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ce chdhabydrosysnationof ethy maﬂﬁmmgateéﬁe@pom USIRBt her
fdnsition metal complexes with monodentate phosphite ligands is documented in

the prior art. See, for example, U.S. Patents 3 ,496,215; 3,631,191; 3,655,723, am?
3,766,237, and Tolman et al., Advances in Catalysis, 33, 1, 1985. The
hydrocyanation of activated ethylenically unsaturated compounds, such as with
conjugated ethylenically unsaturated compounds (e.g., butadiene and styrene), and
strained ethylenically unsaturated compounds (e.g., norbomene) proceeds without
the use of a Lewis acid promoter, while hydrocyanation of unactivated
ethylenically unsaturated compounds, such as 1-octene and 3-pentenenitrile,
requires the use of a Lewis acid promoter.

~ Teachings regarding the use of a promoter in the hydrocyanation reaction
appear, for example, in U.S. Patent 3,496,217. This patent discloses an
improvement in hydrocyanation using a promoter selected from a large number of
metal cation compounds with a variety of anions as catalyst promoters; Us.
Patent 3,496,218 discloses a nickel hydrocyanation catalyst promoted with various
uxnn4mnwmﬁngcmmpmmuhghmmmﬁngnﬁﬂmnﬂbmbnandammﬁnmmﬂ
borohydrides. U.S. Patent 4,774,353 discloses a process for the preparation of
dinitriles, including ADN, from unsaturated nitriles, including PN, in the presence
of a zero-valent nickel catalyst and a triorganotin catalyst promoter. Moreover,
U.S. Patent 4,874,884 discloses a process for producing ADN by the zero-valent
nickel-catalyzed hydrocyanation of pentenenitriles in the presence of a synergistic
combination of promoters selected in accordance with the reaction kinetics of the
ADN synthesis.
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will become apparent to those skilled in the art upon reference to the detailed -
description of the invention which hereinafter follows

15 ‘The present invention provxdes a hydrocymauon process, comprising
reacting an acyclic, aliphatic, monoethylenically unsaturated compound in which
the ethylenic double bond is not cOnjuéa"w'd’to any other olefinic group in the
molecule, or 2 monoethylenically unsaturated compound in which the ethylenic

. double bond is conjugated to an organic ester group, with a source of HCN in the

20  presence of a catalyst precursor composition comprising a Lewis acid, a zero-
valent nickel, and at least one multidentate phosphite ligand selected from the
group represented by the following Formulas I, II, ITL, IV, V, VI, and VI, in
which all like reference characters have the same meanmg except as further
explicitly lnmted.




and with the further proviso that in Fornulas I, II, and V at |east one
Rlerr] cannot be a tertiary hydrocarbyl . In the above
catal yst owopediszons, the Lewis acid is considered to be a PCHYS9SN2214
pr onot er. Thé*present invention further provides a catal yst
conposition consisting essentially of zero-valent nickel and at
| east one nultldentate p sphlte | i gand sel ected frBf one of
Formul as I, L, VI and VII as defined above '
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wher ei n [ CO err]Rerr], 4
y is an integer of 0 t& X 1s an integer of?
Rlerr] is H CJerr]R err] orperfluoroal kyl; X is an integer of
1 to 12 when R err] is CN, Femsilall Rlerr] is al kyl FormulalV
One of the ligands useful in the catal yst conpositions of the present
invention is illustrated above by Formula |, as defined. Al kyl groups in
Formul a | 15 can be eitRg strélght chaln or branched. Wien Rlerr] is
OR[err], Rerr] can be prigary secondary or tertiary; exanples
i nclude nethyl, ethyl, isoprs# and t-butyl. In the preferred
qeshoxy groups, or chlorine. As stated in
S ch&racters all of the Rerr] groups in’
erti argf hydrocar byl s; see Corrparative Exanpl e
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20 "hydrocar byl " is well known to the art and desi ghat es'a hydr ocar bon

nol ecul e from whi ch one hydrogen atom has been renoved. Such
st ruct w@esetsz ont ai n singl e, double, or triple RIIMRIS/I2214t he '
preferred Formula | ligand, R err] in each occurrence is
isopropyl, Rerr] is nmethoxy, and Rerr] is hydrogen. In Fornula Il, X

" preferably is CH(Et), where Et stands fﬁ{2 eth Rz Rl err] in each occurrence
is isopropyl, 25 Rlerr] is hydroge d.7each one of Rlerr] and Rlerr]

Kltron ortho to the oxygen

is nethyl, mhere each R err]is in a
= - hydr ocar byl s;

atom Agarn all of the R2 gr
see Conparative Exanple 13 f

Formula 111 ligand, each Rfe = oPylo—RacTNR is hydrogen, X is
CHR[ err], where Rl err] and each Rlerr] is
hydr ogen. In the preferred Fo . '
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Rlerr] and Rlerr] is hydrogen. In the :
each R err] group is isopropyl, each R[Re ==N\Q
methyl with the other Rlerr] being hydrog

In the preferred Formula Vi err] group is

i sopropyl, each Rerr] is hydrogen and R each R err] is hydrogen. In
the preferred Formula VI |igand, g %ﬁﬁr] group is i sopropyl,
and each Rlerr] group is hydrogen an Rl err] group is hydrogen.

The catal yst conposition of the invention may be considered a "precursor"!-
conposition i\MhQrﬁat the zero-val ent nickel at sone point becones conpl exe

Itiokelhshood, addeatlo ‘19 %@‘Wﬁm‘&@&gﬁg%%?ﬁﬁéf“wﬁ@%ﬁ’&%%ﬁa such

as, for exanple, Ayl of t he initial catal yst conposition to

an et hyl eni cal IMRQQQ Hﬁéﬁéﬂeﬁ@ﬁﬂ@é&ﬂdmy 15883 Hds can
be prepar Sd by a varr ety ‘of nethods knovvnorr n the art arl?y 56lcuitd xanpl e,

see descrrptions i %ﬁrropean Pat ent Application 92109599. 8 of
M t subi shl Kas asaclCRR 9 imtleperiently H, halogen, ORIwhekeinR Visa C lek3b, 113 to

tS?r[ghI ori de gr[vgls ’T&S’yr&%ﬁw %ﬁig&ﬂo%g?fg%q'ﬁgg?‘eg@ B O{:nl‘JSt hi s

phosphor ochl ori di tRemmulas IR I, NJWGId)Y%R is at either the meta orparaposmon to
5,5 -di met hyoxy 1ciﬂe 1‘sg{ienyl in the presence of triethylamne gives the -
- above- ed pr eferred |igand of Fornula I.

The zer 03Qal enteach R ds indspendientiy Hoors primarygs seeomdayy Mef&&ér di ng

20 Lo techni ques ciioh daasn it i o orifed pOATInA R/ QyRBIHCORR 1 LS.
an

Pat ent s 496 311 3,846, 461; 3,847,9
whi ch are %% %bd‘ bgi” reference. Zero-val ent ni ckel

conpounds t hat eaanas mdcpendenﬂy(lor@iﬁ&"mmncaﬁ ivH, d substictediplenyl, loe
or ganophosphor us |I%f agﬁ{ @ preferred source of zero-val ent
erre ér

ni ckel . Two such pr o- vaI ent ni ckel r’rpounds 25 are

N (COD)[&2r] (COD i s withsthepro m;nsmondarymd"tert_imy"hminrefer

Ni (P(O o- C[err]H[%ﬁk@d?ﬁ{ddt&xh%h&dﬁﬁd&%ﬁé}ﬁge”]) both of
val

whi ch are known in the_ art. Al ternativel ht _ni_ckel corrpounds may
be conbined with a r #8¢&d e@n&“‘?éﬁr’gea‘!ﬁf Atleast\ppeent

ni ckel in the R%maagta 1d| val ent ni ckel conpounds include
comeuncs o e ol o A Cod P
bor ohydr2@espramedtet. al umi num hydri des, netal alkyls, Zn, Fe, A, Na,
The present invention further provides a catalyst composition consisting
essentially of zero-valent nickel and at least one multidentate phosphite ligand
selected from one of Formulas I, I, I, IV, V, VI and VII, as defined above.

Y para to R2
XhxRl err] is hydrogen.



or H2. Elenental nickel , preferably nickel powder, when conbined with a
hal ogenat ed catayl st, as described in U S. Patent 3,903,120, is also a
syi tabl e woegnssour ce of zero-val ent nickel . PCT/§$R5/12214
nonconj ugat ed acyclic, aI | hatl C, m)noet hyl eni cal | y unsat ur at ed 35

starting materials Us 3 : 2, e

S bt eneni tr1 CS%“"*““‘““‘“?“@M e s d”m"“e“f“m“‘é"%s
-pentenenitrile and 4- ent eneni e ar i a referr

a practical matt Brocegyffthisinvention are shoypin E We@gﬁe ‘Eéﬂ/ ‘&W‘ﬁ“
nonoet hyl eni cal | kﬂﬁﬂmﬂ&ﬁm@p@dﬁcﬂm illvetiated by Formulas IX or XI,
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PCT/ US95/ 1221%  Tespectively, wherein like ceference, characters haye seme meaniog, o anout 10%
by wei ght of the nmono- et hyl eni cal | y unsat urated conpound may be
present in the formof a conjugated g'é'é%a which itself may
under go hydrocyanati 0@1-135@3-1 H— 4 NC—(CH ?-LRM e i s
used, as nmuch as 10% by wei ght -t her eof may beP:BnmamamenltH

used herein, the term"pentefomukMIe" is intended to be i BermBBal i t h

"cyanobut ene"). Suitabl e unsaturated conpounds include unsubstituted
hydrocarbons as wel,l as hydrocarbons substituted with groups which do not

attack t he catal yst, such as cyano. These unsaturated conpounds

i ncl ude nonoet hyl eni cal | y unsat corrpounds containing from?2
to 30 carbons such as 10 ethylene, pr but ene- 1, pentene- 2,
hexene-2, etc., nonconj ugaﬂlg=(!-l—(a-l»x—R4d' mr—;(mmmafat ed
compounds such as all ene, substituted conﬁmﬂsﬂgﬂch as

3-pentenenitrile, 4-pentenenitmwhXyethyl pent-3-enoFermubXhd et hyl eni cal | y
unsat ur at ed conpounds havi ng perfluoroal kyl substituents such as, for

exanpl e, whefeie' 1 Flerr], where z is an integer of up to 20. The
nonoet hyl eni cal | y uqsaturat ed 15 On;%aﬂ:ygs may al so be conjugated to an
ester group such aR*ieHa{N,COR Spor noat e. The
starting ethyl eni cgli$ ¥n iii€gek of 0k@g2;,compounds useful in this i nventi on

-and the hydrgcyanati,on produc of sho abo I n Fornul as
VI 10 thrﬁdﬁﬂ‘ tegF‘ﬁBt@“bE& M ﬁt ﬁ&&s é’\él{{'}g‘} Lhitriles of
Formul a 1 X, while xisafintégeostlod 1EwhenRS iXCON;ahd terminal nitriles of
Formul a Xl . Preferred are nonconjugated |inear al kenes,
nonconj ugated 1i neg‘r %%lhe- nitriles, nonconjugated |inear

al kenoates, |inear al Ore-ofthesligandsnsefulintthe catalysticpmpositions of the presentnes .
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The preferreld prsﬂmegthﬂ‘ is|QRy egécan

g' Eyan?fﬂ kyl elnﬁslsecon et 1%3&:&6 %}leképtoﬁflCBnthbutyl Inthe
per f | uor oa y r opj .oni uc

adi ponitrile, %H%"S‘B%‘ngﬂé\?‘ﬁ&{ E'fé‘? ‘ﬁyeﬁr?ﬂ'?ﬁ’-lf’ﬁ&?lf %%dm

where z o ﬂie?definitibn&ﬁf die reference characters, all bfthe pdm(ﬂmylaiaamu ]

process may be c E"QMV ap heaPh Oferii t

t he reactants, %5@%? “ L‘%&F?on and so ev%’ﬁ le? Aﬁ

preferably, 2he Pytiroceasbyl? isell tathe artand degignates mlbm@kcﬂ?e

ot her %Hpaﬁfaa%nehyafb@eﬁ aedm hﬂbeeh'!&h@%‘ saéa@trdaufwnfaenmn

delivered as a | Laul O ouble or iple bonds. In the preferred Formula I ligand, R2 in each

occurrence is isopropyl, R1 is methoxy, and RY' is hydrogen. In Formula I, X
preferably is CH(Et), where Et stands for ethyl, R2 in each occurrence is isopropyl,
25 R? is hydrogen, and each one of R and RS' is methyl, where each R isin a
position ortho to the oxygen atom. Again, all Qf' the R2 groups cannot be tertiary
hydrocarbyls; see Comparative Example 13 for Ligand "J2°. In the preferred
Formula III ligand, each R2 is isopropyl, each R? is hydrogen, X is CHR#, where
R4 is 4-methoxyphenyl, and each R’ is hydrogen. In the preferred Formula IV
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vapor to the reaction. Another suitable technique is to charge the reactor
with the catal yst and the solvent to be used, and feed both the
unsatummsdlmrrpound and 35 the HCN slowly to the reZET/USASHM2M ure. The:

molar ratio saturat ed c si can b varied from
about 10:1 tgl%glﬁcggoﬂup’s’swl aFadig %W tion
medi um i s -agiprefersred FoonulaMaligane, emhk%gmupnglsopmpyl. eachkzgi’mipxsyaraTtbe '

reaction br ORE oS theGHLERT bl HyARAL b BlchTO® GRS 1 the
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PCT/ US95/ 122 Paeferred Formula ¥4 ligapd, eagh R\ gsoumis xsnpsomlr each 87 xshudrosmdo n may

be run ei shereabipRENYhpdro Qén'linﬁeg erred Fornfifld , CRAT2
The hydrocyanati on, regct oga,can or vmth%ot a sol vent.

ri ed qut
The sol vent, SIPTORYAAD goup Pﬂlﬁ%"!ﬂ‘ améa% tEfB‘FP 'e’é'h‘ﬂ@?&ﬁ@ure and
pressure and Mdutﬂyﬁcmpdﬁubﬁefﬂﬁ&ﬁimhﬁh at'pidtarsedit al yst .

