EP O 248 643 Bl Description Field oEPOR48/64981ti on 5 This invention
relates to a chenical conpound, nanely [hexakis(pentenenitril o)nickel

I'1] bi s[[err'][, ﬁg(ié no)b| s- (triphenyl borane)(l)]. Wien the pentenenitrile is
3- pent eneni TECT8%he conpound has the formula [Ni- [err], where [err] is

t he phenyl gg}glléﬁem e!t;y s conpound can be prepared by the reaction of known

ni ckeb- co entenenitrile. The conpound is useful as a prom)ter
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conpound ey hctibﬁ @ﬂin@rﬁ'n hibkeP@MpSURES With dehtendniild?F I:H?r?po n|a s (eftiPRU

i nvention. grfparation o @diibdAktfle B tBeHYRroBRNAON 6 G ALpBkleneRRE been enpl oyed In
prior artp to pronote the hydrocyanation of 3,4-pentenenitrile to

adi poni tri | Backgroua@ et thd ivenanpl e, Shook U.S. Patent 4,082,811 where

triaryl borane 1s so enployed, and the triaryl borane recovered fromthe

cat al yst resi Goe.U.9Fateoto;394,821discioges tHai compouned NENGCIOH TN INCBaSIE theleinafter IFRMGED

| i ke that tasUNABC: This Ghmpalad may pe ®ekiesion pahtgpenitiilt td fraduceNba @dmpowwbibis dreertibn. t he
formul a fserr] Vatoes ergdRobgropiconinglinsig dave Heenr erpleyied inl theppriof art 1o] pramoje the pydequaanetibn by
reacting a @@.4rheetrusnitrileotnyadioenitril-tsee. ids @xampian Sbhok debd Batent 4082811 where yrialvthoaneis
are discl os@cP"PH'?YGHBBN the (umpyltpEne meeMeted \fromfthe patalyshesidue Fhe coiipgund ol dhist invention s
t he cheni caPavck$ 'ﬂG "‘TPPéJ!'QIé!‘ ineShaski te progusy adipagitrile. Novel compounds of the formula

I 1]bis[[er :ﬁ' %('g EHGE‘R)%W rbf PQ?B-r%trf%F( P'} | or Geif@ CracarygRtengted by reacting a
pr epar at % | compe B?)H‘ﬂb’ﬂ%ﬁ'a %ﬁﬂﬁ’d‘ﬁ & fuacylboran. e HfﬁS‘d’hﬁB‘r‘f? 047, 880

hydr\Q_oyanat% on of 3 ir A} rg)entenenl trile to formadiponitrile, The conpound
of the inv of a cation [err] and two anions [err] The
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reaction St{%ﬁx\@&ﬁ"b%é RNRA rhd pBRact ralOdmelry L TR shibn has a&h lfo F&xrs %s

2) [ err Jtndiid theOw® Bdtbi atéhs énbﬁe'cﬁ%@fﬂtdn%rhttﬁﬂﬁ&@tmn SonltigaPar ed react I ng

