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lITLE 
HYDROCY ANATION OF DIOLEFINS AND 
ISOMERIZATION OF NONCONJUOATED 

2-ALKYL-3-MONOALKENENITRILES 
F!ELPOFTHEJNVENOQN 

This invention generally relates to an improved liquid phase process useful 
in the hydrocyanalion 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 hnprovement resides in conducting the process 

10 in the pi-csence of r.ero-valcm nickel and a multidentate phosphite ligand. 
BACl{GROJJNDOF1}1EJNVENTIQN 

Catalytic hydrocyanation systems, particularly penaining to the 
hydrocyanation of olefins, are known in the art. For example, liquid phase systems 
useful for the hydrocyanation of butadiene to fonn pentenenitriles (PN) ate known 

1S ·m the art. For example. Drinkard, U.S. 3,496,21S, discloses the hydrocyanation of 
butadiene using monodentate nickel phosphite catalysts. As used in this patent, 
and as will be used herein, the tenn "pentenenitrile" is intended to mean 
cyanobutene. Likewise, "butenenitrile" means cyanopropcne. Bidentate phosphite 
ligands complexed to zero-valent nickel and platinum are known to be useful in the 

20 liquid phase hydrocyanation of butadiene, as described by Baker ct 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,S36,748, 

2S discloses the liquid phase isomerization of 2-methyl-3-butenenitrile h1 the psescnce 
of a r.cro valent nickel complex and Chia, U.S. 3,676,481, discloses an 

improvement additionally utilizing trl(hydrocarbyl)boron promoten. 
The hydrocyanation of activated olefins such as conjugated olefins (e.g., 

butadiene and styrene) and strained olefms (e.g., norbomene) proceeds without the 

30 use of a Lewis acid promoter, while hydrocyanation of unactivated olefms such as 
1-octene and 3-pentenenitrile nonnally 1equire the use of a Lewis acid promoter. 
Teachblgs 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 hydrocyanatlon of diolefins have been used for the hydrocyanation of 

monoolefins. Conmonly assigned, copending application Serial No. 08/424,,351,. 
filed April 26, 1995, and copending 'application U.S. Serial No. 08/SOS,137, filed 
July 21, 199S, disclose bidentate phosphite ligands preferably used in combination 
with ·a Lewis acid promotor to hydrocyanate monoolefins. 

1 



·-. 
~ 

WO ffJ22H8 PCl'l1JSfflOOS48 
The present invention provides for an improved process for the . 

hydrocyanation of di,qlefinic compounds, such as butadiene, and isomerization of 

nonconjugated acyclic nittiles without the need for Lewis acid promoters utilizing 
:rero-valent nickel aDd a multidentate phosphite ligand Other objects and 

S advantages of lhe peient invention will become appuent to those skilled bi the an 

upon iefeience to the detailed descq>tion of the invention which bmeinafter 

follows. 
SJJMMARY.Pf THBJNV2NTION 

The pmsen~. invention provides ali impn>ved process for the liquid phase 
10 bydrocyanalion (Jf diolefinic compounds and isomerization of the iesulting 

nonconjugated ac1clic nitriles c0mpriaing~ macting an acyclic aliphatic diolefinic 
compound, preferably butadiene; with a soi1rcc of HCN, wherein the improvement 
coinprises conductina t1ie·hydrocyanation anrJ/m:isomerzation in the presence of a 
catalyst piecmsor composition comprising zero-valent nickel and at least one 

15 multidentate pbosphite ligand selected from the group consisting of compounds 
iepmsented by Fommlu I, n, m, IV, v, VI, vn, vm, IX, x, XI, XII, XDI, XIV, 

and xv as set forth beln: · ... ffi .. . .. 

. . .. 

. 0 
I. 

O""P, . 
0 

.FonmflI 
·.· .... 

whmein 

each R 1 is ~y a tmm,ched or straight chain alkyl of up to 12 carbon 

20 atoms, or OR4 wberiWI R4 ii C1 to C12 alkyl; 

each R5 is :independently a tertialy substituted hydrocarbon of up to_ 12 caubon . 
atoms;·. 

•·· .!.· 
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'Fomulall·· .. ·.: .-.> .. : . ·: .. 

;· .: ·; ..... ·· 

· whelein .. . ·' ·. ·, .. •.·· 
·.; ~·· ~ .. : . : 

. : ·: .. . · ... ~·;. ·' :.-: : .. :. :: 
... - ·' 

each R6 and R7 is independendy a teniary su~tU~bY~ of up to 
12 carbon atoms; and 

each RB is independen.dy Hor a~ or straight chain alkyl. of up to 12 carbon 
S ·· atoms, or OR4 W.~ R4 is Cf to C12 alkyl; 

10 

: ~ 

.>::··. 

PommJa DI.,, , 

·when:in . . : ...... · 

each RP is .independently. H or a branched m straight chain aikYl' Of up to 12 carbon 

atOIDI, or OR4 whctein R4 is C1 to C12 alkyl; and 
each RIO is indepcndcntly a tertiary substituted hydrocarbon of up to 12 carbon 

atoms; 
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whelein: 

·'···~o a:x, 
1t14 0 

. . •". 

'· FommlalV 

PCfltJS96100541 

eadi R14isindependentlya1erWuy substituted hydrocarbon of up to 12 carbon 
atoms orSi(R 11 )3 wbele R 11 is independently a branched or stn.ight chain 

S alkyl of up to 12carbon atoms or phenyl orR14 can be CO:zR3• wheremR3• 

is a secondary alkyl of up to 6 carbon atoms; 

PomllJaV 

whemin 
R 12 is H or a branchCd or straight chain alkyl of up·to 12 c-"<m atoms; and 

•.·, 

:·. --~· 
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each R 13 is independeDtly a brancli~ at sttaight chain alkyl of up 10 12 carbon 

atoms· .·· 
' '" 

Q-a2 
R:\l- ,i, 

0 0 

2 

FomulaVl ·· ·, 

. . . . ·. 

c8 0-P, 

FomulalX 

. . ' . - ·. 
·,:· .. 

. : ;,, 
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.·· . ..:·· .. 

~laXU 

)', : . 

· .. :· .. ·· ,·; ... ;"· .. ·to.' , .. 
... 2. ·. ... , a2 a'Z 
~ .. . 

. " 

(Q;-i·'Sco'"' 2 

~er~~ A°Rl 

wherein in Pomm1as VI t11rough xy 
eachRl is independently, H, b81~ aC1 to C12alkyl, orOR3 w1JeMinR3 iB aC1 

to C12 alkyl; 

S eadl R2 is independently a seco.ndaly or tertiary hydrocubyl of 3 to 12 carbon 

atoms, or OR4" whemiD R.4" iS c1 to ~ alkyl or benzyl; or a cydic group of 

1hefonnula 
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~. ··: 

: .. ·.' .. ···.· 

; 
.... .· ;~ : : ~~- .... ··: . . ,.: . ... .. . . . . ·. 

fonning ~five niembCied ring attached to lhe phep)'l ring, whemin Rw is H or CH3 
S . . ; 8Dd Z is.-0- or-CH2-; .. " . . 

~ch it2':is ~~ ao.r ~primary, secondary or~ by~ylof l to 
12 carbon atmijs a(either the meta «. para,;po~;Don,J():the oxygen; or CN, 
~lt~'.',or OR4~~hmein R4" is a c1 t~-c6' ~lat either the meta or para 
~itiC)njto the oxygen of the phen0xf·1mg;·· '\_~_::/ 

10 each RY is independently Hor a primary or second.j hydrociibyl of 1 to 3 ~n 
atmm;for Fmmulas VI and IX, RS' can also blOR4'° ·~herein R4" is a C 1 to 
Cc; alkyl; for Fonnulas X and XI, R5' can also be C02~4" whensin R4" is a c1 · 

to ~ alkyl; and .·.···· ·. . 
. each X is .independently 0 or Cff(R4'), whe!ein R4' is H, a ~bstihited phenyl, or a 

IS C1 to C12 alkyl• . '·' . ·.•. . .. . . 
and whelein said ~on ~.c&med out to uttimatdy produce ·3 and/or 4-.monoalkene lineaf~~: ' .. •,,, .· . . . :. , .. 

. , 1be piment brention pmyides an improved~·~ ~ncPsid phase 
. hydrocyanation of~ compounds, reacting an ~li~c.di~lefinic. 

'20. compound, pretmbly l)utadiene, ~th a source ofH;CN~ ~·~··improvement 
~ conductbig the bydrocyanation in the pm~e· of a·~atatYlt precursor · 
~o,Ji.cm,nprlshlg Kro-valem nickel and at least~ 11,DJl~tate phosphite . ':.·····:. ·. ···.··. 

ligand selected from the group consisting of compounds nPesentecl by 
Formulas It.II. m, IV, V, VI, Vll. :vm. IX,~. XI, XII, Xlll, XIV, and XV as set 

2S forth below: 

··~·· ...... '. .. : .. · . . ~ 

··:· .. :, 

... · · .. : .· . : ·: '\(' 
. : ..• 't ~ ... 
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whemin 

each R 1 is independently a branched or straight chain alkyl of up to 12 c8rbon 
· atoms,or.OR4 wheremR4 isC1 toCi28JkyI; . 

each as is indepci1dendy a br~ched or~ chain ·a1ty1 of up to 12 caibon. 
s atoms or·OR4., w&emin R4" is C{~o c6'alkyl; 

·- ... :··, 

·. ·. 

.... _. .. 
. .. ·•.: ......... ~-- ·. -···· ..... ·-·· . FomUJail 

whemn 

each R.6 and R' is hldependendy a teJliary substituted hydrocarbon of up to 

12 carbon llOIDS; and 

10 each RI is ~Y H or~ bJ:anCbed or sttaigbt chain alkyl of up to 12 carbon· 

atoms, or OR4 ~~4 is C1 t~ C12 alkyl; 

.... ·· 

FommJam 
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S. 

.. whemin : :, >""·'.: ~ • • ' ·. • • .": ·~ • ': • • ,. • • •· ~ ." ,• • • • :: •: • .. .:· ' • : : ' : I •j 

eadJR9ismdepen~.f:lf.ora.~ofs~tchaiDmqlo{upto 12carbon 

8foms, or p~4: "iJerein,~4· is .~_!;,tC> <::12 ~t.· lldd '> 
... each R 10 is lndependelltly It ~.or·~ .... Cbam.atkyl of_ up to 12 carbon 

atoms or OR4" ~herein R4" is C1 .to C.; alkyl; 

w~ 

__ o. 
CTJ 

. \ 

al4 . , o 

. .. 
each R 14 is Independently a branched or sttaigbr chain alkyl of op to 12 carbon 

atoms or Si(R.11>, ~~ R••.is ~ya branched-or sttaight chain 
10 alkyl of up to 12 carbon atoms or phenyl or CO,.R4• whensm R4" is C1 to c6 

~; 
.. : ·. ~ '· . 

FOinuJav 
. " 

whemin 
R 11 is H or a·'8nched ·or straight chain, alkyl of up 'to 12 carbon atoms; and 
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each R 13 is independently a branched or straight chain alkyl of up to 12 carbon 

atoms; 
' ·~ 

··~.· 

; '--<P.2 .· 
-~-· 

a2 

PomlllalX 
. . ~.: 

~ 
? ,P,.:9 ... 

0 . ' . ·. .. J.% 
R: . . 

Fo1m111a vm 

; .. 

FomulaX 
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:.:·, 

R~ ··2·· R% 

. I a2 
' O...P""' R2 a'Z 

a2 ·.•·o· Jj . . . I 
.. ar1:o...,F' . . · 

. l-- o)J ' ' ·,. 0 . '' 
' ' % 

II • •• .· a:,,t . II. II ~--.a ..... · \_T · .. · a2 

.·. . . I 
. .... az 

Pomula.xn 

.··· ·· · _ a2 a'Z 

~I a22 °){2 
FolDlllaXlV 

.··.~ -

wherein in Formwas VI throu h XV '-~ '".:: ..... ', g ', .· .... ' 
eacb:R.l is independently, H,halogen, ~ C1 to C12 alkyl~orOR3wbercinR3 is aC1 

to C12alkyl; 
S each R2 is independently a secondary or tertiary hydrocmbyl of 3 to 12 carbon 

8'oms, or OR4" wbmeinR4" is C1 to CG alkyl or benzyl; or a cyclic group of 

thefonnula 

.. ; .. , 
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s 

10 
.· ·, 

lS 

25 

30 

35 

. -~~~a five. DleDlbeied -~ attach,ed _io the phenyl rlnl• wherei.fl aw is H or CH3 
. . . and Z is -0- or ~H2-; .· . . . 
each R2'_is ~~ya or a prlmm)r, secondary ~r tertiary hydrocarbyl of 1 to 

12 carbon atoms at either the meta or para position to the oxygen; or CN, · 
. . . C0~4" or OR4• ~in R4" is a C1 to C6 alkyl at ~r the meta or para 

· ·_·position to theuygen ott11e.phciio"Y ririg; .· . 

-~ R'' is independently H.or a~ or secondary byctiocan,yl of 1 to 3 carbon 
. atoms; for F()llDld~ YI ruut·iX. R'' can also be Q~4" w~in R4" is a c1 to 

~-alkyl; .for FG.nJll.llas X and "1· RS' can also~ co2R4" wherein R4" is a c1 
to _Ccs alkyl; and . .. . . . . . . 

eacbX is independently 0 or CH(R4'), wherein R4' is H, a subStitutecl phenyl, or a 
Ci to C12 alkyl;., ._ ·. . . . . . . . . . _· . . 

and~~ said n=actiqn is.carried out to ultimately prpduce 3 md/or . . ~ . . .· . . :. ·. : . . .~. ·. : . 

4-mon~ linearnitriles and 2-alkyl-3-monoalkenenitriles. 
. . As used hemin, the t~ "secondmy" and ~ertiary" refer to the carbon 

·' ., :. 

atom bonded to an~ ring._ 
. :~ . . . .. 

The RBCtions are most conveniendy perfmmed continuOusly_fmm 
hych:cqanation of the starting.Q>lcm tq the rMai 3- and/or 4-nionoalkme linear ... .. . . .· . . . . . . . :. . 

nitdles. However, the pr®CSSes can be conclu~ stepWise, i.e., the 
nmi~ated aCyc&nitriles maulting ~the hydrocyanation ~be isolatedJm 

. & priOr to isomeJizati~. F~, 11~conjugBted acyclic~ piepared by 

. any method can be used ~ starting aDateriats for the isOmerlzatim m ~ce 
with this invention .. 

1be invellti~ als~ provide$ b~.multidentare phospbite ligands and 

caralyst precursor ~-1~ mac:le ~useful in ~.pmcesses as well . . ·. .. •. . . ... · .. ·:. : '"' . . . . ' .. 