Sui t abl e solv dro bons ch as _benzene, or xylene
and nitrites, 8@3@#‘3@ @' %%ﬁ.’ﬁ‘ﬂ"’e‘ B‘Eﬁ%ﬁf’?ﬁ? f cases,
t he unsat ur amdndmmephwpﬁmebgamymddyahutmdndkplﬂmod addmonalseicﬁomr ve as

the sol vept. t t to a
certain ggter?tcc%rrfmnﬁgh art uzﬂesu%ﬁ%fo} at l?/’sctu eﬁf&}gﬁ,ﬂﬂﬁﬁe
particul ar uﬁﬁ'&biﬂms&ﬂﬁfem 9‘!153]1}'5‘!!153%@ ¢mpo desired rate.
Normal Iy, tenper amkwhgdﬁﬁ:&ﬂbeﬁﬁﬁa&@ afee,} s‘fﬁamohfhmmﬁbm

range of O[err]C to 150]err Cg’e refer trmspherrc

pressure is &% mmlwgﬂﬁr‘%n
and hence prmmmmﬁmahﬁm&ﬂﬁdoﬁm@mtﬁgsmsws&w kF‘)

Che, |1 oG B G T B AR Bt B et Eys SRl SRS e ooy

woul d probabpbosphbrqcthity ﬂhercawuonaﬁﬁds phosphorochlondite with 2lkdiloydeoxyt-i ons.

aIternative acan rrnc use as he source O ee . for

exanpl e, aBdQSEOMaI - The process of this

i nvention i s car r q\agzeﬁtvﬂaut,ﬂ&epé&ﬁ af iy S acid
pronoters, which affect hoth the ctlv eseetLV|t t he

cat al ysti%ysf%'ﬁfh?ﬂ'écs 'gﬁ'ﬂf %ﬁfL‘ E:’(P"GP tents; ¢
conmpound 3,496,21773,681,891 t3]&4&461,®;847$959$hﬂ@3$903f120nwm% um titanium

At num 1 ERPHpRsd pégin ty RESRRE: Zecb-yily GRS dompfiahihee Bt ury

r heni um and hzmdsmdpcwdmduplmempphmthmshzandmapmfen@d [err],

m

ZnsSQ err], jew_%g“m L Léj,, Lﬁi [err],
Fel[err] err e rr err]
Ti O [errds TRENE P)z@QP(lalri-ﬂ &Ni 0@'@%&’1 ‘@ﬂg‘irr]

(C[e”]H[e”ﬂaatﬁlo@h&ﬁ&H&rekﬁ&ﬁﬁﬁlﬂd[ﬂf it |

o Terr] ) beprhdingh b ampindias sy o savaafeﬁp#é”%rp?ﬁ”#w&r s
CdCl [err], Le@ttion rSmtaEle(di{raiem]xﬁEl mﬁéﬁnﬁﬁdud&ﬁoﬁmmﬂiﬂihefdrhﬂerr]

SO Ehly | G £ bbb dbocabi by SRR g Bk

These i @ ud@dﬂé@ wﬂd@mmmmmmrl}}’m metal ﬂko!ls[, ansFe, AN,

SnCl[err]), Fﬂﬁﬂﬂ W&Qﬂ Hlﬁh
R[err]SnQerr and err B er | S_an K I or aryl
group). U.Sh 411%5 ﬁledsawlrt’@eé%sberlr% 3,903,1 0 is also a sui

source of zero-valent nickel. _ . :
The nonconjugated acychc, ahphauc, monoethylemcally unsaturated
35 starting materials useful i m this invention include unsaturated organic compounds
containing from 2 to approx:mately 30 carbon atoms. 3-pentenenitrile and 4-
pentenemtnle are especmlly preferred. Asa practical matter, when the
nonconjugated acyclic aliphatic monoethylemcally unsaturated compounds are used



35 synergi stic conbinations of pronoters can be.chosen to increase the
catal ytic activity of the catalyst system Preferred pronoters.
i pcl ude Cogolgerinisz ZnC [err], B(Clerr]Herr])[err], BEWUSISN2214
(C[err]H[err])[err]SnX wher“"*‘*

CH err] d er r] H eripaceqriance w ﬂ’ﬁf‘&'& ! rh?% el%(%ﬁlz;l?%éqweightofﬁlemono-

8 WD 96/ 11 lefiylenically unsaturated compound may be present in the form of a conjugated

Ceaction oo be PREEwRHA R e/ didefoclyghb i, e il FRGEEBme- 1
EXAIVP:_ES — m@emmﬁmmmmM@WMWMMMrWWt g
exanp ?, 3iséd b ein, Ortlongenelégﬁﬂﬂ GPintended tPEaeRtidal RtA

invention. parts percentages are b%,gvvel ght,

unl ess ot hervm se mmqbate@a ). Smteblewnéamdecomw@nds include upgpbsttt

procedure was us Mm%%n\@s ditiehMdns substltutedwnhﬂo s‘rhmcmdumm
were heated in a‘hher staticall % co_ﬁtlrolled oil, bath CI\F

del i vered to the e SR, é'ss‘éﬁ“qq ase ynsatpraged compgynds wmgludg dry
ni trogen 10 Qﬁbﬁdeﬂiyl@ﬂeallyfmugfatédepmpb\hmlcmnh@ﬁmd 2ito 38rcarboas suchtasat

(()\[/glr /r Lgl ) Thl Ow’aé'ﬁépf?@ﬂeg& %‘ﬁ%/r?{/ E}eng%%?é %n%ggésﬁj gr Oorrstuolgr aphy

(&). In the exarméth}xl,om&my unsamtsteﬂsompounds suchyas gllene; teficRmpoundssuely
2- met hyl gl ut ar oni Jra . 1 pent- %&me&gﬁ&n le. COD
stands for bis(1, jc C %’%ﬁ' T|-1I§n?sﬂ'ly ? ? y

t et r ahydr of ur an. 'unsaturated compound roafky substituents such as fexsxample,

Synt he5||s of the %'F%?lqdw&e%ﬂ:fﬁeterdofuxtOZO The monoethylenivally @nsamarate®” i s
i sopro and _eac i gan
e 2" ma:r 9 b6 sPatieat ) B eger TR SRR o

Li gand "A"
derived from PC [enbage. and 2-ispropyl phenol in 20 mM of tol uene was

S 28 Tt A o T

ni trogen, the mmmmo@mmwwummmmshqwquwﬁgmdasvm

~Johns-Manvill e eﬁ% WK Wwas
renoved in a rotary gva olral‘?}q é@élal negx%ﬂﬁnl’e?ﬁﬂ’? a(‘)%ct as an
25  opaque [20quithose[affopmulaiXiyiel t;xmmakmnl XI]) 130 96 ppm

[err]H (300 Mz, Preferred are nonconjugated linear alkenes, nonconjugated linear alkene-
nitriles, noncongugated linear alkenoates, linear alk-2-enoates and perﬂuoroalkyl
ethylenes. Most preferred substrates include 3- and 4-pentenenitrile, alkyl 2-, 3-,
and 4-pentenoates, and CzF2z4+1CH=CH2 (where z is 1 to 12).

25 * The preferred products are terminal alkanenitriles, linear dicyanoalkylenes,
linear aliphatic cyanoesters, and 3-(perfluoroalkyl)propionitrile. Most preferred
products are adiponitrile, alkyl 5-cyanovalerate, and Czez+1CHzCl-12CN where z

~is1to 12.
‘The present hydrocyanauon process may be carried out, for example, by

30 charging a reactor with the reactants, catalyst composition, and solvent if any; but
preferably, the hydrogen cyanide is added slowly to the mixture of the other
components of the reaction. Hydrogeri cyanide may be delivered as a liquid oras a

‘vapor to the reaction. Another suitable technique is to charge the reactor with the
catalyst and the solvent to be used, and feed both the unsaturated compound and

35 the HCN slowly to the reaction mixture. The molar ratio of unsaturated
compound to catalyst can be varied from about 10:1 to about 2000:1.

Preferably, the reaction medium is agitated, for example, by stirring or
shaking. The reaction product can be recovered by conventional techniques such



Cerr]Derr]): 7.51 (d, J = 8Hz, 2H), 7.39 (dd, J =1.6, 7.5 Hz, 2H),

7.2-6.9 (m 20H), 3.43 (septet, J = 6.9 Hz, 4H), 119(d J =6.9

Hz, 24Wossmtee With a small anount : of tol uene. HEW[(SDEIQHM

Resol uti on Mass Spectrosco 0y).. cal cul ated for

q err]H er r ] @p-4pr $xample, by £@@9@9Wmn@n maﬁ bsmmher batchwise or in a
9@brkinkidds manner. -

PCT/ U895/ 12214 Hydr ocyanati on of

3-Pentenenitrile Ihe hydrocyanatlonreacnoncanbecawegpu;_wggmmﬁopmfw{ err];
Znd [err] prmsawem if used, shouldbehqai&atrtnmﬁcﬁcbm?mﬁu su¥® and

; cand pfed
\slg(cﬁ[e apor |on an?%%"%&%ﬁﬁ#?g%demde'kgcmy esuslt%m/'t#‘feg%& Fgds Ve(rjrgby

of znd[err] hmmmcmasebemmmylms andavitriles, suchiasiaGitonitrile or
ni trogen carpiblonfffe. fIhQWnE%B&s, e hisdthrdied c%@nﬁp{,gg.{ &@@éﬁ%ﬁgg@f 15

After this tine tenperature con
. mnute |nter;t§g§seryqr@thesolvent t enperat.ure was increased to 70, 80, and

100C. Fifteen m ngheexah @k éﬂm&ﬁdﬁfﬂéﬂ et 2iticul
anal ysis_jndic teol’e 6x7°tA) A 09 te aﬁ{eﬁ&ﬁ&%@%ﬁ o
EXAVPLE Y& catalyst being used, the particular unsaturat being used and the

3- Pent eneni t désised rate. Normally, temperatures of from W259C toi 208G cal\bé bséd e 2;

ZnCl [err] prom 5 "A", 332 ng, and 40 ng of

Ni (C@)[err]%&gg %éooﬁpegbeﬁl%hi?‘?g%% THF. The sol vent was renpved
by vacuum evapor ajtmoosphetic presSunsiis satisBietdry fat catrying out fe present invesitidrer r |

wer e added ith :

carrier ow ra%’ﬂ'rs i ?gfwa%ths%i err i é&por sgst?i?g(??@?k(%a A% s ‘
i ndi cat 7op19 Higher/pressunes, up/s a ormoresran betised; if desived, butADN:

84% . 20 an benefit that may be obtained thereby would x&&&ﬁiﬂ&,ﬁs@fym d
Hydrocyanat [ or¥ 0, Pent e.};lenl trile y p e:emcrf%seLl gand

" A"/ Ni ( coD) [ st “EBGPFEF‘P PS-pronoter ' ~ Ligand "A", 330 ngy, and
40 ng of Ni (C@)[Hmcanﬂrean&bdmdd\mdmna&mﬁasdv r.or liquidH Esaﬁhe sol vent

2 [ erry et AERRERE e 08 oy i ol o NS B e B Ogen

~carrier 2§as ViSoRateat 3,666,728. i /nin at - 70[err] C for -one hour. After this
E 'S e, f.cv. ty 1o A £oSksy df%ﬂ%ﬁ?feﬁﬂo@ﬁ-éxﬁ% iff the PridehcBF ot &t adre
Lewis aczd promoters which ‘affect both the activity and the selectivity of the '
. catalyst system. The promoter may be an inorganic or organometallic compound
in which the cation is selected from scandium, titanium, vanadium, chromium,
- 25 manganese, iron, cobalt, copper, zinc, boron; aluminum, yttrium, zirconium,
niobium, molybdenum, cadmiom, thenium and tin. ' Examples include ZnBra, Znls,
ZnClz, ZnSO4, CuCla, CuCl, Cu(O3SCF3)3, CoClz, Colz, Felz, FeCls,
FeCl2(THF)3, TiCW(THF)2, TiCly, TiCls, CITi(OiPr)3, MnClz, ScCl3, AlCl;,
(C3H17AICI2, (C3H17)2A1C, (is0-C4Hg)2AIC, PhoAICL, PhAIC,, ReCls, ZrCly,
30  NbCls, VCl3, CrCla, MoCls, YCl3, CdClp, LaCl3, Er(O3SCF3)3, Y(O2CCFa)3,
SmCl3, B(CgHs)s, TaCls. Suitable promoters are further described in U.S. Patents
3,496,217; 3,496,218; and 4,774,353. These include retal salts (such as ZnCl?,
Coly, and SnCly), and organometallic compounds (such as RAICI>, R3SnO3SCF3,
. andR3B, where R is an alkyl or aryl group). U.S. Patent 4,874,884 describes how
35 synergistic combinations of 'promoters can be chosen to increase the catalytic
activity of the catalyst system. Preferred promoters include CdClp, ZnClp, |
B(CgHs)3, and (CsHs)35nX, where X = CF3503, CH3CgH5S03, or (CgHs)3BCN.
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PCT/ US95/ 12214 EXAMPLE 2 -
Synthesi s ofovére1sB2zgand of Fornula | where each PCT/USSHRIY | S
i sopropyl, each Rerr] is Hiand each err] is OCHerr] (Ligand "B")
[err] The mole ratio of promoter to nickel present in the regctigngan be within the range

2, 2" - Di hydr oxyl - %%bogf 6 by St 504, - bi phenyl was prepared by the 5
deal kyl ation of 2,2 1y

droxy- 3,3 -di-t- - -di net hoxy-1, 1' - bi phenyl
using a procedur e described in tIMure (Tashiro et al. y
O; g 2'” ICIC[ Pr eioar at IE;QS aTtse followu':f nd?f-l&ﬁﬁ.ﬁigl’ feprdseitativexaniples illistfate tlfiqmo@ssarrs :
o] err L h
3,3 -di-t-butyl- Qafmm f%%ﬁé”ﬁ?”%%‘ﬂﬁ%@?f“ﬁ%% of
benzene ang ehmake vdﬁglunux]nless‘mtheﬂnsmdmatenhkmdltmmplﬁﬂwcool ed
in ice, and 125 90%§ slowy. The organic
| ayer was separ at §$M&%Wwam£ lséﬁ§§§ m portions ofglo%
NaOH. The basic soI ut .Bmmmem¢az@dn\m¢wmostaucﬂlywm¢patbeﬂl HENand
extracted three tw&&h\o%%?rfﬁﬁ fldsk 3O ah HON/NY gﬁtnﬂﬁﬁn'e BriﬂBubblmg dryn.&fo?

