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‘relates to a chemical conpound, ERA@AYEANKBLaki s(pent eneni t rilo)nickel”

“ ['1']bi s[u-(cyano) bis (triphenylborane)(1)]. Wen the pentenenitrile is-

'3-pentenenitrile the conpound has the formula [Ni- [err] where [err] is the"""'
‘phenyl- PEAFWYPT This conpound can be prepared by the reaction of known™ " *

. nickel ounqs with pentenenitrile. The conpound is useful as a prom)ter

~in the &Eﬁﬁﬁiﬂﬁ—%f adi ponitrile by the hydrocyanation of 3 or . : _

4- pentene tril | Tidls fogi94, 321'.“';‘3'.‘.'-_;..
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prior af&ep&.(audaro@m?&oﬁmﬁeMt e&%aﬁaﬁ bf%rque.asnémmnt enenitrile to
adipopitrile -- see, for exanple, Shook U S. Patent 4,082,811 where

triaryl e@fend & teameAphoyed, and the triaryl borane recovered fromthe - -l -
catalyst residue. The conpound of this invention may be used in a manner :
li ke that Ceeqhs. Patent3894521tdiscipses thecempaling NiNG(CHAMENLINGES: L .orejneiten ipierred tot he
. fornul a dseNCBL. ThiscmompdRnd say-pe feadtasije pentenenitrilp ta ryoduee g compieynd Qf)th'sﬁ? Pi't!P"t o-[err] =
~aryl , spr epvariees dyganp deron pmowdztbavemeerkemm@wwwlﬂw Rrofeote {ha AydrecyamatiRict. of . .
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 daosists_of a zﬁtron !err] [err] and two anions [err]. The cation has -~ "7
. perfect A try. The anion has a threefold axis passing: through
the two bogen ?Li, aigd e EonGifEd? O RorfiboREE %&asge.qe.reamromal tugéﬁﬁ(&ya%)ﬁi@ﬂ 30
. The. Csmg §) InG¥ioh O pfEBatatdR oP HSPSAMBELNGY ark O LeaCot NeBboripund n the =~
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- conpoundyHeNsS-1. NHE thioR MasBigrieat SQaHIBral §yRfiidtre.dTHAY anlioR Y@t | an trelsfoidpxisnpdsiiay ane. -
- Wi th sol biighnie @b bremitameand e daorc Mirheatiached td tas ifogedatempl e 3 bel ow shows -
ot he pgepar akd &ipbyhdidh e ifvetioe Fay bd pepdred phiesatrigiNGBEne pengnbuliledo arempetature. . ..
-process #ave dbsutishet. Teorbabmaebsiare belleyod tatbalay fotiowsesi due t hat 40 results: from. :
:fthe hydrocyanat! on of 3,4-pentenenitrile using triphenyl borane as a - N
“pF oot er(stedhy rwucrcuw‘@muewk evé@%%ﬂ%ﬂﬁ@ﬂ@%ﬂ%r%"@%akt ¢in”
“the resi2NMCH2hCH state that is no |longer active as a promoter. The corrpound

“of thes i §tee i oANIEHCH GEH NGBkl GHREHCHMN s ¢ HP%)arrﬂ‘f\(&HW%rane

"sodi um cyani de, pentenenitrile, and ni cke di ch or de
- Exanpl e 4 B4 BQH‘H°P’Idu‘§t‘F°al“&‘“Q"rg‘ °d a"ﬁﬁ‘é sS for B
prepari n@n[ep@ntr@% isiing NEH % ame ?F\e cap due that o
at ms&hegg S r%%tgﬁ E:(:‘ ?{Epé:é“ %L t%{%s{il;{he usn}g ter reactlon |
i ngred ¢ Washptely
stoichio s °V3'r'n$h°"? the 9ny r he react I-on le% proceednov:n tgh di fferent

