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IIILE
HYDROCYANATION OF DIOLEFINS AND

" ISOMERIZATION OF NONCONJUGATED
2-ALKYL-3-MONOALKENENITRILES
FIELD OF THE INVENTION
This invention generally relates to an improved liquid phase process useful
in the hydrocyanation of diolefinic compounds to produce nonconjugated acyclic
nitriles and to a liquid phase process of isomerization of said nitriles to 3- and/or
4-monoalkene linear nitriles. The improvement resides in conducting the process
in the presence of zero-valent nickel and a multidentate phosphite ligand.
BACKGROUND OF THE INVENTION
Catalytic hydrocyanation systems, particularly pertaining to the

. hydrocyanation of olefins, are known in the art. For example, liquid phase systems

useful for the hydrocyanation of butadiene to form pentenenitriles (PN) are known

in the art. For example, Drinkard, U.S. 3,496,215, discloses the hydrocyanation of

butadiene using monodentate nickel phosphite catalysts. As used in this patent,
and as will be used herein, the term "pentenenitrile” is intended to mean
cyancbutene. Likewise, "butenenitrile” means cyanopropene. Bidentate phosphite
ligands complexed to zero-valent nickel and platinum are known to be useful in the
liquid phase hydrocyanation of butadiene, as described by Baker et al., J. Chem.
Soc., Chem. Commun., 1991, pages 803-804.

The pentenenitriles so formed are subjected to further hydrocyanation
and/or isomerization to form adiponitrile (ADN), a commercially important
material in the manufacture of nylon. For example, Drinkard, U.S. 3,536,748,
discloses the liquid phase isomerization of 2-methyl-3-butenenitrile in the presence
of a zero valent nickel complex and Chia, U.S. 3,676,481, discloses an
improvement additionally utilizing tri(hydrocarbyl)boron promoters.

The hydrocyanation of activated olefins such as conjugated olefins (e.g.,
butadiene and styrene) and strained olefins (e.g., norbornene) proceeds without the
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
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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The present invention provides for an improved process for the
hydrocyanition of diclefinic compounds, such as butadiene, and isomerization of
nonconjugated acyclic nitriles without the need for Lewis acid promoters utilizing
zero-valent nickel and a multidentate phosphite ligand. Other objects and
advamagesofﬂnepiésm invention will become apparent to those skilled in the art
upon reference to the detailed descnption of the i invention which hereinafter
follows. ' e .
'!‘hepmsent iiwentionprovidesiﬁ improved process for the liquid phase
hydrocyanation of diolefinic conq:ounds and isomerization of the resulting
nonconjugated acyclic nitriles comprising, reacting an acyclic aliphatic diolefinic
compound, preferably butadiene, with a source of HCN, wherein the improvement
comprises conducting the hydrocyanation and/or isomerzation in the presence of a
catalyst precursor composition comprising zero-valent nickel and at least one
multidentate phosphite ligand selected from the group consisting of compounds
mpmentedbyFormulasllIlIIIVVVIVllvleXXIXHXIHXIV
and XV as set forthbelow: - :

cach R! is independently a branched or straight chain alkyl of up to 12 carbon
atoms, or OR4 wherein R4 is C, to C;, alkyl;

- each R? is independently a tertiary substituted hydrocarbon of up to 12 carbon

atoms;




wO9%m968

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, '

cach R? is independently H or a branched or straight chain alkyl 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,;
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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
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each R13 is independently a branched or straight chain alkyl of up to 12 carbon
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wherein in Formulas VI through XV
cach R! is independently, H, halogen, a C; to Cy, alkyl, or OR3 whereinR3is a C;
toclzllkyl; ' ) - : .
5 eachRZis independently a secondary or tertiary hydrocarbyl of 3 to 12 carbon
atoms, or OR4" wherein R4" is C; to Cg alkyl or benzyl; or a cyclic group of
the formula :
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| fonnmgaﬁvememberednngattachedtothephenylnng, wheremR‘VlsHorCH:;

and Z is -O- or -CHj,-;

eachkz'lsmdepmdenﬂyl-!m: a primary, secondaryortemuyhydrocarbylofl to

12 carbon ‘atoms at enher the meta or pm posmon tothe oxygen; or CN,
C02R4 or OR#"wherein R4" 'i8aC; t6Cy alkyl at enher the meta or para
position’ ‘to the oxygen of the phenoxy rng; .7
eachRs'xsmdependenﬂyHorapmnaryorsecondalyhydmcarbylofl to 3 carbon
atoms; for Formulas VI and IX, RS can also bé OR4" wherein R4" is a C to

Ce alkyl; for Formulas X and X1, RS' can also be C02R4" whereinR¢" isa C;
to Cg alkyl; and

_eac:hX:smdepv:m.iently0orCl-I(R“),v'rheremR4 isH, asnbsnmwdphenyl ora

Cl to Clz alkyl .
and wherein said reacnon 1s camed out to u[umatelypmduce 3 and/or4- :

‘monoalkene lmearmtn!es

The present invenuon provxdes an improved process for the l:qmd phase

'.hydmcyananm of dmleﬁmc componnds reacting an acychc alxphanc diolefinic

‘compound, preferably { bnmdxene 'with a source of HCN, whexem the*nnpmvemmt

comprises conducting the hydrocyanation mthepmsence ofacaulystprecmsor :
composition comprising zero-valent nickel and at least one miultidentate phosphite

hgmdselecﬁedﬁomthegroupcomxsnngofcompmmdsmpmsemedby
Formulasl,IImIVVVIVlIVl]ID{XXIXIImmV and XV as set

forth below' o
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wherein

eadtRllsmdependemlyabranchedorstrmgluchamalkylofupto l2carbon

* atoms, or OR4 whéreinR4 is C to Cppalkyl,
eacl:Rslsmdependenﬂyabrmc!wdorstrmgtuchamdkylofupto12calbon

5 - atoms orORY whememR4 mcltocﬁalkyl .

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

10 eachkslsmdepmdenﬁy}lorab:anclwdorstrmghtcham alkyl of up to 12 carbon’
atoms, or OR4 wher‘emR“x_sCl to Cpp alkyl;
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eachR9lsmdependenﬂyHorabranchedorsu'mghtcham alkylofupto 12 carbon
. .. atoms, or OR*wherein R4 is Cy.to.Cy, alkyl; and . .
| eacthoismdependemlyabranchedorsn'alghtchamalkylofuptoIanrbon
5. atoms or OR?" wherein R4" is C; to Cg alkyl;

wherein _
eacl1R14isindependenﬂ);abnnchedorsn'aight¢hahalkylofupto 12 carbon
. atoms or Si(R!1); where R!! is ifidependently a branched or straight chain
10 alkyl of up to 12 carbon atoms or phenyl or CO,R4" wherein R¥isCy 10 Cg

R!2 is H or a branched or straight chain alkyl of up to 12 carbon atoms; and
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- each R13 is independently a branched or straight chain alkyl of up to 12 carbon
atoms;

10



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

11
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h 'foxmmgaﬁvemembetednngattached tothephenyl ring, wheremR“'st or CH3

. andZ:s-O-or-CHz- )

each R?i is mdependently H orapnmaty secondary ortemary hydrocarbyl of 1 to
12 carbon atoms at either the meta or para position to the oxygen; or CN,
- COR¥ or ORY wherein R¥" isa C, to Cg alkyl at cither the meta or para
posmontoﬂ:eoxygenofthephenoxynng

'ead1R5'xsmdepmdentlyHorapnmaryorsecondaiyhydrocarbylof1 to3caxbon

 atoms; for Formulas VI and IX, R¥ can also be OR#" wherein R4" is a C; to
Ce alkyl; forFonnulasXandXI R5 can alsobeCOZR“"wheremR4 xsacl
to Cgalkyl;and

each X is mdependently 0 or CH(R4 ), wherem R4 is H a subsmuted phenyl, ora

Cl to CIZ alkyl

~and wherein said zeacnon xs eamed out to ulumately produce 3 and/or
4-monoall:ene lmearmtnles and 2-alkyl-3-monoalketmnmles

. Asusedhetem,thetenns secondaq"and stenmry refertoﬂnecarbon

, atombondedtoanaromaucnng

The reactions are most eonvemently petfonned connmously from

_'hydmcymmof&mwmgdmleﬁnmhefmla-md/ou-mmm .

nitriles. However, the processes can be conducted stepwise, i.c., the _
nonoonjugated aeychc mtnles xesultmg from the hydmcyanauon can be :solamedm

| 8, prior to isomerization. Furthermoxe, noneonjugated acyclic nitriles prepared by

30

anymeﬂlodcanbeusedasstmmgmatenalsforthexsomnzanmmaeeordanee

;wnﬂxmlsmvenuon

_Thei invention elso provxdes for ceruun nmludemane phosphme ligands and

'catalystprecutsorcomposmmsmadeﬂ:exeﬁmnuseﬁﬂmﬂ:esepmcesses as well
. as anovel method of mahngphos;momchlondne

In pamaular, the method of making phosphorochlond:te cmnpnses

| oontacnng a componnd of the formula N(Rls)zP(ORm)z, wherein R19 s

substituted aryl, with gaseous hydrogen chloride (HCI) to produce HN(R“);‘HCI

.and (R190),PCl. Preferably, the reaction is run without excess HCI, or if excess

HCl is present, the HCl is removed qluckly after the reactxon is complete to

. prevent deoomposmon of the (R19O)2PC1 produet

A method is also provnded for producmg NN -dmlkyldxarylphosphommdlte
comprising contacting one equivalent of PCl3 in an inert solvent, such as heptane

