, €3eWAWB89hp ko PE99EJA0050/ 52959 Phosphonites The present invention
relates to novel phosphonites, in 5 particular chelating phosphonites,
met hods of preparing them their use as ligands in transition netal
conpl exes, novel transition netal corrPI exes, a process t he
conpl exes, their use as catal yst and processes carried m "mlﬂmmm]@m,mﬁesence
of such transition nmetal conplexes as catalysts. 10 Chelatinp osphoni tes,
ni ckel conphexg®ndertai ni ng such phosphonites as |igands and e use of
such conpl exes as catal ysts are known. 15 WD 99/13983 and WD 99/ 64155

describe ap, 9&%%%%nfcognié}&mxd[:gwéet%oaoe&% pAegs organi ¢ compounds

and the isonery z tri resence el (0) . conpl exes
cont ai nlh PRH&tS qlaﬁ f %W@np 8§P*é°sm|te§an8‘§’§h‘?1‘ff %hgrﬁ?‘?w ﬁBSBhonl tes
descri bed H e’rfa\}’éeaaéo%bgaﬁdébllf‘l Fyanfidernt RBt2b KBPLEEPB NG Ir eact i on
condi t i onstransitdwndmebatiexnimpdbkest @ ipnoceve fore prepbrling ythef the chel ating
phosphoni t eompgaEs theimnarseaae t&eabpar andngréddszesfl chhtiantioaly $h . the

Fur t her nor gresdhdeMBEOYEER NranB it Non SRItQAt c¥hbYeis Becsaiplmst., for exanple
to 3-pe enenltrlle in the hydrocyanation of butadiene or to 25

adi ponitri| n .the hydrocyanatiopn of 3- tenenitrile, and an inprovenent
in the spagg Jt?‘ﬁélgypggﬁpla‘? §8si PAOIE CI°§‘pE§x%§1 WIS SUR present

i nvent i on PeogRhoAigespadshiaemdsedndtien uaeeoémqqiblcemaéemlaau ng

phosphoni t estaiystdi speayndwrgh 30 stability, high reactivity and high
selectivity when used as catalysts in the hydrocyanati on of unsaturated

Oor gani ¢ 180{B 04409 8%9EaR@ MR foayed 1t Hade ddiBeOR) ﬁce’s@ 26hi @yed by
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PLO O-P Rlls°’\‘erlz\at§$n|éif it les phn e prESpAce. Qg nicke R IRFOFPLeeS Ry 45

fornula 1 FRRFRANNY chebysigys PYgsPPoRHEse aR111g8Nds eTéacWellaﬁd@ﬁendent ly of
one anot hephosplamigen, descibed dorhatek\dl gredgsvakpilliayi ngddér arhel to 8 car bon
at ons onroaBoftd&PondIngr tegriiavi Bend1©Ivnk .t 0t SwedId®R aboiBab1w kB t he

provi so th% BJv@ri@heRgt@sﬂl oelmtaeth ﬁhos%%ohity PigdiRishyl, 10 R4

is t-butyl nden one anot her, H or
an al kyl or %%( &1 eﬁge b%eraﬁ%n\? 21?? r%fr:n & caggf %botrb;u¥{zg?rs 3 The present
i nventi on ATRE° tdd8 *ﬁlge[ [F6dE€ bt Ve R FH‘@ ‘E?l*earﬁysﬁr'og?ﬁe%x""l‘r@llet Reir use
as | i gands3rpenteneditrdke mmt 4lhec Brgresianatpenofidytagiene tomisi ti on net al
conpl ex@$ adip@ridcoddsesnfidre hiydpacyanpttioanpf pd-gwrdenehdtrilei randsenas

cat al yst anflppPsatiedes i Al Oe spRSeCoind 6 Ut atd ddiirabesence of such
transition nmetal 20 corrpl exes as catalyst. According to the present

i nvention, ;:he radlogsgg 3 atnle R2 BLE %%%rént' ndetpenorlggtdé/ qbos ne apot her,
hydr ogen, a6 51 18 FK ﬁene rou aving rrom m 56V sCe at'ons, or an
al koxy 25 YR PRy RPHIE £5e82 Hf%&?°§?5ﬂ%lt% laﬁdt ALSRYA, P48t hat R1
and R2 #Peshablkityul hagkoieagriMitasand nghoﬁeaqick’syﬂlveﬁéf yhemmsesdvaag from 1
to 8 carbonabalysts pnefbe engirocyagaviem tod ansatkndtegr ougamiayicogpbundsl to 8
carbon 30 @kon&ve ifdupar thew leisl bpjede tie 4chased it PRBsplshiisagesss! y

sel ected f e tHemAdR0YPoLONSi sting of nethyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, i-butyl and t-butyl, in partlcul ar fromthe group
consi sti ng of nmethyl, ethyl, n-propyl, i-propyl and t-butyl. 35 As al koxy

group hav ing from1l to 8 carbon atons, preference is given to an al koxy
group having from 1 f0 4 carbo 6atom; advant Bgeously sel &eted fromthe
group consi sting® 6xy“5 i P ut oxy,

s- but oxy, |-buto the case of a
phosphoni te | of he fornul ) 1 an ®advant ageoys, i
provi deg f or ’R2 each to e @w-@
group Whl ch ha om to 45 45 carR Sji#3
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0050/ 529599@56789byy, i-butyl and t-butyl, in particular fromthe group
consisting of nethyl, ethyl, n-propyl, i-propyl and t-butyl. In the case of
a phosphonite | of the fornmula 2, an advantageous, 5 preferred enbodi nent
provides for RL and R2 each to be, ingependently of one another, hydrogen,
an al kyl group which has from1l to 4 €arbon atons and is preferably
sel ected fY@®& he group consisting of met hyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, i-butyl and t-butyl, in particular fromthe group 10
consi sti NGROf mtamél ea@lﬁh)/:.nde@eﬁﬂ@@lyly of- phepaoted,t hPédden ,0bnanlieyKoxy
group whi Chr NSl Jrd hatahBOR-di qrr&oaadcalso&ﬂmer@g@p%r %1ggkgct ed
fronrthesgrou onsistLn hox et h axy, I QRQX QROXY.

r av1n a b n_atom w1 rov1%) 1
n- but oxy, & % P- %‘g%x £ oxy, Th par ical oxy n a
partlcuIarP?drﬁ%ﬂQEFrBﬁtlﬁ?W%HESBFﬂ%ﬁ&Y H1 can be an al kyl group which has
from1l to 4 carbon atons and is preferably selected fromthe group
consi sti ngrR®fismt oyl meehylyl , n-propyl, i-propyl, n-butyl, s-butyl, i-butyl
and t-butyl, in particular fromthe group consisting of nethyl, ethyl,
n- propylgq k4gﬁpgy%u@gg t-butyl, particularly preferably 20 nmethyl, and R2
can be hydrogen or ah &l koxy group which has from1 to 4 carbon atoms and
i's advantageously sel ected fromthe group consisting of nethoxy, ethoxy
n- pr opoxy, Bp« gropdly, R (R @K@, eachytifiderendent bk PiaARe t 2MRKNGEy . Hj oF
parti cul ar apea¥kdy or28likwkanedigngup chatimgpfeernt tinBenerbon a®mss H or a
met hyl group. According to the present invention, R4 is a t-butyl group.

Accor di ng &Re thiesenes efved tiRNkI 98, d@gdméahcﬁﬁ%f Bbe A%?ng%héﬂ and R9
Siﬁuﬁaﬁgv. 5*?"%%"%*' L 8 400t “dsa“r% I l°ﬁ¥‘e?ie$§1¥'eor‘*‘§%osp%£ﬁ??es
| of the B 51 8?’81t’ffoa§‘é""1 r’r°§7§h‘f‘%‘halt 58 P dRE R4, R5, RS,

R7, R8 andPF&P%ﬁ%993$h8§'sRRRM%dPﬁ ﬁ%&ﬂ??eﬁrbéﬁﬁvﬁszﬂ?t&éYSt and provides

No. R1R2R3RARSRETEERE ROL bk B hiHER{-{XEteSelic e BufHdH3 e @nsi tids mBuaHHHAL - Bu
t - BuHt - BoHbbirBesic bk - Batdidtan- Pr MeHt - BuHHHHH7t - BuMeHt - BuHHHHHSMEMVEHE - BuHH
HHVEOt - BuMeMet - BUHHHHHLOMEMEH: - BuHt - BuHHHI 11 | Et Et ~Ht - BuHt - BuHHH
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12n- Pr n- Prﬁé %“ﬁtq’ gﬂHgﬁ%SP%%’teﬁg ﬂ?"eé‘tlﬂltm Eﬁ—r?&’ﬁgﬁ? B BEAHRES n- Pr VMt
- BuHt - BuHHER N%rrx?eqilk-lau %ﬁﬁsr\%t BuHt - BuHHH1
OMeMeHt - BuﬂmqmsFEPPrhmﬂ%ﬁFPE1h = 1§ PREPOBARMESIHHRD t 2B ALKBHKL - BuHVE HHH
23Et Me H25BgENESHHZANG PERGH L BOHREERHARST -aBNE Ht W BIHVBEHPROWSE haBUuRNe HHVE 2 7
t - BuMeMet - BudiNegH-H28 o ded i mBitHnbbid AP B Et Ht - BUuHHMeHH30N- Pr n- Pr Ht - BuHHVEHH31
t - But - BuHt - BuHHVEHHB2Et MeHt - BuHHVEHHS3n- Pr MeHt - BuHHVEHH34t - BuMeHE - BuHHVEHHS

