; e3eL6T ?20050% 6299960 The present invention relates to novel phosphonites,
in 5 particular chelating phosphonites, nethods of preparing them their
use as ligands in transition netal conpl exes, novel transition netal

conpl exes, a process for preparing thelcorrpl exes, their st and
processes carried out in the presence of such transiti onimﬁi’nﬂmu@mﬂ‘m&xes as
catal yst. 10 Chel ati ng phosphonites, nickel conplexes co

phosphoni t eBhegphongsads and t he use of such conpl exes as cat &YX's are -

known. 15 WD 99/13983 and WD 99/ 64155 descri be a process for the
hydr ocyanat g p?:fes'éﬂﬁaiWéHtﬁ@nOEQm&s GeMRevadprddhbAetésoey i zati on of

nitrites %-. gé ﬂ%rlﬁgﬁ%@lé){] EK?L%@JnxQ%@' ﬁﬁ%&o%tfab%ﬂ& 94(};9%%!1\”9

phosphoni tes describ ave good
stability uh 1&"cs-lr RIIPAY %Jo‘?a}né%péﬁd?ﬂ sg'}Ltziotnl t%ﬂond’"ipl ohs: 7 1% vvoul d be

desi rabl e tBr3nfitdPe {?‘ﬁ‘éajst%?ﬂipll?{‘?sofa PFEceRB| S5 r?geﬁ%é?)%d‘rﬂet e ligands to
i ncrease t heomplerxessi, ngheixf a1sef asheatalysity snd Froaassesocarr ad ompr dvethent in
the sel ectiprésemie biesoet alnpbition mcarptempDextspast eaeaiyst.l e in the
hydrocyanrgtion of butadiene or to 25 adiponitrile in the hydrocyanation of

3- t | d bl
1 "Fs an ob Bty aeﬂl#%”ﬁhgék%%%%g?ﬂ%&ﬁ%ﬁ‘% gﬁif‘:gn %g?g TFes which are

sui t abl e asPRPRENANIAES e84 & EHI 1%% y, high
reactivity aatRIMSHs §éPe]é‘E<?WH ‘ty when used as catalysts in the

hydr ocyanati on of unsaturated organic conpounds and meke it possible for
such hydnscwansd /13983t andeva aor6els Hesar ibet & cprrvceals| Yosithd e and

economi cal an%QlM\e @@%ﬁls%euagtém;rgtamé ShigfindsSaRg hived by

phospho””e & %g Fén §§e e %O/n.% ég’{@ 8{}%&8 mul a
L Re R6 RS T %{ l‘ T G §

\ | \ Rl ROCPhEs ’Ré‘gﬁﬁ@ FHing PigspPhond fies ESR%“#?J‘%B {TheC B8 15 R4 |
RB R4 | /| Rphogphapipes degciibed haye |gqed \stabppity under\ the

20 corresponding reaction conditions. It would be desirable to
improve the stability of the chelating phosphonite ligands to
increase the operating life of the catalyst. Furthermore, an
improvement in the selectivity of the catalyst, for example to
3-pentenenitrile in the hydrocyanation of butadiene or to

25 adiponitrile in the hydrocyanation of 3-pentenenitrile, and an
improvement in the space-time yield are desirable.

It is an object of the present invention to provide phosphonites
which are suitable as chelating phosphonites and display high

30 stability, high reactivity and high selectivity when used as
catalysts in the hydrocyanation of unsaturated organic compounds
and make it possible for such hydrocyanations to be carried out
in a technically simple and economical manner.

35 We have found that this object is achieved by phosphonites I of
the formula 1 or 2
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where R1, RD50%K2980 R7, R8, RO are each, independently of one another
hydr ogen, an al kyl or al kyl ene group having from1 to 8 carbon atons or an
al koxy group having from1l to 8 carbon atons, 30 R3is Hor nethyl, R4 is
i-propyl or t-butyl, Xis F, d or CFggn is 1 or 2, and al so nethods of
preparing them their use as ligands in transition netal conpl exes, novel
transition netal conpl exgs: 40 prgcesses forgpreparing them their use as
catal ysts and processes carrigd o irn the esgnhce of such transition

metal conpl exes as catal ysts. Ad ding to present i nvention, the
radicals R, R2, R5, R6, 45 Rdy " RF and R9 i ndependently of one
anot her, fQydrogen, an al kyl Ryl ene grouwp h g from1l to 8 carbon
atons or an al koxy group ,j ff@ntl to 8pcar atons 0050/ 52960 3 As
al kyl or al kyl ene group havingm roql to 8 .rbon atons, preference is
given to an al kyl group having bon atons, in particular from
1 to 4 carbon atons, advantage®isly séi®&cCted fRom the group consisting of
met hyl, ethyl, n-propyl, 5 i-propy®™ n-butyf s-butyl, i-butyl and t-butyl,

in partigglar fromthe group consisting of nmethyl, ethyl, n-propyl,

i -propyl and t-butyl. As al koxy group having from1 to 8 carbon atons,
preference is 10 given to an al koxy group having from1l to 4 carbon atons,
advant ageously sel ected firoatt he ,group consi sting of methoxy, ethoxy,

n- pr opoxy, i-propoxy, n-butoxy, d-but,0xy,gd -blUtoxy and t-butoxy, in
particul ar nmethoxy. 15 In a prej ed enbodi t of a phosphonite I of the
formula 15 it i s advant ageouss Rireand 2 e@gChrt 0 be, independently of
one anot her, an al kyl grou ipg fromlto q atons, preferably

sel ected fromthe group g i'ng of methyl p-& n-propyl, i-propyl,
n-butyl, s-butyl, i-butyl andrt i cul ar fromthe group
consisting of nethyl, ethyl, n- and t-butyl. In a preferred
enbodi ment of a phosphonite | of 1 2, it is advantageous for Rl
and R2 e3@h to be, independently 0O anot her, hydrogen, an al kyl
group having from1l to 4 carbon atonms, freferably selected fromthe group
consisting of nethyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, i-butyl
and t- butyI in particular from the group consisting of nethyl, ethyl,

n- propyl , Enﬁg and t-butyl, or an al koxy group having from1 30 to 4
car bon aton§ vant ageously selected fromthe group consisting of methoxy,
et hoxy, ﬁ5propoxy i - propoxy, n-butoxy, s-butoxy, i-butoxy and t-butoxy, in
particul ar Rkt Ry R5L nR&, it R8ul BY | 3repeathy r tefenepddnhEntofofong phosphonite
| of the foamdtieer], hikdregen beananleykydr grlaypetawrogpl havidg tforoh catdan 35
atons, prefgrably atehecéecthd raQ'IEbHﬂe?JQfL@JIEaGQH@ﬁtdnﬂg eb geidiHon 8EHM,

n- propyl i -propyl, n-butyl, s-buty i-butyl and t-butyl, in particular
fromthe_group. consi sti of met hyl , ethyl, n-propyl, .i-propyl and
t-butyl, ga? |Eﬁ%£PFy Eﬁ& %rably nethyl, and R2 can be hydrogen or an

al koxy group having frontl to 4 40 carbon atons, advantageously sel ected
fromthe grBépisdnereopyhgenft-mmthdxy, ethoxy, n-propoxy, i-propoxy,

n- but oxy, s-butoxy, i-butoxy and t-butoxy, in particular nethoxy. In a
preferred egbpdigert gt érphosphonite | of the formula 1 or 45 the fornula
2, it isg, dvantageous for R5, R6, R7 and R8 each to be, independently of
one another qt or an al kyl group having from1 to 4 carbon atons,
preferably Sef fomthe 0050/52960 5

and also methods of preparing them, their use as ligands in
transition metal complexes, novel transition metal complexes,

40 processes for preparing them, their use as catalysts and
processes carried out in the presence of such transition metal
complexes as catalysts.

According to the present invention, the radicals R1l, R2, R5, R6,

45 R7, R8 and R9 are each, independently of one another, hydrogen,
an alkyl or alkylene group having from 1 to 8 carbon atoms or an
alkoxy group having from 1 to 8 carbon atoms.



20 25 4 gryuseowed i ng of nethyl, ethyl, n-propyl, i-propyl, n-butyl,

s-butyl, i-butyl and t-butyl, in particular fromthe group consisting of
met hyl, ethyl, n-propyl, i-propyl and t-butyl, in particular hydrogen or
met hyl . Accordlng to the present inve ion, R3 is Hor a nethyl group.