. as a novel method of~phosph~~· . . 
.. In particular,~ IJlethC)d of snaking ph;phol'9Chloriditc comprises 

contacting a ~d of~ fonnulaNCR18)2P(ORl9)2, w~eldn R19 b 
substituted aryl, with 1ase~s hydn>g~ chloride CHO> to produce HNCR 18)2•HO 
and (R 190>lPCl. Plcferably, the ~action is mn without excess :Ha. or if excess 
Ha is~~ the HO b remo~d quickly _after~ reactio~ is complete to .. 
~vent-~siti9.i of tile cR~'o~P<;=i produ~. · · · · 
. ~-~ ~ ~ p~idetl_to~ p-oducmgN,N-dialkytdimytphosPboramidite 

comp.rising contacting one equivalent of P03 in an inen solvent, such as heptane 

12 
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or toluene, with one equivalent of a iecondary ,amine, such as diisopropylaminc, 

and at least one equivalent of a~ amine, such as triethylaminc, pzeferably in 

the range of about S to about 3S°C, and subsequen~y adding ~ 1.9 equivalents 

of a substituted ~l md about 2.1 equivalents of a tertiary amine, such as · · 

· s ·· triclhyl~·~bly·hi lbe ~~~·~,;~ ~tic¥~e: .. ~y- Stich~ 4... 

dimethylaminopyrldine, and allowing the comPonents to'Ieact. about 2S to about 

:~of~~~~~ilie~li>~tbi~ 
DE"fAU',BQ DB$CRJPTION OF me PIBFEIUiED EMBODIMENTS 

lO;?N~~~ 
nitriles to 3- and/or 4-monoalkene linear nitriles) is.desCR~ bcl~ by Fonnula t 

IS·. · whelm ~ichR.1 lil~ya~·or ~ cfuib,t'~lcol1taming up 

to 12 carbon atoms, or OR4 where.in R4 is a c1 to c1~ a&,1. ·' f{41 ·c:an be primary, 
.· ·. : .. ··.•··, .··: .. ,.:· ... ·._,,.._:·.i:.···!···~·'· .:· .. · ..... ,., .. ;.·.~~~~···-":··, :·, ·:;·_-:., ····~~ .. ·... . 

secondary ot ~;·examples iDdilde methyl~ ethyl, isopropylami't-butyI. Each .. ::::t~~~~.==:=UJHO 
20 containing up to 12 single bond carbon .u.m.:· 'Most'~bly, ·~IV is OCH3 

==~==tt==z:;:::llO 

z:a!E~~~m 
These ligands may be prepmed by a variety of mCtllOdikmnJD•hi the art, 

iOrexmri.,ie, see descfiPtia in wd93,03Sl9, U~s."4,769,498; U.S. 4,688,6Sl, 

· · 1. Anief.''ciuim. s~~~· :19'3, 115, 2odcs~ the .. ~e;n otz2·~twith 
30 phosphorus ttichlorlde gi~ 1J'~iPilenY1:.2,2'~yl pbmphOMCblorldite. ·The 

··leaclion·mtJib.ch10ridite Wi'-12,2·.aiby~y-3~·-di~~butyl~s',S'~thoxy-1,l'­
biphenyl "nilhe'~: of ~imilrie gives thC most plefemttliglnd Whelehl 

.;RI ismd.hoxyt. . . . . . . ;'; . . . 

' The phosphoroChtoridite may tJe;prepBiedby-a vari~:of.melhods known 

3S in me· art~ mi eumJ;i~·~ cliscriPtiom :~ Poljtrter ~ 1~2. JJ, 161;· Inorganic 

s1nt1aeses, 196ti, s, 68; tis.'s,2io~260;'z. Ailorg:~A.111. cliem./:1.,8', sJ.s. 221. . 

. With~ ~rtb0.'.s1ibltifutca:phehols {e'.g., 2-t-butylphenoI '), Plio&phorochloridites 
·. •• ··'·. ····:·.·. :.;i •. 

13 
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. can be prepared in smi from PC13 and the phenol. With less bulky poops (e.g., 

2,3-dime~ol), pwificaiion by high vacuµm distillatm is typically 

necessary. High vacuum distillation is difficult for large scale. Operationl. 
An improved prOcess for preparing t1te·phosphorocliloriditC comprises 

S tn:&tment of N,N-dialkyl dialylphosphotamidite with HO .. OP(~)ihas been 

p.tq>ared in this manner, see Z. Naturjonch, 1972, 27B, 1429; however, 

phosphorochloridites derived from substituted phenols have not been previously 

prepared using lb.is procedure. N,N-dialkyl dimylphosph01'8lllidites may be 

pmpared by m_elhods known in the an , for example, see descriptions in 
10 Tstrahedron Leners, 1993, 34, 6451 and Aust. J. Chem, 1993, 233. 

Other muludentate·phOsphite ligands of the invention are described above 

by Fonnulas n through XV. While these ligands are not as piefened as Fonnula I, 

they nevertheless are considmecl ~ Jigands of the piaent invention. Presently, 

while.Fommla I is most prefemd~ Fonnulas vn and XI are m~_piefcncd than. 

IS the other mnaining li1ands. 
The r.ero-valent nickel can be prepared or~ ~rding to 

techniques known in the a11 cu.s. 3~496,217; 3,631,191; 3,846,461; 3,847,959; 

and 3,903,120 wmch. Bm in~OiPoratecf herein by lefenmce). ~Valent nickel 

compounds tbiU contah~Jig~ds wh,ich can be displaced bY the organophosphc:m1s 

20 'ng&nd are a preteind s~e of zetO:.v&lm Dickel. "rWe> ~~z9ro-v8ient 
nickel compounds me Ni(cOD)i <fuo.-is l,S~cl~j and . . 

·. Ni(P(O-o-Yiff4CH3>3}2CC2ff.v. hotbed' which aie known in~-Bit. Altemativeli. 
diValent mcbi ~-~ be'c;ombmed with a reducmg agent, Bod-Ille then 

able to~ as ~iiable ~ of zero.va1ent nickel in the iaction. Suitable 

2S . divalent nickel co~ds inclu~ ,cc>mpOundS of~ fonnuta NiY 2 whem, y is· 
halide, ~latC. ~r_acetylace~~; suitable reducing aPnts inclu& metal 

··.. . . ·. . · .. ·. . . : ": .. ·.:·_.· .::. •":J . . . . • . :·. 

bmohydridcs, metal~ h~, metal alkyls,Zn, ·Fc, l\1, Na,~ H2. 
Elemental nickel, pmrel'ably'~ povicb-,.when combined with a halogenated 

~jst,:u ~bed hi tJ~s.' ·3,9()3,i20, ii lls~ a SUjtabie s~ of zero-val• 
30 nickel 

'1118 aCtuii c8talyst' plecmsor:JS a cm:n.,1ex of zero-v8lem nickel with the 
mu1tidentale Hpnd, which is fo~ ~~those two niaterials-~ com'bbied. An 

:::-~~mka:~~P--fm~rn-of . 
35 ·. ._ ~.~leijnit;:_co~ ~~~-in this imreittion include primarily 

conjU&ated;~,:~~,~4 to i~~n-~ for example, _ 
1,3-butadiene and m and Ulm-2.4~adienes. Butadiene is especially pferied 

by 1e&Son of~ c~~ inJp~~ ~ tJie. produ¢on~adi~. Other 

suitable diolefinic compounds include c:liolefinic compounds substituted with 
. - . :_ . . .. , . . .. :· ' ... 

14 
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. ~.s W;hiq:l do:!!~ ~,iyated~e cataiy~t,Jor.~~•iiil.andlrlDl".'1,3-
pentadienes. • .. . ... :: . . . . ..... : ·. 

· .. The fi:>Jlcwfflig.:~~ XVI ~d XV'.Q ill~~ sQitable· iep1aentative 
•. startiI:tg diolefinic compoµn~.im,d,P~~as·~~ XDC;~ and XX·Jepl'eSent the 

S products obtained from 1;3-bu,~ne and HC,N.. . .. · 

.10 .. 

15 

···m~2·<· 
(l.~tadm) .... 

·· ... XVI•· .•.. 

· .. :·· 

• .. :: ,. ·· .... 

·.·,·;it~1~ 

...,..... ·XVII· .... 

. ·.:.~! -:°.'.-· •• · .. 

. . ·~. . . . . . '. ·.~ '. ·. ~ .: 

····::· 

~~=~J::r.li!t~~.~ 
. ~·~i~-~~~~in~wilhd!o 
presellt. UN . QQ,. . _ . . . owmg crJpU0g. applic3 •. , .. , ·-'- ..... ,. 

. . . .. '·· . '· . .. . .· '. ·.· . . . ~.-·· -: . . . : ;" : . · ..... 

.. particul.-r~~ ~used, thep~uns~.".~ beiq.used and 
tJie deshecl .. ~· ~Y~~ of!f0m.~~0C.to 2ob~, can be used 

~ffomOo~toi~~.~~the~~·.:.. ·.: ·.:. • .. 
The reaction may be c.arried~~. by chal'ging a re~r with all 9f the . · .. · . : : ;·-.- <·: . ; .. ~ ·. :·:· :~··.· ,~.._ .::·.·:: :·'· .. :·. -~ .. ·· .- .. · .. -'·: .. : : . '.:~ ·' .. ·· : .. .---:<... ··N =· • 

20 reactants or p.teferably the reactor is charged with the catalyst.or catalyst 

~ts, the unsaturated~ and wbatcveJ'.solvent is t~ be usett and the 

····=s~~~z 
2S may~ fed together into the reaction medium. The mol~~·~~ ~f HCN. to catalyst 

·~,ii v~ &Om .~~iio:i to·ioo,000!1, preter~Y. ih&I to ~.000:1, for a 

···.··•·· ~~~~~~=.: .. 5;1 to 100,000:1, preferably 100:1. to S,000:1, HCN to catalyst. . 
• . . . . . .: . . .. ·' • . , .• : .. : ! • • . . •• ~ .. : . ." • : .. . . . ,.. . . . ·~· • . :. : • • < • • '. •• • ••• ~-. • • 

Prefe!ably~· the !e&Ction mixnUe. is agitated, iUch' uby Sdriing ·or shaking. 30 
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1be cyanated product can be iecovem:l by conventional techniques such is 

a:YSt&~iPtton of the prOduct from solutiorl 0r by distillation. · · 

·· One can eithei isolate the 2-alkyt-3-ntOnoalkeneriitriles producecfby the 

tiY~~-otthe di~lef"lli or proccedtonthmousiy with the isomerization 

'' ,. ' under similar ie&ction conditiom. 

10 

l.S 

The 2~1~3.:mono~ Used 8S the. starting materials isl the 

isometjzation ·of this iriventlon' can msiitt· froM the hydrocyanation of diolefin 

described above or Can come ftOm any' Other available SOUrce. The olefiiUc: double 

bond in the 2-altyl-3-mono~triles us9d as the starting~· in the ·. 

isomcrlzation ofthis mventi&i cl'imot be conjugated to the lriple bond of the cyano 

· group. Suitable sWunl 2~iJkYi~3-monoaJteneDittiles·can·alSo cmy groups which 

do not dac:k the catalyst, for; example, another cyano group. Preferably, the 

starting 2-alkyl-~~ co~tain ftom s to 8 carbon atoms, excluding 

~y additional stibstitution~ -'2"-Mediyl-3~~~ is e~ially important in the 

pr0ductlon of adipcdtrile. .Other represelitative mtriles include 2-ethyl-3- ,. 

butenenittile and 2~1-3~eneniirne·' 
The fOllowmg Fonnulas XXI and XXII musttate suitable repiesentative 

mning 2-alkyl-3-monoi.ikenenitriles. When the staning nitri1e is 2-mctbyl-3-

bUtenenitrne, the ~on~ are '1iose shown.in Ponn~ xxm and 
20 - mv. · · · ·· :· -~· · ·· · -· - · · · 

.. ·. ·.,· 
~17 

' QI 

CH~3 

& 
.. ·:: 

'PomllaJOO· •.. <, Fo11D11a XXD · 

whmein 
··-

' R17 is Hor aC1 to C3 alkyl~.·· 

·01~2'N_·_ ··,: . 

.. · ·····: .· .: ~' -··. .. ·. . 

It wm be~ .that Ponniala XXI is a special ease of PonnulaXXB, where 
. Rl7 bs hydrOgm ·· , ··· . · . . .. 

2S The isomerization process ~f this invention can be carried out~' for example, 

at atmospheric pressure and at any;~ in the range of 10-200°C, · 

~ly' in tbCfmnge ·«;o.1sooe~ ·nie Pressutc is not critical, hoWever, and can be 

abOve 0rbel~ ~~,~··if cltsisecl. Any of the conventional batchor 

continuOus ti.ow ~··may be uSed clthef in the liquid phaSe or in the vapor 

30 phase (with reSpect to th~ relatively v~l&tilc t-methyl-3-butenenitrile reactant and 

linear pentenenitrile products). The reactor may be of any mechanically mid 

16 
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solvent. Any solvent or diluent that is no~.~tll,t~~ C>f the catalrn' ~·~used, 

• " ·. ·: · .. · ' '. ·:.. . .... ' . • . . ,, .~.. " : .. ~ ! ,. . i, ..-~ .J ... ' . 

s a~~~=iF~~-
·.(~~~·~~.,,~,~~~ 

. 10 . dcactivati~ of the cata)nt,. A~y, -~--~ ~ •. e~s~. nit19gcn, is 

,_··~~~1i:~~-:~~aif~y--~~~~~~'eilhe~of 
. lossofa~:~!:~-~~~rst~lb~:~on..,>.. .· .· _ .... _. 
~ -~ .. 1,.is aU'J>i~ b~~ operati°"" ~ ~ Jjquidphasc with or 

withouJ a so~,~~~~~.~l~>is,~~~~-~-~ ~··~1- . 
1S tempera~s within the operable rqe and in11u111Iy~ete1Y solu~ at the · 

,., _: ~peferred ~~,:~· -~o~~~~~~p1exis eslentially 

noDyt)latilei W~J~-~~1·3·bµ~~~~:~:the·IUJear.·: .. ~· 
~e~~·-F-:~ely~~;;~~y,hia~~-usflow 
procedure· the catalyst may be a component of the flowing systmrJn a:~l~-Y 

20 liquid-phase operation, it may be in a mobile nonflowing liquid Stale in ~ semi~ ~v. 

2S 

30 

vapor phase operation, or it may be in a fixed-bed state (usu..Uy-on a solid suppOrt) 
in a conventional flowing vapor-phase operation. 

The time element in the process is not critical, and may,gmera11y be 

govemed by prac;tical considerations. The time =1uired for a practical level of 
conversion of 2-methyl-3-bulenenittile to linear pentcneDittiles is dependent upon 
the temperature of naction, Le., operation at le>Wer tmilpmatme genetally requhes 
alonpr tinle than operation at a higher tempemture. A p~ reaction. time can 
be Jn the range of a few~ to many hours, depending on the~ 
~~-and melhod of ~n. . · , ·.· ... 

