® (a filter aid manufactured by Johns Manville

15 Corp.), and the product was cfystallized to give 108 g of an off-white solid.

Example 3 -
Synthesis of Acetal C

Salicylaldehyde (24 g, 0.2 mol), neopentyl glycol (20.9 g, 0.2 mol), oxalic
20  acid (1 g, 11 mmol), and toluene (150 mL) were combined and heated to reflux

- for 2 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),
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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 operatiaqn,,,Su when ~
WeEreod

.using a fixed bed catalyst type of operation, a higher pro

cat al ye@ ox2yd used such as 5:1 to 100, 000: 1, preferablBCHOS0R534E 5 000: 1,
HCN to catal yst. Preferably, the reaction mxture is agitated, such as by
stirring- cands}Rk e of materiabwayeolleeted. product can be recovered by conventi onal
t echni ques such as 20 crystallization of the product from solution or by
distillation. One can either isolate the 2-al kyl -3-nmonoal kenenitriles
produced by the hydrocyanation ofgtdugpléisol efin or proceed with the

i somerization under simlar reaction conditions. The

2- al kyl - 3-nmonoal kenenitrile i materials in the 25

1S g
i izat | t hi S . ' I t,.f t d i f
A T e I s VA
Sui t abl e SiRf §xialid acid(845Y, 5 Rl ARt BERN e tdlGereAB0 MISPariidaiedgo oups whi ch

do not attack the catalyst, for exanple, another cyano group. Preferably,
t he start i refluR.oxeryjght 3n amappacdtiseaquinped Wibs epdersenand » ReaniStarB t@gr bon

atoms, excludi ng.any_ addit.i onal ubgtitution. . 2- -3- enenitril.e
(2NB) i 5 oAHErrehIRg 1R s0ltio s woshed itk stitpts SO Prirst ¥REb e, Ot her
repr esent ahid/ e Rbiubnd utionGhdiIRied -oeémgsé-. - RebEARAbA Rekadd thas

2-propyl -3-butenenitrile. 21 19 March 2004 ~ WO 01/ 21580 PCT/ US00/ 25548 The
fol | ovithg addedwingid the produdt béganite presipitatee SR g absolidrwasraotleetedt i ve starting
2-al kyl - 3-nonoal kenenitriles. Wien the starting nitrile is 2-nethyl-3-

butenenitrile, the isonerization products are 3-pentenenitrile and
4-pentenenitrile. CHrC H( HC H3

Py

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

26
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CN wherein CH CH-CH-CH2 R26 .1 CN. XI - XII 5 R26 is Hor a Cl to C3
alkyl. It will be recognized that Formula XI is a special \#:ﬁrmjl a
XIl, where R26 is hydrogen. The isonerization process of tlﬁ Isi in 8 tion
.can be WaWOiRB80out, for exanple, at atnospheric pressurecposioasssany
tenperature in the range of 10 10-200C, preferably in the range 60-150C
The pressur &d.d 6, &7 Hzi BH), 6.9¢dF-87THanH)ch7(cl H) B/27 an, 14}, QW9

at nospheri c S| i of the conventional batch or

“conti nuous {ﬁogﬁzﬁoﬁe@hggﬁ’%&%ﬂed either in the liquid phase or, with
vol atil e reactants and products, in the vapor phase. The reactor my be of
any mechanically and chemcally resistant material, and is usually of 15

-glass or an inert nmetal or alloy, egQamnldigckel, copper, silver, gold,
pl ati num stainl ess st eel , I\/bn%E!Eﬁ' %s:g m? 1giy(r) etc. The process is
usual ly carried out "neat", i.e: dded diluent or solvent; any

sol vent or dil uer&hcyiaitlehyde (amgm miob)} 2neethyfl- 1, hprepahadivb(1 80 ) used.
" Sui tabl e soI v ts anlduét é:,l phatic or_aromatic hydrocarbons (hexane, 20 -
cycl ohexane™ Hi%‘fFe‘) G gﬂ‘t*&ll@@ﬁﬂ”@hbweret@mtah%ﬁnﬁhnamdtﬂw)

di oxane, " gkymad fofld ARy E%lﬁ} I ate. methyl
benzoate), nit I’Io| es (acet lgh?tirl?dem enzon| eﬁfér%?)cé]j e% ZI ng
envi r onnent Afeer dedmgaﬁieeolunommd.ewﬁl&drva'ﬂﬁNdH@O;QElkl3\06tnL) and distilled

water (30 mL). The solution was dried over MgSO,, and the solvent was

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

5 ' : - Example 9
- Synthesis of Ligand A

7 ;o ‘Acetal A (1.33 g, 8.0 mmol) and PCl, (0.55 g, 4 mmol) were dissolved in

'  toluene (40 mL) and thé solution was cooled to -40 °C. Et;N (1.0 g, 10.0 mmol)

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

_ slowly warm to room temperature then snrrecl ovcﬁnght A mixture of Et,N (0.4
g, 4.0 mmol) and dxmethyl 2 2'-dihydroxy-l 1 -bmaphthalene-3 3'-dicarboxylate
(0.8 g, 2.0 mmol) in toluene (15 mL) was added to the phosphorochloridite
solution, and the mixture was stirred for 2 hours. The solution was filtered

‘15 through Celite®, and the sOlvent_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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deactivation of the catalyst. Accordingly, an inert atnosphere, e.g.,
nitrogen, is 25 normally and preferably used, although air W Cﬁ#}@ dif
desired at the expense of loss of a proportion of the cata ys?

oxi daw®o1,21380 19 March 2004 WO 01121580 PCTI USOQ 25548 Phgusoeissis corrpl ex
is essentially nonvolatile, whereas the 2-al kyl-3- nonoal kenenitrile

reactant and the Ii near nonoal kenﬂaﬂsﬂ Foproduct s are relatively
vol atile. Accordingly, in a cogtinlou ow, grocedure the catal yst may be a
conmponent of the flow ng syst y liquid-phase operation, it

may 5 be in a nobile nonflowing liquid state,in a sem vapor phase
operation, or .it may be in a fA\xed afe (usually on a solid support)
"in a conventional flowing vap s ation. The tinme elenent in the.
process is not critical, and e governed by practical
considerations. The ti i b~ gevel of 10 conversion of
2- al kyl -3 nonoal kenenij t ; : " jile is dependent upon
the tenperature of reack LB g k gr tenperature _
generally requires a | onggr time.-ghan ope atlon aJl a hi gher tenperature. A
practical reaction tine 3 b_F'wseconds to many hours,
dependi ng on the parti cul f operation. 15 The
nolar ratio of 2-alkyl-3-non jat al yst is generally

greater than 1:1, usually in e~
preferably 100:1 to 5,000:1, a batch oFconti nuous operation. The

venti on vl | Ague i b ek oahadpAIS, (1244 QM Alhoe dHsbiv@din eXATD! s

of certaln enbo I ment erein rts, proportions, and

5. toluene {40 mL) and the solution was cooled to -40 °C. Et;N (1.0 g, 106.0 mmol) -“}

in toluene (15 mL) was added dropwise with stirring. The reaction was allowed to
slowly warm to room temperature then stirred overnight. A mixture of Et;N (0.4
g, 4.0 mmol) and 3,3’-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)
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20 percentages are by weight, unless otherw se indicated. The follow ng
definitions are applicable wherever the defined terns appe]%rMé@Btzgég
specification: The term "hydrocarbyl" designates a hydrocarbon I I

~ from wWabi2te8%e hydrogen atom has been renpved. Such nolgReth@sr6e contain
single, double 25 or triple bonds. 3PN 3-pentenenitrile 2PN _

2- pent eneniin tolkene (1PML)Avgsadtied dripiisel it dBring - T feaktich Waé Ansnidtsi | e 30

VN val eroni?t rli | e ESN. et hyl succinonitrile M3\ 2-methylglutaronitrile 23
19 March 260X XYaETR/19 Teyp temuaatuss thep sredevermight 14 mixturgr Ethe (0|

3- pent enoatse o a3 ' _ by 2 1CY G | ene .. ;
tr Pet hyl amkh‘é'oll?’%ilg?b %ﬁ?&)‘ﬁ%@%%{f’é ?t}e'}S M&?Qﬁg‘ﬁ%&%ﬁ%ﬁ
PCT/ US00/ 25688 gT2.6 mumol)dn ediuére(15 allo)batddded fetht phospherchlosifité esul ts. for

hydr ocygmat ion 10 reactions and isonerization reactions follows:
 solution, and the mixture was stirred for 2 hours. The solution was filtered

through Celite®, and the solvent was removed to give 2.2 g of product. *'P NMR
(Ce¢Dg): 6 130.2, minor peaks at 146.8, 131.4 ppm.

=

Example 12.
10 " - Synthesis of Ligand D

Ty

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

and the 3PNV2M3 ratio is reported. The product distributi on, .@a%[%%l }Séed by -
gas chromat ograph using valeronitrile as an internal standard: 8 Yo

usef ulwédbl/g1sse 15 the nolar ratio of the sum of 3PN(ci SPGEUSaOr28848) and 2MB. _
di vided by the amount of HCN. The 3PN 2M3 ratio is the ratio of cis and
trans 3PN to 2M3. For isonerizati @ras@RCl3i ons the 3PN 2M3 ratio is reported-
and is defined as above. 20 For step 2 hydrocyanation reactions the
selectivity to adiponitril e (ABmthesis of fggnddSN + MGN + ADN). The 3PN and-
4PN conversion is cal cul ated usi pg hoxyet hyl et her (EEE) as an internal
standard. The total conversion @ Ninitriles (DN's) based on the
assunption that all materi al or, is 25 calculated as (sum
(mol DN s)/sum (PN s + BN s + Di¥ are butenenitriles). The
conversion based on HCN i s cal c§ #vi ding the total conversion of
PN.s to.DN's by the HCN PM#qtio" i eed, i.e.,-(nol DN nol
PN-at start)/(nol HCN/m)I 130 Synthesis of Acetal. A
Sal i cyl al dehyde (24.4 g, 2Q0-mMm |l (31 g, 500 mmol),
oxalic acid (1 g, 11 nmo : e

to 24 19 March 2004 WO 011 ( Q548 reflux for 3 days in an
apparatus equi ppéd with a confiengey . [peaRy Stark trap. After cooling,
the sol ution was washed with yed water. 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,
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e e

_solution was dried over MgSO4, and the sol vent was evaporated to give 26 ¢

of an off white solid. It was crystallized from hexane. 5
Synt hesis of Acetal B Salicylal dehyde (244 g, 2.0 nol), -1, g@érﬁ%%é%gﬁ?ol

(228 g,woAlntHg), and oxalic acid (4.5 g, 0.05 nol) wer ep@gldefdkeus400 Nl
t ol uene ‘and heated to reflux 10 for 8 hours in an apparatus equi pped with

a condenser tigndedyBeanerfumrdhidrideBolidd Were vae@ich filtereli 38d SRLKEA ith W8S Washed
with NaHCCBeﬁd di i%l | l.ed water, and the solution was dried over MgSH.