According to t resent invention, IS an |-propgl roup or a t-butyl
h

group. 10 F%Frﬁlc‘fﬁﬁa‘?lf flﬁ‘ryéﬁéﬁr%’bo%é‘éﬁ%ﬁl bR L gp At 8mﬁ' are ones
in which tlrefedeoae SLREIVRR, tRAMMGKRY greumdayisaniyem tlakre8 1cHRBW. 15
No. R1R2 R3 R Hite Bb dat tHidan aPr fiedd HHADL- ButaBaiHaEbive HHEhaAtg eibirs 1yBu Me HHS Ve

NEHNE9NENE'&\4%%QEeEUB§‘A\<EIﬂhEansu;; f&fstlls@uh@rw xﬂértawrr@gxﬂhoapb%wles | of
theforrmga £ nﬁ}% %q‘r §‘§u wn in
table 2 below § R H3§1 I cu arI err

phosphoni t e5F9™ et‘ﬁ’é"‘f%rcr?ﬂlséﬁtlln%rﬁf E‘eﬁ Ja1 seo(}l\y:]rél ﬁa%r? e TR ch the

radi cal s RANARZ-bREYLIR7 and R8 are as shown in table 3 below 45
0050/ 52960 5

No. R4R5R6 R7R8 kdikoRy HyitdhiA iaRi hiiMeddhbi1- e HyeddGbot -« BokdHHilrAtf eBe b/l 8t - BuHM
eHHL9t - Bygtt 5 %H%Qt a@%ﬁ!% &Pl £riBgl Brémbi &> 1, c&rvord aombhe

abbr evi at | on |

hydr ogenMe: Vf Fgu el%\édcgg f?o)gtyptggg %?% éatjd% tmﬁoxg,/ Accor di ng
to the pres%‘i'ﬂo"iymvBnlé“‘rr xYﬁ Fspi L T 4 EB‘?’H’f’nﬁy GEORe o éﬁf‘ ‘?ﬂfgntion,
X is F, Cl orbutesy, p%’éf&ﬁrré:l}lcylﬁ BeEOXEE3. I n the case of n being 2, the

t wo rad| cals X1 and X2 can be F, Cl1 or CF3 independently of one anot her,
i.e. F angd fn & predefded Eanmdlﬁgﬁt d3l aapHoéBhorikeando£Fthe Go2mand LRIt
preferably fg 'Staig’E&é%%nﬂlc.E& AN eBcR! €4 &id 4 naBhostidiY, ohere n is 1

d X F, b
N T R e

referre
embodi ment , PXY#&ETaR 1Y <59 eﬁﬁfdx Fngt & 1% é‘Hb%?IPstJt?é:H‘Pgl g éetshg' Jf;fl; f{ p
posi tion rellﬂliqmltroltlh‘éoqﬁiosphb\itﬂél atsoRrbBlndl Ry tyReaphamputyiingin
20 particular from the group consisting of methyl, ethyl, n-propyl,

i-propyl and t-butyl.

In a preferred embodiment of a phosphonite I of the formula 2, it
is advantageous for Rl and R2 each to be, independently of one

25 another, hydrogen, an alkyl group having from 1 to 4 carbon
atoms, preferably selected from the group consisting of methyl,
ethyl, n-propyl, i-propyl, n-butyl, s-butyl, i-butyl and t-butyl,
in particular from the group consisting of methyl, ethyl,
n-propyl, i-propyl and t-butyl, or an alkoxy group having from 1

30 to 4 carbon atoms, advantageously selected from the group
consisting of methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy,
s-butoxy, i-butoxy and t-butoxy, in particular methoxy. In a
particularly preferred embodiment of a phosphonite I of the
formula 2, Rl can be an alkyl group having from 1 to 4 carbon

35 atoms, preferably selected from the group consisting of methyl,
ethyl, n-propyl, i-propyl, n-butyl, s-butyl, i-butyl and t-butyl,
in particular from the group consisting of methyl, ethyl,
n-propyl, i-propyl and t-butyl, particularly preferably methyl,
and R2 can be hydrogen or an alkoxy group having from 1 to 4

40 carbon atoms, advantageously selected from the group consisting
of methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy,
i-butoxy and t-butoxy, in particular methoxy.

In a preferred embodiment of a phosphonite I of the formula 1 or
45 the formula 2, it is advantageous for R5, R6, R7 and R8 each to

be, independently of one another, hydrogen or an alkyl group

having from 1 to 4 carbon atoms, preferably selected from the



40 In a furgdyy/ saued erred enbodi ment, when n is 1 and X is CF3, the

substi‘t uent

i's present
bound to t he phenyl

r

i ng.

1

n
a further, FiosPefPRELEHIGdPH et YdefthYE s %TH%%@Yi

inthe p position relative to the phosphorus atom
In a preferred enmbodi nent,
X2 are each F, 45 the substituents are, present
relative to the phosphorus atom bound
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in the two m positions
o_t he phe

ring. 0050/ 52960 6 I n
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0050/ 52960 Transition netals which of

onites

cambe used as |igands

preferably transition g particularly preferably 5

7 can advantageously be used are the netals |

and VI to VIl of

the Peri odi Barhifudardgupredquregs PhasPimIriitedi € qapthe frFBRla et °3R%
ni ckel , 3@ par¢hizi ahel fadicilel RisangeRP, are sanshwrpriastable 2 PeAPYus

oxi dati on states such as O,
in particular

and ni ckel (
conpl exes,
transition
| used bein
pIuraIitf5o

can be obtained from suitable chem cal

chl ori des,

45

+2),
a chenica

+1,

compound of a transition netal

+2,

M-al can

Bd react ed

Rgith a ph

hble to

e ei t her

& single g

fl12hosphon

iMees | . Pr

iO¥e to thd

conmpounds,

+3. Preference is given to nickel (0)
ni ckel (0).

10 To prepare the transition netal

osphonite

hosphonite |

reaction,

e.g.

or preferably a

wi th the phosphonite
or a mxture of a 15
the transition netal
salts such as

frap1exanpl e by reduction with base netals such as zinc.

Particularly preferred phosphonites I of the formulae 1 and 2
40 31so include those in which the radicals R4, R5, R6, R7 and RS8
are as shown in table 3 below.



20 If a trapggsdyepoget al

conpound is used for preparing the transition

nmet al -conpl exes, advantageous conpounds are salts such as chlori des,

brom des, acetyl acetonates, sulfates, nitrates, for exanple nickel (2)
chloride, or N (0) conplexes such as 25 bis(1,5-cyclooctadiene)N (0). After
the reaction of the transition netal c ound or the transitjion nmetal with
a phosphoni .1, the |®%i dation |8ate of R transi {Rbn metal [*h the conpl ex
can be altefrléd by nedrisPof 30 gHitabl e oxHdi zi ng ofHreduci ng|fhgents, flor
exanpl e basgldnetal s guelRras zin& or hydrofen in cheMécally bpind form| e. g.
sodi um bor ofnsdr i de, dri-Pm nol eqgdl ar form|Mer el ecttbchemcal [§. In a
particulaﬁlyuprererreﬁ-eﬁbodlnEHt, a conplex of N (®) wth 3paorganic
nonophosphi g, monopHasphl Ni TE, gnonophospRoni T € or {menophospfwte 11 gands
can be reactggdwth tp@gspnonlhe —usTngua nmetrhod|gased on [@mat descrj bed
in the Gerngy pan—;m CU-!-IBW bd.LI O/ J.UJ.JO468t;LBu4U e transgTom metal
conpl exes, txpe—trotat Itd.lBluU of—t anst tongetat—toposphonit é' canmbe| i n

t he range f Fromi—to—-6; 1523 efer a'f.ry fFrom2to—5—n paIL;L,UI ar—2;—3—or—4. The
transitiqg #f] fonplexes can be free of ligands other than 45 the

phosphoni te 0050/ 52960 8 The transition nmetal conplexes may further
conprise other ligands in addition to the phosphonites I, for exanple
nitriles suh wablesetlonktand 8, &bepebhrngvilagions geanee ke fellawing

4- pent eneni imeahEngs2- net hyl - 3-butenenitrile, olefins such as butadi ene or
phosphorus 5 conpounds such as organi ¢ nonophosphi nes, nonophosphinites,
nmonophospigoRi t es or hites. The preparation of such transition
netal conpl exes can be I ed out by nethods anal ogous to those descri bed
in the I|teF3ture Fg€ xample in DE-A-2 237 703, US-A-3,850, 973,

US- A- 3, 766, 387 or us- ﬁtBY 03, 120,

cont ai ni ng nrPro-tol yh- phmmﬁhlte

for preparing transition netal conplexes

tri-mtolyl phosphite or tri-p-toly
phosphite |itgrads by repheygl ng these phosphites partly or conpletely by the
phosphoni20egyé; of thempegsgpt 15 invention. The transition netal conpl exes
of the present invention can be used as catalysts, in particular as

honbgeneous _cat al yst t_has_ been found to be par i cul arly advant ageous
to use the f'\fzﬁ?ﬁé‘%‘{’}%%onégﬁlpﬁeml exBEE P Mot sttt |t2r'ivent| on as catal ysts

in the addition of hydrocyanic acid onto ol efinic double bonds, in
particul ar doabtdinprids thhipteseng dovenigianed Xwiis iF a FluetherFs olpseEaradbdoubl e
bond, for2Seyxaspleqnto a doubl e bonds of 25 butadiene to give a mxture

conprising 2-nmethyl-3-butenenitrile and 3-pentenenitrile. It is equaIIy
advant ageous _t s& dhe ct n C f eyhn

catal ysts |§ tﬁhg(§ Sf B é%gﬁﬁ Qg%ﬁ% ag?g£§§?§)&lakgn¥b % EL ond

whi ch” are n8F &Hhj SPSHd?RE%Y fﬁ? HECSrE i hi T gBSBﬁe bo éﬂﬁ%e
30 onto t hecﬁé)utﬂ]le B8 of € B-498nEENe fiFr FRE G7s/ 4PHRHRIARIN| FrF’P‘e Cﬁpxt ures
t hereof , 3% ehdrabd.y 3- pentenenltrlle to give adiponitrile, or onto

