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Il ecul ar wei ght pal yam des. Specifically, 6- am nocapronitrile can be used
to produce nylon 6. 15 Aminonitriles can be produced by attaltybée X i al
hy- drogemas omsusef dinitriles. See, for exanple, US2208598,pc1USaeRr@i4.,
US2762835, US3322815, US3350439, US3591618, US4389348, US4601859,
US5151543, US5296628, US5512697, US§§§£§§6, DE836938, DE848654,

DE- A- 19636768 and W99/ 47492, 20 all ich are incorporated by reference
herein for all purposes as AMINoNITREBt PRObDCTHOWwever, the yield of and
selectivity to a desired anmnonitrile using sone of the known processes
may not be as high as desired, and the anount of the conplete
hydrogenati on product (di ani pexrhSor5rakseggngr@ll Y hi gher than desired.
W)99/ 47492 nenti oned above desctribes the use of certain carbonyl
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SUMVARY OF THE | NVENTI ON J ‘ t of the present
invdftion, SAmAspaitrifesyieded sa Prastesst fonpeheapar thahi bysograat i on of

a dinitgile to .am noni t.ri.le, caonprising the step of contacting the
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and/ or sefELLRYi VG1BBtt ROLYRTMAGRStr | IS9ecidiepakt¥riged in that: the

di gi tr i |§g£ﬁ?g5ﬁ§oﬂ§ﬁ§5’.§% tanmkau REONL o NEIE Tl dF @n al kyl ene group;
an e additive
15 Aminonitriles can be produced by catalytic partial hy-

drogenation of dinitriles. See, for example, US2208598,
US2257814, US2762835, US3322815, US3350439, UsS3591618,
US4389348, US4601859, USS5151543, US5296628, Uss5512697,
US5527946, DE836938, DE848B654, DE-A-19636768 and W0S89/47492,

20 all of which are incorporated by reference herein for all
purposes as if fully set forth. However, the yield of and
selectivity to a desired aminonitrile using some of the
known processes may not be as high as desired, and the
amount of the complete hydrogenation product {(diamine) is

235 also generally higher than desired.

WO99/47492 mentioned above describes the use of certain
carbonyl group-containing compounds as additives in the par-
tial hydrogenation process to improve the yield of‘and/or
selectivity to the desired aminonitrile product, and/or re-

30 duce the amount of fully hydrogenated product (diamine) pro-
duced.

We have now found new classes of compounds that also

effectively function as improved yield and/or selectivity



conprises a conpound selected fromthe group consisting of: carbon

nonoxi de; 15 a tetraal kyl ammoni um hydr oxi de conpound; a

t et raal kyl phosphoni um hydr oxi de conpound; a nulti-centergdgetal . carfonyl
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a fluoride conpound. In anot heimaspeer efr the/mrresgnt i nvention, there IS
provi ded a cat ag%/nat conpositign conprising a_conbl nation of (1)
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anm noni &ri e rands (@ovaicaddi pioesishabri ohy @eesibhenyd@@n30ioh andf or
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i nventi on icsmphasears awmponnd rseileacd;ad from the group consmtlng of:
carbon monoxide;
15 : a tetraalkylammonium hydroxide compound;

a tetraalkylphosphonium hydroxide compound;

a multi-centered metal carbonyl cluster containing (i) at
least two metal atoms within the cluster, (ii) at least three
bridges between the metal atoms within the cluster, and (iii) at

20 least one carbonyl group bonded tc a metal atom, wherein the
metal is a Group VIII metal;

an organic isonitrile;

a cyanide compound having at least one cyano group bound
to other than a carbon atom; and

25 a fluoride compound.