5MeNEHE - Bu H BuHHHVE H39n-
Pr n- Pr Ht - Bﬁﬁﬁrﬂ@%{ﬁm%* Eu%%ﬁt %Eyﬁg%ﬁ}' = Pé:u A %%}%Ht BuHHHIVbH4
3t - BuMeH: - BREFRIEISR4 VE VLY B FOHARE IBONR ?VJBlﬂ-Ilflﬁf?/E e‘r\%r\%r‘—’rﬁr Ve HVE H4
7Et Bt Ht BBuPrR@IFWeHABﬁaPFhGLﬁ% Fmamnk Hik 144 ST BOR - THA%S BaARAMMSSSUSLKE H: - BuHVe
HVEH5 1N~ Pr MeHectBeHN BivEHE torRubE Bon BLeNBIIVD ESBMENEH eBhyVE HMEVIODS ) t - BuMeNE

t - BuHVeEHMWe It-gadpyel , 1 nPBaty Culsabhyy Dy ef @utgd phosplmniviesih mfrdikalbornul a 2
are those irpomhiKeh gtrB8p r@&iﬁ%ltinglof Fﬁ?ethl?& Ebny RO n-BfopPfl, R p2bgy@s shown

45 in Tabl E&é e%ﬁg 0050/ 5295

No. R1R2§% R MEH: - BUHHHHS6VE H: - Bth BuHH57MeHt - BuHVEHH58MEHE - BUHHMEHS
9MeHt - BEPHHME60MEHE - BuHMEHME61MEOVET - BUHHHHGE2MEOVET - BuHt - BUHHE3Me OVEL - BuHME
HH64Me OVet ABUHHIMETG INRERErAHRGHIERRB 61 e IBOGRTPPR Biomge HRES fonsingen is

given to an alkoxy group having from 1 to 4 carbon atoms,

advantageously selected from the group consisting of methoxy,

ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, i-butoxy and
40 t-butoxy, in particular methoxy.

In the case of a phosphonite I of the formula 1, an advantageous,
preferred embodiment provides for R1 and R2 each to be,
independently of one another, an alkyl group which has from 1 to
45 4 carbon atoms and is preferably selected from the group
consisting of methyl, ethyl, n-propyl, i-propyl, n-butyl,



15 In Tablg ggggggggble 2, the abbreviations have the foll ow ng neanings:

H hydr ogen 8 et hyl Et: et hyl n-Pr: n-propylt-Bu:t-butyl Owe: net hoxy 25 The
preparation of phosphonite I can be carried out using a nmethod anal ogous to
that described in WD 99/64155 for the_phosphonite |igands of the formula 1
described there by firstly reacting a3phenylphosphorus(|||) di hal i de,
preferablyS@@Nﬂﬁenyhbhbxbh%Kh§6th¥1(hkﬂ1PéFtH@u1%M1fﬁ0a'ﬁwemﬁpubearlng t he
radi cal s Rdond¥xtiRg, oR/meittdy1R8etbyk] invprapel hyitmeeylhahd de-targlgi ve a
phenyl (R4, R5, R6, R7, R8-phenoxy)phosphorus(lll) halide. If desired, this

reaction p purLfi g. by
distill a)_%l %ﬁ efc(a%eg‘?el n o%?ﬁgngﬂg Of E@érf lﬁ)é Eg ar}%gae?{lg

R8- pheno %rﬁ P11 %aPFa?él%%ﬁm Qﬁe b3"¢ ct 88 V\]\{? 2' - bi sphenol
bearing t he %Rﬁ‘lf’&F%lRlOf e REOERRE RAVIKOPRR: cadsé‘lc‘}ﬁ’lf%?ﬂﬂ é[’h}CBrh%s

2,2' - bi snafhemol toedr fagparhatondi aad sisRbrafidr#Ply ¢ederhedairorhybieogen

haI i de andggowe cvnshesphgft emekhyd) &Haifl,r eaptomyls daprapiwbntmapaeus)y be
carried ouz«. Bhty1r,0M-8heyt drd 4QpheyRbGU paQQQuﬁ&t Frofachd Aoupan be

carri ed p of S I h C r

exanpl e * ﬁiﬂ% B?ﬁ%e@h T %;1??. Bhi ad“n?‘ié 45

triethyl anf‘ﬂe XYy 9 g r]1 &Cnd, © PLBIS ? élshyl am ne or

pyri di ne. F’@’é#‘é?a&?@ésﬂg @?I‘P@I’Fefloféobbﬁ*@l 3‘5?‘0“90‘5?3?532‘@59960? HeatheKY -

el i m nat i oatisdxhy d-pgepoxwl iid@rppoxhne rf-bugsbxy eaptbhuboxgt ep-buffexypregar at i on

of the phospbeiddyss ih bsrarhtﬂratrageom:lw qar ai parth calbr t pidderutea oOf

ﬁ; Eggorﬁsgeﬁb@n@nw g@n&iﬂ il Wi &£ ORPO p, WRECIP IHER! eroRaridPn sgaAMGNCe
Q85hd d“ls Péx%b%g%gfeéﬁlﬂ%r% f?xbé) aﬁé&%% E§§sist1{h‘ oFrO

preparation ca §§ b carrie I.Ci en con

readi |y avBff &rti WP heer éT%rOWd'Tﬁe ) pﬁo PrEs- ed as
| i gands i nttlialaﬁs]ut |1@npﬁ§‘EJé¥UJ@6rr§F@Re‘she BroHBI EPBT-Sdng| of vﬂ*ﬁ"éwloan

advant ageoashyl ber-psedyds el-drepyit ahd tHhuslylt remstiitcudar iy qupsfelrably and VI
to VI 20f mbbgyPeranadre dable, hpaebgermldry ahr amesssty @todpowipicH Ihasokréhe
Period Tabheyq p@rcta'r‘f)ﬂhaﬂz&nsora%tﬁ'i@%d’vdrft%@eoﬁ@?f'stel@'ageﬂ' £K&4 tnkNgroup

particul ar pick 20 | | ed, Jt | arious
oxi dation Sta egtls@(;ﬁf me%‘OXJIYI k OXYF’S B eP% }é’ncep%omx%en ?)ol\énf{gkel (0)

and ni ckel F=F]? tox¥y ﬂaPPF‘&’ﬁY Andhi cR‘éT'?’E?)' l?opﬁfafa'ﬂ@rt RELRPZ¥rsi ti on net al
conpl exes, a chem cal conpound of 25 a transition netal or preferably a
transit iZGnAqeomirrgamobEhe gactsegd twibvers ipnosphois tie dr, awnéthyherphpsphonite
| used being able to be either a single phosphonite | or a mxture of a
plurality @f-phesRNQRI LRS reS%QtPEhQéntj,:lQ)nt hgar gact 'tO'Butizt' id@si tion netal
can be obtained fromsuitable chem cal compounds, e.g. ct;s such as

chl orides, for exanple by reduction wth base meta,ls such as zinc. If a
transition Fr‘é?%‘i'm(?oﬁﬁoﬁh% E’rsest‘fslédl?b?ntplroé‘pa?cpﬁgrqqfé’aég Rr ekt Rdn BBt al
conpl ex@9, and\Rhtarge6ashcosiapsadent by ffl oesardthesr .c WWEEPIRIS orbedni des,
acet yl acet ehbykxpr sulkiaérns,gmiupr atesng ffoometahpl & carbbel §29mschl ori de, or