| ayer was dried over er.r After I
sol vent by 10 ﬂ’:"@!&hg‘léﬁ“d‘} aﬁ%%ﬁ?&?gbﬁﬁs’ @?g%am&da

hexane; the prod rsde‘émcwuﬁha&dslabeﬁkﬁ%m@mkﬁwml [Sampléshweeraperiodicailydi ng

was obiai ned as FORNEFEDY g1 romatoaraaty 468 ib e exkmples, ARNRIK e )

6h9 6h8 g}lm 6I;) ittite, MEN standifof 2;méthjylglutaronitrile, and ESN stahds forg of
phosphochloridite | g&é]@pf 20
m of tol uene was d&ﬁﬂ'@ mgg’(ﬁ‘rﬂ% @%ﬁhﬁ%ﬁg%@sﬁﬁ ar OXY- I me 37‘3)‘(198 1
20  bi phenyll5pr eptsahydrofurane and 1.01 g of NEt3 in 20 mM of toluene. The
m xture was _ EXAMPLE 1
Synthesis of the ligand of Formula I
where each R2 is isopropyl and each R! is H (Ligand "A")

T&ER

Ligand "A"
To a solution of 2.0 g of phosphochloridite derived from PCl3 and

20  2-isopropylphenol in 20 ml of toluene was added 0.55 g (2.95 mmoles) of
2,2"-biphenol and 1.1 g (10.9 mmoles) of NEt3 in 20 ml of toluene. After stirring
overnight under nitrogen, the mixture was filtered through Celite® (a product of
Johns-Manville Company), and washed with toluene. The remaining solvent was
removed in a rotary evaporator. Thus was obtained 2.163 g of product as an

25  opaque liquid. 3!P (1H) (121.4 MHz, C¢Dg): 130.96 ppm. 1H (300 MHz,
CeDg): 7.51 (d, J = 8Hz, 2H), 7.39 (dd, J = 1.6, 7.5 Hz, 2H), 7.2-6.9 (m, 20H),
3.43 (septet, J = 6.9 Hz, 4H), 1.19 (d, J = 6.9 Hz, 24H) along with a small amount
of toluene. HRMS (High Resolution Mass Spectroscopy) calculated for
CagHs5206P2: 786.3239; Found: 786.3208. |




stirred overnight and filtered through Celite[err], and washed wth
tol uene. The sol vent was renoved to give 2.588 g of the desired

pr oductwe9es/@nigpr ange oil . [err]P (1H) (121.4 NMHz,pcXo0s®ds/22131. 41. '
[err] H. NMR (Nucl ear Magnetic Resonance) (derr]Derr]): 7.4-6.4
(22H), 3.3 (m 4H), 3.1 (s, 6H), EMAal ong with a smal | 25

anount of toluene. FBMS (Fastlﬁgwgg.@%g G 53‘5] 5 pectroscopy) :

cal cul ated M OCH3: 815.36; Fou 515 oq é}@@&ggl 11182

PCT/ US95/ 12214 with Ligand "A"/Ni(COD)»; ZnCl; promoter EXAMPLE 2A

Hydrocyanatlons Of &B Lﬁp“ﬂ"'aﬁdmmgmwomzwered:ssolvedmsml W th
e

o T3 < %81 O Phieht b s orr e spoien 14§ b o AN B pemins

;n % aFd ]B ?niﬁnéfi&ndao oﬂZﬁClzN;éreaElEﬁEﬁ ['Hidﬂxbﬁﬁfwds*ﬂfﬁwd%&nh HON ElIOa rrgt OL
n err e.mxtu S reat e
R RN at AiRPEsHENE das BOW taiiof {2 i 8f SO for 18 frigiest, Chfier R it 58

f or one hour .théXenzprezatyrs controllerwaestt at 60°C. At 63 mifaté\Ditervalstee VON and 1. 3%

E)Sg\wl(?i Elsegt LX&H‘&%M nﬁ:%ea%ﬁ to 70, 80, and 100°C. F)ﬂecéﬁ Mm_aﬁgﬁb(BvaARAﬂ VE

COVARATI V@ Exemperatuge of 100°C was set, GC analysis indicated 467 % APN. B MGN, For nul a
| where all RBharird%ESNL-butyl, -~ a t-butyl group is nmeta to
each R[err], and Rlerr] and R[err] (Ligand "A2")

Li gand "A2" - To 3.8g ] Borodite derived fromPC [err]

and 2,4-di-t-butyl phenol in Hsdro aﬁuailopﬁ.meuen&ﬂéhere was added 0.75 g
of 2,2'-Dbi phenol and 0.809 .9 of N&f, 3 1 of toluene. The

m xture was stirred over nigm—ARC A0 2l S Cel i te[er’]
and washéf W|th tM‘A'TB&ﬂ,M#Omomezwmsm“dWSmlof

evaporator to glve
1381 g o?ﬁ* %W?W%“?ﬁ a%#réﬁ?v%ﬁfﬁ %ﬁw#ﬁ%
Clerr] D err] 20mg TEKturS, Feas| tregtedin 7uumq139 88
due to '”pUr'chirﬁ'igasﬂowrateoleml/mmat70°Cforths GCmﬂyasmm%WE

mgp#Epf[Aer ARRY L1-pFa MG pnd 1 4% B8R GaREaih u? A%n 448 ng?ngnd 0.111
g of N|(QeTTP)[err](C[err]H[err]) aw ZnCl [err] were
dissolved in 5 mM of 3PN The!{%%%(\‘@gfé %%naute&é%'m‘éﬁt h HCN at a
with Ligand "A"/Nl(COQ)j.anClzpromoter
Ligand "A", 330 mg, and 40 mg of Ni(COD); were dissolved in 5 ml of
THF. The solvent was removed by vacuum evaporation, and 5 ml of 3PN and
25 20 mg of ZnCl2 were added. The mixture was treated with HCN with a nitrogen
carier gas flow rate of 30 ml/min at 70°C for one hour. After this time, GC
analysis indicated 26.4% ADN, 4.5% MGN and 0.6% ESN (selectivity to ADN:
84). '

10



25 nitrogen carrier gas flowrate of 30 mM/mn at 70C for one hour. GC
anal ysi s I ndi cated 0. 0% ADN, 0.05% MGN and 0. 1% ESN. -

Hydr ocyanawiooss/ug82ng Li gand " A2"and Ni (COD)[err] PCT/USPY L3
"A2", 452 ng, 0.040 g of N {€AD)[err], and 20 ng of ZnC[err] were 30
dissolved in 5 mM of 3PN The m xture WwEBXAMPIE2 with HCN at a nitrogen

825 rl'ﬁrgz ~ Synthesis of the ligand of Formula I wheré €ach WO
PCT/US95/ 12214 R iisoptopyl; cach R %is Higndicach B ia OZHh(kigend /B one

AN, and 0. 1% ESN.

hour. GC anal ysis indicated 0.0%
' phesi s of the Ligand

COMPARATI VE EXAMPLE 4

of Formula 1 where 5 -CH err] and R[err]
and R[err] are H (Ligand "A3")
Li gand " A3" The pared in the usual

manner by the reaction of

tol uene, followed by fractional
It (1.85 g; 6.6 Mol ) was dissolve
was cooled to O[err]C. Triethylamne (3 dded, foll owed by

2, 2" - bi phenol 10 (0.56 g, 3.0 mmol s dielr € was stirred overnight
at roomtenperature. The solids were filtered, and the solvent was
renoved at a reduced pressure to give Ligand"B? 26 g of an Iightly

I d | dg m Gidchporyll,1° '

g:rglnlggrcgeglr(% at ! ?Zlél 52[ 13#? Bi égr‘ge ;:;llwﬂl S. %ell; H E IYR al o

i ndi cated a Tir

COS VnPARf\Tl ;/Ed Exﬁ“ﬁb&dhfe described in the hterature (Tashuo et al. OrgamWnbpemyimmhmbn

usi i

Ni (ogTTP)g[ err] (%@F??‘HF%W‘]’? 2%&9269 °“o?’?ﬁ&f %f!?l?rmd 10g'0r2, Qv'@&)édmy-

di ssol ved in 5 n3,3'di-tdriyl-5i5 elimethonyd., henﬂamg mmdmm mak of benzene@gdn
f | o

carrier gas ! | OVl P lpo@Gor bk, The BAKRHE bs bRIeicldHE 125mIA0% | S

at Qferr]Cin
pressure.
and the sol ution

i ndi cat ed O/
aqueous HCl was added slowly The orggmc layer was separated and washed with

three 125-ml portions of 10% NaOH. The basic solution was neutralized with
concentrated HCI and extracted three times with 100 mi portions of ether. The
ether layer was dried over Na2SO4. After filtering and removing the solvent by
vacuum evaporation, the brown oil was washed with hexane; the product
15  crystallized from CH2Clo/hexane, yielding 2.202 g of 2,2'-dihydroxyl-5,5'-
dimethyoxy-1,1'-biphenyl, which was obtained as a white solid. !H (300 MHz,
CD2Clz): 6.9-6.8 (m, 6H), 5.71 (s, 2H), 3.78 (s, 6H).
To 2 g of phosphochloridite derived from PCl3 and 2-isopropylphenol in
20 ml of toluene was added 660 mg of the 2,2'-dihydroxy-5,5"-dimethyoxy-1,1"-
20  biphenyl prepared above and 1.01 g of NEt3 in 20 ml of toluene. The mixture was
stirred ovemight and filtered through Celite®, and washed with toluene. The
solvent was removed to give 2.588 g of the desired product as an orange oil.
31p {1H) (121.4 MHz, CgDg): 131.41. 1H NMR (Nuclear Magnetic Resonance)
(CeDs): 7.4-6.4 (22H), 3.3 (m, 4H), 3.1 (s, 6H), 1.0 (m, 24H) along with a small
25 = amount of toluene. FBMS (Fast Atom Bombardment Mass Spectroscopy):
calculated M-OCHj3: 815.36; Found: 815.07.

11
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WD 96/ 11182
PCT/ US95/ 12214 . EXAMPLE 5
Synt heswvo osiimse | i gand of Fornula Il where each R err] iRCT/ESg5M122d| |

each R err], Rerr] and Rerr] is H and Xis -CHerr]- (Ligand "C")
[err] EK.MLE_ZA Li gand "C'

To 2 g of the phosphochl ori dlngdlq,gyhﬁg eWth

2-i sopropyl phenol in 2] Ei d"b %rshere vvas added 595 ny of
bi s( 2- bydroxyphenyl)rret hane -¥th Ligan Meh3 in 20 M of

t ol uene. The mi xture wasvheie ¢-TAP is PEOY- qjaH,‘cH romoter L hrough
Celite[err and " 1ol : zn ed | ve
2514 g of the delﬁﬁeﬂgﬁé’ﬂé%ébeﬁﬁpﬁpg% A1 4

MHz, ([ err] D[werejdjssolved in 5 mlof3PbB3Ihe[mmn]1ﬂdWl%re(at{damg ﬂ@iaﬂénmbgéd (s,

2 3.2 g

I:_?tle tof?enémﬁ%%ﬁﬁﬁgﬁ% err f} err et ysid fnafdaagces and a
s

800. 3396: FouH2% S’QBNBB?%MGNandI
EXAMPLE 5A .

W th

Znd [err]mprom)t er 15 4
Ni ( o- TTP)[err](C[err]H[err]) COMPARK

dissolved in 5 of BIEI?s E‘[E xture

flow rate of 30 m/n'F

52. 4% ADN,

15

20

25

30

elect1v1ty to 4, 5%).
n of 3-Pentenenitrile
rr](C[err]H[err])
, , 0.111 g of
MPLF wer e

e

a t-bmggmp/mnaMo 1-.aamﬁsnd@;bmﬁ uret y Muwm'aowa

S

Ligand "A2"

To 3.8 g of the chlorodite derived from PCl3 and 2,4-di-t-butylphenol in
20 ml of toluene there was added 0.75 g of 2,2"-biphenol and 0.809 g of NEt3 in
20 ml of toluene. The mixture was stirred overnight and then filtered through
Celite® and washed with toluene. The solvent was removed in a rotary
evaporator. The residue was washed with acetonitrile, and filtered to give 1.381 g
of the product as a white solid. 31P (1H) (121.4 MHz, CgDg): 132.46 ppm.
Also, small peaks at 161.57 and 139.88 due to lmpuunes '

Hydrocyanauon usngg_l._ngrmd "A2" and Nl(o-'ITPM

Ligand "A2", 448 mg, and 0.111 g of Nx(o~'I'I'P)z(CzH4) and 20 mg of
ZnCl were dissolved in 5 ml of 3PN. The mixture was treated with HCN at a
nitrogen carrier gas flow rate of 30 ml/min at 70°C for one hour. GC analysxs
indicated 0.0% ADN, 0.05% MGN and 0.1% ESN. _

COMPARATIVE EXAMPLE 3B
_ Hydrocyanation using Ligand "A2"and Ni(COD),

Ligand "A2", 452 mg, 0.040 g of Ni(COD)2, and 20 mg of ZnCl; were

dissolved in 5 ml of 3PN. The mixture was treated with HCN at a nitrogen carrier

12
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PCT/ US95/ 12214 EXAMPLE 6

Synt hesi sy oé/f@s2 | 9and of Formula I PCT/USHSAP-4each
Rlerr] is isopropyl, each REerr] is H each R&err] and
Rierr] is - CH ergds flovnateof @tTEC for one howr. Qﬂyyalysxs indicated 0.0%

[err] GN, and 0.1% ESN. Li gand " D' 5

To 2 g of the chl Orong[qgl\ge“ \?reld from P POl g 1d 2] S4I propyl phenol in 20

m of toluene there was SSdE

2,2"' -ethylidenebis(4, 6-dinet hﬂyahleﬁebfthengandomewwﬁeraccord| ng to

Yamada et al Bul | . Chem «(1989) . and - 0.900 ¢
of NEt3 in 28 i of tol uenesﬁi ﬂ:_?;[mqﬁi!m&%&m Sid eht, filtered

t hrough Celite[err], and washed M\t ol uene. The nt was renoved to
pduct as a ght -yell ow oi | .
&g 133.53. m nor peaks due to

gi ve 10 2.603 g of the desir
[err]P (1H) (121.4 Mz,

/‘P 130. 36,1, 127 5\ and 105.81 ppm
RIndo

impurities at 133.19, 131.25 an

‘ o :
EXAMPLE 6A 15 Hydr cyana of
3-Pentenenitrile igand "D'/N (COD)[err];
ZnCl [err] pronoter _

FBMS cal culated for M+ H 871. %
ngand"A3"

The phosphachloridite was prepared in the usual manner by the reaction of
PCl3 with o-cresol at 0°C in toluene, followed by fractional distillation at reduced
pressure. It (1.85 g; 6.6 mmol) was dissolved in toluene (30 ml), and the solution
was cooled to 0°C. Triethylamine (3 ml) was added, followed by 2,2"-biphenol
10  (0.56 g, 3.0 mmols). The mixture was stirred ovexmght at room temperature. The
solids were filtered, and the solvent was removed at a reduced pressure to give
2.26 g of an lightly orange-colored liquid. 31p NMR (CDCl3): &133.1. Also,
smaller peaks at 144.5, 131.2, and 3.2 due to impurites. 1H NMR also indicated a
small amount of Et3N/salts. _ _
15 | COMPARATIVE EXAMPLE 4A
. ’ ti nu . . " " .
Ligand "A3", 346 mg, 0.111 g of Ni(o-TTP)2(C2Hy), and 20 mg of ZnCl>
were dissolved in 5 ml of 3PN. The mixture was treated with HCN at a nitrogen
carrier gas flow rate of 30 ml/min at 70°C for one hour. GC analysis indicated
20 0.0% ADN, 0.05% MGN and 0.0% ESN.