The product SHFES it BHAd The epmbined sthey Siratesawere swdpogated tryieldtieel.  The sol i d

hrough Col Py aenyPhpptpRimae, 23 RIS C S oA R e %8” Cor . ).
and the proshite solid(%3Yyghpl 31P2MR @CDCKE: 149D gpref an of f-white solid. -

. Exanpl e Synthesi s, of Acetal C Salicylaldehyde (24 g, 0.2 nol), neopentyl
gl ycol (éo. 9 g, %f‘EPh@ﬂPP?Wé‘FQ@-3329nag3-@molgwas_dismiw®ipdayldthtnl uene (150

m. | , I f 2 ' . t ' d
Wi a congonoan) SRR ST b iiboxieesr. EiEreeR ROHAERARLL on s
washed wi t hethle{36GnBNHO M)swad ddded WrspRfise dee 2 20 mihite Perid®fo @E k61, over MySHs

and the solvent was evaporated to q_ge 39 g of a white solid, which was’
crystal | i zeSF5dpRoseheaalditesolatigny The sesultingtthixtire was reteratdito the

o el g O b AL T S ) e
10 dry ether (20 mL). The combined ether filtrates were 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‘-dihydfoxy-l ,1'-binaphthatene-3,3'- B
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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30 reaction was stirred for 2 days under nitrogen at roomtenperature. The

~reaction was quenched by adding solid NaHCO3 fol | oned by Na% i, the
m xture becane pH 9 or higher. The product was vacuum di st %@H%@EZIS - 88

C, 2 weranj215885 WD 01121580 . , and 3.98 g of material WESIESAN2E8ed. 19
March 2004 PCT/ USOQ 25548 Exanple 5 Synthesis of Am no-Acetal E 5
Sal i cyl al dehgeyliGadd (487 8m)5.0nmimp}) Wasadisdolveddn dantetrahpdfurgn (¥ 06 nol ),

hoat od- t omlpdhmsoolion7ER: With ey siaerions bathe MeBulittinen s mh el he ot and a
Dean- Star 4 AR etpef 4 LhnfoHb el BRpSALAER o BAukANIRChIIbicl 13queOUS

‘NaHCGBi di st , he toluene solution was dried over MgSH4. -
After fil twanhitoambiwex temperatare] QAfbetdtictingdvienigite thersotivion wagadded o

precipitate. 5.89 g of .sali s col|.ected. anple.6 nt hesi s of Acetal
F A 309 nﬁlor"ﬂ&_&wﬁéel"eH%Q&&mﬁcﬂlﬂééé)ﬁi&%ﬁﬁ%‘? BE%S?Fi‘E%ﬂ al dehyde, 15
12. 409 . 9 yofndl Qﬁﬁ%@%%ég&n?%doﬁhgw? réGast wadidsfiveinof tol uene. The

flask was connecte tarke trap and the mxture refluxed. . _
over ni ght dichieromethahe and viaedthoaghl asilich gabjplegu The odingmflitrateviassnat e and t he

AT Y N e TN M N R
| rom oL NRBSORIREaRdh 20, VR vashed i (b ccelonitiiTe Lo 0 ve T 418 g
H, 7108 (dd, 2,2-Dih§droky-1, 4bindphtifalene-373-bisfmethylketone) (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 (CDCl3): 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

;
1
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J=8.7Hz, 1H), 6.02 (s, 1H), 1.26 (s, 6140,1. 18 (s, 6H). Exanple 7. 25
Synthesis of Acetal G A flask was charged with 18 g of 9 March 2004
5-chl orosal i cyl al dehyde, 13 g of 1,3- propanediol and 2 o} OXAIN 2 Aci d
.and 20WQOne1/2168% ol uene. The flask was connected to a Demmﬁlismmksstdsap and
the m xture refluxed for 12 hours. The m xture was washed with water and

aqueous sodj LGal. The 0 s dr.i ed over rragnesi um
sul fate an?ok{ﬁiggs‘&q@ \?@ ?’@éenovedmbaggswgﬁ}pe%ﬁ T SHENE OVERfEhY, | own o |
was obt ai nem((xﬁ&d:&@)tewmm)aadslsml %ﬂmm@i@%ﬂ‘ﬂﬂmﬁw SPp Mz, C6D6
,8): 7.7 (s,, 1H), 6.96 6Hz lH), 6.72 26 19 March 2004 WO 01121580

PCT/ US00/ 254e%opssirring.d lzflydrcs:h!quacndlws adgled drapovisg)u@il thi watkkiphast. 87( s,

o oot ol aft oe gl s, The' wsm%wﬁm%%%mm res
g, 0.2 5”D|S)Epmwﬁﬁmal%@hﬂﬂed})\&}ma§ﬂ€hﬁxﬁkb&1@aﬁd?5@a ned and

heated to reflux for e%s I n_an appar at us ui pped vmth a-condenser and
a Dean- St arRsiflyeyyas reAﬁﬁ@V vclichieromethang enchclmg throuighassilés gol phigNaHOOB (2 x

he sb ven ittt lo wolo SRR AT pimapilafiren d0e  °"
crystalli Z&ﬂs@héﬁﬂl&b@cﬁ@&sa?&iﬁi@.&mﬁwg@ﬁﬁe& s of Ligand A '
2.2’-Dihydroxy-1,1"-binaphthalene-3,3"-bis(phenylketone) (0.715 gm, 1.45

10 mmol) was added to the phosphorochloridite of Acetal C (1.738 gm, 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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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{ %92069 0
mol) 10 in toluene (15 nL) was added dropwi se with stirring. fe 9°eact i on
was aWooMeds800 slowy warmto room tenperature then stRGHER0BEEni ght. A
m xture of Et3N (0.4 g, 4.0 mmol) and di et hyl

2,2' -di hyd ht h 3nd 1) i
t ol uenle %llgo)r(r{ &tbjamglaél zﬂaﬁne osp Wgﬁﬂﬁe so&cﬁ%ﬁe%gﬁdn?ﬁ J

m Xt ure Wabo@tSOrmE®f teltend. mw:ﬁ;xn]ibevas@b@lbd tm-msc fanuuezascg dRAtdmiough
Celite(r), and the solvent was renpved to give of product MP NMR®

(C6D6): 8GIwas aideds Hepregonlpd selution 630 °Clgf>m$th3'i%mn? %%%‘ epin 20 mlvar ch 2004

o oo B e RS A e B VAR 2, 1 (2%
nm) ang tb&oﬁ&kd&dtqmngﬁr&ﬁﬁh%bﬂres&ﬁn&s 4c1195\3(abd 039.5 Pt OTorehid ) i n

toluene (15 nL) was added dro?vm se with stirring. The reactien was all owed

to sl ow ynigmreiwasaddrdf.4&hp of a2iehylidenshistd 61dr%hnlpb¢rm YyREeParedni i (r e. of
(0 55" o * acthrifis o aRiltn B 8, Bl CheT S00 g2 13m0, 82 BByl o AL o' Phenol

phosphor oghluerd &hid erenob.6bD @rof tactHylabine)i Ricthiknd® Wi stifred bvanighoind hour- s.
The solution was filtered through Cel | teﬂr) and the solvent was

evapor at edhendfiligred throeghCelite®; washad with lugur, fndsplyent moyed by rofafor peaks
at 14394 e%g’pzorguglp s YI%%PE g § gof 4 whi Ligs -hﬁ-{ﬁf} (%2 leﬁ%, '%6]35)- 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 mmot) and PCI,; (0.55 £ 4 mmol) were dissolved in
- toluene (40 mL) and cooled to 40 °C. A solution of E;N (1.0 g 10 mmol) in
20  toluene (15 ml) was added‘dropmse 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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O Acetal A (1.33 g, 8.0 mmol) and P13 (0.55 g, 4 nml ) were dissolved in
‘toluene (40 nL) and the solution was cooled to -40 C. Et3N %)JM% g,z%gﬁ
mrol ) 28 19 March 2004 WO 01/21580 PCT/ US00/ 25548 in tol ue ¥

. added wopvwisgh With _stirring. The reaction was all owed t n%éoﬁ)fésxs vvarm to
roomtenperature then stirred overni ght A m xture of Et3N g,

-mol ) and di.phe I 2. 2. - dj hydr.ox naght h 3, |_car boxyl ate
(1.05 g, 2."%’9 D ‘5ed'2lﬂgfv(§d‘iugéé’€f§>é’r’rﬂ‘§' B’ﬁa ?i’%’pi(}égﬁorochl oridite

- sol ution, sRdilétRalEXI2T.6, biEs Faks 1EB3(0142.1ppM! S- The sol ution was
filtered through Celite(r), and the solvent was renoved to give 2.2 g of
product. 31P NVMR (C6D6): S 130.2, mnor peaks at 146.8, 131.4 ppm 10
Exanpl e 12 Synthesis of Ligand D écef (1.67 g, 8.0 mvol) and PCl 3
(0.55 g, 4 nmmol) were dissolved m—@-& (40 nmL) and the solution was
cooled $0 -40 C. Et3N (1.0 g, ]ﬂ}_mq,ég;thga{nagol uene (15 nlL) was added
dropwi se with stirring. The reactlon was alTowed to 15 slowy warmto room
ure of Et3N (0.4 g, 4.0 nmmol)

_'= , 2.0 mmol) in toluene (15
& #oMiD on, and the nixture was
ehed through Celite(r), and the

sticky solid. 31P NVR
ppm 29

tenperature ' then stirred overni ght
and 3,3 ,5,5 -tetramet4yl -2, 2" -hi pf
m) was added to the phosphor oSy
stirred for 2 hours. The sol utioa
solvent was evaporated to giye

(C6D6): 8 135.2, 20 other pea

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
in dry ether) was added dropwise to the cold, stirred phosphoramidite solution.
‘I*.‘:_ive‘mjm;_tes after the addition was complete, the solids were vacuum filtered and

20 washed vﬁth dry ethér Bx15 mL) The combined ether filtrates were evaporated
o YICld the phosphorochloridite of 2-(tetrahydro-2- furanyl)phenol [2-(2-.
C4H7O)C6H40]2PC1 3ip N'MR (C5D.5) 163 7,162.9,162.5ppmductoa
mixture of stereoisomers.

Dlphenyl 2,2'-dlhydroxy-l 1 -bmaphthalene—3 3'-dlcaxboxylate (0.425 gm,

25 0 807 mmotl) was added to the phOSphorochlondlte of 2-(tetrahydro-2- ;
furanyl)phenol (0.793 gm, 2.02 mmol) dissolved in dry ether (50 mL). After

—
-
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19 March 2004 WO 01/ 21580 Exanple 13 Synthesis of Ligand E PCTI USOQO 25548

Acetal D (336 ng, 2.0 mmol) and Et3N (1.0 g, 10.0 rnnol) ' ed 5°-
in-toluene (5 nmL) and the solution was added dropw se to \QE{SQF’Y'S'#C@?%XN C

sol ut Ws0BFIS8CI3 (137 ng, 1.0 nmmol) in toluene (2 nl). PORUSOASI4SoN was
stirred for 20 mn, and then a m xture of 2,2'-binaphthol (143 ng, 0.5

mmol ) and debBg td B5ACdn adirgbosfrde}er the tighUenipw Mixtine wassstiddead drp t he
phosphorochl oridite ution, and. the pjxture was stiyred 1 hour. The

sol uti on vaagﬁﬂqnve?@bi@%a%%@mn Wéﬁégfaég%%ﬁw%’t*’e{;d?‘bﬂlﬁ?ve 0.57 g of
pr oduct . Sﬁ?ﬁ%é ] REAKSE althnirs: apm  Exanpl e
14 Synt hesi gﬁ'.('\)/?‘hél gan %éﬁwgﬂwﬁhg under a d%/qégg%‘%%lggn

at nospher ewasrinbey vathhdny ettelr (3 x @6 {50 Thelcpmbinededic filttatemwemdded dr opwi se
over a_20 m nute peri N, N- ..di et hyl phosphor am dous di chl ori (3.36 gm

t
2655 el ) aPRISFFo PR theseased diphosphie A 28 W iR QI atF | 150 ot
f d . | ' Nj 3 C 0 WO- 01/ 21580
I?’CT / [Jéog; m&%@ét%ﬁgﬁbi amgrxb‘%é%png{gmlﬁ%éuég{%g&umﬁer@vacuum filtered

and washedsterediboslens. et her (3 x 15 nmlL). The conbined ether filtrates were
evaporated to yield the - .

