WD 96/-22968

PCT/ US96/ 00548 , TITLE +~v «
HYDROCYANATI ON OF DI OLEFI NS AND | SOVERI ZATI ON OF
NONCONJUGATED R 2- ALKYL - 3- MONOALKENENT TRI LES

5 S FI ELD OF THE | NVENTI ON

This i ' general |y relates to an i rrproved liquid ase process useful
in the%?%%%cyanat ion of diolefinic cog ds to producécﬁﬂm $8gat ed
acyclic nitriles and to a |i o Hhase process of isonerization of.

said nitriles to 3- and/ oRYDROCYAN Qbmamebsmsmam nitriles. The
i mprovenent resides in commmmmmomd@mw the presence of

zero-val ent nickel and a t Q
ggm ?M\OIQB =\ hydr ocyanation

BACKGROUND OF THE | NVENTI
systems, particularly pertai ni FEELROREHE INVENTIO} ydrocyanat i on of ol efins,

are known in the am@nummyﬂamb% usefigs ef ul for

oo i ooyandd *‘Eﬂ}’%ﬁm‘?& Stafouepic GoRBadt 5 9%@8%&%’%3%&%%% he "
hydr ocyanat i oRitgles mdma dnbasepresess ofsomerizationre saidmitrilssan 3+ andfors phi t e
catal ysts. ASWa]k&z&lhieﬁrﬂlﬁﬂ&ﬂHbemxpmmnt?&%ﬂleﬁ&é@nhﬁ cting hSfdcdsgr €i n, the

term peni(ene n&ﬁf%@ﬁgﬁ%&ggﬁg %ulpdem%egh#ﬁg%mﬁne Li kew se,

"butenenitril ans | i gands
conpl exed to zero-val ent niRAehnsi NI AN LTS *'_”.“W’ BRh to be useful in the

20 liquid phase haﬁgﬁymﬁmﬁam,s péitising fQfle Dy Baker et al .
J. Chem - 8 4

The pentenenlﬁdrfa SO f&grrg]a$ are su Jecage Fgla% é EPEESIEEF on
and/ or i soner psefiliferthe bydregyanation o6 hutadieneto fomppen )aird knawipor t ant
materi al i%: thﬂhmuf-'ac&xmplepbmmru st;49&;mmdsaos anétion of

3, 536, 748, zatd.o

2- met hyl - 3- buﬁﬁnenl tri g%&%d%'ﬂ&“rcggl %‘)%ﬂﬂégath§age‘&us°dé?g”flﬁ?gﬁt ni ckel

conpl ex and W@Q“@m%m peptsnenitrily) is intended tojmeanoy erent

addi tionally cgtanbb\img Likew(de) butnailtile") feung ByaopiopérR!. Bidentate phosgll:ite The
eeds

hydrocyanatl P ’ﬁ ed ol.ef |

but adi ene an ren I ?R?Jr’gl {}}3"&}& 531%@94 o“(rbt(?rq?

wit hout t4fk L’ W*@ﬂyﬁ.rb mat i on of
unacti vat ed Qt'a{ Imﬁnﬁwehmﬁﬁ 1991,pagessﬂg.:s'o¢ne and 3- pent enenitrile normally

usa of “a promot e?f‘.’%é‘ﬁ%ﬁ“‘gfocyg&%na Htéﬁers'r“" 5 fon 3‘59'”95 i Ford e
exanpl e, in \adforisomygization to form adipo .@eqmw mpostantit e phosphite
| i gands usef ukmbﬂaltxﬂ&xeﬁﬁﬁ&ﬁaﬁud mméﬁnple,mmseung,sasmaatlon of

Common! y Zoci Ardaed cozﬁ% *éé{. S BRAD Renerly o Sl

filed April ,a s and Ghis) USa3686:48], discloses anl  No_ 08/ 505, 137,
filed adﬁﬁﬁﬂaﬂyditﬂﬁin@&@(h?dﬂmtﬁmlp&a&he | i gands
E;S‘; gg ;‘g 'nzlt gs ggnggpﬁgxgmmm& of activated dibfid sBcthis YoRjuBfikd oRERIRIH! 10
butadiene and styrene) and strained olefins (e.g., norbornene) proceeds without the
30  use of a Lewis acid promoter, while hydrocyanation of unactivated olefins such as
1-octene and 3-pentenenitrile normally require the use of a Lewis acid promoter.
Teachings regarding the use of a promoter in the hydrocyanation reaction appear,
for example, in U.S. 3,496,217.
Certain multidentate phosphite ligands useful in the present invention for
35 the hydrocyanation of diolefins have been used for the hydrocyanation of
monoolefins. Commonly assigned, copending application Serial No. 08/424,351,.
filed April 26, 1995, and copending application U.S. Serial No. 08/505,137, filed
July 21, 1995, disclose bidentate phosphite ligands preferably used in combination
with a Lewis acid promotor to hydrocyanate monoolefins.
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WO 96/ 22968

PeT/ US96/ 00548 ——Fhe present invention provides for an
i nproved process for the - " hxydrocyanation of diolefinic conpounds,
such as but adi ene, and isonerization of nonconj ugat ed acyclic

nitriles w woodnbése need for LeW| S aC| d prormters utilizi nopCTAISY6H0S48
zero-val ent nickel and prédebsfor fife) ect's- and

i385 Yo &n inhiioved
'?he Z(rjtlant ages of &W&‘gg@%\/&%é cégg ‘t’hose SE.I I lo?d |n.

i nvention which hemwmwdacydmwﬂesmmmhemdformmmmmmm
SUMVARY OF THE II\I\/E&];L%MMaMum bjettddndvi des an
i mproved process fQ FEARN Lolefinic
conpounds and |i n@é m%l %%W?‘@% Jﬁmm%%ﬁ%onco%’?d%é’ﬁ% éﬁ I|c
nitriles conprisi nWﬂG&Yﬂ%@@R%@#@M :
conmpound, pref er ablgstioust adi ene, with a source. of HCN, V\/nerel n the

| mpr ovenent conprises cogy ~Ta}- HJon and/ or

- isonerization in the presence’ of- rsor corrp05| tion |
conprisi‘ng zero-val ent mwmmwmmwdmmmmm

phosphite [igapg sgysebmal Wtﬁt

represented by Fornul as, | .V X,

o Seeloes Pt i o i e S

wherein emdrprpfersiymumaym ENewhereinsthe impravenenti n

fél[kyl | OI ug[to ]12 | ' condting the h dmaiﬁaaonﬁa/oeﬁbﬁtfﬂmmxru t PrebinRe bfa i S

err (6] err a eac [re. I |ary

SLBSt1 tuted: hydh ook WFW%W@MWE‘%%@ dsFbd

2 15  multidentate phosphite ligand selected from the group consisting of compounds
mpmentedbyFormulasllImIVVVIVHVllIlXXXIXIIXIHXIV
arid XV as set forthbelow:  *~ = -

cach R! is independently a branched or straight chain alkyl of up to 12 carbon
20 atoms, or OR4 wherein R4 is C, to C;, alkyl;
- each RS is independently a tertiary substituted hydrocarbon of up to 12 carbon
atoms; |



WO 96/ 22968 . ' PCT/ U896/ 00548' .

[err] wher ei n each R[err] and R err] |s z %
—Tndependentty—a—tertary substtutet—hydrocarbor—et—tp—+te 12
carbon atons; and each R err] is independently or a branched or
‘straight chal n al kyl of upto 12 carbon 5 - atons, or OR[err]

mhere|WG?qmq:15 C[err] to Clerr] alkyl; . PCTIUS96/00548
[err] | '

each RS and R7is mdependently a temary subsututed hydrocarbon ot' up to
12 carbon atoms; and

eachRsxsmdependendyHorabranchedorslmghtchmnalkylofupto 12 carbon
5 atoms, or OR4 whe:amR‘rsCl to Clz alkyl, '

each R? is independently H or a branched or straight chain alky! of up to 12 carbon
atoms, or OR4 wherein R4 is C; to C;, alkyl; and
10 eachR10js independently a tertiary substituted hydrocarbon of up to 12 carbon
atoms;



wherein .. . each R err] is independently H or a branched or straight

chai n al ki/l of up to 12 carben——— atoss, or OR[err] wherein Rerr]
is CJerr] to CJerr] alkyl; and - 10 each R err] is independently tertiary:
supstituted hydrocarbon of up to 12 carbon at ons;

3 VI /22659 6.8 . PCT/US96/00548

PCT/ US96/ 00548- . [err] ach R ] is independently a
tertiary substi-tuted hydr.ocarbon of up 2:cafbory - . atons or
Si(Rerr])[err] where Rerr] is indegejtefl |y a Y=dneled or straight chain
5 al kyl of up to 12 carbon at @us jbrplgenyl or ] can be '
Cderr]Rerr]" wherein Rerr]" O~pl S a‘ge afy al kyl of up to 6
car bon at ons; B '

RM O O gpuferr] -

each R14 is independently a tertiary substituted hydrocarbon of up to 12 carbon
- atoms or Si(R11)3 where R!! is independently a branched or straight chain
5 alkyl of up to 12 carbon atoms or phenyl or R14 can be CO,R3" wherein R3"
is a secondary alkyl of up to 6 carbon atoms;

wherein
R12is H or a branched or straight chain alky] of up to 12 carbon atoms; and



~Wwherein Rlerr] is Hor a branched or strai ght chin al kyl of up___to_12_.
" carbon atons; and 4 T -

A0 06/ 22968 .. RCT/US96/.00548
each Rerr] is |ndependently a branched or straight chain al kyI of up to 12
carbon . atoms; [err] : )
PCT/ USQ&/;@&W ' rcrmsssmm
eachR13lsmdepmdcntlyabranchedorsu'algluchamalkylofupto12carbon
atoms; - 2




WO 96/ 22968 [err] _ .
wheréin in Fornulas VI t hrough—— each—R[err] is indepengently, H,
hal ogen, Clerr] to CJerr] alkyl, " or ORerr] wherein Rerr] is a (Jerr]
to (Jerr] alkyl;

' WO 96722968 ' | PCT/US96/00348

whe:emmFonmnlasVlthroughXV
each R1 is independently, H, halogen.acl to C;5 alkyl, or OR3 whereinR3 isa Cy
toclzllkyl. ' .
5 ealezxsmdependenﬂyaseconduyorwmmyhydrocarbylof3t012carbon
atoms, or OR4" wherein R4" is C; to Cg alkyl or benzyl; or a cyclic group of

the formula



5 each Rerr] is independently a secondary or teftiary hydrocarbyl of 3 to.

12 carbon . atons or OR[err]’ V\/nereln Rerr]" is (err] to >
yl —ef—benzyl o —a— ey e—gou—ot +he-formuila :

WD 96/ 22968 .

PCT/ US96/ 00548~ ' [err]. -

f or m rYoOAasRivE menbered ring attached to the phenyl r'#&ﬂ‘méﬂ&)@d’sﬁd n Rerr] is

Hor CHerr] 5 : Zis -O or -CHerr]- each R err]

S |ndependently H or aprlrrary, secqrdar y, or tertlary hydrocarbyl of 1 to
.12 carbon atons *at either ithe nmeta or\pdra posi ti on to the oxygen; or CN, -

Coerr]Rerr]".or (R[err] ‘wherein R[;l‘]\ is‘a.Clerr] to Clerr] alkyl at _
either the:nmeta orpara \prs?tlon to the oxygen of the phenoxy
~ring;, 10 each Rerr] is independently:H oria prl mary .or secondary '
~ hydr ocar byl - ‘of "1 to-3.carbon at-ohs,” for Formulas VI- and I X,

Rlerr] can @WSGWM&WWQ@W@R‘)“H“CH
Clerr] alskyl ;. f(mdmgnmlﬁe.c}qzand Xl, R err] can al sG.be CQ[err]Rferr]"

. wherein Rer o[ _ err, and each
Xis i ndepener&engl Y. O-0T _._.;'?ﬁﬁﬂﬂﬁﬁﬁ“ﬂ“ﬁ%m@@%ﬂﬁmt ut ed
phenyl, or a g carbon ator @Perrﬁrapbmqtotheoxygen,mm,f'uerel n said

reaction is car W%uiokfﬂmwm%xcpi&éymﬁyﬁtem%%:ﬁm _

nonoal kene |ine lgo#%d‘? The present | nven’[’l on provides
an |rrproved proi’é% r W?‘i‘&fﬁ"al’bﬁm&m‘s’ =+ hydrocyanation of

diolefid yﬁbormmmmwm@mybmrmmmboao

cormound pref ea&hbyr&%aﬂumvxm&@n%&&%&&@k“ i e lde

I mpr ovenent &o g ya atloﬁ W i the presence
of a catal yst pFéé'"ﬁYggW as @g#ﬁoié g?‘b“’%%éoé RY\maCat nickel

and at |east onto Ggplkykiend at e phosphl te | igand selected fromthe
group consi m,md@mg H [, 1,
v, v ¥ el Ibnalétl XI ?2? XITl, R4 ,ambé"%a?{@t“l"% forth

bel ow: . [er
_ d wherein said reacnon 1s camed out to u[umately ptoduce 3 and/or4-

monoalkenelmearnm-nes _
. 'I'hepmsentimenuonprovxdesammprovedprocess forthellqmdphase
L hydmcyananmofdmleﬁmccunponnds reacnnganacychcahphancdxoleﬁmc
20" compound, preferably butadiens, with a source of HCN, wherein the*nnpmvemmt
comprises conducting the hydrocyanation mthepmsenceofacaulystprecmsor :
composition comprising zero-valent nickel and at least one miultidentate phosphite
hgmdselecﬁedﬁomthegroupcomxsnngofcompmmdsmpmsemedby
Formulasl,nleVVIVlIVI]IIXXXIXIIXm,XIV and XV as set
25 forthbelow' o :




7 y WD 96/ 22968

PCT/ U896/ 00548 wher-e+-a— each—R[err] is-inrdependently a

branched or straight chain al kyl- of -up-to 12 carbon . at ons,
or OR[err] wherein Rerr] is Cerr] to CJerr] alkyl; ' each R err]

I s” 1 ndependapbyrimedr anched or straight chai n al kyl of up toedr

5 atonms or QReREr]" Wherein Rerr]" is C[err] to (Jerr] alkyl;

|[§r|r]ndependently a ?dll’l%l ary y% roc on oﬁﬁﬂ %Erh%ﬁ el

12 carbon atons; and ﬂ'WEO“'OIE wherein ll!P mﬂbéndently H or a branched
or straight chain Mﬂsﬁhmu@&&ﬁmormgummmylof@wmcm

OR[err] whereingRlerr] .toém%iék“*wi&ﬁ[ﬁ fs]CIaJolﬁﬁalkyl

[err]

S . Fommh@ -
eachRﬁude7umdcpu|dmdyamxﬂarysubsnmwdhydrocarbonofupm
12 carbon atoms; and o

10 eachkslsmdepmdenﬁy}lorab:anclwdorstrmghtcham alkyl of up to 12 carbon’
atoms, or OR4 wherpml,l“st to Cy alkyl;




WO 96/ 22968

PCT/ US96/ 00548 wherein .. each Rlerr] is independently™H or*a .
-b+anched or strai-ght chain alkyl—gfeiigmio—dwe-carbon at qns, _or
OR[err] wherein Rlerr] is C[err] to C[err] al kyl; and each R err]

i s independently a branched or straight chain al kyI of up to.12 carbon

-5 wom or CR[err] wherein Rerr]" is (err] t %Qfﬁgl kyl ;

[err] ~_Wwherein each Rlerr] is'In ently a

branched or- str t. yl~ of“'up ‘fo 12"carbon: "~ atonms or
Sl (R[err])[er'f“fh P%&RM *(‘§‘P. ﬁ?ﬂ&hfhb‘ﬂ&“‘é’hmlgﬁﬂ@pght chai n

-al kyl mmwnﬁwmmmn@me%mm| ar: cq err] Rlerr]" wherein--

\T[/hg:re%n 'S ﬁerr] Oii‘*H g? br?da%%toc ?tra'uéﬁ téﬁlr?ml of up to

12 car bonJat ons;

wherein '
eacl1R14isindependenﬂ);abnnchedorsn'aightéhahalkylbfupto 12 carbon
S atoms or Si(R11); where R is independently a branched or straight chain
10 alkyl of up to 12 carbon atoms or phenyl or COyR4" wherein R4" is C; to Cg

I * . . . ; . I' fa
R!2 s H or a branched or straight chain alky! of up to 12 carbon atoms; and



9 - WD 96/ 22968

PCT/-US96/.00548 each—Rlerr] is independently a branched or straight
chain al kyl -of up to 12 carbon - - - at ors;
[err] Rz WD 96/ 22968
PCT/ US96/ Ooﬁﬁ&m[ err] ' PCT/US96/00848