Ni (0) conpl exes such as bis(1,5-cyclooctadiene)N (0). 40 After the reaction

of the trapgiiian /LA &AMNUNANBEpRE desaRShE T Gl 'f%&ﬁ\hlé("'fhar% RRgsPhoni te
|, the oxi QEtévr?{‘chStt% ?é %ﬁe kﬁa”ﬁit'ﬁ‘ MGt aks 1 nd e coppl exy ¢an,be

altered b b I hg dr Feduet ng ‘agents, For exarrpl e base
met al s s’&yﬁs §hc2‘frhc‘nof['ahy%lr]od’§r]r°?”n chem cally bound form e.g. sodium 45

bor ohydride, or in nolecular form or electrochemcally. 0050/52959 7 In

a particulgetywrerefer Rzed EMRydr ™ IRtl, T AP e rel N W iRs 0Ty IRFQ(.,
nonophosp e AP0 M.é:p YO1 '-It e BHI‘ frott Topho? ’H’h' te=Hggnds
can be r eggtet E‘,@H.. (ﬁﬁohos,){onit SHag—a n**Hhod ed S Rat \Hco\.ri bed
in the [raRrRat eRrt—ahp H-¢gt-oh ﬁ_ 013548811 r—thetranrsitonetgl
conpl exes, | the_n %M&p@ﬂmﬂ i:,o.h.o.n.i e | rgn_be in

t he range f4rnr E1BR o |- %Hrpf Hy anl y tFPBm to 5, Hn p H i cula 2, Hoy 4. 10
The transi|Pion®fet al l~4‘?m:rnl Hes cdrt-BE ftBe aof |Fi gandsH at het 8t han |ffhe
phosphoni t|€s 11"~Fhe tMeansi {Hon nditaBYconfhl exesHnay fidt t her [Bonprilde dt her
ligands in’addittPen M t he |BhosphdmPPes|¥. fonHexanp|f® nitifles s1§’ch as 15
acet oni tys|Be, [M8i ponjMeaile/H3- pentteBeni (¥ile, |4-pentighenitfle,
2- et hyl - 39but/&nBwni t {Md e, oMefi ngtssBoh a8 but aéli ene [df phosPhor us Hconpounds
such as or|g&ni|denonopteosphifHes, narRéphofphoni t{ésBunojtophosphoni t €4 or
monophospljiliegEt20 Tiex preparati dge-6h slieh tramsbai o net allHconpljexes can
be carried out by nethods anal ogous to those described in the Iiterature,
for exanple in DE-A-2 237 703, US-A-3,850,973, US-A-3,766,237 or

US- A- 3,903, 120, for preparing transition nmetal conpl exes containing
tri-o-tolyl phosphate, tri-mtolyl phosphate or 25 tri-p-tolyl phosphate
Ilgands by repIaC|ng these phosphates partly or conpletely by the

-, Y b1 oy . o Y




35 in partbéy?ﬁlgzggybl e bonds which are conjugated with a further olefinic
doubl e bond, for exanple onto a double bond of butadiene to give a m xture
conprising 2-nmethyl-3-butenenitrile and 3-pentenenitrile. It is equally
advant ageous to use the transition netal conplexes of the invention as
catalysts in the 40 addition of hydroc€yanic acid onto ol efinic double bond
whi ch are|hdt |sePf ugat-@d WHEh a fijarBher |l ef i npteBuoy® e bord, for/Hexanpl e
onto t he dosblle-ondteBu3- pent endriFBui | or 4{pemdenenitri|® or nEXtUres

t hereof, prefé¢rably [Hepent pment titkeu tlja gi ve|adBponiE riT e[nor onko
3- pent enoi[¢5 EShEPS OMed- PE(E €N0i G tEBGEer (1 Or 4%cmBxt UEes tnegeor , ||referably
3- pent engi G6CSLEED, |Me Ul VEgD- CYJROEal eJg C ESUELga | H050/ pg959 §xit |has

| i kewi se~ggmigumd |ty be pgr tTcUkaghy sfivart ggepys (g0 use[g e tggsi|ti on
met al conphgxes—gttihe Presgt T YeRL T org s Ccatahy sty thg TsomgriZati on

of organi ¢r-tiEres T Pafgeurat_gResg T whigE—thegttrig—orogg—+s not
conj ugat e 4 af Qref+ R dogbi G bo }g, fG.’M;xa.. IHe t-he ﬁssmsr'Hzati on of
2- met hyl - 3zbutehrenitirtle—tp-give i-;%nt heni-t{ e HE i-s—efualy

advant agg¢ A4 18" {5e trﬁgft—pa..si i r.ﬁ._ Bt 3 conp! gi@s ;H the present!linyention
as cat al Y9 iLh~B%he litsBleriBatiodtsPordhnic mi'€ritad in which tH niltril e
group is c¢AnjuBbted (M h apfol ef ilrBedafhl e 10MBond |¥or acetles faf tHe

addi ti on of4hyBr®eyatec aci® ont gtaBvol i nic |[MBubl fond oF for |Bhe
i soneri zat Pdn |bfBorgMei c_ nilril egtcBA bl carri¥e out[H n a pinner |8nallogous
to that degériMed, f|dfe exandl e, 15-Bn 99/ 138683 or[BAD 99/®4155,/ My [partly
or conpligtiély |teph aciMeg t heMphospheRit egi desciMéed tjlfere byHt he |H
phosphoni @8 I Mef tHhetepr eseimt i njyerBuoniE The i|Hventi|ole al spHprovi|des |a
process foe9pfepari Ngtm xt{mes of|t2Bunojwol ef I[AI C Maonon{&Eri [ e§rhavi ng
nonconj ugaBed|r=fr andh-B2N bends Hy-Bydrjxyanajron of|me H H
1, 3- but adi[ene{ €Ot ai [1ag ny@rocar[ROBum kg Ur € ija t Ne |peESence of d\ | gast
one of the3ab0¥e UESGd Ped|BYSIENME_B8GCOrgi Ng (@ the [MeESentygl NVeng 0n as
cat al yst20 35 THepPT epg@ at 7 O of TRUBRT Efg T T CR-onomat 77 &g by t[ge pr ocess

of the pr STy tI_BIlYCIIt 01T 1T Hg Pt ef S aghy gt T 1 cdHuut Mg ﬂ?ydlUL%‘T_bfn

m xture hagengyg—t I tt ﬁd gn:'e eaRtgHt at iﬁast 1I“e by- f,ﬁl uEE He,

pr ef er abl IRETLERS Py e e gh PRt eHpr at—heast—Ah——byryelyne. 30
To prepar e_HF- gres o monoot ef i dic_Ls-Hbnonitiiles \.%iah—;gnpu—sﬁ—tor
exanpl e, 5.37\gnw§n_eni | e _and 2- %FQBI -3 put e_n_éni trille an Fe sditabl e as

i nter medis;? s |Fhr flrl']::Er er pioces itﬁqﬁtn Hrodug¢B adi .erIni tri %‘? it |Hs
possi bl e t{d2u4B-B% niiEThuiBdi eng taP®1, @ hut adfene- ddht ai ni¥#_hydFfocar bon
m xt ures. [£031BoBAdi |&m@®confai ni f&-BY¥dr far bonfni xt Ufes ar eMvai I|&bl ¢ on an
i ndustri all43cafe. Thie forHexanplteBut hiH procelsing |6f pet (¥ eum|By gt eam
cracki ng ofiZnaphPha MeoduceB a hydrBear gbn mi xHure kifown 40Meis C4Hirgction
whi ch has |43hi|ghBe ot [#e ol efin cortteBt, Wth abBut 40H bei ngMd, 3- it adi ene
and t he 30¢dai nder bejMeg nafde up dfe-Bono ef i ngHand mA ti pl yMeinsat|Meat|ed
hydr ocar bqas amdBal sj¢eal kanes. THesBust|[wans aHways |ebnt ai (Menal [ H
proporti ongeofiMgenerfald y upat o 5~ tebual kynes, [feZ- dijenes ande H
vi nyl acet yhgnggtdb [BH0507 D959 9tEBGE [lH 3- bul gdi eng can Démé SOl gged |f rom

i ndust ri al[ig a¥apF apfEerydi@car DQR-_BLXTH €S DYMe! OF [gXanpl €pe EXLT[@CLT|VE
distillati@g AT adIsATS (AT €, T[le_g8ST [§d, SUNstantgity ixEeed g atkynes,

35 1 2 o) l (] (] £ 11
e.g. 5 pra BYTEEPT OUMETE, Off L, Z7[{BES, (- J- WHEPaOT[§Te, daliflg Ol igkeT|ynes,
H + Ia H £l o ot H Y P Ia O™ Al lnl | 1
e.g. Vvi ny|'@&ct WA et \goc, (RERHT ORI TS g Wit LIH a \_,—\_.nguum nd is
conj ugat eqewHti—fheGeN-bohg—areseRRtps—obtgrred g t—sfnowiiroem
. : 5 t-Bu - M X=BUC [H” Me H ~L4e JE
Appl i ed egBgaReousat-al-yot-s—w tt..BV.Jg noRRtg{ e QOWE ourES veh— 14 VCH
Wei nhei m |- % t Hat® t helio coriu ;H_Z;-per. niftrile Fredin the
i someri t ss‘ﬁn #FBL}_ n [q\\]/l M8t eddaPRri 1 and ggpgﬂf eni t ¢ e adfis S a

reaction inhibitor for the second addition of hydrogen cyanide to form

adi poni tri F8P1¢tl has been found that the abovenentioned conjugated nitriles
obtained in the hydrocyanati on of an 15 unpretreated C4 fraction al so act
as cat al ysrapbladns liyopréherfdd phosphaiitens st ep e tfoempleparatd enosé

adi pi ¢ aci dn gRE knkheagbaoad@irti R, ofs hydr 086N £y akidRs &Y dhisdokgason,
it my hg g§e§5$%%(1'%ggg the hydrocarbon m xture 20 partly or conpletely of
conponent s “whi C ornlcaYaIyst poi sons in the catal ytic hydrocyanation, in
particul ar al kynes, 1,2-dienes and m xtures thereof. To renove these
conponents, the C4 fraction is subjected to a catalytic parti al

hydr ogenati on before the addition of hydrogen cyanide. This partial

hydr ogenation is 25 carried out in the presence of a hydrogenation catal yst
whi ch is capabl e of selectively hydrogenating al kynes and 1, 2-dienes in the
presence of other dienes and nonool efi ns. Suitabl e heterogeneous catal yst
systens generally conmprise a 30 transition netal conpound on an inert
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I'n a prefebbgg/gggs?nt of the process of the present invention, the
addition reaction of hydrogen cyanide with 1, 3-butadi ene or a