13



Ligand "D', 366 ng, 0.040 g of Ni(COD)[err], and 20 ng of ZnCl[err] were
dissolved in 5 mM of 3PN. The m xture was treated with HCN at a nitrogen
flow woosnszate of 30 mM/mn at 70[err] C for one hour PCRISSHR2IY| S

i ndi cat ed 55.6% ADN, 7.8% 20 MGN and 1.49% ESN (sel ecti vi ty to ADN: 86% .
15 WD 96/ 11182 - EXAMPLE S

PCT/ US95/ 1221 4 Synthesis of the ligand ofFonnulalIwhereeacthlsxsoEWLE 7

Synt hesis of the | |gandf_fl 2 154 _whe each R ar.r ] J.swh sopropyl,
Rlerr] is methyl, R erf=a S onE S -y (ngand "E")
Li gand "E" _ dite derived fromPd [err]
and thynol in 20 ml of toluen t here™wa ed 549 ng of

bi s(2-'hydr oxyphenyl ) net hane a 9X0 g of NE[ € in 20 m of

toluene. The m xture was stir 'e night, fig'tefed through Celite[err],

and washed with tol { Thg sol vent lﬁvas remed to give 2.37990f
t he desired product & ol gl vel | ofv @ )]P (1H) (121.4 Mz,
Cerr]Derr]): 131.69. Al so, peaks d o inpurities at

132. 24 and 130.9. FBMs: cal

af ed (O & ' ] ekr]Plerr]: 10  856. 41;
Found: 855. 63. ' ;
Hydr ocyanati on of 3-Pentenenitrile wth

Ligand "C"
To 2 g of the phosphochloridite derived from PCl; with 2-isopropylphenol
5 in20ml of toluene there was added 595 mg of bis(2-hydroxyphenyl)methane and
1.01 gofNEt3m20ml of toluene. The mixture was stirred ovcnnght,ﬁlteted ‘
 through Celite®, and washed with toluene. The solvent was removed, to give
2.514 g of the desired product as a pale yellow oil. 31P (1H) (121.4 MHz, CgDg):
. 131.33. IHNMR (CeDe): 4.11 (s, 2H), 3.2 (m, 4H), 0.98 (4, 24H) along with
10  aromatic resonances and a litde toluene HRMS: ca.lcnlated C49Hs5406P2:
~ '800.3396; Found: 800. 3017 |
:
 Hydrocyanation of 3-Pentenenitrile with
_Ligand "C"/Ni(o-TTP)2(C2Ha); ZnCl, promoter
15 Ligand "C", 337 mg, 0.111 g of Ni(o-TTP)2(C2Hy), and 20 mg of ZnCl>
were dissolved in 5 ml of 3PN. The mixture was treated with HCN at a nitrogen
flow rate of 30 ml/min at 70°C for one hour. GC analysis indicated 52. 4% ADN,
11 3% MGN and 1. 6% ESN (selectmty to ADN 80%)

14



L‘l gand "E'"/N (COD)[err]; ZnC [err] pronoter Ligand "E", 360
ng, and 0.040 g of NN(COD)[err] were dissolved in 5 m of 15 THF. The
spl vent wawossmysad, and 20 ng of zZnC[err] and 5 nml of 3PN REX@SISN12214

added. The m xture was treated with HCN M—gen flowrate of 30

m/mn at 70[err] C for one hour. I's indicated 5. 8% ADN,
1.-4% MGN and 0. 2% ESN ( s Siymthesis of thetliganddf Foratglall. 20

Hydr ocyanati on of 3-Pentenenity] 3. 2. : Li gand
"E"/Ni (COD)[err]: znC [err] p‘l;"i(i)érﬁl-ﬁt%%‘l\’ﬁk ‘S‘S°P’°Pyl’°“hlii’gs%’cfaﬂt" . 360 ny, 40
my of Ni (COD)2 were di ssoRlaadiR? B -@H3oand Mis -CHXCHaF{Eigand VBY) was
renoved by vacuum evaporation. To the residue wag added 5 ni - of 3PN
and 20 ng of zZnCl[err]. The m xtu was treat ed—mi CN at a nitrogen 25
flowrate of 12 m/nmn at 70C for@-bgfrs.- GC ang s indicated 27.4%
ADN, 5.3% MA\, and 0. 7% ES electivity tg/ROK 82.1%.

16 VO 96/11182 2 i

PCT/ US95/ 12214 | o Lo

Synthesis of the ligand of Formu I N R err I sopropyl ,

each Rerr] is d, Rerr] and r] s AR As -LH err]- (Ligand "F")
C<

Li gand "F" To 2 g of the hloridite derived from
PCl [err] and 2-isopropyl phenol 5in RO M of toluene there was added
799 nmg of 2,2'-methyl enebi s(4-chl or opheno}jjand "p" and 900 ng of NEt3 in

Chrough Col i ta[err] AR Rt e HipBHiE BFuhsom P sod 2-toppppyiptienbiGh 20l
give 2.678 g of iofeldarithee wascadded 863 mg of 2)2'tetlydidenecbisid Sedimetiylphepel),r | P
(9 iy 351 (PRl Koo (o Phihdd dar} BhnOcadh S8 shit] 62,3605 R1989), ardt 16
0.900 g of NEt3 in 20 ml of toluene. The mixture was stirred overnight, filtered
through Celite®, and washed with toluene. The solvent was removed to give
10  2.603 g of the desired product as a very light-yellow oil. 3IP (1H} (121.4 MHz,
CsDg): 133.53.. Also, minor peaks due to impurities at 133.19, 131.25 and
130.36, 127.59 and 105.81 ppm. FBMS calculated for M + H: 871.43; Found:
871.40. :
_ EXAMPLE 6A
15 Hydrocyanation of 3-Pentenenitrile _
with Ligand "D"/Ni(COD)2; ZnCl promoter
Ligand "D", 366 mg, 0.040 g of Ni(COD)2, and 20 mg of ZnCl; were
dissolved in 5 ml of 3PN. The mixture was treated with HCN at a nitrogen flow
rate of 30 ml/min at 70°C for one hour. GC analysis indicated 55.6% ADN, 7.8%
20 MGN and 1.4% ESN (selectivity to ADN: 86%). :
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10 (d, 24H) along with aromatic resonances and a little toluene. FBMS:

cal cul at ed M+H. 869. 27; Found: 868. 96.

EXAMPL @ 96/11182 Hydr ocyanat i on ofPCT/TRISMANENi tri | e
W th Li gand "E/E'o TTP)[err](Cerr]Herr]);

ZnCl [err] pronoter 15 . L el 337 .nmg, 0.111 g of

Ni (g LTP)]EegH\l(C[erSy]ddiestsrdf):henmmmnﬁraIZwﬁbie@aeﬂRszxsopmp;&ere di ssol ved
in 0] he gel.l ! ]

flowrate of 30 m/
anal ysi s indicated
ADN: 79%) .

1. 2% ESN (sel ect|V|ty to
EXAMPLE 8B 20

Li gand ' F/Nl(COD)[err] Zn
ng, 40 ngy of Ni(CCD)[err]
sol vent was renoved by vacus
of 3PN and 20 ng of ZnC [err]. Ed Vv

ni trogen 25 flow rate of or two hours. GC anal ysis
I ndi cated 51. 4% ADN, : Qg 2. SN (selectivity to ADN
82.6%) . . 17 WO
96/11182 Ligand "E"

PCT/ US95/ 12214  To 2 gof the chlorodite derived from PCl3 and thymoKi$/80fhFofioluene

nnests °f=&@fvﬂasm%ﬂg@%%@w@ﬁn&e@z@@gﬁ&mw Tty

is H and X 2eml@|ﬂ[tdme~ Thei myixtre wa@s)stirred ughCehte , and q

Irgrrl] 42 g of f‘ﬁhe chI o luene 'Iélgslolventwasremovedto e 23 g@‘f&ﬂﬂ I henol I n
1O T 0 o el <l st i AT (L5 (b5 4 MIAL Ca: 131857

2,2' - net hyl epedmaﬁét@hhpﬁnwseﬂmnzaaddxsw FBMS: Gwmmaesﬁﬁejo&?ztn 20 m
of tolue g’gﬁp tur %Rstlrred overnight, filtered . t hrough
Cel i te[e ] ﬁ ol uene. The solvent was renoved to gi ve
2.07 g of t he deS|red product-‘ as a EXAMPEEIAI|. [err]P (1H) (121.4 Mz,

Qerr]Derr]): Hydrocyanation of 3-Pentenenitrile with
| Ligand "E"/Ni(COD)j; ZnCl, promoter
Ligand "E", 360 mg, and 0.040 g of Ni(COD); were dissolved in 5 ml of
15 THF. The solvent was removed, and 20 mg of ZnCl and 5 ml of 3PN were
added. The mixture was treated with HCN at a nitrogen flow rate of 30 ml/min at
70°C for one hour. GC analysis indicated 5.8% ADN, 1.4% MGN and 0.2% ESN
(selectmty to ADN: 78%).

pronoter ©
d|5§olved in.
orcat i on. Ofo @7

Ligand "F", 365
F. The
fdug was added 5 ni

EXAMPLE 7B
20 - Hydrocyanation of 3-Pentenenitrile with
| Ligand "E"/Ni(COD);; ZnCl promoter
Ligand "E", 360 mg, 40 mg of Ni(COD), were dissolved in 5.ml of THF.
The solvent was removed by vacuum evaporation. To the residue was added 5 ml
of 3PN and 20 mg of ZnCl,. The mixture was treated with HCN at a nitrogen
25 flow rate of 12 ml/min at 70°C for two hours. GC analysis indicated 27.4% ADN,
5.3% MGN, and 0.7% ESN (selectivity to ADN: 82.1%).
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131.87. FBMVS: calculated M + H(M=Cerr]Herr]err]P[err]C[err]):
925. 33; Found: 10 925. 25. Hydroc anati on of
3- Pent eneryé vé/kAasv t h Li gand " @Y Werr];

ZnCl [err] Pronoter cle L ganmgﬁ ng, and 40 ng of Ni (COD)Z
were dissolved in 5 m of 15 THF. T was renoved, and 5 m of
3PN and 20 nmg of Znd [Syn@ékmnﬁthehgandomezﬁﬁhﬂWﬂesmhﬁ?newheat ed

with HCN at a nitrogen
70[err] C for one hour. -and

025%ESN(seIect|V|tyto ADN 7695 - -
EXAMPLE 9B 20 dr ocydna of 3-Pentenenitrile
with Iqand "G'/Ni (CD)[err]; ZnC[err]

pronot er Li gand 2 B9 ny, 40 nﬂ of Ni(COD)2 were

di ssolved in 5 m of THF. , by vacuum
evaporation. To the residue wa { and 20 ng of
ZnCl[err]. The m xture was treatpd wt q a nitrggen 25 flowrate
of 12 mM/mn at 70[err]C for t g I sARdi cated 21. 2% ADN,

3.1% MaN, and 0.5% ESN (sel ectivity togeN: A . WO 96/ 11182
PCT/ US95/ 12214 EXAMPLE 10

Synt hesis of the Ligand of Forrmula II1, Qrher e gach Rlerr] is |sopropyl
each R err] and R[err] is H and X is -Cngdr}'Ethoxyphenyl) (Li gand H)
[err] g of the phosp ochlondxtedenvedfromPCl3and2— ghehol H'
To 2 g of the chl orodlte derlvg

20
o5 of 5t olin20anlgfolgar: Wﬁgrr apﬂbylgﬁqlgx%—cﬁﬂﬁ&% o
- (bi s(2- napf&ﬁ@ob of NEt3 ﬁm:ﬁwﬂtomeﬁé Thé miixthre was’stinred oventighityene.

lﬂﬁ RS T EdT i T e o

of the desired gieel2.678 gofthd desired priductasc lightiyeHoiopaque oil. 13¥P. UHIZ,
GerrDlerr]): {191 Ame) Egpe? H110" IRRMRALSDLE 16 (S 3318, 485, £F pPm
Hydr ocyanat iln U(8; ) algegiwithiqromatic resonances and a ljtgje teluena: FBMS: gglculgtedso ¢
of Ni (COD)[err] . m3pd 849.9% Folind:N§68.96. 1 were
EXAMPLE 8A
Hydrocyanation of 3-Pentenenitrile with
Ligand "F"/Ni(o-TTP)2(C2Hy); ZnCly promoter
15 Ligand "F", 337 mg, 0.111 g of Ni(o-TTP)2(C2Ha), and 20 mg of ZnCl2
were dissolved in 5 ml of 3PN. The solution was treated with HCN at a nitrogen
flow rate of 30 ml/min at 70°C for one hour. After this time, GC analysis indicated
23.6% ADN, 5.3% MGN and 1.2% ESN (selectivity to ADN: 79%).
EXAMPLE 8B
20 Hydrocyanation of 3-Pentenenitrile with
Ligand "F"/Ni(COD)2; ZnCl, promoter
Ligand "F", 365 mg, 40 mg of Ni(COD), were dissolved in 5 mi of THF.
The solvent was removed by vacuum evaporation. To the residue was added 5 ml
of 3PN and 20 mg of ZnCl,. The mixture was treated with HCN at a nitrogen
25 flow rate of 12 ml/min at 70°C for two hours. GC analysis indicated 51.4% ADN,
11.5% MGN, and 2.4% ESN (selectivity to ADN: 82.6%).
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dissolved in 5 mM of 3PN. The m xture was treated with HCN at a nitrogen:
flow rate of 30 mM/mn at 70[err]C for one hour. GC anal ysis

i ndi c gﬂj%;lﬁlﬁ% ADN, 2.8% 15 MGN and 0.5% ESN (sel ect i PCTUSIHI122BN: 83%. .
EXAMPL Hydr ocyanati on using Ligand "H'
Li gand "H', 423 ny, 40 ng of N {( COD)EXAMPEEYe dissolved in 5 m of THF. :

e sglven Qﬁisérﬁﬁ*‘%dﬁﬁwaz#@;”ﬁ SR et WiadSe kR U1

a nitrogen paratoR? isunethyleeach Rbisi@l/ esich Rt is H)[andrX {8 -OH,- (Ligahd /Y. GC

anal ysi s indicated 36. 8% ADN, 6. 699 MON d 1.0% ESN (selectivity
to ADN. 82.6%. ' -