3- penten0|c esters or 4-pentenoic esters or mxtures thereof, preferably

3- pent enoi CIﬁSEeﬂilseféxQe@ ¥R IMERROVAhES I1f i@Steasd BIisl F, hae | | kew se been
found to be g p SRl X géaééntaqgoeaem 9.4 Be LSANSIL 08 conpl exes
| hve

of the presé nt e onmeri zation o or ani c
n|trlleg ; BSP??EREI %u94ﬁzﬁﬁihﬁ ?Wﬁ? Fhﬁﬁe g:éuplls not cgnngated

with an oleflnlc doubl e bond, for exanple the isonerization of

2- met hyl - 3- Bot enéwrither,eprefefnas 3mpedimerdni whehen ig 1 gndgXialg ¥, the
advant ageousubst iisgerithd st passéntd dn mRéad mwipliexesedtilvieetprelsent invention
as catal yst $hbBphdeud SABRI bé@id Ao 2heOpAYIC rAblites in which the nitrile

group is conjugated with an ol efinic double 45 bond. 0050/52960 9
Processes,df or dition ro ni c_aci onto a f nj c e bond
or for theJ| §‘of’re$‘|”i ﬁranSFg%’F'g%ﬂie@%gWﬂtes g’g k ciqr lFFianner

anal ogous t@upﬁéit%ﬁﬂinﬁsbBH?s?Qﬁ'i&xéhﬁl%,PQ%%UREFQQFhEHﬁ¥§ GP Vﬁ?99/64155, by
partly or coeipbphetys ragomabownd Za ltbepplsqhloniings descri bed there by the
phosphonites | of the present invention. The invention also provides a

process for fr gpafd A ricX bibSSiintTORRSh &f i1 @ GRaMPNQHNG kb £5e aWHNE,
nonconj uggy eq Co étnldcu%a'é' 1 rggé}febetax bxdéype%%a&' ,g@sﬁflo%s relative to

1, 3- butadlene cOntainin on m tur presence of at |east
one of the &H6vB ﬂ%@ﬁﬁﬁu%eﬁxgws??ﬂﬁg &8ch %l?ﬂfntg Eh&9present invention as

cat al yst.



The prepar apovn/9296®nool efinic C5-nmononitriles by the process of 15 the
present invention is preferably carried out using a hydrocarbon m xture
having a 1, 3- but adi ene content of at |east 10% by volume, preferably at

| east 25% by volume, in particular at Least 40% by vol une. 20 To prepare

m xtures of nonool efinic C5-nononitriles which conpri se for exanple

3- pent eneni 1% i3 &uaHHeD: RASHFFT 89 LeRRAEACTFt | €i%hd dfe? sthq gblie GE3, the

i nt er nedi at swpHtditubpts hate [Presesti iy the FRedDROILEBAI Telatd ve toj the

possi bl e tOphtE@l‘ptﬂle dutraciomnd oo dhe3-phengdli eivez.cont ai ni ng hydr ocar bon

m xtures. 25 1, 3-But adi ene-cont ai ni ng hydr ocarbon m xtures are avail able on

an i ndust gi gl squ#%ln?tteTf]L@an fb%r ?éﬁm taemgﬁr%@%%'aas o p&;rtﬂleeum by

st eam crackl n cg tu Skn

fraction \Ahli”&%’af’ﬁi’ &Y hlf‘eg%’qur %stcﬁ'e?d %’ﬁt %Pé) A EO tgh? p%t?sggs}nbel ng

1, 3- but adi ehE9a® Phethentarfydp Be‘il‘?fg:rﬁﬁé 'El’beléﬁ %ﬁéBFE*Y FEghdDALAR | ply
unsat ur at ed( ¥ry-chheoyd hphesphedusl( 81 bl dkidvedd deThexafegabdins al ways contain
shal | propofxn-@ienel ) groesidug (0PI § cdiz¥loliaé Kwigsh alpReshEemearand the

vinyl aceqyl efi@icads RUT €rd, Srstkada&@q:zsc% b8rh S8 aixadphéy ) (Rduske i add Y
?‘r’:'cl f‘g'ng gﬁr{er%a Qﬁo%g}ﬁﬁgs EOPMS ) %’éﬁ?ﬁé%lx-f%te&gfﬁm&o il Tation. c4

% hy é g) propyne or
but yne, Y‘ﬁr‘?ﬁeé’n EEEBAtT Ind BN G L T RFRERGheRD Beg.

vi nyl acet yI é?@lat&dhéﬁﬁ/%% PYHSAGEL i Wi EhshilEati9BubPREAFShFuF her

conj ugat ed weadtidme bg=khdwmnaedhedsoneti nes obtained. It is known from
"Appl i edibonogeneous Catalysis wth O ganonetalic Conpounds", vol. 1, VCH

Wi nhei m pThéW E,laaﬁyi £0R5UIRE ERA- ﬂ@%ﬁé&%ﬂﬁ rphbgpﬁ@fmctmr) hB€ide

i soneri zati t s 1, ts as a
reacti on .nﬁ%% P, Vg Mﬁ il "bl% 5‘%{ Saen fvam deoiere
adi poni trilBl (B2nEd BB rﬁ%dﬁln hencese ! A8E0e n8d 2 CUBGPaPBER 10
conj ugat ed he2rinkeshebradirals Rlt prd RAddc FhRataTh off the TRpder dated C4
fracti on28l Sormct pheosphomitestl poibombinfigatihe 6f rigtdroganthaidst.ep of the
preparation of adipic acid, nanely the nonoaddition of hydrogen cyanide. 5

For this regsen rddctiBYs b@ary%%fvﬁhtéeectl{sq bhechyieRc aupor, nind YhggRartly or
comletel y #LobomoeRh o el gsan&ategltﬁeao&l%%gsaw Ade LB WIS 1n

hydr ocyanat i on I'n ular ¥ %0 #

remove t heskl %cﬁﬁf&?@ﬁ?so tehé’a@& F %létar%r"f‘nlﬁ PRNAHG SOEBG. 1 1P% SXAMBISt i ¢
partial RpdAbeenaiandneped HRRORYRamEHe tqlch‘ilt&ﬂaﬁyféﬁo@éﬁmé‘yhﬁ%nth s parti al
hydr ogenat i eniétshydaminedonutr iiprophtamireseoceppf idine,dpogéemdblgn cat al yst
which is capabéenyfansakest ipyaliviRgdrogaiatiynghatdanes inofadick difenes in the
presence of h? erfj'h%'i‘?ée afd Jrareeled i 15 nbdo e BHid aklgtheh esQgeneous

catal yst systens generally conprise a transition netal corrpound on an inert
support. _Suitable morganl C supportg are the cu torra g

particul 30 hF|RAAPTAG AT RAGRSRCOXPAECIanElH ABQi fanelesal LY drees

carbi des, nreadifss avaglable staddipgxpatesdialBer eof . Preference is given to
usi ng A1203 Si Oz and mxtures t hereof as supports. In particular, the

het er ogeneouge Catrlprehyl yislsbpoe ub 05e) dEsenibes ided)asAsdabfing369;

US- A-4, 704, égg AhYUEnA- #ndBB pBar kb &h ALl rhsheherd k!, Yféf‘CéiJaB\B'iét ed by

referenc Fur h cata S a £ M d by
e s, e g g%ue ik T AL LI OV O SRmbkshe
with 1,3-butddPehttor T4e1t @?ﬁﬁsaﬁlfeéﬁ’éﬂé%t &eAPN °51 F885¥B%n m xt ure, e.g.
a pret r eat ed-f buerarkieny 1dich inforkpeah e [Gekc PR ofmP koviedhane hegqusd Yo fier 30
cont i nuousl pregenimpltmmu’ohsﬁ W Xor-pbatyhphesphpnus( USOf diithgdidemt Tok t he
process of bbelmresfﬂitameaw@tﬂaﬂprbberﬁdﬂltweoaegpaeﬁm@n of the hydrogen

cyani de igy Q%r@%ﬁ%hsegﬂéfug%%&x a S 1 e chRARI LIS yf BE deC¥itinBH O

reaction are? wr]E r SE S| IIedlnthe art and are descri bed, for
exanpl e, i n2UEFHeti® EnPi R HhAdTe §EP1 ¥ °schen Chemie, vol. 1, 3rd
edition, 1951, p. 743 ff. The continuous variant of the process of t he
present i nvEhe] prosphopisper histan dar uped autligapdy B daseadE1OT matiadr ed
vessel s or eaompbexegsactor. 40 In a preferred variant of the process of the
present iggvention, the addition reaction of hydrogen cyanide with

1, 3-but adi ene or a 1, 3-but adi ene-cont ai ni ng hydrocarbon m xture is carried
out sem continuously. 45 The sem conti nuous process conpri ses: 0050/ 52960
11 a) charging a reactor with the hydrocarbon m xture, if desired part of

t he hydrogen cyani de and a hydrocyanati on catal yst according to the present
invention, if desired produced in situ, and, if desired, a solvent,