'The. mohir,J:atio of2:-~l-;i~~et() c8'81Y.st ~ ~Y pater 
.. than 1:1, usually in the ~p b ~ S:lto 2()~000:1, ~~iy.100:1 to 

. : ... . flXWPl&S . . .• . . ,~. . . ,• •. :• 

.. ~ invcntion~m. .. mw.·~ ~-by~ full~~~".~.·:· 
3S_ .. .cxainples of,~.pl'Cf'emdem~~ ~of?_w}J~ .U Ftl·~PC>nions, .. ·. . ,. . .... . .. · .. ·' '·· ... · ... ' ........ ···.· .. ·... . .. · . .;.· 

.·and perc:cntapS arc~ :weight, ~ess :Plherwjse~t;:~di, h.I the ~l~, 
. . . . ·. ·.·· .... , . . . I •·· ... ·. . .... ··=· =·'· ·.· ' ... · • ...... ·, ·.• 

Ligand "A" is the µgand .of~· I, wh* ~~11 at ~- OCl'.IJ, and eacll ~~is 
.t-batyL , . . . .. · .. ·· .. . •,;·,. 
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'.EXAMPLB l 

Butedimc Hydrpcyanation 

A 2S ~-solution of 1,3-butadiene WIS made by vacuum transfer of 

11 .52 g of 1,3-butadiene into 34.561 of butyronitrilc. A 25 Wt% solution of HCN 
S ·• was made by the addition of 2.51 g ·of HCN to 7.50 g ofpropionitdle; The catalyst 

sol~on was prepared by the ~on of 0.014 g of Ni((X>D)2. (COD) = 
1,5-cyclo~. ~·o.1i8 g otugand -~A'~ 'to 9.87 g 9f propionitrile. With 

.·.·.:10 

thCsc solutions~ the foii~ing re~di~ DlixtuJes were p~ in 2-IDI GC vials 
eq\lippedwith micro-8~: · ·· · · · · · · 

Butadiene Soluti0n 

HCN Solution 

Catalyst Solution 

· ... SllQPlc I 
0~201'g . 

·o.OSOg 
0~077 g ' 

. SaqiJo2 

0.201 g 

0.082g·· 

0;076g 

· Sample3 

0.203 g 

0.082g 

0.076g 

'l'he: GC .vm. .-cdmp-sealed with caps fitted with appropriately sized 

sheets of Nordel mbber to aid in cont~ the reaction ~tares. The vials were 
Placed in a hot .. bloclc-stiner set at 80°C• . Sample 1 was removed after 1.0 hr of 

15 .. . reaction dine. Sllq1)e_ 2 :was ~ovecl after 2.0:lm of n:action time. Sample 3 was 
__ -~= . , -~aftm:.3 .. 0brsQf~.~·~ r,IJ.eJC,ac;liQn_wasq~in.ii~-by 

diludng the n:action mixtm8 with~ asa. ac (gas chromatograph) solvent 
for product analysis. The pn>pionitrile in the reaction mixture was used as an 
intemal standard in~ ac pmduct analysis ... 'J1le results of the analyses are shown 

20 m.T.i>Iel. ,. 
In in~w Examples i-s, also shown in Table 1, the butadieae . 

.. hydrocyanation expedments wem perfo.nned essentially as deiclibed above for 
Bxaqie 1, except~ Examples 4111,<l S w~ perf~ at 140°C·and at-longer 

. . .· . maction times. The·~~ also shovn;I in Table 1 . 
2S 

30 

.. . _· Cotnpu'atiyc BJagle A .. . . . . 

A 2S wt~ solution of 1,3-butadiene was made by vacuum ·transfer of 
U.S2 g of 1,3.;,btatdeDe htto 34:S6 i of butyronitrlle. A 2S wt9' solution of HCN 
was made by the addition of 2.SO g of liCN to 7.50 g of propionitrile. The catalyst 
solution was ~paredl»y the addition of 0.298 g of Ni(pT'IP)4, pm= p.: 
tritolyl~hitc,.~ O.JS7 I of p~ to 9.S6S g of propionitrile. With these 
soluti<IGs, the follcnvlng ~on~ were prepUed in 2-ml GC vials equipped . ·. . . -~ ,; .'· . . . . . . . .·' 

with micro-stirbars: 

.'··' ... 

:.: ....... : .. : ~· ' .. 

18 
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. . . ~ Sample 1 ·· Sample 2 Saq?Je 3 

Butadien.e .. $olution- · . 0.203 g . · .. Q.21S g 0.200 g 

.HCN Solution . . . . ,. 0.083 g: ().Q37. .g · 0.089 g 

Qd8lystSolulion .. · · . ..... · .0.078.g ... {).Q81 g · ,. 0.078 g 

. . . .. ~ ~-· ·. ····~~--~·~~~11':~~~'-~~~~j~4~*i~ ~i~~y md 
sheets of Norciel mbber to aid in containing the reae,don iriiXtures. The vials were 

' 'placed in ahot~bI~~~-s~~ ~·so0c~<·sampi~·. ·;~~~~~ ~.o hr of 

s reaction time. Sample 2 WaS removed after 2~0 hrs ofreactl0n time.' Sample 3·was 

... , >.~oved after 3.0m,B,ofreactio~·pme.. The ieaction was quenched in each case by 

, diludn$ the ieacdonl,Dixtme ~ cfi.slyme as a OC solv•f<>rpoduct analysis. 

· -~ propionittile•inthe reaction_~~ was used as an ~.·Stlqld~·in lhe GC 
, product analysis. The results of the ~yses are shown in ~11.b•~ .l•. , .. 

10 In Comparative Example B;, rhe butadiene hydrocy&Dation experiment was 
' pemmried ~y as mscn"bed a6<>ve foreomparadve BXrimpie A, and the 
Jesuits are atscuhown hi T&ble· L ·:· · · · · .. ·· 

1n Comparative Eiilnpi.;. c-0, the tiUtamene ~IDatiOn eXpCrlmems 
· · -~ peifoimcd as desCribed IJxWe for inventiVc: Biuuup1es'1-5, exc:ept that the 

~~ "'· ~Pringle_~and''..(~;oO!mmwi1 I w.hete'Rl-~d g5 =II> wq uSed ii) place 

20 

25 

of Ligand "A". 1beftisultS am Shown in Table 1. · · .. "···· ·· ·· .. ,,.. 
·.·. ·.J;;.· ... ·.-. · .··'.EXAMPLB 6 · ·· .. 

2M3BN a~Metbyt;.3~btiteDenmilie1JS0tnmgtjgn 
The catalyst solution was prepued by the addition of 0.014 g' Of'Ni(COD)2 

amfO.lt8iofLiglnd"A"•cf9~87gofpropomtrile~ A·sampeof·2M3eNwas 
·,· Obtahied·imm Fluka Chemie ·.Ao ·Buchs SWitzedmf8nd ctiatillcthmdetnitroO'fl!n 

. ' ' . . -~-
'cmto '100 patts per mmiClii of 2.,64-tert-«ityl+mediylplimot: ac analysiS of this 
sample showed it to be 819&. 2M3BN. With these miX~, the following reaction 
mixtures were prepared m'.2~ml GC vhds eqllipped with micro-stirbars: .. 

Catalyst $olution .. 
2M3BN 

:: 

. '· . 

·.S-.lcl. 
0~1031 

O~lQS g 

sanwte.2 

o.~001 
~0.101 g . 

s...,103 

0.100 g 

.O.lOOg 

·.', . .. . . 'lbC._OC viall'~ ~~th c'l,'8 £meti ~tla &ppropriatelY sized . 
·· · Sheets of Nordel mbber to aid in containing the Raction ~· Samples 1-3 

~ placed in a hot-block-stirrer set _at 125°C. Sample 1 ~Iii remOved· after 1.0 hr 
30 of reaction time. Sample 2 was mnovecl after 2.0 hrs of n:action time. Sample 3. 

was removed after 3.0 hrs of .reaction time. The reaction was quenched in each 

case by diluting the maction mixture with diglymc as a GC solvent for product 

19 
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analysis.· The propionitrile in the ieaction mixtme was used as an internal standard 
in the GC product analysis .. The iaulu (>f the anilyses me shown in Table 2. 

In inventive Examples 7 and 8, the 2M3BN isomerization experilllents were 

pmonnedessenti8ny as d~ibed above ror Example 6, and the results are also 
S . shOwn in Table 2. 

· COqiarative Example H 

. The catalyst solution was prep~ by the addition of 0.298 g of Ni(pTl'P), 

and 0.157 g of pTrP to 9.565 g ofpc)pioliitrne. A sample of2M3BN was 
' Obtained &Om Fluka aierDie AG, B~cbs, Switzerland and distilled UDder nitrogen 

10 · .. 0nto 100 pa11S per niillim of 2,6-cti-tert~txltyl-4-~thylphenol. GC Bnaiyais of this 

sample showed it to be 829' 2M3BN. With these mixtmes, the follOwing ieacdon 
mixtmes we= prepared bl ~ml· GCvws equipped wit~ micro-sliibm: 

15 

20 

Catalyst Solution 

·2M3BN 

' Sqple I 
O.lOOg 
0.103g 

Smmlc;2 .· 

0.102 8 
·. 0.106g 

SIDJRJe3 
O.lOS g 

0.100g 

The GC vials wme crimp«aled with caps fitted with appropiately sized 
. .. . :·. ·.· .' i .· . 

sheets of Nordel rubber to aid ;in cont~_the MBction mixtmes· Samples 1-3 

. wemplace4-in~odc-stirrersetat.li5.°C. Sample lwasxemovec:laftKl.Ohr. _ ., .. 
. . . . . '· ~ - ·. •' 

. . of reaction time. Sample 2 was ~oved after 2.0 hrs of reaccion dme. Sample 3 
. ·.· .. ·.· ··. . ·. ··.· . . . 

. was mnoved after 3.0 hrs of reacdon time. The macdan was quenched in each 
case by~ the~ mixtme ~th diglyme as.a ac solvent for product 
analysis. The propionitrile in the~ mimic was used as an imanal ~andanl 
in the GC product analYll.~· _The rentis of the analyses n shown hi Tabi~ 2. 

·;·-~. . . . . 

In Comparative BxpP}e I, tho 2M3BN isomerization experiment was 
... performed essentially as~ above for Ex11nple H, and ti.e .results are also 

2S . shown in Table 2. . . . . 
'.In 0m,.psati~ Examples J and K, the 2M3;eN isomerizatioll experiments 

. . - . . . ~· . . . ~ . 

were peifonned essendalty u described above .for inventive Example 6, except that . . .. ~ . . . . . . 

the~ Ligand" was used DJ. place of Ligand" A". 1be results an: shown in 
Tablel. 

. ' ... .• 

30 . . Stock S<)lutions of mactants and catJlyst used in inventive Bump.es 9-S3 
and 60 were made, as appropriate for the P:~icul31 experiment, in the following 

.manner. 
·.··. 

·. 1.3-ButaKJjp Splgtion <BDl: 25-~ ~lUtions of butadienc in nitrile , .. ·.. .. . .. . . •.· . ' .·· . . . . 

solvent (chosen froDl prop~, butyronitrile or hexanenitrile) were made by 
' . ·.··. . :·. . . . .. 

35 vacuum transfer of a known ~ of butadiene into a thlee-fold amo1Dlt of 

20 
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. nittile SQl\'fmt. ---~ ~:,,o.l~tio~~ were sto~.~ &: s~ vessel~ "'.35°C until 
. . .... .. . .. .. . . .. ·. . .· ·. .. ,. . .... 

their use ill~.,, · _ .. _,. . _ _ 
HQi Solµtion::. 2',wt%:~ol11tio.ns qf HcN in nitrUe sol~ (chosen as 

above)~ iypically ~-by ~i~g 2.so g ~f liqukf.HCN hit~ 1.SO ~ ~r 
. . . ,,.., .· .... 

S . soJvent, in a glove~_~,_ 'file i:es~m.: so~Qd~ were stored at -3S°C until their use 

. < in CJLPC#ihncnts. · -- · .. • >, < _ ~ - · _ _ --__ : T" , ._ _ _ 

_. Catar)yst Solution: -Fof. _,, typ~'1 D;iutti~t~ phospbi_, llgand, 1.~ nunol of 

_J> ~o~ ~4 Q.osi·~~f.~~~sc)i,>}iJo.i'-~>._~-mixccl,~ ~_mi~,: of. nitrile 

.- . . . .sol~ (~s~ ~---~~>:~~ ~;~ t,~:_sol~ti,Pfl we~ we>v;Id be ~9·P'> g. 

1~----- _The iesulting,~~~ ~~~~-~~ ~~YUIJ~~ic:jrn~diately after,~. 

· _ 2-Metb~t~3-tHrteDeDitritC!MixlgR. c2M3BNl: A~~ .of 2M3eN was 

lS 

obt~ as-a~~~~·-is~~~hlch c0n~'s).;s:Z% 2M3BN. 

· . - In _inventive BUmples ~~rand.53, the butadiene hydrocyanation 

experiments were petfonned as follows~ The iesults are shoWn in Tat>Ie 3. 

To 2 mt. Ge vials e~d:with micro-stirbars, 0.075 g of Ni Catalyst 

solution (1.5 pmol Ni), 0.080 g of HCN stock solution (740 µmol HCN), and 

··---=~.,..~~~=~ 
2S -- _-experliiients \vem~ as-fOllbws~ -.Jib reiDlts are shomiin Table 4. 

· · To 2 fut"Gc: villi ~'"Vritb ~. 0.100 ,-c>!Ni catalyst 

soludon (2.0 pmol Ni) ancl.0.100 g of the 2M3BN-containkig ~(l.O nmiOl . 

~··· 5?.:~r=~'-7~~ 
at the appropriate time points and diluted in acetone for a ac '°lvent .. The nitrile 

~-solvent w~ "Used aS an'~ ilandBrd ·in ffie• lmaJYsiS and accounting of 

the 3PN .and 2M3BNteactiOri pfu'duet rruxtutc/> '-" . -
In Tables 3 and 4, the designation "OA" n:prcsents 2-isopxopylpbeiloxyl 

35 . whcm the oxygen isatbi~ t~-ph~h~~ and the des~ "OC" rcprcscnts 

,. 2-ise>pmpy1.;s~ipbeli<my1 where" the OXygalJs attached to phosphoms; 
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· In inventive Examples S4-S9, S9A, 61-66 and 66.A, stock solutions of · 

reactants and catalyst were made, as appropriate for the particular experiment, in 

the following manner: . 
1.3-Butndicne Sglgtion <BP>: 2S wt% solutions of bUtadfene W1'e made 

s . by vacuum transfer of a known quantity of butadiene into·· a three-fold amount of 

tol~. The JeSUlting solutions were stomd in sealed vessels at -3S°C until their 

10 

lS 

20 

30 

35 

i • 

usein~ .. 
HCN Solution: . 2S ·~ ~~tions of HCN wen: typically.made by 

weighing 250 I of liquid HCN ~to '"O'g of valeromttne, in a gl~box. The 

iesotting solutions were stored • -3S°C until their use Jn experiment&. 
· Catalyat SoludOn: For a typical mUltidentate phC>sp~ ligand, 0.84 nuno1 

of'p· atc>ms ~d 6.0401 o!NiCCoD)i co.14 mmot> wem mixed in an amount of 

either toluene or tetrahydrofUran ~~b ~the total s~lution.Weight would be 

· S.00 g. The JeSUlting catalyst solutions.Were typic8lly Used immedialcly after 
. . . . ·' · . .'".• .: . 

mbdng. . .. 

2-Metbyl-3-butens;nitrile Mixtme C2M38Nl: A sample of 2M3BN was 

~as a ~-~f~ttile ~.which contains 81-829' 2M3BN. 