¢
ratios of 'f'r 5 chd bemb smertte.r SR b o, AR U6 ighiruic it
present éﬁm@e lo8tEHenifAeC SrsSnicker Glichloride IdiRethdRyERAHE) Exabpld § Belov M Etb O this eddhotl loe
1R gpeghd Fatisi)OWN 1N the Figure 1, and the single crystal X-ray anal ysis .
shown | n" Firgs prodesder BrepdringShe contho@idChli g invBtion didcesds samsthctiilg .at Atnbegliedt i ng
t he ani Opessure and at temperatures between 50 and 200°C. The ingredients that react to form the compound
may be present in approximately stoichiometric amounts; however, the reaction will proceed with drfferent
ratios of the ingredients, for example, with the pentenenitrile being present in a large excess. o
50 The compound of the invention has the I.R. spectra shown in the Figure 1, and the single crystal X-ray
analysis shown in Figs. 2 and 3, Figs. 2 deptcting the cation, and Fig, 3 deplcting the anion.
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755" 2 EP’ 0 248 643 Bl Det ai- I ed Description of . the Inventlon Exanmpl e- 1.5 _
. Prepar atlon from NCBC In a gl ass rER&t248643Bisel ‘that contains a magnetlc o
Cstirrer, 4. 25 g of NCBC was mixed with sufficient 3- pentenenitrile to-gi ve
50 W< of lurry. The reactor was placed in a heat ‘bath at [err], and the . =~ ¢
reactlon m&f&m 5 mnutes-after the tenperature reached
[err]. eE [eacror was renmoved fromthe 10 heat bath and placed in an‘ic 3
bath to he reaction. The contents were then cool ed to about [err]
 The con%er@,te% HGrolniNdg@r ed to renove ‘the black nickel-rich:solid" prooduct.,
and a ¢ a&éﬁi—gr—eeﬁ——product sol ution was isolated. The solution was - -:*
placed in a f %fdasyesatpcesea( Haf otiahs a%{;rﬁaﬁc Givers 895 § 1 Nékic e AR iR iRt 3-
“Infrared gembnéiti ©lgvb38 QK Sitkey. THO VRSl W8 Pidcst % ReaodPSMSSHY] akd n&b&c:.on
i nvent i on.aiidhiad 1pradeBA Br B mitiufe ek iHeQBmtatikéfeBthei 205 CaTHS rébtoPhaddbiidved Rém the .~
Anal ysi & Ihgat®atflaAE Plade® ACin iGbaL®Aénch helreseMin! FrietEntéhty e Mbr ool td dbbiit 2526.125 -
g of NCBC Tha gorténiscwbre\filtebodstel frérhavb @Hat blaBk nidkbl-righesalice prodct, and € clo@ dgik\een (praductOf
sl urry. Thselutios®a$ iBolated Thepsahtiadwasrplaaedie atrefigatator enernight, which cansbd tsbligs toe:m:tp'imet
al | owed t dnfrared eeatysis obthe Solids shovesttheni tode telrempang drtizetiovestioneaches [err]. The -
reactor was renoved fromthe heat bath and placed in an ice bath to quench. = .
t he readt iBsamplfde contents were cooled to [err]. The contents were filtered .
to renove the black nlckel-r|ch SO|IdS and a dark green product solution
was obt ai & gor CoYTRIS Prog AnafgsEks, |arge (- 1 ‘mm :cubic crystals
““formed which gave an | nfrar ectrumt cal

-.were anal ys iy X : @5 g]Ccht 'Ba@glfcafﬂﬁsj‘nwé
| 15 e e fraghy ies Pleoc ) &
. gm ai ni ng'z ed to(v-e C[G%J:% S H\lnu % :‘}tem ra?g?aeateach_es g-zﬁ?.:
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©9.35g of m&n o 'f ] ttn e a,ggr(am "By SR o5k 1 .ﬁta wéa‘ tarod.
- ‘toget heg, g tmu%e oA B3 ! fati o 0 t purp e soli d
The sol'l d WefheVsPsH b atyx k—?@ﬁ!ﬁfra@ﬁ geaﬁmsh &kaafsfr&tﬁéiémn@t rgshe c

