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EP0527 187B1 Description This invention concerns a process for the
hydr ocyanati on of conjugated 2-al kenoat es g., nethyl 2- penteneoate
(M2P) to produce a cryanoal kanoat B 06218 87 ﬁet hyl 5- cyanoval erate (5CNV),
wherein the reaction 5 is catalyzed by a zero val ent nickel catalyst in
the pres e CH one or nore pronoters, preferably in the presence of a
syner gi st e@ (!pr%r nati on of pronoters. Background of the Invention 10

The prepar af.on, SfiondioRels 4 S e AFarGShdafinl & Lhdiatbd \Blkenokts€) 8lg., methyl 2-
R ot A i e e v
- (4PN), Utrt Aidi) 209 bﬁrzemarsﬁttmcnér%&a st (P& p8dnSe Biashe BEMbre PECHITFS, prefeaBly\w the or

vmthp.ut Forb¥eRiaRF £ EynoristctdimbiRatiombt @rega cyanoal kanoat es, such as net hyl
5- cyanoval erate (5y have been prepared by hydrocyanatlon of

non- conj Ugkak ndibfkmmhm such as nethyl 3-pentenoate (M3P) or nethyl 4-
pentenoate (MAP), using a simlar catal yst system However, the

hydr ocymanat imwnpregaratisneof dipitrjlasgrattead adiponitile s‘\DNL?»romstwowltdsolezﬂﬁaw endpentanpnitdle
(2PN), ha@Phiar 4ipereenenitio¢+Ad).iuizies zeievellont pickd! sataiysisding kagn pesomelishpdwith g Witheut a

i nhi bi t or premaery Likdwibe| epha-onPa cysnestkarpgtesfsueth pss mptyl ayprsawalergte $SCNV), ave been
hydr ocy aneredad by thydrenypnatinstob penzosiygeion a'mre%tem% ?@P\(ﬁ 3Part9é'ﬂtt° M%'k%f me"‘y' 4
cat al yst spentgaaatet (N4Plepsing R %B&%@ﬁéﬁs‘?"ﬁ "|°Y" V ?j

i ndeed "pr woh 83,2 Portanppirie &2RN: has ppt deenace d 2P k usm °r16,
1951 to Pad|viekiessy 'Fhep essQ{ thg nventlm L8y ‘g ?fg lﬁ ?jugé Le Q‘@ yl
with or waeAbUeke} ﬁaéa"éﬂfd B3 BRrelte uewerp e sftect ohFhe BF Ere

pr 01 CIeSS pr ?BI e"%25§ 5||¥su&¥ onhd)c%%enp‘%r ?&:ﬁ'tt mhuPG.d&%'l rd?éaio%sw déSr%HuéRel '
pr CLs W] or; |tR or ttfftgf 'f) atﬂ%ﬁnnﬁ t@raHn@gTH@BBEdsé’-lpﬁJd%Q ad
relativel f ji pgljc t tal.ln esﬁ' lymeri 168 & ndrcenjudatsd WRfhiddarting

- February Z" i y;;% Id,g @{, al., di sc oses an inprovenent in

ni ckel -cata 9 lé @margs%sd anpeart%amsw fod.)0. phiikaralat 410 dibdicg e hSmproement
utilized @ KSIRERPIM hylirb@amilén Wefbin’BiaryBhdspriite digadds arb NUENz6d wnddcapbiayl i ligands yire

reduci Bg BiflinaBB) thérety T Brkr&idald teluiRg) Bélythdr formBiioh @S igorgrally tncelasing yikids tor delsirable
nitrile pﬁ.@iggtgaadsctsThe teaching of the use of a pronoter in the

hydr ocyanat iTaéteahag tof tha usegd @ protnotenin theSydBevarmation BacieGapRdars in U Ratent §1496,217,

February fsued b9 Fébriaty ¥ 1920 tdDWi OkRrinkhraét ahThis Fient dipeiasesan improvameatdss hygrpcyana-

i Npr ovenetidn using b oty satexted tibom ra largd munber 9f mstebeation eompeundBVithf & YaFety of agjo

nunber sof cawystibromaters.die b Grgatkmellic Rorapoyngs (Gl AClaoanp Grids Ay AR SARCRPPs t

pr onot er sas fForeotérpiown or ganonet al | i ¢ conpounds er r ar e al so djsc ose

promoters. Y-85 Papeit3A96.213, isned 2‘1§°b"fa§’sUeéP7Br‘P We T'EI&' °'°sfa6' icke, °°@";l

Dri nkar d, ties eervege@nqspw@werouwer%ey*aﬂag COPROHAdE-JRcly gt‘"pb?"éj P and ety me

\r;g{ :a f)u%Blr)g?rWdr@Gﬁt aj n| 'ssg’f i E\gl 1% ﬁ% trrlpnréequl qﬂqsch&E)%ggv n{(,;}ggel

1975 to CVH R Eﬁ ,f e i 5”33'50% EE"’” 2 °r° i RE it

catal ysts ! glgrgq Qé&&%ﬁnswi Smourts 2 cis-

Patent 3, gn ans- l’Ietc.a r#lﬁl ? N ltrild$! diourld Q6 64 @trintnial

al ong \Mo ﬁ) Fbt::fanﬁﬂﬁ }of '(ijpgnt ngﬁ) M)e 6rn4—|§e|ﬂ§néﬁifm QPYR A bdigdRiteS

but adi ene A ere | s a so o ta| ned varyi ng anounts of cis- and

trans- 2- pent&élersutént la}7#43356 GsseddNor 86btdmbaPbY, B8] disdiodestd) procosR fqpaind preganatibn iof €S

are found gin@idRe e S IADN[TRE doncdRludafRd Qinsablratat nittifeb,i €g.28RN of PN, e theyplpseogeasiad | on

of 3- pent eaevaiehtricke catblyst afpfidrganatinichtelyst eromdted) t o adi ponitrile (ADN). U. S