1, 3- but adi ene- cont ai ni ng hydrocarbon nmixture is carried out 10

sem conti nuously. The sem conti nuous process conprises a) charging a
reactor with the hydrocarbon mxture,”if desired 15 part of the hydrogen
cyani de anBca|RydrocyaRati on ¢Bfal yst [BBcordi B6t o t héRpr esenfREnvent ifon,
if desired5pro¥eced i pHsitu, anhdBuif d8sired, |& sol vepi, b) re#Hcting fhe
m xture aff5€l eMat ed t eéAper at ufe-Bund 20Hsuper atf eeBpher B pressyBe, W th
hydr ogen ¢ganijde bei ngafed 1 n{ateihe fate at Whech 11 [as consyged, C)
conpl et gs8hemeonver suon Dy atpei! od|[pf afternureacti gpeand suﬁsequentl
wor ki ng apsgn Mg1xrur 'H 2D buigabﬁe PTESSUT €~ gred reggrors a ﬁeKnOWM t
t hose ski IggdTHE t1e amt anu g tﬂBﬁiEbLl Hueu f UMeBXdIIpI g, T Uijgamss
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pr ef e?rég%—e ea-)_'—aEl%g—pLaasﬁie;La._ed_r_eac Hor_is ¢H8rged WEth thel
partially ﬁ/dr Benat edP9 fradfrBY or [But adi pn§1 hvdrﬂﬂpn ryanqﬁp, a
hydr ocyanaffon™Eat al yaPMend  ilf-Bsirel a sol¥ent prilBr to cd¥fencembnt of
the reaction. Suitable solvents are those nentioned above for the

prepar at i oBa¥e the catal ysts of the 40 present invention, preferably
aronat i @shydrocarbons such as toluene and xylene, or tetrahydrofuran. Step
b): The ni xfUfblieS 108RQI PR REACHEaBHretiaY 2bedl HaRRPERhAL £618 AR g45

super at nospheri foAressure. The reaction tenperature is generally in a range
fromabout 0 to 200C, preferably fromabout 50 to 150C. The pressure is
generally |n a range fromabout 1 to 200 0050/ 52959 11 bar, preferably
from aboutH1 to 100 B®AX99S? particular from1 to 50 bar, partlcul arly

pr ef er alzioyMeéfom 1 t ometh¥lar . Dur | ng the reaction, hydrogen cyanide is fed
in at a rage:correspetbyhg to that at which it is consuned, with the
pressure I A-phe aut ongy@py‘a_ remai ni ng essentially constant. The reaction
time is frgnﬁ bout 30_ g&Mes to 5 hours. Step c): To conplete the

conver si on e reactl time can be followed by 10 an after-reaction tine
of up to agléﬁt 5 houfng ‘]’o}fef erably fromabout 1 hour to 3.5 hours, during
whi ch n@5nore hydrogen cyanide is fed into the autoclave. During thi s tine,
t he tenper herrraparképen e anosahtyitn¥scant batcanrdedeast i wringeaper at ur e
set duri ngmétisodiddiatlbgousftdttiaegaesayidriddén NMordoAs@ 165 £ar rihed out by 15

customary gﬁ&mdﬁu%@dlseﬁm S tBEPASAII1RY 108 sd i edNBaRL asl, kidsbuy adi ene

fractional Foogt VEEQ% Roble (19 adfoliis, &?Er?ﬁéi‘“a'r are off the
product 38fP 5%.?%%)}1&’?8 Pg'& ﬁﬂc&?’% cf"’lls?g %eﬁ%ﬁ"&? Rt Ur t her
usef ul var Fadtcds fle BPoctRys Raf a{‘ﬁeREbrt&s@HﬂmWﬁF@nt*ﬁYGﬁ°g?%é‘aédﬂliet pBA
reacti on ofiivéen IphenydEeRe c\Rini @6, WRT h R&ehengxpphedpbacus Ot hadgde .

hydr ocar bomf ndeditted,i shitarrdaediont phatwitwican. bdletsnlatedeand Ad putrheisdne

reaction CB9dkﬁdvﬁfl$ne@ﬁ03§ @@cr b?eﬂlléﬁll%tﬂﬁoﬁﬁnﬁ&@%| BHOHS RULGeaS are
mi nt al Ngdeybie0 4Ad bfuéﬂﬁlaméhyﬁﬁo %anhge?ﬁ hQ ﬁﬁ&nls Rrrrfdl of
t he hyd ggn, cyan s_t.ncl u % 7 & t he
prepar ati on %ﬁ Adi Oﬁ}]??l Iﬁ‘er"“g l?tgd nP'ﬁ ttrl?Fe by
addi tion oFaél?ﬁﬂsalR eqﬁ?vaﬁ%w B? h‘ycfrft?géﬁSEy%l%mEéﬁ bembll‘"\/l ded into
three stepgr2i1-bipmaphthel dreagfingi khereaslichleSRharsbRAf tasehianvinagea nitril e

function. BpdPogdrstrpideaindryiek &hghdsghehtliye-B8:- butenenitrile present in
t hese m ptures to form 3-pentenenitrile and isomerization of the

3- pentenenb&ﬁh'&é&&@ﬁg 5;5&1 i AntRYe Aty BE daPEIULURR! LE o bBRVE
present in b nlx%%rgﬁ oglgé orn1var|ou§ gHenl es. A
very high BPopdrdi% Rt8n ‘?ﬁct%olné B2 LHERFEHS Y 8 a very
snal | propBF??%ﬂFQﬂOfCGnF%@ﬁuﬁﬂthaBeﬁ@éﬁ@ﬁW@FFFea@&ﬂf for example

2- net hyl - 2dbetknlamiine | éipwgpydlaming, atibudylening y siripetbphanirshoul d be
formed. 445trif€OnNandft901 2t 3 pridbgpan bid ,0Rropyadd )i pireFerdnlyddi tion of
hydrogen cyapteg, ntidet B2 éyﬂ@lh@neﬁtéféﬂe%c\éhi@]gﬂ% Rbeyi gusdy been forned
in situ by isonerization of the 3-pentenenitrile fornmed in step 2.

By- products fornmed are, for exanple, 5 2-nmethylglutaronitrile fromthe

Mar kovni kov addi ti on of hydrogen cyani de onto 4-pentenenitrile or the

anti - Mar kovni kov addi ti on of hydrogen cyani de onto 3-pentenenitrile and

et hyl succinonitrile fromthe Markovni kov addition of hydrogen cyani de onto
10 3-pentenenitrile.




The novel ggsglyshg9based on phosphonite Iigands can al so be used

advant ageously for the structural isomerization and double bond

i sonerization in step 2 and/or the second addition of hydrogen 15 cyani de
in step 3. Advantageously, the catalygts used according to the present
invention not only display a high seléctivity to the nonoaddition products
obt ai ned i khe¥ralhedinipakan of Bydpogen daidedimrndec Sarat iieagtiipdr ocar bon
m xtures bstephey can al so be adm xed with an excess of hydrogen cyani de
wi t hout appreciabl e deposition of inactive nickeI(II) conpounds, e.qg.

ni kel (11) pgy o dleso05H1di e b Eﬂo Diiash &0 RRER O R Tak 2o

cat al yst§ ase r{)ralﬂ_r;cg

catalyet 3 BohIenY TEBRS SEoanPRqnag ins fe Srfael i g AR ung

cont i nuousTh?o"r’d‘t%}énéﬁf‘%W%‘r GFegueree nakGi dh BRSThRiEs §0 PreRAFEoGeli1 e ani de
in the reacengn afi phaopphenitegeder Bhe \piswaghtben iassl hasobelerhdniedabso for
sem cont i nadfibe EMA§SsrRS eduhomdtabl prirees geadiy vdiadhablé asiga-taxngess of

hydr ogen Cﬁg{léldﬁliss 30 generally present. The catal ysts used according to

the presg |nvent| on and the hydr ocyanatr on processes based on them
generaIIy her cataly recycl e rate and | onger. cat al
operat i ng Eb gﬂjbe"f(n]g anSc‘é%%%sas l\ﬂ)g?? rlﬂlmtfﬁggb?o%rﬂeégzspect

this is al §6maled‘fﬁ?ant ageous for ecol ogical 35 reasons since the nickel

cyanide fornmed by reaction of the active catalyst with hydrogen cyanide is

hi ghl y t oxirgardit ilbas meeale wMikckedah padifantagpossly Ae akeli gie adst fetdDArt

fromt hQshrs@refarmetlban Aups T, byt agh £nA- €8NYaEHIdW AR BYAI QR BaB1e,

m Xt ures, ﬁ?glr@ Jt_a%np egg tviﬂvg'%t mg ?Jﬁo%e@gbf Iy suitable for
Gt

all custo % ahat oce ses [ on’ TRy, e made of
t he hydroc§& B’ﬁ% ei’jr?)?equ?? aﬁ rEt%}‘re nel@rRprricular