~solid showrglzit to be the corrpound of the invention. Exanple 4 40 Direct
- Synthesis from [err] and[err] DME A reaction was carried out by reacting
9.7 g of [eRanided. 0 g NaCN, and 50 g of 3-pentenenitrile. Thi's mi xture was
- heated #0860 CTor 1 hr with stirring. The m xture was then filtered, and
.22 g of [Peaparptiodrom(Ni(CHa-CH RDHICHE-C) MNGBo1)pardisa®t hoxyet hane) was added: to the
~filtrate. The resulting m xture was heated to [err]: and i‘mmedi ately - AL 1,
o filtered. Thi sélition coptainingat geadf INHGRECICH BCIH-EB:-CRil(NEBéma dieselved intdug of 3-mnmhﬂ"ﬂ|e T
‘~caused solwapl Pgpeserls ¢y seeend splutian yras pregareq whiehy eantainggh 885 gjof 4ef}. diggeived; i5| 935 q)PbBuct e
showed ¥t PP'B"'B@"'Ph@ 98 9L pach solytine wasypixed tpesther, pishpAugedhesimmediate precipitation of .- -

a light purple solid. The solid was washed with cyclohexane and dried. An infrared scan. of the solid. showed
it to be the compound of the mventlon '

| Example 4

- Direct Synthesis from ¢3B, NaCN, and NlClz'DME

A reaction was carried out by reacting 9.7 g of $3B, 1.0 g NaCN, and 50 g of 3-pentenenitrile. Thls_
mixture was heated to 60°C for 1 hr with stirring. The mixture was then filtered, and 2.2 g of NiCl2*DME
45 (i.8., nickel dichloro dimethoxyethane) was added to the filtrate. The resulting mixture was heated to 100°C
and immediately filtered. The filtrate was aliowed to cool to room temperature, which caused solid product . -
to precipitate. Infrared analysis of the solid product showed it {0 be the product of the invention. g

Example 5

Hydrocyanation Performance

A catalyst solution was prepared by dissolving 4.40 g of Ni[para-tolyl: phosphitel . and 3.75 c¢ of .
paratolyl phosphite in 92 cc of :3-pentenenitrile under a nitrogen’ atmosphere. To a 10 cc aliquot of this
§5. catalyst solution was added 0.240 g of [hexakis(pentenenitrilo)nickel il]bis{i.-{cyano)bis(triphenyiborane)()],
which corresponds to 0.5 moles per mole of Ni[para-tolyl phosphite}s. The mixture was heated in a
thermostated oil bath to the. desired -reaction temperature. Hydrogen cyanide was added to the reaction
mixture by passing nitrogen gas at'5 cc/min through liquid hydrogen cyanide at 0°C, and then to the
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'Hydrocyanat i on Performance A cat al yst solution was prepared by dissolving
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catal yst soluti-on was added 0.240 g-
[ hexaki s(pentenenitril oni ckel
whi c h regetion es§56
‘m xt uiReacligns wewdred 40.51cand 8BTS

ligkis] @Seéio

] bi s[ gi -

1he eauits pre oiyg 1 ¢

(cyano) bl sl(t rip
rRRFHQnS gyerq\fun V'a’dtp@?' fie :
'ied°'PY1'égH 8i red reaction

of

phosphlt

Iborane
lighcpas

: _-tO

Yi elsd Yiéid=% <l agsonitrile % 1m/(adupizﬂﬂre(adueqbvlglutamminte +ehpsuagiogitrile & r2cpentenanitrie) +