To 0.930 g of dus mix~. o.o7o g of valerOnitrne was added as an hltemal 

~tandard for~-2MlsN' iiomerlzati~~·J:eaction. · 
. .. ;~ . "'·. .. ... - -i:isd;m.Git'ikoc.YiziaijOD . . . .. . . .. ·.~ ; . . ., . ~-. ·- .. ,, -· 

. In inventivC·~ S4-S9 ·lii,d S9A~ the ~~hydrocymiaiion · 

~ w=~ai foll~ •. The ~ts are shown in Table S. 

. . . To +mL ~-capped vi8ls eciln~ with micm-stiibais, O.oOO I of Ni 

.catalyst ~huion (la sUnol ~1): o.cJ90i~ HCN skd setlu~on (B32 pinol HCN), . 

and 0.~00 g ofBD stock sol~~on (9~ pmol BD) Wl3 added. 11ie ~ Wl3 
. . . . . .. . . ·... . . ' ... ~. . 

soaled ~ith sepimD"caJ»s to contain the 'reactioo mixtures. The vials were then 

placed in a hot4'!0ck-stkmr Id 'at 8ooc. Salnples w~ smoved iit the 8ppropriate 

time pomts and~ by cooling to -3S°C. ThC reaCtion lnixtmea Were then 

diluted in diediy~r as·aac s~l~mt fo{poduct analysis. The valeronitrile in the 

reacd~~~ w~ ~d-~ ~ ~.swldard. . . · . , 

.. . . . . -'· coa•dve mmnple L 

.. A 2S ~.solution ~f .1.3-'1~~as made by vacuum uansfer of 

. ·s.37~of1~3~~.into l~~ll·g ~f-~l~. A 2S ~%solution ofHCN was 

made "'1-~ ~~QfL2S.g ofHCN' to 3.7s g of·valeronitrile. The catalyst . 

sol~o~ w~ ~by the.addki~ ~ 0.297 g. of Nl(p1TP)4 8nd o.iss g of 

p1TP to 6.71 g of.toluene. With these solutions, the following reaction mixtmes 

· were prepued in 4-ml screw-capped vials equipped with micro-stirbarr. 
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. , . ....... Sampls; l , , . . · · Saqle 2 

Butadiene Solution _0.207 g· o.ios g 

.HCN·S~lution : .. ..~-=.. ···:. ·· _Q.0911 ... ·.: · 0.089 s 
C$181yst_Sol~ - -__ ·_-O.OS9g,-... ._. ,0.077 g . 

The~~'~ai~-wlth seP~-caJ,s'~ C011ta.i.ilhe·~aeti~n mixhimJ. 

The vials WCJ'C ~ in a hot-block-stirrer set at 800C~ S~~ i -,..~ zemoved 

5 

10 perfonned essentially as descrlbed above for Example 1., 8Dd the resultS me also --- -

sltown in Table 5. 
·.··, ··.: ,., .... 

20 
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. , __ · : .. · ... -,.~Bxlunplerj:_. ·,'··:·.·.-- T· 

2S A 2S ~ iOluti~ of _1,3~butadiene was mite bY -\.acu.pn tUDslei of __ 
s.31 1 or 1,3-butadiene ~~-- i6~11 1 cJ~c,i~ene. A. ·:ZS wt9J,:a~~~~ -~:li<=N was 
made by the addition oit.23. 8' of-"dlt~ 3.~ 75 g of valeronitrile. The- catalyst 

___ . sol~~ w~-~ by.,. ~~iOD: ~~o~297 g of Ni(pTrP)~-.ha 0.155 g of-

. pnP to 6.7f1, oftoiuene. _ wi~ ~~ ~olutiom, ~following ~·acti~ rilixtwes 

30 wen; i>reJ>med in ~ml screw-capped vi~ equip]>e,llritllttuero:smbars: . 

C8talYSt Solution 
2M3BN 

23 

. ·.· SllJdet· 

0.074g' 

0.106 g 

-----SlmPJe2 

0~073g 

0.106g 
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·'.lhe vials were sealed with septum caps to contain the reaction mixbns. ·- . · 

The vials were placed in a bot-block-stilrcr set at 12S°C. Sample 1 was removed 

after 1.S h of reaclion time. Sample 2 was removed aftCl' 2.S h of reaction time. 

The re~n was q~ in each case by cooling the· reaction mixture to -3S°C. 

S 'Ibe reaction mixtures were then diluted in diethylether as a GC solvent for product 

analysis. 1be valeronitrile in the •action mixture was used as an intema1 standard 

in the analysis and accounting of the 3PN and 2M3BN reaction product mixtule. 

The zaalts otth8 aiial)ius .re •own in rable 6. 
1 

. 

Jn Comparative &ample 0, lhe 2M3BN isomerizatiml experiment was 

10 performed essentially u described above for Example N, and the results are also 

shown in Table 6. 

~-·. 

. " 
~- _. .... • •• •).' "'~· •":! ;a..i:;::=-....... ··-~ .. !'! ~~ :.. -~ ·:.:. .. --. 

!.. ,· 
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IABl..B I 
Step 1 - Hydrocyanad.on Reaction 

Molar Ratio Molar Ratio Reaction:· 
l!xama>le Catal!!! Pm! HCN~i Tune Temoerature 

1 LigandA 6 2000 1 hr BOOC 
Ni(COD)2 3hr 

2 Ligand A 6 2000 1 hr t 800C 
Ni(COD)2 3hr . 

3 Ligand A 6 2000 1 hr I, BOOC 
Ni(COD)2 

'! 
A Ni(p1TP)4 6 soo 1 hr ~ 800C pTIP lhr1 :' 

3bl ·7 

~ i I 
,. 

B Ni(pTl'P)4 6 .500' 1 hr • 800C 
pTrP I 2br ~: I 

3hr '1· 

c Pringle Ligand 6 2000 1 hr sooc. 
Ni(COD)2 2hr ~ 

' 
3 hr ~· 

D Prlngle Ligand 6 2000 lhr 800C. Ni(COJ)}2 2hr 
3br 

4 LigaqdA 6 2000 1 hr 1400C 
Ni(COD)2 s~ 

I·.: ~. 

il 
:;" 

:~ 

:I 

%Yield 
3PN 

19.1 
21.S 
17.3 
18.3 
18.8 

2.1 
3.S 
4.7 
2.8 
4.7 
6.3 
0.0 
o.o 
0.0 
O+O 
0.0 
o.o 

26.2 
26.8 

9' Yield 
2M3BN 
. 1S.S < 
,'76.3 

71.2" -. 
:''.'::733 ··'' 

<76~9 ;· 

,; _·,: l.6 . : 
,. ~.~~ ·: .. 

L7 ~­

•·· 2~8 < 
.- 3.7 < ... , o.o 
·· .. o~o -

o~o .· 
.. :_ <io '· 

··.· 

o~o .. .­
o~o 

63~4 .• 
64.1 

i 
IO . 

PJ, 
1-

.,%Yield 
TotalPN 

94.t ·. :., ... 

·~ 97.s·· 

. ;~_~:> 
9S.6 

,. ~:· 

'·'· :.:~ ~·· 

3;7 '.~ ' 
6.0 
1.1.• 
4.S: .. 
1;s 

1'0.1 '· 

0 ·~· .. o_-· <· 

0;0. ·. 

0.0 ,., ·· .. 

o.o -
. o.o .. 

().0 a 
89.6 i 

. 90.9 I " 
I ,.. 



;. 

, 
' . . . . · :: . ... . .. . Molar Ratio·. Molar Ratio . .. R.eactioil 

~--·-·C~-~-- P/Ni HCNJNi Time·. T~-. 
S Ugmcf A 6 2000 S hr • 140°C 

Ni(COD)2 
.··. Pringle Ligand 6 2000 1 hr : 

·: · · · Ni(C0D)2 S hr · 1 

E 140°C 

F · : .. : Pringle Upad fi 2000 t hr ·. 140°C 
. · Ni(COD}2 S Iv :. · 

G Pringle Ligand 6 2000 1 hr . 140°C 
... N~(COD)2 S hr " .. -

Ligand A= Compound of Fommll. l'llll= Rl=Oa13 and R5=t~butyl 

9& Yield 
3PN 
31.7 

2.1 
5.3 
2.1 
S.l 
1.0 
6.8 

. .; . ."· 

9& Yield 
··2M3BN 

S9.6 

2.0 
4.8 
2.0 
4.6 
1.0 
6.0 

'II Yield 
. TotalPN 

913 

4.1 
10.1 
4.1 
9.7 
2.0 
12~s 

~ PDngle Llgalld =· COmpound of Formula I where R 1 and R'=ll made according .to the teachings of Baker et al., I~ Chem. Soc., ateni. Commun., U91, pp .. 803-804 . . . _ . 
p1TP = tri1>afa tolyl phosphite the catalysts of which are mentioDecl in U.S.P. 3.536,748 

• /: .• . ;. r--.: ~ ~ . : ... 

... 
-~ ::· . . ·· . .: ·f· .... ,,,, 

! 
\ 
~ 

:!. 
i ,, 

f 

~; 

i 
-1 
I 

• 
~ 

I 



t3 

7 IJsandA. 
. Ni((X)D)2 . : · . 

8 . ~aridA .. 
Ni(COD)2 

.· II .. ·. :r:~;~1ip~ u 

I 

J 

>·-;, 

Ni(p1TP)4··.· 
pITP'··: •.. 

Pringlel.igand 
Ni(COD)2';· . . 

:.1_:. 

6 

6 

6 

6 

6 

2000 

2000 

··soo 

soo 

2000 

i· 

1 hr 12S°C. 
2hr 
3hr 

~=; · .. 12S°C · .. · 

l hr ·.·. 12S°C~: ·. · 
2_111' 
1 hr .. 12S°C 
2hr 
3hr 
1 hr 
2hr 
1 hr 
2hr 
4hr 

:·; :> l2S°C 

psoc 

. K . Pringle Upnd 6 2000 1 hr '· 12S°C 
· ... . Ni(C0D)2> ·: . .. · · ..•• ··. . .. . 2hr . : t· 

upnd A~ Compound of Fonnulal where Rl=OCHJ ·~R5=t-buty1 · . .. -:. 

12.0 
.13.8 

. ·. : .·3~7 ... ·. 
10.1 
0.1 . 
0.2 
0.3 
0.2 
0.4 
0.0 
o.o 
0.0 

·.· 0.0 ···.·: ... ·.· ··:o~o ...... . 

39.09' 
74.49' 
92.89' 
92.39& 
93.29' 
:7s.69h'.-: .. 
91.09' 
10.7% 
17.S% 
24.6% 
14.3% 
30.3% 
O.S% 
O.S% 
·o.s-. 
O.S% .. 
0.5% 

· 100~0'11 
100.0% 
100.0%.~. 
100.0%:-. 
99.8% ·. 
92.6%.· 
86.5%. 

100.o'I': 
94~2% ·. 
82.3% 

.. .98.l,;_.-.. · 
100~~ ,·· 

Pringle Ligand= Compound of Fonnula I where R 1 and R5=H made acco~ to the teachings of Baker et al., J. Chim. Soc., Chem. 
Commun., 1991, pp. 803-804 :1 

pTl'P = tri-para 1olyl phospbite the catalysts of which are mentioned in U.S.P. 3,S36,748 

~ 

I 
D\ •·. 

... 
~ 
I 
1·· ... 
00 .· 

,. 



. ·' 

~ 

!) 

TABI;B3 1 

Step l - Hydrocyanation Reaction 

Bxample .. ~ : . Ligand 

9 
CC.Q)j\ ;_ /P(QQJ 
. 0 0 . 

FoamlaXI 

10 

Fo ....... Vll 

Reaction 
nm 

; 

1 br 
2br 
3hr 

.. 
. . ! . 

1 hr 
2hr 

. 13-br 
I 

. .-:04:.·· 

' 
) 

9' Yield 
3PN 

2S.8 
33.J 
36.0 

46.0 
42.7 
49.8 

'11 Yield 
2M3BN 

S3.9 
62.4 
60.9 

39.0 
34.7 
40.2 

;_ 

tr, Yielcl 
TotalPN 

79.8 
9S.7 

. 96.9 

85.0 
77.4 
90.0 

:E 
0 ·s 
I 

.... 

~-· 1 
•• 

·I 



Example ... Ligand 

11 . ~P(~ O.P(OQi 

Foamial '·· 
12 -.. ·,~····· 

(A-O)'I'< .. · . ~;Pc<).~>2 ~ 

Fmmdal 

, 
Readion 

T'me 
1 hr 
2.hr 
3bf. 

1 hr 
2br 
3hr 

:~ 

·. :,· : ... ~ .. ··-.. ' -·~ . 
:i 

_,:,, 

9' Yield 
3PN 

20.6 
30.9 
33:9 . 

27.9 
31.S 
34.2 

9' Yield 
2M3BN 

33.7 
S0.1 
SS.3 · 

.·, 

.49.1 
53.6 
ss.o 

·( 

9' Yield 
TotalPN 

543 
81.6 
89.2 

77.0 
85.1 
89.1 

~· 
0. 

I 

... 
~ 

I •• 

I 

I-

., 



Example lJgand ' -
13 

ifP(.0->.~ 

FomulaXI'> 
w 
Q 14 nrn..n.. ~~ --· --

Foamla'YU 

' t 
1-
~ , 
;( 

I 
j 
,, 

Reaction 
Tne 

--- ·:i hr 

2hr 
3br 

. ·~ :· 

) 

lhr 
2hr 
'·3hr 

'I Yield 
3PN 

-_, 29.6 
. ,'29.5 
--29.1 

'. 21.0 
26.3 
25.9 

'I Yield 
2M3BN 

61.3 
60.9 
S9.9 

S'1..1 
58.7 
62.6 

'I Yield 
TotalPN 
. 90.9 
- 90.3 
"88.9 

73.7 
8S.O 
88.S 

i 
§ 
I 

.. 
. ::J 

I 



w ..... 

·•· 

Example ,_lJgnl 

IS .·· · .. ~All. 

cc:~ 
FomulaXlll 

16 .... 
llJ...L'Yl.:O . ... : .· .. -'llfft.IJ..\.. 

Y'-~,:>c-. . . .. /'""'• 
·, . \ .· 

. 0 ... 
I... . ' ··. 

(A-0)-I : . . . . . . . P(0.~)2 

FOmmlaXIV···· 

17 

;.. •·. ·'.·· 

PomulaVll 

Reaction 
T'nne 
1 hr 
2hr 
lhr 

'. 

· 1 ht 
2hr 

. 3hr 

1 hr . 
2hr··· 
3br:' 

·,. 

j 
.t·. 

,-

%Yield 
3PN 

40.1 
SS.8 
S4.S 

-~' .. 

. . 

S2.9' 
Sl.8 
S2.S 

21.6 . 
24;9 ·.· 
30.1 '_ 

%Yield 
2M3BN 

24.7 
33.9 
32.9 

34.6 .. ':_ 
33.7 
33.9 

39.7· '.' 
4S.9.··· 
S4.S 

···•··· •-.-········· .•.. .. ·. 

%Yield 
TotalPN 

64.8 
89.7 
87.4 

a1:s·· 
8S.4 
86.4 

61.3 .. · 
70.8 
84.6 

·. 