5 b) reactiogs50h82960Qture at el evated tenperature and superat nospheric
pressure, with hydrogen cyanide being fed in at the rate at which it is
consuned, 10 c) conpleting the conversion by a period of after-reaction and

subsequent |y working up the mixture. Sgitable pr essure rated reactors are

known to thgse skllled t and re. describe

U | manns En opadre™ %mosef"%tlgéhﬁ?%c VRRERERYYS 1Y, ) uied :ﬁ'rcfmél tl%%alsl%l
p. 769 ff. S ELON t FOYPEo L es 3T d‘fndc WE 5Pe%bitt afnibAtPom-addccirbied out

usi ng an aupm:ﬂe;\ﬁ@lwhtcanswom froesiVidd, obetlpe RArdediai Table,stirrer and an
internal |ipangicuiatlyherefradlgt psn, dedallel dnwinigkplochdyas/ieahsrti ons
are prefegrgfaxed0 Step a): The pressure-rated reactor is charged with the
partially hydrogenated C4 fraction or butadi ene, hydrogen cyani de, a

hydr ocyanation cat l%{ acg if desired, a solvent .pri ‘{%et copmencenent
of the reactfdhc Sb1eeLolVefitt %ﬁ eorteﬁSEE Henfardes 3‘6 J'I"8r SERReS
prepar at i onségh tafe Ogat it ysdrs *8f Phefepensenisi fian itennigket@aBr¢ aromatic
hydr ocar bonsiskeln +&9 , t bh ysart izndaxyhirkel (6n .t et rahydrof uran. 30 Step b):
The m xtype is generally reacted at el evated tenperature and

super at nos pg&%feéﬁr%s EHE etra%t&@ﬁ%é@l Tc%HBféi"éé” & feRfELr &ldnpolifla f ange

from about P, 0 reasure is
general ly i CF lb 1l;]gt'—’%b% }sigfgf%%tg ggné&l 51f get%? a%r o%)about lto
100 bar, m%‘é‘?‘ﬁdcg’llép frRAA %98156 bar’*t8af ?cQﬂ‘giﬂ nﬂ)F%f M5y PP 1 to
20 bar. Dur hie tive beegéthern 2 BjagbgcPPespasrdeei s Fre@ MAXEEIS Afake
corresponsi p@guta)l:tﬂyabfaphmm:lmrwm B. consuned, with the pressure in the

aut ocl ave renmi ning essentially constant. The reaction tinme is from about
fIO ngocgnngte t% %wea@ém f)cpeTgrt&ermo Ilehemé& canvee Sék?étltln%ﬁefféi@c“ on
preferably F'f% % cgouf‘g‘i‘l %ofmgg é ﬁp s T@s ud‘hDaE Cﬁ}ggﬁde%ﬁrgg%lydrogen
cyani de i s PERIft &Yt RE ‘é%‘f’cﬂﬂ HHED PRAS rﬁ‘{‘ftﬁ‘ﬂl?ss‘f‘f}h@ #Bt enperature is
kept essé&®ially constant at the reaction tenperature set during

0050/ 52960 12 & heradditionmetfalhydmpgend cisansdé. fMbmkepprisg cdrer i ed out by
customary nethesls: HdmeeaDrdsifs ex@PAr #dvdit agbbus Neompdnaast £k badtbusach ene
and the unrg Qcéﬁfbx{}]%%ogﬁ R, dsce Thcdbn¥Rsd 136 EX] r20id20s , APk

fractional ly_di Si/alrﬁ'é:[ﬁg%h Chelrcr)r;ll ngorr e@etol) ?gg’/lrgxes re fo separate of f

the pr oduct ROLR ecov The’sti Cat 8'yst3In a further
useful vabi Qnﬁ(bff"toﬂélﬁf’%%%%’se“@f)b‘tllﬁ% present invention, the addition
reaction of the hydrogen cyanide with the 10 1, 3-but adi ene- cont ai ni ng
hydr ocar bonafit&t utte ireacaisn etf ahe baimhiiieoa. mékedk,coaapsenti @t [thet he sane
reaction Coraglhhémra&edaﬁcwme@ babshHEh ISR ¢ OPké NIAUS tRHRCLELADE the

mai nt ai ned, tQHLs %wnﬁl deeaegeﬂ%' ge mh 42t bY hfasd & ). All of

t he hydr e 1.n e inl |a 5 t he
prepar at i %%4 R ?l”l Frad f?roﬁeguﬁu?%aagene ¢ofitai n| n fp1s b%ge g"%ﬁ:g&addl tion
of 2 ol ar éé}ﬁpv‘a’f&ﬁ% 8F PYRRBIGEN 1By ShAHE AN BRURg o g‘d frivo 8B steps:
20 1. Prepabarpbydoideni gt uirsngiecadarofristePrnslertrasheriarttyd e function.
2. lsonerization of the 2-methyl-3-butenenitrile present in these m xtures
to form 3- pent gngaiildul @r @ dort IR EHZ MBI m@ht 25a tdtEnpleReBE (V) kiikR
formed 1 Nygl Rigay@y AMhBERRIRENLBABALLLAH (B1Rk! eﬁ&Yod‘i‘fo‘%ﬁﬁBh&é‘ dehe ni xtures

fromstep I ent e enitriles. . ver r Opor. t i, f

3- pentenem P‘PPP@h%?phiatﬁeEf‘%%re%slotcrainlg and. ce{:e\(;aerl Snal nP ?giﬁ“téf‘gg 2
conj ugat ed 2efBAE hAsficd PRI Bhah fessTaPbadt 4y Ithe. éﬁ’f‘e?ferﬁattf*fl?eapf\’/%cé‘ﬁlﬂﬁy act
as catal yst 198866%%.1.shoul d be forned. 3. Preparation of adiponitrile by
addi tion of hydrogen cyanide onto the 4-pentenenitrile which has previously
been for ngd 1inntBE @f’atdsllwohsxﬁéwﬂ zahploxdd, tthe Ropantrenasi bfidwadsataed in

step 2. By- qumé Ysh i, Séam' %aHEehﬁ&lcﬂrl ytgpogitrile from
t he Mark t0,4- t tril th
e o o e S e B Bt et o

The transition metal complexes can be free of ligands other than
45 the phosphonites I.



40 3- pent erpydrsdgsond et hyl succinonitrile fromthe Markovni kov addition
of hydrogen cyanide onto 3-pentenenitrile. 45 0050/ 52960 13 The novel
catal ysts based on phosphonite |igands can al so be used advantageously for
the structural isonerization and doublg bond isonerization in step 2 and/or
the second addition_ of h%gro en cyani de inv%#?% 3. 5 Advant aﬁeo sly, the
catalysts (HEdCAREDHG MG IEGAE HEPTHIESER MR BIFEPGR RS OBNSpl thPendRi gh
sel ecti vi t yint @ddhtiomri®addpt Peespiiaddtes s obiod gEamPHe tTHETHY-8F o8YHhaSi on of
1, 3- but adi ervetoontai ke ngdipdnbcailzon 3rpatterenitburti 1 hed-meanteabsotdilehe

adm xed Wi th@RheXCesuteheRY€f OUEN NpEDhslesudn ReUbuBRPIa’ a3kl phelgpsiuki on
of inactiy& isokabs ddert QAPBUELSIc GroBopRbSHEiels!, ) mEXGPHADHiAEEsE T i NG. 1N
contrast 1o KHo dr.qcyanation catal ysts based on unconpl exed phosphi ne
and phosphi"loé’op}qg%% srflqt e Ctal At 1 SPeonpri sing a phosphonite | are thus
suitable not only 15 for continuous hydrocyanati on processes in which an
excess of IBidr pgeparyEivndefi authetnapsgdtion mabalucemplerasesenabe ycaxxried

ef f ecti vel yourv blydrét atds anadofous IMthose | desptsbpiotesiees landr bain)
processegg i i Maikahip fe | B BR-RXSESP7 Ofoshyds ogen seyanydle ds08nNesalddy present.
The catal y§fs Jusegoacesy diddg ép%grﬂ}gﬁ%r PEEAL 1 AR aésgi'&mnpﬁi@ Lhe

d
hydr ocyanation processes bas m_gener. I Spl.a “gher_cat al yst
recycl e rat‘%?g_‘t&r’ralp%ntg‘élr'ocfgfgﬂls? NojL [ ?‘5?! ntg”t'l"i%g Yﬁaﬁh%@hﬁﬁ&/\ﬂr processes.
Apart from tHePetohvhiRhOSPPaEER 11IANSS| BY aF 2R asdPaAnt AgED RROFBR 18D 0gi call
reasons si neatilyeoni eeletpani be ther mbdspbihonidsst fonf ofhe pregentve 25

cat al yst 1sv idvemydongen cyanide is highly toxic and has to be worked up or
di sposed of at high cost. Apart fromthe hydrocyanation of

1, 3- but adi epe- b Dj o] i , y : esent
[vention ars %8%%%2#%&@%& fane %egr;%ﬁﬁgé&f%%%a? f’fﬁfﬁ ig‘%%%fi%]
processes. it A8ufar2 i o™ Y S Tl e Bt ‘%"}?@eﬁﬁaﬁ%c‘g};& ¥ R of
unactivated olefins, e.g. styrene and 3-pentenenitrile. The addition of

hydr ocya®0 citadiag been foungl ¢bi bé cpaituibhéabbnchdvandbgeds proeseacehaf a

cat al yst systfaipidcenrfkiy) combhéxdy efehhei peddntOAnvent Al tascubedldie

addi tion oni0 gt 3l EREorPlofORYAr e RRIICRENA lddd 0141 PRIY QIRBLE boIHr 8
mxture of shGlRenk eNCM i LoSots mﬁcgsg@ra&% Q08 UHIBNEG fid i 1 €S in

th i t 1 g t f 1 40 i
e presencl 3 CA VL ptle B ier s P DI BT, Py T, o i

3- pent enéhi bytadiengafo givenRaBevtisrs A9BPEAF ired-Jathy h-1thutgrestkcelof one
or nore Leward Scipdstesemitorbeer $t Wi cquably vheatebeoastio/iusge, thel ectivity
or both of thnsGatiahysétflyTonpleked T pheseiNervivants ofatdlgsssbie fHeonot ers
are 1 nor gané&di_ac'l@_nOBQach&oﬁaﬁQgp%Qﬁ%n_lta ¥hi £ ilch@o6B8id Wbraswastecded from
Fhe group Cocr;és'csotnl'ﬂga éd Sw%%rﬂdlauﬂréﬂ tra%[lgﬂni/carl{%%li@ b&p& OrPo'anxmwmese’
iron, cobaltS copﬂe , 21 n¢, ‘horon, alum num ytiriu zir'‘coni.u