et hyl succinonitrile +

follows: Temp ( O

cerifer|Stenip (¢8|

2-pentenenitrile) As a conparative,

3- pentenenltrlle

ein 92.."?"':';”5?':‘

To a'10 cc aI i quot of

e
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1. [ H&aki s(

pent ePnitri

| 0) ni ¥kel

= which the nenber of the class is triphenyl borane,

for ‘ihe

i S[6L- (dyanopdi s(tfi pb&dhyl boraneddl)]. . A’%ﬁocess
eparlat i 8h of| [ heReki s(penf®&henitril o}®i ckel| :
)] bi STTC-(Ccyano) br s(tri phenyl borane) (1)] 35 whi-ch ‘conpri ses: reactl ng
~a. mxture containing pentenenitrile and a rrerrber of the. cl ass consl sti.ng :of
N (NC(dHias4 CN) 2(NCBfs) 2 and- tri phenyl borane. 3. The process of: cl ai m 2 ERE
~and 't he mxture al'so .
“cont ams[%dkﬁtﬂamemﬂdﬁﬂ&m))]ﬁ(smwa@)ﬂs(tn#l&nylbora'ﬁlam)]pr ocess of claim2 in Whl ch
t he menber of the class is triphenyl borane, and the mixture al so contai ns
-..sodi ura. c pamoes bndmemrﬂia@tlordwdmxmﬂvedhemtrmw *Hinisfu-(cgano)bistijpbenytyoraredBl di ng
“to @ ai mwhich comgisastreastiigch pixtutecasetaining pengenenitdi @ad a member pé e SIIEHFNFIFING of 45 6
‘Use of aNsNGEBurtNIAteRseHiangiphen®oa"mh 1 or A aim5 as a prom)ter in the

pr eparation of adip t he hydr ocganatlon of

onitrile b
4- pe nt&ndhg pProFgse of F'S.‘f“e%l ‘5‘%2 mgmber of the ¢lass is triphenylborane, and ‘the mixture also '
\_/ contains Ni(CHsCH= CHCHzCN)4(N Béa)z.

1
r
!
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The process of claim 2 in which the member of the class is triphenylborane, and the mixture also
contains sodium cyanide and nickel dichloro dimethoxyethane.

Compound according to Claim 1 in which said pentenenitrile radical is 3-pentenenitrile.

Use of a compound according to Claim 1 or Claim 5 as a promoter in the preparation of adlpomtnle by
the hydrocyanation of 3- or 4-pentenenitrile.

Patentanspriiche
50 . '

1. [Hexakis(pentennitrilojnickel (Il)bis[t-(cyano)bis(triphenylboran)(l)].
Verfahren zur Herstellung 'von [Hexakis(pentennitrilo)nickel(il)Jbisfr.- {cyano)bis(triphenylboran)(l)], bei
dem ein Gemisch, enthaltend Pentennitril und ein Glied der Klasse, bestehend aus NI(NC(CHz)q.CN)z-
(NCB¢3)2 und Tnphenylboran zur Reaktion gebracht wird.

2.
55

Verfahren nach Anspruch 2, bel dem das Glied der Klasse Tnphenylboran ist, und das Gem|sch auch -
Nl(CHsCH CHCH2CN): (NCB¢3)2 enthélt. : :



50 1. [Hexakis(pentennitrilo)nickel

(I'1)]bis[u-(cyano)bis(triphenylboran)(l)]. 2. Verfahren zur mnmmmmu;""””m
von _ .

[ Hexaki s(pentennitrl | o) ni ckel (| |Ep]d24s[eas Bf cyano) bi s(tri phenyl boran) (I )] ,

bei dem ein Gem sch, enthal tend Pentenni tril und ein died der Klasse,

bestehencé aus Ni NC( O%Ze)tg% 'fg The. (NCB 3%2 und a‘é’;lfgh?eg%lgﬁ?rjgge S(géur
Reakt i on! " ' ¥ r 'po i ed der
Kl asse Trgpl%s Wﬁ’%’b‘ o |5§ta d ‘“%%‘“’PA“’%P”&MH*%EH' ol ot =

CHCH2CN) mlcpﬂQ\ngmul~|L A Q=llc 1111117 3411111 Ll 111 EP O 248
643 Bl r aemA 6% v‘bl%%@l]e"j‘:LPst above the |iqui dYled¥&). The reacti ons wgre run
until adj ponitrifl @A e i on ceased. Reactions were run at 40, 51, land 80
C, and the resuljts are gi vieAdigonitritel| eMétigigluavinint |t Efiseccind@ip | @-péijtene nitrile
3- pent enEM LI TTE 3 928 3 retrds {79 CPNversgom (|9
Adi poni tfil g, Mthyi gg ut arlonigghi I @ Et h:y:lsucci noni E’{jl e P- penggne nitrile