“Patent 4, 774).85%tehts48radsaissuse Ptiebeo a7, 1289, dis@B6s thaticartdinomabinatiopy i ewowisfsoedt he

prepar at i ®&Cs6f)s eid RAICH, wberp Rds . alkylgBiup with 59 caon® AjeLsyrergistic, giving ingieased gptes in

nitriles, te hydrpcyaiibroof 3BIPbYer thet exibested frem eithoeprernotey aleps- oval ent ni ckel cat al yst

and tri or gandsi Retept3,865:p6% ispned o Februgry UH1975, disglosgs tpselagiive @"BM“B"‘BW“F%%‘W&%

Cct ober 172PNLIRM®, adnixtiue odf ealkepyh diitriiese rTha Rateplo APH 4t PAWR" d¢ '"gﬁ jg

[ err] wheer denenitile..arm uapqslyebley DyRigslucip-ity thet APy cp sigHEental g il ﬂf"‘éet"% '"gf'\‘i hg

i ncr eased cptglyzed hygsooyanatiany oc anat | on of PN oyer hat e nt%nenemé her

pr onot er arlf,ﬁ‘gﬁlgpv“i,; gﬁ“a‘t“ 'Ps“ d;l'; %

di scl oses & of

aI kenyl [Tn? I c EJ:E g céit auonsa% %- the:% lm;ufa mt ltclaft évon ngsaﬁnexr% @n-
t enBnitTT 'hﬁs s i IoE beq{yﬁro Elghdidarent al

cat a yze ?ﬁlld r

to cat al yé‘tw%"’f? i ncy | n n c ocyanat ion. U S.° Patent
3, 564, 040, |ssued on February 16, 1971 di scl oses the renoval of
trans-2-pentenenitrile

2



—

froma m xture of "pent“enenitri les. This patent states that "2PN is both
detrinental to catalyst efficiency...- [and]_ a yield loss" (Col. 1, lines
55-68), thereby indicating that it EPhP&t188BWirect|y hydrocyanated. The 55
ni ckel catal yzed hydrocyanati on of conjugated al kyl 2-al kenoates of the
present inyention nexpected in view of the reports that 2PN inhibits
hydrocyana\éunnma g K\éaﬁvelf%%i eld loss, i.e., cannot be hydrocyanated. 2 EP

0 527 187 Bl ﬁEg?%r&éaninsE Bocdss Yo b ihgc!?ocygli.aﬁbn(bﬁgoﬁiummsallén&fe@ e fofnilla: t he

hydr ocyanati on conj ugat ed al kyl al kenoates of the fornula: 5 [err]
wherei n R aush,Brn-ay@-to¢ependently H or alkyl or substituted al kyl (1-18
carbgns), and R' is alkyl (1- 18 carbons). The process of this invention is
conpri sed Qherbil® dd Qrsyiadepéridonly Of, oCally bigsuibstitlitad-alkylk(@Nn® adriams)i andtFieis 2Byl (1-18
presence oftaB@k val ent nickel catalyst and in the presence of one or nore
Lewi s aci d proemress. of Biseineantdnl iy comprigerd) ofr ths hydrocyanation rof iconjugated 2glkencaiesingthe
such as ' 'plesencé of( 20’ valbrs nigkek yetalystiand & theaprbssnes)of anechr BPtedeiPpcid prompters.Argferably
enpl oyed i @ syngdestictcombinatiore aisrroraatars, \siehyasai Y Algln(Ri is alkylhE1&easont) a9f BBhaoPBtier
and/ or cat ®hengl isnererieyed im grdgncle dricteate Fobvity ranghMinpizerthe tamaunt §f, BAMPtEHaNTHqE catalyst
present i nwesded-on concerns the use of a zero valent nickel catalyst, in
conbi nation with one or nore Lew s acid pronoters, nost preferably two or
nore Lewiss DawiledDepgiiption gbthg Inkgnfion ¢ nhi nation, to acconplish the
ti

hydr ocyanat i_on O sk o ioed conl atseeq azI lt()yllaen%ﬁiglle‘(cea?a?glt i Sofbinatioh it%tocl grtr &
20 R Gle Tﬁ%%gﬁ@f?ﬁ o W%‘iiétgs%fw oo it
. p

m T
! 1S 'g & : In1's nmethyl
2- pent engat € J“ rg’eeI e°r"r°§'3 aégn%leraﬂéorfggl nation i1s [err]Jand BPh[err].
25 Y SHESHE oKyl is meant an alkyl with one or nore hydrogen
atons repl ac@% Ey%gf\) g%l group. Use of the preferred conbination of Lew s