12
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or toluene, with one equwalent of a secondary amine, such as diisopropylamine,
and at least one equivalent of a temary amine, such as triethylamine, preferably in
the range of about 5 to about 35°C and subsequently adding about 1.9 equivalents
ofa subsututedpheml andabout2 1 equrvalents ofamemaryamme. suchas o

: :-mthylmne, preferably in the presence of & nucleophihc catalyst such as 4-

dmleﬂtylammopyndme and allowing the components to react at about 25to about

- 90°C Pracuce of th above method elnmnates the need to 1solate the mtetmedrate

10

30

- The prefeued hgand of the invention (for hydrocy _
N and the subsequent and/or mdependent xsomenzatxon of noncon;ugated acyclic

'nonconjugatedacydrcmmles,nsrs 3 lary an
.alkylsofuptolz andOR‘ g i o E

:of dxoleﬁmc compounds

" wherein each R xsmdependently abranchedorstraxgmchsuu]kyl containing up

to 12 carbon atoms, or OR4 wherein R4 is aCl to C12 alkyl. R4 canbepmnary
r te: f "', examples mclude methyl ethyl mopropylandt—butyl Esdch

rocactyl group
containing up to 12 single bond carbon atoms. Most' preferably, eachRlis OCH3
and each R¥ is t-butyl For the m hydrocymanon of droleﬁmc compounds to

muehgmdsmaybeprepaxedbyavanetyofmethodsknownmmem.
forexample seedescnpuonsmWO93 03839,US 4,769 ,498; US 4,688,651,

" J.Amer. Chem. Soc:, 1993, 115,2066. ‘The reaction of 2,2"-biphenol with

phosphorus trichloride grves 1 l'-bxphenyl-2,2'-dryl phosphomchlondme “The

reacuon oct' thls chlondme wnh 2,2'-dihydroxy 3,3'-dl-t-butyl-5,5 -d:methoxy-l 1 -

. :;Rl is methoxyl

35

"The phosphorochlorxdme may be prepared by a vanety of methods known
in the art, for example, sce descnpnons in Polymer, 1992 '33,161; Inorganic
Syntheses, 1966, 8, 68; U S.5,210,260; z Anarg Allg Chem., 1986, 535, 221.

_Wrthbulkyortho—subsntuted phenols (e 2-t-butylphenol ), phosphorochlo;;dm

13
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. can be prepared in situ from PCl3 and the phenol. thlessbulkygmups(cg -
: 2,3<lnncthoxyphcnol). pun.ﬁcauon by high vacuum distillation is typically

necessary. High vacuum distillation is difficult for large scale operatioris.

An unproved process for preparing the phosphorochloridite comprises
treatment of N,N-dialky! diarylphosphoramidite with HCL. CIP(OMe); has been
prepared in this manner, see Z. Naturforsch, 1972, 27B, 1429; however, '
phosphorochloridites derived from substituted phenols have not been previously
prepared using this procedure. N,N-dialkyl diarylphosphoramidites may be

* prepared by methods known in the art, for example, see descriptions in

Termhedron Lesters, 1993, 34, 6451 and Aust. J. Chem, 1993, 233.

_ Other multidentate phosphite ligands of the invention are described above
by Formulas II through XV. While these ligands are not as preferred as Formula I,
they nevertheless are considered useful ligands of the present invention. Presently,
whﬂcFonmﬂaI:smostprefencd FonnulasVlI and XI arcmorepreicncd than.
the other remaining ligands.

The zero-valent nickel can be prepared or generated according to
techmques knownxnthe art (U S.3 496 217;3 631 191; 3,846,461; 3,847,959;
and 3 903 120 wlnch are mco:poratcd hcxcm by tefcrcnce) Zcro-valcnt nickel
compounds that contam hgands whxch can be dxsplaced by the organophosphorus

o e e g .

| ‘ligand are a prcfencd sonrcc of zero—valcnt mckel Two such prcferred zero-valent
~ nickel compounds are Nx(COD)z (COD is 1,5-cyclooctad1enc) and :
 Ni(P(0-0-CgH CHy)3)3(CoHy), both of which are known in the art. Alternatively,

- drvalcntmckcloompoundsmaybecombmedwnhareducmgagcnt.andmﬁlcn

30

abletoscrvcassunablesourccsofzero—valcntmckelmthcreacnon Suitable

. dlvalcntmckcloompomds mcludc compounds of the fommlaN’YzwhercY is
halide, carboxylarc or acctylacctonate Suitable rcducmg agcnts include metal

borohydndcs mctalalummmnhydndcs mctalalkyls Zn, Fe, Al Na,oer
Elemental nickel, prcfcrably ‘nickel powder whcn combined wrth a halogenated
calalyst.as doscnbcdeS 3 903 120 xs also aslntablc sourcc ofzero-valcnt
nickel.

| 'I‘hc actual catalyst precursor is: a complcx ofzero-valent nickel wnh the
multidcntame hgand, whrch is formed when those two matcnals are oombmed An
effective catalyst rcquu‘es at lcast two molcs of P atoms for one gram-atom of

s

L Thcd:olcﬁmccompoundsreactantsusedmﬂusmvcrmanmchdcpmmnly
conjugatcd drolcﬁns contarmng from4 to 10 carbon amms, for example,
1,3'bntadxcne and m and m-z 4-bcxadxencs Butadrcnc is espcclaﬂy pxcfcncd

by reason of its commcrcxal nnportanoe inthe producuon of adiponitrile. Other
§ suxtablc drolcﬁmc oomponnds mclude drolcﬁmc compounds substmned with -

14
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. batchoperauon lna_

gmups wlnch do not deactwane tlxe catalyst for examplg, Sis and trans-1,3-
pemadxencs L

. 'The. followmg Formulas XVI and XVII illnstrate smtable mpxesentatnve

. starting diolefinic compounds; and Formulas XVIIL, XTX, andXXrepresentthe

products obtained from 1,3-butadieneand HCN. ... .. .5

 (1,3butadiene) SRR nﬁamlﬁ

-_wheremeachoneofkls andR15 mdependently,lsHoraCI to C3 allcyl.

Q-Izﬂﬂﬂl'.'l-l-di3

(3PN) (4PN) (MBN)

ItwnllbemcogmzedthatCompoundXY! s a speclal case of _

jwnhfmno*’mo 150°C, beiﬁg'inepmefemdw range.

Thereactmnmaybecamedoutbychargmgamaotorwnhallofme

' reactams or preferably the reactor is ‘charged with the catalyst or catalyst .
_ .componmts.theunaatmatedcompoundandwhatever solventlstobensedmdthe

hy&ogencyamdegasxssweptoverﬂtesnrfaceofﬂxemacnonmmmmorbubbled

:' | through saxdreacnonmlxture Ifdcsned whenusmga ascous mamrated
organic compolmd the hydrogen cyamde and the unsamated orgamc compound

may be fed together into the reaction medium. The molar ratlo of HCNto catalyst
generally is vaned from about 10 1 to 100 000 1 ___p_referably_lOO'l to 5 000 1, fora

_' catalysttypeofoperauon,ahxgherpxopomon ofcatalyst:haybeuaed such as5:1
' tolOOOOOl pmferablleOltoSOOOl HCNtocatalyst o

30

Preferably,the reaction mixture is agitated, such asbysurahlgorshakmg

15
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The cyanated product can be recovered by conventional tcchmqucs such as
crystallxzatton of the product from solution or by distillation. "

' 'One can either isolate the 2-alkyl-3-monoalkenenitriles produced by the
hydmcyanatlon of the diolefini or proceed contmuously Wlth the i tsomenzat:on |
under similar reaction conditions.

" The 2-alkyl-3-monoalkenetttﬁ'tles used as the starting materials in the
xsomenzatmn of this mventton can tesult from the hydrocyanatton of diolefin
described above or can conie from my ' other avatlable source. The olefinic doublc
bond i in the 2-alkyl-3-monoalkenemtnles used as the starting matenals inthe
uontertuttm of thu mvenuon cannot be conjugatcd to the triple bond of the cyano
group Suttable stamng 2—alkyl-3-monoa!kenemu'iles can also carry groups which
" do not attack the catalyst, for example, another cyano group. Preferably, the
stanmg 2-alkyl-3-monoalkenemtnles contain from 5 to 8 carbon atoms, excludu;g
any -additional subsntuuon 2-Methy1-3 butenemmle is espectally important in the
productton of adxpommle. Other representatwe mtnlcs include 2-ethyl-3-
butenemtnle and 2-propyl-3-butenenmﬂe '

- " The followmg Foxmulas XX1 and XX illustrate suitable represemauve

2-alkyl-3-monoalkenemtriles 'When the starting nitrile i is 2-methyl-3-
butencnm:lc,the rsomenzattonproducts are those showanormulas XXIII and

ZOXXIV

N -

| .Rl7isnorac,toc3aikyl;:-- o

25

30

' IthllbexecogmzedthatFonnulamtsaspectalcaseofFonnulam where

'R17 is hydrogen. -

The isomerization process of tlus invention can be carried out, for example,
at atmospheric ptessnte and at any temperature in the range of 10-200°C,
p:efembly mthe range 60-150°C 'I'hc pressutc is not critical, however, and can be
above orbelow atrmospl '_ ' "'cpressure ‘if desired. Any of the conventional batch or
: maybeusedeithermthehqmdphaseormthevapor
phase (with tespect to the relatively volatile 2:methy]-3-butenenitrile reactant and
linear pentenenitrile products). The reactor may be of any mechanically and

16




' i and:susually_ofglassoranmenmetaloralloy.e.g,.