Example 20 _
10 Synthesis of Li'g‘ and L

cL

s

" 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 = oftoluene was added dropwise. A P NMR analysis of the mixture indicated a
major resonance at 162.6 ppm with minor resonances at 190.4 and 130.7 ppm. To
this mixture was '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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~desired phosphoramdite, [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 pﬁ?@ﬁ%{@ﬁ' dite
(9.33 gin, 18.0 nmol) was dissolved in dry ether (150 nlL) 3d to .
- 35C | wooidigasox freezer. Hydrogen chloride in dry ethecriionisssl.0 M

" was added dropwi se over a 20 mnute period to the cold, stirred
phosphor am gigte | dthé nan& | ' e . . t-he
freezer forggno}glﬁg’rdﬂllégg%oours?%ﬁ' e'i%rfe?ld.?g( #Hel' v)gggﬁﬁ'ﬁoﬁ}g‘?éwgh% washed
with 10 dr yabulated {oz €,4H)O0, OLR): t366846ed et her filtrates were evaporated to
yield the phosphorochioridite of acetal C )

[2-[5,5-(CH3) 2-1, 3- C3H502] C6H40] 2PC1. 31P NMR (CDC13): 163.9 ppm

Di (2, 6-di net hyl phenyl) 2, 2' -di hydr @gys 1i.do- bi napht hal ene- 3, 3" - o
di car boxyl ate (0.792 gin, 1.36 mmg?_wé‘{'added to the phosphorochloridite
of 15 abetal C(1l.634 gm 3.40 rSymthesdiocfidganddin dry ether (50 nlL). After
cooling to - 35Cin a drybox freezer, the light yellow m xture was stirred
as dry triethytam ne (0.344 gm ) ‘ as added dropw se over a 5

m nute period. After stirring § gperature for another 2.5

hours, the mxture was filszgred al alumina and the ..~
alumna was rinsed with [ ]
filtrates were evaporat e todyi

20 The conbi ned
light yellow solid (0.376 ym. STF[! TS~ 19977 ppm Exanple 15

sphite ligand as a

7
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 fdr 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




PCT/ USO0/ 25548 di carnoxylic acid (1.87 gm 5.0 mml) was dissolved in dry
tetrahydrofuran (50 nlL) then cooled to -78C with a dry icehg&et% at h.
~Methyllithium (25 nL of 1.4 Min ether, 35 mol) was added 85 t hen
t he sdYQ@pPi2i880vas allowed to warmto anbi ent tenperatur @TASH¥E2SS548 i rring
overnight, the solution was added 5 slowy to ice cold, 1 M hydrochloric

acid (30 nL). The organic phase was washed with water then evaporated. The

orange residue was dissolved, in dichloronmethane and el uted through a

silica gel plugAmine-AsetahGd482 mg; 3t0mmed) and Bt (&6 8) weredissodved in _
2,2 0 iy gt ag i, PR ohSiched o DL S LMk L PR, 1 #Pmf, 1! | O
2, 2" -Di hy dfenol) ih thiueRé (FPRIDY BLeNS mimite pelisd "RIRY iHeQUAH RN, {He niRfirgi N, 0. 54

mol ) was added to the phosphorochloridite of Acetal C (0.651 gm 1.35
mmol ) i swes stémed 2t -@0yCefiond$ nigatent A suspensioncf @3’ rijnaphthd{E3 mga dr ybox

freezer, t | i ght tyre was. stirred.,as, dry triethylamne (0.155
reezer RS e L B i et s S0 B daARAhe ERSSTAAR e, (0 12

- at anbi ent pfi @REwaY AlRvedqb sEPFRPUNS! TAS nlidikSwad fiRerBd XdridItRe ¥&IPerdti | t er ed
through dry, neutral alumna and the  alumna was rinsed with dry ether. (50
nL). The cwabevambrited torgives.4ia of produnso? BMNMIR: @ 1321, d 3018 suield peaks

di phosphite ]} s a light yellow solid (0.466 gn). 31 P NVMR (CDC13):
134.1 ppm a@@%ﬁg“%@% Synthesis of Ligand HWth stirring under dry
nitroggwm, 2,2' -dihydroxy-1,1'-binaphthal ene-3,3'- dicarboxylic acid (8.42
gm 22.5 mol) was dissolved in dry tetrahydrofuran (500 25. nL) then
cooled to -78C with a dry ice/acet &xampltd3 Phenyllithium (100 nL of 1.8 M
in 70130 cycl ohexane/ et her,.- 0. @Js}s%jga%%dgd dropwi se then the 32 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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19 March 2004 WO 01/ 21580 PCT/ US00/ 25548 sol ution was al | owed to warm t o
anbi ent tenperature. After stirring overnight, deioni zed &152%) HL) vvas
slowy added to the reaction solution at 0OC. Wth vigorous stlr 8
~hydr ochvooiziseaei d was added dropwi se until the water phape—m}g&ggg& strongl y
acidic (pH = 2). The organi c phase was washed with water in a
separ atoryfunnel then dried over magnesi um sul fate and evaporat ed. The
orange residue was redissolved in dichloronethane and el uted through a
silica gel plug. The orange fil tra@lmkﬁvaporated to yield
2,2' -di hydroxy-1, 1' lﬂ_'Qihalfen X £35S @ yel | ow sol i d
(16 5gm. 2,2 D|hy. GRY= imstctvia SgMery| ket one) (0.715
gm 1.45 10 moiOryssEine B f C (1.738
gm 3.62_mmol) Iéjll-{:sol ved F(%Oj %&ﬁt @gﬁ?%&%gﬂe@%@(ﬁ %‘g‘ht@‘% -35Cin a
drybox f? eeiréﬁ lightgellogy migeorswmddyd tmadu‘shganld@l(mntg)yresulnng itydommd ne
(0.365 gm %!@rﬁﬁd)ac adde dro W se over a 5 mnute period. After

a

“stirring-at SR other 2.5 hours, the yeIIow m xture
was filtered thrg wmmwsomes m&@a%&%&g&@ﬂt grinsed
with dry ether (50 M). The conblngjdflltrates re ' rate to yi el.d

the desiredaed pHlesphby bea,qrgandloa&enghélugh(lqithﬁm@ at 850 Tﬂfiﬁs hrgiThe. 31 p-
NVR. ( CDCls}ine&‘éaA.\'bgn arg.srT]cra.ns(%errecf;1 to a mtro nn ﬁﬁgds él?w X w grre]:dlt lvascs}lurcl:lEedss
10 into a toluene solution containing rhodium and ligand O. The slurry was stirred
for 15 min then evaporated to dryness in vacuum. Residual solids, deposited on
) the sides of the vessel, were rinsed with extra toluene such that all were eventually
deposited only onto the carbon. The dry solid was pﬁmped overnight to remove
residual toluene aﬁd then cappgd and stored in the glove box for catalytic testmg

15
Example 25
Synthesis of Ligand P
? ? ‘i S %
S I
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. 3P NMR (CgDs): 131.0, 130.9, 130.8, 130.6, 130.4, 130.3 ppm due to a
mixture of stereoisomers along with cyclic monophosphite impurity at 146.8 and
25 146.4 ppm. |
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WO 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 of t'@“%ﬁ The
m xture . was cooled to -30 C and 1.288 g of Acetal G was aai(?e ri§P‘écool ed
sol ut wayefz3gh © of _triethylamne (0.800 g) in 20 nL qicpédepssswas added
dropwi se: A 3'P NVMR of the m xture indicated a major 5 resonance at 164.1
ppmw th m nor resonances at 193.3 and 132.5 ppm To this m xture was
added 0.405 g of 2,2 -et hyI [ deneblﬂ(ﬁ[@ﬂ@i met hyl phenol ), prepared
according to Yarrada .Ch ;:989 62,3603, in 10 nL
of toluene and then ure was stirred

overni ght and then pgbg,qagﬂofgsgme@qhgﬁ@ﬁﬁﬁedm@owth t ol uene, and
sol vent renoved by rotary ~evaporafion to yie 8 g of a white = .
solid. !'"P{} (24 . Co0Q,LH maj or resonange at_ 134, @OQGPB;J_ gl nor
resonances at Y. 2, 130.9, 128.2 pg 6 (at rmspherl o
pressure che nd 1183. 1; cal cul ated
for CSSH6, OO0, 4ATR4API™NA* “10BB. 22. 15 Exanpl & SyAt hegys of Li and J
Acetal A (1.33 g, I) “and RCL3(0-5 g, 4 MDD ) wer e dissolved in

t ol uene (40 e@H 0 110k sol ug )H(1.0 g, 10 nmol-) in
20 toluene (1 dded drop\/\?g‘éogt \‘- ution. The reaction
was all owed &g ply oom t enper at ure t d overnight. A solution

of (N methyl, COzH CO,H

N- phenyl ) - 2, 2 - di hydr oxy-1, 1' - bi napht hal ene- 3, 3' -di carboxam de (1.1 g, 2

mol ) ad Et3N A%ﬂ{tﬂeoﬁSU%‘(@)mrﬁom@fN@&@ﬁdld&sm—%mWéﬂzcadﬂ@e d=the mixture
e

was stirred for 2 hours m xture was filter through Celite(r), and
t he sol ven? Ygarosslinked polystyrene, 200-400 mesh beads), 2,2'-dihydroxy-1,1 f.)
binaphthalene-3,3'-dicarboxylic acid (33.7 g), potassmm carbonate (12.4 g) and
DMF (dimethylformmamide) (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
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19 March 2004 WO 01/ 21580 PCT/ US00/ 25548 was renoved to gi ve 2.3 g of a
-yel l ow sticky product. 31P NVR 8 131.6, snuller peak at 6 hgg

peaks at 133.1, 144.1ppm Exmla 19 5 Synthesis of Ligand O BEEhA00 | ng
~under gy@oy2s8 trogen at nosphere, 2-(tetrahydro-2- fuuar}%ﬁ) g (5.10 gm
31.1 mmol ) was added dropwi se to N, N di et hyl phosphoram dous dichl ori de
(2.702 gm 15.5 npol) and dry triethylam ne 10 (3.77 gm 37.3 nmol)

di'ssol ved i Eébﬁ 77[‘“6?1) af the@olyarer supnosted dind was suspendid int1S0anhypl anmoni um

i) he comboasSTRERA B iSRS e S bbb 4T e oo e

phos phor ani t:hrbcﬂlyltﬂlﬂn(dﬁzcﬁél‘m M]%Nﬁ@eﬂ@v@m?ﬁ, #hdthe PQ%&'b\ead@ tP NWR
(CDC13): 142.2, 142.0,141.5, and 141.2 Em due To a mxture of 15

st er eoi somefugned Pﬁ%@pﬂ@? afhediepds were@oljented by ﬁltrmoh)andmshhdswnhved indry

(ot 1. OME (a0 BRoToiete 2% st Gt SO L PR iSRnE s *'°°

"‘phosphoramlﬁl'ldeevsaiuu{fl em™F rpmyg 5 1306 e¥s)t he addl tion was conpl ete,
the solids were vacuumfllte and 20 washed with dry ether (3 x 15 rrL)

The conbined ether filtrates were.. evapor ated to yield the

phosphorochl oridite of 2-(tetLrahydro? henol , [2-(2-. :
CAH70) C6H40] 2PC1. 31p NWR, ( , 62.5 ppmdue to a mxture
of stereoisoners. D phenyl
2, 2' -di hydroxy-1, 1' - bi naph

di car boxyl ate (0.425 gm

o-cresol, DBU
DMF

10 2593 g (l 8.7 nndoi) 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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25 0.807 nmmol) was added to the phosphorochloridite of 2-(tetrahydro-2-
furanyl)phenol (0.793 gm 2.02 mml) dissolved in dry et heré(,agm After ’
35 WD 01/21580 19 March 2004 PCT/ US00/ 25548 cooling to -35 rybox
freezavooiwssd i ght . yel l ow m xture was stirred as dry tRCEUBSN2EMENe (0. 204
gm 2.02 mmol )" was added dropwi se over a 10 minute period. The mixture was’
filtered through dry neutral alumna and the alumna was rinsed with dry
ether (3 x 25 nl). The conbi ned ether filtrates were evaporated to vyield
the desired diphosphite |igandSashasivbfLiga®Q d (0.81-gm. 31p . NMR (C6D6) :
several peaks centered at 131 ppmdue to a m xture of stereoisoners. 10
Exanpl e 20 Synt hesi s of: Li g , Into a round bottom fl ask was added
0. 343 g of phosphorus tri chI pout 50 nL of toluene. The m xture
F was added. A precool ed
g) in 20 mL 15 of taluene was

‘m xture 'i'cated a nmjor
o5 t 36y 130. 7 ppm  To
this nmixture was ad\y fol T0PAL of tol uene and

then 0.600 g of triet ne. re was stirred overnight and then
fi-ltered through Celi te(r) vvashe Wth tol uene and sol vent renoved by
‘rotary evaporation 20 to give 1.75 Qaae. a white solid. 31P{H} (202 Mz,
C6D): mmj or resonance at CIPZ,

solution (-30 C) .of trlethyl 4
added dropwi se. A 3}
resonance at -162. 6

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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36 19 March 2004 WO 01/21580 PCT/ USOQ 25548 130.0 ppm ot her resonances at
'143. 1 and 130.8 ppm APCI Ms: Found: 1366.3; calculated fo 9 2004
C72H760=4C14P2: 1366.346. Exanple 21 5 Synthesis of Ligand AMS{CJ\ ,Q (1.33
g, -8 nMYDPIAHEO PCI 3 (0.55 g, 4 mMol ) were dissolved in pornseess4d nl) and
cooled to - 40 C. Asolution of Et3N (1.0 g, 10 mmol) in toluene (15 nl)
was added dropw se to the cold sol utd reaction was 10 allowed to
warmto roomtenperature then stirr#{ﬁe‘rﬂ%e ht. A solution of 2,2'-

bi phenol (0.37 g, 2 mmol) and Et%ﬁ&ls‘lo&lgﬁ]ml) in toluene (15 m) was
added. and the m xture was stirred for 2 hours. The m xture was filtered
through . Celite(r), and the sol V&

- 0oily residue. 31P 15 NVR: 8 131!