tri phenybdbor ame sbimpbung @ the iiverliordinay B8 1brEHRII By HehtR msb«m Pen3Bentifé Eola temparai¥e| €
3 bel ow shaibbvetdbéut b0 &P Anexbachich shps bidibSliePéds 68 8s follbks t ri phenyl bor ane enpl oyed
in this process can be that contained in the catalyst residue that 40
results frosephy hyiNGCHATNINCBE B, ACHLOM=AOHDHLCN)-NIECHISH A gHCHACHR eNOBbhOT ane
as a_ pronptaNC(CHERENr eacti on proceeds even though the triphenyl borane exists
in the resi@ee2l n ANi(CHAH= GHEHLCN)ISNCRY: L oNifeH: Cl e CHOKR: Chik (¢aBENB»a D t e Ni{CNIaGia)-
compound of the invention can also be prepared by the reaction of
t ri phenyl bor afhe, cogwennd raf dhpaipveption mey raise rherdrepaletl dy reastingrfiinhkeyiibordng Wit saluiens of
di et hoxyet%&‘ﬂ@"‘"&@ﬁ'ﬂ!‘@g (GHs CHRCHE Gl (NGiBde)2 tBpraplend: beleyisha s the prepasation bt thisn.
The processPrecsss: Ereeﬁﬂ&’?ef‘ﬂ'?;i”ﬂ"ﬂ@me'ﬁif?ﬁdﬁhﬂ’& RFcegsfean ibp hish eantgineh indheoeaiplyst residue that
sat i\sf/actlorPulis fom Sherhydropyapation of dd-pentenenitly using triheniberaney 82 pmaisk The; (ragtion
[err]. The A'9% ?"écﬁ"%’hi"&“gh H4g f"P'zsarJWs °f"6‘Fr‘H {hﬁée%!ﬁﬂbﬁ ﬁB‘erfB@ '*b%° }SF@E ave pta
\?MpFLO)((j: ][T?teﬁﬂ e c(:) ImChl r’rft E.%mven % ésﬁl e pr]e rga r{n 1boPane.0e§ ium
pent enenj rc?fl‘d:ﬁgj §mt9| fnc&er g.ch?@. thox an% Qxa pls '4 3;1;; hlér 63 this method, ot _
i nventi On asStie Eroéesgfor r{gathg ng&uhﬁ \'leq n prc]ce n&tléf&:?an i trﬁosphenc
crystal X-r Cﬁé&s@@ﬁr‘l&’ﬁt tém e ingrddfnts afjf%gét%r e ¥ompound
cation, angmgyl &mr&eﬂ@rphﬁdxﬂﬂtefy%rcﬁﬂn&ﬁc amounts; however, the reaction will proceed with different
ratios of the ingredients, for example, with the pentenenitrile being present in a large excess.
50 The compound of the invention has the |.R. spectra shown in the Figure 1, and the single crystal X-ray
analysis shown in Figs. 2 and 3, Figs. 2 depicting the cation, and Fig, 3 depicting the anion.
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55 2 ' EP 0 248-643°'81 Detail ed DesckR prRA®84B1t he | nvention Exanple 1 5
Preparation from NCBC In a glass reaction vessel that contains a magnetic
stirrer, 4.2 of NCBC was m xed with sufficient 3- pentenenitrile to give
50 M of sl u%&%&%ﬁ%ﬂ!&bl aced in a heat bath at 125 C, and the
reack(on al | (géergpl p proceed for 5 nminutes after the tenperature reached
[err] s The r eaets+ was renoved fromthe 10 heat bath and pl aced in an ice
bath to qugn I . The contents were then cooled to about 25 C
The contents(isl;la brfon 5 e to renmove the black nickel-rich solid product,
and a clear darlk aQbfa@seﬁaa&BrP@éé‘eﬁ thﬁﬁiloHtLl £] th'S?i éalfﬁdq ﬂ&%c%l; Hﬁxbé’ﬂm §|c|ent3-
placed in a pefdretifilotb @lve BY &fi Bt Sity. r G $abdSP L nEst thil P4 5BC EPAiRhe  reaction
I nfrared analayswed tdrodebtior9 minds a&wmade daﬁmetre 54 120 ecqﬂmg.%ﬂ a9le l?é%from the
i nvent i on. 101 hedts@fBhEplated’ inciAadeathQB qGenc-M6 eactioh./Thb Bdnfonts iwefa! il e6died 18 'about 25° C
Anal ysi s | n ahgkerentsr v il t s thb ALK REKERh RSiidSrédB&tNSKI aColdal bdr &gfeen Brodu®
g of NCBC wasolition @as i¢éldtdtl. Shif doiuidnesas pliceddda RRIGerataIvbrhight] which @QauBby &ii Precigt ate
slurry. The trtaed eralysimsf thd stdscshiwedahehaa be thatsmgdlind ot the jinvértih. t he react i on
allowed to proceed for 5 mnutes after the tenperature reaches 120 C. The
reactor was Examplesdl from t he heat bath and placed in an ice bath to quench
the reaction. The contents were cooled to [err] The contents were filtered
to renove t hEragpratiop ofliargedirystalsohProdiict igsAnalysisl a dar k green product sol ution
was obt ai ned: After standing for two weeks, |arge éﬁ 1 m cubic crystals
formed which g R 8 9la55 rpaction yessal that cantainsarmagnatip stiren 2.1 NCBC W@ mixed wihsauirient 3-
wer e anal fgea 9'35"'%{ g'd? pe F‘é\&ft ?"5‘@! he raacios pes §'H°°€H’éﬁ1 eﬁrbatgtar {RS( Gir ad thesreaction
showg i n Fi g C%&% °I§ﬂ"t? £ ‘E?t'?"‘l‘}"l"sﬂ ORCtox wag [emoyeg rom the
a@? | %R in) r'efevra@% foegRs Ce dhe