19 WD 96/ 11182 PCT/ US9%/

EXAMPLE 11 Synt hegi s of the Li ganqi_, of Formyla Il where each

Rlerr] is isopropyl; each o Rerr], Rerr] and
Rlerr] is nmethyl, and X is
Ligand "1" To %
thynmol in 20 m of toluene ' 1
2,2' -ethyl i denebi s(4, 6- di met hyl phe o1 accordi ng to Yamada
et al., Bull. Chem Soc. Jpn., 62, 3 §¥69), and 1.0 g of NE[ err]
-in 20.mM of toluene. The nixture maz:stirran overnight, filtered through

Celite[err], and mashed wi th tol uene 0l vent renoved to give 2.427 g

R)/Lzt h?:[ err] D[e(rj(ra]S g t@@’m& ‘ﬂ&WS‘Fe ig&aﬂo %d%rwe” M |1<Zag :t
137.10, 13F2. 520 taof Eblﬁiﬂ thére whsiadded 523 1 mg of%etﬁilbﬁéﬂxﬂl—%ﬁl&@he%l}aﬁﬂ ‘
927. 48; Founﬁi 60‘5"% f'llfﬁt';:. o %lgﬂtoholuenec Iﬁetn?irmfatg was sl:med overmght filtered
through Celite®, and washed with toluene. The solvent was removed to give
2.07 g of the desired productas a coloﬂws oil. 31p (1H) (121. 4 MHz, C¢Dg):
131.87. FBMS: calculated M + H (M = Cs3HggOgP2Cl2): 925 33; Found:
10 925.25. '

EXAMPLE 9A
Hydrocyanation of 3-Pentenenitrile with
Ligand "G"/Ni(COD)3; ZnCl, promoter
Ligand "G", 389 mg, and 40 mg of Ni(COD); were dissolved in 5 ml of
15 THF. The solvent was removed, and 5 ml of 3PN and 20 mg of ZnCl; were
added. The mixture was treated with HCN at a nitrogen carrier gas flow rate of
30 mi/min at 70°C for one hour. GC analysis indicated 6.1% ADN, 1.7% MGN
and 0.25% ESN (selectivity to ADN: 76%). =
20 | Hydrocyanation of 3-Pentenenitrile with
- Ligand "G"/Ni(COD)gLZt)Clg promoter :
Ligand "G", 389 mg, 40 mg of Ni(COD), were dissolved in 5 ml of THF.
The solvent was removed by vacuum evaporation. To the residue was added 5ml
of 3PN and 20 mg of ZnCl,. The mixture was treated with HCN at a nitrogen
25 flow rate of 12 ml/min at 70°C for two hours. GC analysis mdxcated 21.2% ADN,
3.1% MGN, and 0.5% ESN (selectivity to ADN: 82.7%).
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925. 41. ' Hydrocyanation using Ligand "I" 15

Ligand "I1", 389 ng, 0.040 g of NN(COD)[err], and 20 ng of ZnC[err] were

di ssol ved wo geé/mf1spf 3PN. The mixture was treated with HCN atPCIWSIFAZdfh
carrier gas flowrate.of 30 mMmn at 70[err] C for one hour. GC

anal ysis indicated 31% 7 ADN, 2. 7%BXAMBLE 10 49 ESN (sel ect ivity to
ADN: 919 . ,

Hydr ocyanati on usi ng Li an 0 nmg of
Ni (COD)[err] were di s&& .- = FPIeRY i 2noved
by -vacuum evaporation. To the resi due was added 5 n1av1e of 3PN and 20 ny

of ZnCl[err]. The m xture was treated vm
of 12 mM/mn at 70C for two hours. GCa
M3\, and 0.5% ESN (selectivity to ADN: 91
20 WO 96/ 11182

PCT/ US95/ 12214 O EXAMPLE 12
Synt hesi s of the Ligand of Formu LI Q where each
R2 is isopropyl, each Rerr]is H r]0 and R5

mtrogen -~ flowrate

is methyl, and X is - CH(CH err] - J(Li garft
[I_grrz] g of the chlorodite derived Yrom P ferr]
m of toluene there was added 0.845 g
2,2 -propylidenebis(4, 6-dinmet hyl phenol) Ligand "H"
To 2 g of the chlorodite derived from PCl3 and 2-isopropylphenol in 20 ml
5  of toluene was added 1.207 g of commercial p-anisylidene 1,1'-(bis(2-naphthol)
‘and 1.01 g of NEt3 in 20 ml of toluene. The mixture was stirred overnight, filtered
through Celite®, and washed with toluene. The solvent was removed, to give
2.916 g of the desired product as a light-yellow oil. 31P (1H) (121.4 MHz,
CeDg): 130.10. Also, a minor peak due to an impurity at 132.52 ppm.
10 ' EXAMPLE 10A
Hydrocyanation using Ligand "H"
Ligand "H", 423 mg, 0.040 g of Ni(COD)3, and 20 mg of ZnCl; were
dissolved in 5 ml of 3PN. The mixture was treated with HCN at a nitrogen flow
rate of 30 ml/min at 70°C for one hour. GC analysis indicated 16.9% ADN, 2.8%
15 MGN and 0.5% ESN (selectivity to ADN: 83%).
EXAMPLE 10B

Ligand "H", 423 mg, 40 mg of Ni(COD), were dissolved in 5 ml of THF.

The solvent was removed by vacuum evaporation. To the residue was added 5 ml

20  of 3PN and 20 mg of ZnCl,. The mixture was treated with HCN at a nitrogen
flow rate of 12 ml/min at 70°C for two hours. GC analysis indicated 36_.8% ADN,
6.6% MGN, and 1.0% ESN (selectivity to ADN: 82.6%).

ijgand "J" 5
&2-1s fropylphenol in 20
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v

"(prepared according to Yamada et al. loc. cit.) and 1.0 g of NE[err] in 20

m of tol uene. The m xure was stirred overnight and filtered

t hr ouglweeg/itagf err], and washed wi th tol uene. TipETAIS9SA2R14 WaS .
renoved, to give 2.77 g of the desired 10 product as a yellow oil.
[err]P (1H) (121.4 MHz, C[err]D[errmmm&. Al so, m nor peaks
duetoirrpuritl 2 FE '

cal cul ated for + ﬁ égg aﬁé&?@@%ﬁ?@%&@%&ﬁ? %%s%l’ QWRZ

EXAMPLE 12A - parato R% R! and RY' is methyl, and X izl 3 apd (K5) ng Li gand

"J" 15 : Li gand / J 372yny, 0.040 g 20 nmg of

ZnCl [err] were df sz

with HCN at a nitrogen ca
70[err]C for one hour. GC
0.9% ESN (selectivity to
21 WO 96/ 11182

PCT/ US95/ 12214

of 3PN Th xture was treated
f 30 rﬂlm'n at
b 7.2% MGN and

ARATI VE EXAMPLE 13-13B -

DI PHENYLMETHANE BACKBONE COMPARATI VE
EXAMPLE 13 _ Synthesis of the ligand of Fornmula Il where
each Rlerr] and Rerr] 5 pddgand T Rl err] is t-buyl, each Rlerr]

and Rlerr] is H 'pod gofithe clilblodite deritdd SaMmPCld and thymol in 20 ml of toluene
5 there was added 0.741 g of 2,2'-ethylidenebis(4,6-dimethylphenol), prepared -
according to Yamada et al., Bull. Chem Soc. Jpn., 62, 3603 (1989), and 1.0 g of
NEt3 in 20 ml of toluene. The mixture was stirred ovmght ﬁltered through ‘
Celite®, and washed with toluene. The solvent removed to give 2 427 gofthe
‘desired product as a light yellow oil. 31p (lHl (121 .4 MHz, C5D5) 135 15.

10 Also, mmorpeaks due to ‘impurities at 137. 10, 132.5, 132.0 and 106. 4ppm
FBMS: calculated for M + H: 927.48; Found: medxum-mtensxty mn-cluster at
925.41.

- EXAMPLE 1]1A
Hyd io using Ligand "T"

15  Ligand "T", 389 mg, 0.040 g of Ni(COD)z, and 20 mg of ZnCly were
dissolved in 5 ml of 3PN. The mixture was treated with HCN at a nitrogen carrier
gas flow rate of 30 m/min at 70°C for one hour. GC analysis indicated 31%
ADN, 2.7% MGN and 0.4% ESN (selectivity to ADN: 91%).

EXAMPLE 11B
20 Hydrocyanation using Ligand “I"
~ Ligand "T", 389 mg, 40 mg of Ni(COD), were dissolved in 5 ml of THF.
The solvent was removed by vacuum evaporation. To the res:due -was added S ml
of 3PN and 20 mg of ZnCl,. The mixture was treated with HCN at a nitrogen
flow rate of 12 m}/min at 70°C for two hours. GC analysis mdxcated 48 3% ADN,
25  4.2% MON, and 0.5% ESN (selectivity to ADN: 91.1%).
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L gand "J2" To 2 g of the chlorodite derived fromPCd [err]
and 2,4-di-t-butyl phenol in 20 mM of toluene was added 420 ngy of
bj s(2- hydrwﬁqy&,} nmet hane and 607 ny of NEt3 in 20Pci/usds/122ldiene.
The m xture was stirred overnight and filtered D t hr ough
Celite[err], and washed with toluene. Tmﬁzremved to give 2.238 ¢
10 of the deS| red product as a pale y err ]P 1H) (121.4 MHz,
Clerr]Derr]); .131. 35. Syrtbesiswfibe Ligand of npurities at

132.6, 132.0, 131.7, 131.6, Jvﬁgxe%achkzxsmoproﬁﬂdeﬂeﬁkzﬁswpﬁhchkl
COMPARATI VE EXANPLE 13A ocyanat I,Q

3-Pentenenitrile with Li gam‘iRS Wemylimxﬁfm‘e%ﬁwerr])
where o-TTP is P(OG-o-Cerr]H efr [errY)[err]; Cl[err] Rronoter

Ligand "J2", 454 ng, 0.111 g o , and 20 ng of
ZnCl [err] wer e di ssol ves : @ was treated
with HCN at a nitrogen o} /mn at

70[err] C for one hour. GC anal ys) L. 0% ADN, 0.8% MAN and
0.2% ESN (selectivity to ADN: 67%. :
COVPARATI VE EXAMPLE 13B Hydr ocyanation with
Ligand "J2"/ N (COD)[err] Li gand " J2", 454 ny, 0. 040 g of

‘N (COD)[err], and 20 ng of ZnC [err] were Ligand"J* dissolved in 5 nml of 3PN

ate of 30 mPmin a7 eﬁr‘i?éfﬁc%‘?@“gﬁé E%%?%E’}ﬁéhﬁ% Zisopropylpend] 'F‘yg.s

25 i ndi cat ed 0. 9%fA0iNenethens weshadded lidenebis(4,6-dimethy.
22 WO 96/ 1 ad tall d 1.0 g of NEt m20mlof
BCT/ USO5/ 12214 J(i'n%%a:edac(:ordmgtoYam ae oc. cg(&an ﬁ° 3

Synthesis of the tekagam Ty mixtpre yas M?@F’Q‘@&Eﬂ q‘%ﬁ?&ﬁ%" and
each Rlerr], R erdshedeitRltelohe. i The bolveis whs removed, (d gige A7 gbfthe desired

10  product as a yellow oil. 31P { 1H} (121.4 MHz, CgDg): 134.68. Also, minor
peaks due to impurities at 136.22, 132.26, 128.6 and 105.29 ppm. FBMS:
calculated for M + H: 885.44; Found: 885.39.