Exanpl e 22 Synt heS| s of Li gand

\ 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-Hydroxyphcncthyl 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:i 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). : Aftcr 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/hexancs solvent mixture to yield 0.56 g (56%) of the desired preduct, 2-(o-
cyanomeﬂlyl)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-Cyanomothyl)phenethyl _methyl ether was deprotected following the
procedure described in Tetrahedron Letters, 1993, 34,,75_67-7568. 2-(o-
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WO 01/21580 1 9 March 2004 PCT/ US00125548 Ami no-Acetal E (482 ng, 2.0
mol ) and Et3N.(0.67 g) were dissolved in toluene (10 nli). él'pll X ?H gti on *
was added to a -20 C solution of PC13 (137 ng, | nmmol) in to ae# P L)
over ¥G0LH2K8A e period. After the addition, the m xtur PG5848 red at -
20 C for 15 mnutes. A suspension of 2,2'-binaphthol (143 ng, 0.5 nmol)

and EtIN (GyaBnislhyIiphtAhialiReth (Olds ¢35 3adien was dtolvedid iomiand the

m xture was allowed to stir for 2 days. The m xture was filtered, and the

sol vent  vanhydmpup ethaneld Rlatinginy diogide (20 mg) wss eddest to thys polaipn. 8ha 32 1, 130. 8,
smal | peaks, .at 147.2 4 m_ 10 ile 23 nt hesi,s Li gand O Acet al
C (25.8 g;S%%%Bm%?éwéEhR%g?%§"dﬁx “W%E, |S“§'§%R/edgi n 15

tol uene ( 0rgoh ARAEROTH riitnire s GiteRBADIRHEHIRHY whdEorcbhgaled.of a EtIN
(21.0 g, 200 @m%ll) soﬁgtion I n:toluene (100 ') waswadded dropwi se to the

acetal sollu vesiducwas redigolved i ether ovashell with wataranddeiedayesMighled f or
t her 15, m t - 20 t, h , | | ' - of lid di(2
Coryly - 2, SR sepaon, 030 efkatal A b siavEbese T mepBPEOHERE (16°5 o 20 &
mol ), %rﬁoﬁwa?dmms{é%):ﬁﬁham“%,issﬂzt(e, ﬁ-ﬂ,'g.?éb_@ﬁlzﬂ%lo to -15 C) while
n

alternating with equivale orti-ons o t he remaining Et3N solution. The
m xture was. st2iwoxyphenthylmethy! ethér wasgendted with was filtered. The

sol vent vol.u s reduced t.po. between. -200 L t.ol uene and the sol ution

was al | omeéi‘e{{glél%éﬂbo%!d%fs 959@’.“‘1\/%%? Wf’f"i&) icf’ge%?PBé‘Pﬁ Pﬁ%ﬁ@"&%’é col | ect ed

(20.6 9). MRid¥Rn the shéw maef ¥s dRtibed R ERarple D33 2 NRAOéluRREN 158 -
‘ppm. The phosphoroamidite was treated with 1M HC solution following the

~ procedure described for Example 25 to yield the corresponding 0
' :pl-msphorbchloridite. 3P NMR (toluéhe): 165 ppm. The phosphochloridite was
N then reacted with di(2-toly'l)-2,2".-'di.hydroxy-1 ,I'-binaphthalene-3,3'-dicarboxylate
inthe Same'mém_xer as described for Example 19. *'P NMR (toluene): 125
(majbr), 127 (miﬁor), 142"(iﬁinor);

Example 28
Svnthesis of Ligand S

S o
- @"o‘\

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

77 N

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 WD 01/21580 PCT/ USQO0/ 25548 Exanpl e 24 Prepar ation of

car bon-supported catalyst using ligand 0O Crystalline Rh( &I
equi v), was dissolved into 2-4 nL toluene. 5 The |ight-yellow soI UPI on was
..added WO 1580 | i gand O (100ng), resulting in some bublpcrasoeesssd change

I n solution coI or. 5g of granular (40-60 nesh) activated carbon (EM

Sci ent i fi c) teikylemineds basedate 30ECn P bnr lof theirengtion nfiktovd: 1§85 ppm.( 100

i/ i t he . dried transferred t |
mred g?ovigg}é pllgREberorfisdild Syiufen &6 ed ﬁ?%—@svz%rﬂﬁ%é%feyuhﬁgna ni trogen
cont ai ni ng biiRphMAAdd, 3 iRaMdxMate il hSprdtdnke S daéﬁ;ﬁ as‘@bcribBa@ n then

evaporated to dryness I n vacuuim Resi dual sol posited on the sides
of the vessexampieRd. /' PNMR (tblubne)xtFiamajdr)ddé (mu&in) tl63(mirldr).wer e eventual |y
dep05|tg§ only onto the carbon. The dry solid was punped overnight to
renove esi dual toluene and then capped and stored in the gl ove box for
catalytic testing. 15 Exanple 25 Sﬁ?ﬁﬁﬂ§b§ of Ligand P- 20 This di phosphite
was prepared according to the general procedure described for Iigand K
except substituting the correspdhithegis@f foigang @ ester for di phenyl

2, 2' -di hydroxy-1, 1' - bi napht hal ene- 3, 3' - di car boxyl ate. The product was -an
oi | . 31p NMR (C6D6): 131.0, 130.9, (T3 !D 130.6, 130.4, 130.3 ppmdue to a
m xture of stereoisoners along w th=g c nmonophosphite inpurity at 146.8
and- 25 146.4 ppm 39

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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19 March 2004 WO 01/21580 PCT/ US00/ 25548 Exanple 26 Li and O - Synthesis of
Pol ymer Supported Wand Preparation of a Supported D SubStlfLMGd goﬁgpht hol ~
N2L~?3 CO2H NCO2H 5 A mixture of 50 g (60 mmol) of I\/Errlflé
(polChe&brvtzes € poi = 1- 2 % crosslinked pol ystyrene, Zﬁ@nﬁga;mh beads),
2, 2" -di hydroxy-1, 1'- bi napht hal ene-3, 3" -di carboxylic acid (33.7 g),

pot assi um,gal ] : Al *P\nvrd | f e hé dfenl ) was
heated at 90 F’ﬁ ﬁés?lrlérﬁo%lofor 8 hrs. (tg}ﬁlgﬁ%?o lgfm?;i?ﬂthe resi n changed

f rom whi tphasphgnoehhn;iné, was\readthe withydi(p- mlyﬁhg 21-dllmerel:ilw th water,

I'h'etZf?dteu“’éﬁﬁﬁglenéﬁeemawﬁaaﬁ o A oA

) Functlo 4 Wl desif e Group 1, 1carbony|d||mdazole DIVF.
15 40 19 ;0 0%%%1588WUSOO’ 25548 25 g (18.7 nmml ) of the
pol yne$ supported di ol was suspended in 150 nL of

Example 30

- Synthesis of Ligand U

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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anhydrous DVF, and to this m xture was added 4.54 g (28 mmol ) of 1, 1-

carbonyl di i m dazol e. The m xture was shaken overni ght, and

beads taned deep red-orange. The beads were collected by fi raﬁ ogﬁand
- washed wooirzssdOMF (3 x 100 nmL), toluene (3 x 100 ni), arptﬁ%}igs,{ﬁ x 100
drying wunder vacuum IR (cm', KBr): 1771 (vs),. 1720 (vs).

nm.) before

Esterification of the Side Chain 10 25.93 g (18.7 mmol ) of the polyner
supported i m dazolyl ester was suspended in 150 nL of anhydrous DW.

g (93.5 mol) of ortho-cresol and % 1(18.7 mmol) of DBU (1,8

Diiiabicyclo[5.4.0]undec-7-ene) were a de_d The
days at room tenperature.

10. 10

M xture was shaken for two
The pSynthesis efddeand Vected by filtration and

washed with DWF, toluene, and CH2Cl2 (3_x 100 nL) before 15 final vacuum

drying. IR (cm', KBr): 1759 (w), 30

supported diol was suspended I n 1‘!

), 1675 (vs). 41 19 March 2004 WO
25548 24.8 g (17.4 mmol ) of the
toluene, a .nd to this suspension

was added 25.0,.9 (52.1 nmol) of theqxbosphorochl oridite derived from

acetal C and 13.4 g of diisopropyl et ne The m xture was shaken.
overni ght at roomtenperature. The aI e | | ow beads. were collected by -
filtration, washed wth toI uene ‘C12 px 100 S) and then dried under
vacuum El enental anal % P (a‘e e). 219 March 2004
a o
O s

5

10

15

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—tetrahydrdpyranyl)-4-'methyl-
phenol (0.96 g, 5.0 mimol) was dissolved in 25 ml diethyl ether, and cooled to —40
°C. Dwthylphos;:horam;dous dichloride (2.5 mmol) was added, followed by

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

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

20

corresponding phosphorochloridite. *'P NMR (tdlue‘ne): 161.6 ppm. The above

phosphorochloridite was reacted with 1,1°-bi-2-napthol and triethylaminc toyield

the correspondiug ligand. *'P NMR (toluene): 131.11, 131.14 (stereoisomers).
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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 brormacetonitrillghdapct 4
presence of potassium carbonate to protect the phenolic oxygen, J's n

Tet r aNeXPIB}IS80 et t ers, 1993, 34, 7567-7568. 2- Hydr oxypheﬁ‘é’!‘%'g?wéﬁ‘tsohol was
dissolved in 20 nL acetone. To this was added 1.2 g potassi um carbonate.
To the stirring mxture was added 0.87 g bronpacetonitrile under nitrogen.
The m xture was stirred overni ghE Th& % xture was filtered, and the
filtrate was concentrated. The p C@as purified by flash col um

chromat ography on silica gel, dsiiofiiiblind W 1 et hyl acet at e: hexanes, to
yield 81 % of 2-(o-cyanonethyl ;ip%enef hyl al'cohol. AH NWR (CD2Cl12): 2.81

(t, 2H), 3.72 (t, 2H), 4.77 (s¢ 1), 6.92 (dd, 2H), 7.18 (d, 211). :
2- (0- Cyanonet hyl ) phenet hyl al cphop (1.0 g, 6. ) was dissolved in 5 nL
anhydrous DVF and added to A gtT@ring solution ¢gf sodi um hydride (0..25g,

10.4 mmol) in DVF (20 ). geH evo i on ceases, nrethyl iodide
(0.47 nL, 7.5 mmol) was adék 0\opvvi The m e was stirred at room
tenperature under nitrogen for fipve Ngdrs Af queous wor kup, the
product was purified using=N m chyoma¥ogr aphy on silica gel, -
eluting with 115 et hyl ac e/ hexapes. g 7
(56% of the desired product¥i2-(0- onet{ enet hyl nethyl ether. IH
NMR (CD2C12): 2.96 (t, 2H), 3 ). (£, 2H), 4.86 (s, 211),
.7.04 (dd, 2H), 7.31 (d, 2H). Yphenet hyl mnet hyl ether was
deprotected followi ng the preeedure descri in Tetrahedron. Letters,
1993, 34, 7567-7568. 2-(o0 43 WO 01/21580

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

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

- :  Synthesis of Ligand X | -

MR = Merrifield resin B o
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.19 March 2004 PCTI USOQ 25548 Cyanonet hyl ) phenet hyl nethyl (0. 56 g, 3. 13
nmol ) was dissolved in 40 nL anhydrous ethanol. Plati num %Oﬁg
was added to this solution. The solution was purged with hy ogen 10
. m nut eX¥O A8 hen stirred under hydrogen overni ght. ThBCEUSPWISE48\as
filtered, and the filtrate was concentrated The residue was redissol ved

in ether,

washed with water,
0.39 g (82% of 2- hydroxyph
(CD2C12):
met hyl- ether was reacted wt
the correspondi ng phosphggou

Exanpl e 25. 31P NMR (tol ué ) Y
with 1 MHCL solution foll ogi ng t he

d over MgSM4. . After concentration,
yl ether was isolated. 'H NWR
.60 (t, 2H), 2-Hydroxyphenthyl
hosphor am dous dichloride to yield
7 i h nner as described for
: @’fhb%g?oam dite was treated
prgpcedure descri bed for Exanple 25 to