3- pentenenPf“F*‘FJe- 45 The addr tion of hydrocyanic acid onto an olefinic
doubl e bond in the presence of a catal yst system according to the present
i nventi @0, IE kel del ased heitaddht bo pradentbih agh KitRsObxOMdion 8220652959
13 3-pent epgph tdd I8, +4; PENt anenblLidfre esmt;r&érr ecoofnlére&tl;fcp,e%enem triles

or the |sog§ éf{+2§n %f) %ngcai'?:'u(iag' Mé]{ee% he presence of a catalyst

syst em accor 1 ng t resent 1 nven in partr cular the isomerization
of 2-nethyl-3-butenenitrile to 5 3- pentenenr trile, can advantageously be
carri ed oufoi Prepaxrepiths ehicansgit ighemetalnsogrLenps, a?crcagmaeabrqm@perlé ohi ch
i nfl uen@é theraditiionymes®l et prefgravlyat hrehsitieonc akabystarsyet em of t he
present inveatted wikassi Phasghonigéet 5 wilth tROr giadiphoaide Of gaddidC begApounds

i n which tQSléaéd Y le.%tﬁéa! eLt8egh b OBRddHhoRh O P Jch GORSk8hid %0 scandi um
titani um é?@@ ]1_,{:[9 o% é é}{gnlngggfnese iron, cobalt, copper, zinc, boron,

onium

al um num rrum- zir niobir um nol ybdenum cadm um rheni um and
tin. Exanples which may be nmentioned are ZnBrz, zZnl2, Znd 2, ZnS04, Cud 2,
cud, C3003sieR)te thgcreactdsm, the| bransdgign mab Calﬂebﬁz?hmngd fEom

Ti C 4( THF) spifalilel chém@b8] @nbo(@ds soe Rr.) 3aldvbGhish $sChBloAldek3, for

( C8H17) AlCéZampledy-xréAdédior ha@hOdkkE Adtels Fhedf\ldsl ziRBA1C12, Red 5,

Zrcd 4, zZrd 2, NodS, VC13, Cd 2, MOCL5, YClS Cdd 2, Lad 3, Er(03SCF3)3,

Yb(02CCF3) 3 3 5 Al er al | descrr bed for
exanpl e in ”(}11%? Sgg}?gﬁgt‘ﬂu %}?8&‘%% toabre 2 or%’?ers are descrr bed in
the pat ént §rﬁﬁs§’£9’6m2‘i?l %192598 &g Iesua, g"ﬂ?%ﬁés FesB1EnprTle
metal sal t 85seklPrislepnchponidssy aﬁﬁt%efonaﬁﬁsor%rf@#éﬁal nitratespolieds
such as RA&GARP1R3ISBBECEB chridbrRE@B, ohea¥ig OR cemplexdskghchrasip or aryl
groups. USpPa{ejg-dyelodcBadidi#qndessri bes the selection of synergistically
effective 25 conbinations of pronoters to increase the catal ysti c activity

f th t gl f it d CdCI 2, Znd
B( CBHE) 20, %f&iyi?g%g‘zt%eoef 58, Eagh 'eaﬁé%%ﬁ%gwgu 3BcN” 30’ The
nol ar rati &¥8PS fetal gVt Re PRPFPRIN-teal al T8 %‘S?QFEHP a*?itadig eh the
range fromtxanﬁlupre@etalAm thhehepmplieza imtaag bousl kgnnsd byemeans of

hydr ocyanasudhaklel oaxidieing aird aednayndpeadenitsd for dampd8lbadse® menradse
contents ak@cBSad1&fi®lY ok NERARIYeR! €6 beiRfa@1§NESundMdimt he. PI WHasamt hat a
cat al ysty s3SI ACGHRY, dbilglﬂ%ﬂé%u%fst '%¥egiéé¥}d¥heﬁ185ﬁfre of such

catal yst systens Is used In place o e ‘catalyts mentioned 1n the patent
cited. 40 A further advantageous enbodi ment of hydrocyanation and

i somerization may be found in US 6,127,567, whose contents are hereby

i ncorporated by reference, with the proviso that a catal yst system
according to the present invention or a mxture of such catal yst systens is
used in place of the catalyts 45 nentioned in the patent cited.

0050/ 52959 14 A further advant ageous enbodi nent of hydrocyanati on may be
found |n US 5 693, 843 mhose contents are hereby |ncorporated by reference
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30 35 40 450509’%%%52959 15 5to 15 20 OP~-C C Ligand 2 P-O/ / 25 Ni (COD)?2
I's used as an abbreviation for bis(1,4-cyclooctadiene)Ni (0), 2M3BN for

2-met hyl -3-butenenitrile, t2M2BN for trans-2-nethyl-2-butenenitrile, c2M2BN
for cis-2-nethyl 2-butenenitrile, t2PN for trans-2-pentenenitrile, 4PN for
4-pentenenitrile, t3PN for trans-3- pe?ntenenltrl l e, c¢c3PN for 30

ci s-3- pentéfheinlptalrltﬂéumm reefaered |agbgdament « rd lcompBEX foff MiL(9) buithli ene,
HCN f or hydrgemiznmonapghasphAbN, f nongetigsphohité £ remephbbpliaritteebrahydr of ur an.
Exanpl es 1m&=.oﬂh%@@‘ﬁitéallcﬁhd@f cdn "6 Mac8e8UHBNER PhbbShdi dedTMuSbng a
3-pent ene é{ df E?@fiééﬁ“én( Ond Ed%anChatli0)d Sh@geie/@' ent  of
ni ckel (OY)- @&éta osp te) was adm xed Wt cf) I val ents of

2MBBN an I15C GC sanpl es were taken fromthe reaction mxture
after 90 mnutes and after 180 m nutes and anal yzed by gas chromat ography

( GC per ceningheatgansifinn fmeithdweonplesesl t theveralaghtrathedf ltirgaadtion / \
45 005 0m&285 % 0l 6hd s pieRBNT 2 &/RiBNe NABMH @ PRNGEC ,£irom PIN3EIN 62, VBBNO O

m n84. 51. 3PrSd3 My 2SR dMtd/3, 4i.n5§51&a@u49r3§5 Fxarmle 2 (according to the

present 1b”¥ﬁé‘tﬂx%%)sl‘c9 ]mJE‘E‘i' ans kahOnd 6@;"&%‘6@' ? afds Ntﬁa%ﬁ"’as

adm xed w hva ent S . of 1 and 4 ui valents of
stirred at }é%(?}\‘o%lp DhETF Lind then heated to 115C. GC sanpl es were taken
fromthe reaction mxture after 90 mnutes and after 180 m nutes and
anal yzed b¥heasranisidian owptadhygoseyes cent fuythere gpmpThee fajibegwil hgandsul t s
15 were obiniawiitidhned MRNpAYEBNRIEINIZ PREPN :cHtiNa 3PHBON 1B BYEA as
m n52. 549. Qé@uo}?l(%919842aéf’p%nl%91§é’rl%0- @éﬁel%)@@_«ﬂ%o 259&1%1‘25%1487 07 20
Exanpl e 3 § al?&tq{ '39 grsé]ﬁtgr ée”(} \ﬁ%“% éf?}[i' 4Dk a GJ '}l@&géé é}
equi val ent o was a
equi val ent SOBROHTC aﬁg 3 PTHEB G R f&ﬂ%eﬁ s pMBBRPPRERHIGRr 25C for 12
hours and ’Z“Wé?P}Wéé’Péﬂl'E%s PEB@OHGEP jites - vvere taken fromthe reaction
m xture after 90 m nutes and after 180 m nut es and anal yzed by gas
chr omat @Qr apéd\pdeparpeioendt Bycar €Adnsibienf abtowidughpleses t Ganveee cabt padned:
out by methods analogous to those described in the literature,
for example in DE-A-2 237 703, US-A-3,850,973, US-A-3,766,237 or
US-A-3,903,120, for preparing transition metal complexes
containing tri-o-tolyl phosphite, tri-m-tolyl phosphite or
25 tri-p-tolyl phosphite ligands by replacing these phosphites
partly or completely by the phosphonites I of the present
invention.

The transition metal complexes of the present invention can be
30 used as catalysts, in particular as homogeneous catalysts.