aci d pronot@esiniHlard G Blo GiBSeAdeMiy A, €106 alkl) bEsUbstiRRedRIkPIngl BS isuligly A pregkred inGno-
i ncrease i RydhiR ndWRT BhenteRoab (MBS & proRiréd pronhtter GarhtiMayichlis CRARAICY afld BRi.
hydr ocyagat i OBy §B&titdd aikylas AednDahadigNith he brehord Ryid(oGdn) atarapptacetisy andnd prawit i al | y
free of car bovsess R )grélsired Thatiatianostioninesd praotére inpacegdenasdwithrthis inventionJuyides a
cat al ysts a¥ymorgitis iciels®dh therovdrabsynB@sisiralé74, 353 which is incorporated herein
by ref er ence. THarcalygeenpidyiey fop hysifogyanalidn hereit pre aérovaleataickeli(Ni()) compqynds fylstantially
descri bed ifee ok @rbod pipHakids SThesecopmpaunds maynker Ri¢pated in ity fugh catalystgre qopgripedsip U.S.
wher ei n foer4774.353cvhich it incetpolated hereis byyeferdiceray be the sane or_different and -
have t he f or i esppeially rreteyred\graincaf these MIQ) compoppds dascabaddr Uy &F43A% havp e general
consi sti ng $fctwe:and OR, and Z has the formula OR, wherein the three R s nay
be the sane or different, and wherein Ris selected fromthe class
consi sting of alkyl and aryl groups contdi ni ng up to 18 carbon atons with
aryl beifg preferred. An especi aIIlegsg, abl eacl ass of R's is: 45 X and 50
where X is selected fromthe class consiji§ting of A, [err]. The R s nay be
cojoined. The preferred neutral |igandsLdf this group are the aryl
phosphi tes such as triphenyl phosphite, tri(m and p- chl orophenyl)
phosphi t g, folein(17t L2ARGNP LIRS RAKMRIGETAY WhictP ey Bdlinb 8arfd 6 diffefent(dit haVadnd rorialayF- )
phosphi t € a8¢z) wherein X and Y are selected from the class consisting of R and OR, and Z has the formula OR,

wherein the three R's may be the same or different, and whersin R is selected from the class consisting of

alkyl and aryl groups containing up to 18 carbon atoms with aryl being preferred.

An especially desirable class of R's is:

£y - X

where X is selected from the class consisting of Cl, OCHs and CHs. The R's may be cojoined. The
preferred neutral ligands of this group are the aryl phosphites such as tripheny! phosphite, tri(m- and p-
chlorophenyl) phosphite, tri-(m- and p-methoxyphenyl) phosphite and tri-(m- and p-tolyl) phosphite and
mixtures thereof. One or more of the neutral ligands may become dissociated from the nickel during the
55 reaction.

A particularly preferred group of monovalent nickel catalysts is described in U.S. Patent 3,903,120
issued on September 2, 1975, which can be described by the general formula NiLs where L is a neutral
ligand such as a triaryl phosphite of the formula P(OAr); wherein Ar is an aryl group of up to 18 carbon

50
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m xtures thereof. One or nore of the neutral |igands may becone di ssoci at ed
fromthe nickel during the 55 reaction ?rticularly preferred group of
nonoval ent nickel catalysts is deE%P.SBEaSWﬁ U S. Patent 3,903,120 issued on
Sept enber 2, 1975, which can be described by the general formula NL[err]
where L i neutral ligand such as a triaryl phosphite of the fornula

P(OAr) 3 eral fohord Sod Dseit Ml heiratied of thisiveltBn &3 66 36IRAR 1m a wilRAcY HALER
atoms. T |er%|96§§?1 (Tser SithB0sHgly b7 ﬁ?ﬁnbﬁlﬁloﬁ h’?efé?feeat%?ohﬁﬁr &inbfnhloﬁsﬂnih‘:ﬂéﬁﬁds@ Besedydd be

sel ect ed i, @M, Gr4bb4 An \b&debifly Yorefhrod EdWisSacR Coibifdtitiiie BPklSand € HRAICLSI ngly or in
conmbi ngt i on Preferred pronoter conbi nations include those described in

U. S\.4, 87eiadfies An especial ly preferred Lewis acid conbination is [err] 5
EXAMPLES The foll owi ng Exanples illustrate the invention. The m xtures were
heat ed in aTheheiowhgt Bxampiab | iNusicaten theolvesiibnoThe Intitiures WBR haeted drelai thermesgdaticallyt he
flask as antraiiNINRthgEEN waxdaliversdHiy th sk las aryHEN/Y. grstmixiye by brbbling gy nit ergws

| i qui drd-HChoagh ligfié HCNGt O n@imaintdined dn amice hath)cbis PEvYS 2 YaRPiSUisard whigle & alou) 2976

st r eam whii@h (volvols itha trate ShaitERN Gasofiom daterminestibe raig @f HEN Fﬁ"t’%gséﬁp'géga'\fslsd%s

det er ni negarrief eutrbytgas ehromaosraphiq GELanalysisHiA @osgriaked §‘I°’§V'\Rlél%°“(9§‘?"|afyé'ﬂ'“ 01(255; gas
chr omat og%pnw dd)( Egmyversipng grethe Fyrp oty ‘Efr‘iys%e"'fel‘??ﬂ'é s s@?‘? %‘F ary
col unm ( 2eyanpvalgyate. Rraduet gistri Qﬂ@ﬂ{?é'i'es'?e %tsaﬁy °‘( éates'ﬂ ecgPRifed S 4’?’ ‘B@'ﬁ’f' ABat e