2.78 (t, 2H), 3.32%

acted with

yield the correspondi ng phosphochhI oridite. 31P NWR (toluene): 165 ppm

The phosphochloridite was then r
di (2-tolyl)-2, 2" -di hydroxy-1, 1'
sane manner as descri bed for
127 (mnor), 142 (m ner). o
et her of 2-hydroxybenzyl alcg
procedure reported in Recuei ]
phosphorochl ori dite of t#Psyphehol . Mas\pPEH
44 19 March 2004 WO 01121580 PEYI

10

bf napht hal ene- 3, 3' -di carboxylate in the
. 31P NWR (toluene): 125 (mmj.or),.
ynt hesis of Li and S .The ethyl -
epared according to a .literature
Bas 1955, 74, 1448. The

Beh PC13 in tol uene with

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,
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triethylam ne as base at -30 C. 31P nnr of the reaction m xture: 158, 125
ppm To the phosphorochloridite solution was added

di (2-tolyl)-2,2"-di hydroxy-1, 1" - binaphthal ene-3, 3" -dicar bowglicg %094t he
presernee oaisBoi et hyl.am ne, as described in exanple 27.pSi/Bsod#Bs4st ol uene) :
131 (major), 146 (mnor), 163 (mnor). 5 Exanple 29 Synthesis of Ligand T

2- (2- Tet r agys prRiolh aay thh 1dixiRe Qs sih&\erVight 4 rehdichthe

correspondi ng phenol follow ng the procedure outlined in Aust. J. Chem,
1988, 10 4pelyeser8upparied diol/diestey prodngt wasithgh isplatésldyy, filtration and washed

2- (2-tetrahydropyranyl )-4-met hyl - phenol (0.96 g, 5.0 mol) was di ssol ved
i n( 25 ni d?“é&’nﬁlﬁié@?ﬁé?%m%ﬁ%?@Sér 5 -40( C. Diget hyl phosp%]oram' dous
di chloride (2.5 1mp{(1.0WaRolgdfir polrhérRupsbritv didilof @lehrbAh@aafpeol ). The -

reaction mxture was stirred at roomtenperature for one hour, then :
filteredl owes saspeadedin 1GahLtof folpencThrd foithisrwasaddessi . ¢ odc@®mmoebdfi n 15 vacuo

Nt o) dendfisShrhpioty Bipsheind R0 B0 SuBhoREl bt T s
- di ssol ved isﬁs;%ﬁsi%vﬁggﬂzﬂ{eﬁ‘é&o%lhh&hp’ém%% t OThéblbriest Prodidt b I 1 | g .

phosphorani di'te solution was sl owly added 4.4 nL of precooled 1 M HC
sol uti on i mhest filkered, Ypshediwith toluene (3 10empb),dIMEi(B xt16 hb), and CHRS: ni xt ure was

stirred for 1Q .20 "“mnutes, :and coqledq back to -40 C for 2 hours. The
resul ting émaaw;}e%%%é’éb@ﬁa&@?% YRECEU P r ), and concentrat ed
in vac t G el Q,ag,%-sg Qkotlpe 45 19 March 2004 WO 01/21580 PCTI USOO125548
corresggndi ng phosph I"%)CE]IOI’i dite. 31P NWR (toluene): 161.6 ppm The above

A sample of the polymer supported bis(phosphite) was treated with Ni(COD), to )
give the brown-orange Ni(COD) loaded derivative. This material was then treated ”)
with CO at 1 atm and room temperature to giVe the light yellow polymer
supported P';!Ni(CO)2 compléx, charac'tcriz;éd by its infrared spectrum in KBr:
15 2051.7 (vs), 2001.3 (vs) cm’. ' '

Example 34
Synthesis of Ligand Y

o O )
RV |
P P ‘ _
o i G -
; 0 O ; | D
20 - 3,3',5,5"-Tetramethyl-2,2"-dihydroxy-1,1'-biphenylene (0.303 gm, 1.25
mmol) was added to a toluene solution (50 mL) of triethylamine (0.41 gm, 4.0
~mmol) and the phosphorochloridite (1.11 gm, 2.8 mmol) of 2-(tetrahydrofuran-2-
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 several
‘peaks between 131.2 and 127.5 ppm. . - | |
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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 elé t.he
corresponding ligand.” 31P NWR (tol uene): 130 (nmjor). ZgM

.of Li aobdi/tisghe phosphorochloridite of

2- (2-tetrahydropyranyl) -4-net hyl - phenol

exanpl e 32. The above -phosphorochloridite was reacted wth

3,3 ,4,4",6, 6" -hexanet hyl -2, 2' - bi phenol

correspondi ng |igand. 31P NWR (tol Eﬂﬂﬁbk3§34, 131, 127. 46 19 March 2004 WO
I gand’

01/ 21580 Exanple 31 Synthesis of

March@084¢ hesi s

PCT/US00/25548
was prepared as described in

and triethylamne to yield the

PCT/ US00125548 5

2- (2- Tet r ahydr opyr anyl ) - 4- met hy$ynthestsaif ligand(# epar ed fromt he

correspondi ng phenol follow ng.the aroc
1988, 41, 69-84. In a nitrogen pu
2- (2-tetrahydropyranyl)-4-nmet hyl - prme

in 25 m diethyl ether, and coalgd
- dichloride (2.5 nmmol ) was agdeg, |
reaction m xture was stirredNgt~t-e0

filtered over a pad of Cel i tgkr) .- The fiItrae
to yield 1.1g (90% of the cgkrespyg

NVR(t ol uene): 142.7, 142.6. The
di ssolved in 25 nL anhydrous et hex

re outlined in Aust. J.; Chem,-'

for one hour, then
S concentrated in vacuo

i ng “phosphqrous am dite. 31P
' ;-».. yorous amdite (1.1-g) was
1 odto-40 C. To the stirring

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 to - 40 °C. Et,N (1.0 g, 10.0 mmol)

1 5 intoluene (15 mL) was added dropwise with stirring. The reaction was allowed to

slowly warm to room temperature then stirred overnight. A mixture of Et;N (0.4
2, 4.0 mmol) and dimethyl 2,2'-dihydr6xy-1 ,1'-binaphthalene-3,3"-dicarboxylate
(0.8 g, 2.0 mmol) in toluene (15 mL) was added to the phosphorochloridite

solution, and the mixture was stirred for 2 hours. The solution was filtered

10 through Celite®, and the solvent was removed to give 2.6 g of product. *'P NMR
(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 |
8, 4.0 mmol) ana 2,2"-binaphthol (0.57 g, 2.0 mmol) in toluene (15 mL) was

51

hriethylamne (6 mol). The



15 phosphorous am dite solution was ;slowy added 4.4 nL of precooled 1 M
HCO solution in ether. Upon addition, a white precipitate d meg. Ele

m xture was stirred for 10 m nutes, and cooled to -40 C fo @94 The
resul tWagl/zistrry was filtered over a pad of Celite(r),Penus@@sssntrated in
vacua to y| eld 0.92 g of the correSpondl ng phosphorochloridite. 31P NMR
(tol uene) %ﬁo@qﬂ‘ﬁﬂ’fﬂi@ﬂd@@@ tisnoahtheguixtuse Wk sietrohdTr eact ed with

R (Lol e the Miibh 5 BepibubR chlfee antiffe GHETRROTRARE Sl 327

Synt hesi s t® 1vbllé®€dfﬁbé&tWPNMWDﬁ)D@ﬂwsm 2326% pprA 100 nL fl ask was

charged wt 0.412 g) and 50 nL of toluene. The m xture was cooled to
-30 C and the acetal B (1.081 g) was ‘added. This was followed by 0.65 g of
NEt3 in 20 nL toluene (precool ed o) -3|0 , Which was added dropw se. After
warmng to roomtenperature and s or about 40 mnutes, the m xture

was cooled to -30 C and 3, 3 ,%ﬁﬁheﬁ@fﬁgmm hyl -2,2" 10 bi phenol (0.406

g) was added, followed 0.6 g O t3. e mxture was stirred. overnight, .

filtered through Celite(r) and the sl vent was renoved by rotary

evapor ation.- A white. solid (& 652 9&; og tained. 3'P NVR in CDC13: nmjor

resonance at 134.42 ppmwth m Qe ncegs at 135.08 and 132.6 ppm 15
Exanple 33 Synthesis c(:)lf Lgan R0 - |

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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COCH2ZMR 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 mmol) of Merrifield reg = 1-2 %
crosslinked ol ystyrene, 200-400 nmesh beads) 7 ﬂlag&%om

-2, 2" - VM- 1.1 ~bi napht hal ene- 3, 3' - di carboxyl i ¢ acPET(IFB025HP,

pot assi um carbonate- (12.4 g) and DMF 5 (dinethyl formam de) (350 m) was
heated at 90 Cwith stirring for 8 hrs. The <color of the resin changed

fromwhite to green-yell ow. The mxtur s diluted with water, filtered,
washed with H20, DMF, and acetone,é(—’%%pei—?-ﬁgn thoroughly dried in air to.
give the desired product. IR (HBthesfsBf Digand/@@ (vs), 1676 (vs). 81.64 g (84
mmol ) of -the |ight yell ow pol yier sW%?d‘T:ﬁrboxyl Ic 10 acid/ester was
suspended in 300 nL of anhydrous ¢ aining 13.6 g (84 mmol) of
carbanyl di i m dazole. After stirring om tenperature overnight, the
orange internediate was isolated by ff1%ration and washed with DVF (3x). -
The 'polymer was then placed in a m of DMF (200 m-) and i PrCH (51.4
m., 49 1 9 March 2004 WO 01/ ' '

3-(2-Hydroxyﬁ1enyl)propari—1-01 was prepared from dihydrocoumarin
following the procedure outlined in J. Chem. Soc., 1956, 2455. The phenolic
) hy'dr'c'ale'g"rbup was protected with cyanomethyl group by the reaction of 3-(2-
| hydroksri)lz;eﬂyl)ﬁropan-l-d‘l" with bromoacetonitrile in the presence of potassium
carbonate as described in Teirahedron Letters, 1993, 34, 7567-7568. 3-(2-
HYdroiyphehyl)pfSpan-l-oi (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
DR - 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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672 mmol ) and the mi xture was stirred overnight, at roomtenperature. The
pol ymer - supported diol/diester product was then isol ated by%l %crhﬁojogn and
washed w th THE and acetone before air drying. 1.7 g (1.0 & he

pol ymewoi2ps80t ed di.ol of the previous exanple 5 was swemarsdedsssm 15 nl of
toluene, and to this was added 1.7 nL (10 mmol ) of dii sopropyl ethyl am ne

and 4.0 mMpmpatarifQidePs PP beh§ ,gﬁﬁﬁﬂ@[}%@.c’fﬂeﬂhﬁm filRHAPRRP| ON was
- shaken at room tenperature overni ght. The col orl ess product was then
filtered, tmdigdtewasconoinirated t6Yield 062nd of 3-Dvhydrdxyphtfiyljdpyopybind CH2C12
(et hyl ene _chl ori.de) ‘before drying under vacuum_ 10 El enent al
anal ysi s: T‘."H’Q’?%hlg?‘ ﬁ%@l)gﬁg)t Ré”p(ﬂi %’%&-@Jbéﬁﬁt%yﬁg{{bﬁoﬁﬁne) was
treated w gin N §56R 09%h/ephhe brown-orange Ni (COD) | oaded derivative:
This materi a?’ was t%%?’?roggtnégmwith COat 1 atmand roomtenperature to

give the |ight ¥mhhitvogenipyrped glovweipey B42-hpdhdxyflan?])proppl-bxmethylatlest eri zed
by its i.nfg d, spectrum i r. .15 2051.7 (vs 2001. 3 (vs)-cnferr].
Branpl ¢ 34012 R B issgived i 3 ! dlelig ether, and cobled fo—40 2. ') ~°M &7
3,3!,5,5 - Padih ARRLSbiammidousdii : '5R1LA E[v‘fei(bgf -1.25
mol ) was adde?;\Illi;tl'.?loéi}\:ftl }‘%Iug%ne %pﬁta?g{néﬁ(gééyﬁa)%%dfm%]rl eth |“§%&Xg“%‘8‘%41 gm--
4.0 m nol J0.89d).t i hctiqgnmixtere versistired af thofiltegiferaturd foronk hoof, then