EXAMPLE 124
Hyd . ing Ligand "T"

15 Ligand "J", 372 mg, 0.040 g of Ni(COD)2, and 20 mg of ZnCl; were
dissolved in 5 ml of 3PN. The mixture was treated with HCN at a nitrogen carrier
gas flow rate of 30 mY/min at 70°C for one hour. GC analysis indicated 67% ADN,
7.2% MGN and 0.9% ESN (selectivity to ADN: 89%).
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- EXAMPLE 14B

Li gand "K" ' To 2 g of the chlorodite derived fromPCd [err]

and 2-isopropyl phenol in 20 m 5 of toluene was added 0.601 g of

2, 2" - digysipggphenyl ether and 1.0 g of NEt3 in PeTrdsesiizzae! uene.
The m xture was stirred overnight, filtered through Celite[err], and
washed with tol uene. The soliSRipARETICERNEOMPP E&i 148138 44 9 of the desired
product as a colorless oil. ] TH (1Z1. 4 NHZ err]Derr]): 131.6.
Al so, ‘m nor peaks dué AR LAANE B AL E12, and 131.8 ppm

10 . COMPAREMVEEXANPLE |

Hydr ocyanati on using Jligand "K' .. . 1 gand K", ng, 0.040 g
of Ni(CoD)[err], and %%?Fﬁ‘scﬂf%?'é‘rqff%%n f%“gaﬁgéeﬂggg in5nm of .
3PN. The 8i xt ur e passtotR%ia tbutydj édeh RiNndR BistH | dndJg€ i CHZ-i(Bigand "12")  gas

flowrate of 30 m/mn at /0C tor ope hour. GC analysis 1 ndrcated 30% ADN,
15 7. 1% MGN and 1. 0% ESN ech Vi to ADN: ~

: on usi ng Ligand "K"
Ligand "K', 337 ng, 40 ng of 2 were dissgl in 5 mM of THF.
The sol vent was renoved by vacuum eVaporation. ,0

m 20 of 3PN and 20 ng of Zn(} [e(r)f}g The nb»x‘f\ure was treated with HCN at

a nitrogen flowrate g0 mimn at]7 two hours. GC anal ysis
i ndi cat ed 68. 2% ADN, a % selectivity to ADN:-
78. 69 . - : 23
WO 96/ 11182

PCT/ US95/ 12214 o - - ' '

To 2 g of the chlorodite derived from PCl3 and 2,4-di-t-butylphenol in
20 ml of toluene was added 420 mg of bis(2-hydroxyphenyl)methane and 607 mg
of NEt3 in 20 ml of toluene. The mixture was stirred ovemight and filtered

 through Celite®, and washed with toluene. The solvent removed to give 2.238 g
10  of the desired product as a pale yellow oil. 31P {1H) (121.4 MHz, CgDg);
131.35. Also, minor peaks due to impurities at 132.6, 132.0, 131.7, 131.6, 130.3,
and 121.8.ppm. _ _
' - COMPARATIVE EXAMPLE 134
Hydrocyanations of 3-Pentenenitrile with Ligand
15 "J 2"/Ni(o-TrP)z(_C_sz4 , where o-TTP is P(O-0-CsHiCH3)3; ZnCl, promoter

Ligand "J2", 454 mg, 0.111 g of Ni(o-TTP)2(C2Hy), and 20 mg of ZnCly
were dissolved in 5 ml of 3PN. The mixture was treated with HCN at a nitrogen
carrier gas flow rate of 30 ml/min at 70°C for one hour. GC analysis indicated
2.0% ADN, 0.8% MGN and 0.2% ESN (selectivity to ADN: 67%).

20 - COMPARATIVE EXAMPLE 13B
Hydrocyanation with Ligand "J2"/Ni(COD)3 .

Ligand “J2", 454 mg,0.040 g of Ni(COD)>, and 20 mg of ZnCl were
dissolved in 5 ml of 3PN. The mixture was.treated with HCN at a nitrogen carrier
gas flow rate of 30 ml/min at 70°C for one hour. After this time, GC analysis

25  indicated 0.9% ADN, 0.4% MGN and 0.2% ESN.
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EXAMPLE 15 Synthesis of the Ligand of Forrmula Il where each R err]

I's isopropyl, each Rerr] para to Rlerr] is nmethyl, each
Rerr] ancbva[gemlhzl s H and Xis -O (Ligand "L") PCT/US95/12214
[err] _ Ligand "L"

To 2 g of the chlorodite deri‘ted fromw 1 Eaad thymol in 20 m of

t ol uene 5 was added 0. 55 2 en her and. 1.0 g of
NE[err] in 20 i of Synth “thﬁB'eLgméﬁg m‘&% %xﬁﬁgeéﬁhﬁié”dsw& ght,
filtered through Celite[er ghch RERF 28R is H, and X isv-Oh(LigandK") The sol vent

renoved, to give 2.46 g of colorless oil.
[err]P (1H) (121.4 Mz, Clerr|(B | 131.81. A so, mRdr peaks due to

- EXAVMPLE 15A
"L Li gand "L",
ZnCl[err] were di ssolved in € Mxture was treated
with HCN at a nitrogen carrier )’ » e of 30 M/ mn at
70[err] C for one hour. After this tine, GC anal ysi s 15 indicated 55%ADN,
12. 0% MGN and 1. 0% ESN (sel ectivity to ADNigaBU%' .

EXAMPLE 16 g of thY BhIdFdite dekived froln BERnA2-56proDY lr{‘éérﬂf’l
gof t3 xn

usi ng Li gand
NiL COD)2, and 20 ng of

h I
Rerr] i s Tothylof B sdder &5Q8 of P2 QHREAP i‘@?’r‘?d‘ea“%

[err] 20 ml of toluene. The mixture was stirred ovemight, filtereithyongh Celite®, aikD

To 2 g of the chlgé‘%gwg,sd%eé from EGPL?emclve%'}gnge'fWE%?Wﬂgé in 20

m of tol
2,2 -ethyli denebpmddctﬁsdlmspﬂ.eﬁmHHb(%wiz CeDg): 136:60Ad8; guines

Yanada et al . , ﬂﬁﬂ ,’{”?I ’ of toluene. ‘The
m xture was sti r&ggggv%tron e? teir\g:]ﬁt r#lgl}gh%%'te[err], and washed
with tol uend0 The soI vent was Mil&ﬂgi ve 2.541 g of the

deS| red product as an opaque oi | . Hydrocyanation using Ligand "K"
Ligand "K", 369 mg, 0.040 g of Ni(COD);, and 20 mg of ZnCl> were

dissolved in’5 ml of 3PN. The mixture was treated with HCN at a nitrogen carrier

gas flow rate of 30 ml/min at 70°C for one hour. GC analysis indicated 30% ADN,
15 7.19% MGN and 1.0% ESN (selectivity to ADN: 79%).

Hydrocyanation using Ligand "K*
Ligand "K", 337 mg, 40 mg of Ni(COD), were dissolved in 5 ml of THF.

The solvent was removed by vacuum evaporation. To the residue was added 5 mi
20  of 3PN and 20 mg of ZnCl,. The mixture was treated with HCN at a nitrogen

flow rate of 12 ml/min at 70°C for two hours. GC analysis indicated 68.2% ADN,

15.4% MGN, and 3.2% ESN (selectivity to ADN: 78.6%).
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PCT/ US95/ 12214 [err]P (1H) (121.4 MHz, Cerr]Dlerr]): 130.7. M nor
peaks mgp 131. 14, and 130. 14. PCT/US9S/12214
E_)(AI\/PLEG%%% : : Hydr ocyanat i on of 3-Pentenenitrile

W th - Li | (COD)[err]; ZnC[err]
pronot er 370 mi; of %&y 0.040 ¢ of Ni (COD)[err],
and 20 ng of Synth¢sisofjthebigand of Formuly %'MGHCHRZSWDPYIM PamitRt ur e
was treated w th HCNR2is @ Iéwﬁ(ﬁ'-fah&ﬂl.isn and X'isl6- Qfigz mn at

70[err] C for one ho - MGN
and 0. 7% ESN (selectivity to JADN:

EXAVPLE 16B and

3-Pentenenitrile . i ' 0 "D2"/ N (COD)[err];

ZnCl [err] pronoter
were dissolved in 5 m of A
evaporation. To the residue‘was adf N and 20 ngy of
ZnCl[err]. The m xture was treated a nitrogen flow rate
of 12 mM/mn at 70C for two hours. GC anal ysis indicated 36.2% ADN,

8. 7% MAN, and 1.0% ESN (selectivity tODMJ"L"?9 09 ..

EXAVPLE 17 ' For mul a
[V, 20 V\% of the cl'ﬂo'rggl 1 ‘sierlwsegpr opyI ?%ﬂ:&ﬁ; Ltﬁ err err]

is H (L gandwqma;lded0554gof22 etheranlegofNEtgm mlo[err]
Ligand "M toluene. The mmmre%s%ﬁnﬂﬂ Rdkhe® 1. 145

g of 2,2'-bingpht hol -40 vaas add
1.0 g of 1, 1y ﬂ@n&aqge?lvmwmfm& Z%E%Meﬁ Jb J@s.an T
t ol ueneh The colodiesy oil. WP Mﬂ}r’(ﬂdlmmﬁtzocsng)mmlaahurmhsal [ﬁmcfrpeal(:js duétb:j r ][ ed
overni ght. A.20 contaning the chloridite derive rom
25 Pd [errfmgﬁlsg'efﬁ?&ggﬁgﬂ@q?z&%ms added thereto. After stirring for
two days]Othe m Xt ure was fEKMHE_ﬂ_ﬁAough Celite[err], and washed
with toluene. The sol vent wasy 0ihe Lig _'lnve 3.382 g of tan
solid. [err]P (1H) .(121. 4 Miz,~C ep T (]Zn 131.2
[err]. Also minor I-pmtlsla@%& 340 &1 Dmmmm Clagreze 132. 2,
and aﬁéoloedﬁ%\ﬁlomdnﬁ&ﬁxﬁﬁeww&&%ﬂmgNﬁal HEOFE calrBét Wi th

e ot UC UT s 134 rase 5 40 i e 0RE for e . R iSO Snblyis °N0° O 21
15 indicated 55% ADN, 12.0% MGN and 1.0% ESN (selectivity to ADN: 80%).
Synthesis of the ligand of Formula I where each R2 is isopropyl,
‘each R? is H, each RS and R! is methyl, and X is -CH(CH3)-_ (Ligand "D2")

Ligand "D2"

20 To 2 g of the chlorodite derived from PCl3 and 2-isopropylphenol in 20 ml
of toluene was added 803 mg of 2,2'-ethylidenebis(4,5-dimethylphenol), prepared
according to Yamada et al., op. cit., and 1 g of NEt3 in 20 ml of toluene. The
mixture was stirred overnight, filtered through Celite®, and washed with toluene.
The solvent was removed, to give 2.541 g of the desired product as an opaque oil.
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PCT/ US95/ 12214 EXAMPLE 17A Hydr ocyanati on of
3 Pent enengicg éd/a1gd t h Li gand PCT/US95/12214
"M/N (o-TTP)[err](Cferr]Herr]); ZnC[err] pronoter Li gand

"M, 331 ng, 0.131pq1H) (M(@MHP,)([Z@DJ)} (18Der. rm@pbilﬁs.ataﬂﬁowtﬁj b4, addCl [ err]
5 were dissol Vedl?ﬁ m of 3PN. The mi xture was treated with HCN at a
ni t rogen rate of 30 mM/mn at 70C for one hour. After this

time, GC analysis indicated 19. EXANIRLEA6A6 MGN and 0. 7% ESN

(selectivity to ADN: 81%. dro::y R with EXAVMPLE 17B
Hydr ocyanati on of 3-Pentenenit r|HIy gtion of 3 Pentenemtrile wth Li gand

"M/ (COD)[err§; zZnC[err] prongkigand "DZ"/NI(COD)Z.Zn@QLTM Li gand "M and
0.040 g of NN (COD)[err Qx dobzzZr(ﬂy{ beY?OD d 20 mgio$ ZACkLWeten 5
m of 3PN. The m xt u%’o\?ggoerﬁéﬁ gq,\r/e\n th HCRI )r%litm l?l‘gflow ¢
rate of 30 m/ni qisselvedin 3 gyl of AENy, e mipgturg yeas fé FogeIow 104
MGN and 1. 1% ESNrite & 80'mhinyat70°C Edt orfeIdur. GChElalys:s md1cated247% ADN, 6.0%

Lopropy OLnéhiahhﬁﬁqr&ﬁ%Meiﬁﬁﬂvgomﬁ 2Ry - C cc Rerl i

Li gand "N To 2 g of the Wldlte derived from
PCl [err] and 2 i sopr opyl phenal Hydmcyﬂmaanafypbnﬂeﬁémm was added 850 ng
of 1,1"-bi-2-naphthol and 1.2 g, of, J 20, 0

mm Lr t ol uene. The

mxture was stirred overni ght—=—e OtHS — and
washed with tol uene. Tigad'D2'n366ung, 4ng/eﬁzN1(COQ)2 WS oived in mhef THF.

desired g%ggivemeéﬁld@&’bga it atelégwfhf’ %&hﬁ%ddedsm

Clerr]Dlerr]) he desired
product q erl? H of 3PN and/20mpg of ZnCly 7Themixtyre was treated Wl At a nitrogen

flow rate of 12 ml/min at 70°C for two hours. GC analysxs mdxcated 36.2% ADN,
8.7% MGN, and 1.0% ESN (selectivity to ADN: 79.0%).
' : EXAMPLE 17
Synthesis of the ligand of Formula IV,
20 where each R2 is isopropyl and each R? and RY' is H (Ligand "M")

QO
) Y

Ligand "M"
To 20 ml of a toluene solution containing 1.145 g of 2 2'-b1naphthol and
1.21 g of NEt3 at -40°C was added 1.0 g of 1,1'-biphenyl-2,2'-diyl phosphoro-
chloridite in 20 ml of toluene. The mixture was warmed to room temperature and
stirred overnight. A 20 ml toluene solution contaning the chloridite derived from
25 PCl3 and 2-isopropylphenol was added thereto. After stirring for two days, the
mixture was filtered through Celite®, and washed with toluene. The solvent was
removed, to give 3.382 g of tan solid. 31p {1H} (121.4 MHz, CgDg): 145.3 5,
131.2 8. Also minor peaks due to impurities at 146.6, 146.4, 146.3, 132.2, and
131.0. FBMS: Found: 885.30. The FBMS data is inconsistent with the structure

30 shown for Ligand "M" due to the possible presence of an impurity.
25



WD 96/ 11182 :
PCT/ US95/ 12214 EXAMPLE 18A

Hydr OWIHM of 3-Pentenenitrile with PCT/US95/12214 Lo
Ligand "N'/Ni (COD)[err]: ZnC[err] pronoter Ligand "N', 373
ng, and 0.040 g of N (COD)2 were dipgaMPE 17AS> M of - 3PN

containing 20 ng of Znd [er The m xt was treate vmth HCN at a
nitrogen flowratﬁﬁiﬂr"@@r‘fﬂI érgg E‘tgor one hour. GC

Hydrocyanat | on of Li gand
"N'/ N ( COD) [ wexe|d h@ﬂp@ﬁn}lqsrimbtﬂnemmmwasueatedwx:hmatamogevs nmy, 40

ng of NI(COmerra:Lowsowalféﬂbnéh% OAfidrthis time GCanal um!ahe%nt was

3PN and 25 ﬁ%ﬂﬁﬁ%%&@@iﬁﬁ%&&&% mm at a nitrogen

flowrate of 30 m/nmin at 70[err] CEOOAMPLE {7BIr .. GC anal ysi s indi cated

58. 9% ADN, 15 9. 2% MG\, F@gﬁ 1, 1060 Egy (I§e ectiwvity to ADN: 83.3%.
EXAMPLE 19 Synt PI ormila V, where each
Rlerr] il isopropyl, eachwili bigah 'M'INl(COD)LA@t%e”] i's nmethyl and
[ he prher Rerr] 404 fitg R LSRN LR 0040 3 oF NEUCOB, d20mg of ZaCly weze

To 20 ml of dissolmeddn §aninfi3PN. cﬁﬂmgva_su;aydmthmm;ﬁmmmwm te
20 d d fhafg atyoR ﬁ%ﬁ’maﬁmﬂ
1,1 e[): ' a@ﬁmg%dﬁgmm%mof NEt3 1n 20 m o?ADt ol uene The

m xt ure was %% xt'ure was filtered through
Celite[asr], and washed with tol uenwgyent was ' removed, to

give 2.569 g of an or.ange o err C6D6) :
'131.246. Al so mi nor peaks du§y?'5‘L§‘ﬁﬁ{$thg%d Iw?zand 132. 31. FBME:
25  Found: 941. 6¥herecdachi wmmdmﬁmnﬁrgmw"my 42.