cont ai ni ng 1 C e oFe fi °\'/ﬂ1}h '366 gﬂ' Hg a?; Eﬁug all@% was,
é 2 gcongf 52 §| t:]% % an%é @N s. 'F (é H.rbg: oﬁ% s EHLRRAZJ joh \gaye an mfra.red
t oget her Wh' ¢ hsﬁ Is{v?;é érﬂ'p?ah'b@ )@ra %@&QJ\ io%‘gc?kagl!}h %Ire aI étr%%ure,pa%rsg%vfn i !ésck

The sol i d Wagy cl ohexane” an rare scan

solid shovved |t to be the corrpound of the invention. Exarrpl e 4 40 Direct
Synthesis fremnpRra] NaCN, and [err] A reaction was carried out by reacting
9.7 g of [serrFTI-0 g NaCN, and 50 g of 3-pentenenitrile. This m xture was
heat ed to 60Pigpdration okl Ni(@HstdH SGH-CHA-CNJ (NJBYR ). Ehk b4 € Was then filtered, and
2.2 g of [eri] OVE 46 (i1.€e., nickel dichlroro dimethoxyethane) was added to
the filtrate. Phslutiescdntaining 1Ng st Ni(GH; 03 GHEGH, €M) (NCELDR dissdived Nflg ignBrBdembrhitile
filtered. Theas preparesit & secmed sdlitionveas propapsdovhich @ortakaseh 0LB5IEOE 43 B Wssolverdivi 8.85 g of 3-
caused sols% dpentevenitite. Qne gramedfiepéht @iution was fmivad dogetberakhjchicaused ths intmesatel plegipitationl 61

showed it t oalight pirele paliddiine isolidfwas iashpchwithreydlohexanéansirtribds AB infrared scan of the solid showed
it to be the compound of the invention.

Example 4

k/ 40

Direct Synthesis from ¢3B, NaCN, and NiCl,*DME

A reaction was carried out by reacting 8.7 g of ¢3B, 1.0 g NaCN, and 50 g of 3-pentenenitrile. This
mixture was heated to 60°C for 1 hr with stirring. The mixture was then filtered, and 2.2 g of NiCl,*DME
45 (i.e., nickel dichloro dimethoxyethane) was added to the filtrate. The. resulting mixture was heated to 100°C
and immediately filtered. The filtrate was allowed to cool to room temperature, which caused solid product
to precipitate. Infrared analysis of the solid product showed it to be the product of the invention.

Example 5
50
Hydrocyanation Performance

A catalyst solution was prepared by dissolving 4.40 g of Nifpara-tolyl phosphitek and 3.75 cc of
paratolyl phosphite in 92 cc of 3-pentenenitrile under a nitrogen atmosphere. To a 10 cc aliquot of this

55 catalyst solution was added 0.240 g of [hexakis{pentenenitrilo)nickel Hl]bis[iL-(cyano)bis(triphenyiborane)(l)],
which corresponds to 0.5 moles per mole of Nifpara-tolyl phosphite]ls. 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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50 Hy'drocyanation Performance A catal yst sol ution was prepared by

di ssolving 4.40 g of N [para-tol \gp ¢ e4géazd 3. 75 cc of paratolyl phosphite
in 92 cc of 3-pentenenitrile under a nitrogen atnosphere. To a 10 cc
aliquot of this ss catalyst solution was added 0.240 g of