- cyclohexane benzene), ethers (dxethyl ether netrahydroﬁxran dxoxane, glycol
_ dimethy ether, anisole), esm (ethyl acetate, methyl benzoate), nitciles
(acetomtnle, benzonm:le). Co . - '
_ Anonondlzjng vn'omnem lsdesxrablemorder retard o:udatxve
10 . deactivation of the catalyst, Aceordmgly,_an mertaunosphcre e.8. mttogen,
 normally and preferably used, anhoughmma&beused'xfj su"edam;empmof
loss ofapropomonofthe catalystﬂmughoxﬂanom co

15

.pmtenenmile prodnctsarenelatwely volatilc Acco:dmgly,maconunuons flow
- prooedumthecatalystmaybeacomponemofﬂwﬂowmgsymin acumpleuely -
20 hqmdphaseopemnon,nmaybeinanmb:lenonﬂowmghqmdsmemasenn
- vapor phase operation, ontmaybemaﬁxed-bedstate(usnallyonasohdsnppon)
in a conventional flowing vapor-phase operation.
‘The time element in the process is not critical, and may. generally be
govemed by practical considerations. The time required for a practical level of
25 conversion of 2mthyl—3—bmenemtnletolmearpemenenmxlesudcpmdunupon
ﬂxewmperatmofmacnon,w.,opemumatlowertempem:egemauquum
& longer time than operation at a higher temperature. Apracncalreacuonmnecan
bemﬂnemngeofaﬁewsecondstomanyhours,depmdmgonﬂnpa:mular
_ condlnonsandmedwdofopermon _ ' _
30 - The molar ratio of 2-meﬂ:yl-3-bummu'ﬂetocatalysnsgenemlly greater
thanl 1, usually in the range from about 5:1 to 20,000:1, preferablleOlto
~..5,000:1, for a batch or continuous operation. . ..
e lemennonwﬂlnowbeﬂlummdbyﬂnfoll.__wf non-limiting
3. _.examples of certain preferred embodiments thereof, whe.rem allpans propomons,
... .and percentages are by weight, unlcss otherwise mdx_c_:_ated,.__; In the Examples.
- __ngand"A"xsthehgmdofFomulaI.whereeacthmOCH;,andeachR’ns |
t-butyl. - - - .

17
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EXAMPLE 1
A 25 wt% solution of 1,3-butadiene was made by vacuuin transfer of

11.52 g of 1,3-butadiene into 34.56 g of butyronitsile. A 25 wi% solution of HON
* was made by the addition of 2.51 g of HCN to 7.50 g of propionitrile; ‘The catalyst

solution was plepared by the addition of 0.014 g of Ni(COD)2, (COD) = '
l,S-cyclooctadxene and 0. 118 g of Lxgand "A" to 9. 87 g of propionitrile. With

. these solutxons, the followmg reacuon nuxmtes wem prepared in 2-ml GC vials

'equlppedwnhmmo-st:rbars -
. Butadiene Solution -~ = - ozmg S 0201g 0203 g
" HCN Selution = - 'ooso'g - 0.082g - 0.082g
CatalystSolnnon SRT oong : 007Gg E "00163

TheGCualswmcrhnp-sealedwxﬂxcapsﬁttedeappmpriatelymd

shzeisofNordelmbberw aid in containing the reaction mixtures. The vials were

. placed in a hot-block-stirrer set at 80°C. Sample 1 was removed after 1.0 hr of
15 -
., .. -removed after 3.0 hrs of reaction time.. The reaction was quenched in each case by

reaction time. Sample 2 was removed after 2.0 hrs of reaction time. Sample 3 was

diluting the reaction mixture with diglyme as 8 GC (gas chromatograph) solvent
for product analysis. The propionitrile in the reaction mixture was used as an
mtunalstandardmtheGCpmdnctanalys:s ‘The results of the analyses are shown

- inTable 1.

) hjdmcymauonexpmﬁswempufomwdessenmﬂyasdescﬁbedabovefor |

. Example 1, exceptthathmxples4and5wereperfonnedatl40°Cmdulonger

30

. Teaction times. 'I'hexesultnrealsoshowanablel

A 25 wt% solution of 1,3-butadiene was made by vacuum transfer of

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

_ ' soluums.ﬂwfoﬂowmgmacuonmzmneswemprepamdmz-nﬂGCvmlsequxpped
.thhmlcm-stlrbars R

18
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.ButadleneSolunon e

. HON Solution . . 00878 - 0089

E --Cﬁfal.yst Solnm;_l Sy

-7 results arealsoshowanable L

' -"obtamedﬁomFlukaChemieAG ‘Buchs,
‘anto’100 parts per million of 2.6-d1-tett-butyl—4~mmylphenol GCanalys:sof this

reaction time. Sample 2 was s removed aﬂer 2. 0 hrs of reaction nme S&nple 3'was

._:qz_xemovedaﬁer30h:sofreacuonm “The reaction was quenched in each case by
. diluting the reaction mixture with diglyme as a GC solvent for product analysis.
* The propionitrile in the reaction mixture was used as an intemal standard in the GC
. product analysis. The results of the analyses are shown in Table 1..
10

In Comparanve Example B, the butadiene hydrocyanation expenment was
ned essentially as descn'bed aboveforComparatwe Exan'pleA andthe

I Comparative Examples C-G, the biitadiene hydrocyanation experiments
. s describy ""aboveformvennveﬂunq)les 1-5; éxcept that the

. " (compound of Farmula 1 whcreRl andR5 H) wasusedmplace“
tiofl..tgand "A" Theresultsmshownm'l‘ablel

'The catalyst sollmon was prepa:ed by the addman of 0.014 g of N’(COD)z
and 0. llsgofl.tgand "A" 69, 87gofpropxonmile Asumple onMBBNwas

sample showed it to be 81% 2M3BN. With these mixtures, thé following reacuon
mnmwempmpuedmz-nﬂGCvmlsequippedwnhmao—surbm

| CosymSolwion, . 0103g 01005 01008

30

2MBBN. . 0105g . 0101g . . 0.100g

' MGCVMsmmnp-seahdmﬁlcapsﬁmdmﬁxappropmelysmd

" 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
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

19
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10

15

0

35

‘analysis. The propionitrile in the reaction mixture was used as an intemal standard
in the GC product analysis. 'l'hcresultsof&nemalysesmshownin'l'able2

In inventive Examples 7 and 8, theMBNxsmnenzauonexpermemswere
perfom)edessennallyasdesaxbedaboveforlixmnpleﬁ andtheremltsarealso

The catalyst : solution was prepared by the addition of 0.298 g of Ni(pTTP)s

'andO 15730fp11?to956530fpmp10mtrile AsampleofMBNwas .
obtained from Fluka Chemie AG, Buchs, Switzerland and distilled under nitrogen
énto 100 parts per million of 2,6-di-tert-butyl-4-methylphenol. GC analysis of this
' sample showed it to be 82% 2M33N With these mixtures, the following reaction

 mixtures were prepamd in 2-ml GC vials equxpped with micro-stirbars:

Catalyst Solution : 0.100g _ 0.1023 - 0.105g

'2M3BN . o 0.103g - -OIOGg 0.100 g

: mGCvmlswmcmnp-sealedwxﬂlcapsﬁmdwxmappmpnatelysmed
sheetsofNordelmbbertomdmoontammgthemcnonmmtmes Samples 1-3

wmphmdeMmkmsuulZS‘C Samplelwasremovedaﬁe:.LOhr ——
. of reaction time. SampleZwasmmovedafterZOhxsofreacnontkne Sample3
__,wasxemovedaﬁer30hrsofmamonnme Theleacumwasquenchedmeach

casebydilnmagdxereacuonmmmmﬂldxglymeasaGCsolventforproduct
analysis mpropmtrilemthercactmmmu:ewasusedasanmmnulstmdud

InCompmeExampleI,ﬂwMBNmmzanonexpenmxtwas

. perfonnedessennallyasdescribedabovefoxExanpleH and the results are also
. shown in Table 2.

InComparﬁchxamplesJandK,theMBN :somenzauonexpenmem

wereperformedeasenﬁaﬂyasdesqibedaboveformvennveﬂxample6 exceptthat

~ the "Pringle Ligand" wasusedmplaoe ofl.lgand "A", 'lheresultsareshownm

Table 2. .
_ Stock soluuons of mactants und catalyst used in mvennve Examplw 9-53
and 60 were made, as appropriate for the pamcular expemnent in the following

Llnmmmmmm 25 wt% solutmns of butadlem in nitrile
solvem (chosen fmm | propionitrile, butyromtrile or hexanemtnle) were made by

vacuum transfer of a known quantity of butadiene into a three-fold amount of

20
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- then'usem_

.- in experiments.
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20

:‘ expenments were

: nitnle solvent 'I'he ' _.soluuons were stored m a sealed vessel at -35°C until

mmngn 25 m%'soluuons of HCN m mtnle solvent (chosen as

| above) were typically made by welgl'ung 250 g of ltquld HCN into 7.50 g of

solvent, ina glovebox Th_e_ ;esulqg;g solut;ons were stored at -35°C until their use

catalxstiolnmn Fora typx_cal muludentate phosphtte hgand 1.2 mmol of
P atoms andO 055 F'4 ofo(COD)z (. 2_mmol _weremmedm anamount ofmttile

- ..solvent (chosen as sbove) : such that the total solu __,on'wexgltt would be lO 00 g
10 '

.The resultmg catalyst soluttons_were typxcally nsed unmedxately aﬂer nixing.