R eadiR13isirndependenﬂyabranchedorsuaiglnchainalkylofuptolearlion

atoms;
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wherein in Formulas VI through XV ' each- Rlerr] is independently, H, .

hal ogen, a Clerr] to Clerr] alkyl, or OR[err] wherein Rlerr] is a (err]?
~toClerr}—alkyl,— 5_.. each Rlefbdisipdependent] y.a-secondary or
tertiary hydrocarbyl of 3 to 12 carbon atons, or OQ[err]

wherein R[err] is.Clerr] to (Jerr] al kyl or benzyl'-"or a cyclic group of

the fo . WO 96/22968 = Pcrlus
PCT/ US96/ 00548 S e | err]

wheremmFommlasVlthroughXV
 each R1 is independently, H, halogen, a Cy toCnalkyl of OR3 wherein R3 is a C;
to Cy alkyl; ,
5 ead:szsmdependenﬂyaseconda:yorwmatyhydrocarbyloﬁtolanrbon
atoms, or OR4" wherein R¥” is C; to Cg alkyl or benzyl; oracychcgronpof
the formula
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form-ng a;five nenbered ring attached to the phenyl ring, wherein Rerr] is
H or CH err] aprd—~%is -O o—CHerr]-; . -5 each
Rlerr} is |ndependently H or a primary, secondary or tertiary hydrocar byl
of . 1to 12 carbon atons at either the nmeta or para position
to the oxygawoe6z06i\, CJerr]Rerr] or m[e@&n&gg&w
Rlerr] is a derr] to (Jerr] al kyl at eltl&er tgge neta or para

position to the oxygen of .the phenoxy ring;\ each R err] i s

I ndependently H.or a primary or secondary . gar byl of 1 to 3 carbon

10 atons; for Forrrulas VI and IX <]9 %Zan al so be CR[err] wherein-
Rlerr] is a C[err] to - C[err] aI kyI for FormJIas X and X,
Rlerr] can also be Cq err&R[err] wherein R[err is a (err] :

to Jerr] alkyl; afegmingafiv daeqbepmnygermmmﬁmdﬂon
wherein Rlerr] is H aa,ﬁlz)ﬁt.ota,t.m{i)henyl or a derr] to

Cerr] alkyl; 2an wher.ei ai d reaction js carrjed out to
ultimately produce® ‘?h | d}ﬁ 3PHEAY} 8 ’H?fé&?ﬂwqfvmce?v&ﬂﬁlm

2 al kyl - 3- nonoal keneml’rmmaﬂtherthememorpmowenltdﬁeexygmtbemerrrs

"secondary”and ' _tertlawzk‘*"%iekﬂ%hhﬁ.mﬂm to Cg alkyl at ciftie? Reictd 5 pdrd 2N
aromatic ring. © ° to the The r g}etlons are nost conveni ently
performed conti nuousi {‘ﬂ"@ﬂ] Spyeen f8h .of the starti ng di-ol efin

to the final 3- anedch mnﬁmﬂmﬂy&ibmmorsecondﬂyhydmurmwmamthe
DVOCFSSGS tcanlﬂ)? Condrﬂi&ﬁﬁféﬂm&?ﬁSWhﬂdD{t}iﬁcﬁndwbeOR‘"m ’ é
acyclic nitriles resu o t-he hy ation ca i sol al e p r

se, prior to |soner|z¢qgﬁ"l{9?--z T @“‘P%ﬁg &Ei’@% H‘egl
prepared by A tarﬁ]salbﬂ.md can be used as starting for ‘the

| Sonerization in agRRXIR ety O oPCHIRYY) ivere i 05103
The inventionalso prg e(? 6%1 Certai ir;lmrm)lhtldent ate phosgp |te thgﬁ(?s and
cat al yst precursor con%b‘? 52 ‘nade therefrom useful i-n these processes as

wel | ammmmamcm mﬁnn@omhmulﬁrmdppn‘odueecﬁ arwd/or
I n partlcular the;,_m}, £ LO0NPrises 30

contacting a corrpound 0 for efrr err, | _ "err])[err] V\/nerel n
Rerr] is ' subsé‘?'f’ﬁ& T@Fﬂwg “Bﬁ , ofeE b the carbon Loy

to produce HN(R[era?l)l[bendqdmnaromaucnngand (R[err]O)[err]PO Preferably,
the reaction is run wt

TRUbacREEE RS mid
SR W ek e GOt
method is al so pr onitrilesd Haweves, dubprocegsebican bti capduckesi stopwiseliDes.pther ani di t e
conpri si ng. cont actongoriifhcaidyciinifiles Msuink 6 the hytirdtyandiidh cas 64 ifgﬂkuﬁ’c h
3\% 325)52888 g, prior to isomerization. Furthermoxe, nonconjugated acyclic nitriles prepared by
PCT/ US96/ 00548 any methogkcan bb u:nd@; suninu mm:ahcfur wxaismznuduoum eccondhnce/
am ne, such agsdi |mWe -
_ 'l'he invention also provxdes for certam nmludemaw phosphme ligands and
catalystprecursorcomponmmadeﬂmﬁmnuseﬁﬂmﬂmsepmcesses as well
. as anovel method of making phosphorochloridite. =~
P | § pamcular, the method of making phosphorochlond:te cmnpnses
30 oontacnng a componnd of the formula N(Rls)zP(ORm)z, wherein R19 s
substituted aryl, with gaseous hydrogen chloride (HCI) to produee HN(R“)fHCl
.and (R190),PCl. Preferably, the reaction is run without excess HCl, or if excess
| HClis present, the HCl is removed qluckly after the reactxon is complete to '
. - prevent deoomposmon of the (R19O)2PC1 product
35 A method is also provnded for producmg NN -dmlkyldxarylphosphommdlte
comprising contacting one equivalent of PCl3 in an inert solvent, such as heptane
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and at | east one equivalent of a tertiary am ne, such as tri et hyl am ne,

preferably in the range of about 5 to about 35[err]C, and
Ly addi ng about _1_9_eq-bu-ua4-a-n-t-s————e-f—-a—-s&b9{—r-t-a¢—ed—pheﬂol
and about 2.1 equivalents of a tertiary am ne, such as 5

triethylamne, preferably in the presence of a nucleophilic,. catal yst such
as 4- woeenzees di Met hyl am nopyridine, and all owi ng thepﬁmﬁ%s to react

at about 25 10 (A0EHA! with one mﬁﬁ{&rarskésndﬁa%m,&eu&f alifopptYytenini&t Nod

elrmnatesthe nee torso te eJnterrred te

(R err])[ err]3Rbe legst ppe equi fta @ﬁlﬁﬁﬁ@&ﬂm‘&: THE
PREFERRED EI\/BED‘NE&\BEbout 3© about 35°C andmequmdjr yédmg)a!mutrlS@qunobmm tions
useful in the W%ﬁlﬁed of a

“multidentate lent nickel . « The
preferred Irggﬁg P

' ' %‘H”Bf“ﬁ?‘ &Ginic
conpounds Mymwmmmmmmmmmmw@amam-at i on of
nonconj ugat e S 3 el i near .

nitriles). ﬁgﬁ Cr.l ?‘gﬂrew by Ferrru{a 14 e -15.- wherein each R[err]

|ndependentl d or strar ght char n. aI kyi .c_:ont al nr ng up - to 12
carbon atons, or DERAHLED DESERIPTION OF THE ERRED ED MENTS . Rerr]
can be prliomary, o T v 's€§oft9£| 4 de ot hy,

et hyl, isopragpyl. - Dut yl:.  Each:

di fferent. ’HV‘S“%?‘E !

OR[err] wher élmﬂfamﬂhgand oﬂhé];tivcnnﬁ[(imhydmwaaanmrdf MMMd
it ntiSorhdiz

VoSt pr ot or alP ea??a e Mﬁ;’f ”{‘f?”‘;

t-butyl. For % MY argcy artd ! P!
nonconj ‘ugst ecbvlmghtbaehhirxs deni 'arbr@nchdcemuglmuamelkwhmmusmondary and
pri mary dRﬁE{,ew rein R[err]

. t

is Clerr] to (, a -The. cat-aly. ion is
referred to : o 0Ny TO T TAT ﬁ ; ﬂ'&?ﬁ%l i hood,
during the thawbnﬁtsmmcﬁ@uﬂnhﬁmmPMﬂb cmmsare

cat al yst Corrm : m ’ '
~These ligand t- 8& et ho ? &&glr rqﬁh_ge art,

f or exan%o 3 3 eraply

4,688, 651, andeachRsist-W For Phyd "MOQQ@!OIEMCOWQ_QCtion of
2,2 -Dbi phenoln%jb WMR5

1, 1' - bi phenol har.oeht-ord gh

hos
chioridite wjolfiss fﬂ“‘ﬂ?ﬁ : ?icﬁﬁjtkﬁ xy-1,1" -
bi phenyl .|_n ‘the pﬂ‘hseatdystab!npomm.mmtgme_“ GRESO O "M@ﬂ@#‘ﬁ@d | i gand

wher ei n el ion reaction the structure Jffifie active
phosphorochi-ori di'te- pay..:bhe ' A - var ety of - met-hads..known 35 in
the art, for© '&8%5\%% ﬁn 1992,.33, 161; Inorganic
Synt heses, 1966, smwm@mmamgfumgsmmwe 535, 221.
Wth bul ky or 'S&bhégcﬁﬁu&BWcﬁﬁcssw.U& It,769498;\S1638,651,
bRosphoroch! 97 ser, Shem. Soc., 1993, 115, 2066, ‘The reaction of 2,2"-biphenol with
PCT/ u59630054;aosphomsmdﬂoruamvgelp biphenyl2,2'rdiy] iphiosphorophlpxidites Te  and t he
phenol . Wth :tﬁﬁén GHSthi ¥hioH@ieOwith 2,2mmydmxy-3,3'-m-:-b’u’:yf»5ﬁfmmynrlenol ),
purification hi %h vacuum: of%tehyi at.l-on. . Mﬁ‘&tﬁ%hguﬁwhemm
Rl lsmethoxyl o
: ' Thephosphorochlondm maybeprepa:ed by avanety of methods known
35 inthearn, forexample,see descnpnomml’olvmer, 1992 '33,161; Inorganic
Syntheses, 1966, 8, 68; US '5,210,260; Z. Anarg ‘Allg. Chem., 1986, 535,221..
- Wlth ‘bulky ortho-subsntutcd phcnols (e g 2-t-butylphenol ), phosphorochlondm

Peactron of this
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necessary, H gh vacuumdistillation is difficult for large scal e

oper ati ons. ———An-inproved process for prepari-hg—the
phosphorochl oridite conprises-- - 5 treatment of N, N-dial kyl
di aryl phosphoram dite with HC1 C P(OWve)[err] has been pr epar ed

inthis BNV 96/82668 - Nat urforsch, 1972, 27B, 1429; howeverpc-l-,‘,_q,,‘mmli :
phosphor ochl ori di tmbd@upt&dﬁsmrﬁ-&ulﬂﬂg anaﬁdphhmnom:hhm@un@t gritipeife.g.,

previ ously : ; M&éiﬁb

di aryl phosphor am dz’?es may - ’ lﬁ a E t hods %Wﬂyl n the
art , for exanple%"ﬂeh‘lmﬁ‘ﬂﬁt‘”“mn“ Jasgrsgrls eperationsy s, 1993,
34, 6451 and Aust. J. Ohempri:ﬁﬂ&m&ﬂforprepamgthephosphomcﬁbhdhemﬁpﬂsdent ate
phosphite |igangds

SR oot oo i e s R

i nvention. Pr esentplgosphorochlondmes ﬂnvﬂﬂﬁmmmwpmvpnafm?ﬁvmﬁﬂynul as

VIl and Xl are mrw Sfainiditad miay B8NS
The zero-val ent nic re ared or e erate l, "
techni ques known | BB g, %m&g?&gmﬂm
3,847, 959; 10 Teu'MoaL%&s,]mwm @Shnnddmd ﬂtbzmtwmﬂial n by
reference) Zer 0- val enty te nhosh

whi ch can be displ aced e or YA aor |1 ga
preferred source o‘fy ;H kel ﬁm ?@F’@FW%&F‘&‘*/@?M‘I

ni ckel compounds ahey m@m@ﬂiﬁin&ﬁﬂlﬁa@@fﬂm@xﬂﬂm}nmdhmnﬂy.

Ni (P(Co-Cerr]H Sibkt! @%ﬁﬁliimﬁm u@ﬁfoﬁ anar e
known in the art rnatlvé+ ﬁ@t@ﬁé& | val ent ni cke ounds rray be
conbined with ¥  lighads-ar e t hen able to serve as

sui t abl e sources of zerﬁwmteﬂmrwmmmmmmmmm 25
di val ent ni ckel Sh tflfie SRTDS. 30621 7:91631{ 179 A6 Db ¥liaglosgher e Y
S haI| c [ ate or- acet _ |

t !

acet nate Sg e fed{ici hg
agents include. ne : * et al

al kyl's, Zn, Fe, Ncmmﬂﬂlﬂ[wmainhgmdswmchwﬂbmmmﬂbnmmmopml y
ni ckel povvder ﬁgg&&%aifc G@%:?‘i’nckel T mg,mm
described in S%%??yl e..S0 re'eoof ero val ent

ni ckel . "dr'% 1,51 ex of
zero-val ent ni ckelNMPtOrotMCHﬁQﬁC;HMh&MMmhMMMm&nMed

when those two matge
requi res at | east t es: - of, "

R A A
zero-val ent ni ckel 8P msSB'“”“
in this invent2Son dwdbmd&nkpkaom@dsmdudemndsrqfﬂy@mﬂdmgﬂmYn

containing from#4 ] iacd: . x?‘m{,ﬁm di ene
mﬁéﬁﬁ‘”‘“ e TR 1+

and cis and trans-2, 4-" e_é& en
Q her srmmmmfemmmw.hmhummmmabmunds

by reason of its
substituted with 1 b . g
WO 96/ 22968 catalyst asdescnbedeS 3903 20 xsalsoasln esourceo zerovaleﬂt4

PCT/ US96/ 0054830 m""‘L groups. whi ch do not deactlvate t he cat al yst for
exanple, cis and trans 'ﬂhe&ctualcatalystppeutsedselcemplexofzero-valmnwkelwnhﬁw

multidentame hgand, whxch is fo:med when those two matemls are oombmed An
~ effective catalyst xequu'es at least two moles of P atoms for one gram-atom of
o __'wo-valentmckel
35 ‘The dloleﬁmc oompounds meactams used in thls mvemxon n include pnmanly
' conjugateddmleﬁns conmmngfromho 10 carbon atoms; forexmnple,
,3'bntadxene and sis and m-z 4-bexadxenes Butadnene is especlaﬂy plcfened
by reason of its commercxal nnportance inthe producuon of adiponitrile. Other
§ suxtable dxoleﬁmc componnds mclude dxoleﬁmc compounds substmned with :
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The fol | ow ng Formulas XVI and XVII illustrate suitable representative

starting diolefinic conmpounds; and Fornmulas XVil1l, XI X, and XX repriesent
—the—— 5 products_obtai j _HCN
-CHerr]-CHCHCH err] (1, 3- but adi ene)

Rlerr] CH=CH CH=CHR[ err] wherein each one of R err] and Rerr],

| ndepewasighboss i s H-or a G[err] to. . (err] alkyl..ChH=CHp %ﬁg‘g] |

)N(\C/?| IC:‘l[ err]- C'ﬁ-&iji‘ %&{JJ not deactivate the catalyst for example, %gn -1,3-

(3PN) . pentadienes.. . . ... R ooy,
It will be recognﬂbe&rlldmawmwﬂmmmmesmbhmme

::(rjrrtnnleapglct Ftc?gﬂ? oi’maogﬂg%%anat Lon of:the O @éﬂ%@gr%nce Wi th

t he -descripti:on applies.
The hydrocyanatrogﬂr act i Qn--can-.be..carri: ed -out: wi.t h-or .wi t.hout a sol vent

The sol vent shoul e i d. at the reaction_t erat\ure and inert
“towards the " (L 3pmadime) ot ed conpound and th%ﬁgﬂﬂé‘?“"@ener ally, such
sol vents are hydrocarbems < <+ - such ‘as‘benzene; xyrtmne r nitriles such
as acetonitrile,. benzonitrile,. or adiponitrilge. .- The exact

tenperature. W&cﬂ mstmm6qn%g,ﬁlc %ﬁ%ﬂc

particul ar cat aI yst being used, the unsa ura corrpound bei ng
used and. - the -desi red rate Generally, terrper " L £ -_&; from-25[err]C

to 200[err] d-. fromOferr]C:t err’]C bei ng t he
preferred range M

< " e c 'o." may be carrrféﬂ out by charging

a reactor with alXvipf the """20 res@Xant's’ or preferabg the reactor is
charged with the €N al yst or catal y’sﬂ’"’ ~conpone he unsat ur at ed
conpound and whatever.. solvent is.to.be used and the. i hydr ogen cyani de
gas is swept overltmﬂbsmopmmméﬁVHmmcmkmf bubbl ed

t hrough sai dForeiitd XV, %%Odgof@smﬂmmw&oﬁ ng-d gaseous unsat ur at ed
or gani ¢ conpound, dr ogen ¢yianide and thes grat ed oj gani onpound