[ hexaki s (eaetion omesali justi dooverthe liaid leve]. bihe [reactidns (wespamm Ll @dipenitiid eregidicn eaassd( | ) |,
whi CVCOW@Q%MQ rerpat 30,51 antl 8&° Goand thepriesults fre livengn tha fallewing taosphi te] [err] .
The m xture was heated in a thernobstated oil bath to the desired reaction

t enper at Ur@mp h| aRResai@iM [de was added to theyvigigaeh! on m xture by pasping
nitrogenlgas at } deversion (kir ough l'i quid hydrogen cyam de at 0 G and t hen

to the 3 EP 0]248 643 Bl t oo eve
The reacti le run until™ (o Mﬁﬁ@“@?@ﬂ t%ﬁ‘ﬁ?@%’g@ ?és%fzﬁi"z}fﬂ% wer e
run at 4¢, 5, a%d 8031 C, and @2e rlesul t 81are gven ios the {ol | osng thble.

Temp (Lefr])s! 3-pent edfeni trj | 03 33 03 Yiel gs (9.0

conversi ¢n (88 Adiponf&rile MSShylgluta®é@nitrille EtOll sucgi no®PBrile
2-pentene nitrile 40 31 9Z. 3.1

0.3 In the abovg ta%le?yleld % of adiponitrileagdeﬂned by the eqan\Qn:?’ 3.3

0.3 6.0 10 80 29 75.5 3.8

0.4 15 Yield % = adifenittile 1obAGIpGHRAN & Makidutardhintib & Shylicodhitaeni bpéridpenitmiedef i ned
by the equation: 15 Yield %= adiponitrile x 100/ (adi ponitrile +

met hyl gl wsad @orhjaratives hydredyblnalichd Oaare) perfokmed @sing P -nfisen bie g8 ipérr inble ) of Asifpara-tolyl
conpar at ipkasphita)y chll @thgicgvaditioos seingahiecsame.r The reselts fax $b B prothotarcirecasdblioper r| per nol e
of Ni[para-tolyl phosphite]4, all other conditions bei ng the sane. The

resyl 128 Tolmb & &I e le BT € as To0ITOWs. 20 q?\ C) 3-pentenenitfile
Yields (99 conver Sdo%rs ?ﬁﬁi ponitrile Methylglutar on| trile '
Et hyl sucg¢i noni tril e 2- pent pre—R+++e—406 03-—4-

2.9 Adlponltrlle 3M,gthggutaromtnle 1Ethylsuccmonitrile 2-pgntene nitrile

90. 3 40 3| 3 29 934 0.8 29 6. .80 3.4 30

76.7 *° 51 3[/8 29 903 0.4 33 19. .80 d 4ins §.4

[ Hexaki s penaoenerpi trismw)ni ckel76.7 38 0.4 19.1

(I'1)]1bi s[TerrT=(Cyamo)br s(triphenytporane)(t)]- 2. A process for tne

preparation of [hexakis(pentenenitrilo)nickel
(1'1)] bipslcgdihd - (cyano) bi s(tri phenyl bor ane) (1)] 35 whi ch conpri ses
reacting a mxture containing pentenenitrile and a nenber of the class
consi sti RY m%x&@(béritenarmﬂlofnkkdvhﬂﬂé{h%&nﬁ%(ﬂ:p’ﬁeny%@né?(ﬂpceSS of claim2 in which
t he rrenber of the class is triphenyl borane, and the m xture al so contains
[err] = [2er Alorotssdior thé Preparaton o [Hakakis(péritdbnttrilofickdn (INbisliHeyantiiBBshofibotki@(E | ass
| s trighenyhil @mprises Fedcting @ niliturs dértainfrigRnternitrifd 48 asieikibeidf Qhsodkissl eondistihgof C kel
di chl or o di NNGICER}ENR OB )Dand@igpgbadneaccording to Caim 1 in which said
pentenenitrile radical is 3-pentenenitrile. 45

3. The process of claim 2 in which the member of the class is triphenylborane, and the mixture also

\_/ contains Ni(CH3 CH = CHCH2CN)s(NCBé3)2. '
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 o 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
§0
1. [Hexakis(pentennitrilo)nickel {I)]bis[tt-{cyano)bis(triphenylboran)(l)].

2. Verfahren zur Herstellung von [Hexakis(pentennitrilo)nickel(l)]bis[i-(cyano)bis(triphenylboran)(l)], bei
dem ein Gemisch, enthaltend Pentennitril und ein Glied der Klasse, bestehend aus Ni(NC(CHz)sCN)2-
85 (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{CH3 CH = CHCH>CN)s(NCB¢3)2 enthilt.