0): A sample of 2MBBN was
obtamed asa nnxture of pelmnemtrile nsomers, whlch contains 81-82% 2M3BN.

: In inventive Examples 931 and.53, the butadiene hydrocyanation

experiments were pérformed as follows: The results are shown in Table 3.

To 2 mL GC vials equipped with micro-stirbars, 0.075 g of Ni catalyst
solution (1.5 pmol Ni), 0. 080 g of HCN stock soluuon (740 p.mol HCN), and

" 0.200 g of BD stock sclution (925 ol BD) were sdded: The GC vial caps
" fitted with appropriatcly sized sheets

ofNotdel'mbberto aid'ir contammg the
- The ‘vials were plaeed ina hot-bleck—stmer

the appropnate time points and quenched

wnonmntnresaﬁer rimp-sealin
" setat 80°C. S““Phsm '

':bycoolmsm-ss"c 'Iheteatcnon'mntt_lneswerethendilutedmaGCsolvent
- '__(chosenfrom glutaronitrile, diglyme or acctone) forproductanalysxsasmeasmed
. isgamstthemnﬂexeaeuonsolvemasmmemal”;" _

lnmvennveExamplesBZ-SZandGO theZMSBNmomenzanon _
asfollows 'l'heresultsazeshownm'l‘able4
ToZnﬂ.GCwalsequxppedwnhmxcro-snrbars OIOOgofocatalyst

solutton (2 0 p.mol N1) and 0 100 g of the 2M33N-contatnmg rmxture (l Ommeol

" of Nordel rubbertoudm oomalnmgtherescnonnuxm aftercnmp-seelmg

30 . :

35

The vials weie placedin'a hot-block-stirret set at 125°C. Samplu were removed
at the appropriate time points and diluted in acetone for a GC solvent.’ The nitrile

) reacuonsolventwasusedasanintemalstandardmdteanalysxs and accountmgof

‘the 3PN and 2M3BN feaction product mixture.”

In Tables 3 and 4, the destgnauon "OA" represents Z-mopmpylphenoxyl
where the oxygen is attached to phospho:us and the desngnatxon "OC" represents
2 mopropyl-s-methylphenoxyl whete the oxygen is attached to phosphoms

21
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. In inventive Examples 54-59, 59A, 61-66 and 66A, stock solutions of

~ reactants and catalyst were made, as appropriate for the pa.mcular expenment.

. the following manner:

L.3-Butadiene Solution (BD): 25 wt% solutions of butadiene were made

* by vacuum transfer of a known quantity of butadiene into'a three-fold amount of
_toluene. The tesultmg soluuons were stoxed in sealed vessels at -35°C until their

o use in experiments.

10

15

30

, HCN_Sglungn 25wt%solunons ofHCNwere typicauymadeby
wexghmg 2.50 g of hquxd HCN mto 7.50 gof valeromtnle, ina glovebox The
xesultmg solutions wem stored at -35°C unnl their use in expenmems.

M_ﬁghmm Fora typxcaI mulndentate phosphuc ligand, 0.84 mmol

 of P atoms and 0.040 g of Ni(COD); (0.14 mmol) were mixed in an amount of

cither toluene or tenahydroﬁxran such that the total solunon weight would be

5.00 & The tesultmg catalyst solunons were typtcally used mnedlately after

mixing.

W&hﬁmmm AsampleofMBNwas
obtained as amlxnneofpemamuuile isomers, which contains 81-82% 2M3BN.
T00930gofthumme,0070gofvaleromuﬂewas addedasamntemal

. _standard for the 2.M33N isomerization reacnon

B o W :@\0-5-} a.' i L .r_-.__-..-._" .__. [

lnmvamve Examplu 54-59 and59A the butad:ene hydrocymanon '

expemnmtswempert‘onmdas follows. Theusults are shown in Table 5.

 To 4-mLsmw-cappedv:alseqmppedwxﬂlnnmsurbats,0060gofNi

 catalyst solution (1.68 pmol Ni), 0.090 g of HCN stock solution (832 pmol HCN),
and 0. 200 g of BD stoek soluuon (925 |.unol BD) were added. The vials were
'sealedwxﬂxseptmncapstocommthereacnommxmres ’I‘hevxalswerethen

placedina hot-block-stirrer set at 80°C. Samples were :emoved at the appropriate
umepomtsandquendwdbycoohngto -35°C. The reaction rhixtures were then
diluted in d:ethylether asa GC solvent for product analys:s The valeromtnle in the
zeacnon m:xtures was used as an mtemal standard.

A 25 wt% solunon of 1,3-buud|cne was made by vacuum transfer of

537 g of 1 3-butadwnc mto 16 11 g oftoluene A 25 wt% soluuon of HCN was

35

'madebymeaddmmof 1.25;ofHCN to375gofvaleromtnle The catalyst

solution was prepared 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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Wﬂm&z

Butadiene Soluﬁon - 0207g . 0.208g
HCNSolution . -~ .. /v - .v =0 -0001g. - .« 0080g T _

J.;CatalystSoluuon ... ..0059g. . ...0077g

10

.:Thereaenonnuxtumwere.
analysis. Theva!eromtrile mthe: acnonnnxnne wasusedasanmuemalstandard

N Theresulls of the analyses are shown

Thewalsweresealedwnh sepnuncapstooommnthereacuonnnxtum

The vxals were placed in a hot-block-stirrer set at 80°C. Sample 1 was removed

after 1 5 hofreactxonume Samplez was removed er2.5hofxeaenonume
The reacnon was quenched in eactrease by coohng the reacnon mlxtute {o -35°C.
3 uted in d:elhylether asa GC solvent for product

B | Comparauve Example M thc butadnene hydrocyanatmn expernnent was
performed essenually as described above for Example L, and the results ate also
shown in Table 5

30

(1 Ommol 2M38N)wereadded ﬁlevmlswe!esealedthhsepumcapsto
_ _;eontamthe reachonmlxmres The vxals werethenplacedmahot-block-suuerset

_'_'mintemaistaoda-rdmtheaoalystsmdaeoounungofﬂxeBPNandMBN
xeacnonproductm:xme T

A 25 wi% soluuon of 1,3-butad1ene was mad‘e by vaciy
5.37 g of 1,3-butadiene i mto 16 11 g of;oluene A 25 wi% solution ofHCN was
madebythe add1nonof1.25 g_o CNto 3. 7Sgofvaleromtnle ‘The caulyst

L solunon was prepared by the addiuon_ofo 297 g of Nl(p'I'I'P)4 and 0.155gof -
_ pTl’P t06. 71 8¢ of toluene. With these soluuons, the followmg reacuon m:xmres

| were prepaxed in 4-ml screw-capped vxals equxpped wnh nucm-stxrbars

CatalystSolation 7 0074g 00738
2M3BN ' 0106 g 0.106 g
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o Thevialswuesealedwlmsepnuncapstocontmnthexeacnonnnxnm

Thevxals were placed in a hot-block-stirrer set at 125°C. Sample 1 was removed
after 1.5 h of reaction time. SmpleZwasremovedaﬁerZShofmcnanume
'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 expemnentwas
10  performed essentially as described above for Example N, and the results are also
shown in Table 6.
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TABLE
Step 1 - Hydrocyanation Reaction

Molar Ratio
HCN/Ni

Reaction’
Time

Temperature

Ligand A
Ni(COD)2
Ligand A
Ni(COD)2
Ligand A
Ni(COD)2
Ni(pTTPM4

Pringle Ligand

Ni(COD)2

Pringle Ligand

Ni(COD)2
Ligand A
NCoDN

2000
2000
2000

500

1hr
3hbr

1hr
3br

lhr

lhr|
21
3r
lhr

2hr
3br

1he
2hr
3hr

1hr

2hr
3hbr

1br
5hy

o3

i e

% Yield
3PN

% Yield

¥icld

80°C
80°C
80°C

80°C

80°C

80°C

19.1
21.5

17.3
183

18.8

21

35
4.7

28
4.7
6.3

0.0

2ZM3BN_
155
7163 7
s T2
L U769 -

2‘4

SHRED 7 BN
L 28
w000

TotlPN

L 978"

06
956 ¢

co98
: 00 "
S 00, L
- 000

0.0

896
- 909 o

SYSOOESIVED - o .o e e




.. MolarRatio. MolarRatio  Reaction % Yield % Yield %Yield
M Cata_lyst P/Ni HCN/Ni _ Time - Temperature . 3PN _2M3BN ___ Total PN

89627/96 OM

- Ligand A - 6 . 2000 sm»' 140°C -~ 317 - 596 913

Ni(COD)2 - - | o
E  Pringle Ligand 6 2000 lhr 140°C - 21 . 20 4]
© - Ni(COD)2 e L She! T 53 48 . 101
F - . Pringle Ligand 6 2000 ik 140°C 21 - 20 .4
. "Ni(COD)2 : | -~ Shr 51 46 X
G  Pringle Ligand .6 2000 ,' ~ 1lhr- 140°C 10 10 20
- Ni(COD)2 Shr’.. ) 68 - 60 . 128

LxgandA cmmofpommxmnlms and R3=t-butyl )
% Pringle Ligand = Compound of Formula I where R! andRs-HmadeaccordmgtoﬂxeteaclungsofBakeretal JChem Soc., Chem

Commun., 1991, pp. 803-804
pTTP= tn-pam tolyl phosphite the catalysts of wluch are mmuoned inU.S. P. 3.536 748

2l e

.
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LT

StepZ-IsouwrizationReacﬁon
Molar Ratio Initial Ratio  Reaction Ratio 3PN 3PN + 2M3BN
_Example Catalyst P/Ni 2M3BN/Ni  Time  Temperature  3PN/2M3BN 3PN +2M3BN Accounting
6  LigandA 6 2000 1hr 125°C 0.6 39.0% 98.9%
Ni(COD)2 - 2hr . 2.9 744% 100.0%

| . i 3 hr 129 . 928% 100.0%
7  LigandA 6 2000 2hr . 125°C . 120 92.3% 96.3%
S ooNeoD2 oot 3he - -~ 138 93.2% 100.0%
'8 'LigandA- - . .6 2000 - . lhr - 125°C .- 37 786% T .1000%
. Nqcob . o 2k 101 91.0% 100.0%
"H  Ni(pTTP¥ 6 500 1br | 125°C 0.1 . 107% 100.0%....