0050/ 52988 ABEH S8 BRYP D RPBGeRfint -RERHFPERT S Héh %G aﬁ%ln"t‘?{ﬁnlﬁﬁnéhﬂ%% whi ch
may be menthiragegr shoy@D, PZRESTaAYCI32> PerReRRitaidr?, t@HIVE Cu( 03SCF3) z,
Cod 2, Col 2adfenitrEe€l Jr atb23-patienoiEFe2terE Ord TP EnoiicCegtedd Qr3,

a Ti (O i so-Rijthredh€hdredt,Cpde féd4HE; B pehfbho)AStars ( GuiHgiv2ALCL,

(i so-CAH9) zAl JandfhzMEd e RIALCL2, Red 5, Zrd 4, Zrd 2, NbAS, VC13, COd 2,
MOC15, YCL3, a2, Lad 3, Er(03SCF3)3, Yb(02CCF3)3, SnC 3, B(C6H5) 3,

Tad S, aS"are general lY descri hed, .for exarrgle i.n 98 6,171,996 Bl. Furt her
suitabl e promotas dikprisp heanyEgudd Y& pRAEH IS, AGB VRIS B 456 218
10 and US 4thg4ramsitipedetednpPrREcsas F §h¢ (RFESEEK ABVEHACR 480l 2 and
Sndl 2, and caigslyswst ahl tie deopeundst Suc lofasr RiiC] 21 tRI B3 OFRaghilcR3B,
where R is afedliywhgeRUghdmidiyle gfip ibSnbatesitjujated, @i 884 descri bes
the sel eqbl o finidy ABLAIS Wi, Fof 1L LhOThIdRI1288:1 O ﬁ{"?‘“er;lto

i s yti A . . .

pronoters ig?: %d‘é’ lCéCﬁ ‘ééerl‘?endltf)h%na flt"% &Eﬁé grgetﬁ’&%tagﬁ)%gﬁ,ﬁg%grey Zis
CF3S03, CH3EBYHMSEISOrs (EBHEHSIBER. EHHE g Metat S BPLEFORT e~ EoPRE R Y in
t he cat al ysingsattiom eanc@rlystisninhehe difgEer i o 1om @t 8T GTRIE PALFLteher
advant ageousn ewthiadi rreat nbfriledgooypnid icomjapated ovigshi 2at o bafimdy Beublrind i n
US 5, 981 4878onahose contents are hereby incorporated by reference, with the
proviso that a 25 catal yst system according to the present invention or a
m xture of such catal yst systens is used in place of the catalysts
mentioned in the patent cited. A further advantageous enbodi nent of
hydrocyanation may be found in US 6,127,567, whose contents are hereby

i ncorporated by 30 reference, with the proviso that a catal yst system
according to the present invention or a m xture of such catal yst systens is
used in place of the catalysts nentioned in the patent cited. A further
advant ageous enbodi nent of hydrocyanati on and

Q




35 i soneri 250628880 be found in US 5,693, 843, whose contents are hereby

I ncorporated by reference, with the proviso that a catal yst system
according to the present invention or a m xture of such catal yst systens is
used in place of the catal ysts rrentlo dinthe patent cited. 40 A further

advant ageous enbodi rrent of h§§ anatlon may Qe found in US 5,523,453,
fhose cont GHOCAPES HETieipe; AT DU Ced PRy A Eneetd (T EREOH W iCo t hat
a catal yst ctwaévtlenb%wrdufﬁg tbetllrf@nwfegémor} e RrPaRiQMiATHLRS FaD ¢ such
cat al yst sysiretiedi sutisied ai naphec encfloghes cat alhptsdesot ilenlgd fon éteenpiat, ent
cited. 45 er%OéliZ?ﬁélzsl%rTh@ 9§1}V6illlt5|59nb* ddd1ysbrat &bt etiheré ol 4awigng
nonl i m t 'é‘gc ‘?ﬁonl@&%”ﬁlas&ﬁbq‘%h)ék MRS Sndebes i Laed 1oy 9a%
chronatogra[gﬁey tum m St tenperature program 5 mnutes
i sot her nal s§ PYEFR84ating at a rate of 50 mn to 240C gas
chr omat ogr aph: Hew ett Packard HP 5890) 10 A1l exanples were carried out
under a pr dthectinventiqorelsenpsphicdes. aThroedds dwiraprepamingk sigoyrgsnos-t ol yl
phosphi te) nchodssedifhis -hbnomnMirineschapinginogcadnybgdnedve-ghanafc-M (0), 19%
by wei ghig tformrsP 89t BREidyainh 81 &M/ @ @Y 3 biyu ki iGhk - eimmnnntng gdf)ch,{h%%hte
R ng an M AL! 00 ofnd phestls dﬁ B 19 1EEONCRA0LHE HiovR® agBobet? 40 F -
t

F O P~ rgan
stems accor 1ng o present invention as catalyst.

The preparation of monoolefinic Cs-mononitriles by the process of

15 the present invention is preferably carried out using a
hydrocarbon mixture having a 1,3-butadiene content of at least
10% by volume, preferably at least 25% by volume, in particular
at least 40% by volume.

20 To prepare mixtures of monoolefinic Cs-mononitriles which
comprise, for example, 3-pentenenitrile and
2-methyl-3-butenenitrile and are suitable as intermediates for
further processing to produce adiponitrile, it is possible to use
pure butadiene or 1,3-butadiene-containing hydrocarbon mixtures.

25
1,3-Butadiene-containing hydrocarbon mixtures are available on an
industrial scale. Thus, for example, the processing of petroleum
by steam cracking of naphtha produces a hydrocarbon mixture known
as C4 fraction which has a high total olefin content, with about

30 40% being 1,3-butadiene 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.

35 Pure 1,3-butadiene can be isolated from industrially available
hydrocarbon mixtures by, for example, extractive distillation.

C4 fractions are, if desired, substantially freed of alkynes, e.qg.
propyne or butyne, of 1,2-dienes, e.g. propadiene, and of

40 alkenynes, e.g. vinylacetylene. Otherwise, products in which a
C=C double bond is conjugated with the C=N bond are sometimes
obtained. It is known from "Applied Homogeneous Catalysis with
Organometalic Compounds”, vol. 1, VCH Weinheim, p. 479, that the
conjugated 2-pentenenitrile formed in the isomerization of

45 2-methyl-3-butenenitrile and 3-pentenenitrile acts as a reaction
inhibitor for the second addition of hydrogen cyanide to form
adiponitrile. It has been found that the abovementioned
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10
conjugated nitriles obtained in the hydrocyanation of an
unpretreated C; fraction also act as catalyst poisons for the
first reaction step of the preparation of adipic acid, namely the
monoaddition of hydrogen cyanide.

For this reason, it may be useful to free the hydrocarbon mixture
partly or completely of components which form catalyst poisons in
the catalytic hydrocyanation, in particular alkynes, 1,2-dienes
and mixtures thereof. To remove these components, the C; fraction
is subjected to a catalytic partial hydrogenation before the
addition of hydrogen cyanide. This partial hydrogenation is
carried out in the presence of a hydrogenation catalyst which is
capable of selectively hydrogenating alkynes and 1,2-dienes in
the presence of other dienes and monoolefins.

Suitable heterogeneous catalyst systems generally comprise a
transition metal compound on an inert support. Suitable inorganic
supports are the customary oxides, in particular silicon and
aluminum oxides, aluminosilicates, zeolites, carbides, nitrides,
etc., and mixtures thereof. Preference is given to using Al;O3,
Si0, and mixtures thereof as supports. In particular, the
heterogeneous catalysts used are those described in
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.

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.

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
known to those skilled in the art and are described, for example,
in Ullmanns Enzyklopidie der technischen Chemie, vol. 1, 3rd
edition, 1951, p. 743 ff. The continuous variant of the process
of the present invention is preferably carried out using a
cascade of stirred vessels or a tube reactor.

In a preferred variant of the process of the present invention,
the addition reaction of hydrogen cyanide with 1,3-butadiene or a
1,3-butadiene-containing hydrocarbon mixture is carried out
semicontinuously.

The semicontinuous process comprises:



45 0050062069829605 10 C/ Ligand 6 15 F/ \ Ni(COD)Z is an abbreviation
for bis(1l, 4-cyclooctadiene)N (0), 2M3BN for 2-nethyl-3-butenenitrile,

t 2M2BN for trans-2-nethyl-2-butenenitrile, c2M2BN for 20
cis-2-methyl-2-butenenitrile, t2PN forystrans-2-pentenenitrile, 4PN for

4-pentenenitril t 3PN for trans-3:pentenenitrile, c3PN for . .