25 may be fed t’é‘g‘ﬁfﬁ‘@%‘ r?? Mﬂf ﬁ?"ﬁéﬁ 'ﬁa&?o of HCN
to catal ¥t mmmms&pfgnww@smmwut .1Q,1 t 0..100, 000: 1, :
preferably 100: 1 i Kyd uiauoﬁ@éacﬁoncanbecabﬁh%htﬁﬂ%?&itﬂihakélv&:tcont' nuous

operation, sich :"a‘fr ed- bhed
oper ati on; - Jl%’dﬁéc

to 100, D00: 1““’mmmthpsa@yso_[ rally

PLerl‘(erably, id&ﬂaéWﬂbethﬁbﬁﬂmﬂ
shaki ng - '

o,sgd," "Mhﬂﬁ or
.nwexw 3 o 8 cen 15 - WO 96/ 22968
PCT/ US96/°00548 1 temps W@‘d 9 oA exfent opahe. o overed by
: conventronalPMl,__. . ,_.m&ﬂﬁpwmmdcmdmwm
the desired rate. ‘Generally, temperat tes of from -25°C to 200°C, can be used
'-'wnhﬁmno*’c:olsmc bemgtheprefenedrange o
o Thereactmnmaybecamedoutbychargmgamactorwnhallofme
20 mat:tamsorpmferablyﬂ:ereactor:s charged with the catalyst or catalyst
_.componmts.theunsamatedcompoundandwhateversolventlstobensedmtdthe
hy&ogencyamdegasxssweptoverﬂtesnrfaceofﬂxemacnonmmmmorbubbled
:'_mroughsaxdreacnonmlxture Ifdcsned whenusmga 'asec'msmsmrated
organic compound, the hydrogen cyamde and the unsamated orgamc compound
25 maybefedtogeﬂxer into the reaction medium. Themolar ratlo of HCN tocatalyst
o generallytsvamdfromaboutlﬂltolOOOOOl_preferablleO'ltOSOOOI fora
. batch operation. Ina as when usin
'catalysttypeofoperaﬁon,ahxgherpropomonofcatalystmaybeusedsuchasSl
":olooooo1 pmferablleOltoSOOOl HCN'to catalyst.
30 Pxeferably,themacuonmmuuelsagxtawd suchasbysun'ingorshakmg

15



crystallization of the product fromsolution or by distillation.

One can either isolate the-2-al kyl - 3-monoal kereni tril es—p+educed by the
hydrocyanation of the diolefin or proceed continuously with the

| sonmeri zation 5 under simlar reaction conditions.

The 2-al kyl wiyggasss! kenenitriles used as the starting rraterparfesgmhe

| someri zation of this 'WMM&WWWW@oMﬁW%Ws%&

di ol efin ribed t-her: -avail abl e
source. The ol efl nﬂ%"g f&%h%ﬁ%%?ﬁﬁ&&?g@%ﬁﬁo&?

2-al kyl - 3- rmnoakenenltrmmiﬂﬂﬁﬁ!%ﬂﬁlﬁ'ﬁgnwt&l?wm 10

i someri zation of thy ﬂmhbﬂme%wfﬁiorlﬁommlytmﬂthewwobond of
© the cyano rau ui rting 2-al kyl - 3-nonoal keneni tril es
can al so carry groﬂ’é‘m@mﬁ%&&%o not: attack .the catalyst, for -
exanpl e, another cyano Hrechplkylrf-nroaealk asthes msmﬂhgnﬂw

2- al kyl - 3- nonoal keﬁ&ﬂéﬁiah&?&ftﬁﬁmhﬁoﬁmmﬁlttﬂm&mmmwmm ng

any additi onal sub < e
i mportant in the %&%IOH o..t%g%pomtrl g?ﬁesm?gresenta1ve
nitriles include 2bmd|19ﬂxe ﬂlkym‘“‘”““‘%ﬂ‘?ﬂ@rﬂ’ M WE
2-propyl - 3- butﬂrlenis&w;ﬁumofmmmuonwmotﬂammhﬂeawmguwmmweymd

XXI'l illustrat t abl Nt atives . .
2- al k;/l gsmr)ﬁogl Egl B §T‘F‘§ r‘?‘\sﬁ%i‘ iF% ar nl@“{#e I'S m gich

but enenitril e, thedowmmcﬁﬂwaﬂmlar"@ ana groyp: Preferahlyathes xx |1 |

and 20 XX V. 2-alkyl-36 I ifioln 5 to 8 carbon atoms, excluding
|CH£:§|r r]=Cr CH CH e ?nﬁﬁmnll substmmon 2-Methy1-3 buwnuuuﬂ&ﬁ especmll}?nnbomn'gor he
XX 15 productxon of adxpommle. Other representative n@pmdg(?qemyla-

wher ei n szlm&mhﬂec[err] al kyl .

For mil & X Lo ot 44 llowing g 00 A i i)
It will be recogni mw&-mm%cmmMSMleﬁ' wher e

Rierr] is hydrogenpgepenitdf, the i oﬁfwodu&emmmtshmnﬁrmmﬁsmw
I nvernt i*on*can 28 d out, for: ‘exanple;-= - - - at -atnospheric -
pressure and a an35§ge erature in the.range.of 10-200[err]C, -
preferably in the range 60- 150[err]C The pressure is not critical 7
however, and can b 3 above or belom/atnnspherlc %
desi red. Any of the conggntional batch or-- - - : . continuo fl ow
procedures may be u in the liquid phase or in th _ 30
phase (wth respectﬁﬁgﬁﬁakPrelatlvely vol at'i | e 2- et hyl - 3-83¥gﬁgﬁgtrile
reactant and o Ilnear pentenenltrlle products). The reactor may be
of any mechani cal | Whesim R . SR
16 VO 96/ ZR%ﬁHoraCI toC3alkyl .
PCT/ US96/ 00548 _ o o _ o

. o T e g R 0V

' IthllbexecogmzedthatFonnulamxsaspecxalcaseofFonnulaJQm where
'R17ig hydrogen. "

25 The isomerization process of this invention can be carried out, for example,
ataﬂnosphericptessnteandatmytemperanuemtherangeof 10-200°C,
p:efembly mthe range 60-150°C Thepresme is not critical, however, and can be
above or below atmi 'I'_""cpressurelfdesuved Any of the conventional batch or
'contmuousﬂow ‘may be used either in the liquid phase or in the vapor

30 phase (with mspect to the relatively volatile 2:methy]-3-butenenitrile reactant and
linear pentenenitrile products). The reactor may be of any mechanically and
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chemcally resistant material, and is usually of glass or an inert netal or .

all oy, e.g., o ni ckel , .copper, silver, gold, platinum stairless”
—steel—brel _[c'r} —Hasteld “y_f - ffif @G The process._is
usually carried out "neat", i.e., without an added diluent or

- solvent. Any solvent or di luent that is nondestructive of t he catal yst can -
be usovQ9s2296855  however . Sui-table solvents include. aptPOsdces@’ aromatic

hydr ocar bonschehoas egsxs:antm_ meﬂbﬁnﬁ,g 2t hyl
etherl, tet rxﬁli%i” Y : ‘i sg‘lrg)
oy &%t onitrile,

est ers(et hyl:" acet : b THALT P EES™
benzonitrile), et'@“mBN“aHYCWdO!A m XFdW!;‘NI-g, .ndﬂqdcdd\uﬁnttorl s
desi rabl e i momﬂerAﬁﬁolﬁhﬁdr(ﬂdﬁ&itdﬁhVﬁndesuﬁ&wodﬂﬁ%%lﬁiéaﬂ%e% he

catalyst l.ner.t i b tr'ogeh,

nor mal | y anggg;reg#xgr ;; goslge&% 'fl?‘ﬁfo iPhatgof &olyirok ('Efégﬁ'ed at the

expense of . cyclohexane ether %YIMWY&EﬁmdiW glyeddugh oxi dat i on.

When t he prmylmmwekmqmﬂmamﬁﬂmm ditclsi d phase with or

without a S I o LYLIt nickel” conpl ex Ts 'sol uble "'t o sone extent

at 15 rrpera%r’es WA Fhe operabl e ran e and IS usual ly conpl etely
inpr . Hovvever t he

E

ni ckel qonplaxcﬂvaﬁmmuﬁl}s{Am_mg y,'mm stOhaiobgtere, bl

products are te
procedure. tﬂ@s@ﬁﬂ

., dg}l&g%gﬁl n%affﬁjewcmmeﬁgggtgggfm trile

M@&Oﬂthe fI owing systemin a

conpletely 20 wheﬁ ' ith 6 nonf | owi ng
Imwdstatwg ' e s it may be in a
fixed-bed st gleS O O 1) T IEasconvent i onal
f1 owi ng apmsmmwkﬂﬂxemd._ “8“5. mipletely soluble ettbet i n t he
process is. st refeires dperatitigderipatarifel Bodever, 6 nickel complek Gy &isafNpy Pract i cal
consi derati ﬁﬁe e kequi S OF 2 DLact 't'-'-'I Jlavel of 25

conversion Of ‘5’ hyl™-"s=but ener itriles is

dependent upeHe : gtiyel !be%ﬂhﬂnamomtlon at
| over tenpepﬁbudlﬂeﬂewhdtﬁafmudﬂpbﬁunofﬂnﬂowﬁd@ﬁ&ﬁﬁn abmpmw -oper at i on

at a hi er&gg‘gsm i C -be in the
range 0?8 W eco %ﬁi&gﬁ%?s pengamélﬁld ﬁasfﬂ'cul ar

condi ti ons X#Rerphasp mmm maﬁmmsm(mﬂhﬂtmmkdw of

2- et hyl - 3- Meummﬁonul opedatipper al ly greater- than 1:1,

usually in the r fer 100: 1 to
5,000:1, for a batch or, cont| nuggosés ra&%ﬂéﬂ&yw%
i nventi on wBPYCmHE Ry [peactical mmmmlm%g _35

exanpl e2s of mmfmmwmem&mm i \@pehdinfagonPar t s,

P ot e W%W&tmm%% Ry i 1 0

Formul a 1,

wher e- each. R[‘-’GB?I]“‘!‘% W“& Mf@i‘r JA practical reactiontim gap|

17 W]n&ﬁdﬁﬁ%&‘aﬁewsecmdstommyhours,depmdmgonﬂnpuncular
PCT/ US96/ Ooéodﬁﬁmonsandmedwdofopermon _
30 - The molar ratio of 2-meﬂ:yl-3-bummu'ﬂetocatalyst is generully greater

thanl 1, usually in the range from about 5:1 to 20,000:1, preferably 100 1to
~..5,000:1, for a batch or continuous operation. . ..
Ll e Themennonwﬂlnowbeﬂlummdbyﬂn foll.___v,,'_ non-limiting
3. _..examples of certain preferred embodiments thereof, whe.rem all parts, propomons,
. .and percentages are by weight, unless otherw:se mdxcated In the Examples.
- Ligand"A" is thehgmd ofFomlulaI.wheteeacth is ocn3, andeachRsls ,
t-butyl.
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But adi ene ;Hydr ocyanati on A 25 wt % sol ution of 1, 3-butadiene
was made by vacuum tr ansfer—of—— 11. 52—¢g~of 1, 3--butadi ene into 34.56

g of butyronitrile. A 25 wt % solution of HCN 5 was made by the =
addition of 2.51 g of HCNto 7.50 g of propionitrile. The catal yst

sol uti on wa¥VQ9e3868=d by the addition of 0.014 g of N (COD) [mqss(sm
1, 5-cycl ooct adi ene; and 0.118 g of Li ganw 87 g of propionitrile.
Wth t hese solutions, -the fg o Qgh M xtures were

prepar ed 11211 CC V1 oL 55wt gppion S8 3R i et B 3o of

0.201 g 0. 2dl;i?,sof13-bu@d@oengo3456ufbumw & 29mt% solution of HCN
0.080 g 8. O8¥asinade theﬂidﬁﬁ:?adiz.ﬁ of HCN®3 730 idibrf)
0.077 g 0. 07 4 go P pPiblibils. The catslys

crinp-sealed with g"f"ﬁ”@&"ﬁﬁ F* fomiof D14 o i )Z%bﬁﬁheets of
Nor del rubber to a.s}cthommﬂ@meso igando'A"1to 2187 1g0f praplienitrile | Wither e

pl aced In a hot - blmksammemesmoﬁag?éa&mm Wm«a@e fals1- O hr.
r

of reaction tJ B 2 was renoved: afte hrs of reaction-
tine. Sarrple I er. 3.0 hrs of reaction tinme. The
reacti on was agenched I n each case by diluting the reactlon
mxture with'diglyme as a GC (gas chr oneiaswpltbh) - soSewnle2 Sampled

product anal ysi's. Butélighe®alutioht rile i.n-tp2otgaction gRofgre was glpdg as an

I nt er nal standard product anal. The r s.of th al yses
are shown in agf’ﬁm% _ 6%6 Bn mveﬁﬂi#/iegExa Z’s&g , also
shown in TabI e 1, GetplystSelatiomne - ﬂWCcyanatlQ;W%tperl maﬂt@ﬁ\ere B
perfornmed essentially as-described- above for - - .Exanpl.e 1, except that

Exanples 4 and 5 were mmmmwmammmwmyw

times. The resul t%&ifoﬁh S ﬁ@g@:ﬁng

Conpar ati ve Exanple ortlel td did 2 g‘se%?a‘?m(‘)n ot?mi ?’%%Me
was made by vacuuPiacpding hat-blgck-stirrer set at§0°Co Sample I was ssmoxed afies Litirof34. 56
g of butyroni1§i| eeactiorimeds lztwartemiwdmerzomsofMoﬁﬁdﬁ iteswas

ol ut on S,Lszpfgpg?ﬁé"%?‘%e Bl i G gl Zﬁﬁﬁéﬁﬁr’g%er

p- 30 tritol yI
propionitrile. W fér produeeanalysis. mwpwummmmwmmwwmawm

m xtures were pre ?m:ﬁnm%me
m cro-stirbar m%“%% ﬁem"”“ﬂyg&’mﬂ”ms“m

PCT/ USO6/ 005480 inTable 1. Sanpl e 1
Sanple 2 Sanpl e hmvemn&ﬂnplmlﬁéndsﬁbntumﬂ‘ablel the butadien@03 g -

0.215 g 0. 208 Ehoanati QWW dmﬁbedt%ﬂ'g 9
0.087 ¢ 00 C alys utiron sentially as N %
0.081 g 0. Easmple 1, except that Examples #;40d 8 were performed at 140 Gpnéeb!loeamnth

caps fitted with .mpﬁmmipmmdrealsoshownmhblel

' A25wt%solutxonof1 3-butadlenewasmadebyvacuummferof

- 11.52 g of 1,3-butadiene into 34.56 g of butyronitrile. A 25 wt% solution of HCN
wasmadebytheaddmonon.SOgofHCNto?.SOgofpmpwmtnle 'Ihecatalyst
solution was prepared by the addition of 0.298 g of Ni(pTTP)s, pTTP =p-

30 tritolylphosphite, and 0.157 g of pTTP to 9.565 g of propionitrile. With these

N soluums.ﬂwfoﬂowmgmacuonmzmneswemprepamdmz-nﬂGCvmlsequxpped

with micro-stirbars:
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sheets of Nordel rubber to aid in cont ai ni ng the reaction m xtures. The

vials were - placed in a hot-block-stirrer set at 80[err]C. Sarrple 1
—was reppved-after 1. 0-hr of .
after 2.0 hrs of reaction tirne. Sanple 3 was renmoved after 3.0 hrs -

of reaction. time. The reaction was quenched in each case by :
di | ut |W99m:958eact ion mxture wth:diglyne as a GC solymusg‘mmroduct

anal ysi s. The propi on| t r| I tthe re m Xt uk used as an
i nt er nal sta ard ig the GC~ uct an I S. The iﬁng;\u s of the
anal yses are Sﬁl ugon| e 1 00963 ﬁz@ #par at i S rrpl e B, the
but adi ene: hyHC@bSdmn on experi. rrentOO&Bsg - 0.0888f ormed &08%kgtial |y as
descri bed abewgi m&mg)ar ative . Exaqgpjgg A andot‘)ge< $|I ts are also
shown in Table f o In Oorrpar at ive arrpl es C—% he but adi ene
hydr ocyanat i on. ex i b K r.i-he ove for '