. 2hr 02 . 1715% . 1000%..

B T S 3 - 03 L 246% | 998%

I  Ni(pTTP¥ 6 500 - 1br U125°C 0.2 . 143% 92.6%.

COpTTP o 2 04 303% 86.5%. .

J Pnngleugand 6 2000  1br  j25°C -, 00 . 05% . 100.0% -

Nn(COD)z D S 2m <00 05% 94.2%

4hr o 0.0 05% - 82.3%

'_K ._ Pnnglehgand 6 2000 - lb msc S0 05%,_ e, 1%1.;*{'
ugandA Compomdofpomulalwherekl-ocua andks-t-bmyl S Lo

Pringle Ligand = Compound of Formula I where R! and R3=H made acoordmg to the teachings of Baker et al., J. Chem. Soc., Chem.
Commun,, 1991, pp. 803-804

pTTP = tri-para tolyl phosplute the catalysts of which are mennoned mU. S.P 3,536 748

89627/96 OM
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TABLE3 :
Step 1 - Hydrocyanation Reaction _
- - © Reaction %Yield % Yield % Yield
- Ligand Time 3PN IM3BN Total PN
s I £ 258 53.9 - 798
O T 2hr 333 624 95.7
R O 3 he 360 60.9 969
1he 46.0 390 85.0
2 br 27 . 347 774
“3hr 498 02 90.0

8962296 OM
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Rs'on

Time

% Yield
3PN

% Yield

% Yield
Total PN

11

12

lhr
2hr

3ht -

20.6
30.9

33L9j

279
315
342

2M3BN

337
30.7

-49.1
33.6

55.0

553

543

816
892

710

85.1
89.1

8962196 0M

SrS0096SI/LOd
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14

Reaction % Yield % Yicld % Yield

Example Time 3PN 2M3BN Total PN
13 =T 296 613 909
“2he - 29,8 609 903
b 291 59.9 88.9
b <210 527 733
2he 263 58.7 $5.0
3hr 259 62.6 88.5

896TT/96 OM

 SYS00/96SIVLOd
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Reaction

% Yield
3PN

% Yield
ZM3BN

% Yield
Total PN

15

16~

17

Lhr
2hr
3hr

br -
2hr
L. S

40.1
55.8
545

529

518
52.5

4.7

339
329

346

33.7
339

39.7 -
59

64.8
89.7
874

8§75

854
864

613,
708

846

§96TL/9%6 OM

8r500/96S/1Dd _




[4°3

% Yield

Reaction % Yield % Yield

Example Time 3PN 2M3IBN Total PN
18 1 be 290 535 82.4
2hr 303 555 85.8
3hr 302 532 833

19 1 hr 24.7 236 483

' 2br 26.0 252 512

3hr 418 03 821

896TT96 OM

' SrS00/96S/LOd
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143

Reaction % Yield % Yield % Yield

Example Time 3PN 2M3BN Total PN
20 1 br 270 490 76.0
2 hr 283 512 79.4

3 hr 289 522 81.1
21 1hr 83 59 142
2 hr 222 15.6 379
3hr 202 345

| S96TTIE OM

8¥S00/9650/1.0d
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Reaction % Yield % Yield % Yield
Ligand Time IPN 2M3BN Total PN
S Lhr 65 26.1 32.6
2br 77 271 34.8
3 br 8.9 326 a1,
. 1 br 33.2 25.8 59.0
S T2ONO0, 2hr 36.9 286 65.6
B—C—Ciz0H00; 3hr 42 34.1 184

8962296 OM

" SYS0096S/IDd
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. sssTTIEOM

Reaction % Yield % Yield % Yield
“Time 3PN 2M3BN _ Total PN

&zesm 1 br 443 23.7 68.5

2hr “us 235 680

3hr’ 495 %7 M2

_ 1he 16.9 46.2 63.1

2 hr 18.9 515 703

3 br 18.8 520 70.9




8¢

Reaction % Yield % Yield % Yield
Example Time 3PN _2M3BN Total PN

28 1hr 28.1 293 573
2hr 327 335 66.2

3‘21.: 332 344 67.6

29 1hr 274 223 49.7
. 2hr 34.7 26.8 61.6

3br 35.8 28.2 64.0

8967Z/96 OM

SYS00/96SN/10d




6¢

Reaction % Yield % Yield % Yield

Example Time 3PN 2M3BN Total PN
30 1hr 18.9 177 36.7
2hr 21.6 20.8 25
3hr 27.1 25.1 52.1
31 1hr 26.8 206 474
2hr 12.9 9.5 24
3hr 28.6 2.2 50.8

8962196 OM
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TABLE4
Step 2 - Isomerization Reaction :
Reaction % Yicld % Yield Ratio 2PN +2M3BN
Example Time 2M3BN 3PN 3PN/2M3BN __Accounting
32 Ohr 100.4% 12% 0.01 101.6%
| 1hr 8.7% 91.4% 10.51 100.1%
2hr 6.0% 96.5% 16.11 102.5%
3hr 62% 93.4% 15.12 99.6%
33 Ohr 96.6% 13% = 001 97.9%
.~ 1hr 194%  757% 390 . 95.1% .
2hr 123% ~  863% < 7.2 . 98.6% -
3hr 78% © 893% - 1151 97.0%

89627196 OM

8r$00/96S0/10d




(44

3br

24.0%

3.35

Reaction  %Yield %Yield - Rato  2PN+2M3BN
Time 2M3BN 3PN 3PN/2M3BN __ Accounting _
34 Ohr 100.0% 13% 001 101.3%
1hr 44.0% 57.1% 1.30 101.1%
2hr 19.6% 80.4% 4.10 100.0%
3br 16.2% 85.8% 5.30 101.9%
35 Ohr 104.7% 12% 0.01 105.9%
1he 51.1% 49.3% 0.96 1004%
2hr 323% zg_;: 227 105.9%

104.6%

$9672/96 OM
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Reacion  %Yield % Yield Ratic 2PN +2M3BN
Example Time IM3BN 3PN___3PNPM3BN __ Accounting
36 Ohr 943% 1.1% 0.01 95.4%
1he 5.4% 82.6% 1539 87.9%
2hr 5.8% 80.6% 1536 95:4%
3hr 5.2% 796% 1519 849%
37 Ohr ., 99.0% 1.2% 0.01 100.2%
1 hr M . ’
2hr ' 23.8% 74.3% 3.15 98.5%
3hr 195%  792% 407 98.7%

s96T219 oM

89500/96S0/10d
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'Reaction % Yield % Yield Ratio 2PN+ 2M3BN

Example Time __ 2M3BN 3PN 3PN2M3BN  Accounting
38 Ohr  1006% 1.1% 0.01 101.7%
ihe  478%  511% 1.07 98.9%
2br  316%  678% 2.14 99.4%
3hr 208%  179% 375 98.7%
39 Ohr 107.6% 14% 001 108.9%
1hr -
2hr 101%  97.5% 9.62 107.6%
3hr 61%  1032% 17.05 1093%
40 Ohr . 1035%  12% 001 104.7%
1k 460%  54.9% 119 - 101.0%

“2bc  10A%  902% . 868 . . 1006% .

s 3hl‘ '5:63% 16.27 :

-.'.101_.'._8%

108.1%

\
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Reaction % Yield % Yield Ratio’ 2PN + 2M3BN
Example Time' 2M3BN 3PN 3PN/2MSBN Accounung_
41 Ohr  100.6% . 14% 001 100.9% -
1hr 11.0% 91.8% 8.33 . 102.8%
2hr 65%  1029% 15.94 1094%
3hr 64% 100.9% 15.69 107.3%
42 Ohr  9%97%  12% 001 100.9%
1hr ':. _
2hr i 5.7% 99.6% 17.47 105.2%
3hr . 5.7% 100.5% 17.61 106.2%

mz;’m oM

8¥500/96S/1Dd




~3hr

T1.7% -

i
Reaction  %Yield % Yield Raio 2PN +2M3BN
Example Time IM3BN 3PN 3PN/2M3BN  Accounting
43 Ohr 103.3% 12% 0.01 104.5%
ke = 63.0% 40.3% 0.64 103.3%
2hr 27.1% 78.9% 2.91 106.0%
™ 77% 99.2% 12.89 106.9%
44 Ohr 101.3% 13% 0.01 102.6%
1hr 42.9% 58.4% 136 101.3%
2hr 27.0% 6% g_.zg 100.6%

'1002%

. 896ZU96OM
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Reaction

Time

% Yield
'ZM3BN

% Yield
3PN

Ratio.