¢i 5.3 pent ehbni TIATERINERF T ol ibh of 1 AMGRPEFTRER DISRUFS: thalesdmedt tapn
and c3PN, BD fopazt Piptihadreiegepchy#ptdeanpddod yAriocyengt ippe el yst

adi ponitril e anecci@ingr t@5theetprehgat ofnveartiofxahpldesited: pradurned zati on of
2- met hyl - 3- but esiii,t knkie i degieetiengnddiviene, 30 Exanple 1 (conparison) (0.5
mmol of N5(0)) 1 equivalent of nickel (0)-(m/p-tolyl phosphite) was adm xed

w th 465 equj val ent.s _of a to .l | e re taken from
t he reacti gkﬁi m&?aucrtemgf Fé&@g%&%u?gs&%ﬁ@&ﬁ é%‘%%%acm@ﬁuggé\e%, and anal yzed

by gas chromat otREFIH PRI P T SEESBY G éﬁ)t.% PRETPHT GWPRYST RS TREr &
obt ai ned:  40Ti ¥ XAVBBRE PRLBNGINVEBNE 2 PP mAnsPed ¢ 3PNSPN 2 MBBNOO
m n84. 51. 30. 313. 00. 15180 m n72. 41.50. 524. 40. 34 F Exanple 2 (according to

the preseptci Nvesipg1er)ingOche relve®Eid® BY @0bkriod MOAred860eaction and

subsequently working up the mixture.

Suitable pressure-rated reactors are known to those skilled in
the art and are described, for example, in Ullmanns Enzyklopddie

15 der technischen Chemie, vol. 1, 3rd edition, 1951, p. 769 ff. In
general, the process of the present invention is carried out
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:

20
Step a):
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

25 commencement of the reaction. Suitable solvents are those
mentioned above for the preparation of the catalysts of the
present invention, preferably aromatic hydrocarbons such as
toluene and xylene, or tetrahydrofuran.

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

35 bar, preferably from about 1 to 100 bar, in particular from 1 to
50 bar, particularly preferably from 1 to 20 bar. During the
reaction, hydrogen cyanide is fed in at a rate corresponding to
that at which it is consumed, with the pressure in the autoclave
remaining essentially constant. The reaction time is from about

40 30 minutes to 5 hours.

Step c):

To complete the conversion, the reaction time can be followed by

an after-reaction time of up to about 5 hours, preferably from
45 about 1 hour to 3.5 hours, during which no more hydrogen cyanide

is fed into the autoclave. During this time, the temperature is

kept essentially constant at the reaction temperature set during



18 1 equi vabesd /52960 (COD) 2 was adm xed with 3 equivalents of ligand 1 and
465 equival ents of 2M3BN, stirred at 25C for 1 hour and then heated to
115C. Sanpl es were taken fromthe reaction mxture after 90 m nutes and
after 180 minutes and anal yzed by gas ;% chromatography (GC percent by

area). The follo results were obta| ned
Ti me2MBBNt 2?&%[66’%7&% NI IBRE W%ém’é’ is carried out by

i n35. 84000@%%@?82&?@@%GEQOCWW%.%SSSBEF%G’@. 083 B> BFepstetanyl es
3-9: Hydr ocyahdtitediefhe Riperhenenieadted hydfogen sdiapodet ré {e Byawpsimg
(conpari sondr (dktratgidbn pfarld ERhdt 2Ehall 18qdised Fnitngofthai e&ed ifing( pea@eicl vl

phosphi t ey Mﬁ&lﬁ%mtzsegeymta&e?:ééfegﬁa Gk es Of £ IRNueShhd kover2bfe f or one
hour and hegtleldlt%tzg %taq(}léltval ent of ZnCl 2 was added to this m xture and

the mixture®vwEs Stiired further 5 minutes. 94 equival ents of HCN h*Ni
in a stream of argon carrier gas were then introduced. 25 Sanples were

t aken from ¥mer fagehppnusaialuvar ddrero3Gha peeess 6f rhawreeseatd 150

m nut es andimwveitioed blye gakiichponeeagrizphyt (G gedeegen byyasdidghwith nther nal
st andar djoei hylhraaesss-cdia inehy Oy dipdaesuh tisivmire abt eanedd 30t

;: g%&?aﬁ igel1 Mbty, (os3fe Th IS, %%%OSZéJ@@a@Ql?néoﬁa&qo%%?gs315gm3| .
4 (conparis Z ]ijﬁ’e 5¥°g ft@%%k]l égﬁ g%?%% s L‘ﬁ N: ZQV\/%sr%e(ldm xed
with 3 equi ¥&fEniadads hyd val Jerhtssteé’f 3PN FBE at 25C
for one houhydrrbemegyanide lm@nclu@%ﬁ,ukﬁaltéﬁt ipftizdorchange- added to this

m xture asd the m xture was stirred for a further 5 mnutes. 142

equi val ent sypfgdieiah’ Nehé priepatrheash Ot AdgPBnLarfiliecErgasaver e 45 then

i ntroduced. §@éﬁl‘e‘?§-\é’8ﬁ€a$rﬁ‘iﬁ“m&&9@}é hﬂ, ’ eam&m dJ¥ 3t H&@a@féq%lé%myut es

and after \/\Er?’g‘f-. rto%%nag arSamqae yzed, by T ltdh g 29/,3296 ﬂlig lfphr omat ogr aphy (GC
e

percent by Inte standar enzene ollowing results
were obtained: 5 Ti mal\/GNADNADN sel ecti vi ty30 m nl. 8018. 9191. 360

mi n2. 513205792, BrapprpfdoandfimixgurepNef drsrBgnopkefingo having @ ikralees.
Exanpl e 5 (accofdneigidne t he present invention) (0.65 mml of Ni(0)) 15 1
equi val ent of N (COD)Z was adm xed with 3 equivalents of ligand 1 and 365

equi val ent s, of §%\lneﬁtz'art&8ﬂ & &rCoL faétme.ah%weemmfa@egrweﬂto%

equi val ent o

ture tirred
for a further 5 t"g‘éctu%se u?f\f)alme t%en © &Iﬁ%ﬁ”\fg andmls ?gﬁérl\n%g %ar%on
carrier ¢&s vveréh?ﬁiﬁ?@*}epﬁﬁm}@eéwﬁ‘éﬁﬁrbé:hﬁérﬂﬂaﬁ{@ntf‘?om the reaction
m xture after 43-penhanenisndlelrieadyepregantansl yhedninruges Eremddedglaphy
(GC percent by wei fgrim vantieusal-penaedan it ridtelsy| Bevagnd)ighTheopat dion nf
results were Ob?,aﬂ)élﬁfianegﬁtfii@mm&{l&&hh&i &yd (a$)v@5y small
mi nl. 4614. 1290. g@gps@%ngazl o808 302 THhRHRHIE - Pfe 2N formed was 0. 31
after 603%|n “methyl-2-butenenitrile, which may act as catalyst poisons,

should be formed.

3. Preparation of adiponitrile by addition of hydrogen cyanide

onto the 4-pentenenitrile which has previously been formed in

35 situ by isomerization of the 3-pentenenitrile formed in step
2. By-products formed are, for example,
2-methylglutaronitrile from the Markovnikov addition of
hydrogen cyanide onto 4-pentenenitrile or the
anti-Markovnikov addition of hydrogen cyanide onto

40 3-pentenenitrile and ethyl succinonitrile from the
Markovnikov addition of hydrogen cyanide onto
3-pentenenitrile.

45



Exanpl e 6 (00s0r529¢0to the present invention) (0.49 mmol of Ni(0)) 35 1
equi val ent of N (COD)2 was adm xed with 3 equivalents of ligand 3 and 365
equi val ents of 3PN, stirred at 25C for one hour and heated to 70C. 1

equi val ent of ZnCl 2 was added to this g xture and the m xture was stirred

for a furth 5 t 128 I f
carri erugrgase}ir}%r%’r‘r’]&gufﬁgﬁlX%s g’gﬁﬁgg‘me% 5 Pég%\k‘?— gutg&Rg% ??%%lgﬁgkge%%{ on

m xture aftedvaBo-ageausey &ard tart 8kr - uhedut eemeniraidanyard dapbdgsbond

chr omat ogr apsynerGCapeoneint shepwei gid/on rrher satorst addat don exthylydengeme) . The
fol l owi ng repadice war eteptai ned: 45 0050/ 52960 20 Ti meMSANADNADN

sel ectivity30 m nl. 9224 0394.560 m nl.9338.0595.2 5 The ampunt of 2PN

f d 89 aft |
nventi on) {8 s agResy WROFEEsHAALH S%d (ORI @Ecﬁ PESREL T o
with 3 equi %&Y%‘I’Ft@nof‘oh‘@“alﬁd &SBHGY 3%3‘ uF’9 P tat e é‘lqniof"agl%{‘mZSC

for one houpreduttsegbtained 7@Cthe hﬂiﬁ%‘&’laéﬁtl@ﬁ HAnCl 2 was added to this
m xt ure andlt hebutiadiene-awrst asinii ng eblydmrcaxbbor hivdruresnbntt gy t@é dbso

equi val eribsbefadﬂ@weh* Ni th Nard eXee83M OThyAregan Cay driitle GAEhAWY @ppReBiable

I nt roduced. a8 %nws e; f kA ho8k ﬂeur ees&b&mdg Xkuge @{4@1 3@)m nutes
and 60 m nu ana q:rr%t ogr ‘9 é;d ht ,

i nt er nal stﬁﬁﬁ%ﬁr Qf:ﬁﬁ%/f)]e’?‘r ery{él coﬁ%aﬁ ol oW NG r rlof:ganatlon Sfyi n)é%” 20
25 Ti me MGNAPRREN %P@EPW}QWP RRY %@"@1990%@% h2920%%. £P64. 3 The
amount of 2PaAkdlyshsd camprisiry af phesPnditeuieare phagpbuitalc dotdPRlY to t he
present i18veat i comtiptots myrrocyhnd0idd (M¥predsesuinaihenh af d¥ceSEDPE was
adm xed w th yr&stifl Cghands & thegasskGicieidbbre&whnyakasts1Bf baPN, stirred
at 25C for g E éﬁwgl?nqvgf@éae%ukoam& fok %gh{w@m%o% EP&:Le?ss‘%s afdded to

o]

this m xtur ture L e 123

Ui val ont s PBEHARATPREST rith o Fhah D7 Ss S3RRarTT draaaon e e

i nt roduced. 9SAPFAEY REPESRLK Fher FRRRIYRES &58t; 6‘?F9ﬁd>€'t“gr an‘flieerprgﬁef’ﬁ: nut es
and 60 mi2QutievertricPranatykel hydrgayapstmarsgrapiss ta@segerteHiemby wei ght,

i nternal st geaferdllyi@iephyy Heigheneratdhestl akbpulengratesubbd lwergerobt ai ned:
Ti rTENGNADNAQEIt§ HCopeirhY 3%y i s24R4n H&knéﬁﬁﬁ@rdﬂé@%aé?‘lﬁp&]@&rgm the