In another aspect of the present invention, there is
provided a catalyst composition comprising a combination of (1)
a hydrogenation catalyst suitable for hydrogenating a dinitrile
to an aminonitrile; and (2) an additive that improves the yield

30 of and/or selectivity to the aminonitrile from said catalyst
under hydrogenation conditions, characterized in that: the
hydrecgenation catalyst is pretreated with the additive; and the
additive comprises a compound selected from the group consisting

of:



be produced in higher yield and/or having a higher selectivity 15 to the
amnonitrile with the additive than without. O her objects and advant ages
w || beconme nore apparent as the invention is nore fully di-sehoseshderein
bel ow. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS According to this
invention, a dinitrile is contacted wwth 20 a hydrogen-containing fluid in
the presence of a solvent, a catalyst and an additive as generally

descri bed above. Suitable dinitriles for use herein have the general
formula R(CN);, AWEFERAL IR E2EmanpyR ey Fenec Vil isel ected fromthe
group consisting ektanaatKygheRshod W eirodl Kenydmpben@st ober 2003 WO
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nost prefera 2 1o 10 carbon atons per group. 5 Ip other rds,. preferre
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type of hydrocarbyl ene gr i s an al kyl ene group. Exanples of suitable
dinitril es*ﬁeﬁéﬁuﬁse,a gdt}tougrwﬁl meltﬁﬂl'i nited to, adiponitrile;

nmet hyl gl ut ar oni tani begaal phacategate pentanedinitril e;

al pha, ga--heptanedinitrile; alpha, omegas: nonanedinitrile;

2l pha. dega. doddcanent At (rTFeind) Sdragal e peh e sAAND: R pavnd

al pha, onega<i cosanediam &r cheporalatpha, eamega-t et racosane-dinitril e;

3- net hyl hexanedini.trile; . 2- t hyl - 4-met hyl ene-octanedinitrile; and
conbi nations of ‘t vf\%%%fden%roén%?}%g?éof. Preferably the carbon atons of the
starting dinitriAneadasmtagrer affgedis nireveptanched Wratl eneanichditni 1Preder r ed
exam ples.ar [ istrilk ydroge t -anm nocapronitrj e 20
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a'pha,0”Eg%bqgg€§%ﬂﬁﬂ%9kgﬁ£$§é4'MﬁQﬁOQQBBme more apparent as the

invention is more fully disclosed herein below.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to this invention, a dinitrile is contacted with
20 a hydrogen-containing fluid in the presence of a solvent, a
catalyst and an additive as generally described above.
Suitable dinitriles for use herein have the general
formula R{CN)}:, wherein R is a hydrocarbylene group selected

from the group consisting of an alkylene, arylene, alkenyl-



ated to the corresponding am nonitrile). The preferred dinitrile is

adi ponitrile because its selective hydrogena- 25 tion pridd@stober 2603

6-am nocappone4ssi le, is a well-known nononmer for pol ynmerie@t/iueen/i1e4s
applications. Any hydrogen-containing fluid can be used in the inven- tion
as | ong aget hglRakg1subl hakeat-ahydnegen drumihe fcbﬁtéddtﬁlt:%@h@%web%-
hydrogenate a dinitrile to an amnonitrile. The 30 term"fluid" refers to
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ani noni twbie. préwéifag@? uStaeagb@Itl Y US @hd %c@@%%eféﬁ’%?ﬂe@ pLessures

are generally in the range of about 50 to about 2000 (about " 0./45 to
about 13¢3VbaPaztonst Refr 8aRabait 200 esulgboBhel aye :ge@abme @f48 to

about 7. d%@@gr fégér gou 0 t ﬁh%ﬁ&91%% ”%h%ﬁl hat, unl ess ot herw se

i ndi cate press res e pre sé psr™ are-gauge pressures (e.g., PpsiQg),

and pressureSEﬁa@pBesedfaSu h@hlead&n&h&aﬂu@eqmuﬁudéurm@t &Any setvent that
ejther liquid anmonia or 5.al cohol, can be used in the

|n\rjg g]rﬁm%%gc'b‘ﬁceﬁ@%ﬁ??bﬁrb e f“&ﬁrhﬁ SAMEATRL T hee 5 r i - eBeIR ange

from abqs&n@e@né@mﬁ@ﬁyielog %,har @&@@@bwp@%@dégﬁﬂféo%lﬂx@@%m J_nost
preferably about 80%to about 100% by wei ght of total sol- vent.

subst antmmalyemvetrih@r dabphenpaeps - plpéﬁ@ﬁm@dilmndok@vealpha @amegd eohol
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15 methyl-4-methylene-octanedinitrile; and combinations of two
or more thereof.