3PN/2M3BN __ Accounting

2PN + 2M3BN

45

Ohr
1hr
2hr

3hr

- 396%
, 283%-

101.3%
59.6%

* 98.9%
- 22.7%

N

22.0%
25.2%

12%

45.5%
60.0%

18%

76.2%
75.8%

72.4%

0.01
0.76
151

258

0.02
3.37
3.44

2.88

102.5%
105.1%
- 996%
1014%"

100.7%
98.9%
97.8%

967296 OM.
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'23.0%

52.7%

2.29

75.7%

| 89672196 OM

Reaction * %Yild % Yield Ratio 2PN +2M3BN

Example Ligand Time 2M3BN 3PN 3PN2M3IBN __ Accounting
47 A s Ohr 822% 09% 0.01 83.2%
n_ °’2°'H‘°C’2 . dhr -372% 523% 1.40 - 89.5%
CHyO-NOCp 2hr - 202% - 634% 313 83.6%
-- 3he - 23.2% 67:0% 2,89 -902%
48 Ohr 89.3% 10% 0.01 90.3%
the  569% 36.3% 0.64 93.3%
2 he 473% 55.0% 1.16 1023%
3he 44.0% 53.2% 121 97.2%
49 Ohe 70.1% 0.9% 0.01 71.0%
1 hr 23.5% 54.9% 2.34 78.4%
2hr 20.1% 51.9% 2.59 72.0%

. SrS00M6S/IDd

\




6v

50

51

Reaction
Time

% Yield
2M3BN

% Yield
3PN

Ratio

3PN/2M3BN _ Accounting

2PN + 2M3BN

. Ohr
1hr
2hr
3hr

LR TN

100.1%
76.9%
56.1%

521%

97.1%

- 612%-
57.0% .
456% .

13%

24.2%
44.3%

so}_t_qa_

1.1%

302%..
41.6% -
48.6% -

0.01

0.31
0.79

07

0.01

045 .
0.73
1.07 -

1014%
101.1%
101.5%
1025%

98.2%
98:7% .
94.2% -

8967796 OM -
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' 89672/96 OM.

- Reacion = %Yield % Yield Ratic 2PN +2M3BN
Ligand Time ~ 2ZM3BN 3PN 3PN/2M3BN __ Accounting
52 Ohr  944% 1.1% 0.01 95.5%
No<poa, | 1he | 461% 523% 1.13 98.5%
R ), Coobe | 411% 51.6% 1.25 928%
SN "3k |, 275% 44.4% 161 71.9%
60 20 105: 86.7 - 828 97.1.

o
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TABLES
BD Hydrocyanation
: Reaction % Yield % Yield
Example Time 3PN M3 Total

54 2hr 40.8 31.8 726
3hr 422 33.7 759

55 2hr 478 3438 827
3 415 344 819

896796 OM

mmssm.md _




zs

% Yield

Reaction % Yield
Example Time 3PN M3 Total
- 56 2hr 474 38.8 86.2
3hr 4790 380 850
57 2hr 42.6 340 76.6
3hr 46.7 355 . 822

" 896TT/96 OM

- 8rS00/96SI/LDd
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8961T/96 O\

% Yield % Yield

Comparative

Reaction

oty Time

i

2hr
Jhr

% Yield
3PN

350 38.8 733
349 385 = 734

% Yield
2M3 Total

Ni(pTTP)/pTTP " 1.5he
o  25m
Ni(pTTP)pTTP - 2hr

o 3hr

-

74
12.3

4.1 115
66 . 189
7o s
45. - . 127

' 8YS0096SVIDd
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Reaction %Yield %Yield % 3PN2M3

9s

Time 2M3 3PN Ratio Accounting
2br 452 543 1.20 995
3he 356 663 136 1019
2k 143 817 5710 960
3w 119 830 695 . 949

rézmia XI

896TT/96 O




Reaction %Yield %Yield %3PN2M3

Ls

Time M3 3PN . Ratio  Accounting _
2he 8.5 86.8 103 95.2
3hr 8.1 86.2 10.6 943
2ne! 284 654 230 938
I 149 778 523 927

Formula xi

8962796 OM

8FS00/96SN0/1LOd




Reaction % Yield %Yield % 3PN2M3 |
 Time  2M3 . 3PN - _Ratio Accounting

8s

2hr 263 . T26 280 989

Comperative ~ Reaction % Yield % Yield NP3 .

NiQTTP)pTTP 15hr 585 | 321 055 9.6
- - 25be 617 . 334 0.54 %1
NipTTO)ypTITP . 2ht 6438 315 0.49 963
C 3w . 495 440 0.39 934 °

896796 OM

- 8YS00/96SVLOd
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groups are shown below.

Preparation of ligands containing ortho substituted oxygen containing
Ligand B; Formula VI where R2 is the cyclic group, -O-C(CH3),-CHyp-

Thc chlorodm denved from 2,3-dihydro-2 2-dmethyl-7-benzoﬁ1ranol was

 prepared in situ from PCl3 and 2,3-dihydro-2,2-dimethyl-7-berzofuranol. A

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) comammg 1.0 g (10 mmoles) of NEt3; 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
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:
899.23; calculated M+H withM = CsszzOsz 899 31

59



W0 9622968 PCT/US96/00848

10

15

Ligand C; Formula XI where R s the cyclic group, -0-C(CHy)2-CH,-

. Ligand C was prepared similarly to Ligand B. 0.57 g (2 mmoles) of 1,1"-bi-
2-naphthol was used instead of biphenol. After the usual workup, 1.97 g of
ptoduct was obtained as a white solid. 31P (ppm, CgDg): 131.26 with minor

_ peaks at 147.3,133.1,131.5, and 131:0 FABMS (fast atom bombardment mass

spectroscopy): Found: 9_99.24;-9alc\ila1_:ed M+H with M = CggHss01oP2: 999.33.

: EXAMPLE 69
led D; FoxmulaX(whcxe R2is OMe

_ ‘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
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

the desired product. 3!P nmr in CgDg: 131.7 ppm along with small peaks due to
" w _
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__nnpm'ines at 147, 133 128ppm. Ttus material was purified by flash column

' chromatography on silica gel eluted with 10-20% EtOAc/hexane to give the -

10

15

product as a white paste H nmr (5, CDCl3): 3.61 (s, 6H), 3.62 (s, 6H),
6.62-7.92 (m, 28H) 31P nmr (ppm, CDC13) 132.04. FABMS (fast atom
bombardment mass spectroscopy): Found 837. 03 calculated M-H with M =
C48H40010P2 337.21 ' e

Ligand E,Fo:mnlaV!II with X is CH(Et) and R2 is -OCHy-Ph

Prepared sxmilatly to Ligand B but used 1.602 g of 2—(benzyloxy)phenol

- instead of 2,3-dihydro—2,2—dnmlhyl—7—bemofnranol and 541 mg (1.9 mmol&) of -

2,2' propyhdeneb:s(4 G-dnnethylyhenol) (prepmd aocordmg to Yamada ct al
Bull. Chem. Soc. Jpn., 62, 3603 (1989)) mmadof 2,2'-bq)henol. Aﬁer 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 = Cy7HggO10P2: 1139.40.

61
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‘Ligand F; Formula VI with RS is H and R2 is -OCHPh

Prepared snmlarly to ngand B but used 1 602 ['4 of 2-(benzyloxy)phenol

" instead of 2,3-diydro-2,2-dimethylT-benzofuranol, ARt the usual workup,

10

15

20

30

2.099 g ofalxghttanpastewas obtained. 31P (ppm, CgDg): 13195 with minor

peaks at 146 .6, 132 9. FABMS (fast atom bombatdment mass spectroseopy)

Found: 1043.24; calenlated M+H thh M= CMH”O,OPZ 104331,
Examples 72 énd 73 descnbe p:eparanon of phosphoroclﬂondne using

N,N-dmlkyl dmrylphosphoramid:te o

Tosolntxonofzs OgofPCl3m350mLofdrymluenewasadded 191 g

ofdtydusopropyhmme mmntaunngthetemperatureatS-PC mdthenl94gof
"'tnethylammewasadded muntuunngﬁetemperatureatS-S‘C Themtxtutewas
} allowedtosttratambtenttemperatureforlﬁhts andthmasolunonof524gof

._thymolm382gofmethylammeand50m!.ofdrytohtenewosaddedatbelow |

40°C, followedbyOZSgofomethylammopyndmemmmLoftoluene The

tmxture was heated at 80°C for 2 hrs, cooled to 12°C, and washed with water, aq

) 'NsCl andagamwtthwater 'Iheso,unonot'thephosphoratmdttewasdtiedby

d:snllatton of 200 mL of solvent at xeduced pressure between 60 and 70°C to

- .aﬁ'ord a solutton of the product wlnch was of90-95% purity by gas
: chmmatographlc and 31P-NMR analysxs ® 143 ppm).

To a solutton 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-dtsopmprylphosphor-
amidous dichloride (0. 825M in hexane) at ambient temperanne over 45 minutes.
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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10

hexane, and the combmed ﬁltrate and washmgs were concentrated to provide
19. Zgoftheproductas an oil. Apomon of this (11 g) was ctystallmdﬁ'om
20 mL of cold methanol, washed with two S-mL pomons of cold methanol and
suctxon-dned to provide 7.35 g of the pure. phosphoratmdme as a crystalline solid,
mp 35°C. 3!P-NMR (CDg) 8 142.2 ppm; IH-NMR (CgDg) 5 1.25 (m, 24H),
3.6 (septet, 2H), 3 9 (m, 2H), 7.0 (m, 4H), 7 2 (m, 41-1), and 7.35 (m, 2H).