Br g? drpcga tion an
e ercegp e %MM e :F% T R i, S

The rate Pgedr B %Ms j udged by analysis of GC changes. The
fol.l ow nggw:le reveals that the reaction is not conpletely inhibited by
hi dh/c ons of M2P as is known to occur for 2PN. EXAMPLE 1 20 A

gl ass r eaCt 'A%é’ RaGEh velest w@%ﬁ@tﬂ it 505 QY fetkaKisiim-p-tolylphosphite)nickel)(0)/toluene (8.0
tetrakis( MI 2 rnsrnontm Yt Blidhaghbdphie) @LoC k! ¥ (fmdlf, CheiN 8-poteridodid- (202 mi7TIé0  Pimbt),
tri-p-tol pj,BheNaph kono ﬁ rmnol GndBPhs) (0.20%) 0| mrolp@aéremaget gas( 260 ibxture] Ged
ol ), [ efdajeli @ 503 clind BicR féﬂm{hga nitfigeh M €5 mjL/nfifl. ARG Ohoul) thB tenielaure vaasised
Nitroges ©a9:C aktEhéMon redueedas nilénih @elariotherur’ THen thedenkiSidiufecehs\aigell te75 Cfardgen
fl ow of OGndursniithna riitroge flo@rof & miLonir andtfingly trenepestwe wisedhi® 852¢ swtithe tow rgd@ed foer r |
C and t he2.6 mumin @titbedadtion doppéd dveto deactivatiomofitearcatalystr . Then t he tenperature
was rai sed tAtler7dnly[ ERRjursC sigaificart isnmerization oftmethyh B-perdanesater foguethyl 2-perigneeaterhagn
finally theadyesrpered: Meteyl Rppniendoatepcadinupe tor grow Hypyghontethg regetion. o Gchourst whep the
mUmi N wnt femperblarer wasc béieg raised Pp b * Gu ebaut) 23@a et Fh9aﬂq"¥9ﬁ°°6‘Ps t'ﬁ‘é b@%’l a?P eited 1 t of
only 0.5 pxsoevalerats; withi & gigtdkytion; of 4y oty ﬂ‘(?ﬂ"t?ﬂ“%?ﬁ%’ "?t ﬁ%’t hyl
2- pent enefmahd ZFPQEF"’IQP?t%JH?/’eé‘E'B'b?‘?@Gd afioptagrpl ’E’ 3)'?§’H "9(5 h | r ow
t hr oughouto PREnpvale@ts; apd a B r dstrityfipn;of, FiL7% JBstvL ,4503?‘3’{90?% was Berng

rai sed t°‘° TS &l r.aﬁoat OB B 3o B f%cbr,
R e

nmet hyl 3 pe pen ene e reactlon st opped
after sev e hours at 27% conver si on, .1%distribution to
5- by“anova%&"a—'?—'—'&-IEEZr and a penteneoate distri butlon of 1.1 % met hyl

4- pent gpeoate e & Fith AByl (Slpehféndirt Zome Mheiyeoat e.
35 phgg@ﬁ*ﬁﬁéﬁgﬁéﬁiﬂﬁgﬁﬁml taf}'zgtc'ithear ¥lh§? hydrogglag)natlon was

proceedi NG iAgiis Peallich /84361Gva chanded Yt 8% Vi) Zetraiesitri @R DR IpBosaie)nickei(0) tolusné YELO

2- pent eneadf @ rfol NI, ti-pHdhIphbiphige {402 mLeac tninai), mEHANPhdntoRoo4® (20 MLy 16(ingnol),
exanpl e i TiiHssAdLL@ls rblhatt1.0t M druiioerst B timoly undet hitroget lggsl TIR- pixtareavad heated(

sone nes hyhd ASN gehivitme eitogen( RR)f 71 mlmindfor Srivurs @nd thep dt 6 G for d shaue gers; e
vessel vvasmphtaiugagds thiet ralsgm%a()w er)d the flow reduced to 2.5 mL/min for 15 hours.

t et raki s(trilsomefizationl 1| M2 washmuch) siowek diopah) stil sioniesst vith this wery ?"Y?nﬂPmN?’?l The
tri-p-tol ydlgingsteble tausaisha) methyl 2tepnienrspty wapmpda qnd sonsumeds H\'—J‘B‘&Pé‘*’é the) %ot

mol ), [ ePertengaatesis yith ggspect 9 te sup efdhe eanteneogtes; aM?jVaﬂ?Yalé"PteﬁlaP Bﬁwﬂa'agf 3 The
M xt ur &9 wa¥anpnslgrageg iswith 5@{:@? p]tte sum of all cyanovalerate produce
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45 and HCN fed with a nitrogen flow of 7 nmn for 6 hours and then at
60[err] C for 1 hour nore. The terrperg{bﬁ(é\ga\; éhen raised to 80 [err] C and
the flow reduced to 2.5 niL/mn for 7 Bloneri zation to MP was nuch
sl ower though still significant with this very active prormter The

f ol | owi ng tabl e ev-eal-s—Hhat—ret h H—2—pertereoat-e—rar—ade—ard—eonsamed. | n
this case, the % n’é't“hws)gj eﬁ?'\!?fé!@!ht e;]l s vPistiputiens peqt % Methyh&-perigneeate { he
pent eneoat es and|t he cyanoyeipipentepeoates)q (4SyaPYANHAD ] of 5 50

cyanoval erates i$ wi{§ respect §p the sum of @4l cyarjoval erase produce¢d. 55
4 EP 05527 187 Blsging (hrs) s2 Cdnver si e Di stni bution %
Met hyl * 2- pent enegat es.f®f jal | pess eneoatles) (885-cyarfoval erage) 1.5