E r 
I .. 

.,., 

~ 
i 1-

" 



Example - -m-- Ligand 

18 

. Fomulal. 

19 

~ 

PomdaVll. 

l 
Reaction 

Tnne 
~1 hr 
~hr 
3hr 

1 hr 
2hr. 
3br 

i. 

9' Yield 
3PN 
29.0 
30.3 
30.2 

24.7 
26.0 
41.8 

~Yield 
2M3BN 

53.S 
ss.s 
53.2 

23.6 
2S.2 
403 

9' Yield 
TotalPN 

82.4 
85.8 
83.3 

48.3 
51.2 
82.1 

i 

I 

. .., 
.. ·~ 

·I • 



w w 

&ample J.Jgancl 
20 

PcmmlaVJI 
21 

0-~ 
...... ~ : •, ' 0-P(O-A)l 

.. ' 2 

· FomulaXV 

Reaction 
Tme 
1 hr 
2br 
3br 

1 hr 
2br 
3br 

'II Yield 
3PN 
27.0 
283 
28.9 

8.3 
22.2 
20.2 

CJ, Yield 
2M3BN 

49.0 
Sl.2 
S2.2 

CJ, Yield 
TotalPN 

76.0 
79.4 
81.1 

-:.~ ·. : · .. ·.;'•. 

S.9 
lS.6 
14.3 

· .... ·· 

14.2 
37.9 
34.S 

.·. -~ 

-.-:'. 

~ 
0 

I 

..., 

~ 

I 
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2S 

~-- --~ 

ron..11m 

/~lz-0-P(o.Qi 

B-~~P(Q.C)z . 

CllzO-P<o.Qz 

FomdaXll 

" 

Reaction 
Time 
lhr 
2br 
3br 

1 hr 
2br 
3br 

~.. . . 

~ 
0 

I 
'I Yield ~Yield ~Yield 

3PN 2M3BN Total PN 
6.S ·26.1 32.6 
7.7 27.1 34.8 
8.9 32.6 41.S 

33.2 2S.8 59.0 
36.9 28.6 6S.6 
44~2 34.1 78.4 

• -~ 

i 



Bxamp1e -- - Lipnd -
26 

t.eat.1, 

--.· 1)' ---· i(~GC;i. .... ' . ·.. ..···· . . ··. 

FomdaVB.-
27 

~ 

FolllldaVU 

Reaction 
Tme 

1 hr 
2hr 
3hr'-

' 
1 hr 
2hr 
3br 

o,,::·' 

9' Yield 
3PN 
44.8 
44.S 
49s·· 

16.9 
18.9 
18.8 

'Ii Yield 
2M3BN 

23.7 
23.S 
24.7 -• 

. <· · .. 
··.··,··. 

46.2 
Sl.S 
S2.0 

__ , 

CJ& Yield 
TotalPN 

68.S 
68.0 
74..2 

63.1 
70.3 
70.9 

;• .. · 

... ·· 

1-
1 
= 

... 
~ 

I 
OD --

.• 



CH 
00 

~-- Ligand 

28 
<A.otl, ,,P(O.A>z 

FoamlaVII 
29 

OMe .(Ne 

· .. 
Poamla'Yll 

Reaction 
lime 
1 hr 
2br 
3ihr 

! 
i: 

1 hr 
2hr 
3hr 

c.· ·, 

9& Yield 
3PN 
28.1 
32.7 
33.2 

27.4 
-34.7 
35.8 

%Yield 
2M3BN 

293 
33.S 
34.4 

22.3 
26.8 
28.2 

9& Yiclcl 
TotalPN 

S7.3 
66.2 
67.6 

49.7 
61.6 
64.0 

i 

I 

a .a 
I 

I ; 



Example Ulalid .•. 
30 

:· .. ·. 

~ 31 f~~t; 
·FoallaXIV 

:.·.:. 

Reaction 
Tune 
lhr 
2hr 
3br 

1 hr 
2hr 
3hr 

CJ& Yield 
3PN 
18.9 
21.6 
27.1 

__ .: ·;~ 

26.8 
12.9 
28.6 

""t. 
'·.·.-

90 Yield . 
2M3BN 

17.7 
20.8 
25.1 

20.6 
9.S 

22.2 

CJ& Yield 
TotalPN 

36.7 
42.5 
S2.1 

47.4 
22.4 
S0.8 

~ o. s 
I 

• 
~-
I 
5 
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TABLB4 
Step 2 • Jsomerization ~on 

Reaction 9& Yield 9' Yield Ratio 2PN + 2M3BN 
Example Ligand Tme 2M3BN 3PN 3PNf2M3BN Accounting 

32 0 hr ''100.49' 1.29& 0.01 101.6'), 

FomulaXI. 

33 
/P(O.A)i 

FoumJavn 

1 hr 8.7'1 91.49& 10.51 100.1'1 
2 hr 6.09' 96.S% 16.11 102.S'IJ 
3 hr ti.2'1 93.49& 15.12 99.6'11 

Ohr 
1 lir 
2br 
3br 

96.6'1 
19.4'1 
12.3'1 ., 
7.8'1 

.. ·.= 

1.39& 
75.79& 
86.3,. 
89.3'1> . 

.'·, 

0.01 
3.90. 
1.C11. ·. 

11.Sl 

97.9'1J ·. 
95.19'. ·. 
98.~-: 
97.0% 

: ~~ 

~ 
0'· 
i' 
e· 
IO 

I 

~ 
I 

., 

.. ' 



~ 

Reaction 9' Yield · 9' Yield Ratio 2PN + 2M3BN 
Bumple Ligand · T'Jme 2M3BN 3PN 3PNl2M3BN Accounting 

34 _ '0.A)z 0 hr 100.09' 1.39' 0.01 101.3fll 
' 1 hr 44.0'IJ 57.l'IJ 1.30 101.1'11 

35 

··;.. 

foamlal 

(A-"", ,,PCO.A)J 

~~ 
l) v 

PomdaVll 

2 br 19.C59h 80.4" 4.10 100.K 
3 br 16.29h 8S.8" S.30 101.K 

Ohr 
lhr 
2br 
3hr 

.,· .··· .= 

104.7'11 
Sl.19' 
32.3'11 

•' 24.0'IJ 
"!' 

··:';. 

1.29' 
49.3% 
73.5% 
80.69& 

0.01 
0.96 
2.27 
3.35 

lOS.99' 
100.49h 
lOS.99h 
104.69& 

~ 

I 

a a 
I 
5 



,.. .. 
w 

Reaction 'IO Yield 'IO Yield Ratio 2PN + 2M3BN 
&ample IJgand Time 2M3BN 3PN 3PN/2M3BN Accounting 

36 P(0<.')2 0 hr 94.390 1.1 CJI, 0.01 9S.4CJ1, 
/. - 1 hr S.490 82.6CJ, lS.39 87 .990 

2 br S.890 89.6CJ, IS.36 9.SACJI, 
3 br S.29' 19.690 . lS.19 84.9CJI, 

·' ·< .. 
! ... ~· 

.· :· 
'·.·. ., " 

.... 
~ .:·: .. :.,: ·-<, ' . -.. '.·. 

FomulaVB 
37 Ohr i 99.0% 1.290 0.01 100.290 

1 hr • 
2hr f 23.890 74.SCJ& 3.lS 98.S'IJ 
3hr . 19 . .59' 79.2% 4.07 98.79' 

'•/. ,. ··•.·. 
-~. -1,~ • .• : 

~.-.- ·'· 

FomulaVD 
.:·.;_:··/ ... 

.·:.: : ~:. ~ ·: .. ·. , 

·.··· 

····. · ........ :·_,: 

~ 
;< 
9.:·· 
IO-. 

I··· 

a 
i. 
I< 
;: 



Reaction 9' Yielcl 9' Yield Ratio 2PN + 2M3BN 
&ample Ugand Tme 2M3BN 3PN 3PNl2M3BN Accounting 

38 ,, .. - ..... ..._.... .... Ohr 100.69' 1.19' 0.01 101.79' 
1 hr 47.89' Sl.19' 1.07 98.K 
2 hr . 31.69' 67.89' 2.14 99A'1 
3 br 20.89' 77 .9'1 3.1S 98.7'1 

~ 
! 
I 



~ 

Reaction ''i Yield CJ& Yield Rado· 2PN + 2M3BN 
Exsmple _ Ligand Tnne: - 2M3BN 3PN ---_ 3PN!lM3BN .AccouDiiD& 

41 - - - - - ~- - 0 hr 100.6'1 . t.49o - 0.01 ; 101.!J'll:- ' 

42 

FommlaVD 

1 hr U.O'I 91.BcJJ 8.33 · 102.8., 
2 hr 6.S'I 102.9'1' 15.94 109.4'11'; . 
3 hr 6.49& 100.99& 15.69 107.3'11 

Ohr 99.79& 
1 hr 
2hr ,1 5.79& 
3hr 5.7% 

.· ~ ... 
'·.,_.., · .. 

. · .. · .. ·· 

.. . . 
• ! •• : 

1.29& 0.01 

99.69& 17.47 
100.5% 17.61 

. ' . .-: .. ': 

. ···--· .. · 

·;• .. 

·-· 

100.9% 

1os~2% 
106.2'11 

~ : . 

~-> 

.., .. , ... 

• ..... '.•._. 

~ 
IO 

§ 
I 

.-. ~ rn _-.--
1a -

S_ 
0 -

i 

~ 



t-a.· 

~ . Fomalal 

44 (A-0>2\ . ,.. ·. o.A)z ·. 

0 . 
- - . . 

. · Fomdal 

Ohr 
1 hr 
2hr 

'"3hr 

·' ... 

. :., "~ . 

J 
i 

e 
t 

i 

; 
t 

~! 

~ 

... ,.·_ 

10139fJ 
42.99fJ 
27.0CJfJ 

· .. 22.5CJJJ 

·.i 

1.2'11 
49.39fJ 
78.99fJ 
99.29fJ 

1.3% 
58.4% 
73.6'1 
17.7'1 . 

0.01 
1.36 
2.73 
3-.46 

... 

102.69fi. 
101.39fJ 
100.6'1 
l00.29fJ 

·, ...... 

i s 
.· ~ 

ID 

... 
~ 

! 
ID 

... \ 



Pomutavn 
~ 46 

FoamJaVJI 

-··:·:· .. 

Ohr 
!hr 
2hr 
3br 

-.~ . 

'. 98.99' 
22.79' 
22.09' 

; 25.29' 
. , 
;. 
(· 

... 
., 
i' 
(' ·-: . 

:·: 

1.8~ 
76.2~ 
75.8~ 
72.4~ 

-·· 

' 

0.02 
3.37 
3.44 
2.88 

. :.;_.··.· 

; __ ~ 

... ::<·,. 

. .. · .. · 

.: .. ~ ... 

100.79' 
98.99' 
97.89' 
97.69' . 

_,;;: . 

·.-. 

·-·}" 

...... .:.1·'· 

~ 
O·-. 

I 

.. 
i 
I 

i" 



' 
! ~ 

~ 

j 

Reaction 9& Yicld 9& Yield Ratio 2PN + 2M3BN 
Bxample . Ugand Tms 2M3BN 3PN. 3PN/2M3BN Accounting 

47 ·.. . . . ~P(OC)i 0 hr 82.29& 0.99& 0.01 83.29& 
8 _£<B.t().PCOQz . ,1 hr .. ·. 37.29' · 52.39' 1.40 .89.59' 

· .. '- . . . 2 hr .. 20.29' . 63.49' 3.13 .83.69' .. · ~OtlJ :· 3 ·br .· •. 23~9& 67J>'I 2.89 ·. 90.29' 