2- (tetrahydrofuran-2- vyl )phenBI . After stirring overnight, the solids were
vacuum fi | fitered camerla pad bEQeliton + Thet filtraerwas Gnxerftratdd)in vl thiyi¢lddtée was
evaporated to yield the product. 31P 25 NVR (CDC13, 202 MHz): several peaks
bet ween 13@9%hmﬂh¢3m®pomﬁdgphvsphqtouspaﬂ&isgb‘&tMﬂh(t&;Bﬁn@: a36171TRe5 ppm 50

L 9 Mareh 208V phosphorous amidite (1.6 g) was dissolved in 37 mL ashydrous ether and .
cooled to 40 °C. To the stirring amidite solution was slowly added 7.4 mL of D
precooled lM HCl solution in ethef. Upon addition, white pfe_c_ipitaté 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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WD 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 nmol) were dissolved in

- and the solution was cooled to - 40 C. Et3N (1.0 g, 10.0 nrrﬁ#‘am%#gl uene
(15 mML)WQAY2i88led dropwi se with stirring. The reaction vesrasdieses to
~slowmy warmto roomtenperature then stirred overnight. A m xture of Et3N

(0.4 g, 4 i

005" oy o ehOSPROr et NIEE TE B reacted with 3.3 5.5 sosmamethyl- 2.3 biphenol, o oy
tol uene (150@0Bgyarl widd§ihniite (MB0PER SAROGKEIRE Wak HitbRd tobpk Celite®and t he

m xture was stirred for 2 hours. The solution was filtered 10 through
Celite(r), addol %@t@mqye@bymryrmmon@g}wemso@ﬂuqzkpxsmcml 31P NMVR

(C6D6): 132 1 le 36 Synt Li gand AA
hoora B (1 EAMRYGDELI AR ok B BEAIR miniesHiieBat 2 B8, LL3°TS A0
‘toluené (4hdi30D.89shni.he sol ution was cooled to - 40 C Et3N (1.0 g, 10.0
mmol) in toluene (15 nL) was added dropwi se with stirring. The reaction was
allowed to slowy warmto roomtenperature then stirred overni.ght. A

m xture of Et3N (0.4 g, 4.0 mmol) and. % ~ - binaphthol (0.57 g, 2.0 mmuol)
in toluene (15 nL) was 51 19 March 01/ 21580 PCTI US00I 25548 added to
t he phosphorochl oridite soluti chmﬂqeggg fiLq MPRpire was stirred for 2 hours.
The solution was filtered through Celli eZ ), and the solvent was renoved"
to give 1.7 g of product. 31P NVR (Ck / 13%. 4, 134.5, 146.0 ppm

-0/

_ Acetal H(1.55 g, 8.0 mmol) and PCl, (0.55 g, 4 mmol) were dissolved in
toluene (40 mL) and the solution was cooled to -40 °C. Et;N (1.0 g, 10.0 mmol)
o 10 in toluene (15 mlL) was added dropmse with stirring. The reaction was allowed to
slowly warm to room temperature then stirred overnight. A mixture of Et;N (0.5
g,5.0 mrnol) and dunethy! 2 2'-d1hydroxy-1 1 -bmaphthalene-B 3 -dlcarboxylate
(0.8 g, 2.0 mmol) in toluene (15 mL) was added to the phosphorochloridite
solution, and the mixture was stirred for 2 hours. The solution was filtered
15  through Celite®, and the $olvent was rcmoved to give 2.0 g of product. *'P NMR
(CeDg): 8131.1,134.4, 147.4 ppm. ' |
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Exanpl e 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 ; acetal -
F-(1.284 g) was added, followed by 0.7 g of NEt3 in 20 ni 15"98%#??’%4
~(precdWP8H2E580 - 30 C., which was added dropwi se. After REFHPWESHE room
tenperature and stirring for about 40 mnutes, the mxture was cooled to
-30 C and 2, 2' -et hylidenebi s(4, 6-di I?henol) (0.338 g) was added and
then 0.6 g of NEt3 was added. T - as stirred overnight, filtered
through Celite(r) and the sol YIRS =8R8v8d by rotary evaporation. A.

" white solid (1.67 g) was obtained. 31P,NVR in C6D6: nmjor peak at 133.104
ppm along with resonances at .130. 96,.130. 78, 130.01 due to inpurities. 52
WD 01/ 21580 Exanple 38 Synt hédi s "Li gand&iCC 19 March 2004 -

PCT/ US00/ 35548 3- ( 2- Hydr oxypher; ' was prepared from

di hydr ocoumarin follow%n ined in J. Chem Soc., 1956,
2455. The phenolic hydr ¢ cyanonet hyl group by
the reaction of 3-(2 hydr i th bronoacetonitrile in

t he presence of potassiumg in Tetrahedron -Letters,
1993, 34, 7567-7568. 3-(Z2- dr ox}phenyl ) pr -ol (27.49) was dissol-ved
in 300 nL acetone. To this-Ovwas adged 30 pot agShum car bonate, foll owed by
bronoacetonitrile (21.7 and thes npfture siirred overnight. The '
_reaction mxture was filtered, co entrated, a urified by flash colum
chromat ography to yield 65960f (R

_

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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. 0- cyanonet hyl phenyl ) propan-1-ol."H NVR (CDCl 3): 1.85 (q, 2H) 2.73 (t, 2H,
3.67 (t, 2H), 4.79 (s, 2H), 6.93 (d, 1H), 7.03 (t, 1H, i@&n‘k %4
(t,2H), 3.72 (t,2H), 4.77 (s,2H), 6.92 (dd, 2H), 718(d2 ('
CyanomdYA P18yl ) propan-1-ol (3.0 g) was. added to a stiraBUsesegnsi on of
pot assi um hydroxi de (3.5g) in DVBO (di methyl sul foxide) (30 m_) i nmredi atel y

fol l oned by nethyla l'O@EiLdﬂask%agama-éﬁﬁlcsﬁﬂgr'\%c eéwn([]roeﬂz

tenperature for 1.5 hours, then poured into water, extr cte *Wi th
di chl-or omet h@fleg ofithe ac&taldb.rmd 20axk of THE. eﬂmmninmdyas\mhddomm?cwat er,

ot et ey AR R 9 oS3 RERANThsthe B Ty wt oPloniend™ °©' U
3- (2- 0- cyanpswidayd BRAAYL) %eeﬁkglrwaemed a&& éeégﬁlﬁ%mfé’ﬁf'%hﬂougroulo was

cl eaved as described in Tetrahedron Letters,
756I73 7568. M@Wanmml—ﬁﬁé’ﬁyDMﬁSgpthSEdnmlpmpylétMmﬁethﬁlgltg, ? g T
o ol v r et hanol in  sher-Porter tube. To
this sol ut#jﬁ&ﬁﬁé?gdh%’l}e@é%a‘g&%f ﬁhﬁﬁ' 55’143 ‘%Fﬂ'éof’éé’cft i on was

stirred al tie@amind %g@%@&g& ﬁFQEﬁ%WP?Fe%:tﬁrgg% yper at ur €

under 35 psi hydroge for ours., The xture was t he
filtrate vva@tamnwntananmngG 1668 gofy Ritgsalid. 3‘RMQ€D@M@M—) propyl |

- hyl h
5. 40 (3 ©ispsonagods 1526 ppm wh pigresolipoesah 15287 12860 1588300 o\ ove bok,

3-(2- hy]@roxmr@nyﬁw;mggk methyl ether (1.25 g), was dissolved in 38 m
di ethyl ether, and cool ed % -40 C.  Di et hyl phosphor am dous di chl ori de

(0.65g) was added, followed by triethylamne (0.99 g). The reaction
;,rT)?xture was stirred at roomtenperature f-or_one hour, then
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 were added. The vials were sealed and heatcd at 80 °C. Samples were removed
_after 1.5 and 3 hours. The reacuon Imxtures were then dllutcd in dxcthyl ether
T | (Et20) and analyzed by GC agalnst valeromtnle as an 1nternal 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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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.1§é£r®%4
(toluene): 136.7. The above phosphorous anmdite (1.6 g) was disSorved in
- 37 nmiwandwyxisgsus et her and cooled to -40 C. To the stirpPCHUSENRASEHSt e
solution was slowy added 7.4 nL of precooled 1M HCL solution in ether.
Upon addition, white precipitate formed. . The m xture was stirred for 10
m nutes, and cool ed back to -40 C for 2 hours. The resulting slurry was
filtered over .a pad of Celite(r),. and copcen Jn vac to yield .
1.345 g of theE"E'B'ﬁ? egﬁﬁrf‘?dial?g“_’éﬁ‘ﬁos 8P ch|‘gﬂ*'r’8H"§‘F’2 m ‘{tol uene):
161.6 ppm The above phospherdch| 3iN/2MI e (oenvepdmitedPNMi th 3,3 ,5,5' -
tetramethyl -1, 1" -bi phenol %gd_ tri g%l];%%ajm ne to yield Ligand HH ..3FP NWR
(toluene): 134, 142 ppm II:’x npl e nt hesi s of Ligand DD The i sopr opyl
et her of 2-hydrd2ybeeW| al &l wad4prepared accédlding to 5 a literature
pr ocedur e: Recu§i4I . Trﬁy. ' Pays; Bas, 1955, 7 81448'7 The o
phosphorochl ori di‘te of“this’ nol (0. 499g) was pré€pared by the reacti-on of
PC13 (0.206 g) gsn tolyene (filog) wtetg tri et hyl anppg (0. 400g) at AO C. This
54 WO 01/21580 19 March 2004 PCT1US0Q0125548 phosphorochloridite was then
reacted with 3, 36 5, 5 Ytetra®thyl-212' -bi phenol .-188.-203g) -and - |
triethylam ne (0,300 . The Jr xture was filtered §I§rough Celite(r) and
sol vent rennve‘d‘“lgy rotdary e rati-onm’to girve 0. 7§ "“g -of thick viscous oil.

31P NMR (CDC13) :4gmaj oryr esonggge at §383.95 with mg@r resonances at 142.75
5 and 130. 89 ppm :

49 z 59.8 1 | 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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Exanpl’'e 40 Synthesis of Ligand EE Acet al
(0.55 g, 4 mol) were dissolved in

cool eﬁ\ﬁ(?ofrfi%soc'

~dropw se” W

tenperature then stirred overnight.
and di met h(0.020 g; 0.45 mmolpupddr, inert bitragon atmadsphere 3TBE miktue box heated

o BN G BIRRRELS

2.0." nmol)
sol uti on,

product. 3

ship e At

filt d1 | ' i
oduct . 3T R o 1 B aE

Et 3N (1.0 g, _
stirri-ng. The reaction was_allowed to
A mxture of Et3N (0.5

was ad

mEENTHS

H (1.55 g,
tol uene (40 nlL) and thq
10.0 mml) 10 in toluene

S oft

8.0 mmol ) and PClI 3

bithidhanes
FW? O room

, 5.0 mmol)
(0.8 g,

hl oridite

eFEIOf Rias

ed@ifyl ve 2.0 -g of
VO 01/

1580 EXAMPLE

41 Synt hesnd diéctirigghe tesalting SatitatahHEDEARY, mbauveligoahossaer beiow o0 ni fl ask

it h . ,
;NIOIt ueﬁém ‘?’ﬂeﬁ{rﬁﬁﬁ?‘%};
5- chl or osabjgyriah $eyde A

this m xture Wwas added

triethyl am ne
showed a nmj or
193.04 -and 13
g) in 10 nLt
m xture was st
t ol uene and so

)

bar

Progttss ot ot fias bogtoa by FeflnGng aligi: &

50mL of
erived from

\#2f1 RPARSBAN ¥ dhfinaed: 456 g) was added. 5 To
dropw se _a precooled solution (-30 C) of .
0.8y i[n 2®ard of tofodene.| 3i MisNVR pf mefeodregction mixture
[Tesagancyg a 4 pp®@ieal on\g wighs M or rA&songnces at
—09-ppm—Hhre—giduie w§§?eeaged§ﬁ§ Ip—S—ptraght hol (0. 429
bl.uené was| added andl then 0 Qg of trlethy e. The
rred®®10 overnffght, {filfeted thr 88h Cplte(t), vashed with
vents7r engved By 895 933 A
58 X 295 91.7 A
59 Y 26.0 710 A
60 GG 639 85.1 8
61 €C 422 926 A
62 J T13.0 88.6 A
63 BB 215 86.6 A
64 H 59 954 B
66 DD 64.5 912 A
67 Vv 13.0 830 A
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rotary, evaporation to give 2.105 g'of a white solid. 3iP NVR in C6D6: nmmjor
resonance at 131.21 ppmw th minor resonances at 144.96 and9M&#ci2@0@Hm