6. Use of a conmpound according to Claiml or CCaim5 as a pronoter in the
preparation of adiponitrile by theghygdapeyssfti on of 3- or
4-pentenenitrile. PatentansprUche 50 1. [Hexakis(pentennitril o)nickel
(I I )] bi s[ a- (cyano) bi s(tri phenyl boran)(l)]. 2. Verfahren zur Herstellung von
aki s( plenvetfahven nach dnsprck el bei ldprh loless Giied-dec iasse Jiphsifyiboiap list nnyd das rGem)sth dch
be| m ei n Seirinyénid mmemwmpdmmommm enth@t.und ein G ied der Klasse,
best ehend aus Nlné NC( CH2) 4 (NCB#3) 2 und Tri phenyl boran, zur
Reakt i on debVMebipgungngch Anspruc éarhpbﬁ?f'\sqfis ﬁﬂW“‘M@dﬁﬁaLﬁ:'?P"?""'tﬂ'éﬁ dem das G ied der
Kl asse Trlﬁ%cgggl bor an i st, und das Gem sch auch NI (
CHCH2CN) 4( % Vfrbincking nachAngprush 4 ofor fnppyuch 5 e b AT
2, bei dem dﬁ%‘p tri"gﬂfc'bl@? yar%fggr@mrp YOERGR ASPARMEt und das Genmisch auch
Nat r i urmyan “é;g g Ni ckel di chl or odi met hoxyet han enthalt. 5. Verbi ndung nach
Anspr uc ¥R das Pentennitrilradikal 3-Pentennitril ist. 5 6.
Vervvendun e n ruch 5 als Pronotor
bei der Hglr s%’ gﬁ%&%@'@%‘ﬁ“ﬂﬁ?ﬁ%ﬁﬂb 'sﬁ é%&%%ﬁ(t%pha@%@@g@@ani erung von 3- oder
4- Pent ennigd 1 yh prdB6asCabrésalAio @ difbxdkis(pentanenitrilojnickel(ibis] 1 -(cyano)bis(triphénylborane) ()]
L' [ hexaki s( pelntca&@watfaard RBagi rkiRdidnbd ddnidhant b pdnfRNiBiot Rl PR
(I)] 235 Un  pé RIQESOHASNR INdBBY)2 bt d vipHéhylborane.
' [ hexaki s(pentanenitrilo)nickel (11bisb( u -(cyano)bis(triphdnyl borane)
( [)] qui Nnsé piccsdd deda everiditaphr2 dans MEghick Mg Meird ide N Blassel @st[le Biphdnyboradegstele UN
menbre de | amélaagesentiontrasdsi dulNi¢eH: GH = CHCHIEN)NNCB&3(.CH2) 4CN) 2( NCBt 3) 2 ot du
triphdnylborane 3. Le procedd de | a revendication 2 dans |oquel |0 nenbre
E:Tsc#oaﬁeLestooede derla pevendicktivo r2adees leguel llemambrardgda clanse iesirie tripbényiborghe, et le
Ni ( CH = CréBsmeNpationi@Bsps®icyanugeie sqdiun et dymisked dichlete dimgthexyéthandi cat i on 2 dans
loquel le menbre de la classe est |e triph6nyl borane, et |e mdl ange
conti ent PusSPmeasé eglonrtirexendigation tifansfegyel [ggit 'ﬁF"Eak de petepikecetie mdl‘iﬂt"ﬁ’@mﬂ
5. Composa sel on |la revendl cation 1 dans |l oquel ledit radical de
pent bni f5r i%el ?"°1‘ fpase si%"’ Eé’Yﬁ’?B'Fﬁ“P'tl |°€ S o1 tanisquey jremqteus dpnsra c!P‘éBﬁa"m
conpos6 sel ofl® %P"F’ ?/%ﬁ‘i Ydé%‘fﬁ"B‘f? Puz-RspteReiiiie- g uo promot eur dans I a
pr6paration d' adi ponitrile par hydrocyanation de 3- ou 4-pentonenitrile. 30
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