PomlllaXD 
48 

~~~~) 
Ohr 89.39' 1.09' 0.01 90.3'11 
lhr S6.99& 36.39& 0.64 933'i 
2br 47.3'11 SS.OCJ, 1.16 102.39' . . . z 3hr 44~09' S3.2'1 1.21 97.2'1 

Fo...iaXV 
:0 49 Ohr 70.19& 0.9'i 0.01 71.09' 

1 hr 23.S'IJ 54.9% 2.34 78.4'1 
2br 20~19& Sl.99& 2.S9 72.09& 
3br .·23.09& 52.79& 2.29 75.79& 

~. 
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\t 
FommlaVDI 

St 

~I 

Ohr 
1 hr 
2hr 
3hr 

·._":; 

Ohr 
1 hr 
2hr. 
3hr 

·. : .. ~. 

\i 

' : ~ 

100.1'1& 

~ . 

4 

76.99' 
56.1% 
52.1'1> 

::"· 

.:· > .. ~' 

cr!.l'I> 
67.2'1> .. 
S7.0'I>. 
4S.69'>:. 

~- . . . . 

.. 
;: ... 

1.3% 
24.2% 
44.8'1> 
S0.4'11 

·· .. ."· ... 

1.1% 
30~2'11 .. 
4l.~. 
48.6'11. 

0.01 
0.31 
0.79 
o.cn 

0.01 
0.45 . 
0.73: 
1.07 . 

101.4'1& 
101.19' 
101.S'I> 
102.S'I> 

··'"· 

; ./? 

98.2'1> 
97.49(, .·· 
98'f'lil1L .. 

9412%·. 

. ' ·•. ~':.: 

~ 
IO . 

§" 
i· 

.,. 
~ • ·'It s ... 
o. 

1. 
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Reaction 'I> Yield 
Tnne 2M3BN 

S2 Ohr 94.4'1> 

4 
1 hr i 46.1'1· 
2br 41.1'1> 
3br I 'D.S'i> 

. ' '. .Foml*XIV ! 
1. 

60 2hr ' 10~: 

~ 

l .. 
' 

l'o.mula IV 
-. .. .. ;·;, -·· ~ .' .'~. 

I !: -.'.. !, 

'I> Yield Ratio 
3PN 
1.1 'i> 0.01 

S2.39b 1.13 
Sl.6~ 1.25 
44.4'1J 1.61 

86.7. ·. 8.28 

2PN+2M3BN 

9S.S'i> 
98..S'IJ 
92.8'1. 
71.K 

97~1· 

~ 
-~ 
i 

"ct 

~ 
I 
I 

I 
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VI .... 

S4 

SS 
·r~a VII 

i,_. 

l'oznula vu 

TABLES 
DD Hydrocyanad~ 

pl. 
Reaction 

T'me 
2hr 
3hr 

2hr 
3hr 

------c !_ ·---

9' Yield 
3PN 
40.8 
42.2 

47.8 
---- 47.S 

9' Yield 
2M3 
31.8 
33.7 

34.8 
34A·. __ 

Total 
72.6 
1S.9 

82.7 
8L9 

.:_• 
.: .. _ .. 

. . ~. . . .: ' .. 
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1· 
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l'Omula XX 

Reaction 'I Yield 'I Yield 
Tune 3PN 2M3 

2~ ~A ~~ 
3~ ~~ ~~ 

2br 
3br 

42.6 
46.7 

34.0 
3S.S 

Total 
86.2 
ss.o 

16.6 
82.2 
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romala X:t 

~ 
Comparative ·C~yat Bunde 

L ;· . Ni(p1TP)JpTl'P. 

. M- -Ni(pTrP)4'PTl'P 

Reaction 
Tme 

l.Shr 
2.sm 
2hr 
3br 

. 

Reaction 
Time 
2hr 
3hr 

1 9' Yield 
,1 3PN 

; 7.4 
12.3 

. 3.8 
8.2 

9' Yield 
3PN 
35.0 
34.9 

9' Yield 
2M3 
38.8 
38.S 

9fl Yield 
2M3 

4.1 
6.6 
1.7 . 
4.S~ 

Total 
733 
73.4 

11.S 
18.9 

Total 

. :s~s · 
12.7 
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-- l'cmaul.a XI 

l'omula XI 

Reactim 
Tme 
2br 
3hr 

2hr 
3hr 

-,. i 

9& Yield 'fl Yield 'fl 3PN/2M3 
2M3 3PN Ratio 

·4S.2 S4.3 1.20 
3S.6 66.3 1.86 

.99.s. 
101.9 

14.3 
11.9 

81.7 
83.0 

S.10 96.0 
6.95 .' . 94.9 

-· 
.... 

-~ ~ 
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Fomula:XI. 

VII 66 ~ -..J 

Fomul.a XI 

:A 

Reaction 
Time 

2br 
3br 

·: ~ :~ 

2br t 
3hr 

. . -; 

Cf> Yield Cf> Yield 
2M3 3PN. 
8.S 86.8 
8.1 86.2 

.. 

28.4 65.4 
14.9 77.8 

t ·.,-

'f>3PN/2M3 
Ratio Account· 

10.3 9S.2 
10.6 94.3 

2.30 93.8 
5.23 92.7 
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l'omula XI 
.·.", '..:: 

.··. : .. 

Comparative . Reaction 9& Yield . . 9& Yield 3PN/2M3 
CatalYSt Exando~.. Tune 2M3 --· . . 3PN Ratio ACC01lllt.ing 

N Ni(pTl'P)JpTl'P 1.S hr 58.S 32.1 O.SS 90.6 
2.S hr 61.7 33.4. 0.54 9S.l . 

0 Ni(p'M'0)4fpTl'P 2·bi' ·. 64.~ 315 ; 0.49 96.3 .•· 
. . 3 hr 49.S . 44.0 0.89 93.4. ; .. 

;.,"· 

!: 

I 

.,, 
~ 
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WO "'22968 PC11USHIOO!W8 
Pleparation of ligands containing ortho substituted oxygen containing 

groups are shown below. 

EXAMPJ..B67 

Ligand B; FOimula VI where R 2 is the cyclic group, ..O-C(CH3)rCHr 
;•', 

nicchlomdite ~ed from 2t3-dihydro-2t2-dimethyl.:.7~turanol was 
. . . · ...... ,,. .; 

ptepared huitu m. Pcl3 and 2,3-dihydro-2,2-dimetbyl-7-~l. A 

10 toluene solution containing O.SS g (4 nmoles) of PC13 and 1;314 g (8 mmoles) of 

2,3-dihydro-2,2-dimethyl-7-benzofuranol was cooled to -300C. A dlillcd toluene 

.. ~~ution (-30°C) c~ 1.0 g (10 mmoles) ofNEt3,Wl§~~sl"'li,:~ dropwise 

to the abo'\le solution. · The mixture was stirred ovemight tO jiff a solution of the 

chloroctile (31P.nmdll toluene/CDC3: 165 ppm). A toluene soluti~ containing 

IS 0.372 g (2 mmoles) of 2,2'-biphenol and 0.6 g (6 nunoles) of ~3 was added and 

the mixture was allowed to stiirred ovemight. The mbtture was filteted through . 

celite, washed with lt>luene and solvent removed to give 1.84 g of the desired 

product. ~~:t> ~ iD ~6: 131.9 ppm along with small peJks due to .impurities at 

146,133,132 pPiL FABMS (fast atom ~arm..t mass specttos~): Found: 
: ·. ~ . . . . 

20 899.23; calculated M+H wirh M = C52ffs20.1cf 2: 899.31. 

59 
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s 

BXAMPLB 68 ,, 

Ligand C; F~~ xI when: Rl is -the cyclic group. -O-C(CH3n-CH2-
• =·· ·. :• ·• :'·· .. 

· ... , 

Ligand C was pmpared similarly to Ligand B: O.S1 g (2 mmoles) of 1,l'-bi-

2-naphthol was used instead of bipbenol. After the usual workupt i.97 g of 

}m;duct was obbUoCct as a white solid. 31p (ppm, C6D6): 131.26 widi minor 

. peaks at 147.3,133.1,131.S, and 13l~O. FABMS (fast at0m bombardment mass 

10 spectroscopy): Found: 999.24; calculated M+H with M = C6()115~1oP2: 999.33. 

. ·_,-, 

IS 

QXAMPLB69 
µpnd D; Fonnula XI where R2 is OMe 

·: . . ~-. ' .. -;;v) 
/\° . 2 

The chlorodite derived· from guaiacol was pepared in situ from Pa3 and 

guaiacol. A toluene solution contahUng O.SS g (4 nmoles) of Pa3 and 0.993 s 
(8 mmoles) of guaiacol was cooled to -30°C. A chilled toluene solution (-30°C) 

containing 1.0 g (10mmoles) ofNEt3 was slowly added dropwise to the above . 

20 soludon. The mixture was stiDed for 4S minutes at room temperature ~ogive a 

solution of the chlorodite (31p (ppn. C6D6ftoluene): 166.17). A toluene solution 

cmtaining O.S73 I (2 mmoles) of ltl t-bi-2-naphthol and 0.6 g (6 mmoles) of NBt3 

was added and the mixtme was allowed to stined overnight. The mixture Was 
mtered tbmugh celite, washed with toluene and solvent removed to give 1.67 g of 

2S the desJled product. 31 P mm in C6'>6: 131. 7 ppm along with small peaks due to 

60 
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WO N/22HI ··., .=·:-~: : . • . PCf/US96JOOS48 
. _Dnpur4ies at 147, 133~ 12~ An,zi.'.:~ ~'!as pauifie<l_by flash column 

.• -·· =.:· .. '·:·" 

.. · · ·. -~graphY Oii·Silfua·ge1 d~cl ~ith io-20% BtO~ to give the 

product as a white paste. lff mnr (S, CDC13): 3.61 (s, 6H), 3.62 (s, 6H), 

6.62-7.92 (m, 28H). 31p mnr (ppm, CDC13):·, 132.04. FABMS (fast atom 

5 bombardment-~ speciroscopy): F~und:.· 837.03; calculated M-H with M = 
C41~o01oP2( sfi.21, "'"'-

...... ··... EXAMPLE70 

Ligand B; ~orimiia ViII wi~ Xis CH(Bt) and R2 is -OCHrPh 

'! .. ; 
.. )· : .. 

.. 

2 

10 

Fmp~ shnilarly to Ligand B but used 1.602 g of 2-(bcnzyloxy)phenol 

........... 

· instead of2,3-dihycko-2,2-dimethyl-7,-belizofpranoland541 mg (1.9 mmokS) of. · 

2,2'-FoPJlidenebis(4~6-dimediylpbm01) ~according to Yamada et ii., 
IS Bull. Chem. Soc. Jpn., 6l, 3603 (1989)) iDitead of Z2'-bjphenol. After the usual 

workup, 2.167 g ofalisb~ tan p was obiained. 31p (ppm, GsDc;): 135.73 with 

minor peak at 132.8. FABMS (fast atom bombardment ID8IS spectroscopy): 

Found: 1139.27; cal~d M-H with M = C11Hcic;01oP2: 1139.40. 

·. ~ ~ .. 

·, .. . ·.·.··=·. 

. ; .. •. :.· 
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WOl6/229A PCf/US'6100S48 

·.·:· .'. 

s 

EXAMPLEZl 
Ligand P; FonDula VI with as· iS Hand R.2 is-OCH2Ph.' 

. ! · .. :. •.• .·; • . •• 

· .. ·, 

( 
.J 

,;_ 

. · .. Prepared siniiiaiiY to LJgand ·B but used 1.602 g of 2-(benzyloxy)phenol 

ins~ad of 2..3-dihydn>-2,2~yl;.7~furanot·· After the u1ual· Workup, 
2.099 g ofalighttalipu~was.obWned. 3lp~ Cc;l>c;): 131.95 with~or 
P,aks ~-146.6, 132.9. FABMS (fast atcxn bombardment mass specUoscopy): 

10 Found! . 1043.24; ~..illited M+H ~th M = ~Hs2<>1oP2: Io43.3i. 

mampleS.12 aind 73. descri~ ~on of ph0sphoroChloridite using 
N~-dialkyl diaryiphosphoramicute ... · . , . 

mb\MrLS72 
A·· B&ra-Uigpl'QPY•-s-111G!bx1ldmm1iNN-dii;so,prgpyldgpbmmnwttc;: 

1s · To·So1uti0nof~.0 1 c;r_PCi3'in3so~~fdrytolue11ewas:&dded 19.1 1 
of dry diisopropylaliline, ~ .che tempCmare at 5-7°C,· ~that U1.4 g of 

. triethylamine was added, rnairitainbil.& temperatme • S-8oC. 1he mixtum was 

allOwect to stir at ambient t~ for 16 Im, and~ a solud0J1.of 52.4 g of 

thymol m· 38.2 g of triCtbYJ&milie: and SO mL of mY toluene Was added at bdow 

20 .·40°C, followed by 0.2S g Of ~~oJ,yrimne in 40ml.1of toluene. The 

mixtme wasbeated al 80°C for 2 ~ ~ed to 12°c, and w•ci with water, aq 

·Naa,and 11•Vlith water. The·~j~ti~··of the phosph~ <Was dried by 

distillati0n ·of 200 ~of sol~~t at~~ pres~ betw~ 6o 8l1d 700C to 

· dont a ~Otuti~ of the pro411Ct ~hich was of 90-9'% purity by gas 

2S chromatolraPbic and 31p~NMR analysis (3 143 ppm) . 

. It BpC2-isogmpyll)heQyh.NN~jj§Olll9l>Ylpbosphonunidite: . 
' I • ~ • • ; "' • : • • • C'' • • ' • • ' • •1''· • ' , , , , ' :. ' •' , •, •,' •· , • • • 

.· · To a solutim of 15.0 g of 2-iSQJ>ropylphcnol and 10.5 g of tricthylamine in 
. . . . ·. '•' .·::.. . . . : :. .; ' • ··:. ; J : : ,", . : . :· '. ... · . .~ ~.:. ·. . : . ;· 

100 lnL of hexane was .added 60 mJ.. of.a solution of N~-disopropylphosphor-

amidous dic:hl~ (0~82™ ht fiCX.ine) at ambicilt ~:0vcr4S ·~utcs. 
30 1bc mixture was allowed to stir at ambient temperature for at least 16 h, the 

tricthylaminc hydrochloride was mtered and washed with two 100-mL portions of 
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. . . ·. ~ 
wo· tm2HB · · ·: · .··'. .. '. .. ; . . . ·: .·· :·_;-: PcrJUSHIOOS48 

hexane, and~~ ·m~,and.\!~P .~ ~~trated to provide 
19.2 g of the produa·as moil. A poni~~-CJf dus ((t g).;,as crystallized from 
20 mi. ofco,cJmcthanol, washed with two ~-IPL partions of cold methanol and 
suction-dried to provide 7.35 g of the Pue phdsphonmidite as a crystalline solid, 

s mp 35°C. 3lp.NMR. <G6D6) ~ 142.2 ppm; lff~~ (C'°6) 3 l.2S (m, 24H), 
3.6 (sq,tet, 2Jf)_, 3.9 (m, 2H), 7.0 (m, 4H), 1.i (m, 4H)1lllld7.35 (m, 2H). 
C. . . BisC2-~henyl)pho§pboijcfildte: · .. · · 

A solution of 7.2l g of the Pfoouct tr0m Example 72B in 200 mL of 
cyclohexane was cooled to OOC and an~s HO gas was bubbled in over ca. 

10 20 min. Excess HCl ~as pmgecfb)' bu,bbling dry nitrogen through the solution for 
10 min. The diisopropy'i~ hydrOchioride was filteied off.in a chybox and 

· washed with SO~ of cy~~· '°d die co~b~f~~ate ~d washings were 

~ . . 
hydrogenphosphonate '~~~as Co~ts, buttbe ~oridite was 
snffi~tt! ~;i().,e;~ ,~~-~&~·~~,~·: . , . . ... 

BXAMPLE73 
Prrpratimt QfBjsqJ;t·~-h~cl.ton@e 

20 In a 2SO mL 3-~<6.iic '.' /;.'1m with condenser, tbenJiometer and 

~~~~-~~~~· 
. · ~39.8 mL ()f0.~ ?ti so~pti.Oll of~,N~'~o~te in 

'~~..s.~:~~~:·~~--~:~:~·· .. ~~~~healed 
2' to~~

0

~tor3.Sh~. ~'~-~asJ~.t~,~'1 ~'·'~-~washed 
with cyclohex~. The solution was cooled in an ice badi . .-id 140mLof1 M HO 

~ ~Eiiii~it~~. 
described in the foregohtg ~I), it wjJlbe understood by those skilled in the 

< < 

35 foregoing specification, as.ipdicating the scope Qf • invention. . .... . .• . : . . . . ' . . . . . . 
;I.:.. ·.· . .-:•: . I 

! .. . • ·•· ~·, ·:· 
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PCJ"JUS96/00S48. 

:.IS: 
oved process for the liquid phase bydrocyanation of diolefinic 

!quenl isomerizadon of the iesulting nc>nconjupted 2-alkyl-3-
, ' 

·. 

JD1Prising aacting an acyclic aliphatic diolefinlc cocnpound 

.i; the improvement comprising conducting·'the . 

subsequent isomerization in the piarence of a catalyst 

on compriaing zero-valent nickel and at least one multidentate 

lected from the group consisting of compoundS repiesented by 

~. V, VI. vn. Vlll, IX. X, XI. xn. x:m, XIV and XV as· set 

1 
I 

e,) 

l- 1

-1 
·~\ 
~!l 
~ ·,& 

l*l<JelltJ~ a or sttaight chain alkyl of up to 12 carbon 

OR4wbcleinR4. ··c:1 toC12alkyl; · . 

. 111*1.C11D1dy a ·· bstituted hydrocarbon.of up to 12 cad>on ·. 

I
. -;{ 
-- ~. 
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W09"22t'8 

FollmlaD 

wherein 

each R6 and R7 is independently a~ substituted hydrocarbon ofgp to ' 
12 carbon atoms; and 

'.' ... 

S each RB is independently Hor a bran~~ I!:~~ alkyl of up to 12 carbon· 

atoms, or OR4 whet'ein R4 is Ci to C12 alkyl; 

Fomu1am 

whemin 

each R9 is independently H ma branched m straight chain alkyl of up to 12 carbon 

10 atoms, or OR4 wherein R4 is C1 to C12 alkyl; and 

ead1 R 10 is hldepcndently a teitialy substituted bydrocmbon of up to 12 carbon 

atoms; 

6S 11111111111111 11111 1111111 1111 
* C L M S * 
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W0"'229'8 

··wbemin · 

..... 

:; ,. 