- EXAMPLE. 42 Synthesis ofLigand GG 56 19 March 2004 WO 01/21580

+ PCT/ US00/ 25548 In a 100nL flask with a magnetic stirrer was charged with
0.4129 of PC31 1.081 g of the acetal B, and 20 nL of THE The sol uti on was
cooled to -30 C and a precooled (-30 C) solution of triethylamne (0..68 Q)
in 20 nL of toluene was added dropwi se. The slurry was stirred at room
tenperature for about 1 hour. 5 The slurry was cooled to -30 C, 0.448g of
3,3 -diisopropyl-6,86"-dinmethyl-2,2" dihydroxy-1,1"-Dbi phenyl was added. To
this mxture was added 0.600 g of triethylamne. The m xture was stirred
overnight, filtered, solvent renoved by rotary evaporation to give 1.668 ¢
of a whitg soWhgkisdhiinddM (CDC13): mmjor resonance at 132.26 ppmw th

m nor resonances at 132.97, 132.86, 135.83, 10 132.62, 131.76,128.88 ppm
Exanpl es- 43-53 Cat al yst soI utions were prepared by m xing O. 042 nmol of one
of the bidentate i gan f t i o) I N (COD)2 in
457 g tol uene. 15°'BD I—@ﬁy%gy)éaﬁg? E\:I%Q%éi &’an ' Qﬁ\]ngggtag &;}sf sol uti on
(0.0018 mml JNphatlt, aivmoedlyleficaltietratupaed wﬁy@n‘d&ﬁ whitthattle bthybenit- dduble
septum seal ed screw capped vial and cooled to'-20 C.. After cooling, 120 L
of a sol uti orbasfl if-HEN qomug@tbétwmthq‘»réﬂeﬁmc g@umthemcq%yltyg@opr@pp]f L of 'a

sol uti on 1(8)f %?CH}qtﬂ?e #r%@e%cé ofa ca?al%rec%@or composition comprising a Lewis acid,

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

k-

\ - 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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20 were added. The vials were seal ed and heated at 80 C. Sanples were
renoved after 1.5 and .3 hours. The reaction ni xtures wer d9tMeech 2004t ed in
~diethyl ether (Et20) and anal yzed by GC agai nst valeronitrile as an
~internal standard. 2M3 |sonerization: 130 L of a cold solution containing
.2MB and val eronitrile 25 (0.930 mol 2IVBR and 82 L ofaN catal yst

sol ution (0.002 mml N ) prepared asFemudal-#ed above were added to a septum
capped vial. The vial was sealed and heated at -125C Sanples were renoved
after 1.5 and 3.0 hrs, /g0l e andy® | uted X3 S The product

di stribution was anal yzed by & usi ng val eroni an internal
standard. 57 19 March 004 W@ 01/ 21580 PCT/ US00/ panpl eLi gand BD
cony. Ratio of Ratio o PN1 B isomafter 3 h af 3PN 2M3( % conver si on
to 3PN) {99 from BD 43W4.3224. RR1.5. 44. B64.11. 4 ' 1679 45X11.937.820.4
46Y78=1.15.4 47U89.40.7. [.;.15. @ 48V62. 60. 56. $349759. 8116 50AA69. 5. 0. 415. 8

1y 4 Np__yi_ 1
(Z") /P X P\o (Z') 1
| X X

5 - Formula I-B

sz X
O\

(Z') o P—X\—P

)
/0

0/ \0

| X4 x*@

wherein;,

X’ 1s a bridging group selected from the group consisting of
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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 solutions were prepared by m xing 0.042 mmol of onri& Marchi2804
bidentate |igands of the invention and 0.014. nmol of N (COD)2 -in 457 ny

- toluene. 5 Hydrocyanation of 3,4 Penteneiiiirile (&14;{4‘!\0 125 L of a

solution containing H and 2-ethoxye et he Q. 396 mmol HCN,
0.99 mol t-3PN) wer 3 septum capf | @ sol uti on of
ZnCl2 in t-3PN (0.0087 m D) Were adddto d the vial
cooled to -20 C Af 1R ‘ g.( 8;2 byst

sol ution prepar e®'as ddscri bed abové& wer The vi al

roomterrpératur@. After 24 hrs

was seal ed and set asi h hours._. at
the reaction m xture S diIute|d with ethylethegr and the Eroduct
di stribution analyzed By GC usi'ng 2-ethoxyethyl® ether as 'an internal

standard. Reported yields are based on HCN consuned.. CATALYST TEST METHOD
B 15 A glass reactor fitted with a nitrogen bubbler was charged with
3-pentenenitrile (5 nL; 52 nmol Li gand (O. 42 nmol ), Ni(CCD)Z (0.040 g; -

q ‘ fs heated to 50C
and agitated with a Wagnét i . HCN was_gwel i t he reactor by
spargi ng a source of \ i ooled to O . ‘ogen (30
cc/mn) ‘and dlrecth - e into the
reactor bel ow the

o R*

wherein RI LR ,R*,RY, 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,
5 -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
10 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'"' ,
15 wherein R’ and R are independently selected from the group consisting
of H, C;to Cjsalkyl, cycloalkyl, aryl, or substituted aryl;
whert‘ain X?* through X° are independently selected from the group

consisting of:

- 62



liquid |evel.

Progress of the reaction is nonitored by renoving aliquots

and analyzing by GC. After 1 hr the reaction is term nated9 March2004
Exanpl el i gandconydi st met hod 54EE- - 8. 895. 5A 55W2.'297. 5A 56FF21. 596. 5A

7 57889.593. 3A

62J13. 088. 6A
March 2004 5

reacting an acyclic, aliphatic, non
whi ch the ethyl enic double bond is not

58X29. 591. 7A 59Y26. 071. 0A 6pGE63. 995. 1B 61CC42. 292. 6A
63BB21. 586. 6A 64H5. 995. 4B 6pDD64. 5912A 67V13. 083. 0A 59 19
What is clainmed is; 1. A hyfdrocyanation process, conprising

onj.ugated to any other olefinic

cal ly unsaturated conmpound in

group in the nolecule with a source of @ HCN in the presence of a catalyst

precursor conposition conprising a Lewis acid, a zero valent nickel,- and
phosphite ligand selected fromthe group represented by the

nmul ti dent at e

formulae I, |
5
10
15
| 20
25

-Aor |-B: r.myl a -
wherlc31n \Egs nqyepenéently selected from the group consisting of H, aryl,

CRM;, (CR"y) n—ORM, (CR'%) n-NR"® whereinnisa 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'?,, —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
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

wherein Z! is independently;

R‘|7

|

..._c_._....._.

R‘l 8
- 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.

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
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15 60 19 March 2004 Formula I-A'5 - Formula I-B -P/ (pl) 1 -"\D-Y  \O.
wherein;. K is a bridging group selected fromthe group d8mdareh 2eR¢ of

61 19 March 2004 wherein R, R2 , RB3, R4, R , R, R, R R', and R2.
are independently selected fromthe M{)Aconsi sting of H Cl to C18

al kyl, cycloal kyl, trialkylsilyl, tflary silyl, halogen, nitrile,

perfl uoroal kyl, -S2R', , 5 -SO2NR212, acetal, ketal, dialkylarino, or -

di aryl am no, -OR' CO2R11, -(CNR11)RI1, -(CNOR')Ri 1, wherein R" is Cl.to C18
al kyl, cycloal kyl, aryl, or substituted IdMyl, -C(OR12, -C(O NRL12 R13, _
-0 C(OR12, -NR12-C(O R13, wherein R12 # are independently sel ected
fromthe group consisting of H Cil 10 al kyl, cycloal kyl, aryl, or

substituted aryl; wherein positions jotheN thaR4g through R8 on the
aromatic rings may al so be substij;i?i W

C, to-Cl18 al kyl, cycl oal kyl,
trial kylsilyl, triarylsilyl, halo R per fluoroal kyl, sul fonyl,
acetal , ketal, dijalkyl anino, 4

3 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 CoCly, Coly, Fely, 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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- diarylamno, -OR 1, -CO2R11, RCNR', or RCNOR1l1l , 15 wherein RO and R3 are

i ndependent |y sel ected from the group consisting of H C 1PMaeB2804y|

cycloal kyl, aryl, or substituted aryl; wherein X2 t hrough X5 are

s ndependent - ycoﬁgﬂoﬁﬁbﬁdom 194Thg hiek@raad pt leanoat stultidentite pliRphig ligandlof 2004
wherein Y is in ependent sel ected fromthe group consisting of H aryl,

CR143, (CR14Z)leibFEIRIB¢HUG&PIL§)Bn NR' wherein n is a nunber .5 between 0 and

3; wherein R14 is H C, -C18 al kyl, cycloal kyl, or aryl; wherein R5 is -

sel ected fromthe group consisting of H al kyI , cycl oal kyl, aryl, -SO2R1

1, -SO2NR122i -COR16; and wherein Rl&gmulaHl C,-Cl18 al kyl, aryl; or '

per fluoroalkyl; wherein Z is selected fromthe group_consisting of

(CR142) - OR14 wher ei n 10==="Q- 3 ang wher ei :R14 i

wherein a ligand of the/fstructly For rmul o

bonded through (ZI)nl er aromatlc ring ca thé ortho
position to the other 0 ded\to the P; and 15 erern Z1 is:

i ndependently; R17 | C | 18 @rein each RIDand Ri b are |ndependently
sel ected’ fromthe group ' \P XL—p.

AN

| (@)

Formula II-A

‘ &i /0
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- consisting of H Cl to C B alkyl, cycloal kyl, aryl, or substituted aryl,
and nl is either one or zero. 20 2. The process of clai m I"9cki2A0ht
| east one of the groups X2-X5 has the structure of fornulae Aor B, Y3 = 0O
~or CH2; and R14 is defined as above: 25 63 19 March 2004 Formula A 5
Formula B R14 R14 R14 O_ \ R14 3. The | %ss of Claim1l wherein the Lew s
acid is selected fromthe group corfsqr_%lg{aﬁg‘ of ZnBr2, Znl2, ZnCl2, ZnSO4,
CuCl2, Cud, Cu(03SCF3)2, 10 CoCl2, Col2, Fel2, FeCks3

FeCl2(t etrahydrof uran) 2, (t etnghydrof u Ti C13,
C1Ti (Q Pr)3, MCl2, Scd 3, (C8H17) Al Cl 2, 1C1,
(i so- C4AH9) 2Al C1, (phen N phenyl Al C12, ReCly¥ , NbCl5, VC13,

CrCl2, MoCl5, YC13, CdCIX . =0
CdCl 2, B(C6H5)3, and (CoHj \ 503, CH3C6H5SC3, or 15
(C6H5) 3BCN. 4: The procesgs of d Q.1 wherein e et hyl eni cal | y unsatur at ed
conpound-i s sel ected frqm"gmq grmbp;g_n_:;'(ﬁug ‘of 3-pentenenitrile,
4-pentene- nitrile; alkyl}2-, 3-, and 4-pent e‘&oat es, and CzF2z+, CH=CH2,
wherein z is an 20 integgr of 100 12. O : _

X4 X‘D

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
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5.- A process for the |liquid phase hydrocyanati on of diolefins and
i soneri zation of the resulting nonconjugated acyclic nitril@MashgOP4i ng,
reacting an acycli.c aliphatic diolefin with a source of HCN in the

presence of a catalyst 64 19 March 2004 conposition copprising piekel and
at | east one nulti derdlbylecysiogticvhiand, or subpiiuted antly LGB, meZ@l\%i,glaA or

L1-B: Formula |10 Odlcraskiz Phe @@k Wik Ik*zéxl@gr‘?aggjﬂ\%sﬁhe%ﬁ 4

Formula I'l-B- W n P X refn, I's a I ng group” sel ected
fromthe group consi Sidda&dﬁomﬁﬁéﬁ@'pmﬁﬁfsﬁh@ofﬁ, C, B g alk3, .cyBl4alkyR5 , R6,