11 2L 72 3.58% 88.5

52 230 89 7.1 8875 685

88 8.0 7.5 72 88

8.3 22.0 10 89 88 6.3 10

EXAVMPLE 3 St@aiieaW th nmet hyl 2-penteneoate, a synergistic conbination of
pronoters was added to increase activity. A glass reaction vessel was

char ged W' th S&%ihg with mefblir 2dntdnbdate; BYsPndrgistiy |cBMBIRGUBN bEPrometsre wad)abideal td aiveease
(8.0 nmL; 2 ragwty N|%/ tri-p-tolyl phosphite (4.0 nL; 14 mol), nethyl

2- pent enelfat e (\aassmeactu&rﬁﬁhswmbs) chafged with §abe Brafristrads(td-mbp-olylphosprdtenieked()tduebe (8.0
mol ) and BRh3 2 chnidh Nij; tritp-Olyiphasphiteu@ddemi;ni4 moghnmethd . 2-Fentenevatet (A9 enlnad§0 mmol),
heat ed t o 75CiEHaAi0:2 KICNmMLoH 1.0iM in teluend;t1Sogmel) 4nd @Rho0.23 g61-0rimmel) kinden pifregen iges. The
cat al yst wagnigure whsahoeted da @8° G atrb HEN Jech @ity §)nitrogan By elof®y ELanig ynthfthe catalyst was
pent efleoaj,e Seestivaied: @bouii thaure). 305 Ferypision ichernfenepate ocrurrethwithcy, 828% Afisifjoyiop to S-
The pent enecensvaisiele.chia mertenoaste,ans! QYprovaierale distpution inttheufine| preductipidiyrg Wes % in“iWs
was as fol | d#> metnd, dreaniepeoate. Jadtee Motk & pe'!%m&a% n@ﬂ( I"‘°§‘~Vb BRRagalpe 02% 3
73. 7% net hyI°V2“°}5%€fﬁt%r?Jd%ﬁ"§Va"‘€)’a tgieand 10 69, Soyanayale E% ano al erate and
10. 6% 5- cyanovél "é't @act'ﬂ\" §’r'?f? I“ﬁrpr?r%“é?ft"iaﬁﬁn'mg 2 "t°hpé h PSSR aél" Coht Yrece ©

ZnCl [ err] 25 n‘i¥a |m|Iar r{?:a r;?% e gn%gg Face%cb gigmgnen%ﬁ’ faﬁ;e\éawgl%a‘% d?@e&abléb‘

simlar reactul TR AN |t neoa repl enten

ffal l ed. to pr%anh'%eto ié]neﬁer is %&'tpgghﬂnfe'd It@the Qﬁ'\b&ﬁrﬁlﬁfs exemplified but
dinitriles. dné’dg?{) ithEap Eﬁér& e Invention herein is not to be
limted to t rrents exenplified but only-by the clainms appended
hereto. 3® &hists 1. A process for the hydrocyanation of alkyl

2-al kenoates of the form R CH2 CH=C(R)[err] R'" 35 wherein Rand R are
i ndependent |/ Agqeisast the yaothandtioh ¥t alkgir2-aishsates bithe®rmal kyl of 1 to 18 carbon
atonms and where R' is alkyl of 1 to 18 carbon atonms, in the presence of a
zero val ent ni geH.cHaC@E)EOIR'free of carbon nonoxide, and in the presence of
one or nofe Lewis acid pronmoters. 40 2. The process of Claim1l wherein R
and R are i ndepesid&mrnt ' are independpnfiy esfected feral Haplky pr. substitutpe| alkyjjop ¢ dos1$ cgrborchtaren
1 conduct ed i nandhwehess BY isratierl @t to 18 gankon glogys; ip thedsereatof ®rereralavpicks) cafplygidree of
Lewis acid pr omgberyonogde, and iffhe Prﬂsﬂil‘fégfs°"6P”U§"&f-?W'sla°er§?"é’|’eﬁsthe Lewi s acid
pronoter gsed is R r where R'' is an alk b?n at ons.

5. The proce’s TBY p’@f‘ﬁ%ﬂf] IR reeh "t‘?‘?gasifﬁ@f’%qeg‘ilef“y 388%1'54 ﬁ(??u Y oromot er s

conpr | ses BPQ[ %e ]:orocerég of Claim 1 conducted in the presence of a synergistic combination of two or more Lewis
acid promoters.

4 4. The process of Claim 1 wherein the Lewis acid promoter used is R™ AlCl> where R™ is an alkyl of 1 to

18 carbon atoms.

5. The process of Claim 3 wherein the synergistic combination of promoters comprises BPhs and
C12H2s5AICI.

50
6. The process of Claim 1 wherein R is methyl and R' is alkyl.
7. The process of Claim 1 wherein the alkyl 2-alkenoate is an alkyl 2-pentenoate.