Preferably the carbon atoms of the starting dinitrile
are arranged in a branched or linear chain. Preferred exam-
ples are adiponitrile (hydrogenated to 6-aminocapronitrile),

20 methylglutaronitrile (hydrogenated to two isomeric aminoni-
triles: S5-amino-2-methylvaleronitrile and 5-amino-4-methyl-
valeronitriie) and alpha,omega-dodecanedinitrile (hydrogen-
ated to the corresponding aminonitrile). The preferred
dinitrile is édiponitrile because its selective hydrogena-

25 tion product, 6-aminocapronitrile, is a well-known monomer
for polymerization applications.

Any hydrogen-containing fluid can be used in the inven-
tion as long as there is sufficient hydrogen in the fluid to
selectively hydrogenate a dinitrile to an aminonitrile. The

30 term “fluid” refers to liquid, gas or both. The hydrogen
content in the fluid can range from 1 to 100%, preferably

about 50 to about 100%, and most preferably 90 to 100% by



. bly about 1:1 or greater, and is generally in the range of 25 from about
1:1 to about 30:1, nore preferably fromabout 2:1 to abbutCx@bgr 2AgH3

al cohol tRatpegazfacilitate the sel ected hydrogena- tion Oﬁcﬁugéonlllgc{sl le to
~an aminonitrile can be used in this invention. Preferred are alcohols with

1 to 10, ng pref 30 erably 1 to 4 carbon tons per nol ecul e. Exanpl es of
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PCTIUSOO/1104§h@am@ﬂaraﬁ@teenﬁﬁh@mdﬁQBQﬁ tio tWre npyérodeneobnt Theingst

preferre .cohal ed) i s _nethanal The cohol can ener 1y be
pr esent ?%ﬁﬁﬁg gol&gﬁg Fhﬁthéscgﬁ%en raﬁ?ﬁ%() %1a%ou?f§ gbout
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ammoni a, an annnnlun1base or an i norganic base such as exanpl e,

alkall,néebbuexpdé§ thabeutné3e§ﬁthﬂﬁﬁbaWHGXId@eamaahgwt 2®Q atohydr oxi des,
al ka- i r hydr oxi des,, parti_all zed acids i whi ch
080REr | BoRPLAL SMYdERNLUGS , oPAL LAl nPUS A zedacids I8

one or nore propons o%gt &°8Cds "are rep ace al kal
met ab i ons, akkakhpal@apthneetadl thams, uerleks, mﬁnmwnﬁn@icéwﬂpr nor e
thereof . Specific exanples of suitable bases include, but are not linited

to anmonPECSSIFERi GRPRGAFESi a8, "BSdi UKy SPOESIETHHTHRT uff 1§ dr oxi de,

sodi um bjigagbon adi a i Qlassigyn bicarhonat
_COﬁbIﬂ&P?O%gp o§ﬁ§m8§orb#g%g FEQEEOEEdghEanggt pré%%rred 20‘%59és are

amoni a, SkEeldium hydr oxi de and sodi um hydroxide for they are readily

avai | abl e andyDexBenshYCenl Da8RpealaRe LR { fuid L RRbAED o g™

15 alcohol can be used in the invention. The concentration of
liquid ammonia in the solvent can range from about 20 to
about 100%, preferably about 50 toc about 100%, and most
preferably about 80% to about 100%, by weight of total sol-
vent. A substantially pure ligquid ammonia is preferred.

20 However, if an alcohol is also present in the solvent, the
concentration of ammonia can be adjusted based on the quan-
tity of alcoheol used, which is discussed in further detail
below. The molar ratio of ammonia to dinitrile is prefera-
bly about 1:1 or greater, and is generally in the range of

25 from about 1:1 to about 30:1, more preferably from about 2:1
to about 20:1.