It has been found to be particularly advantageous to use the
transition metal complexes of the present invention as catalysts
in the addition of hydrocyanic acid onto olefinic double bonds,

35 in particular double bonds which are conjugated with a further
olefinic double bond, for example onto a double bond of butadiene
to give a mixture comprising 2-methyl-3-butenenitrile and
3-pentenenitrile. It is equally advantageous to use the
transition metal complexes of the invention as catalysts in the

40 addition of hydrocyanic acid onto olefinic double bond which are
not conjugated with a further olefinic double bond, for example
onto the double bond of 3-pentenenitrile or 4-pentenenitrile or
mixtures thereof, preferably 3-pentenenitrile, to give
adiponitrile, or onto 3-pentenoic esters or 4-pentenoic esters or

45 mixtures thereof, preferably 3-pentenoic esters, to give
5-cyanovaleric esters.




30 Ti me2V3gHkaMeBosgM2BNt 2PNAPNt 3PNc 3PN3PN/ 2VBBNOO

m n56. 990. 160. 270. 010. 0337. 392. 580. 71180

m n28. 350. 310. 480. 030. 1165. 222. 72. 40 35 Exanpl es 4-8:. Hydrocyanati on of
3-pentenenitrile to formadiponitril e Exanple 4 (conparison) (0.6 mvl of

Ni (0)) 40 1 equival ent of nickel (0)- ﬁ}/p tolyl phosphite) was adm xed with
365 equi vaFertas diikgphse gy dgupd %@ef srrbhen iy afvaniaagesyst 070w 1
equi val ent tivé tZe@is2thas reeddd conpldmes mifxthe epegabnthénmextiome asas stirred
for a furtbetakystisntiheshe Wbomegtti¥at it ®fobr kN O it riiDed, sid @amtma‘:um:gon
carrier gagnd@rg m@ehlmé qducede &ﬁtﬁaﬁp{e&ﬂgﬁt&ak‘m aam t he

reacti On i(éH ggélgooggdgﬁtf§§ Xam q%o i(fgon{lerl Ep%nu;[/\B;s and 150
4

m nut es an %3 B ght, |nternal
st andar d: eH‘ége SRHETAAPI B FiSr d5BPRES £ai Ir?fed's gquall

Ti rreNG\IADI\NDP\PTs‘@%@PFVW WSe4the Rrass 3500, Meysl 2P Hes mahsgpgesqlso
mn7.1127. 82vénitioh0 abxaatd ly sk s( donplee i isompr { SaSionmod| opgad @)ikriles

equi val ent i 9fyMNdHCERR 2n 1asi 120 G388 ¥4 [donJugatéy afi@Mht 8n0b14d 4 i9arRdddusel 365
equi val gt g4, 3PN, stirred at 25C for one hour and heated to 70C. 1

equi val ent of Znd 2 was added to this 15 mixture and the mixture was
stirred for a further 5 mnutes. 142 equivalents of HCN h*Ni i.n _a stream of
argon car r PEPCYRERESnEPE ?IFPer?didt’rFfLBHl&%d’YdGQC}é%ﬁﬁﬂ S idePRt? AL PILLERTE he
reacti on nfiQikke bendeer 3fpmithet ésomerizaftion 0 ongantesniri kasalcprede by gas

chr omat ogr aptwidgdSoupels eantmdnpenecagitogaust evnehatstdaadaided 2Ecat kyhieheene) .

Thelf ggligwéﬂgm epiiBg s yese WPy Betss Tluge c%ﬂb@@ﬁémtrﬁé (L%ﬁ@c%t 50
min o r er
Tt 65 wag 3, B Q’hm‘%? FiBea ik by Hfie PABhof ey ot 5B, °

equi val ent PR I§ admi xed with 1. 2 equi val ents of ligand 2, 4

equi val ents of m/p-tol yl phosphite (mp ratio = 2:1) and 365 equi vaI ents
of 3PN, stThecchvent2st dlgo myovhdes arpdokeasefbrt @rePering eyuitwakenet of

ZnC 2 wae moniesl efdntibi Ss-ronbul er hsk thheing xhadeonyjagaséd ra=ed ahdarcanf urt her 5
m nutes. 3poddd b@quwab@farsatqfonlw£*1NI3-batad§éﬂ@%mne£lﬁtﬁg@my@%Eh%orgas

were then pok{adiGeden S SATESoe &tq%‘é%”oﬁéo \he Leacd IApLKLAre after

45 m nutes_an percent by

m as. cnronmat o
woi ght s nEERTe efsﬁaé+ 3%@ St 1oTRE T oW A PR t s vier ¢
obt ai ned: 40 Ti meMGNADNADN sel ectivity (%45 m nl. 8521. 5192. 160
m n2. 2923. 389 p1>:psFathen o menoole PPN S Cspponarfittei 166 by riteeproagsL.ofl%
0050/ 529598 presepleidvémcion dsnprdé ferabeypeeeeiud ionvedsimn)a (0. 63 mmol of
Ni(0)) 1 eﬁ&'ﬂiﬁ’&!a‘%’%noﬁlﬁimal Sa adrgpgdait didk %OQ‘HHhVaéie%tts 18hsP |igand
1 and 365 ?Hy'ﬁéﬁ'v%ﬂ é&ra%!l rét_edle%tstz%%fé’g(tv%ﬂ%méz dI ﬁﬁ gi&ﬁ' to

70C. 1eqU|v vvas adedtothls ure a ure was
stirred fofta Efalf‘rtt 8? rﬁ%&f“& 125 equival ents of HCN h*Ni in a stream of
argon cdPrier gas were then introduced. GC sanples were taken fromthe
reacti on nitpreprare afirtyred) ofi noneslefidigf Cema@@nitniies widhanal yzed by
gas chronatogpripey, E6E eeingael, DBypswiglhitknlerarl standard: ethyl benzene).
The fol | owpDget ulat.suw@ﬁ&ﬁt&%nsﬁd arkl s B MDADNMADNL 81-Red 1 atlelsY 28P

m ni. 2817. 349 5211 Bes 243 Yto9ggéd§ceT E':EJhPJ 3EN; Lopoed att e 1‘?%0 cq

ol of 28 P67 tedurva %ﬁt 3P ?%%eﬁfmcgeﬁg o igﬁ%’%"b‘%v‘?@;" RS i xec

vvlth 3 equi val ents of ligand 1 and 365 equivalents of 3PN, stirred at 25
25C for oné,bhdintagiignhecorthingngolyddocsgbonahnextunsis Zn€l @vajdsbddden am this
m xture andnéiecriiait sealeasrisisi, r £ dxaimpdef UthdQirdzels by ast pbiZoleum

equi val ent gy 0d ¢ ddeNchadkind o¥ %ﬁbﬁ@m Proauges £HydrecadBon W& utrBeRnown
| ntr 0duGRdag X SRS WHSH' REE M iR £BEaL OReiRN cBhaddl S Athhnsit
m nut es ana 5(1 dS
0 beJ.ng buta J.ene and the remainder being made up of
monoolefins and multiply unsaturated hydrocarbons and also
alkanes. These streams always contain small proportions of
generally up to 5% of alkynes, 1,2-dienes and vinylacetylene.
45



30 anal yzegoby,gs656hr omat ogr aphy (GC percent by weight, internal standard:
et hyl benzene). The follow ng results were obtained: Ti meM3NADNADN

sel ectivity3530 minl.117.5294. 160 mi n2.2634. 1593. 8 The anount of 2PN formed
after 60 mnutes was 1.49. Exanples 9-13: Hydrocyanation of butadiene to
form 40 3-pentenenitrile Exanple 9 (c%rrparlson) (1 mmol of Ni(0)) 1

equi val entPwfe di.dkbrtadiqne cpnt be yisqilassghfren indysidit ey avathanke 500

equi val ent sydrfoddbbandmikdhreguby al ot £xahpHEN extrBdEivel died lilatdogyl ass
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i nterna s were obtained:
US-A-4,587,369; US-A-4,704,492 and US-A-4,493,906, which are

hereby fully incorporated by reference. Further suitable catalyst
systems based on Cu are marketed by Dow Chemical as KLP catalyst.

40 The addition reaction of hydrogen cyanide with 1,3-butadiene or a
1,3-butadiene-containing hydrocarbon mixture, e.g. a pretreated,
partially hydrogenated C4 fraction, can be carried out
continuously, semicontinuously or batchwise.

45 In a useful variant of the process of the present invention, the
addition reaction of the hydrogen cyanide is carried out
continuously. Suitable reactors for a continuous reaction are
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The semicontinuous process comprises

a) charging a reactor with the hydrocarbon mixture, if desired
15 part of the hydrogen cyanide and a hydrocyanation catalyst
according to the present invention, if desired produced in
situ, and, if desired, a solvent,

b) reacting the mixture at elevated temperature and
20 superatmospheric pressure, with hydrogen cyanide being fed in
at the rate at which it is consumed,

¢) completing the conversion by a period of after-reaction and
subsequently working up the mixture.