8. The process of Claim 3 wherein R is methyl and R' is H.

9. The process of Claim 4 wherein R is methyl and R' is H.



[err]. 50 6. The procéess of Claim1l wherein Ris nmethyl and R is alkyl. 7.
The process of Caim1l wherein the aI ké_, 2-al kenoate is an al kyl
2-pentenoate. 8. The process of O & Min Ris methyl and R is H 9.
The process of Cdaim4 wherein Ris nethyl and R is H 5 EP 0 527 187

Bl Tinme (hrs) Conversion Distributio YoMty

2- pent eneoat e (pfTired thrspgnt eConatsios) % S5Distibutiov al elr &6 Mpthyll 2penteneoate 11
94 3] Slotxall pentensoates) | (% Sxcyanovalerate) 52

90 15 -} 6. 7511 65 g4 35 88

8.0 7.5 5572 52 88 g0 714 8.3 22.0

89 \ 6.788 65 6.8 10 EXAMPLE 3g@tarting|with
met hyl 2- pent enpoatss, aj|synergiastic cpnbi natggon of fpronotemrs was added to

i ncrease activity. 22/ gI gss reamt i on vessel vg8s charjged wit16.350% (Vv/Y)
tetrakis(tri-m p=totytpliosphite)niTtkel (O /ol uene (3.0 nL, Z nmol N ),

tri-p-tobyl phosphite (4.0 nL; 14 mml), nethyl 2-penteneoate (20 nL; 160
ol ), [erdafdes ™ of 1.0 Min toluene;. 1.5 mmol) and BPh[err] (0.25 g;
1.0 mmol) trogen gas. The m xture was heated to 75[err] C and HCN
fed with a ni ét&rﬁ’tﬁeﬂthf e prel%eréoﬁé-/ d'iyReriStcl éomblAGtioR & Blodhdters\WaS adfed to increase
deacti vat egefpygpout 4 hours). 11.5% conversion of penteneoates occurred with
a 92. 4% St Qudsl rsaat.anq,eéseu wmyalmaw (vMheraRSitne p-RBphesphifhickal@aleab ¢8.GLL €
di stributi @i i2NminbieNf,i AholPPHEHARS (410 XiLLINE nAE), AethiioR-bantensocald. 200 migt 169 |mmol),

4- pent eneodt M,s Ak, #1% mEbimd M3n pReies NE eErtol and/BRh{ 30.28eg: MY Imnid)peder ditregsatges. TBe 2%
3- cyanovalnttab avas Beatdd - 75y &namd HGN #at] ewith red nitt et Fiovs ot 2 & rmolvrain amtilt the catalyst was ar
reagti on, Whiesctivatedeatipuiofrbeues). &% onveysidimCipsnt¢nacstod] oceure® with 8 9B4% distihutingue Sd a
trace of°5-cyabvaleyate: Jtepantenecste and cyandalavaterdisribuionin e fiep! predusy mixiure s 28 iRlieys: e
repl aced byp.72 pesthybrfenentencotte, 141% crethyb tgeRoate.q &3 B6t Ao reeatereopice 924 3
adi poni t r i lcyanovsterate, A&% 4venoyalarateand 10.6% Sccvprovalgiateinder st ood t hat ({1

i nvention her’éels'lrl"'?’s’emn wherepthe P'i°WP‘P"eYPst‘I5"Vt4F§'2éPﬂ)6'o‘?" rﬁe?f?’gdﬂkgrﬁﬁlc? B el
only by EheY¥PHYAS- appended her et o, cess, for the

hydr ocyanat 4@% 5'5\"3"6[ :“'2“‘:5'?% %) ?"?E”B? '?W‘{TE* %r?e%g"'"ole ?a?%d foPrace detosteny
and R are ’ t :

to 18 car bonl c|a|ms :-ga mventlon ?l&l‘elrl is r% Eiybe |l9‘l tg gﬁgg%%érﬁ%ﬁsgéxmﬂlﬁﬁ%u}
presence of Y ¥ EPSV I 8?1? n| c cat al yst free of carbon nonoxide, and in
the presencgof one or nore. LeW| s acid pronoters. 40 2. The process of
Caiml V\/nerel N Rand R are independently selected fromH and al kyl. 3 The
process of O Rigfedss f? tHeWGdrSS arlationtdn Sy b-BRENOSASE: dhthedondy NEr gi Sti c conbi nation
of two or nore Lew s acid pronoters. 45 4. The process of Caim1l wherein
the Lew s aci g.gromdE@ncoswed is R [err] where R'" is an alkyl of 1 to 18
carbon a®ons. 5. The process of Claim3 wherein the synergistic conbination

of pronoters whéRi RS RBIRhihdsperddestly delpaad flom I @lkyl or substituted alkyl of 1 to 18 carbon atoms
C and where R" is alkyl of 1 to 18 carbon atoms, in the presence of a zero valent nickel catalyst free of
4 . carbon monoxide, and in the presence of one or more Lewis acid promoters.

2. The process of Claim 1 wherein R and R' are independently selected from H and alkyl.

3. The process of Claim 1 conducted in the presence of a synergistic combination of two or more Lewis
acid promoters.

4. The process of Claim 1 wherein the Lewis acid promoter used is R™ AICl> where R™ is an alky! of 1to
18 carbon atoms.

6. The process of Claim 3 wherein the synefgistic combination of promoters comprises BPhs and

50 Ci12Hz5AICL.

6. The process of Claim 1 wherein R is methyl and R' is alkyl.
7. The process of Claim 1 wherein the alkyl 2-alkenoate is an alkyl 2-pentenoate.
% 8. The process of Claim 3 wherein R is methyl and R' is H.

9. The process of Claim 4 wherein R is methyl and R’ is H.

*# € L M 5.