To2gofthe phosphochlondne derived from PCl3 and 2-isopropylphenol
in 20 ml of toluene was added 850 mg of 1 ,1'-bi-2-naphthol and 1.2 g of NEt3 in
20 20 ml of toluene. The mixture was stirred ovemight, filtered through Celite®, and
washed with toluene. The solvent was removed, to give 2.711 g of the desired
product as a yellow liquid. 31P {1H} (121.4 MHz, C¢D¢): 131.51. FBMS
calculated for M + 1 for the desired product C55H5605Pz 887.36; Found:
887.37. -
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PCT/ US95/ 12214 EXAMPLE 19A
H_ydrocyanav 3-Pentenenitrile with Ligand _ PCT/US95/12214
O/NI(CO:)|:EI’I’| zZnC1[err] pr onot er Ligand "O', 396 ny,

0.040 g of N (CCD)[err] and 20ng of Zn%%%e 5 di ssolved in 5

m of 3PN. The m xture Wastreated W th trogen fl ow rate

of 30 m/nin at 70[err]C for onHyﬂmyana@@naﬁaﬁg@teyemﬁ&Fwﬂ'ed 63% ADN, 8.0%
MGN and 0. 8% ESN (selectivity t_@'"N@MCOD ZnCl» promoter

COVPARATI VE EXAMPLE 20 lﬁ@'ﬁ—ﬂ’ﬂ? 8’ S £
Formula V, where each Irgend’] ﬁa3R{EeP¥ﬁm°4§@°f 1 Dzwﬁﬁfr‘%lssp %[1% ﬁ'lq

t-butyl, otheg Rm&omﬁnﬂgmdngaﬁm@zemmﬁmwasmaddvm)Hmatamuogen

[err]

Phosphor us t ri chiflo® e pf30ml/pin at PG for one hor. g%%ﬁ‘%ﬁ“ﬁ%’%&ﬁér@mb‘

(10 nl) and cool &B% MGIN arxkl.S% ESK {sebectiitg tOADNDHBIR). phenol (1.65 g, 8.0
nmol s) andtrlethylamne(Zln%%m wer e dissolved in
toluene (10 nml). This solution W ropw se to the cold
PCl[err] solution. After 30 ni nHydssysnationof 3-Pen sWihat ed to refl ux
folr 75 m n]lc.lt Té TBe m xture was H"NeAGleo Znl ﬁg,dg&t agd a
solution o 1 i -(2-.nap

dropwi se. The reactlorl--‘B*F")S{W\{hIB g?ﬂa?ﬁ& %E @'@ erg, issol ﬁﬂﬁ\@f“r

m xture Re sehehewas ffifbvel by vatiuuin mpmﬁmmoauemdudwmdeds milhe

sol vent was rem)v 0,
Recrystal lizati or? QPM'B f?ﬁ% V'\ggﬂﬁ%&}% unsucces Wcause Fﬁne :
material was fai mmmmmmmmmehMMMcMSBQ%@He a

;-gftl e yell ow gl | %%#%QHD% RSN r| £ e?[ﬁrAlezéi%)A' so, small peaks

Synthesis of the ligand of Formula V, where each R2 is isopropy], cach R?
para to R2 is methyl and the other Rz' is H, and each R3'is H (Ligand "O")

\;O

lLigand "O"
'I‘o 20 ml of toluene solution containing 2.0 g of the phosphorochloridite
20  derived from PCl; and thymol were added 0.785 g of 1,1'-bi-2-naphthol and
0.910 g of NEt3 in 20 ml of toluene. The mixture was stirred ovemight. The
mixture was filtered through Celite®, and washed with toluene. The solvent was
removed, to give 2.569 g of an orange oil. 31P {1H} (121.4 MHz, CgDs):
131.246. Also minor peaks due to impurities at 145.73 and 132.31. FBMS:
25 Found: 941.64; calculate for CeoHeaO6P2: 942.42.
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PCT/ US95/ 12214 COVPARATI VE EXAMPLE 20A
Hydr ocy@y w2 Usi ng Ligand P Li gand "P", pé®auspg12204 040 g of -
Ni (COD)[err and 20 ng of zZnCl[err] were dissolved in 5 mM of 3PN

The m xture was treated with HCN atEXAMPEBAOA carrier 5 gas flow rate

DN or 796 M s 0. 4o CXEPSEBbat s PraeSRBRNAL Suh dpa o0 S 70

EXAMPLES 22- 31 : - "0"/N1(COD)LanzMyanat i on of
3- F’entenen't“ | € Ligand 40", 396 mg Gehbﬁo?mt@wwm&% 83 \#&éng a

variety of | ds, ,of I on, ar.ed aCCQI’ anc wth the
gener al @gfﬂ?%%dlﬂés@r?%w1 FHH‘EH’%W@)HS‘“R b& specific
condl ti ons fﬁte@ﬁ&fhmh/nﬁmcymfdrmehmr omsma@eﬁmh'catedss%mao%A B or

Al V MPLES A-C2
Hydr ocyanat i %Glgfngoﬁqﬁgga{aﬁqefﬁ;gﬁﬁﬁ&} Eq ‘tol yl phosphite 15 _
COVPARATI VE EXAMPLE A Q.QWEXAMELEJ_QCOWDGY es to Method A of

Table 1 tl;!_egw as 8¢ nmol es)  of

p-tri tolﬁhphosphl te Syn %f%%ﬁ%m@?g d@evgh 3‘?, &%l CoD)[err]. The

sol vent S renovgar? 3 8L ot § THAKEEACH X (lgan@or due was added

5 mM of 3PN and 20 ny of ZnCI[err] The -20 'xture was treated with HCN

at anltrogenflowrate of 30 M/ mn at 70[err & for one hour. GC

anal ysis indicated 37.5% ADN, 8.4% MGN Y QP ESN - - - (selectivity to
' ' - PARAT| VE EXAMPLE B

ADN: 79.49%.
Conpares to Method B of Table 1 25 of 3PN was added ‘

0.306 g (0.89 nmmol es) of p-tri and 0.115 g (0.14

mol es) of (oTTP)[err] Ni (et oTTP F~o 1 ™t0l yl phosphi t-e) and
0.020 g of zZnC[err}. The m e, eated wfth HCN at a nitrogen flow
rate of 30 mM/nin at 70C Jor ®ne hour. anal ysi s indicated 28.6%

ADN, 5.9% M&N and 0. 9% ES
COVPARATI VE EXAMPLE Cl1 \
of Table 1 - 29
Ni (COD)2 were dissolved in
vacuum evaporation. To the residue :
of ZnC[err]. The m xture was treated
rate of 12 mM/mn at 70[err]C for two h
22. 7% ADN, 5.1% M3N, and 0.8% ESN (sel e

(select|V|tyto ADN: 80.79% . 30

Conpares to Method C
p\lpl yI pho phite and 40 ng of
sol vent was renoved by

35 at a nitrogen flow
nal ysi s i'ndi cat ed
DN: 79.49% .

Ligand "P"
Phosphorus trichloride (0.55 g, 4.0 mmols) was dissolved in toluene
(10 ml) and cooled in an ice/salt bath. 2,6-Di-s-butyl phenol (1.65 g, 8.0 mmols)
and triethylamine (2.1 ml; 15 mmols) were dissolved in toluene (10 ml). This
_ solution was added dropwise to the cold PCl3 sollmon After 30 mm, the mixture
15  was heated to reflux for 75 minutes. The mixture was again cooled in the ice bath,
and a solution of 1,1'-bi-(2-naphthol) (0.57 g; 2.0 mmol) in toluene was added
~ dropwise. The reaction mixture was heated to reflux for 1.5 hours. The mixture
was cooled, and the solids were removed by filtration. The solvent was removed
in vacuo, leaving - a sticky yellow solid. Recrystallization from acetonitrile was
20  unsuccessful because the material was fairly soluble. The acetonitrile was removed
to give a pale yellow solid. 3IP NMR (CDCl3): §129.7. Also, small peaks at
130.8 and 145.6 due to impurities.
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29 WD 96/ 11182 ' '
PCT/ US95/ 12214 c ' COMPARATI VE EXAMPLE C2

Cpnpar es t gyd/®émg2 C of Table 1 To 5 mM of 3PNRGUSISHZH4
0.099 g (0.28 nmol es) of p-tritol Ihite . 0.205 g (0.14 mol es)

of tetrakis(p-tritolyl phosphite) rie hefderr] . 5 The
-mxture was treated wwth HCN at a After 1

) | § Aty M ‘ .‘7 : Ny _[
hr of reactio %. Al d 0.8%
ESN (sel ecti vi %ao'%fﬁt\%f ] : “B'Egpéﬁ%? %‘ﬁ'\GN gere ’

anal ysi s indi cat elissgived 5 ml of3PNAmhexﬁ1xtﬂtelﬂ§ treatedowiEHON: atl amitrogert gartier
)
PO 79 8% 5 gas flow rafe' R Bmin at 70°C for GRORRS. GC analysis inicated 37%

Hydr ocyanati o BOIEr 5o
ADN Met hod ADN, 0.7% MGN and 0.4% ESN (selectivity to ADN: 77%). 19.0

92. 4 A | EXAMPLES-31 23

[err] 6.7 88.3 . A R e : [err]
24 [err] Hydrocyanation of 3-Pegtenepitrile A

25 [ erable 1 shows hydrocyanatfons using a va#ie# of ligands of4he invention,

10  prepared in accordance with the general procedures described in the previous
examples. The specific conditions for each hydrocyanation are described as

Method A, B or C.
COMPARATIVE EXAMPLES A-C2
H at _ .. N it
15 COMPARATIVE EXAMPLE A
m t f Tabl

To 5 ml of THF was added 0.296 g (0.84 mmoles) of p-tritolylphosphite
and 0.040 g (0.14 mmoles) of Ni(COD),. The solvent was removed by vacuum
evaporation. To the residue was added 5 ml of 3PN and 20 mg of ZnCl,. The

20 mixture was treated with HCN at a nitrogen flow rate of 30 ml/min at 70°C for
one hour. GC analysis indicated 37.5% ADN, 8.4% MGN and 1.3% ESN
(selectivity to ADN: 79.4%).

COMPARATIVE EXAMPLE B
| Compares to Method B of Table 1

25 To 5 ml of 3PN was added 0.306 g (0.89 mmoles) of p-tritolylphopshite
and 0.11_5 g (0.14 mmoles) of (oTTP),Ni(ethylene) (oTTP = o-tritolylphosphite)
and 0.020 g of ZnCl,. The mixture was treated with HCN at a nitrogen flow rate
of 30 ml/min at 70°C for one hour. GC analysis indicated 28.6% ADN, 5.9%
MGN and 0.9% ESN (selectivity to ADN: 80.7%).

30 COMPARATIVE EXAMPLE C1

Compares to Method C of Table 1

296 mg of p-tritolylphosphite and 40 mg of Ni(COD), were dissolved in
5 ml of THF. The solvent was removed by vacuum evaporation. To the residue
was added 5 ml of 3PN and 20 mg of ZnCl,. The mixture was treated with HCN

35 at anitrogen flow rate of 12 ml/min at 70°C for two hours. GC analysis indicated
22.7% ADN, 5.1% MGN, and 0.8% ESN (selectivity to ADN: 79.4%).
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26 [err] 77.5 90.1 A

30 WO 96/ 11182

PCT/ USO® 05821182 27 [err] 25. OPCT/USISg21H N
C - 28 i 24.3 89. 9

A | DMPARATIVEEXAMPLEL2

41.0 83.9 B . Comparesto Method C of Table 1

Lerr] * 3Fo 5 ml of 3PN was added 0.099 g (0.28 mmoles) of P-tHitolylphosfiieS,

0.205 g (0.14 mmoles) of tetrakis(p-tritolylphosphite)nickel and 20 mg of ZnCl,.
The mixture was treated with HCN at a nitrogen flow rate of 12 cc/min. After 1 hr
of reaction, GC analysis indicated 26.5% ADN, 5.9% MGN and 0.8% ESN
(selectivity to ADN: 79.8%). After 2 hr of reaction, GC analysis indicated 27.6%
ADN, 6.1% MGN, 0.9% ESN (selectivity to ADN: 79.8%).

Conversion % ADN Method
19.0 92.4 A

23 ~ B 6.7 83 A

OP(O-AY

O-P(0-A),

B .

Me -

25 63 912 A
26

5 9%0.1 A

30



[err] 31 15. 8 86. 1

C [err] - Method A: 0.42 mol es ligand, 0.14
nmol es N (Gyg)dsatiisk in 5 mM THF. Renopve sol penusosin2ais. 3PN
and 20 ng ZnCl[err]. HCN at 30 m/mn for 1 hr. Met hod B: 0.42 mmol es
ligand, 0.14 nmol es2MNi (COD)Jerr] in 5 mp(&gN and 20 ngy 8.1 C
ZnCl[err]. HCN at 30 m/ ®p 1 2Method C 0. 42 mmlesllgand
0.14 nmoles N (COD)[err] in 5 HF. Rem)ve . solvent. 5
m 3PN and 20 ng ZnC [err].™ mn for 2 hrs.