I nventi ve Exanmpl eg 1-:5; .6 ne:e .. . 5@9 s (corrpound
of For nul a. | Sheptso; n vials were
EX'gAﬁ/rFr)EE A’ 2“% immoar-mﬁéremsma &lwasmmovedaﬁerl()hrof

cat al yst %sol ron vvas ar egf%wv%ﬁ%%jfl on o gsag?plﬁ\? f'&D) [ err]

20 © and O. 1mvgde¢a@r%mefmmm Wywnmwmm@mmmmr e of
2MBBN was . diluting tiiiresition thitra Wit dijiBmic ¥ &G sétvenbfie Produ a/unm?asl and and

distilled I

ZIZ LII -Ser?%%ﬁ?#%ﬁ%ﬁ%‘fn @%%;B/%rds 3?%*“9"& dfgﬁbl e showed
it to be 8loprodwanalysis. H!%‘Bsﬁf . analyses gne shews inglgblegl:r eact i on

mi xt ur es10Nere pr enm@wvemwmlmmm&mmnwmwbars 25

Sanple 1. s o g Vst | on
0.103 g perfo%éﬁi y as i A%ﬂd%

0.105 g msults@relvémg-owanablelmo g The GC vials were

crinp-sealed wi t hn@a@.fmt,&' ; ISEvdbatior Wet s of
; 1. es 1-3
) y%@% was ‘r enoved

Nor del rubbe

wer e placed
B)waeweedinplace .0 s -of = -
of - 'reaction time. -

after 1.1, hr"Pm'QS Ll&’ﬁl" i} ofForraule
reaction ti refLigidTA®. Sheresults

se by.. drlutrng t he reactron
oduct

The reaction was quenched -i.n.each . gsraximr.
mxture with diglyme as a GC sol_v_e__
19 " WD 96/ 22968 ' '
PCT/ US96/ 00548 Thecatalyst@mionsm wwmmmoremgwwm)@u on

L d
onal yoi 2 ?@?@éﬁ%ﬁtﬂfanaﬁ&sw_ itple, A samed of M ol 00!
In i nvent i vebiaimed from Fipks Ghem i MMWMt s were

per f or med e&mwtlowédru ecimillix ﬂmdx-ah&bﬁqu y > @C anulyhis dfahis esul t s are
al so 5 sampit 3¥Wed #1058 31% IMIBN. With these mixtires, the following eaction
25 mnmwemprepuedmz-nﬂGCvmlsequippedwnhnnao—surbm
.. Catalyst Solution.. .. ;- 01038 ] ;0.-1_008.-.._.  0100g
2M3BN - .- 0105g . 0101g. .. . 0.100g

MGCVMswmmnp-sealedmﬁlcapsﬁmedmﬁxappropnatelysmd
" sheets of Nordel rubber to aid in containing the reaction mixtures. ‘Samples 1-3

were placed in a hot-block-stirrer set at 125°C. Sample 1 was removed after 1.0 hr

30 = of reaction time. Sample 2 was removed after 2.0 hrs of reaction time. Sample 3.
was removed after 3.0 hrs of reaction time. The reaction was quenched in each
case by diluting the reaction mixture with diglyme as a GC solvent for product
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The gatal yst sol uti on was prepared by the addi ti on of 0.298 g of

N'(pTTP)[err] antd—6—157 g of pTTP-t6—9.565 of p1=-trp1-eﬁ+trrle A
sanpl e of 2MBBN was - " obtained from Fluka Chenie AG Buchs,
Switzerland and distilled under nitrogen 10 onto 100 parts per
mllion of woegresert -butyl-4-nethyl phenol. GC anal ysi s of peTruseénosss
sanpl e showed it  tanalysis.3TRé pibBichitrilé\ir the rénetion sixnire wasusell e ard kdrRiMsfagdard
reaction mmﬁemmmﬂ%mw&%%%%&@%@%g with
Sanple 2 Sanpl e Jninventive Examples 7 and 8, %?M?PHermmmmwgre
0.102 g 0. :I;ﬁﬂognedessennallyasmdaboveforﬁxmpleﬁ and the results are@lsd 03 ¢
0.106 ¢ 0. 180w8in Table 25 . The GC vials we crinp-sealed with

S
caps fitted wi.fh appropriately srzed sheet s -of Nor.del. .rubber to
aid in containing the reaction nmxtu wer e pl aced,
in a hot-block-strrier 'B:ek:anlysﬂsfbﬂtmnnqaﬁipreﬁmﬂbpﬂibaddmmeﬂo.zwgafNﬁ]ﬂ'n’j}hr

of reaction tine. ﬁﬁ@ﬂ'ﬁgof AP 16 93¢ %1
ter t n_tlrre e reactlon
g?“\il q!rt‘jgi Pﬁ“g

Sample 3 - Was [
was quenched in eaﬂ’FmeﬁZE“
diglyne as a GO smmpmmmMofzmm-mmmmmmmmr e
in the reaction m %ﬂﬂbﬁ aWist aﬁgﬁg he
GC product analyis., The resuﬁ‘| ;ﬁgﬁ ses ar.e oMN |n o:;
I n Conparative Ex %s

per f or med essentrally as descrr bed above for Exarrpl e H and the results are

al so 25 shown in Table 2. = - -Samplel | n ComziveEWJ and
K, the 2MBBN |sorrra¢dd§;tsgmug§perr rrents 10.100g  Wer @ 1oRfgor ned. egqgglkr ally

as descri bed above,f I nventive Exanple except
"Pringle Ligand" }ged in place of Li 8‘3% Tweﬁ*@sul ts a?ébgﬁown I n

Tabl e 2. 30 St ock sotutions of react ants and catal yst used in
i nventive Exadfl es 9- S%WWMWMMWWWﬁm t he
particul ar exper i rgasdts of Morilubtier tooaill Bcontaining the reaction mixtukes3-Sakiplédi1e3 €

. Solution (BD): 25 e oI
“(chosen from propr onr%ﬁq&&%%%q ‘H? exar%iﬁpreﬁemmm

35 vacuum transf erof sractiondimenSaunple 2 |WW°MF§6%E“I°§W%€SM€I3
anount of _ wasxemovedaﬁerSOhrsofmamonnme The reaction was quenchiéd in each WO

96/ 22968
PCT/ US96/ 005480 m”“r'r‘f‘??“ﬁ?‘?&ﬂ%‘r‘ﬁ“’““ﬁ‘e@%ﬁrng sglyent for prodyct .

stored in a seal edniysiscThegropignidle in the maction mixture was used, as an igtegnal standard

exPer: rrentls o url]theGC Hﬁ&yﬁ@l_mmmaﬁﬂwhﬁﬁlﬁa&meTml n o
nitrile solvent (chose wei ghi ng
2.50 g of liquid HCN .%mﬂﬁ“‘%&@ﬂ@ﬁ%%%%ﬁ Y% The
resul ting sol uti ot | _ %%m#%mﬂ&éﬂﬂmmﬂso

25 ___shownm'l'ablez e
- InComparaweExamplesJandK,theZMBBN:smnenzauonexpenmem
wereperformedeasenﬁaﬂyasdesqibedaboveformvennveﬂmmple6 except that
, ﬂle“Pnnglengand"wasusedmplaoeofhgand"A" 'lheresultsareshownm
Table 2. -
30 Stocksolunons of mactants mdcatalystusedmmvamveExamplw 9-53
” and 60 were made, as appropriate for the pamcular experiment, in the following
- IANNCE:
La_mmmmmm 25wt% solunons ofbutadlemmmtnle .
solvent {chosen ﬁompmpummle butyromtrile or hexmnmde)weremadeby
35  vacuum transfer of a known quantity of butadiene into a three-fold amount of
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I'n experinents. Cat al yst Sol uti on: For a typi cal

mul ti dent at e phosphite ligand 1.2.nmml of .~ P atonms and 0. 055 g of
—NH-EOD) |-+l ) : :

‘(chosen as above) such that the total solution weight would be 10.00 g.

10 The resulting catalyst solutions were typically used i:nmediately after’

m Xi ngvowzzsss e 2=Met hyI 3-but enenitrile M xt- ncwbﬁm A sanpl e

of 2MBBN Waspisrile solvent. m ﬁﬁtﬁnM@fo&dﬁﬁa@WﬁW-Bﬁ'@MCh

contains 81- |§e2'(y % P In i'nventive Exarrpl es 9-31 and 53,

t he but adien ’ﬁ?ﬁf cyaha eriments were’ erforrred as :

follows. The resmhgﬁm‘%m’m Q*CNmi!;_.;;fes“l"ﬂ“ chosen@s 2 i GC vial s

t

equi pped W tdbom)% t@@immﬁohilofnqlﬁdl-mmto‘l.mgof solution (1.5
pnol N|) 0 %\ﬂ ;tqﬁ% . Q%BE ﬁ“

0. 200 -'g ‘ vef'pc I§lo 5’%@ ?hc‘"% wer e ad ﬁlﬁﬂq‘& vial caps
were ... incKporknenisw t h:: approprlately si.zed.sheets . of- Nordel rubber to

aid in conatini nmmmrmwwmdﬁdmmﬁtmmngmlsmham The
vial s vere . ced | gwggtof : s _'aﬁlhn&%;ofrgi agp! es were

renoved at A -Skn?s andwarg ] cooling to
-35C. The rem mws@yem%ﬂvh%ﬂt@WManwsatwlébﬂgﬂ?s

(chosen foromww..', st olutid idally Ged Gnmpedibely iig.anal ysis as
rreasur ed !'-.r p AW A :h,.-...i P I el ) r e .x .:__.._‘;. P b nt er nal
st andard.. €532 :-'-'g&%@ng'*st he 2M3BN

i someri zat i mbtam@sammqumés 5!‘18379521“3% results are
shown in Tgble 4 .In inventive F w9-31’h'ﬁd83rﬂ:elﬁﬁ‘adimllgdbqswnmd \6\/I'Eh [mol N
m cro-stirbars G err]nmol Ni
and 0. 100 gwém%%m%ﬂegaﬁhﬁi ur e ﬁm%?&l‘ég 2MBBN) wer e
added. Ti%e GC vi do ZmbLGmials MW“& NOTx grE Nicatalyist sheet s

of Nordel r%nmé‘g;g:ﬁlm,oomgbﬂuqmﬁmsamei(mmmwter

crinp-seal ﬁ!ﬁi er set at
°:er °Phﬁs.at t aprprlg%kn?’ere poi nts and

125[err] C. jock -
diluted in aﬁmﬂdﬁ  approprately sized § gsof ticf,ubbentg aid in containimg hec  on sol vent
- Was-lsed: asqembﬂheﬁaﬁhaﬁ&r““ tsdall b

. \ """phedﬁdahosuum-sthgrof S
duc ‘g{ e e ables 3 and
nes. .2=1S

t he 3PN e Lo T
4, the ﬁyq%@% OF T - %g?(m?mdg%m%nere t he
oxygen is at aﬂ@n!mpoii-'p #mmm%@t‘%#‘@g@% esents

2-i sopr opyl -(&dﬁﬂ&h oficeton) fproduonmmplm nieasqﬂsd)sphor us.

21
arrpl es 54-59, 59A, 61-66 and

PCT/ US96/ 008 o
66A, stock sol ut |%WM1“3}5%M%F§WISWMM nmade, as

appr opr i2at eekﬁémﬂm;m ' p aemewsnmismummshownm'rmf ol | owi ng

manner: . 'Uﬁr*:ﬁ@ ol utions of
TmeLGC anst er @B)af?(nom auagt ity of

but adi ene were. ma

but adi ene | mbﬂan(wmm)méﬂdﬂﬁsoﬁFW2M33 -contammg

" of Nordel rubbertoudm containmgthere q on'rmimm aﬁercnmp-seelmg
30" ‘The vials were placed in‘a hot-block-stirrer'set at 125°C. Samples were removed
at the appropnatemmpomts and diluted in acetone for a GC aolvmt “The nitrile
) reacuonsolvmtwas usedas an internal standard mthe analysxs and accountmg of
‘the 3PN and 2M3BN feaction product mixture;”
In Tables 3 and 4, the deslgnauon "OA" represents Z-mopmpylplwnoxyl
35 where the oxygen is attached to phospho:us and the designation "OC" represents
2 mopropyl-s-methylphenoxyl whete the oxygen is attached to phosphoms
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toluene. The resulting solutions were stored in seal ed vessels at -35C

until their use i n—experi nents. HCN Sol ution: 25
wt % sol utions of HCN were typically made by - - - weighing 2.50 g of-

Ilqw d HCN into 7.50 of valeronitrile, in a glovebox. The 10

resul ting sOVQOsRIE8 were stored at -35[err]C until their usePCHUS9%6/00848 '

experinments. lnnwenuveEtahplssiﬁwmﬁt‘Gﬂ-ﬁﬁmdéﬁAymlmmnﬂent ate -

phosphi te |igand, were mall, a8 apiropaté i thb Pidcular@iperiment, in

Ni (COD)[err] (O. 149“86m V\g?aem%“xeeéel n an g?r%unt of : -el ther

t ol uene or tetrahy&?’ mhat the tot al sol ution weight would be

5.00 g. The resul ting cidbytadicne Ne 25 wifipsolutiony of butadiens were made y

af ter ?1 gacuumofaknown 4 {5 dFbutadiche irt6 & Birbe-Fd1& adibuit oF ©
(2MBBN) : Asarrpeo

pentenenitrile | soﬁgﬁ‘?‘ Eﬁ“‘ﬁ'&ﬁf%ﬂ?sﬁgg%%”ﬁ §5°$dm6dg|§5 g

of this m xture, Ouﬁb?hcxpﬁnmaheronltrlle was added as an |nternal

standard for the 2M3BN Wlmmh&gofn
But adi ene Hydr ocyanati, on- 5#?@ | VE I es 5 and

59A, the but adi enemw&?flbﬂ"dﬁmmm p%?‘f%’?ﬁ‘e

foll ows. The reeulusuhmgsehumwmmdem535° unnltherrusemexpenm m_
screw capped vials eqw 2! ioH: %h Mﬁmndeat igie lijiand, 0.84 mmol
V

catal yst sol ution (-1 et ac kSOl ution 32
[err]nol HCN), Y- E {(plcﬁngng T afm&? BD)
wer e added. The vi awmorumymmmmmtgabsqlmmwshmmdﬁbal n the
reaction m xtures. ésdiﬁ{g"cafaiﬁf‘solutmnswm calAied inMediately after

hot - bl ock-stirrer set at- 80C. Sanpl €s wer e rem)vt%igli at .the appropriate

time points an squé‘i‘PE’H&d by cooling to -35C The reaction mxtures were

t hen diluted 2aVicthel-I:butendni aBbH AMWMNW

anal ysis. The val ergpideriab g o J OMIBNIS an

i nternal standard 5 wt% sol.ution but adi ene was

nmade by vacuumtraﬂ?f%”%“mmm'@@ %‘Mﬁ%ﬁ’&%&‘ﬂﬂ%ﬂﬁ 11 g

.of toluene. A 25 mmmmzmnmommonmcnon made by t he addition of
1.25 g of HON’ 3.75 g of val & Ohi TT Biadiedd Hvdiasvabiion

prepared by thé addition. of -0,2 N 155

pTTP to 6.71 g of . tol ueﬂ% %ﬂ'gﬂ? P'é'é'@f‘l on

m xt ures .meaafolm:semmm@md with
\T\ocrggl ;tzlgggar i B To#mLsmwaappedv:alseqmppedwxﬂmnmsmbats,OOGOgofﬁ?
PCT/ US96/ 00548 B __catalyst soluuon(l-ggmw).OWOg ofﬂ%m:o}uuon (832 legapﬂpene
Sol ution 25-. and 0.200 g of BD stock fdatiop (925 jumol BD) grepoided. The vials weB\

Sol uti on ) ':sealedwxﬂxseptmncapstocomQhQﬂelreﬂcnonmnmres TheQ8ils Gere then

Cat al yst Sol uti on plaeedmahot-block-mset‘tsoo% %Smnp%gweremmovedattgzz;:ﬁopnm

umepomtsandquendwdbycoohngto -35°C. The reaction rixtures were then
diluted in d:ethylether asa GC solvent for product analys:s The valeromtnle in the
30 macnmmlxtureswas used as an mtemalstandard.
: A 25 wt% solunon of 1.3-buud|cne was made by vacuum transfer of
537g. of 1 3-butadiene into 16 11g oftoluene A25w% soluuon of HCN was
‘made by the addition of 1.25 g of HCN t0 3.75 of valeronitrile. The catalyst
35  solution was prepaxed by the ‘addition of 0.297 g of Ni(pTTP)4 and 0.155 g of
- pTTPto 6.71 g of toluene. With these solutions, the following reaction mixtures
- were prepared in 4-ml screw-capped vials equipped with micro-stirbars: -

22
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. The vials were sealed with septumcaps to contain the reaction m Xt ures.
-~ The vials were placed in a hot-block-stirrer set at 80C. Sanple 1 was
—t-erpved— - —after 1-

2.5 h of reaction tine. 5 The reaction was quenched in each case by
cooling the reaction mxture to -35[err] C The react.i:on: mxtures

wer eMaRs22%B| .ut ed .i n di ethyl et her as-a GC sol.vent . f.oPCPUSIH00S48

anal ysis. The valeromtrllelnthe reacti Skl Xt Ur e va as an internal __
st andar d results of the anal are ‘shown abl e 5.