6. The process of daim1l wherein Ris net hyl and R is alkyl. 7. The
process of Caim1l wherein the al kél 2-al kenoate is an al kyl 2-pentenoate.
5 8. The process of O aim3 wheFROF2RIBEB et hyl and R is H 9. The
process of Claim4 wherein Ris nethyl and R is H 5 * CL M S * EP
0 527 187,B1 10. Th r OF . ' ein Ris nmethyl and R is H
11. The p‘robgznées%ocgfs%da%f%gflﬁe\?ﬂg%ésﬁ‘l ngf#\ll}&([é nono-olefinis H 5 12. The

process | h QO simliehiin is H 13. The process of
m ﬁéﬁ&aésaég@%{éﬁ WndRoiR ke df e nfBROGsrliHh

Claim1 of the nmono-olefin are both H 14. The process of
O ai m§ WeHRd frodds$ds Cidhe 1 WhaHin Rlofthé Morosolehh k.. 10 15. The process of Caim
1 wgerein R of the nono-olefin is alkyl. 16. The process of daim1l
wherei N Riganfe poces of Oiin Mwhelei® Rahd R' ohthe moad-lefilateydoth L5  17. The process of
Claim1 wherein Rand R are both substituted al kyl. 18. The process of
Claim1 wermee prodéss of Claim $ wharéin Rwt thel mandwpdfin isRévlent anspr Oche 20 1. Verfahren
zur Hyedr ocyani erung von Al kyl -2-al kenoaten der Form R-CH2 CH = C(R )CX»2 R’
25 Wots. IThipraceds 6t Clairm 4 whereiy Rpof thesnpaorblpiintis allt den aus H. Al kyl oder
substituiertem Alkyl mt 1 bis 18 Kohl enstoffatonmen und worin R* fOr Al kyl
nmt 1 bistéghxemeeshafCHm Awherein RendRtof the opgsgiefinagriothdilles nul | werti gen

Ni ckel kat al ﬁ;rslat ors frei von Kohl ennpnoxid und in genwart von ei nem oder

mehr er & 1%eihe pragass ofGAm iuhespin ff and Bipre both sypgtitutad BlH- nach Anspruch 1, bei dem

R und R unabhangi S hnt _wer den.. au und Al kyl. 3. Verfahren nach
Anspr uch fa,‘%B%Em?gaﬁg@e%m?mamse?sugg'ﬁugerd;allkgtischen Kombi nati on von zwei

oder nehrgre | - Saur epr onot oren durchgeflhrt wird. 35 4. Verfahren
nack/A pfal}%%anjfp'mgge dem der verwendete Lew s-Slurepronotor R'*"AIClI2 ist,
worin R'' f ' hi | - tomen steft. 5. Verfahren
nach Ansp?'uc%ﬁ%,}dag@]i Ikyﬁ}gfnﬁg'%gﬂgs%Z}k%l%sa!i?@gﬁga%{ggn{)nﬁnation von Pronot oren BPh3
und Cl2H25AICEd, chEloginco,®#0 6. Verfahren nach Anspruch 1, be! damR f-~r

Met hyl steht und R Al kyl bedeutet. 7. Verfahren nach Anspruch 1, bei dem
das Al lgy| - 2-ahik 8nghat R @indbhigltydusghwhietniedenads iHS Alkyl 48or siibstiveriéraAliginminadis 18
Anspruch 3, KeRlbnstbisrorhdnf whd wdkih RY liir i@t @it 1 bis tAiohiahstdffalomee stehdt in Cdgenwert Hipdsr en
nach Anspr ualiwbrtighre Nickkikatalsatory frdiybrn ibhlemtmenoiid Lund| irRGegenyastcon teispm oglgr mehreren
Ver f ahr en ndewis-SAggrenudtordn, bei dem R far Methyl steht und B' H bedeutet. 50
11. Verfahren nach Anspruch 1, bei dem B des Mnool efins H bedeutet. 12.
Ver f ahrsen 2nasHahtengiaehArisprach 1pbgi defe furd Beusahbingicausgewatit ardep ges i wnd Allgls 1 3.
Ver f ahren nach Anspruch 1, be! dem R und R des Mbnool efins beide H.

bedeut en. 31 AVerfghsan pagh Arsarubnt. Aes 3 Gegenyart giger syaeraisBiseen KORRIBEIOR PR W) 949
bedeut et . 6 mehgeren Lpwis-Sfiprepragotoren durchgefUhrt wird.

35 4. Verfahren nach Anspruch 1, bei dem der verwendete Lewis-SHurepromotor R™AICI: ist, worin R™ flr
ein Alkyl mit 1 bis 18 Kohlenstoffatomen steht. :

u

5. Verfahren nach Anspruch 3, bei dem die synergistische Kombination von Promotoren BPhs und
C12H25 AICl>; umfaBt. .

6. Verfahren nach Anspruch 1, bei dem R flir Methyl steht und R’ Alkyl bedeutet.

7. Verfahren nach Anspruch 1, bei dem das Alkyl-2-alkenoat ein Alkyl-2-pentenoat ist.
45 8. Verfahren nach Anspruch 3, bei dem R flir Methyl steht und R’ H bedsutet.

8. Verfahren nach Anspruch 4, bei dem R flir Methyl steht und R' H bedeutet.

10. Verfahren nach Anspruch 5, bei dem R flir Methyl steht und R' H bedeutet.
? 11. Verfahren nach Anspruch 1, bei dem R' des Monoolefins H bedeutet.

12. Verfahren nach Anspruch 1, bei dem R des Monoolefins H bedeutet.

s5 13. Verfahren nach Anspruch 1, bei dem R und R' des Monoolefins beide H bedeuten.