31 WO 96/ 11182
PCT/ US95/ 12214 . '

Al though particul ar enbodi ment
described in the fasegoi S
skilled in the ar
nodi fi cations, substitutiOr
fromthe spirit or essenti
shoul d be nade to the ap'
specification, as indica

[err]
of the present invention have been
'ption it will k»a3under g9god by thapse

e tion is capable of nunerous
e 6'l;a{’"'ﬂ?earrangements W t hout departing
tributes of the 5 i nvention. Reference
O-Ant her than to the f or egoi ng-
cope of the invention.
COMe _
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O—ray,

0 469 84.8 A

2 .
o, o ‘
a

2

31 158 86.1 c

Method A: 0.42 mmoles ligand, 0.14 mmoles Ni(COD), in 5§ ml THF. Remove
solvent. 5ml 3PN and 20 mg ZnCl,. HCN at 30 ml/min for 1 hr.
Method B: 0.42 mmoles ligand, 0.14 mmoles Ni(COD), in § ml 3PN and 20 mg
5 ZnCl,. HCN at 30 mi/min for 1 hr.
Method C:  0.42 mmoles ligand, 0.14 mmoles Ni(COD), in 5 ml THF. Remove
solvent. 5 ml 3PN and 20 mg ZnCl,. HCN at 12 ml/min for 2 hrs.
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32 WO 96/ 11182
PCT/ US95/ 12214 W Caim 1. A hydrocyanation process

conpri s¥¢9s/iagset i ng an acyclic, aliphatic, : PCT/US95/12214 .

-0 -

Although particular embodiments of the present invention have been
described in the foregoing description, it will be understood by those skilled in the
art that the invention is capable of numerous modifications, substitutions and
rearrangements without departing from the spirit or essential attributes of the

5 invention. Reference should be made to the appended claims, rather than to the
foregoing specification, as indicating the scope of the invention.
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nonoet hyl eni cal | y unsaturated conpound i n which the ethylenic double bond

I S not conjugated to any other olefnic group in the nolecule, or a
nonoet hy| eg'& 22 5 unsat urated conpound in which the edyisesiie2i4
doubl e bond 1S conjugated to an organi c ester group, with a source
of HCN in the premrmmf a catal yst conposition conprising a Lew s
acid, a zero-valent nicke nd at | east one phite
i gand selected fromt }a#’é’aﬁ’crmgé’ﬁ?%&‘%‘i&“?ﬁé“%ﬁ%aﬁw W
Formulas |, II, Imbnodthyleﬁicallylummmdcompoundmwmch the ethylenic double bondxsnot

[err]

conjugated to any other olefinic group in the molecule, or a monoethylenically

5  unsaturated compound in which the ethylenic double bond is conjugated to an
organic ester group, with a source of HCN in the presence of a catalyst
composition comprising a Lewis acid, a zero-valent nickel, and at least one
multidentate phosphite ligand selected from the group represented by the following
Formulas I, I, I, IV, V, VI and VIIL:

QT
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33 WD 96/ 11182
PCT/ US95/ 12214 [err]

wher ei Ry 96111182  PCT/US9S/12214

wherein .
each R! is independently, H, halogen, a C; to Cg alkyl, or OR3 wherein
R3isaCy to Cg alkyl; '
each R2 is independently a secondary or tertiary hydrocarbyl of 3 to 6
5 : carbon atoms; '
each R? is independently H, halogen, OR3 wherein R3 is a C; to Cg alkyl
or a primary, secondary or tertiary hydrocarbyl of 1 to 6 carbon
atoms; for Formulas II, III, IV, VI and VII, R? is at either the meta
or para position to the oxygen; ' '

T ) O



each Rlerr] is independently, H, halogen, a CJerr] to CJerr] alkyl, or

OR[err] wherein Rerr] is aderr] to (Jerr] aIkyI
each Rl er rivd sgripgerendent |y a secondary or tertiary hydrocappy }CF 122140 6
carbon atons; each Rerr] isin epen ently

H hal ogen, OR[err] meamns'lﬂmeﬁendan@yﬁararﬂnﬁayeieédohdﬂbwumcubylofxto

or a prmary, secondary or jteriary hydroga

atoms: for Formulas I1, |PI° m'f(\?&/ g ?{?léq?ﬁmftgpgg%{gp?ﬂg}ewge%{a
or para position to the oﬁQﬂm’*wheremR?’ xsaCltoC4alkyl.and

34 WO 96/11182 4 4

PCT/ US95/ 12214 each X is independently R[‘?a’rcrniuR VhersinR o &5 8 sypstimueed
primary or setondary hydr dbemiyer &€ to €ealkyl; 3 car bon
atons in either the ortho or Rgipthe ¢1$d3!ha€mett&ﬁ1s0'§é/&ﬂ ' "tertiary"
CJderr]Rerr] wherein R[errL S err| al kme?and

each X is independently O & "‘Eﬂ{é{‘é WF‘]”’P?"H““&‘%’Gbstltut ed
5 phenyl, or a Chﬂdﬂlﬂitﬁeﬁxﬂidtbro’ﬁﬁﬁ’t!hatml?ormﬂasl II,and V at

with the proviso that the ter cond rti
herein refer to the car bonierffgmf F@l F&%Mg
and with thel@urther & oTheprdcess of Clain 1 rwhessin khe starting etdhylénivally unsaturated

pracess of O e BARHLIR ReiPbd HoPiat o] Bl of o fhpomas gt P totlbing

conpound i s sel eformulgsr\G andXyr oup consisting of the conpounds of the

fol |l ow ng formul as VI %j -(CH,).-R4
CH[e_rr]-(CI—I[err])[err]-CI—I:CI—I-(%Iﬁerr gerr]- erry{® iggll)
CHerr]=CH (CHerr])[err]-R er (X, 15 ei n

Rlerr] is HiLN whelesti r| Rl err], orperfluoroal kyl; y is an
i nteger of 0 to 12; {eger of 0 to 12 when

Rlerr] is H, qur’r]R[g‘rﬁHo%gr% P’(')B‘f ? aiky X is an
integer of 1 to 12 whey isheimdger of Cho 12nd 20 Rlerr] is alkyl.
3. The process of daipm. ' urated
conpound is sel ected fg]%%%kgf%%5 MH&&%#M m

4- pent ene ni t Xii$ & integey bf 219 13when Ry isChhmndnoat es, and
Clerr]Flerr]4g+=CH err] grs 'z i's an integer of 1to 12. 25

4. The process of Caim erein the starting et hyI enical l y unsaturated
compound is 3- penteneﬁftn?mﬂs@f[gﬂ%hm% starting ethylenically unsatugated o

o 200 err]C Zh?ﬁ“glﬁﬂ“ﬁg?siggﬁ%ﬁ““‘ “ig%“w‘“wf“‘*“; The
process of d ai @8“9&?“%"8 %é%g'gﬁ?eé ag dnteger,
at a tenperatureofftdirr] C to 150[err]C
25 4. The process of Claim 3 wherein the starting ethylenically unsaturated
compound is 3-pentenenitrile or 4-pentenenitrile.
5. ‘The process of Claim 1 which is carried out at a temperature of -25°C
to 200°C and at a pressure of 50.6 to 1013 kPa.
- 6. The process of Claim 5 which is carried out at atmospheric pressure
30 and at a temperature of 0°C to 150°C.
7. The process of Claim 1 wherein the Lewis acid is selected from the
group consisting of inorganic or organometéllic compounds in which the cation is
selected from scandium, titanium, vanadium, chromium, manganese, iron, cobalt,
copper, zinc, boron, aluminum, yttrium, zirconium, niobium, molybdenum,
35 cadmium, rthenium and tin.
8. The process of Claim 7 wherein the Lewis acid is selected from the
group consisting of ZnBr3, Znlj, ZnCl3, ZnSO4, CuCly, CuCl, Cu(O3SCF3)2,
CoCl3, Coly, Fel, FeCl3, FeCla(tetrahydrofuran),, TiCls(tetrahydrofuran)s, TiCly,

. L



7. The process of Caim1l wherein the Lewis acid is selected fromthe
group consisting of inorganic or organonetallic conpounds in which the

cati onwe 9611182 sel ected from scandium titani um vangdmwssazien um
nmanganese, i ron cobal t pper, zinc, boron, alumnum yttrium
ziv o um Gt TNGEMGy Secly Aick; quamdm amu@.

gr oIBecg;gfgq%r?@ ﬁ; (pr ?er r],
ud, cu(d e f%bpff 3,]%; e G3.H83§%@ezc{ép 'fJ%?E’eg;l

Fed [err], FeBCsHis)), and (CgHiy)gSmi whey De=IQF3SO3, CH306H5803. or (CsHs)sBCN
-:I;'5CI Lerr] egg;aflnlll gw gtgfygteéodpos;gogcloﬁ;é&ng essentxally of a zero-valent nickel,

PCT/ US95/ 122 land at least one multifiesitite phpsphite Tigami sulidted frpm the Grquprepreseded [err] ,

'(A\: So[ (é{(ra]”] H%r rf%‘{ﬂoW%eny%Fberfwgﬁ Ea(ral;lrLIAICIG[ err], ReC[err],

ZrCl[err], NobCJ[err], VQ[err], CdJferr], . - MCl[err], YO]Jerr],
CdCI[err], LaCl[err], Er(Qerr]SCF[err])[err] RZYb(Qerr]CCF[err])[err]
SnCl [err], TaC/= r], Cdd [ 2

y » erriH[err])ﬂzerr and
(Cerr]JHerr])% SRX, where [err]Sq , ~R: RZ
CHerr]Cerr] H Jderr], . 0 =K 1. BCN. 9. A
catal yst copf | ti consi st ung e [ er o-val ent /ni ckg
and at |eas e grfing dent aj'g\ @éf p
represented ) by the fol ) IV, MirZand
VI R ) R R
[err] WO R RY ‘

PCT/ US95/ 12214

U s



wherein each Rlerr] is independently, H, halogen, a

Clerr] to C[err] al kyl, or ORlerr] wherein R err]
is a (er v}, rr] al kyl ; each R err] pernuses/12214
|ndependen Py é secondary or tertiary hydrocarbyl of 3 to6 = 5

carbon atons; each R err] is independently H, hal ogen,

OR err] V\/nereln Rlerr] is a grerr] &o Cerr] alkyl
or a primry, secondary or zer i ap¥° hydrocarbyl of 1.to 6 carbon

atons; for Fornulas I, 111, VI and VI, Rerr] is at either the neta
or para position to the oxyg WO 96/ 11182

PCT/ US95/ 12214 Rach Rl err] is independently Hor a
primary or secondary hydgocarfbyl of g2 to 3 carbon
atons in either e gLt o or neta pS|t|f)n to the oxygeRZor

CJerr]Rlerr] v fn N err] i ok §to Cerr] al and

each X is indeqg AL , V\/nere
or "a >0 err] arky
erns guecogyary” and ™

5
with the proviso |

herein refer to aregl bond Zan argafat i
and with the fu g |5so hat™\ mul as. |,
| east one Rl err] CFZ ertia gacar byl .

N a Lewis acid

catal yst conposition of

R R
RZ B
Formla V
2
R2 R
RY \Q
0
/
O’P‘O’QRZ
o\ R2
P
RS o/ o) R2
e
RrRZ
rRZ
Fommla VI
wherein
each Rl is independently, H, halogen, a Cl to Cg alkyl, or OR3 wherein
R3 is a C; to Cg alkyl;
each R2 is independently a secondary or tertiary hydrocarbyl of 3 to 6
5 carbon atoms;

cach R? is independently H, halogen, OR3 wherein R3 is a C; to Cg alkyl
or a primary, secondary or tertiary hydrocarbyl of 1 to 6 carbon
atoms; for Formulas II, ITI, IV, VI and VII, R? is at either the meta
or para position to the oxygen; '
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present. 11. The catal yst conposition of C aim 10 wherein

the Lewis acid is sel ected fromthe group consisting of ZnBr[err],
Znl [ er err], ZznSJerr], Qudferr], Qud, 4 :
CU(Qeﬁ?géﬂ—?g{rr])[err] Coa [err], Ool[err] Fel[err], Pegyernpt

(C[err]H[err])AICI[er

FeC [err] (tet rahydkm&ﬂskﬂep&n r@mm aﬂwr]
Ticd[err], Tid]J[err], ac&éﬂoagm;gﬁg)régﬁm%éerr Scd atohieox err]

(iso-Jerr]Herr])[ er GORY whepeieR |i$ & € 1td Q4@lkyldndny| Al Cl [err], Red[err],

érj%l%g” LaCI[erre?&Pg’% ?:Eggierr] @ﬂ&ﬁ%ﬁgﬁﬁl{éﬁerﬂﬁé?”]
F

SnCl[err]3 TaC [err], Pherily H[err])[err] and
(derr]Herr])[err]snx, Wﬂﬂhxixov%%fhsgﬁsr'keco ndary" and "temary

CHerr]C[err]Herr] S err 12. The
cat al yst composition o?“é’hﬁ%?‘ gi’?fg ?'Rgi%dﬁd %ﬁ@%ﬁem- and
t he mﬁl ti denlt ate ppoaphl tenﬂlv@ﬂf&le&nﬂ?]di@?&&ﬁb ﬂﬁtﬁ%&mﬁlﬂ?&fn anccliVﬁt
13. The catalyst o rein the zero ent. ni ckel and the :
mul ti dentate phosphi teilﬁa%%\éﬁﬁfaémgﬁ ﬁﬁfﬂﬂyﬂafmgne solid support.
38 10 10. The catalyst compos1uonofClann9wherem aLewxs acid is also

present. -
11.  The catalyst composition ofClaun 10 wherein the Lewis acid is
selected from the group consisting of ZnBr3, Znl3, ZnCl3, ZnSO4, CuCly, CuCl,.

Cu(03SCF3)2, CoCly, Coly, Felz, FeCl3, FeCly(tetrahydrofuran);, TiCly(tetra- ‘

15  hydrofaran), TiCls, TiCls, CITi(OiPr)3, MnCl, ScCl3, AlCl3, (CgH;7)AIC,,
(CgH17)2AIC, (is0-C4Hg)2AIC], (phenyl)2AICI, phenylAlCla, ReCls, ZrCly,
NbCls, VCl3, CrCla, MoCls, YCl3, CdClp, LaCls, E(O3SCF3)3, Yb(O2CCFa)s,
SmCl3, TaCls, CdCl,, B(CgHs)3, and (CgHs)3SnX, where X = CF3503,
CH;3CgH5S03, or (CeHs)3BCN.

20 12. ‘The catalyst composition of Claim 9 wherein the zero-valent nickel and
the multidentate phosphite ligand are bonded to each other.

13. The catalyst of Claim 9 wherein the zero-valent nickel and the
multidentate phosphite ligand are supported on the same solid support.

[T
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