In CorrparaPI‘I?g‘eﬁﬁgﬂI&I‘ 22\ the butadiene h & anation %; 3| ment was 10
performed HENSelutién y-as descri bed above: Wll;‘n(arrple L,0.688igt he results are
al so - Cs ufich -Tabl.e 5. | soner i g gy7 n

In inventive rrpl es 61 66 and '66A the” 2I\/BB%__\I|_somsr| zat | O

experiments wer P . I n Tabl e 6.
15 To 4- SCrew capngI JeﬁII@"géi‘(gM m' 'B%g?'ﬁ’bars 0.070 ¢
of Ni ‘The vials syeye placed in aihotrblook-gtifrerset |§anmml Uaiwmz]edf fhe

2MBBN- cont @fedti 105h Bf Mehétion time, Smpﬂél@ﬁrﬁknﬁwmm&ﬁmm@e vials were

I d ' Q- . Th I
\?v(ea?eet hen gace v?%%éc‘ﬁﬁl ?(adrf:l rr%gr se~-IIﬁclI°g&1%I’ L2 m' . t g% I e-sr \i/e\r/Iaa °
renoved. at ﬁl’h& mmdﬂswdmdmeqﬁemﬁﬁswmmmdmm ing to

-3i‘3[err fCumesr qﬁ%&iﬁt&netnﬂﬁﬁ&emaﬂnﬂmwh:uwmmah&hﬂtmher as a CGC
sol vent' f oge D | Vs FEri ke inthe feaction m xtures
&ggg%tfﬂ%-- P %"IJ@ aﬁjgg&gﬁn 1 he: anal.ysi-s..and accounting of

was used as - 4T ;
the 3PN.and. 2|\/Bbf@°mpmveﬁemlp%% M@mnmmmms A 25 wt %
sol ut i operfonBedessalialy as AcribEadBoveyfols L dhatheFesulis are also 5 37 g of

1, 3- butad| 11 g of toluene. A 25 wt % sol ution ‘of HCN was

made by thsgigg’adg?l oégof 1::25-qg of: HCN t0:.3 75 ‘g-.0ofsval eronitrile. The
catalyst - . . soluti.on was r‘\‘ LIS __addltlon of .0.297 g of

Ni (pTTP)[err] anmnﬁmn@tess ssmdﬁixfﬁ:ammmumhuene Wth these
sol uti ons, exh@&,&f& : [ el - / i A E-er'?feediar ed in_4-n
screw capped vials I pped:w:t:n s L SATH Sarrpl e 2
Cat al yl&t -Sol ut i F4E am—sapped ﬁ.eqmppedwnhsnmzw@m 070 gof Np. 073 ¢ -

2|\/BBN catalystsolunon(Z.OpmolNl)andﬂ 107gofthe2MSB®6c@tammgmmxe 0: 106 g

PCT/ US96/ O%WQI %gﬁﬁ)wm W”%@ﬁ??%%@ﬁ?%‘ sept um caps to

contain- tmmﬁm Th‘f',_"_‘ s were thepplaced insa bptrblock-isepsst ) o

hot - bl ock-auuﬁrsmum&ﬁm‘mmwmmmm_ chedby after 15 _
h of' rzgact Véon'gsoé Ea fio e - SR -1 Ay n tine.

The reactlon S quenc I.neach:scage by cooling the Feactlion mxture to

- 35[ er r ] C.Solvent fgr prog M&%tWW%WWﬁWWéWdi et hyl et her
as a GC sdl\iﬁtamafmdmﬁddﬁanalystsmdaccounungofﬂmBPNandMBN

teacuonproductmlxme e T

_ madebythe addmonofl.zs g_o CNio 3 7Sgofvaleromtnle ‘The caulyst
. solution was prepared by the addition of 0.297 g of Nl(p'I'I'P)4 and 0.155gof -
” N | pTl’P to 671 8¢ of moluene Wlth thesé soluuons, the followmg reacuon rhixtures
30 | were prepued in 4-ml screw-capped vxals cquxpped wnh nucm-stxrbars ; — .

CatalystSolation =~ ° ' 0.074g 00738

2M3BN ' 0106 g 0.106 g



-~ anal ysis. ,The valeronitrile in the reaction nmixture was used as an internal

st-andard . I n the anakysts—and accounting of the 3PN—and 2M3BN
reaction product mxture. ~ - The results of the analyses are shown in
Tabl e 6. I n Conparative Exanple 0, the 2MBBN i sonerization

experi ment waE96229680 perfornmed essentially as descri bed ahavmsimsixarrpl e
N, and the results. areTheyisls were sealed wittoseptunncaps k) eongain the reaction mixtures. -

24 The vials were placed in a hot-block-stirrer set at 125°C. Sample 1 was removed
' after 1.5 h of reaction time. Sample 2 was removed after 2.5 h of reaction time.
'Ihexeacuonwasquenchedmeachcasebycoohngthereacuonmmreto-35°c
5  The reaction mixtures weze then diluted in diethylether as a GC solvent for product
analysis. The valeronitrile in the reaction mixture was used as an internal standard
mtheanalysxsmdaceoummgoftheBPNandMBNreacnonproductmmm
The results of the analyses are shownin Table 6. -
In Comparative Example O, the 2M3BN i monwnzauon expemmntwas
10  performed essentially as described above for Example N, and the results are also
shown in Table 6.
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58 . . WD 96/ 22968

PCT/ US96/ 00548 . Preparation of |igands containing ortho
substituted oxygen containing . - - ..groups are shown bel ow. _
Li.gand B; Fornula VI where Rlerr] is the cyclic group,

- O C(CH er r o gghbdeaCHl er r ] - > PCT/US96/00548

989

90.6

95.1
96.3
934

Ratio
2.80

3PN/2M3

Ratio

0.55

0.54

0.49

0.89

 Reation %Yield %Yield % 3PN2M3
! | Yield % 3PN
126

1. Eé hak
gz c
- ;g .E % ’ zx -
s 000
bk 4 EEEL

1.Shr
- 25hr

2hr
. 3hr

Comparative
Example

Ni(pTTP)y/pTTP
Ni(pTTO)y/pTTP

Example
G6A
Catalyst
N
o)
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[err] " The chI orodite derived from

2, 3-di hydro- 2, 2-di net hyl - 7- benzof ur anol was prepared in situ from’
e [err] and 2, 3-dihydro-2,2-dinpethyl.7-benzafuranol . A 10 tol uene

“solution containing 0.55 g (4 noles) of PC[err] and 1.314 g (8 mmol es) of .
2, 3-di hydr o- 2, 2- di met hyl - 7- benzof ur.anol was cooled to -30[err]C A chilled
toI uen “'sol utlon ( 30[err]C) containing 1.0 es) of

NEt[er?ﬁog\fg?‘glowl .arron. The
m xture was stlrre %.“‘xﬂ%“‘é‘so i mltafo

chlorodite ([smuppamhom BWuene/ CDO [err]: 165 ppm . A toluene solution-
cont ai ni ng 0.372:g (2 mmol EXAMPLE 62 -blphenol and 0.6 g (6

nmol es) of NEt[er dde S | owed to
stiirred overni ghi‘l@*{\ﬁé Mﬁ%ﬁzﬁﬁgﬁ’?%ﬁh é&%z'&rcel ite,

- washed wit$ tol uene: and .sol vent renoved to give 1. 84 :g of the desired
product. [err]P nnr in C[ r] Derr]: 131.9 ppmalonpaith small peaks due
to inpurities at '
mass spectroscopy): Found,
Clerr]Herr]err]Plerr]: 398
59 WD 96/ 22968 (
PCT/ US96/ 00548 2

_ The chlorodm denved from 2,3-dihydro-2 2-dmethyl-7-benzoﬁ1ranol was
prepared in situ from PC13 and 2 .3-dihydro-2, 2-duncthyl-7-benzofuranol A
10  toluene solution containing 0.55 g (4 mmoles) of PCl3 and 1.314 g (8 mmoles) of
2,3-dihydro-2,2-dimethyl-7-benzofuranol was cooled to -30°C. A chilled toluene
solution (-30°C) containing 1.0 g (10 mmoies) of NEts was, ,slowly added dropwise
to the above solut:on. The mixture was stired ovemight to give & solution of the
chlorodite (31P nmr in toluene/CDCl3: 165 ppm). A toluene solution containing
15  0.372 g (2 mmoles) of 2,2-biphenol and 0.6 g (6 mmoles) of NEt3 was added and
the mixture was allowed to stiirred overnight. 'I'he_mlxmrewa_s filtered through
celite, washed with toluene and solvent removed to give 1.84 g of the desired
product. 3IP nmirin CGDG 131.9 ppm along with small | peaks due to impurities at
146,133,132 ppm. FABMS (fast atom bombardment mass spectroscopy) Found:
20  899.23; calculated M+H withM = CsszzOsz 899 31 :

59



Ligand C, -Fornmula XI where R err] is the cyclic group,
-OC(CHerr])[err]-CH err] - [err] 5 Li gand
C was prepared simlarly to Ligand-B. 0.57 g (2 moles) of 1,1'-bi- .

2- napht hol was used instead of biphenol. After the usual workup, 1.97 g of
product was ghddgs as a white solid. [err]P (ppm C[err]D[ . 131.26
with m nor BB .- -peaks at 147.3,133.1 131. ﬁ?t

at om bonbardnent mass _. 10 _spect r_osco m& 999. 24 cal cul at ed MH
wWith M= Cerr]Herr] qle‘ﬂ'}q:‘[:' g e R2 is the cyclic group, -O-C(CH3),-CH,-
EXAMPLE 69 T _' L| gand D, Formula Xl where Rerr]
is Ok : e - Jerr]

15 .. The. chl orodit ¢ ps prepared in
S|tufromPCI[err] and n contai ni ng
0.55 g (4 nmol es) of Pd [err] s) of guai acol
was cooled to -30[err]C. AChI|| - o 12]:C) '

i ni dded dropwi se to the
A5 m nutes at room -
rodite ([err]P (ppm

above 20 solution. The mxture was
tenperature to give-a’ - 7 USolutio
Cerr]Derr]/toluene): 166.17). A tol ueng cont ai ni ng
0.573 g (2 mol es) of 1,1'-bi-2-naphthol W .6~ (6 nmmol es) of NEt[err]
was added and thg mixture was allowed to stirred ovem ght. The m xture was

L er o 38 “hhe' Se%p%#ﬁ%ﬂ%%@er biikin t)"a‘%ﬁ‘%

ppm al Ong with Snal -n ol Aﬁertheusualwoﬂmp, .

60 ptoduct was obtained as a white solid. 31P (ppm, CgDg): 131.26 wnh minor
, peaks at 147.3,133.1,131.5, and 131,0. FABMS (fast atom bombardment mass
10 spectroscopy): Found | 9_99.24;-9alc\ila1_:ed M+H with M = CggHss01oP2: 999.33.
led D; Fonnula XI where R2is OMe

15 :
_ ‘The chlorodite derived from guaiacol was prepared in situ from PCl; and

guaiacol. A toluene solution containing 0.55 g (4 mmoles) of PCl3 and 0.993 g

(8 mmoles) of guaiacol was cooled to -30°C. A chilled toluene solution (-30°C)

containing 1.0 g (10 mmoles) of NEt3 was slowly added dropwise to the above

20 solution. The mixture was stirred for 45 minutes at room temperature to give a
solution of the chlorodite (31P (ppm, CgDg/toluene): 166.17). A toluene solution
containing 0.573 g (2 mmoles) of 1,1'-bi-2-naphthol and 0.6 g (6 mmoles) of NEt3
was added and the mixture was allowed to stirred ovemight. The mixture was

filtered through celite, washed with toluene and solvent removed to give 1.67 g of
25  the desired product. 3!Pnmrin CgDg: 131.7 ppm along with small peaks due to

60



WD 96/ 22968

PCT/ US96/ 00548 inmpurities at 147, 133, 128 ppm This material
was purified by flash colum chroogatagraphy on silica gel eluted
wi th 10-20% Et QAc/ hexane to give the product as a white paste.

[err]Hn;rrr_ (_[__err] CDCl [err]): 3.61 (s, 6H), 3.62 (s, 6H),

"28H) [err]p .nnr (ppm CDCl [err]) 132.04, ﬁfmast at om
8PP 145950, 1O Widral o e Bl " EAWPLE
omthgmwm%lwm%wwtwme and Rerr] -

IS -OCH err] - gh:dnctasawlntepaste IH nmr (5, CRCR): 3.61 (s, 6H), 3.62 (s, 6H),

Prepared sim I ngi .6 g4 y) phenol
i nstead of _2, |7y92 Ii? di et é ) 32 an ﬁﬂoﬁi‘ 1.9 mmol es)
of 3 %:Em :; Q’ﬁ -Ho 'ed accor di ng

to Yamada et @TmoosziEBlBull Chem Soc Jpn 62 3603 (1989)) instead
of 2,2'-bipheno After the .usual =¥ A 2 rkup, 2.167 g of a light tan
paste was obtai ned P (ppm . . 135,73 with -m nor
peak at 132.8. FABNSLGFKJS?-F( PR - it rach ;

Found: 1139.27; cal cul ated MH vmth M C[err]H[err]CIerr]P[err] 1139. 40.

C[err]H[err]

10

Prepared sxmilatly to Ligand B but used 1.602 g of 2—(benzyloxy)phenol
- instead of 2,3-dihydm—2.2—dnnethyl—7—bemofnmol and 541 mg (1.9 mmola) of -
2,2' propyhdeneb:s(4 G-dnnethylyhenol) (prepmd aocordmg to Yamada ct al
15  Bull. Chem. Soc. Jpn., 62, 3603 (1989)) mmadof 2,2'-bq)henol. After the usual
workup, 2.167 g of alight tan paste was obtained. 3IP (ppm, CgDg): 135.73 with
minor peak at 132.8. FABMS (fast atom bombardment mass spectroscopy):
Found: 1139.27; calculmd M-H w:th M = Cq4HgsO10P2: 1139 40.
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61 . . WD 96/ 22968

PCT/ US96/ 0O548 EXAMPLE 71

Ligand F;, Formula VI vvith Rlerr] . is Hand Rerr] is -OCHerr]Ph

[err] Pr epar ed S|mlarlyto ngand B
but used 1. 2- (benzyloxy)phenol I nst ead

2, 3-di hydroggggga%;ﬁet hyl - 7- benzof ur anol . t usual &lﬁf s"’“’“
2099gof allght tan paste was obtai ned: - qerr]D[err]) 131. 95
with mnor peaks hsamlbmﬂzwm #uﬁl ia+tQGHRBINbar drent
mass spectroscopy): ‘10 Found: 1043. 24; cal cuI at ed MtH with

M:C[err]H[err]CIerr]P[err] 1043. 31lengen @&p| es 72 and 73

descri be preparation of phosphoroch oridite u5| ng L . NN-di al kyl

di aryl phosphoranm dite. - R E ._I\/PLE 72 15
To sol ution of :25.0g of PCI[ p—%n 359 ni-of dry toluene)wmes pdded 19. 1g
of dry diisopropylam ne, mai g tHe terrperature at_4 y11]-C, and t hen
19.4 g of triethyl P : gt ¢nper at ure at.
5-8[err] C. The m xture was \ 9'i r \at anblentzterrperature
for 16 hrs, and then'a solution of 52.4 g of - thynol in 38.2 g of

triethylam ne and .50 nL.:of dry tol uene- below - . 20. 40C

followed by 0.25.g of 4-dinetylam nopyr| of toluene. The
ni xture was héated at 80C for 2 hrs, cookes #71]C, and washed with
water, aq - Nad; and” agaln w'th water: The sol ution, of the

... 5 . |
phosphoram di t-e “"was dri-ed. by. oo distillati o f 200 nL of saqlvent at
reduced pressure. betwee & but “‘dP‘s&&?ﬁ%FWIWMn of

t he product which mmomawzwgaamﬁma Amhﬂmrmhﬂngbjj: ¢ and
[err] P-NMR anal ysi So ﬁéﬁtﬂﬂ?s
Bi s(2-i sopropyl pheny k&ﬁ S:XGIBR/I osphor ani dm ’CGDG) 13!95wnhmmor
at 146.6, 132.9. S (fast atom bombatdmentmass spectroseopy)
10 Found. 11043.24; calcnlated M+H wnhM CMHSZOIOPZ 1043.31. '_
Examples 72and73 descnbe p:eparanon of phosphoroclﬂondne using

N,N-dmlkyl dmrylphosphoramidne o

15 TosolutxonofzsOgofPCl3m350mLofdrymluenewasadded 1913
of dry diisopropylamine, mmntaunngd\etemperatureats-PC and then 19.4 g of
"'trmthylammewasadded munuunngﬁemenmemureatS-S‘C Thcmlxtutewas
} allowedtost:ratambxe:utmtperatureforlﬁh:s andthmasolunonof524gof
| _rhymolm382gofmﬂ1ylmnnwu1d50nﬂ.ofdrytohm1emaddedatbelow |
20 40°C, followed by 0.25 g of 4-dimethylaminopyridine in 40 mL of toluene. The
mixture washeatedat 80°C forZhrs,cooled to 12°C andwashed with water, aq
) 'NaCl andagamwnhwmr The onot'thephosphommdnewasdtiedby
distillation of 200 mL of solvent at reduced pressure between 60 and 70°C to
' afforda solution oftheproductwhlchwas of90-95% purity by gas
25 'cluoma:ograpmc and 31P-NMR analysxs (®143 ppm)

To a solutmn of 15. 0 g of z-mopmpylphenol and 10. 5 g of tnethylamme in
100 mL of huane was added 60 mL of a solutjon of N,N-dxsopmprylphosphor-
amidous dichloride (0. 825M in hexane) at ambient temperanne over 45 minutes.