14, Verfahren nach Anspruch 1, bei dem R des Monoolsfins Alkyl bedeutet.
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EP 0 527 187 Bl 15. Verfahren nach Anspruch 1, be! dem R des Monool efins-
Al kyl bedeutet. 16. Verfahren nach Anspruch 1, be! dem R und R des

Monool ef i ns beide fU Al kyl st ehen EP.0S27187 Blo\ f ahren nach Anspruch 1, bei
dem R und R beide far substituiertes Al kyl stehen. 18. Verfahren nach

Anspruch 1’15 b\?erfal'ﬂgrﬁ‘ag} @rum b&l&gﬁtﬁ géé'hfoééo%nﬂll@'qu&flﬁh Revendi catl ons 10

1. Procede pour anat'i on enoat es |l e de | a forne:

R- CH2CH = ‘?f %fg;g%nu ruch pgelaeﬁtﬂﬂdRS%WohmMﬂammﬁ shan. si s parni H,

un groupe a e substitue de 1 a 18 atones de carbone et 0O R
est un gg OHPeve?#aﬂﬁUA ﬁcvdﬁs&ruén 1. Boi@ibiA LR REFbIde TR SRR GEIetbs WkyIGBhel. yseur  au

ni ckel de val ence zero exenpt de nonoxyde de carbone, et en présence d' un
ou plusi euns, VsHaRre Ridk AnspREst, ibbilterd Rrtticeli sibsituibeed Ay #eht.20 2. Proc6d4 sel on
| a revendi cation 1, dans |loquel R et R sont inddpendanment choisis parm H
et un groupmevenrdicgtiens 3. Procede salon | a revendication 1, effectue en
presencered' une conbi nai son synergi que de deux pronoteurs fornmes d' aci des de
Lewi s ou pliusProg88é gour Phydoexddationiephal¢époates dialkyp daleifsme 1, dans | equel e
pronoteur forme d' acides de Lewis utilise est R""AIC12 oO R'"" est un groupe
al kyl e de 1 aRH:GHTrBICHB" car bone. 5. Proc~d6 solon |a revendi cation 3,

dans | oquel |a conbj nal son nerﬂ ue de pr.onot eurs c d I%P{Jﬁs et
CL2H25A1 €12. g’o Rest b ‘r 'é'ﬁ(!fF’égf* 8‘]1 “pe s & "‘ay el
groupe mbt hyl f :

revendi cat i on"'?Lk ‘32 ﬁ% ‘fﬁgfg‘m MAE noat eb?ﬁ‘paﬁt e est un - s'eur? Bar e

d' al kyle. 35 §°§ de selon 'l a revendi cation 3, dans | equel R est un -
gr Oupe gt hy| Sro%dé %E‘Io ﬁ\tre\Hndn%tlonP 1, Qﬁ%ecﬁm Ryt ResdnE Wadpahdaminbmithdisis gampH|cean el
R est un grou H 40 10. Proc6de solon |a revendication
5, dans quue un groupe rret hyle at R est H 11. Procedd solon |la
revendi cat igdNpgesdd adarn |19 GeiBhdidRtion I dfectimsd B pRilséiicé M€ Tomibthaisd? syrfdrgifuedfd gk on
| a revendi cat pi@Rotdurs S dlabitiesde LBWiSl6u pias. mono- ol ef i ne est H. 45 13. Procede
sol on | azrevendi cation 1, dans lequel Ret R de |a nono-ol efine sont tous
| es deux H.4. 1frocdds caartle resfeﬂdmatuoha dasy/ loqual le ptomotaurliormd dlagiddsalg liewis Rilisfeest RI"AICI
nmono- ol 6f i ne elR™ wst ugyougEcligleldy 1 @. 185Bmed 8 caPoasede. sol on | a revendi cation
1, dans lequel R de |a nono-ol efine est un groupe al kyle. 16. Proced4
sol on | a r eveRaiéitseion lalrevandipation 3.0dan$ lepued fa MbiRaisINSYRRIFI@HE HecTPRReUsHFAMPaRE s
| es deuxsoun gBBMﬁéCaHhsW(‘é 55 17. Procede solon |la revendi catl on 1 dans
|l equel R et R sont tous |les deux un groupe al kyl e substitue. cede
solon | a r efyeReréddsplemia revengication 1 danipdug) R est ug,grofpe meHwle g1 'ﬁﬁ'e”"sgif’b'g"f ?“fy e. 7 *
c L H 7? Procédé selon la revendication 1, dans lequel le 2-alcénoate d'alkyle est un 2-penténoate d'alkyle.
35

8. Procédé selon la revendication 3, dans lequel R est un groupe méthyle et R' est H.
\/ 8. Procédé selon la revendication 4, dans leque! R est un groupe méthyle et R est H. '
4 10. Procédé selon la revendication 5, dans lequel R est un groupe méthyle et R’ est H.
11. Procédé selon la revendication 1, dans lequel R' de la mono-oléfine est H.
12. Procédé selon la revendication 1, dans lequel R de la mono-oléfine est H.
13. Procédé selon la revendication 1, dans lequel R et R’ de la mono-oléfine sont tous les deux H.
14. Procédé selon la revendication 1, dans lequel R de la mono-oléfine est un groupe alkyle.

s0 15. Procédé selon la revendication 1, dans lequel R' de la mono-oléfine est un groupe alkyle.

16. Procédé selon la revendication 1, dans lequel R et R' de la mono-oléfine sont tous les deux un groupe
alkyle. L

55 17. Procédé selon la revendication 1, dans lequel R et R' sont tous les deux un groupe alkyle substitué.

18. Procédé selon la revendication 1, dans lequel R est un groupe alkyle substitué.
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