PCl'IUS96100541 

cB .. 0-P 
\ 

1t.14 0 

,,,_'·--<· 

FomulalV 

~ R 14 is independently a tertiary substituted hydrQC8rbon of up to 12 carbon 

atoms ·or Si(R 11 )J where R 11 is independently a bUnched or straight chain 

S alkyl of up to 12 carbon atoms or phftyl or ~3" whelein R3" is a 

secondary alkyl of up to 6 carbon atoms; 

.. / 

FonmlaV 

wherein 
R 12 is H or a branchecl or straight chain alityl of up to 12 carbon atoms; and 

66 
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* C L M S * 



·-

-----· ··-··--·--- --· 

' . · .... , 

WO "'22961 . . . .. PCl'IUS96/G0548 
each R 13 is independently a branChedm straight chain alkyl of up to 12 carbon 

atoms; 

.;,_.···· · . . :~bR7 ... · 
:.,~K?J· ~- _.·· . 

. : ' :: · R'Z 
R 

R$ 

. . .Fomula VD 

FomlllaVIU 

·. ·.:;-·i·· .. .. · . .. ·c8 
0-P, 

FommlaJX FomlllaX 

67 
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PC?IUSHI00548 

··, 

RmmJaXI 

. . 

· •.... ·. a2. ·.. . .·. :xJ2 

·.~0~2 . ·~~l 
FomlllaXlV 

· Pomul&XV. 

· wherein in Pomtulu Vlthrough XV 

·. each Rl is independently, H, halogen, a Ci to C 12 alkyl; or OR3 wherein R3 is a C 1 
to C12 alkyl; . 

· S each R2,is independmtly a secondary or~ bydrocarbyl of 3to12·carb(m 

atoms, or oa•":whemin R4" is C1 ·to c6 alkyl or ~li or a cyclic irouP of 

thefonnula 

68 
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WOH/22"8 PCf/lJSM/00548 

10 

IS 

. '(j 

fonning a five membered ring attached to· the phenyl ring,_ ~emin R"' is H or CH3 
and Z is-0- or-CHi-; 

eadi R'Z·is.~tly.H or· a primary, s~aly or tertWyh;drocarbyl of 1 to 

12 carbon •& at either the meta or para J'ositi0n to the oxygen; or CN, 

C02R4" or OR4"wheiein R4" is~ c1 to c6 alkyl at either the meta or para 

position to the oxygen of the phenoxy ring;•·. · > . 
each ~s· is independently H or a primary or seconc:i~ hydrocarbyl of 1 to 3 carbon 

·~a.imns; for Fonnulas VI and IX, Rs· can alsO be ·()a4", whenm R4" is a c1 to 

Cc; alkyl; for Fonnulas X ~XI, R5' can also be g>2R4", wherein R4" is a 

Ci to C6 alkyl; and ,_. . 

each X is indepen~y 0 or <?ff<R4'), wherein a4' is ij, a: substituted phenyl, or a 

C1 to C12 alkyl; . .. I . 

. and whe.tein saicheaction is carried out to produ~ ) and/or 4-~onoalkene linear 
·~· ... ;;... ....... -... . ·-.·~. .:•., .. · •. .. 

·~·· 

· i The. ~prov~ process of Oaim 1 ~rein the diolefinic coin~~d is 
butadiene. 

20 3. The imp'OVed process of Claim 1 where.izl .eitheJ' hydrocyanation or 
isomerization is pmcmned as a batch operation or both hydrocyanation and 

isomerizadon are performed as a batch operation. · 

4. The improved process of Claim 1 wherein either hydrocyanation or 

isomeriZatj.on is perfonnCf;l continously or~- l?'drocyanation and isomerization 
2S are pedonnCd continuously •.. ·· : ,: ·· · 

.s~ The improved process of amm' 1 wherein the diolef°m compound 

com~ .~jog*" dfulefini cODtaimng fmlD'4 ~ 10 carbon atoms. 
6. · ·riie improved process of Claim S 'Whe&in the diolcfin compound is 

selected from the group comisting of 1,3-butadiene, m-2,4-hexadicDe, .IDDl-2,4-

30 bcxadicnc, .s;il-1,3':'pentadicne and irma-1,3-pentadi~e. 

7. The improved process ·of CJaDns l 0r 2 wherein the multidentate 

phOSph.ite liiand is selected fiom lhe group· comisting of compOuilds represented 

by Fommlas I, Vll and XI. · 

s~ The iliipi'oVedp.toeess of Claim 7;_wberein:- multiclentate phosphite 

·· •• ·· 3S·· ligand is .repmsemed bY FonmD. I and wherein· eaCb Rl is OR4 wherein R4 is 

methyi. 
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WO "'22'68 PCf/USHIOOMI 
• 9. The improved process of Claim 7 whe1ein the multidcntate ph0apmte 

ligand is !epresenled by FOimula I and .whOrein each Rl is OR4 whemn R4 is 
methyl and each R5 u t-butyl. . . 

10.. The improved process of Cahn 7 whe!Cin the multidentate pbosphite 
S ligand is~ by FonnulaXI wherein each R2 is isopropyl, each R2' ~Hor 

methyl, and each R5' ia H. 

10 

15 

20 

2S 

11. The improved process of Claim 7 wherein the multidentme phoaphite 
lipnd m repzesented by Fonnula VD.wheleill Xis HC(methyl) or HC(ethyl), each 
R2 is isopropyl. eadlR2' is H~ eacbR5' is mdhyl, andeachRl is Diethyl. 

12. The improved process of Cai1n 1 wherein hydrocyanation is cmied 
out at a temperatme of from about OOC to 1S0°C. 

13. ThO improved procesa of Cwm 3. ~in during hydrocyanation the 
molar ratio of JICN to catalyst precursor compound is between about 100: 1 to 
S,000:1. 

14. "Ibe·hnproved process of Claim 4 wherein during hydrocyanation the 
molar ratio of HCN to catalyst precursor compound is between about 100: 1 to 
S,000:1. 

15. An impmved process for the liquid phase hymocy._on of acyclic 
allphaticdiol~~c,c~~~~an~~di~ " 
c:Olilpound With a louree of Hett;. thO ~vemmtt cOmprising conducting the 
hydrocyanation ~on in the~ of a~t ~or~ition 
~ &zmo.:vai.tt'~ ~•:I~ ~~~phosphile l~ 
selected from the~ ~misting.of~ ~nted by Fonnul~ I, D, 
ID, IV, V, VI, VDI, IX~ X, XI,XIl,XIII,XIVand XV as set forth below: 

Fonmlal 

i: : ~ .... 

each RI is~ a branched or~ chain alkyl. of up to 12 carbon 
.atoms, or OR4,whelein R4 ~.Ci: to C12· alkyl; ·. 
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W0"1l2H8 . ···:·>· .·. . ·> . ..;; .. . ' J's:TIUS96/00548 
each R~ is.~dy .~ ~· or.~Pt,cham, a.Jkylofup ~o.12 carbon 

i·.·. 

. -~ 

. . . . . . '. 4" .· ,. . . "'" . . .. · . . .. .· . . . .. 
atoms or OR whezein R is C1 to Cc;~];-... , . . .· .. · .. .> .· 

......... .·:;·: ·.:.··,,: 

·. ~ ·:- .· 

PomulaD 

. 5. ·:::~~~-~~-~~~~~to, 
· · · 12 cadxm atoms· and · · · . · ·.- ·. · · 

;, , .. -.:. :· :. . . ·: . ~·::·.· ... ·.::~. -~-.-.: .. :- ·.:, .. ·· .. · '..:· ·:;. ·, ·. ·:·. <; ·~ ~-~-~~~·_.>.:.~· .. ~ ..... ·~·.;/,.'.·;_.;·~··: ,.., >:.,>~-·:··_,: . . 
eacllRI is ~tly ii~ a.branchecfor.straight chain alkyl of up t~ 12 carbon 

· ·. ·. ·· · .tta.~roii4~~~:R·•iic~'~c>c~~·ilky1; · ..... , ..... · : .· ,· .. :,f: ., .. 

';' ~-·. :-:.:· . •.:'' ·'"·· ........ :- . ·.:.~.-~- -~-:··.: ·: ·. .:. -~~~ .~;·, .. : .. _ 

FomuJam 

10 wherein 

each R9 is independemly H or a branched or straight chain alkyl of up·to 12 carbon 

·· · ,. ' 'BtODil,·otOR4'WlmiDR4 isCftoCfa'llkYl;'~ ·• '· , :. ·· · 
eadi RIO .is independeiidy:abtanmect ·m Su8ight cruiln lufy1 Of up to 12 carbon 

atoms or OR4• wherein R4" is C1 to C6 alkyl; 

~: ! .. ·. 
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····~·O· <:O~ 
Q_) t_n,Q 

0-P, P-0 
a'' o d 

FomlafalV 

each R 14 is ~Ya branched or stiaight chain _alkyl of up to 12 carbon 
atoms (Ji. Si(R 11 )J where R 11 is independently a branched or straight chain 

S alkyl of up to 12 carbon atoms or phenyl or C02R4" wherein R4" is C1 to G, 
alkyl; 

FonmlaV 

whcmin 
R12 is H or'a branched or straight chain alky! of up to 12 carbon atoms; and 

- . 

72 

111111111111111111111111111111 
* C L M S * 



--- ----~--- -------

WO 5li"22"8 '· PCl'/VS96/00548 

each R 13 is indepent:ILmd~,.a branched 0r straight chain alkyl of up to 12 carbon 

atoms; 

-.:-.:·.: 

.. . 

c8 0-P,. 

• .. ·.l ··' 

o'. T>Jaz a2 o . 

RS 
. - ; . ·. ~ . 

;··._;· .. . : .. ;. ' "1 . . 1tl 

FoDmfaVD 

... · ·•··. R\Q{-a2 ~ 
·. ·.,,a~: 'cl~- )~ ', .. ; . . DPRZ 

·. · · 2,,- . x· R , 

PomulaVJD 

PoamJalX .FommlaX 
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WOH/22'68 

.. ,;_ 
;I_·: 

. -~ 
••• ~~-~% 
~q·.· • · .. 

. ·~'~%· 
~% 

Fomllla XIII 
•' . ·, ......... 

. . 

. ··. :: 

,. . :·R2 . • ... : . . . . .·.,Jl 
Ponm~xv·· 

· ::,Wllerein in FormUias VI tbrOulh XV · · · 

eamRl is in~y, H, haic)pn, a C1 to C12 alkyl, or OR3wheldn R3 is a C1 
to C12 alkyl; 

S eadiR2 is hldeJ;endently asecondlr)r or'tertiai)r hydi'oCUbyJ of'.3 to ~2-carbOn 
' .·· · atoms, c>t'C>R.4" wbereinR.4" isC1 to q;.aikyl orbenZyl; oi'iieyCuc group of 

tbefommla 
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WO "'229CiS PCl'/US96/005"18 

···.,' -;:· 

··,,.= 

tomdnl a fi~e ~ring attached to the ~yl ring, wherein R" is Hor ce3 
S . . and Z,'is -0-. or -CH2-; .. 

JO 

:.. ~ .~ 

', ,' 15 

·each R2' is in~dy .Ji or. a primary. sCccm,clary. or t~ hydrocarbyl of 1 to 

12 c8Jbon at~·ai ~tiler the met~ or p8ra:positiQn to rhe oxygen; or CN, 

· .. c0,_R4" or 0Jt4;. w.hmcin R4" is a Ct to. C~ aJkyl ~t either the meta or para 
· posid.on to the oxygen of the pben(,xy ,;Dg;; ..... ·· . 

each R5' is ·indcpendcntly Hor a primary or secondary or tertiary hydrocarbyl of 1 
·to ·6 ciuboll atoms in; for Fonnulas VI and IX, R'~~ also be OR4", wherein 

R4" is a C1 to Ccs alkyl; forFonnulas X and XI, R~' can also be C<J-iR4", 
wherein R4" is a C1 to Ccs alkyl; and . · . 

each Xis independently 0 or CH(R4'), whetein R4' is ii, ···~l>Stituted phenyl, or a 

C1 to C12 alkyl;· ... 
: and wherein said ieacti~ is~ out to promi~ a iaonconjug~acyclic nitrile~ 

16 .... 'Ilie ~ ~ss of"ClamilS'wbeRilf'~diolefhiicc6mpouncf 
is butadiene. , , 

. 17. . 'lbe ·imprc>\ied process of Claim 15 wherein hydro~anlltion is 

· 20 pe.rfonncd as a.,. opcr~. . 
18. The'improved proczss of Claim 15 wlmin hy4rocYanation is 

pmf<mJlCCI CQDtinuouly • 
.. '' 19~ ... The improved process of Claim IS wheMin h:'diolefinic compound 

comprlses ~gated diokfins .contam;ug from 4 to 10 carbon atoms. 

25 20. · · The improved process of Claim 19 wherein the diolef'mic compound 

is seieciect from the group c~isting of 1,3-btit~~ .Gia -2,4-hexadicne, trlDI 

-2,4-~~,sil..-1,3-pm.tadiene andSIJma-1,3-pentadiene. 

21. . •. 1he .bnproved process of~ lS or 16 -wherein the multiclentate 

phosphite ug8nd is~ from the group~ of compounds represented 

30 by Fommlas I, VD am1'X1.' 
22. The improved process of Claim 21 w~the multi~llt~e 

phosphi~ ligand is~ted by FOJID1lla i~ ~~ ieadi Rl ~ .. OR4 whaein 
R4ismethyl.. .. .. . . . . . · .. · .. · .. · . _ .. ·.· . ·. 

. 23 .. 1boh.np'Oy~processofQaim2lw~inthe.mul~e . 

.• 3s .. phosphite ~and is·~~ b)' P~I and.~ eaeh}:\1 is oi4 wherein 
R4 is methyl, and each R' .is t-butyl. . .. 

•,.: ::.- ' 

1S 
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WO "'229'1 PCl'IUU6100S48 
24. The impoved process of Qaim 21 wherein the 'multidentatC 

phosphite lig8'Hf is mpresented by Formula XI wherein each R2 is isopropyl, each 
R2' is Hor methyl, and each RS' is H. 

2S. . The improved process of aaim 21 wherein the multidentate 

S phosphite ligand is ~d by PonnulaVD.wherein Xis HC(metb.yl) or 
HC(etbyl), each R2 is isOpropyl, each R2' is H, each RS' is methyl, and each RI is 

methyl. 

26. nC improved process of. Cahn IS wherein hydrocyanation is cmied 

out at a temperature of from about O°C to about 1S0°C. 
10 27. 'lbeimproved process of Claim 17 wherein the molar ratio of HCN 

to catalyst pl'CCUDot comPound is between about 100: l to S,000:1. 
. '· ' ~ 

28. The improved-process of Oailn 18 wherein the molar ratio of HCN-

to catalyst pmcursor compound is between about 100: 1 to S,000:1. 