Any alcohol that can facilitate the selected hydrogena-
tion of a dinitrile to an aminonitrile can be used in this
invention. Preferred are alcohols with 1 to 10, more pref-

30 erably 1 to 4, carbon atoms per molecule. Examples of suit-
able alcecchols include, but are not limited to, methanol,
ethanol, propanol, isopropyl alcohol, butanol, isobutyl al-

cohol, pentancl, hexanol, heptanol, octanol, nonancl, de-



|l ong as the quantity can facilitate the selective hydrogena- tion of a
dinitrile to an aminonitrile. Generally, a base 25 can b¥f gicdsear ?29P1 he
sol vent iwWO®OKed86aange of from about 0.1 to about 10 wei ght 9&T/Ha&¥d04n t he
total weight of the start- ing dinitrile. The catalyst in the process is a

hydr ogenatinen ,Catal ¥sdmbisitd abhe $or-hydpegRBabi RGededini t Fiye faan
amnonitrile. 30 Preferred are catalysts based on transition netals
sel ect edPERSRTERE Gl TonsTRen igesdf) | BnmeEbpabrtl . niTbkekladhoedi wan and
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be supported on an inor- ganic support such as alum na, magnesi um oxi de and
conbi na- CPIBHE SERePebRSeTROatetll Hps bansipbbyt edlohlaninnthgasbd - support

-by any kn & Skl Y £ ch_1Q as r_exanpl e,
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nore theiadf. Theefieereticibmecs rofegammosipPPoinh AEmEAYEASHEBEOSK-dEn and t he

pres.ferred supported catalyst is a magnesjum oxjde supported _nickel-iron
cat é?yst’.‘n‘iﬁg?ﬁ Cc%ﬁ&ﬁyﬁuc F%e fﬁ’r‘%see?gﬁmf?]r?'an?l]é%%oﬁﬁgé%eoﬁh\}“é}ﬁcal shape

or formaitxsamnbechpchl Hediaaalkha dey Ma1i0xd 1 URRE £5. ny ARk ShS , SRRgLES or
conbi nations of two or nore thereof. The catalyst nmay be I n sponge netal

form fokiegappreh mrgaRahydeyppides ¢l il Ramey(ral tobdl &sidFhennol ar
(2010, SafLe Bl 43! phPeC MR Rl AL i Fopladgaiathcarat o
: monium ion, alkali metal ions, alkaline earth metal ions, or
15 combinations of two or more thereof. Specific examples of
suitable bases include, but are not limited to ammonia,
lithium hydroxide, sodium hydroxide, potassium hydroxide,
sodium bicarbonate, sodium carbonate, potassium bicarbonate,
or combinations of two or more therecf. The most preferred
20 bases are ammonia, lithium hydroxide and sodium hydroxide
for they are readily available and inexpensive.

A base can be present in the solvent in any quantity so
long as the quantity can facilitate the selective hydrogena-
tion of a dinitrile to an aminonitrile. Generally, a base

25 can be present in the solvent in the range of from about 0.1
to about 10 weight%, based on the total weight of the start-
ing dinitrile.

The catalyst in the process is a hydrogenation catalyst
suitable for hydrogenating a dinitrile to an aminonitrile.

30 Preferred are catalysts based on transition metals selected
from the group consisting of iron, cobalt, nickel, rhodium
and combinations thereof. The catalyst may also contain one

or more promoters in addition to the transition metals men-



.weight ratio of catalyst to dinitrile is generally in the range of from
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Raney(r) . NL -9t R r.). Co .cata - 7 16 COctober 2003 WD
00/ 64862ag%??%g0%?§¥%&9q fsff;%%%acfr A D™ SR AT hed FHontEREYETARE Cheni cal
Co. {Co-meuabia, Maryland), or alternative sponge netal catalysts

avail able, for exanple, from Activated Metals Corporation (Sevierville,
Tenn.) .or DegEQ?aanragg iCe MG b8y IE2TN, 3L 5O 32 | sURRRrted confan hensuppor t ed

ni ckel /i 5onigababysl-c Hhen tal @10k Al PARLLALL A UNEIS I B0y | AGpeAzes Wi th

t he amount of | deposited on the support> The preferre Concentrati on of

N is befirep hheyeos .andhgbowta30 aml gt %upparesbesi ald yinorganic
support by any means known to one skilled in the art such