30 The mixture was allowed to stir at ambient temperature for at least 16 h, the

' triethylamine hydrochloride was filtered and washed with two 100-mL portions of
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To a solution of 15.0 g of 2-i sopropy'l phenol and 10.5 g of triethylamne in
100 nmL of hexane was added 60 nL of a solution of N, N-di sopropyl phosphor-
am dous dichloride (0.825Min_hexane) at apbient tenperature over 45

m nut es. - 30 The m xture was allowed to stir at anbient tenperature
for at least 16 h, the triethylam ne hydrochl orlde was filtered
and V\W%th tvvo 100- m. portlons of

. © PCT/US96/00848

' PCT/ US96/ 005485 * AR VAENES SYRes cangentsated ta provided washi ngs
were concent rlgtze&PﬁlbemOéWtGQMOﬂ APOﬁIOnOfM(lQ S)fmsbqsmﬂndllﬁbmas an oil. A
portion of tmwﬁﬂcmmarﬁmmﬁ%ﬁmnpomomofcold aidd €Ol d

th I tion
suct | on dr | o8 %%m,ﬁ%gk e e hosP e pot vl ol
crystallife miﬁi (Co%)mz[mnr]‘H-M(@eﬁlnﬁmrMm[err] 142. 2

m [err]H B .6 (septet,
gﬁl) g A ](m MEDsi)veﬁ (rh, 43)252((9? 4ﬁf'|ﬂ}1d73(‘b(m,%ﬁ3 (sep c
Bi s(2-i sopr opy| phEMyEFEH oSO ot sehogechidridic A sol ution of

7.21 g of the promﬂmmﬁkswﬂstmmmnﬂedﬁBmzmmLof cycl ohexane
was cool ed t eyditRkidenadedo oSO WADBlLd 095, ©2
| rou t he solutlon

20 mn. ce HCI was ed ni trogen, t

f or i 56 s.ﬁféf\ﬂ @'5%#31“ fm"%égh éﬂfgg?’ g1"!f°!‘ered of f
in a drybox &lem memmmmmmmﬁmofmemmd t he

conbi ned fi Imm@ombrmm and the combi a3 &hingPwdey eSS in

{EioeaCo"be b ipien o S Al AL o e oo *" ©'
[err] P- NVR( qrwl.w[zgdnq ] X9 pure_by lbm&ﬁiﬁwpéﬂ’-l. _____l(cgmgoaeach) peaks
cor r esporgli nmmpisxﬂlsmGybmbl ' ' osphi

hydrogenphos c‘H‘m?l dite was

sufficientl

honat e Wer e pr esent ::&s+con: am nan ut “{hi
e'b" _MB‘F’%&‘@_ B%'ap, Jorideavas.
1 re to j 9d|s)phosphorochl oridite 20

L""':Ei'enser ‘ther nonet er and
0 2 I %”ﬂEt-:hQ)g /phenol”, 14.2- g- of

NEt[err] and 140
cycl ohex&he.

N, N- di i sopr cqditiodifedeDwayibassek

dr opwi se- -ov d-of s AL i nut: ‘h"e:. x{ 25 to
65Cfor.3.5 %ﬁés&%‘@ ' * and washed

wi th cycl oheld@fmL g SSMISthtmmW progy i

140 nL of 1 M
HC WA} m xture
was sti -QVveri uene and sol vent
renoved * o d?\% (ig“g g | ear pal e

yel | ow | i quivithg 2 WW@W@)&WMOMIMHG
Al t hough parmm&%mmmﬁww Whi fifrejave been
descri bed i th lei gggl ng, de sc (Bt 1-0n é?t{ M I {"-be, under ﬁ)dﬁgy t hose "
skilled int - mer ous
nodi fi cat i orﬂsedegmmmdemaleyeuowhqmdr %'d’rmmpnncwg)z 698t departing
fromthgospirit alhbsgipitichlar sinbédi 'Sfﬁépiebe?nmmuonhavebem

described in the foregomgdescnpuon, 1twillbeunderstoodbymoseskmed mthe

reamngements thhout departing from thegsl;m;or essentml attn’butes of the
: 'mvennon. Referenee shouldbe made tothe appended clanns ratherthan the
35 foregomg speelﬁcanon, as mdxcatmg the scope ot‘ the mvenuon '
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i nventi on.
35 foregoi ng speci fication,
63

Ref erence should be
a

made to. t.-he appended cl ai ns, rather than the
s Indi cati ng the d4cope of the invention.
PCT/ US96/ 00548

[erf] process for the Ilqumcﬂﬁ%’é@“"fﬁdr ocyanatidn of diolefinic [err]

| somerization of the resulting noncc;mﬁt;‘gat ed 2-ail kyl - 3- conpri sing
rggeting an acylic ali &lﬁnmoajoéﬁx ‘borrpound N, the inprovenent
co&mw@mmwﬁgﬁﬂﬁ SQUBBE | soner Lzation.in the presence of
a’catal mofthere BB‘FFSN“

mt ofa
dwmsms”
cons
lcwdflbﬂlthem
x:l v.vx.vn.vm X, X, XL,

!

W&ﬂeyma dt doast °

’smg;n.xm xNandx"””‘

I'ng zero-val ent nl\\ckel and at | east one
gt e ar:y Mﬁﬂm&g consi sting of compounds represented
bynpkw-zwwvr N T rivhg bondudfinghe XI

X, Xril, X and XV as set

ﬁ?gently a branchid or strai ght chai n al kyl

erLr. rein Refr] is err] to (Jerr]
ut ed hyd ocarbon of up to 12

A



64 VO 96/ 22968 ' L

PCT/ US96/ 00548 [err]

. 6 wherein each Rlerr] and Rlerr]
|s I ndependently a tertiary substituted hydrocar bon of up to
12 carbon atoms; and 5 each Rerr] is mdependently Hor a branched
or straight chaln al kyl of up to 12 carbon .. . |
OR[ er r¥ €8 n Rlerr] is Jerr] to err] al kyI mms”’w
[err] | ! . kﬁ' . R _8=

Fomula I
each RS and R7 is independently a tertiary substituted hydrocarbon of_up"to :
12 carbon atoms; and

5 eachRsxsindependentlyHorabranchedorstmghtcham alkyl ofup to lzcarbon
atoms, or OR4 wherein R4 is Cl to Clz alkyl;

wherein Lo '
each RY is independently H or a branched or straight chain alkyl of up to 12 carbon
10 atoms, or OR# wherein R4 is C; to Cy; alkyl; and
cach R10 s independently a tertiary substituted hydrocarbon of up to 12 carbon
atoms, :

o IWm



wherein . each R err] is independently H or a branched or straight
chain al kyl of up to 12 carbon 10 atoms, or ORlerr] wherein
Rlerr] is C.err] to (Jerr] alkyl; and.. each Rerr] is

i ndependently a tertiary substltuted hydrocarbon of up to 12 carbon

at ons; mo 96/ 22968

PCT/ US96/ 00548 96/22968 [ er rJCT/US96/00548
wher ei n each R[errl ]S |ndepend' y tgryary substituted
hydrocarbon of up to 12 carbon Sl(R[err])[err] wher e
Rlerr] is independently a branched o g al kyl of =
up to 12 carbon atons or phenyl or ) P R[err] Is a
secondary al kyl of up to 6’carbon atomsf e

[err] e R4

. wherein - . . : o
each R14 is independently a tertiary substituted hydrocarbon of up to 12 carbon
" atomsor Si(R1!); where R1! is independently a branched or straight chain
5 "+ alkyl of up to 12 carbon atoms or phenyl or CO,R3" wherein R¥" is a
secondary alkyl of up to 6 carbon atoms;

wherein _
~ R12 s H or a branched or straight chain alkyl of up to 12 carbon atoms; and

A



wherein Rlerr] is Hor a branched or ‘strai ght chain al kyl qf ujo_to

12 carbon atons; and V\D 96/22968

PCT/ US96/ 00548 each ndently a branched or _straight
chain alkyl of up to 12 carbon - atons; [err]
WO 96/ 22968 -

L ) PCT/ US96/ 00548
[e7"] wo srases PCT/USIGN0S4S
eacth?’lsmdependmtlyabranchedorstmghtchmnalkylofupto12carbon
atoms; - _ .

L E

Formula IX | Formmla X
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wherein in Formulas VI through XV each is independently, H,
hal ogen, a Clerr] to (Jerr]—alkyl or OR[err]..wherein Rerr] is a (Jerr]
to CJerr] alkyl; 5 each R err] is independently a secondary or ..
tertiary hydrocarbyl of 3 to 12 carbon atons, or OR[err]
wherein R er ' err] .to (Jerr] alkyl or benzyl; or a cycki of
the fornul a prézzgs WO 96/ 22968 bﬁnﬁﬁ&d&&s -
PCT/ US96/ 00548 . _ Jadl
forming a five nembered ring att®¢hed to the phenyl Fi P
Hor CHerr] 5 d -O.or -CHerr]-;

- wherein in Formulas VIthrough XV =
.- eachRY is independently, H, halogen, a C; to C, alkyl, or OR3 whereinR3isaC,
" 5. each R2is independently a secondary or testiary hydrocarbyl of 3 to 12 carbon
" atoms, or OR4" wherein R¥" is Cy to Cg alkyl or benzyl; or a cyclic group of

the formula
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_éach Rlerr] is independently H or a primary, secondary or tertiary |,
hydrocarbyl of | to 12 carbon atons at either the neta or

para position to the oxvagen: or CN Cderr]Rerr] or

"OR[err] wherein Rlerr] is a (err] to err] alkyl at either the neta or

i¥

par a position to the oxygen of the phenoxy rrng,_ 10
each rr i ndependently H or a primary or second rocarbyl of 1
to 3 5{81'?88}6’*? atons; for Fornulas VI 3'(1* 3\4?@ ] can al so
be OR[err], wherein Rerr] is a C[err] to Cerr] alkyl; for
Formulas X and X, Rlerr] can al so bB% Cq,%'rr]R[err] wherein Rerr] is a

~(err] to (err] alkyl; and ch Xis |ndependently O or

CH(R[ ert])., wherei i R[err]- is H -a sustighzt ed phenyl,. or a 15

Cerr] to (Jerr] alkyl; and wW¥rein said reactron S carrred out
"to produce 3 and/ or 4- rmnoal kene Irnear Cooonitri)es, 2.
The i nproved ﬂ{tﬂﬁﬁ b@feﬁ‘nhg p‘lnfé

but adi ene. i%v@ineﬂ The 1 nproved procgg‘gﬁo alm ?ia/nerer n
_either hy&rocyanéﬁ‘ﬁ’&i‘t‘f?‘“‘c 24 .. i somer] zation is perforned as a batch

operation or dachR? Wymr@mm.secmdwmwmmwwhﬂaufdtgerforned
as a batch operaty gro atomsatenherthemetaoflpara Wrﬂ’&ﬁ'ﬁﬂ'% of daiml

wherei n either-. yanat L.on of _,e. or ned

conti nously or bcﬁq’ﬂl{?y éék Mcl%ﬁéﬂggﬁ’ﬁ ’25‘“°PH'Fé per f or med |
cont i nuousl y posmonnotheoxygenoﬁheilmomyrmg;ved process of Claim1l wherein
the di ol efg n endently H ora ey 5scCoHS PbEY do t ai ni ng

from4 to 10 ca on at

d aim5 wherein taFPé“sd W%MRISWW&IORI,
consi sting of 1, wmmmxmmmimhdmbecow‘ ﬁhéemk”ﬁfh

el roy rocess of

¥®he group

hexadi ene, ci s- 1c3 B &) taﬁg and trans 1 3- pent.adi ene.
7. The inproved ﬁr 0cdss 0 [ 1y 0 gre nultrdent ate :
phosphi te | i gafXiisindenepdengly dﬁ@n dﬁgngf? Rbgmy)offifds
representlﬁd C;to Qyyalkglymul as |, VI | and Xl.. 8. The
i mpr oved. progg: 1rgslaﬁ1|’&§1 éﬂdh ' E
| i gand.i s preseathg% ornqu and(«;l{a/vlflo i eac R[erri LE Cgr‘rrr] wher.ed n -
R[e'rr] S met hyl .

' o} 96/ 22968hennprovedpmcessofcmmlwheremmedxoleﬁmccompoundrs
PCT/ US96/. 00548 ; .+ 9. The i rrproved process of Claim7 wherein

t he rrultrégentate phos

pryver o AP, i B b5 kocaomlon s "o cach

wher ei'n €lch R errd i

Rlerr] is t- mmgekuanonmperfonmdasabatcmmmﬁihorbomhmwapamd of daim7
wherein the l.gand i s represented by Fornul a
Xl wherein eac err | SORr o err] is nmet hyl ,
and each Rlerr] i<tH. °""l""""'egP‘"“'%Zss 'Hﬁ%‘l' Sﬁ&ﬂm of daim7

wherein the fsokierizmivnas: rq‘ohneqammouslyorbottmydtchmdonmdrmumd by
Fornmul a ‘gl WM@Mt hyl) or HC( et’ hyl) each
5. Themlprovedprocess of (ﬂalmlwhemmthedmlef'mcompomd
compnsesconjugawddmleﬁnscontammgfmmho 10 carbon atoms.
6. 'meunpmvedprooessomenSWhemmthedmleﬁnoonpound:s
selected from the group consisting of 1,3-butadiene, cis-2,4-hexadiene, trans-2,4-
30 hbexadiene, cis-1,3-pentadiene and trans-1,3-pentadiene.
7. ‘The improved process of Claims 1-or 2 wherein the multidentate
~* phosphite ligand is selected fiom the group consisting of compoundsrepmented
byFormulasI VII and XI.
' 8. 'The improved process of Claun7wh=mmﬂ1emuludemate phosphite
35 - hgmd;mpxesemedbyromulalandwhmmeachkl.son4whexemn4xs
miethyl. ' :
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Rlerr] is-.isopropyl, each Rerr] is H each Rerr] is nethyl, and each

Rerr] is nethyl. 10 12. The inpraved process of Caiml
wher ei n hydrocyanation is carried : out at a tenperature of from
about 0C to 150C. . . The inproved process of Claim3

wher ein durlw@dmd“ﬁcyanat ion the nmol ar ratio of H | yst
precursor conpound is betgve W 7w %
14. The inproved pOCESS. of Cl al ur.i.n H:{oc natit-on

T P PR el Tl e S S o

5, 000. 1. mﬂhylll!ttach is whwylv ed process for the liquid phase

hydrocyanation of acycligp, ’lhemprmreﬂ' %h%ixﬁgf
conpri si ng reacts ng .an ac%%l at’i Eefj ni c, conp 03"’8‘%‘%
a source of HCN; W ’&tf@‘f'}fﬁ is isppropyl, eachR? isHor

hydr ocyanat i on reacmﬂul.mdeavhﬁﬁss}hnce of a cat al yst_precursor corrp05|t|on

conprising a zero-val entgini Clegd i ﬁﬁ:fuéﬂﬂ
- | i gand selﬁct%d fromth S|st|n oun repr fed.
rl) oxHC(e 1). leachx| v

by Formulas I,
and XV as set forthkﬁuwl.ea{:lek?]xs!-l eachR":smeﬂ@l and cach R! ishiegsi

each Rlerr] is jgdependgat! ynge ceés ot ClahdN Ity {9
car bon outa? s o %i:% la sb@émﬂog&r] I's W %Fm”]

al kyl ;

96/ 22968 13 nwnnpxwedpmcessofﬂam3wlwremdnr!£§lfidd6@%&%4ﬁe
each Rerr] is i ndemm&mw@ﬁh% “Hlmé'[ﬂ @idabhuf’{odv‘ﬂ to 12
car bon 5,000:1. atoms or, erel n R err err _
Cerr] alkyl.
15 14. 'lhennproved process of Clam4wlm‘emdunnghydrocyanauon the
molar ratio of HCN to catalyst precursor compomldxsbetween about 100:1 to
5,000:1.