29. . An improved pJOCess for the isomerization of anonconjugared 

lS 2-alkyl-3-monoalkenenitrile, the improvement comprising carrying out the 

isomerization in the presence of a catalyst precursor compositi~ conlprising a 
- -

· aro-valent nickel and at least one multidentate phospbite ligand selected from the 

group consisting of compounds iqnsented by Ponn~ I, D, m, IV, V, VI, VII, 
VDI, IX, X, ~..1(11, XID~.XXV-.and: XY: as. set f9i:fh .below: .!':'' ••. ·-~ .•• .... ···~-...~.;.:: •· .ooll4, :"" 

FomillaI 
20 

wherein 
each R 1 is independently a branched or straight chain alkyl of up to 12 carbon 

_ atoms, or OR4 wheain R4 is Ca to C12 alkyl; . _ 

e8di RS iS mdef,endeJ1tly a~ substituted hydrocarbon of up to 12 cmbon 

2S - atoms· ,_ . 
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PCl'/US9'J00548 

';!. 

." - ., _- ~;p6 ·:_ - RI 
. . , . . ., I .. -

~ ~ • I I ' ' • ' 

-~8~-.. -~~--. __ P,0 ., 
- I . - . . . 

rr-. 

....... , ... 

-~ . . 

: _,. 

;·.:. ' . 

. ·!·.· 

_, .. 

. ·r' 

POmulaD . 
. ·· .:. ·::_;\.:.·.· .. ·. 

wlicnml.. " -.. · · r, ... 
. ~~ ~6 IJl(l R7 is i.udepenclently a tertiary $U~tu~ hy~ of up to 

.. 12 ~112'!01n.1; and . _, ..... 
s each RB is indepclidently ff:~ a•b~ qrsiraight chain alky,l of up to 12 carbon 

"" atoms, or bR.4 wherein R4 is C1 to Ci~ 1ikY1; -= ·'.· :-" ~~-;:;· •;'- __ ,_ ;.. .. •... ~::. -~ .... -~.·~· 

Pomulam 

' :~. . ::· .. - .. 

-~ .. __ ,,_.·;.-, .. :·-.··-· .... , .. ,_·· . .-.,--_, __ ._.. 

e~ R9ismdependmidy1t0i a biiaiciiCcl or ~iraight CliiUi 81.kYI of up to 12 carbon 
10 ·__ at~,<>roR4~~-k4mc1 ·i~:c1:281kYi;&ncl ~.::_· ·- _-__ - --- ·- . 

each R 10 is independently a tertiary substituted hydrocmbon of'uJ, to 12 carboli 

atoms; 
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. WOH/22"8 

.. 
wbemin 

·ro· . ,:·:.·· I . -
~ i 

0- \ 
R,14 ' . 0 

. Eb"• ' . . . . - ···.: 
'' 

t_ I 
I 

0 

·.~. · POmula IV 

PCfllJS96I00548 

each R 14 is independently a tertiary substituted~ of up to 12 carbon 

atoms or Si(R l lh where R 11 is independeDtly a bnmcbed or straight chain 

S alkyl of up to ~2 carbon atoms or phenyl or C~3" whereinR3" is a 

secondmy alkyl of up to 6 carbon atoms; 

............ 

PonllllaV 

whmein 
R 12 is a:or a branched or sttaight chain alkyl of up to 12 carbon atoms; and 

;· .. ;., 

,, 
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WO Mi22tA . PCl'/USH/00548 
each R 13 is indepeDdently a bnDched or straight chain alkyl of up to 12 carbon 

atoms; . ·. .. ·' . 

· Polllllla VI ,, .:·, .. :. . . , .. ·. . , . FommJa vn 

..... ... - .... ; 

PomU&vm 

__ ·o 
o:_.,b 

0-P, 

Folllllla IX FomulaX 
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WOH/22"8 PCl'/US96!00S48 

a,% 
R. 

I a2 

•· .. ar:tf~a%1 
~o-P6:' al 

··. .I 
.. . . a:z ... 

IVmullXI . ·. 1:.. ... ~laXD 

. ·(· .·.·. a2 i· .. ...... ·. · -·~a)02 RZl 
r( ·· .·. ·. I 

~· .\,J:;i /':SCO' " . 2 . -

' cc~~-..... ~o~i 
R a,2 . aX 

2 ··. . 2 

IVmulaXIV . 

· .. ·:., · ·lt.2 .· 9· ·· ·.,··a2 a% . 
·-.~J,._ I .. ·.:'"~. 
·.a~o .·· ·_: .... ~ _·_. 

. 'p. N . ~:P· a'Z .··· .. ··~· ... _/'.....~-~- ...... . ' . cf . u -_..- . . . .' .. ~ . " . ' .. ' ... · .· 

a2 . - R: . 

PommlaXV 
.. · ·; .. ~ ·. 

· wbmein in Fonnulas VI through xv 
each Rl is inc:lcpendently, H, halogen, a C1 to C12 alkyl, or OR3 · whe19in R3 is a C 1 
, .... • to Ct2 IJkyl; .· •· .. ·· 

S · eacib R1 is iftdePeDc:JeDdy a seCondUy ·or kmiary.hydrOcirbyl of 3 to 12 carboD 
atoms, or OR4" wbmein R4" is C1 to C6 aikyl or benzyl; or a cycliC group of 
thefonnula 
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.... -·'.'" ... , .. : --:~-·· . 

,. a five ineinbeied ring attached to the phdnyl rlng, whelein RW is Hor CH3 

S .. . .· and Z is -0- or -CH2-; . .· 

eacbR2' is ~y:~ or a primary, ~~·or.~hydrc>caJbyl of 1 to 

12 caibon· atoms lit either the meta or para PQSition,~o the oxygen; or CN, 

. ~R4" or o:ft4" wherein R4" is a Cl' to C6_,~lat either the meta or para 

positicm to the oxygen of the pherloXy ~: . . 
10 each RY is indcpendendy Hor a primary or scco~ hydrOcad>yl of 1 to 3 carbon 

· · atmiui; for Ponnulas VI and IX, R'' can also •:be OR.4", whemin R4" is a c 1 to 

Cc; alkyl; for Ponnulas X and XI, R'' can also be c92R4", whelein R4" is a 

C1 to Cc; alkyl; and . .··· .. · 

each Xis independemly 0 or CH(R4'), whereJn R4' is~. a_ substitilted phenyl, or a 

15 C1 to C12 alkyl; . 

.... . ·~ 

and wherein said isomerlzarion _is canied out to PRXfuce a 3 8nd/or 4-IDOllOalla:ne 
~'· ~·-·· lineat'nitiiles.' ., .. ,;.: ..... >i..~ .•' ··~7::-~ ... .;..;7 ··. ' •: .... ·-. .... .. ..,::.·: ' . ' . -'_.. ... -~ ......... flil!C5: .. "')>. ., • .,. .-:-·~-• 

. . . 30. · 1be improved process of Claim 29 wheiein the nonConjugared 

~1-3-monoaUreDenitdle is 2-methyl•3-butenenitrlle.. .,,.._ ~· 

20 31. The imp'oved ~s of Clai,m29 wherCDi -~is 
penonned as a bateh operation. · ·· · · · · · 

32. The improved process of Claim 29 whctein isomerization is 
perfonnedcontinuously. . . ·.·· .. ·.··_, •· 

· 33. The improved process of C1aDn 29 whemn the nonconjugated 

2S 2-alkyl-3-m~~ is_ selected from.the gfoup consisting of 2~yl-3-
butenenittlle arid 2-propyl-3-botenenitrile. 

·34. 1be imprc>ved pr0cess of_ Claim 29 _or 30.~herein the multidentate 

phosphitC. ligand is selected from the pup consisting of ·compounds represented 

by Pommlas I, VII and JEI· 
30 35. 1be .improved pJocess of Claim 34 whmein the multidemare 

phosphite ligand is represented by PonnUlaI and w.berein e~ ~ 1 ~ OR4 wheiein 

R4 is methyl. · . , . 

36. The improved process of Claim 34 wherein the, nmltidentate 

p1l9splµte ligand js ~by F~ I and where~~~Rl is OR4 wheJ'ein 

35 R~ is methyl, and each R5, is t-butyl. 

. ·. ·~ .. · 
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WO Hl22HI PCf/11Sffl005a 
37. The improved process of Oaim 34 wherein the multidentate · 

phosphite ligand is iepmsented by Formula XI wherein each R2 is isoprop.ryl, each 

R2' is Hor methyl, and e&ch RS' is H. 

38. Tho ~process of_(laim 34 wherein the multidentate 

S phospbitc lipnd is ~ted by FonnutaVII wherein Xis HC(methyl) or 

HC(ethyl), each R2 is UoPlOJ>Yl, eachR2' .is H, each R5'. is methyl, and each RI is 

methyl. 

39. The hnproVed process of Claim 29 wbeein isomerization is carried 

out at a temperatme'Of flom about 60°C to about 1S0°C. · 

10 40. The improved process of Claim 31 wherein the molar ratio of 

nonconjugated 2-alkyl-3-monOaJbnenitrile to catalyst precursor compound is 

between about 100:1 to S,000:1. 
.·.,. 

41. ~improved. process of Claim 32 wheiem the ~lar ratio of 

nonconjugated iaucyi-3-monoalkenenitrie to citalyst precursor colllPound is 

15 between about 100:1 to.S,000:1. 

42. A muitident&tc ph0spmte ng&nd. ae1ected hm the group ccmsisting of 

Fonnulas I, m, IV, VI, vm,· IX, x. Xi. xn, Xm, XIV and xv·~ set forth 

below: 

•.. -. .. ,~ ....... 
·"'·--- .,......,og· --..,· 

.,...-., ,, ... ,. I p 
crP, 

0 

~'"="'..:. .. 

.. .... 'i:'-· - • ,.. ··WC" .....-:c.c .. ·· . 

as 

Fomulal 

20 wbemin 
each RI is ~ya mmdied or straight chain alkyl of up to 12 carbon 

atoms, or OR4 wbmehl R4 is C1 to C12 alkyl; 

each R5 is independently a secondary or straight chain alkyl of up to 12 carbon 

atoms or OR4• w&xem R4" is c1 to c6 alkyl; 
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W0"'229'8 PCl'IUS9'100548 

s 

··. ': .. 

. · .. ,··.· . ..}.: . 

-::= ·::·· 

.. FomuJalD .. 
·· ... ·:: .. ::::·····:. ·.' .... 

. . . . ' 

whelein 
... '· ~ .: ~~· . 

e.;bit.P'~'~yB or• ~chedor~~fuun alkyl of up to 12 carbon 
. . .. ~.or oR4-whetehi;lt4 is c

1 
to .C

1
2 .,ii:aiia· . . .. · ·· · :. . . ·. · ... 

each RIO is independently a.secondmy or stt~ight·:···~· of up to··12 carbon 
. ~~or 6R4" ~ifl.:k4;. is C1 to C6 BJkyl;.. ... .. , . 

FomdaIV 

each R 14 is independently a seconduy or straight chain alkyl of up to 12 carbon · 
10 atomsor~4"wbeminR4"isC1 toC6aJkyl; , ·· · ··.•· 

. . . . . . . . •' .~ . . 

: · ... :·· 

··.• .. 
. .. ''· 
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. ·' . . ~ .. 

. al 

' .PoJDuJaVl 

:' :' .·· .;_ . 

·. !, ~ .; ; ,. ; ; ' 

PCTl1JS9&'80$fl 

>. a• at 

PommJaVD 

~· 
J::Pa· ... ' " " 

' ' z 
' R: '' 

. .. · 

·. ·. · .. _,.:· 
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-:. .... ; .. ·· ... • ·, ... 

PcrlUSHIOO$CI 

~Ja;XI . 
. ~ .. 

,_ ...... _ .. _ ~ l .. · R . a'Z 

{~i·~:x~. Xl. 2. 

--,cc~~ -· \ 0-n] 
R a2 a.X.-. 

. 2 2 
. ' :/. 

·.· ...... 

FomllllXIV 
.. :._, 

Fomula XV 
: ·, ··:=.·;. ·:,. 

wherein in Fommlas VI through XV 

each RI is independently, H, halop, a C1 to C12 alkyl, or OR3 wheleinR3 is a c 1 
to .C12 alkyl; 

S each R 2 is independently a OR4" wherein R4" is c 1 to c 6 alkyl or benzyl; or a 

cyclic group of the fonnuJa 
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10 

15 

20 

30 

···!··. c 

', 
. ·, 

·). 

· funning a five memben:ching-attached to the phenyl ring,. wherem R" is Hor Cffi·:-- ' BildZii·-0;.or-CH2"';forPonnulasXII.XD1.XIVandXV; '- -... · . 
each R2' is independently CN, or C02R4" wbeiein R4" is a C1 to Cc; alkYl at either 

the meta or,..poaition to the ~Yim. of .tl:le phenoxy ring; for 
Ponnulas xll, xW, XIv .and xV~ l{x·c~ also be OR4•, wb=n R4" is a C1 to ~6 alkyl; or in~y H, a hf.lopn, or a primaty, secondmy, or terthUy hydi'Ocutiyl of l to 6 carbOn atoms; 

each R5' is independently Hor a primary or secondary.or tertiaiy hydrocarbyl of 1 
to 6 carbon atoms; for Fonnulas VJ and IX, R5' can also be OR4", whemin 
R4il is.a c1 to c6 alkyl; fOr P~ulas X and XI, R5'.can also be CO'J}t4" · 
whUem R4" is a c1 to~ alkyl; Ind . 

each X ~ independemty 0 or Cfi(R4'), wbmein R4' ls H, a sabSdtuted phenyl, or a 
C1:to C12 alkyl. 
43. A catalyst precursor composition comprising atU,--v:alent nickel and a 

.. milti~1Matephosphite ligand_~!9 .• .9aip1~!· ,--=.: . . . _· . .,··~-·:- _ . 44. 1he catalyst pmcmsor ~on of Clmm 43 whminthe 
multi4entate phosphite lipnd is selected fmm the~-consisting of compomlds , ~. : ' . - .,.. • ... ...;. ft;. • ... • ·' I JepJeSented by Ponnulas I, IV, Vll and XI. 

4S. The catalyst pecunor composition of Cahn 44 whemin the 
multidentate phopshite ligand is repmsented by Pommla XI and wherein R2 is 
OR.4" w~R4" is a C1 to C6 alkyl 

46.· The catalyst precursor composition of Claim 44 whemin the 
mul~ate phopahite ligand is repmsented by Pommla XI and wheJ:eJn R2 Js OCH3 andR2' andR5' me H. 

41. ~~of m~ phosphorochl~dite comprlsing con~ a -. - _ . · compound of the fommla N(R11)2PCOR 19)2, whelein R 19 is substituted ~l, -~ _· ~'. . , · .. 1aseo11s'hydropchlo~toproduceHN(R1'>2•HCiand(R19<>>2Pa· · " ··· : 48.- 'i'be metb.Od of <laim 47 w~in the HO is ~t.pesent in excess. 
_49. _·. A method for ~cing N,N-dialkyldiarylphosphoramiditc c:OniP~ coiltading one eC{uivalent of P03 in an ine.i solvent with one . ' ... .. -~eilt of ••~.~,.and at least one •valent of a tertiary .,me~ · . . au~y ~ding ~t 1~9 equivalents of a sa,bs~tuted phenol 81\d about 2.1 . ··:: ::.= . .-::._r·... . . 

. . • . 35 equivalents of a tertlar,y.,~. _ .•. 
50. . ]be method of Qailn 49 wherein the solvent is toluene. 
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