10 as, for example, impregnation, coprecipitation, ion ex-
change, and combinations of two or more thereof. The pre-
ferred inorganic support is magnesium oxide, and the pre-
ferred supported'catalyst is a magnesium oxide supported
nickel-iron catalyst.

15 The catalyst can be present in any appropriate physical
shape or form. It can be in fluidizable forms, extrudates,
tablets, spheres or combinations of two or more thereof. The
catalyst may be in sponge metal form, for example, the Ra-
ney® nickels and Raney® cobalts. The molar ratio of cata-

20 lyst to dinitrile can be any ratio as long as the ratio can
catalyze the selective hydrogenation of a dinitrile. The
weight ratio of catalyst to dinitrile is gemerally in the
range of from about 0.0001:1 to about 1:1, preferably about
0.001:1 to about 0.5:1. If the catalytic metal is supported

25 on an inorganic support or is a portion of alloy or solid
solution, the catalytic metal is generally present in the
range of from about 0.1 to about 60, preferably about 1 to
about SO; and most preferably about 2 to about 50 weight %,
based on the total catalyst weight.

30 The preferred catalyst is a sponge metal type catalyst.
The metallic component is iron, cobalt, nickel or combina-
tions thereof. Commercially available catalysts of this

type are promoted or unpromoted Raney® Ni or Raney® Co cata-



bet ween about 25 and about 35 wei ght% based on the catalyst 10 wei ght
(nmetals + support). The preferred concentration of Fe ik Bstaken dHbut 0.2
and aboutwR®omsicght., and especially between about 0.5 andcatsgod/1ibis
wei ght o, based on the cata- |yst weight (netals + support). Further details

on the a C n s.can.,he found._15 fromvario of the previously
i ncorporgg\égsrg e(r%eg:c%ls.be §6Dl<3:c‘_’|1Jfri“:‘?:grf(ﬁ%“r1 e%%%nénﬁﬁc%eaﬁﬁﬁ‘}cf“ r S&xanplos, to

052208598 umblil82 2 8314 arld327 GAB 30, t 41533228 Sspdishd 5hbd31 HRb296628,
U85512697v U§%§ 7946 and WD99/ 47492 Any additive conprising one or nore of
t he abov&'26 Eirort€F SFARMTs THA “HiettMebrbet Corpprampoyement

i s usef ul(skRikheinnesenteddyen %g%tmmééf@éi}&eﬁgk" i;Soreferred to

as enhanced se- lectivity to amnonitrile product at convérsions ‘greater
t han3about 70% phef erasl wicomeersimpergrdaterkehdnraboutt25y80% rard

cspectal byceobielalons, oI e I Aoyt 000 se, compared Locthe .

sel ecti.vity wthou € usé o

"effecti N dapusttedf ohhehaddiddpeatd s WO ite feekbd e8oh8eAERLEY BN RE
af orenent i, oned. _enhanced_se- | ectivity and/or an inproved overall yield of

ani noni t P11 &5 B6CUESTcahpAted Podvialtitt Thereiehiol . tard agaperiallyn
preferredeegbed gBALSE. 2ENgnAdAHIMe EORS ¢ r&%esﬁ?iléz%%g%%%; g%ggi%tmr €

of the above-nentioned conpounds. - 8 16 Cctober
PCTLOS00veigba5 (ratplef er segpenttodi néties prafematdd | conoepsrat i bheof