0050/ 52960 {[ﬂ# cars%gaa Pglgogg?i A3nladlod] L& Blaf s zofs le 9
i

(according to % i nve Lgaui val ent of

ni ckel (0) - ( fHPREL eylnlgﬁ Q’eaeﬁﬂhoré °§ ﬁl Va nlts of ligand 6
and 365 ééupa*aﬁbsrﬁts wit r%‘teinr F@ﬂnh@e %hﬂahlﬁn@’ﬁﬁuﬁnanﬁa%é& 88 to 70C.
1 equi val enwooke&n prudésposed of at high cost.

Apart from the hydrocyanation of 1,3-butadiene-containing
hydrocarbon mixtures, the systems of the present invention are
30 generally suitable for all customary hydrocyanation processes.
Particular mention may be made of the hydrocyanation of
unactivated olefins, e.g. styrene and 3-pentenenitrile.

The addition of hydrocyanic acid onto an olefinic double bond in
35 the presence of a catalyst system according to the present
invention, in particular the addition onto butadiene or onto
3-pentenenitrile, 4-pentenenitrile or a mixture of such
pentenenitriles or the isomerization of organic nitriles in the
presence of a catalyst system according to the present invention,
40 in particular the isomerization of 2-methyl-3-butenenitrile to
3-pentenenitrile, can advantageously be carried out in the
presence of one or more Lewis acids as promoters which influence
the activity, selectivity or both of the catalyst system of the
present invention. Possible promoters are inorganic and organic
45 compounds in which the cation is selected from the group
consisting of scandium, titanium, vanadium, chromium, manganese,
iron, cobalt, copper, zinc, boron, aluminum, yttrium, zirconium,



10  added tophso 52960 ure and the m xture was stirred for a further 5

m nutes. 127 equivalents of HCNh*Ni in a stream of argon carrier gas were
then i ntroduced. Sanples were taken fromthe reaction m xture after 30

m nutes and 60 m nutes and anal yzed b 49as chr omat ogr aphy (GC percent by

wei ght, internal standard 15 eth lbenz n The fql | ow ng resu ts wer e
bt oi ned | THIRMERADAG S To: POyt APRTL BN 39D- COEBP LRI YA T 402 2

The anount lo# HEEPNlPD?@(E%FQ/\/e@BIZOZZT&thre?n% nmZabPes Cubtanffued 110- 14:
Hydr ocyanat Cwo;strhLt,adbehe, t@Ibprields BePknt Eechp i ridCd . ErEmpl,e 10
(ﬁormﬁr It Son'i'l(fl]q(ms2,Oleblllﬁp)'ﬁlch3¢q¢ll'ﬂﬂ|cﬁ-:3.fsoof’r)”\;,:c clmab(Lp,) S(c@lép ztlcdm: f
phosphite v, t ivalents o
HCN i n THEY@éZ: {:ﬁ“e' g[g s?ﬁl)%q ?9% (ggeéﬁcq% eq) E'f
t enper at ur eX PESCE & g{f]’ ét’l 31
det er mi ned %S/(% 3) of YRAO2GHFsD palS n%("FestHéh'ar?@céﬁt s f‘S‘G ﬁ‘??\%‘f%]slyt he
conver si on @éésdiGhednt fop NBBNPARdiB AN \ﬁa§7d|99996 Blinedubyhefassugsable
chr omat ogr aplymdte@spere eddsdribesi gintthd pheentd U andasd21et lug bengerx)s The
fol | owi nqor gsaildss aven g, o3 aithede c{mg%l RbesDalalt@TBeERTAN €3@15] N&R,350
i n80. 560 1804180 M0G0 3ndReea HROLBRSHM G Meh! Bl dM 1. LEIBLALH @
i ncrease occucs A ﬁ %Bs? t@’? catalyst 1.s.not _ver é I‘\%a
conversi on 879 R i KRS NBER 3PN §r8BP” FhT¥ar 5O R#
1/ 3. 4. Exanpt &7 4/B8¢c8apaFiResnthe1splration W(Wﬁermsiléﬁ{ﬂw&féﬁf’tb‘fe
Ni ( COD) Z wasomsbinatédnei ¢fh Froxgteval entigcgkake gt cathhyTHFE fodriv20y ndhut es.
Thi s sol usi eRe V- aa§Btxegstunt.h Pobferrpd vabaotsr©firdludadcdl3 , egecval ent s of
HCN in THF, zﬂéﬁceﬂ(tﬂiﬂﬂ&ﬁés @H%P{S’n@vewﬁér@icl‘%ndFmt e8ulqQug8s; okhe

i

tenperature Ll_g? reaction ghtly exotherm c reaction) was
determ ned f)y rreans of an internal thernoneter and after 180 m nutes the

conversion of HCN into 2MBBN and 3PN was determ ned by gas chromat ography

(GC per cent Thg nelisghtatiot@h PACTSESR det d11°§FF1y+IbetrP£eﬁé)'-a1YI% SSEPBW Y
resul ts Werbeoixt diheedang® fiiarellnflerbal5G:dnper at urel5 m n82. 22530 mi n82. 1120
mn --81.1 - Virtually no tenperature increase occurs. This nmeans that the

catalyst is n@ﬁre&@ry a@@&hgﬁo@g Eﬂﬁo&ﬁﬁé&r %!EOH @Eodsmlaw&@ ZBBN 3PN was

97.5. The rat | of
N(0)) 35 1 maeiimetlBR ieﬁ% Rl B i i

Lte

1.2 equi val Eﬁg%bibflnlco Bﬂﬂa?e rlPYT i} % Hoh tlPel’lﬂ ?Véﬁ?u’\f,\?ac?n was admi xed
Wi t h 480 25qapval st §Y§FeB[ﬁ%{-’rﬂ¥d499 é@mhﬁalpéﬁﬁgnbflmmtrlﬁnw a JLEEBERIi n a
gl ass aut ocbévsuat c25€lapstl diedtemd o BHA in place of the catalysts

mentioned in the patent cited.
A further advantageous embodiment of hydrocyanation may be found
in US 6,127,567, whose contents are hereby incorporated by

30 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 catalysts mentioned in the patent cited.

A further advantageous embodiment of hydrocyanation and

35 isomerization may be found in US 5,693,843, 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 catalysts
mentioned in the patent cited.

40 A further advantageous embodiment of hydrocyanation may be found
in US 5,523,453, 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 mentioned in the patent cited.
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40 The tenpxos048296uri ng the reaction (slightly exotherm c reaction) was
determ ned by neans of an internal thernoneter and after 180 m nutes the
conversion of HCN into 2M3BN and 3PN was determ ned by gas chromatography
(GC percent by wei ght i nt ernal standgrd et hyl benzene). The follow ng

't ot : 050/ 5296 |t er nal .at ur e30
I n83. 060, A SIS0 1had 410 B0YS et CORVArE, B DRGB! nt o

2MBBN 3PN v@¥%amPlgss$. The ratio of 2MBBN/ 3PN was 1.35/1. 10 Exanple 13
(according to the present invention) (1 mml of N (0)) 1 equival ent of

Ni (COD) 2 wesxatplesed with 3 equivalents of ligand 5 in THF for 20 mi nutes.
This sol ugi on was adm xed with 481 15 equi val ent s of BD and 400 equival ents

of HONin THE, alaged, ib aQkans,ay L‘ecﬁf o35 hgeﬁéo%mg,o $9G, The
t errper at ure u reacti on r
ot or e nod HAAidafachs atr?“lpﬁtréFH ABis é‘i’”’a\’r’f&saf-f%‘? SEEB LR 6Lt he

conver si on 'd‘iemmaicml@ Mmaéﬁdo@,ﬁﬂcmgnd@ 49’ Redgasy daemapograph:
chr omat ogr apdwl etECPpekaehtHPbB89L) ght, i nternal standard: ethyl benzene). The
fol | om nggoresults were obtained: 25 30 Tinelnternal tenperature3 m n904

M n14710 mgﬂg ﬁ%gﬁ%ﬂe 0yE D v b k0 2UBENLIRY uas above 99-

The ratio o was 1/'1.16. Exanple 14 (according to the present

i nvention) ¢ 5t N (0)) 35 40 45 1 equi val ent of nickel (0)-(m/p-tolyl
phosphi te) vvas stirred with 1.2 equivalents of ligand 5 in THF for 12
hours. Thi sThelapbreriakbomavicked(q t(m/p480byhi RhasPhite bf isBPsgAdfgpDR

equi val emssmiftui@Ncompdi#ingl2aded bn veighasst aut(@gl, aves aty eGCgahdoheated to
80C. Ti el ng sgditlene8MPLl B WNA5 781 68Y By kendiBO1e: m/plediyD pHoedhite

0050/ 52960 Q§V1ng an m:p ratio of 2:1.