15.  An improved process for the liquid phase hydrocyanation of acyclic
o ahphancdloleﬁmcc___,_ N _,compnsmgreacunganacychcahphaucd:oleﬁmc
20 compoundthhasourceofHCN ﬁ:ennpmvermmcompnsmgconducnngﬂ:e
hydrocymauonmcuonmtheptesenceofacatalystpmcumoreomposmm
eompnsmgamo—valaumckelmdatleastmmtﬂudentatephosphmhgmﬂ
selectedfrmnﬂiegroupconsmungofoompoundsrepmsemﬁbyFomuﬂasl 1,
I, IV, V, VI, VI, IX, X, XIXIL XTI, XIVand XV as set forth below:

25
eachR‘xsmdependendyabmchedorsumgtnchmnalkylofuptolanrbon
. atoms, or OR%wherein R4 is Cy to Clz alkyl; -.
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[err] 5 each Rlerr] and R7 is independently a

tertiary substituted hydrocarbon of up to 12 carbon atoms; °
and each F\’f PFF] Lc lnrlnnnnd i

-Cchain alkyl of up to 12 carbon atons, or OR4 wherein

Rlerr] is C[err] to (err] alkyl;

[err] woseaees 10 . wherein . each R[err husebiiaENdent Iy H
or a br anChew SH' _. ~ - x : : P d’

atoms, or ‘OR[erf wher el et ? and

each R[err] IS Hﬁ%’b'e e "ght chal n. al kyI of up to 12
carbon . . atons_or. CR[err] V\/nereln R[err] is Clerr] to Cerr]
al kyI __3 o e

5 em:hR‘s andR":s iny
lzcgrbonat

Formula Il

10  wherein
eale9xsmdepmdendyHorabranchedorstralghtchamalkylofupto 12 carbon
="\ atoms, of OR4 wherein R4 is Cy' toCualkyl ‘and - e i
ead)Rm:smdependentlyabranchederstmiglnchainalkylofupto 12 carbon
atoms or OR4" wherein R4” is C; to Cg alkyt;

* [ L L] S *



WO 96/ 22968 ' PCT/ US96/ 00548

[err] wherein each Rlerr] is independently a
branched or straight chain al kyl of up.to 12 carbon : atons or .
Si{Rerr])[err] where R err] is independently a branched or straight chain
5 al ko to 12 carbon atons or phenyl or CJerr] V\,herel n
Rlerr] is C[err tU%C[err] ﬁ.‘?mssm |
R12

Where| n

Rlerr] is Hor a branched or strai gh up to 12 carbon atons;
and

eachR“umdependentlyabranchedorstrmghtchmalkylofupto 12 carbon

* atoms or Si(R11)3 where R js independently a branched or straight chain
5 alkyl of up to 12 carbon atoms or phenyl or CO,R#" wherein R4" is C, to Cg

wherein
R12 is H or'a branched or straight chain alkyl of up to 12 carbon atoms; and

A W L



72 WD 96/ 22968

PCT/ US96/ 00548 each Rerr] is i ndependent |y a branched or :
straight chain alkyl of up to 12 carbon at ons:
[err]
WO 9622968 | PCT/USI600848
eachR13lsmdependentlyabranchedorstraightchamalkylofupto 12 carbon
atoms; e :
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73 - ~ WD 96/ 22968
PCT/ US96/ 00548 _ ) [err]

WO : PCT/US96/00848

"*wheremmpmm”vmmghxv
" ‘eachR! is independently, H, halogen, a C; to C; 5 alkyl, °f0R3whetemR3xsaC1
to Cy5 alkyl;
5 'MRzlsmdependenﬂYasecmmmomnmyhydmcubylofsm12carbon
"7 atoms, of OR4” wherein R4’ mCltocsalkylorbenzyl oracychcgmupof _
the formula

74 I ————
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wherein in Formulas VI through XV each Rlerr] is independently a
Cerr] to (Jerr] alkyl, or ORlerr] wherein Rerr] is a (Jerr]

to Cerr] alkyl;: each Rlerr] is independently a secondary or
tertiary hydrocarbyl of 3 to 12 carbon atons, or OR[err]
wherein Rlerr] is Cerr] to (Jerr] alkyl or benyl; or a cyclic group of
t he f%"afZZQGS : : PCTIUS%IOOMZ4

W W

R\ RV

z/ csz' :

\ /

foxmmgaﬁvemembemdnngattachedto&tep}wnylnng,WheIEmR"nsHorCH3
5.  andZis-O-or-CHy; :

‘cach R? lsmdependcntly H or a primary, sccondary or temary hydrocarbyl of 1 to
lanrbonatmnsateaﬂ:er the meta or para posmon to the oxygen; or CN,
CO:R4 or OR® wherein R4" isaCjto Cﬁalkyl at either the meta or para
. posmon to the oxygen of the phenoxy ring;:
10 cachR5'1smdependmtlyHorapnmazyorsecondaryortcnmyhydrocarbylofl
~to'6 carbon atoms in; for Formulas VI and IX, RS"¢an also be OR4", wherein
R#" is a C; to Cg alkyl; for Formulas X and X1, R5 canalsobeCOzR J
wherein R4" is a C; to Cg alkyl; and
. each X is independently O or CH(R4), wherein R4 st asubstnutedphmyl ora
T 18" Cy to Cya alkyl;. o
o - and wherem said reacuomscamedoutto produoe anoncomugated acyclic mtrile
e T 16, The'improved process oi“Clann"lSwhelem&ledloleﬁmccompound
' - isbutadiene. .
R 17. Thennprovedprocess of Claim 15 wheremhydrocyanatioms
*20 ' performed as abatchopetanon
- 18. The improved process of Claim lSwhemmhydrocymatwnxs
performed contimously. _
" 19, ‘The improved process of Claim 15 wherein the diolefinic compound
compnseseonjugateddxoleﬁnscontamngﬁomhomcubonatoms
25 20. ThennprovedproeessofClmnwwhemmdledmlef’mzceompound
is selectedfmmthegroup consisting of l,3-butad1ene cis -2,4-hexadiene, trans
-2,4~hexad1ene ga_-l,S -pentadiene andm-l 3-pentad1ene
21. . The improved process of Claim 1501‘16 ‘wherein the multidentate
phospmtehgandmselectedﬁ'ommegroupconsxstmg of compounds represented
30 by Fommulas I, VII and XI. '
22. ‘The improved process. of Claim 21 wherein the multidentate
phosplutehgand:sxepmmedbyFommlaIandwheremeacthmOR“wherem
R4 is methyl.
o . .23. _The improved process of Claim 21 wheremthemultxdentate
. .35 ._phosphmhgandxsrepmsenmdbyFonnnlaIandwhcremeacthmOR‘wherem
R4 is methyl, andeachR’xst—butyl
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WD 96/ 22968
PCT/ US96/ 00548 [err]
formng a five nenbered ring attached to the phenyl ring, wherein Rerr] is

Hor CHerr] 5 and Zis -O or -CHerr]- each Rl err]
i s independagploynidsp’ 2 pri mary, secondary or tertlary hydr lto
12 carbon atons at elth?a ? mgi‘ CN,
Cerr]Rerr] or err] whergin er 'S aa a yI at
eiter the neta or M&’“ ligand is pl')gﬁ"?'!“%xi E;‘H’@

phenoxy ri ng; Jlﬂz'xs!éacheﬁfybm\(jedchn-"rdmendently H or a pr| rrary or

d terti h t i
for Fomlas Vi e;nha{ % P zw e =°f gl pdelh e iR 0T 11
Rlerr] is a err] ﬁh&mngmﬂﬂ(w;'ﬂean al so
be CJerr]Rerr], HC(emyl).emhnszacﬁmérmH,mhatsqsmu}yumdml]m

al kyl ; and %:h X is independently Oor CH R err]), wherein
Rlerr] is H a subs ed phenyl, or a .15, Cerr] to (err]
alkyl; and whabei E\“'s pof él%!?vémmﬂvdmm&wmed

nonconj ugat ed acyclommtternm:éﬁfﬁom'ﬂbommmubd:tnsmss of Claim15

wherein the diojgefinic %g?ﬂ,ww cﬁﬂﬁ

17. The |rrpr08£ed process of a miqjl m re| n roc&ana‘%‘f'&‘r?lﬁrmod%m
performed as a bat df catslystRmeensor compound is between M3 oved process
of daim 15 wherein hydaacyamaﬁmﬁwwproeessofdmmp&whaehﬂﬂenmmﬂw
19. The i nproved é};mg g%“ég E’F&'Q"‘ Eﬁmg onpound
conpri ses conj ugatg‘é 5 §I I'ns, contal ning rorm 016160ﬁcda!r1 i:atoms 25
20. The inproved proce$? ofAtimprovedprogess for the isqmegizasioprof HPE“‘E’BJ\‘EM

is selected frast mmmmmmnmawmﬁmmmgmgo&mxadu ene,

trans -2 n:ﬂfﬁ@ﬂﬁﬁa
-1, 3- pent adi ene. é ﬁ% . pr ot ess o? 8 al H] 15 or
16 wherein the nul t%ﬁ!‘ﬁﬁ'@"’k‘l“‘d‘ﬂ“ﬁm% ﬁmﬁe igandselected fromythe e

group consi sting ofgroﬁpramsisdmd amisaepresentdd by anmimmm,m IV, VWi, Vg

_ ONE V\/nerel n the
'rTTJI tidéitate™" r%bsb%[’fmﬂ I ga M‘@ﬁ?ﬁ?ﬁ%éﬁ@ téJ:For mul a 1" and "= *+%-= -~

wherei n each R[err] iIs ORlerr] wherein R[err] is methyl.
23. The inproved process of Caim21 g TRy ti dentate 35
phosphite ligand is represented by For ful# grein each Rlerr] is

OR[err] wherein Rlerr] ispf ‘ is t-butyl.
75 | :

20
wherein
each R! is independently a branched or straight chain alkyl ofupto 12 carbon
. atoms, or OR* wherein R4 i isCytoCypalkyl;
each RS is mdepmdently a temary subsntuted hydrocarbon of up to 12 carbon
25 atoms; _

76
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PCT/ US96/ 00548 ' _ 24. The inproved process of Caim
=21 wherejin the nultidentate phosphite ligand is :

represented by Fornmula Xl wherein each Rerr] is isopropyl, each

Rlerr] is H or et hyl, and each Rlerr] is H L 25.

The i EBLheRT OCESS of Claim 21 wherein the nmultiden '

' 5
lgand is represent ed by’ Forrml a Vit vvherel #&’qw*mt hyl) or

phosphite

HC(et hyl.), each R[err] is |sopropyl each-ﬁ'R[egG-‘ each Rlerr] is
met hyl , and each R[err] is fo e et

26.. The i mproved:-process of Claim 15 V\/nerel n N yanatl on is carri ed
out at-a tenperature of" frng'_about oC'to aboutP 150[err]C 10

'-_:n‘t(he rml ar ratio of HCN

27.  The inproved process o -F?n 17 wheg.
to catalyst pregursor ,(_:orrpou
28. The i nproved process of ~U ¥
to catalyst precursor conpound 0% 9 about 100 1 to 5 000: 1.
29. An inproved process for -t pRCiL i L &

15 2- al kyl - 3- nonoal kenni tpt#%

i somerization in the pr esenjopr & a cc D pr ,_E..s'or corrp05| tion
conprising a _ ZpreT it A GKelg7and at I east one

nmul ti dent ate phosphite 'I-'r--g= “IcE o gr oup
consi sting of . conmpounds .r epLge _ -ow@#H as L, 11, I I I , 1V, Vv, VI, VI,
Vi, IX X X, XII X, _IV and XVas gpt forth below  [err]

20 “wher ei n’ = each " Rlerr] "is independently a
branched or straight chain al kyI owno 12 carbon -
atons, or ORlerr] wherein R-errl..is Clerr] to Cierr] alkyl;
each R[er_r] Mependently a tertl ary substltut ed hydrocar bon of up to 12
carbon - 25
76 S eachR‘andR7Jsmdependenﬂyawmarysubsnmtedhydrocatbonofnpto

.. - 12Zcatbon atoms;and .
5 eachR’:smdependmﬂyHorabmchedorsuughtchamalkylofuptolanrbon
e atoms,orOR‘wheremR‘:sCltoCualkyl

eachR’:smdependenﬂyHorabranchedorstmgluchamalkylofuptolanrbon
10 ' atoms, or OR4 wherein R4 is C, 0Cpalkyl;and
each R10 is independently a tertiary substituted hydrocarbon of up to 12 carbon
atoms; :

) * c L M s *
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[err] . wherein each Rlerr] and Rerr] is
i ndependently a tertiary- substitut ed hydrocarbon of up-to .- - 12 :
carbon atons; and 5 each Rerr] is independently H or a branched or
strai ght chau,a of up to 12 carbon atons; or ,@g;s}wmerei n
Rerr] is (Jerr, o-(Jerr] alkyl; ~ [err] erern ..

\ght. chai.n al kyl dflup
to CJerr] alkyl;
ut ed hydrocarbon

each Rerr] is independently H or-a bran
to 12 carbon atoms, or OR[err] whereipg
and 5 each Rerr] is independent

of up to 12 carbon N

each R14 is independently a tetiary substituted hydrocarbon of up to 12 carbon
atoms or Si(R!!); where R1! is independently a branched or straight chain
5 ‘ alkyl of up to 12 carbon atoms or phenyl or CO,R3" whereinR3" is a
uxmmhmyaﬂddofqpu:6cubm1m»nw;

Tk T i S R e e e e

wherein
R12 is Hor a branched or straight chain alkyl of up to 12 carbon atoms; and

78
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at ons; WD 96/ 22968

PCT/ US96/ 00548 [err] wherein

i i i Vi suhstitat od hvdrnrar bon of up to 12
car bon ' atons or Si(Rerr])[err] where Rerr] is
i ndependent|ly a branched or straight chain 5 al kyl of up to 12

carbonwaggaﬁ”pr phenyl or CJerr]R err] wherein R[err]réﬁuﬁnmmus
secondary al k&mkﬂ3%ﬁé§e&eﬁﬁihmwchmﬂkylofupmlz a%)on hed
a branched or

[err] wherein - ¢ R err] or
strai ght chain ajﬂgqmwﬁ up 10 12 carbon atons and

X

* c L M s *



78 - g WD 96/ 22968

PCT/ US96/ 00548 each Rlerr] is mdep.endently a branched or
straight chain alkyl of up to 12-carbon- atons;
[err]

WO 96122968 PCT/USIGMOSMS

wheremmFormulasVIthroughXV : '
eacthlsmdependemly.H halogen,aCl to C12 alkyl orOR3 whemmR31sacl
1o Cpz alkyk;- :
5 eacthmmdependenﬂyasecmduyortenmyhydrocarbylofho 12 carbon
atoms, or OR%" wherean‘ is Cy toCGalkylorbmzyl or a cyclic group of

the formula

80
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PCT/ US96/ 00548 [err]

ek et #, -

10

30

35

» l !!II' y ll'ﬂ! T i ST

WO 96122968 . ' PCTIUSSG00SiE

n"\ R
<

fonnmgaﬁvemembexednngmachedtothephenylnng,whmmk"isHorCH3
andes-O-or -CHp-;

eachRZ'xs'._:" snende ,,_yl-lorapmnary,secondatyortemaryhydrocarbylofl to
12carbonatoms at cither the meta. or para posmon to the oxygen; or CN,
C02R4" or OR®" wherein R4" 1saC1 t6 Co alkylatenher the meta or para
posmonwtheoxygenofthephemxyrmg -

eachRs'nsmdependemlyHorapmnaryoraeoond&yhydrocarbylof1to3carbon
" atoms: for Formulas VI and IX, RS can also be OR%", wherein R4" isa C; to
Cg alkyl; for Formulas X and XI, R can also be cp2R4“. wherein R¥" is a
Cl to Cg alkyl; and

cach X is mdependentlyOorCH(R‘) wherein R¥ lsl-l,asubstmnedphenyl ora

Cy to Cpp alkyl; | | -

andwheremsaldasomenzanonls camedouttoproducea3and/or4—monoallmne

. _ RS S S R e

30. The nnproved pmcess of Claim 29 whexem the nonconjugated

'z-alkyl-s-momalmnemunexsz-mmyl-s-memnmne_ o

31. 'I‘hennprovedpmcess ofdm”wlwmmnonmzmmms

perfonnedasabatch operation, -

32. ‘The improved process ofClann29wlwremxsonnnzatmn1s
pu-fonned continuously.