tetraal kylLa Lum and_tetraal kyl phosphoni hydr gxi de co pounds_each
i ndi vi du%‘t |§ggcﬂaﬁ€§?%nf F‘Eo”ﬁmuf t%OESaE%r _a%gﬁlrga%g A °nn?%gL$%P%FaBHY1-4
cam bon bébwsen| sbbatpoebeanad abbaic 3 cakle ifpitrs Ofbdhes abkytngroups-in a

nol ecul e, are the same, but mxtures having different tetraal kyl
subst i t UBKTS WeedRti (mehBile froFuRROTNer-ei n. Exanpl es of suitabie

tetraal kyl ammBpi-ee bYdEPX588 BRJthe above components can be found
15 from various of the previously incorporated references.
Sﬁecific reference may be had, for example, to Us2208598,
Us2257814, US2762835, US3322815, US5151543, US5256628,
US55126597, US55279%946 and W095/47492.

Any additive comprising one or more of the above-

20 mentioned compounds that can effect selectivity improvement
is useful in the present invention.

The term “improvement” is referred to as enhanced se-
lectivity to aminonitrile product at conversions greater
than about 70%, preferably conversions greater than about

25 80%, and especially conversions greater than about 90%, as
compared to the selectivity without the use of the additive
of this invention. An “effective amount” of the additive is
amount required to achieve the aforementioned enhanced se-
lectivity and/or an improved overall vyield of aminonitrile,

30 as. compared to without the use of the additive.

In preferred embodiments, the additive consists essen-

tially of one or more of the above-mentioned compounds.



t et raal kyl phosphoni um hydr oxi de conpounds i nclude, but are 10 not limted
to, tetramethyl ammoni um hydroxi de, tetraethylam noni um hadlQskicder 2003

t et r apr opybapmmesk Um hydr oxi de, tetrabu- tyl amoni um hydr oxp&fysoo11045
and. t et r abut yl phosphoni um hydroxi de. As i ndi cat ed above, conbi nations of

two or nore tetr Ia{mD i u dr oxi.de r tetraal kyl phosphoni um
hydr oxi de 15%%10%&% 5 are“ﬂﬁ Cg}"éeﬁil Sl B€ 13 ﬁuﬁ’ﬁomsn%{?eﬁﬂ?hat vari ous
hydr at ed tEoras 1%ydlanadn i dnd fareX Ay rea e IEHE hyd 80HR %y&@%é&@xagﬁw
pentahydrate, are _included within the meaning of tetraal kyl anmoni um

hydr oxi d&° Qﬁl& &F’i@;ﬂvﬁlﬁ’é@ﬁﬁéfm%ttﬂﬂd? daafe. 1 2o By cagboi-zeaner ed net al
car bonyl gngl H@tr%r Ile%e%%ﬂsz 3. 4W%<éﬂt %b*}!ngoh nugl egr a;ngye peLal s bt?nyl
ies

cluster in which buI k- met al proper egin to appe reqU| ri i) at
| eas? tweliefalrapdnthei eRkylt heoupsstier a (ma])ecailé emsé thdr€emdf | PgES

bet t th | ust 5 d t | t
car bony! PGS LR RANANE, S EREEAT AESTe AL AT S RS BRI N t ho

cl ust er abyebéorenset herednnet al - et al bonds and bridgi ng groups such as
car- bonyl groups bonded to two netal atoms. O her suitable bridging
groups i ncl udEXaFBLegxRhipPEitaResphEne2adieilsmmand B0 hﬁsiwp!tcte grrmiips.