Chelating ligands used were:
20 F F

30
F
35

Ligand 2

45




The conver so050 0529601 i nt o 2M3BN 3PN was above 99~. The ratio of 2M3BN 3PN
was 1.26/1. 5 10 15 20 25 30 35 40 45 0050/52960 25 W claim 1. A
phosphonite | of the formula 1 or 2 5 formula 1 R6 R RS ~ R7T RS ~ R7T R4 |

~ReRI ~RB10 Xn/ ~i ~~ X P~-0 OjP R V' 1 \ RLRR ~R3R3 ~R R R
15 formula z R RS R\ RT R\ R6 20 R4 ~ ~ RB R4 ~ ~ R7 Xn Xn~P O O-P R1
I V' / I RL 25 ~i R\ R where 30 3%

5 f O—P\O

10
15
20
25
30

35

3.

CF3 CF3

Ligand 5

40

45



Rl, R2, R5,00%0/5296&8, RO are each, independently of one anot her,

hydr ogen, an al kyl or al kyl ene group having from1 to 8 carbon atons or an
al koxy group having from1l to 8 carbon atons, R3 is Hor nethyl, R4 is

i -propyl or t-butyl, 40 Xis F, Cl or gF3 n is 1 or 2 and al so net hods of
preparing them their use as ligands in 45 transition netal conpl exes,
novel transition nmetal conpl exes,_processes for preparing them their use
as catal ysts and 0050/ 52960 25 W claim 1. A phosphonite | of the
formula 1 or 2 5 formula 1 R6 \ R RS\ RTRA1 /| RBRAI /| RB10 X n
~~1 O-XP-OOPRLI \ I \ / RBR3" Y'RO RR"R2 15 formula 2 R6
RS R5\ RE RS\ R6 2~ R4 ~ / R8 ~/ Rt Xn Xn~ P OOPRLI \ /| ~RL\ /

25 ~/ R\ R2 where 30 3Y R1, R2[{ R5, R7, R8, RO are each,
i ndependently of one anoth $ dFogen, &N al kyl or al kyl ene group havi ng
from1l to 8 carbon atons o al koxy g hav] from1l to 8 carbon

atons, R3 is H or nethyl, , 40 Xis F, ClL or CF3

10

Ligand 6

15 F

Ni(COD), is an abbreviation for bis(1l,4-cyclooctadiene)Ni(0),
2M3BN for 2-methyl-3-butenenitrile, t2M2BN for
trans-2-methyl-2-butenenitrile, c2M2BN for

20 cis-2-methyl-2-butenenitrile, t2PN for trans-2-pentenenitrile,
4PN for 4-pentenenitrile, t3PN for trans-3-pentenenitrile, c3PN
for cis-3-pentenenitrile, MGN for methylglutaronitrile, 3PN for
the sum of t3PN and c3PN, BD for 1,3-butadiene, HCN for
hydrocyanic acid, ADN for adiponitrile and THF for

25 tetrahydrofuran.

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

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

1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was admixed with
465 equivalents of 2M3BN and heated to 115°C. Samples were taken
from the reaction mixture after 90 minutes and after 180 minutes

35 and analyzed by gas chromatography (GC percent by area). The
following results were obtained:

Time 2M3BN |t2M2BN |c2M2BN |t2PN |4PN t3PN, c3PN 3PN/2
40 M3BN
90 min |84.5 1.3 0.3 13.0 0.15
180 min |72.4 1.5 0.5 24 .4 0.34

Example 2 (according to the present invention) (0.4 mmol of
45 Ni(0))
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12.

claim 12, WEs#ERYe 85 (QOmRAMACNY- bt & iwialt PEI Bi{®) )i soneri zed to

3- pent eneni

trile.

A process for the

t he 15

The
cid
yst

ce

35

13. A process as clained in

. ASYR. A{ 20A1 YeABRaA¥nASEE . didkeABe) A i A-tA3 31 AR AR IAYT . heFeadhdxdd W AZY. ASY

e. A’ 3. A Fe. AsB3efi3afehes APIPRS Yt BVeAP ot i(ﬁl)&@ (fof#offe Honr ahf4Redted to
XfenQX)é%X%XéfX)&BXXXéé
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35

40
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< dlisy éx

XXXXX
equiva

nt bgoaggﬁﬁ??%%ternal standard:

follow1ng results were obtained:

?:}%XL

ethylbenzene).

The

ﬁ§f<<7777<<<

Time MGN ADN ADN selectivity (%)
30 min 3.35 10.75 76.2
60 min 6.87 26.39 79.3
150 min 7.11 27.82 79.6

The amount of 2-PN after 60 minutes was 1.40%.

Example 4 (comparison) (0.55 mmol of Ni(0))

1 equivalent of Ni(COD),; was admixed with 3 equivalents of ligand
2 and 365 equivalents of 3PN, stirred at 25°C for one hour and

heated to 70°C.

142

1 equivalent of ZnCl, was added to this mixture
and the mixture was stirred for a further 5 minutes.

equivalents of HCN/h*Ni in a stream of argon carrier gas were
then introduced. Samples were taken from the reaction mixture
after 30 minutes and after 60 minutes and analyzed by gas
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109% & ()-' 4 (%)
30 min 1.92 24.03 94.5
60 min 1.93 38.05 95.2
5
The amount of 2PN formed was 0.89% after 60 minutes.
Example 7 (according to the present invention) (0.58 mmol of
Ni(0))
10
1 equivalent of Ni(COD), was admixed with 3 equivalents of ligand
4 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. 106
15 equivalents of HCN/h*Ni in a stream of argon carrier gas were
then introduced. Samples were taken from the reaction mixture
after 30 minutes and 60 minutes and analyzed by gas
chromatography (GC percent by weight, internal standard:
ethylbenzene). The following results were obtained:
20
Time MGN ADN ADN selectivity
(%)
30 min 1.32 16.61 92.6
25 (60 min 2,20 36.17 94.3
The amount of 2PN formed was 1.12% after 60 minutes.
Example 8 (according to the present invention) (0.60 mmol of
30 Ni(0))
1 equivalent of Ni(COD); was admixed with 3 equivalents of ligand
6 and 365 equivalents of 3PN, stirred at 25°C for one hour and
heated to 70°C. 1 equivalent of 2ZnCl; was added to this mixture
35 and the mixture was stirred for a further 5 minutes. 123
equivalents of HCN/h*Ni in a stream of argon carrier gas were
then introduced. Samples were taken from the reaction mixture
after 30 minutes and 60 minutes and analyzed by gas
chromatography (GC percent by weight, internal standard:
40 ethylbenzene). The following results were obtained:
Time MGN ADN ADN selectivity
(%)
30 min 2.24 24.17 91.5
45 |60 min 3.57 46.91 92.9
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Virtually no temperature increase occurs. This means that the
catalyst is not very active.

30
The conversion of HCN into 2M3BN/3PN was 97.5%. The ratio of
2M3BN/3PN was 1.5/1.

Example 12 (comparison) (1 mmol of Ni(0))

35
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
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.

40 The temperature during the reaction (slightly exothermic
reaction) was determined 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:
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1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was stirred with

1.2 equivalents of ligand 5 in THF for 12 hours.

This solution

was admixed with 448 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 87

10 min 139

15 min 107

120 min 80
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20 R4 R8s R4 R7

25 R2

where

30
R1, R2, R5, R6, R7, R8, RY9 are each, independently of one
another, hydrogen, an alkyl or alkylene group having from 1
to 8 carbon atoms or an alkoxy group having from 1 to 8
carbon atoms,

35
R3 is H or methyl,
R4 is i-propyl or t-butyl,

40 X is F, Cl or CFj3

n is 1 or 2

and also methods of preparing them, their use as ligands in
45 transition metal complexes, novel transition metal complexes,
processes for preparing them, their use as catalysts and
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where

30
R1, R2, R5, R6, R7, R8, R9 are each, independently of one
another, hydrogen, an alkyl or alkylene group having from 1
to 8 carbon atoms or an alkoxy group having from 1 to 8
carbon atoms,

35
R3 is H or methyl,
R4 is i-propyl or t-butyl,

40 X is F, Cl or CF;

n is 1 or 2

and also methods of preparing them, their use as ligands in
45 transition metal complexes, novel transition metal complexes,
processes for preparing them, their use as catalysts and
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claimed in claim 1 or 2 as ligand.

5. A transition metal complex as claimed in claim 4, wherein the
15 transition metal used is nickel.

6. A process for preparing transition metal complexes as claimed
in claim 4 or 5, which comprises reacting an elemental
transition metal or a chemical compound containing a

20 transition metal with a phosphonite of the formula I.

7. The use of a transition metal complex as claimed in claim 4
or 5 as catalyst.

25 8. The use as claimed in claim 7 as catalyst for the addition of
hydrocyanic acid onto an olefinic double bond.

9. The use as claimed in claim 7 as catalyst for the
isomerization of organic nitriles.
30
10. 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 4 or 5 as catalyst.

35 11. A process as claimed in claim 10, wherein hydrocyanic acid is
added onto butadiene to give a compound selected from the
group consisting of 2-methyl-3-butenenitrile and
3-pentenenitrile.

40 12. A process for the isomerization of organic nitriles in the
presence of a transition metal complex as claimed in claim 4
or 5 as catalyst.

13. A process as claimed in claim 12, wherein
45 2-methyl-3-butenenitrile is isomerized to 3-pentenenitrile.