'33. The nnprovedprowss of Claim 29whezemthenonconjugated
2-alkyl-3-monoalkemnmne is selected from the group conszstmg of 2-ethyl-3-
bunenemtrile and 2-propyl-3-butenmitrne B

34. ‘The improved process of Claim 29 or 30, wherein the multidentate

~ phosphite ligand is selected from the group cons:stmg of compounds represented

by Formulas I, VIlanXm ,
35. Thennprovedprocessof(‘.'la:m%wlmemdxemulndemate

phosphite ligand is tepresemed by Formula I and wherein each R! is OR4 wherein

R4 is methyl. :
36. The nnptoved process of Clmm 34 wherem the multtdemate

. phosphmehgand;smpremdbyl?ormulalandwheremeachklmOR‘whmm
R4 js methyl, and each R? is t-butyl. S

81
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wherein in Formulas VI through XV each R err] is independently, H,
hal ogen, a CJerr] to (Jerr] alkyl;—er ORerr] wherein Rerr] is a (Jerr]

to CJerr] alkyl; 5 each Rerr] is independently a secondary or
tertiary hydrocarbyl of 3 to 12 carbon atons, or OR[err]
wherein R eswgogmasggl err] to CJerr] al kyl or benzyl; or acyclnamgpama)f
the fornmul a . 3T 'IhemprovedprocessofClmmeheremthelﬂﬁlndemate '

WO 96/ 22968 sphite ormula X1 wherein each R2 is isopropryl,
PCT/ USO6/ 00548 P ephite ligand s repres uea - cach
[err] R “H°'“‘°F’B'tl’rﬁ“ﬂ§"§‘$‘l \'I’e“‘rrenbered ring attached to the

phenyl ring, wherein R[38r]Thesimpravwed pricessrdf Claim 34 wherein the multidentate
5 phosplmehgandxsmpmsenwdbyl?onmﬂavn wherein X is HC(methyl) or
HC(ethyl), each R2 is isopropyl, eachkz is H, each RS’ is methyl, and eachR! is
methyl.
39. 'l'hemprovedprocessofClaanQwhuemnsouznzanomscamed
out at a temperature of from about 60°C to about 150°C. ;
10 40. ’lhennprovedpmcessofClmn3l wherein the molar ratio of
nonconjugated 2-alkyl-3-monoalkexmuuile to catalyst precursor compound is
between about 100:1 to 5,000:1.
41. 'l'hemyrovedpmwss ofClaun32whexemthemolarratxoof
nonconjugated 2-alkyl-3 monoalkemmmle to catalystprecuxsorcompoundm
15 between about 100:1t0 5,000:1.
42. Amnludenutephosphne hgandselectedfrmntlugmupcms:sﬂng of
Formulas I, I, IV, VI, VIII, IX, X, X1, X1I, XIII, XIV and XV as set forth
below:

each R! is independently a branched or straight chain alkyl of up to 12 carbon
atoms, OI'OR4 wherein Réis Cl to C12 alkyl;

each RS is independently a secondary or straight chain alkyl of up to 12 carbon
atoms or OR¥" wherein R4" is C; to Cg alkyl;

82
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5 and Zis -O or CH[err] each Rerr] i.s. _ .
independently H or a primary, secondary or tertiary hydrocarbyl of 1 to
—2—carber—aters—at either t i ;
"CJerr]Rerr] or ORerr] wherein Rerr] is a (Jerr] to (Jerr] al kyl at

. either the.neta or. para position to the oxygen of
the phedosrreés N9, - .- - 10. - each Rerr]. is i ndepgRmsesidsyg H or a
primary or secondary hydrocar byl of to 3 gark bon

atons; for Formulas VI and 1X, R er can & so be CR[err] “wherein R[err]
is a C[err] to ~ O epFiN al kyI for Formulas X and X,
Rlerr] can al'so- he- err]R[err]1
Clerr] to (err] alkyl; and

T bl 'S a
?,‘;f- » ) éh X |s i ndependently O or

CH(Rerr]), wher ej n R[err] N2 _8 bstrtmmgdo h nyI or ‘a 15
Cerr] to C[err] al kyl; ¢ o - andrwhy said isomerization is
carried out to produce a 3.qng* 4 nonoal k&ae gL nitriles.
30. The inproved process ‘ A28 o onj ugat ed
2-al kyl - 3-monoal keneni tri N : - , 1| e. 20
31. The inproved process of Cifi m[29 mherei qoneri zation is
performed as-a bat:ch operation:™~z P R 32. The inproved

process of Cl.aim29 wherein i sonerl z_aFdnﬁihms per f or ned
conti nuously. : 33 The i"npr oved” process of O aim 29
wherein the j ugat ed 25 -+ 2-7dl'kyd - 3- monoal kenenitrile is
sel ected from.th group consisti.ng of 2-ethyl - 3:

but eneni tril 5“’& _ K of & pe FWPFE‘“‘&“',:"‘“““"YI ofupto12cartbon 34

The i nproved pr oaeﬁxs moﬂmai%c;emwmuhe ‘mil'tident at e
phosphit e i 10 § lp@ﬁﬁﬁﬂ ) Ll 60 nds
represente‘red Q&ﬂ‘i{ s ey Vi X; y.oEQrnulas I- W HE%;%?&IQQJIG&P
35. The |nproveﬂ°'ﬁ‘F8€:9§s herein R s 191fe 8 the mul ti dentate
phosphite ligand is represent ed by For rruI al and wher ei n each Rlerr] is
OR[err] wherein m
36. The inproved process of d ai
. w=-phosphikt e .| kgand. | s- -epr esent £B

the mul ti dentate
Yk wherei n--each Rlerr] is =«
er®] isOnmet and each Rierr] is

OR[err] wher.ein . - 354

t-butyl. o T o—F . PO _ 81

WD 96/ 22968~ - - . prM4 O "G~ gl

PCT/ US96/ 00548 : - 37) i mpt-ved process of CI ai m 34 wherein
the nmultidentate phosph s represented by Fornula Xl

wherein each Rerr] is |sopropryl : Rlerr] is Hor methyl,

and each Rlerr] is H : ! 4 ._e i nproved process of O ai m34
wherein the multidentate 5 ptiosphi T8 Ilgand is represented by
Formula VI1 wherein X is HC(nethyl) 5?""'““’ HC(ethyl), each Rlerr] is
i sopropyl, each Rerr] is H, each R[err] is nethyl, and each Rlerr] is

nmet hyl . wherein -

eacthhsmdgpendemlyasecmdaryorstmgMchmalkylofupto12carbon :
10 a"""""l'('—'()zk‘ WheremR‘ 15C1'0C§alkyl, ot
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39. The i.wmproved process of Caim?29 wherein isonerization is carried-
out at a tenperature of from about 60[er€ to about 150[err]C. 10
40. , The inproved process of~C aim 31 wherein the nolar ratio of '
I’IOI’ICOI’IJ ugat ed 2-al kyl -3-nonoal kenenitrile to catal yst £eoBs6moM8c onpound |

bet ween- about 100:1 to 5,000:1. 41. The inproved process -
of Caim32 wherein the nolar ratio of nonconj ugat ed

2-al kylwo9sR96%| kenenitrile to catal yst precursz conpoundgd s 15

bet ween about  100: 1_to 5, 000: 1. N - rrultl g
phosphite |igand su‘ected fr g d - For mul as
L, 1, 1V, Vi, VY™

bel ow. [err] .

i ndependently a branciy

atoms, or OR| &\

Rlerr] is indepkendd

car bon

al kyl ;

WD 96/ 22968

[err] .

I
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wherein each Rerr] is mdependently H or a branched or strai.ght

_-'@:hai n al kyl of up to 12 carbon atons, or OR[err] wherein R[efr]

.'secondary or straight chain al kyl of -up to 12 carbon atons or

OR[err] wherein Rierr] is C(ferr] ta (err] alkyl;  [err] , ..

wher eiW0'96229¢8 each R err] is independently a secondarmsm ght chain

al kyl of up to 12 carbon 10 atons or CCIerr]R[erg} wherein R err]
P

S C[err] to C[err] aI kylnz

wherein in Formulas VI through XV

each R! is independently, H, halogen, a C; to Clz alkyl, or OR3 wheremR?' isaCy
o Cyz alkyl;
5 each R2is independently a OR4" wherein R4 is C, toCGalkylorbenzyl ora

cychcgroupofthefonmda

(T
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WG 967 22968 This Sheet Has Been Re ———— wherein in Fornulas Vi

B IWWMM

-PCT/US96/00848

<

: -fonnmgaﬁvemembemdnngattachedtoﬂlephenylnng whemnR"lsHorCHj".’"f'
o andi!m-()-oreCﬂizstbernnuthﬂHIXIHEJﬂnfand)CV Sl T
5  eachRZ is independently CN, or CO;R4" wherein R4" isaC; to Cgalkyl at either

: thenunaorpumpnmmmntoﬂuuuqmwnofﬂw;ﬂmmoxynmg for .

Formulas XTI, XIII, XIV and XV, R? can also be ORY", wherein R4* isaC,
u:Ckauqd ornukmendenﬂyli.ahakmpn,orapnnnuy,&uxnuhny or
tertiary hydrocarby! of I to'6 carbon atoms; | -
10  eachRY lsmdependemlyHoraprmq or secondary or tertiary hydrocarby! of 1
' u»6¢ubonammu,&uannuhs\HadeXﬁR5tmnahobe(n¥‘uwhmum
®4" isa C; to Cg alkyl; forFonnulasXandJﬂ RS canalsobeCOZR‘"- |
o wheremR‘ 'isa Cy to Cq alkyl; and -
| each X is mdependemlyOorCH(R“),wheremR‘mH asubsummdphenyl ora
15 C; to Cy5 alkyl.
43. Acatalystpmcumorcomposmoncompnsmgzero-valmtmckelanda

_"nnﬂudunmephmmhhehgmmimxmnhmgjocmunx42 -

4, TheqndmnpmxmnmrqmqwnnmnofChnn43vﬂumnndw
_ 1nuhukmunephqqublunmdissdkcmﬂfhnnlhegnmmuxnmmmmgcfcnnqmnnuk
20 represented by Formulas I, IV, VII and XI.
4S. Thecunbmtpmmunmrcqmponnqnef(nmm144wmuum1ﬁw
mlﬂudentatephopshntehgandxsmpmsemedbyFonnulaXIandwheremRsz f
OR#" wherein R4" is a Cy to Cg alkyl. :
46. Thecnummn;necunuwcnnqununnofcmﬁn144vﬂnmmnthe
25 mnmpmpsmhgmumpmedbyrmammdwhmm.s |
OCHj3 and RZ and RS are H.
. 47. Amed:odofmahng;ixosphorochlondmeeompmmgcoanga
compoundofthe formula NR 18),P(OR 19),, wherein R19 is substituted aryl with : .
,gaseons hydrogen chloride to produce HN(R!8),HCl and (R190),PCL, - - - -
30 ' 48. The method of Claim 47 wherein the HClxsnotpresentmexcess
- ... 4. Amethod for producing N,N-dialkyldiarylphosphoramidite -
"”_amhpnungemnmmmgcmeeqnwﬂunofPCkxnannwnsmhmmlwmhome', L
'{ {qmuvdbmtofasaunxnnyanmneandanlemnomeeqnnmhnnofadznuuyannneand'
'subsequumy adding about 1.9 equivalents of a substituted phenol and about 2.1
35 "eqnwalenuofatemaxyatmm Coe . -
30. Themethodof Claim 49 wherein the solvem:s toluene

86
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each; Rl.efr] is independently, H halogen, a (Jerr] to (Jerr] alkyl, or

OR[err] wherein Rerr] is a (Jerr] to (Jerr] alkyl; 5 each
Rlerr] is independently a ORlerr] wherein Rerr] is (err e—Clerrl]l al kyl
or benzyl;or a cyclic group of the fornula REPLA(THE»NSHEET
85 - : ‘

[err] . formng a five nenbered ring attachedtoth Y. I 49,
wherein R-err] is Hor CHerr] 86 and Zis -O g&)gﬁﬁ fggéf(r
Formulas X1, XiIl, XIV and XV; 5 each Rerr] isindeper Ay CN, or__|
CJerr]Rerr] wherein Rerr] is a (Jerr] to (Jerr] alkyl [at either

the neta or para position to the oxygen of the phenoxy rimng —~for-——res—_l

Formulas X1, XIIlI XIV and XV, R err] c%lr\afSo be OR[err], wherein R err]
is a (Jerr] to CJerr] al kyI ,/Ct\r |ndependently H, a hal ogen, or

a primary, secondary, or ezr\H 9 hydrocarbyl of 1 to 6 carbon
atons; 10 each R err] is independently a primary or secondary or

tertiary hydrocarbyl of 1 to 6 carbon atons; for Fornulas VI
and |1 X, Rerr] Q' §ﬁvpﬁe%§3h}1 a&ﬁl‘:ﬁé@l’o%e heny! ring whexmB[l@"iEhbeCﬂ' Clerr]

o e L o O S bR ) s, o o |
i ndependent | § Oeach E?—l@difldapleildepﬂy\/@? er GOEll‘érwljerqnsRﬂxsaQ;mdngglaﬂm acithdrenyl |

or a 15  (erpge &&agf boﬁﬁ&yt'o the oftheglreno g Aocat al yst
precursor conposition corrpr Y %5 zero g@am ck o

mul ti dentate phosphll:f’ﬁmF1 - 3igobs R ‘”hefemR isaGy.  The
cat al yst precursor alkiyl; bﬁmdqienﬂimlwrﬂ 4halbigex, or 8 piiinary, secondanylot i dent at e

phosphite |igand ist';ﬁ &&gﬁgx&@rqftﬁggg%%pmg&gsl sting of conpounds 20

represented by Formuas 45. The cat al yst
precur sor c 38posaeh R, isdndapendentiy H qyacimasy ersscondary or gartiary hudrosarbyishdpshi t e

\|Nlhgand |sé[rep]r esent @dﬁb&b&ﬂﬁtﬁhbﬁfoi@oﬁiﬂhsv‘fl%ﬂm ﬂeiin“dlsdlﬁeOR“ whﬁﬂtﬁrr]l
erein Rerr] is a e catal yst
precursor conposi ti 8 d(tltél%ﬁl% V\}%r Xlafﬁemggﬂ RJ cﬂal%oe %? phopshite

ligand is represent a!lcw mCato@selhnl erein Rlerr] is OCH err]
and Rierr] and Rh&iXlis B&efiiently O or CH(R?'), wherein R4 is H, a substituted phenyl, or a
15 Cl to Clzalkyl :

43. A catalyst precursor composition compnszng zero-valent nickel and a
multidentate phosphite ligand according to Claim 42.
44. ‘The catalyst precursor composition of Claim 43 wherein the
multidentate phosphite ligand is selected from the group consisting of compounds
20 repxesented by Formulas I, IV, VII and XI.
45. The catalyst precursor composition of Cla:m 44 wherein the
multidentate phopshite ligand is represented by Formula XI and wherein R2 is
OR#" wherein R#" is a C; to Cg alkyl.
46. The catalyst precursor composition of Claim 44 wherein the
25  multidentate phopshite ligand is represented by Formula XI and wherein R2 is
OCHj arid R? and RS are H. :
47. A method of making phosphorochloridite comprising contacting a
compound of the formula N(R18),P(OR!9),, wherein R19 is substituted aryl, with
~ gaseous hydrogen chloride to produce HN(R 18),*HCl and (R190),PCL
30 48. The method of Claim 47 wherein the HCI is not present in excess.
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PR . . }
47. -A ngthod of making phosphorochloridite conprising contacting %WPSCOPE

conpound of the formila N(Rerr])fecrlPRarrl)lorr] wherein Rlerr] is
substituted aryl, with gaseous hydrogen chl ori‘de to produce
HN(R{err])[err]HO and (Rlerr]OQ[err]PA. 30 _'-:;-:fz r 482 Thesmagt hod of
Cl*ai m 47 wherein the HCO is not present in e}%gss;
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