R7, R8 , R and R2 ' are independently . I s
aryl, or substituted aryl; Wherein positions other than R through R
5 on the aromatic rings may also be substituted with C, to C3 alkyl,
cycloalkyl, trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl,
sulfonyl, acetal, ketal, dialkylamino, diarylamino, -OrR",
-COR"", RCNR'!, or RCNOR'' ;
wherein R? and R'° are independently selected from the group consisting
10 of H, C; to Cys alkyl, cycloalkyl, aryl, or substituted aryl;

wherein X* through X° are independently selected from the group
_ T‘
__?_._._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

consisting of:

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

N
~

20 H, C;-Cy; alkyl, cycloalkyl, aryl, or perfluoroalkyl;
wherein Y? is independently selected from the group consisting of aryl,
CR';, (CR';) n-OR", and (CR'%;) n-NR"’, wherein n is a number
between 0 and 3, 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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sel ected fromthe group consisting of H Cl to C18 alkyl, cycloal kyl, 10

~ trialkylsilyl, triaryisilyl, halogen, nitrite, perfl uor oal HYIMarchs
-S02NR212, acetal, ketal, di al kyl am no, or diarylamno, -OR', CO2R',

- (ONRD R 1gead anlaﬁ{: rinfBE561 fh e otthio @mﬁ&h G%Ob@(ﬁieﬂi% Wlﬁﬂdé’@o”f al kyl ,

cycl oal kyl, ary or substituted aryl, -C(OR12, -C(ON -0 C(OR12,

-X12-C( O R13hrowgha(Z>)nf tmothqmrmauang caru@pmrm@nnhq/posm:em@a ofieo B t he

group consi |g%g q_ll-% to Cs al kyl, cycloal kyl, aryl, or substituted
%o sa”é‘t

aryl; wherei her than Rl through R8 5 on the aromatic rings
may aI SO be substyiditiger! ngnd 18 al kyl, cycloal kyl, trialkylsilyl,
triarylsilyl, halogen, nit I’I? Iuoroal kyI sul fonyl, acetal, ketal,
di al kyl am no, diarylam no, - CR", COZIﬁ RCNR' or RCNOR31 ; wherein R9

and R10 are independently selected fromthe gr oup consisting 10 of H C
to C 8 alkyl, cycloalkyl, aryl, or subgtituted aryl; wherein_X2 through X5
are independently selected fromthe grotip consisting of: 15 wherein Y1 i's
i ndependently sel ected fromthe group ¢ {ISI sting of H, aryI CR143, .
(CR142) ®-OR14, and (CR142) n-NR', whelR % n is a nunber between 0 and 3

wherein R14 is H, C Cl18 al kyI chpoal kyl, or aryl, V\,herel n R15 is
sel ected fromt he’mg Fei By M‘é aTHlndﬁp%]AeHﬂ)éWCéﬁlmt QEPHP - SO2R.

- SO2NR122, -CORD, an 20..H 8 aI k I kyl , aryI
or perfl uoroal kyIcon dtgfge(%rﬁé ?? ﬁ%&b d%'ﬂ'ﬁﬁ 3 ﬁtu]t dgaﬁr;l ﬁ d gr oup
consi stlmr;g of ar i eithéeBad dr z4r&R142) n- OR. 14, and (CR142) n-NR', wherein n
is a nunber - _

i 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
Y R14
)\O R1s

15 Formula B

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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between 0 and 3, wherein R14 is H, C -C18 al kyl, cycloal kyl, or aré/ ,
wherein R5 is selected fromthe group consisting of H, al H9IManf52 04
cycloal kyl, aryl, -SO2R11, -SMNR122, -CORt6, and wherein R16 is H, Cl-Cl18
al kyl, cycl ; whﬁ:; angl ected fromthe
group consi s?d z?tﬁﬁiﬁf)erﬁg%%e&%g%gﬁbﬁ{’d)bo dg?dg?ﬁaﬂlgi is defined as
above; 30 Mﬁfxﬁmaﬁodtmgaﬂoﬂmﬂo&gﬂhﬂmskﬁructure of Formula I-A or Formula

| -B has at 67 19 March 2004 | east one aromatic ring carbon in the ortho
position to an O bonded to a P bonded through (Z)n' to another aromatic

ring carbon in th %@ﬁﬁ&g@ %tjowfl%gm%gg{ovﬁierel r‘%ﬁgd E%efe%dp and

wherein Z' is indepe es an each R17 and Rig are

i ndependgnt |ﬁb1ﬁﬂle€g@élqﬁl:d‘n§1@ﬁhg b1, yibatudiene atis D sitliexgdiefie, an62. 4t 0 C18 al kyl ,
cycl oal kyl, aryl, or substit ut ed aryl, and n' _ is either one or zero. 10 6.

The process hekadiens gisd WQIW%MI&% Jopantashienehe groups X2-X5 has the
structure of fornmulae A or B Y3 =0 or CH2; and Rl14 is defined as above:
Formula A 14 15 Formula B R14 :

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

e
D

Formula H-A

e
0

10 - Formula II

P—X‘—P

Q Qo OQ

\o

Z") 1 P———X

!’C
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R14 R14 7. The process of claim5 wherein either (a) hydrocyanation or
" isonerization is perforned as a batch operation, (b) both HydMaselyad@di on
~and 20 isonerization are perfornmed as a batch operation, (c) hydrocyanation
or 68 19 March 2004 isonerization ig,pef{gEed continously, or (d) both
hydrocyanati on and isonerization are perforned continuously. 8. The
process of claimb5 whergi e di olffi n co ected 5 fromthe

) hene-XCi s- 2, 4-Rexag ans- 2, 4- hexadi ene,
ci s-1, 3-pent adi ene andftrans- ff1. 3- pen. t adi ene. | dent at e phosphite
| i gand of the fornul ae® Aor |I1-B: 10 For Formula 11-A Z1 1
-\ (,) n 69 19 March 2% rmula 11-B wherein; “1 is a bridging group
sel ected fromthe group isthepg of Rt' R o , R, W R R5,
R6 , R7, R, R and R2 ' )

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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selected fromthe group consisting of H Cl to Clg al kyl, cycl oal kyl,
trialkylsilyl, triarylsilyl, halogen, nitrite, perfluoroal KiMarcg@Red 10
-SO2NR212, acetal, ketal, dialkylam no, or diarylamno, -OR', CO2Rl 1,
-(CNR1L) R 1, - ( CNORLLY®RC(D)R ¥haPro(B)R PswhiretroR Ehfid RA1 dey indepydentliy ky | |,
aryl, or substituted aryl, -C(OR12, -C(ONR 2R 3, 70 .1 9 March 2004

-O- C(OR12, - NR12- C( Opetacted fipmaths gropn sopgisinged HaCa to ﬁ@eﬁé’éﬂd@%ﬁ%ﬁkﬂse| ect ed
fromthe group consist]j 0 . I : I $ or
substituted aryl; whe |’%’rp%lglﬁp}ngégﬁ’tﬁ%%eﬁ#%i"ﬁfg?ﬁ%%gﬁ hrog%}y%{he

aromatic rings may al sf thcarembed fihgstRgy Mké be SubstintddMitiaCkd Cygaalieyicl oal kyl ,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, _sulfonyl,

acetal, kétal, dial kykcysealkyl, ialioislhinasylsilylgelogencnple, peefingroalkyl, RONORI 1

; wherein RO and R10 ar.e i hdependent| I e hengnoOUp consi sting
of H Cl to C18 al kyl ?uIEW?l@ﬁ&%’/g&%?g@ﬁ%ﬁ&éuggwa?ﬁbéd g?{yl’;_ 10 wherein X2
through X5 are i ndependem!y reNEtigRENOR't he group consisting of:
wherein Y1 is i ndepen(jengl y S?O| ected fromthe group consisting:of H -aryl,
15 CR143, (CR142) whetiRlR anhB (aoRidizpendenily ssleajgeliramn thengroup SoRsHNEr bet ween

0 and 3, ‘'wherein R14 is H -Cl | k cycl qal k . or.aryl, wherein R15
is selected fromthe Q?BIUE‘ &)ﬁé“ia@l{yﬁ’n‘:@'\éhﬂ% agﬁk?}'ls,%ﬁg@tg?ggﬁkyl , aryl, _
' - S02R11,30- SO2NR' Zherei MR UGoug] W Gh&ipandeklyisslectell fion the Graupky|

cycl oal kyl, aryl, or perfluoroal kyl; 20 wheréein Y2 is independently

sel ected, fromthe greapsigtimggifsting of aryl, CR14, (CR142) n-OR', and
(CR142) n-NR15, wherein n is a nunber 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,

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,

5 ’ 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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between 0 and 3, wherein R14 is H, C -C 8 al kyl,

cycl oal

kyl, or aryl,

wherein R15 i-s selected fromthe group consisting of H al kglMarely2b®al kyl ,

aryl, -SO02R',
cycl oal kyl,

consi sting

- SO2NR122,

(@l B R R S .

sel

wherein a | bgaded thehd Pi@nihe structure of Fornula I-A or

30l east one aronmatic ri
P bonded 71 19 Mmhereind

indapsudgntlyz) n'

the ortho position to the other 0 bon

i ndependently; R17

R18 5 and wherein

sel ected fromthe group consisting of

- or substituted aryl,

9 wherein either Y

and n' i s either
or Y2 is linked to

The ligand of claim9 having the struc
one of the groups X2- X5 has the struc

CH2; andsR14 is ded whekirpéach POV &id 1B ahomaepeadénthodenetad fFom the group
. consisting of H, C; to Cy; alkyl, cycloalkyl, aryl, or substituted aryl, and n!

is either one or zero.

- COR16, and wherein R16 is 25 H C, -C18 al kyl,

Brify b 0ove”

Formula | -B has at

8 carbon in the ortho position to an 0 bonded to a
®i

to another aromatic ring carbon in

to the P; and wherein Z'

is

i%ach R 7 and R 8 are independently

h

Cl to C18 al kyl,

cycl oal kyl, aryl,

11

or zero. 10. The ligand of claim
Zto form 10 a cyclic ether. :

se of Fornula II

re of fornulae A or

wherein at | east
B: Y3 =0 or

The ligand of claim 9 wherein eithef Y' or Y? is linked to Z to form

The ligand of claim 9 having 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

is defined as above:

Formula A

o /L o\

10.
) 10 acyclic ether.
11.
CHy; and R™
15
RN ,
)
20
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R14 20 72 19 March 2004 12. A catalyst conposition conprising the |igand of
claim9 and a Goup VIII netal. 13. The conposition of cl apmigkeh 2@ ein
the Goup VIIl netal is 5 selected fromthe group consisting of

rut henium rhodium and iridium nickel, cobalt, and palladium 14. The
composi tion of clg m 11% c?ﬂﬁ&@&dhﬂd&ﬁio@’c%@ri\s’in@thémgﬁd ofelaithGkaid.a 10 15. The
conposition of clarm 12 turther conprising a Lewis acid selected fromthe
group consi sGrong VIl etk 2, ZR12, ZnCl2, ZnSO4, CuCl2, CuCl, ' Cu(OG3SCF3) 2,
CoCl12, Col 2, Fel2, FeCl3, FeCl 2(tetrahydrofuran)?2,

Ti Cl4(tetrahydrofuran)2, TiCl4, TiCl3, CITi(Q Pr)3, MCl2, ScCl3, AICl3, 15

[(CBHT) A CL2,.  GBHLT) B o P A0 Horcib 0N b AT Ghesablseny | Al CL2,
ReCl15, ZrCl4, Nb , \%@3, 0%]?2, MbC15, YC13, ,CdC12,UbLaC13, Er (O3SCF3) 3,

Yb( O2CCF3) 3, seftteiFrond aElgroupedlstinBeOaithdrdym ahddiuas aed s8hxm, niskelei n X =
CF3S03, CH3C6H5S(CB, or (.C6H5)3BCN. 20 73 ,
: cobalt, and palladium. .

14,  The composition of claim 12 whérein the Group VIII metal is
nickel. '

10

15. The composition of claim 12 further compri.sing 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, CITi(OiPr)3, MnCly, ScCl3, AICl3,

15 (CgH17)AICl, (CgH17)2AIC], (iso-C4Hg)AICI, (phenyl)2AlCL, phenyl AlCl,, )
ReCls, ZrCly, NbCls, VC13, CrCly, MoCls, YCl3, CdCly, LaCls, EI'(O:;S-CF:',)_:,,
Yb(02CCF3)3, SmCl3, TaCls, CdCly, B(CgHs)s, and (CgHs)3SnX, wherein X =
CF1S03, CH3C6H5503, or (CsHs)3BCN. |
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