40 10 go 31 29 92758 38 3.11 0.4 208. 3
3.9 51 35 : —56-3— 3—3- .3
6.0 so 3.8

In theBé%oveé??Ie ‘yi?ld %tolfqug iponitrile is eflrgafi by éne écéulatd)n

0.4 Dove % of adiponitrile is
definggd fya %he a@baRid 01b0/akiBonité elrﬁkmﬁgm@ﬁhnmon bthyidubchomitritb G04- pﬁ%aﬂns)t rile +
met hyl gl utaronitrile + ethylsuccinonitrile + 2-pentenenitrile)

conpar at Ay e, colpalstios, radradybratihis Weree pepietried rusiegl 1 Uisole)@f &sBTpbremald oiaﬁpmlylrml e of
Ni t par a- photppitelyp ot pheondifads beinig thesarhee Thecresulls tri 43 A Prolveterage astHelogsane. The results

for.3 B pronoter are as follows: 20 Tenmp (" C) 3-pentenenitrile

Yi el dg° (PrensaPEAr Sheaiendnidle JAdI ponitrile Met hyle@h wharonitrile

Et hyl succi noni t rfi écaversinipeit ene nitrile 40 29 93. 4
2.9 0.3 — A5 — S 29

90 3 : 2 9 Adiponitrile I}qetbiylgluta onitrile Ethylsuctt:mgmtﬁlle h g-penteneﬁﬁ’rﬂe 30
76.7 40 3.829 93.4 0. 4298 03 19.1(30 CP4ins |1.

( Hexaki s| pedt endni t r £ o) n;y([:ké’f”(l 11)] bi s$EL- (cylano) BS(tri )henxﬁborane) (1)7].-
2. A proces Oforl the3breparat®dn df [heX®ki s(dent enbhitri Q) Ni 2hel
(1)]bis[p-(cyano) bi s(triphenyl borane)(1)] 35 whi ch conpri ses reacti ng a
m xture containing pentenenitrile and a menber of.the class consisting of

Ni ( NCETHRIRIIPSCN) 2( NCB403) 2 and tri phenyl borane. 3. The process of claim2 in

which th mher of thec is tri oran and the m xture al so
cont ai ns$N|rE'%@§§@PPt '@t@)if 7’%3(""%"’8 °ra'l‘ﬂ ‘process of claim2 in

whi ch the negbers of thlsﬁ?e SLAAS 8t thika f &f%giﬂxrh ) aﬂazb%(tmhé& WolneithiS ©
cont ai,ps sqﬂﬂﬁ%&w&e s a.ﬂeta R ok it A haaeib rb@ﬂ?::% SonsistagrBOUNd
accor di ng thanédcs) ONL (NIBeW AR tipRedliBo mnt enenitrile radical
3-pentenenitrile. 45 6. Use of a conpound according to Clal m1 or Claimb5
as a prostTes piotes§ hieclqim @pamaith da nemberddf pr@ndldss is| tephisyibbrae, hyddthe oysxaumagisoon of
3- or ‘4- perbréaremMi(CiiiCHe CHCHzCN): (NCB#:)z.
40
4. The process of claim 2 in which the member of the class is triphenylborane, and the mixture also
contains sodium cyanide and nickel dichloro dimethoxysthane.

5. Compound according to Claim 1 in which said pentenenitrile radical is 3-pentenenitrile.
45
6. Use of a compound according to Claim 1 or Claim 5 as a promoter in the preparation of adiponitrile by
the hydrocyanation of 3- or 4-pentenenitrile.

Patentanspriiche
50
1. [Hexakis(pentennitrilo)nickel (ll)Ibis[-(cyano)bis(triphenylboran)(i}].

2. - Verfahren zur Herstellung von [Hexakis(pentennitrilojnicksl(ii)]bis[i-(cyano)bis(triphenylboran)(l)]. bei
dem ein Gemisch, enthaltend Pentennitril und ein Glied der Klasse, bestehend aus Ni(NC(CH2)s CN)2-
55 (NCB¢3)2 und Triphenylboran, zur Reaktion gebracht wird.

3. Verfahren nach Anspruch 2, bei dem das Glied der Klasse Triphenylboran ist, und das Gemisch auch
NI(CH3CH = CHCHz CN)+ (NCB¢3)2 enthdlt,
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