25
Suitable pressure-rated reactors are known to those skilled in
the art and are described, for example, in Ullmanns Enzyklopddie
der technischen Chemie, vol. 1, 3rd edition, 1951, p. 769 f£ff. In
general, the process of the present invention is carried out

30 using an autoclave which may, if desired, be provided with a
stirrer and an internal lining. For the above steps, the
following procedures/conditions are preferred:

Step a):

35 The pressure-rated reactor is charged with the partially
hydrogenated C, fraction or butadiene, hydrogen cyanide, a
hydrocyanation catalyst and, if desired, a solvent prior to
commencement of the reaction. Suitable solvents are those
mentioned above for the preparation of the catalysts of the

40 present invention, preferably aromatic hydrocarbons such as
toluene and xylene, or tetrahydrofuran.

Step b):
The mixture is generally reacted at elevated temperature and

45 superatmospheric pressure. The reaction temperature is generally
in a range from about 0 to 200°C, preferably from about 50 to
150°C. The pressure is generally in a range from about 1 to 200
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Isomerization of the 2-methyl-3-butenenitrile present in

these mixtures to form 3-pentenenitrile and isomerization of
the 3-pentenenitrile formed in this way and the
3-pentenenitrile already present in the mixtures from step 1

40 to form various n-pentenenitriles. A very high proportion of
3-pentenenitrile or 4-pentenenitrile and a very small
proportion of conjugated 2-pentenenitrile and
2-methyl-2-butenenitrile, which may act as catalyst poisons,
should be formed.

45



8] 8h8j 8c9efys g fg 30 5¢C<: ===N>Q>87;

?| 7A@ AWAzAA{ vqkf [ UU] ca] caU] ca] cal] ca] ca] caU] ca] caU] ca] cal] ca] caU] ca] ca]

cal] ca] ca] cay] ca] cal] ca] cal] cal] ca] cal] ca] cal] ca] cal] caABHBJ BCCDDWEEEFFGGG

11 JJKKKLLLMVVM wgl ga\ W] ] ca] cal ca] ?] cal] ca] caU] cal] ca] cal] ca] cal] ca] cay

ca] cay] ca] ca] cal] ca] cal] ca] ca] cal caﬁ ca] cal] ca] ca]ecaM\lNNNNHOOODPUQ"QaQ?
RRR4S7SSTTUU ISRV R ]aﬂPJPP]lé‘aU]]@aP(z'a@}F@Ja‘]Je%] ©%] brdfeegc fYpBALS ca] cal

ca] ca] ca] cal] cajtwathe a} egdrozidecat cild cdlich] bad)| magvialis &) lesdrc £GY YMUZZZ[ |

AYARRNN situ by isomerization of the 3—pentenen1tr11e formed in step

] o] q] k*n*A D Wi yg t} ] éaU]fc)a] cal ca] caU] ca] ca] cal] ca] cal] ca
]ca]ca]c U] ca ?] @% ca‘] ce%]ec fk ¢a & ca %avbybcchdd
~ee=f Hf DgF {"h=m arrlc1 ¥ ncJ‘a ca a ca] cal] cal] ca
] cay] ca] caU] ca‘}%d&l‘.?]géé] U Rty 8&9] c‘a'] E aPEaU] ca] ca] cal] ca] cal]

camnoop&p) p$cﬁ¢w-éﬂﬁrk¢vmhqwﬂdmbl@ lﬂfudjydrogen cyanide onto
u#u&u{ upj d*YSUY qantebb o bt f cdalUand] et adccabbobtdide| capoathfeca) ca] ca] cal] caU
] ca] ca] cal] cah@a’»kl;&o%]lﬁau mﬂtqahcaﬁll walreathcay &idde) bhudu: u>u@iBUEUi vI vWBWEW
VAWWMAX X 6xxxxx3< glae\ WJ] c] ca] caU] ca] caU] cal] ca] caU] caD] cal] ca] ca] ca
] (1:?]1;:?} caj ca] f} ﬁ caU] ca] caU] ca] ca] ca] ca] ca] ca] caU] cayyzzz{{{ |
D~-G-~~ % VU] ] ca] cal] ca] ca] c”a] caU] ca] cal] caU] ca] caU] ca] cal] ca

| cad] cal camw'gpﬁmw%@éméi%&gp]eayeé}fﬁe‘a”@]ls]ape%”qa”alsk el ised
>x~, | SV6qs¢didrntagkdns M| foralthe aj tajcaldpd al serd wizlat abe adfjt alduba g cdijta] ca] c”
a] caU] ca] caddmealicat o] a)stab] ¢adwdor” dheajeadda adaat] en|drHing&Fokery ad~xr ng
b] W] | Upsad ¢ icl gnag gLal] ca] cal] caU] ca] caU] ca] ca] ca] cal] ca] ca] ca] cal] ca
] ]ca] ]caU] calcal] ca] ca]ca ca] ca] cal] cadw/y" ‘V&S&) I 't|{vgkfa[ VU] ]cal] ca] ca] cal] c
a] cal] cal c"a ca ca cal cal calU ca caU] ca] caU
] ca] cal] caf % "t‘ﬂﬁ‘gﬁ%gi& U&Jﬂitcsu{?fgg l‘585’]‘3] g 1:5 Ul:ﬂﬂ% [‘Jﬁ:a (l:J]a] cl‘a] c
a] ca] cal] erawaalaawea] %’H]Yc e]sahﬁcaa ddphrge "d”a-]té’a & Frrgef lqnerV

- 0( 7: { upker¢duditld] oblamjerhliinc &he ahwdcyahenlealdica] caU] ca] ca] ca] ca] cal] ca]c
aU] ca] cabl Eaiimﬂt&ahlkﬁal&&a]aaahﬂmgawwd]acabﬂmaﬂﬁiﬁ/em&% Qrahygicanyahdd upke [ U
Ul U] ca] ca] galdddli&akl ﬁﬁh@adrp@%eai 34 GRMregek alfialieald cadwala %eﬂm] caUc

gl el %{5@@ (s,

3fZ~\: ! F% qYRRAde /( )’ PEoE- 109N RRR {H25Y &63 Ya‘F%"rﬁ‘)foGﬁ&lXits

| 10% & () - Raseadmpgupyomp bexesl ehosalc%ﬁqan progphitepddigpmsts  Jthe 0. -

109 () 2bJcatdl(pdf's( rompdiPAng @) ph&-‘ﬁ)@oﬁtﬁ%\ & 4je shus suitable not only

bCl 0. 10% &f&ﬁ cﬂnja@_%&lé )hydk@cyaRht dh Hrotehds (I FNISA 0 &exces816%0 & () -

}A’)bcl Ol g z&gl/éég‘ i) the 103 & ioh hPxtudd%an generally be

2x6be: 03% SO0 e OB B AR R AL R e R ATRORE
G'10% & ) DART S PraeeasREs Y W1 ? 18043 YE) e*¢psq (Pt hydrogen cyanide is

10! { Of 53 og@qx)a.lj.lyf grg@eﬁm&T@p ggbadyim used according to the present

& () - kVSWUbnGdritildn] @94l &L if§ -hHywi@e¢ 884 8i&n( prbcsﬁﬂeﬁ%ba&é(l)om O=E0%&' () - ! 0s#10%
& ()- 's#lo%ﬁ&e(])l-y(?);uéﬁiéy $Lg§ié9%£ta(])ys&3i:9%&e( Jralek” aca/amg@: | Of & 10%

& () - & {f &40 B4 weBREb &1'@!4&&@%& ax&/ lf&éﬁ%p?e() 8/ L

110% & 0 / 0 / LI E
8] G 8/ R )103/3@ 8%%‘658/& & Q‘;/%%é%% Ey Afreda g ey J+18/ L1 10%
\& () - 8PP 189K S()SlaFEI‘i‘b% L 8?1%’6’% orRed /Ry f@%c I fo%“&l‘(ﬁ 8/ L!
10% & () - bedkR KA yirB/ hydyge/ EY‘HDDﬂe&l(S) h@lentOch an has to be
worked up or disposed of at high costs.

Apart from the hydrocyanation of 1,3-butadiene-containing

40 hydrocarbon mixtures, the systems of the present invention are
generally suitable for all customary hydrocyanation processes.
Particular mention may be made of the hydrocyanation of
unactivated olefins, e.g. styrene and 3-pentenenitrile.

45 The addition of hydrocyanic acid onto an olefinic double bond in
the presence of a catalyst system according to the present
invention, in particular the addition onto butadiene or onto
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A further advantageous embodiment of hydrocyanation and
isomerization may be found in US 5,981,772, whose contents are

35 hereby incorporated by reference, with the proviso that a
catalyst system according to the present invention or a mixture
of such catalyst systems is used in place of the catalyts
mentioned in the patent cited.