C. - :

A solution of7 21 g ofthe'px"oduct from Example 72B in 200 mL of
cyclohexane was cooled to 0°C and anydrous HCIl gas was bubbled in over ca.
20 min. Excess HCI was purged by bubbling dry nitrogen through the solution for
10 min. 'medusopropylammehydrochlonde was filtered offmad:yboxand

' washed with 50 mL of cyclohexane and the combined filn_'a_te and washings were

. con ted to ’ nﬂss m .vacuo to pm‘nde 5 40 g of Cl'ude hosphorocmondlte as

35

'anml Judgedtobe"

__toﬁS‘CforBShours Themnmnew_ ':hrough sihcagelandwashed
' _wnhcyclohexane Thesolunonwasoooledmanmebaﬂund“ﬂnﬂ.oflMHﬂ
'metherwasaddedoverapenodofﬁnmmtes 'Ihemxxnuewassurred

pure by 3lp-m analysxs SIPNMR <ch6> )
Tes dmgtomarylphosphne and diaryl

1624ppm. Small(S%each)peaksc'

ovemxght filtered, washed with toluene and solvent removed to gwe 15 98 g of

"_'ﬂzedesnedproductasaclearpaleyellowhqmd 31PNMR(ppm,C¢;D5) 169.9.
30

Although pammlar embodunems of the pxesem mvenuon have been
described in the foregomgdescnpuo it illbeunderstoodbythose_skﬂled in the
art that the invention is capable of numemus modxﬁcauom, Subsmuuons and

reamngementsthhout' epat

"mvennon. Reference should be made to the appended clanns rather than the

foregomg speclﬁcanon, as mdxcatmg the scope ot‘ the mvenuon
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Formila Il

wherein :
each R6 and R7 lsmdependemly a tertiary substituted hydrocarbon of upto
12 carbon atoms; and :
5 eachRsxsindependentlyHorabranchedorsMIghtchamalkylofuptolzcarbon-
atoms, or OR# wheremR“isCl 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



whuem - T
each R14 is independently a tertiary substituted hydrocarbon of up to 12 carbon
. ato:n's:orSi(R“);whereRu is independently a branched or straight chain
s " alkyl of up to 12 carbon atoms or phenyl or CO,R¥" wherein R3" is a

secondary alkyl of up to 6 carbon atoms;

wherein | : .
RuisHorabmchedorstmightchainallgy_IIOfupto 12cafb_t_m atoms; and

WA
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eachR13lsn1depet§dmﬂy abranchedor straight chain alkyl of up to 12 carbon

Formula IX Formmla X

S| 111111101 1
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- wherein in Formulas VI thronghXV . = _
- eachR! is independently, H, halogen aCjto Cnalkyl or0R3whe:emR3lsaC1
toCjpalkyl;
5 ead:RzlsmdependenﬂyasecondaryorternaryhydrocarbylofStoucarbon
. atoms, or OR4" wherein R4" is C to Cg alkyl or benzyl; oracychcgroupof

the formula

68
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10

20
' isomerization is perfarmed as a batch operation or both hydrdcjanation and
isomerization are performed as a batch operation. - :

30

R¥, RW - .
. CHp - _ -

fonmng a ﬁve membered ring attached to the phenyl nng, whetem RV is H or CH3
andZ:s-O-or-CHz-, o

.each R? is mdependently H or a primary, secondaxy or tertiary- hydroearbyl oflto

12 carbon atoms at either the meta or para posiuon to the oxygen; or CN,
C02R4" or OR#"wherein R4" isaCyto Ce alkyl at either the meta or para
_position to the oxygen of the phenoxy ring;’ -
each R¥ is independently Horapmnaryorsecondaryhydrocarbyl of 1 to 3 carbon
" atoms; for Formulas VI and IX, R¥ can also be ORY", wherein R4" is a C; to
C¢ alkyl; for Formulas X and XT, R¥' can also be C02R4 wherein R4 is a

C; to Cg alkyl; and

- each X is independently O or CH(R#), wherein R¥ 1sH asnbsnmtedphenyl ora

Cl to Clz alkyl

. :and wherem sud reacuon is carned out to produoe 3 and/or 4~monoalkene lmear

2. 'IhennprovedpmcessofClmmlwheremmedxoleﬁmccmnpoundrs

butadiene. S o
3. 'I‘henmprovedprocessofcmmlwhemmenherhydmcymnonor

4, ‘The improved process of Claim 1 wherein either hydrocyanatmn or
momenzauon is performed contmously or both hydrocyanatxon and isomerization
are perfonned continuously. -

5. The unproved process of Clalm l whemm the diclefin compound
compnses conjugated diolefins containing from4to 10 carbon atoms.

6. . The improved process ofdmnSwhcmmthedmleﬁnoonpound:s
selected from the group consisting of 1,3-butadiene, cis-2,4-hexadiene, trans-2,4-
hexadiene, 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 compounds represented

35 -

byFormulasI VII and XI.

8. The improved process of Claim 7 wherein: the multidentate phosphite

ligand is represented by Formula I and wherein each R! mOR‘whexemR“xs
miethyl. - _

69
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« 9. The improved process of Cla:m?wheremthemuludematephosphxte
hgandxsmpresentedbyFormulaI andw!mrenu.aachkl 1sOR“vvrh|=rmnR4
methyl and each RS is t-butyl.

10.  The improved process of Claim 7 wherein the multidentate phosphite
ligand is represented by Formula X1 wherein each R2 is isopropyl, each R? s H or
methyl, andeachR"uH

11. 'IhennprovedpmeessofClaun?wheremthemuludentatephosplme
ligand is represented by Formula VII wherein X is HC(methyl) or HC(ethyl), each
R2 is isopropyl, each R? is H, each R is methyl, and each R! is methyl. '

12. The improved process of Claim 1 wherein hydrocyanation is carried
out at a temperature of from about 0°C to 150°C.,

13. 'lhelmpxovedpmcessofClannE! wherein during hydrocyanation the
molar ratio of HCN to catalyst precursor compound is between about 100:1 to
5,000:1. :
14. 'lhennproved process ofClann4wlm‘emdunnghydrocyanauon the
molar ratio of HCN to catalyst precursor compound is between about 100:1 to
5,000:1.

15. Animproved process for the liquid phase hydtocymation of acyclic
ahphancdloleﬁmcc___,_ mnds compnsmgreacmganacychcahphancd:oleﬁmc
compoundthlmsourceofHCN ﬁ:eunpmvermntcompnsmgconducnngthe
hydrocymauonmcuonmtheptesenceofacatalystpmcumoreomposmm _
eompnsmgamo—valaumckelmdatleastmmtﬂudentatephosphmhgm
selectedfrmnﬂiegroupconsmungofoompoundsrepmsemﬁbyFomuﬂasl n,
I, IV, V, VI, VI, IX, X, XIXIL XTI, XIVand XV as set forth below:

eachRl mmdependemlyabranclwdorsuugmchmnalkylofupto 12carbon
. atoms, orOR“,wheremR‘stl to Clz alkyl; .

70
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wossmm o oy P,c'l‘msgsmo_qs
eachRsxsmdependemlyabnnchedorstmgmchmnalkylofnptolantbon
"~ atoms or OR¥ whexem R¥'isC, to C6 alkyl; .

5 em:hR‘s andR":s iny
- lzcgrbonat

Formula Il
10  wherein
eale9xsmdepmdendyH or a branched or straight cham alkyl ofupto 12 carbon
“ " “atoins, of OR% wherein R4 is Cj'to Cj5 alkyl;‘and - :

ead)Rm:smdependentlyabranchederstmiglnchainalkylofupto 12 carbon
atoms or OR4" wherein R4” is C; to Cg alkyt;

* [ L L] S *
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e@kl‘isifglepmdendyabmchedors&aightchdn_dkylofuptolzcubon
* atoms or Si(R11); where R!! is 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



each R13 s independéntly a branched or ) PCT/US96/00848
: r straight chain alkyl
atoms; PR Yo _ allcyl of up to 12 carbon
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- wlnremmFonmﬂasVIthroughXV
eacthsmdependentl
y. H, halogen aCpt
o O | to Cy, alkyl, or0R3whetemR3|saC1
5 eachR’-
e mmdependenOR‘ ﬂyasec::daryorteﬂmyhydrocarbylof&o 12'carbon
toms, of wherein R4 is C, t
. 1 oCsalkylorbenzyl oracychcgmupof _
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RY, RW

\ L
z/ CHo -
\Va

foxmmgaﬁvemembetednngattachedtothep}wnylnng,Whete:nR"nsHorCH3

~ and Z'is -O- or -CHa-;

| 'eachkz'lsmdepmdentlyl-!orapnmary secondary ortemary hydrocarbyl of 1to

lanrbonatmnsateaﬂ:er the meta or para posmon to the oxygen; or CN,
CO;R‘" or OR®" wherein RY" is aCj to Cg alkyl at either the meta or para
‘position to the oxygen of the phenoxy ring;. .

eachR-" is independently H or a primary orsecondary ot tertiary hydrocarbyl of 1
~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 R¥ st asubstnutedphmyl ora
- and wherem said reacuomscamedoutto produoe anoncomugated acychc mtrile '

Cyt0 Cya alkyl,

16.  The improved process 6f Claim™15" whexemthedxoleﬁmccomponnd

. xsbntadxene.

17. The nnprovedprocess of Claim 15 wherem hydrocyanation is

- performed as abatchopetanon

18. The improved process of Claim 15 whenem hydtocyananonxs
perfgnned eommuonsly _

" 19, ‘The improved process of Claim 15 wherein the diolefinic compound
compnseseonjugateddxoleﬁnseontamngﬁomho 10 carbon atoms.