40 A further advantageous embodiment of hydrocyanation and
isomerization may be found in US 6,127,567, whose contents are
hereby incorporated by reference, with the proviso that a
catalyst system according to the present invention or a mixture
of such catalyst systems is used in place of the catalyts

45 mentioned in the patent cited.
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The abbreviation nickel(0)-{(m/p-tolyl phosphite) is used for a

25 mixture comprising 2.35% by weight of Ni(0), 19% by weight of
3-pentenenitrile and 78.65% by weight of m/p-tolyl phosphite
having an m/p ratio of 2:1.

Chelating ligands used were:
30

35
40

45
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25 Ni(COD), is used as an abbreviation for bis(1l,4-cyclo-

octadiene)Ni(0), 2M3BN for 2-methyl-3-butenenitrile, t2M2BN for

trans-2-methyl-2-butenenitrile, c2M2BN for cis-2-methyl-

2-butenenitrile, t2PN for trans-2-pentenenitrile, 4PN for

4-pentenenitrile, t3PN for trans-3-pentenenitrile, c3PN for
30 cis-3-pentenenitrile, MGN for methylglutaronitrile, BD for
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1,3-butadiene, HCN for hydrocyanic acid, ADN for adiponitrile and

THF for tetrahydrofuran.

Examples 1-3: Isomerization of 2-methyl-3-butenenitrile to form

35 3-pentenenitrile

Example 1 (comparison) (0.5 mmol of Ni(0))

1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was admixed with

40 465 equivalents of 2M3BN and heated to 115°C. GC samples were
taken from the reaction mixture after 90 minutes and after
180 minutes and analyzed by gas chromatography (GC percent by
area). The following results were obtained:

45
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1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was admixed with
25 3 equivalents of ligand 1 and 465 equivalents of 2M3BN, stirred
at 25°C for 12 hours and then heated to 115°C. GC samples were
taken from the reaction mixture after 90 minutes and after
180 minutes and analyzed by gas chromatography (GC percent by
area). The following results were obtained:
30

Time 2M3BN |t2M2BN |c2M2BN [t2PN |4PN t3PN c3PN |3PN/2M3BN
90 min |56.99 |0.16 0.27 0.01 {0.03 |37.39 (2.58 |0.71
180 min [28.35 |0.31 0.48 0.03 |0.11 }65.22 (2.7 2.40

35 Examples 4-8: Hydrocyanation of 3-pentenenitrile to form
adiponitrile

Example 4 (comparison) (0.6 mmol of Ni(0))

40 1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was admixed with
365 equivalents of 3PN, stirred at 25°C for one hour and heated to
70°C. 1 equivalent of ZnCl, was added to this mixture and the
mixture was stirred for a further 5 minutes. 94 equivalents of
HCN/h*Ni in a stream of argon carrier gas were then introduced.

45 GC samples were taken from the reaction mixture after 30 minutes,
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Time MGN ADN ADN selectivity (%)
30 min 1.80 18.91 91.3
60 min 2.51 32.57 92.9

25
*%* The amount of 2PN formed after 60 minutes was 2.80%.

Example 6 (comparison) (0.49 mmol of Ni(0))

30 1 equivalent of Ni(COD); was admixed with 1.2 equivalents of
ligand 2, 4 equivalents of m-/p-tolyl phosphite (m:p ratio = 2:1)
and 365 equivalents of 3PN, stirred at 25°C for one hour and
heated to 70°C. 1 equivalent of ZnCl, was added to this mixture
and the mixture was stirred for a further 5 minutes.

35 125 equivalents of HCN/h*Ni in a stream of argon carrier gas were
then introduced. GC samples were taken from the reaction mixture
after 45 minutes and 60 minutes and analyzed by gas
chromatography (GC percent by weight, internal standard:
ethylbenzene). The following results were obtained:

40
Time MGN ADN ADN selectivity (%)
45 min 1.85 21.51 92.1
60 min 2.29 27.58 92.3

45 The amount of 2PN formed after 60 minutes was 2.41%.
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1'10%." & ()mixture and the mixture was stirred for a further 5 minutes.
125 equivalents of HCN/h*Ni in a stream of argon carrier gas were
then introduced. GC samples were taken from the reaction mixture
10 after 30 minutes and after 60 minutes and analyzed by gas
chromatography (GC percent by weight, internal standard:
ethylbenzene). The following results were obtained:

15 Time MGN ADN ADN selectivity (%)
30 min 1.28 17.11 93.1
60 min 2.29 37.90 94.3

The amount of 2PN formed after 60 minutes was 1.69%.

20 Example 8 (according to the present invention) (0.58 mmol of
Ni(0))

1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was admixed with
3 equivalents of ligand 1 and 365 equivalents of 3PN, stirred at
25°C for one hour and heated to 70°C. 1 equivalent of ZnCl, was
added to this mixture and the mixture was stirred for a further

5 minutes. 113 equivalents of HCN/h*Ni in a stream of argon
carrier gas were then introduced. GC samples were taken from the
reaction mixture after 30 minutes and after 60 minutes and
analyzed by gas chromatography (GC percent by weight, internal
standard: ethylbenzene). The following results were obtained:

25

30

Time MGN ADN ADN selectivity (%)
35 30 min 1.1 17.52 94.1
60 min 2.26 34.15 93.8

The amount of 2PN formed after 60 minutes was 1.49%.

Examples 9-13: Hydrocyanation of butadiene to form
40 3-pentenenitrile
Example 9 (comparison) (1 mmol of Ni(0))

1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was admixed with
500 equivalents of BD and 420 equivalents of HCN in THF, placed
in a glass autoclave at 25°C and heated to 80°C. The temperature
during the reaction (slightly exothermic reaction) was determined

45
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Time Internal temperature
30 min 80.3
50 min 80.5
60 min 80.4
10 | 180 min 80.3

Virtually no temperature increase occurs. This means that the
catalyst is not very active.

15 The conversion of HCN into 2M3BN/3PN was 9.8%. The ratio of
2M3BN/3PN was 1/3.4.

Example 10 (comparison) (1 mmol of Ni(0))

20 1 equivalent of Ni(COD), was stirred with 3 equivalents of
ligand 2 in THF for 20 minutes. This solution was admixed with
557 equivalents of BD and 433 equivalents of HCN in THF, placed
in a glass autoclave at 25°C and heated to 80°C. The temperature
during the reaction (slightly exothermic reaction) was determined

25 by means of an internal thermometer and after 180 minutes the
conversion of HCN into 2M3BN and 3PN was determined by gas
chromatography (GC percent by weight, internal standard:
ethylbenzene). The following results were obtained:

30 [Time Internal temperature
15 min 82.2
30 min 82.1
120 min 81.1

35 Virtually no temperature increase occurs. This means that the
catalyst is not very active.

The conversion of HCN into 2M3BN/3PN was 97.5%. The ratio of
2M3BN/3PN was 1.5/1.

40
Example 11 (comparison) (1 mmol of Ni(0))

1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was stirred with
1.2 equivalents of ligand 2 in THF for 12 hours. This solution

45 was admixed with 480 equivalents of BD and 400 equivalents of HCN
in THF, placed in a glass autoclave at 25°C and heated to 80°C.
The temperature during the reaction (slightly exothermic
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Time’ Internal temperature
5 min 84.8
10 min 86.7
30 |20 min 88.0
90 min 81.2

The conversion of HCN into 2M3BN/3PN was > 98%. The ratio of
2M3BN/3PN was 1.34/1.

35
Example 13 (according to the present invention) (1 mmol of Ni(0))

1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was stirred with
1.2 equivalents of ligand 1 in THF for 12 hours. This solution
40 Was admixed with 480 equivalents of BD and 400 equivalents of HCN
in THF, placed in a glass autoclave at 25°C and heated to 80°C.

Time Internal temperature
5 min 84.4
45 |10 min 87.3
20 min 88.7
90 min 81.2
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3. A phosphonite I as claimed in claim 1 in which R1, R2 are
40 selected independently from the group consisting of H,
methyl, ethyl, n-propyl, i-propyl, t-butyl and methoxy.

4. The use of a phosphonite I as claimed in any of claims 1 to 3
as ligand in transition metal complexes.
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hydrocyanic acid onto an olefinic double bond.

10. The use as claimed in claim 8 as catalyst for the
isomerization of organic nitriles.
20
1l1. A process for the addition of hydrocyanic acid onto an
olefinic double bond in the presence of a transition metal
complex as claimed in claim 5 or 6 as catalyst.

25 12. A process as claimed in claim 11, wherein hydrocyanic acid is
added onto butadiene to give a compound selected from the
group consisting of 2-methyl-3-butenenitrile and
3-pentenenitrile.

30 13. A process for the isomerization of organic nitriles in the
presence of a transition metal complex as claimed in claim 5
or 6 as catalyst.

14. A process as claimed in claim 13, wherein 2-methyl-3-butene-
35 nitrile is isomerized to 3-pentenenitrile.

15. A process as claimed in claim 11, wherein hydrocyanic acid is
added onto 3-pentenenitrile, 4-pentenenitrile or a mixture
thereof to give adiponitrile.
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