20. Thennprovedproeess of Claim 19whexemdledlolefimeeompound
is selected from the group consisting of l,3-butad1ene cis -2,4-hexadiene, trans
-2,4~hexad1ene ga_-l,S -pentadiene and | m -1 3-pentad1ene

21. . The improved process of Claim 15 or 16:wherein the multidentate
phosphite hgand is selected from the group consisting of compounds represented
by Formulas I, VII and XI. '

22. ‘The improved process. of Claim 21 wherein the multidentate
phosphite ligand is represented by Formula I and wherem eacth is. 0R4 wherein
R4 is methyl.

23. _The improved process of Claim 21 wheremthemultxdentate

| ._phoSphnehgandxs:ep:esenmdbyFommlaIandwhemmeacth is OR4 wherein
R4 is methy, and each RS is t-butyl.

75
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' ©24. ‘The improved process of Claim 21 wherein the multidentate

phosphite ligand is represented by Formula XI wherein each R2 is isopropyl, each
R? is H or methyl, and each RS is H.
25. The improved process of Claim 21 wherein the multidentate
5  phosphite ligand is represented by Formula VII wherein X is HC(methyl) or
HC(ethyl), each R2 is isbpropyl, each R? is H, each RS’ is methyl, and each R! is
methyl.
26. 'l'he mtptoved process of Claim 15 wherein hydrocyanation is carried
outata tempemmre of from about 0°C to about 150°C.
10 27. 'I‘hennprovedprocessofCluml?wheremthemolarratioofHCN
to catalystpxecursorcompomdns between about 100:1 to 5,000:1.
- 28. 'The xmproved process of Claim 18 wherein the molar ratio of HCN
to catalyst precursor compound is between about 100:1 to 5,000:1.
29.. An improved process for the isomerization of a nonconjugated
15  2-alkyl-3-monoalkenenitrile, the improvement comprising carrying out the
isomerization in the presence of a catalyst precursor composition comprising a
" zero-valent nickel and at least one multidentate phosphite ligand selected from the
group consisting of compounds represented by Formuias I, I, IIT, IV, V, VI, VII,
s VI, IX, X, XI, XU, XTI, XIV. and XV as set forth below: -

s T .

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; _
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- eachR5 andR7lsmdependently aﬁema.ry subsumtedhydrocatbonofnp to
.. 12carbon atoms;and . -
| 5 eachR’:smdependenﬂyHorabmchedorsumghtchamalkylofuptolanrbon
TR dtoms, orOR‘wheremR‘:sCltoCuallql T

eachR9mmdependenﬂyl—lorabranchedorstmgluchamalkylofupto 12 carbon
10  atoms, orOR‘whe:einR“stlioCna!kyl,and R
each R10 is independently a tertiary substituted hydrocarbon of up to 12 carbon
atoms; :
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each R14 is independently a tertiary substituted hydrocarbon of up to 12 carbon

5

Rk - o o TS . o,

| atoms or Si(R!!); where R1! is independently a branched or straight chain
* " alkyl of up to 12 carbon atoms or phenyl or CO,R3" wherein R3" is a
secondary alkyl of up to 6 carbon atoms;

wherein
12- s 'y
} R mHorgb;gndwdorsmgMcham‘alky_lofupto 12 carbon atoms; and
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eachR13xsmdependentlyabmnchedorstraxgluchamalkyl of up to 12 carbon

Fommla IX Formmha X
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- mFoxmulasVIthroughXV e .
eacthlsmdependemly H, halogen aCl toClzalkyl orOR3whemmR31saCI
1o Cpz alkyk;- |
5 eacthmmdependenﬂyasecmnduyortenmyhydrocarbyloBmlanrbon
atoms, or OR%" wherean‘ is Cy toCGalkylorbmzyl or a cyclic group of
the formula
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30

35

. l ”III' y u_n o san T . -

"N
O

fonnmgaﬁvemembexednngmachedtothephenylnng,whmmk"isHorCH3
andes-O-or-CHz-

eachRZ'xs'._:" snende ,,_yl-lorapmnary,secondatyortemaryhydrocarbyloflto
12carbonatoms at cither the meta. or para posmon to the oxygen; or CN,
CO;;R4 or OR®" wherein R4" 1saC1 t6 C6 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; | | -

andwheremsmd:somenzamn:scamedouttopmducea3and/or4anonoallmne

B T

30. The nnproved pmcess of Claim 29 whexem the nonconjugated

2-alkyl-3-monoalkenenitrile is 2-methyl-3-butenenitrile.

31. 'I‘hennprovedpmcess ofdm”wlwmmﬁonmzmmms

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, VI and XI.
3s. 'I‘hennprovedpiocess of Claim 34 wherein the multidentate
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
‘R% is methyl, and each R is t-butyl. .

R BTSN YR AT
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o 3T 'IhennprovedprocessofClmmehetemthemulndentate' -

phosphite ligand is represented by Formula X1 wherein each R2 is isopropryl, each
R? is H or methyl, and each RS isH.

38. The improved process of Claim 34 wherein the multidentate

5  phosphite ligand is represented by Formula VII wherein X is HC(methy!) or

HC(ethyl), each R2 is isopropyl, eachkz is H, each RS’ is methyl, and eachR! is
methyl.

39. 'l'hemprovedprocessofClaunZQwhuem nsomenzanomscamed
out at a temperature of from about 60°C to about 150°C.

10 40. ’lhennprovedpmcessofClmnﬂwheremthenmlanjatioof
nonconjugated 2-alkyl-3-'::nondalkexmﬁuile' to catalyst precursor compound is
between about 100:1 to 5,000:1.

41. 'l'hemyrovedpmwss ofClaun32whexemthemolarratxoof
nonconjugated 2-alkyl-3 monoalkemmmle to catalyst precuxsor compound is

15  between about 100:1 t0 5,000:1.

42. A mnludenute phosphne hgand selected fmm thc gmup cms:stmg of
Formulas I, I, IV, VI, VIII, IX, X, X1, X1I, XIII, XIV and XV as set forth
below:

cach R1 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;
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o whexem s :
_ ead:R’mmdependenﬂyHorabrmchedorsmghtchamalkyl ofupto 12 carbon
| . atomsorOR‘whe:emR‘stltoCmalkyland o
- eademxsmdependentlyaseoondaryorstmghtchamalkylofupto 12 carbon
) | atomsorOR‘ whexemR4 BCy toCsalkyl

eacth4xs|ndependentlyasecmdaryorstmglnchamalkylofupto12carbon :
10 ﬂmorCOzR‘ WheremR4 isCy toCsalkyl, v
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| wheremmFounnlasVIduoughXV
encthlsmdependently H, halogen, a C; toClzalkyl or0R3whetemR3nsaC1
to Cq, alkyl; '
5 each R2is independently a OR4” wherein R4 is C; to Cg alkyl or benzyl; or a
cychcgroupofthefonmla
85
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<

: -fonnmgaﬁvemembemdnngattachedtoﬂlephenylnng whemnR"lsHorCHj".’".f'

and Z i§ <O- or -CHy-; for Formulas XTI, X]IIXIdeXV o
each R is independently CN, or CO,R4” wherein R4" isaC, toCGalkylatenher
ﬂwmorpmposmontoﬂteoxygenofthephenoxyrmg for .
Formulas XTI, XIII, XIV and XV, R? can also be ORY", wherein R4* mc,
to Csalkyl ormdependenﬂyﬂ,ahalogen,orapnmuy,secondary or
tenmyhydrocarbylofltOGcarbonatoms, R
each R¥ lsmdependemlyHoraprmq or secondary or tertiary hydrocarby! of 1
' to 6 carbon atoms; for Formulas VI and IX, RS can also be OR4", wherein
®4" isa C; to Cg alkyl; forFonnulasXandJﬂ RS canalsobeCOZR4"- '
wheremR‘ isa Cj to Cg alkyl; and -

. eachXist mdependemlyOorCH(R‘),wheremR“ isH, asubsumtedphmyx ora

Cl 10 Clz alkyl.
43. Acatalystpmcumorcomposmon connpnsmgzerp-valunmckel and a

_multidentate Pphosphite ligand according to Claim 42,

4, 'I‘hecatalystpxemmoroompos:txonofdmﬂwheremﬂne
muludenutephosphtehgmdmselectedﬁomﬂ:egroupcomnsungofcompoumk
represented by Formulas I, IV, VII and XI.

4S. 'IhecatalystprecmsorcomposmonofClannMwheremﬂne
mlﬂudentatephopshntehgandxsmpmsemedbyFonnulaXIandwheremRsz f

OR#" wherein R4" is a Cy to Cg alkyl. :

46. The catalyst precursor composition of Claim 44 wherein the
mmmpmpxmhgmumpmedbyrmmammdwhmmmB |
OCHj3 and RZ and RS are H.

. 47. Amed:odofmahng;ixosphorochlondmeeompmmgcoanga
compoundofthe formula NR 18),P(OR 19),, wherein R19 is substituted aryl with

8ascous hydrogen chloride to produce HN(R!8),#HCl and (R190),PCl. -
30

. 48. ThemethodofClmm47 wherein the HClxsnotpreaentmexcess | ..
. 49.. A method for producmg N.N-dmlkyldmy!phosphormdlte

o '_cdiﬁ‘;;nsmgcontaeungoneeqtnvalantofPCl_;manmertsolvmtwnhone IR
equxvalent ofa secondary amine and at least one equivalent of a tertiary amine and '

35

subsequmtly addmg about 1.9 equwalems ofa subsututed phenol and about 2.1

"eqnwalenu ofatutmy amine,

50, mmemmofqm@wlmmme solvem:stoluene |
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