Group VI 4b:2ad B 9BoMIELnRERah5aREe s AL k@it stho I cHl anly. Tron

" cobalt, ruthenium rhodium os-"mum rheniagmand irl easrbeem ally
t he @Sroutpoivlllmlhedatg |tenramathgihamntpnnhudbur@mddmmwﬁraldtmﬂmrﬁi on to
- 9 16 n%,% 80§x1¥\0 Og/ 4862 PCJ/US00111045 the nptal atons and

- bri dges, {7 C8htere tRF R 2MRG Ry Py Sers Afay t&SHERY a wi de

variety Wlﬂﬁ:h@ﬂilﬂlﬂrhﬁbroﬁi@é gRHetbeFabUE mgos@rozﬁﬁnm roxid
cycl opent adj e roups. .Exanples of suitable nmulti-centered net ﬁ car bonyl

5 cl ust €% ’r’f‘f#‘ﬁ%lge dpgporee ROTDIRATLeastef Fren oromesar Betyaal- Fe2( CO) 9,
ggg'egggg%%mrﬁfﬂﬁiuﬁnh?&f@fc?@@yénghg?rte{:%aEﬁyﬁ.gglas%%o%lut S5 r%t;cail e
compounds are also suitable.

It should be noted that various hydrated forms such as,
for example, tetramethylammonium hydroxide pentahydrate, are
included within the meaning of tetraalkylammonium hydroxide
and tetraalkylphosphonium hydroxide.

20 By "multi-centered metal carbonyl cluster” is meant a
medium to high nuclearity metal carbonyl cluster in which
bulk metal properties begin to appear, requiring (i) at
least two metal atoms within the cluster, (ii) at least
three bridges between the metal atoms within the cluster,

25 and (iii) at least one carbonyl group bonded to a metal
atom. As examples of bridges within the cluster may be men-
tioned metal-metal bonds and bridging groups such as car-
.bonyl groups bonded to two metal atoms. Other suitable
bridging groups include, for example, phosphine, arsine and

30 mercapto groups. Group VIIb and Group VIII metals are pre-
ferred; particularly iron, cobalt, ruthenium, rhodium, os-
mium, rhenium and iridium; and especially the Group VIII

metals iron, ruthenium, rhedium and osmium. In addition to



ni um car bonyl - Ru3(CO) 12, hexarhodi um hexadecacar bonyl - Rh6 (CO 16,
osmi um carbonyl - Os3 (CO 12, iridiumcarbonyl 10 -1r4§8cF°rer 44hi um
car bony| WO (R&a8¢2CO) 10. Preferred of the above are iron IR M‘d&‘f?l

rut heni um car bonyl, hexarhodi um hexadecacarbonyl and osm um car bonyl .
Conbi nattidsmet al nat bins centebed daetsal ttiwlmﬂytllfxl:mtteredmagtalsmbe used.
Preferred organlc isonitriles are those of the gene 15forrruIaR N=C: ,

where RPPRYL RyFbREF bYRY gFBRp2EEUch S Va5t O r?/tr oF BREIRYT group)

pr ef er all y, CORS BePiag LHOM As, ! €020 SARAR Al@PBL of S enprefesably from
to 10 carbon atons. Specrfrc exanpl es of suitable or anrc isonitriles

i ncI ude, but Bxampbes|ehi sedteblet Wltdcmnﬁ%ltﬁfitmﬁﬂt@l 2@arb0nyl
(1,13, qfee“amet hlsr&uagl Spcyani de). 1&%%&%%“1%’5 | SO0 - %&Irlérj:arbo butyl

|son|tr| 7'Sohi rrIe benzyl 1so-"nitrile, TSoni YTl e,
anyl isonigeéd dcm @I‘,\dc@feﬂbpleﬂtsr@menytlrifcm d.‘bn@rhahymnalmértm or nore

isonitriles al so be wused, 25 "cyani npound” meant a conpound
cont ai ni HgpAe (yqoéaiil o?r%tfﬁ‘éﬂgas?:og%’dﬁéé?@ cﬁher EPred ﬁ:oz lgar B et om

Thi s Camim'moﬁﬁ EXRIAPL &) J,NONGH G MM RSea i S8d FsohPPr gani ¢

cyani des,” various salts and/ or conpl exes thereof, and conbi nations of two

or nor e ReiG80hie, 3@STEx'arrrp¢eEb©ﬂYéurt @l?béCOhm-ga?m@Jeyarﬂmommbl ude, but
are d to dr.ogen de B i ch as
|Ith umiﬁé@#ﬁ 1um &0 528 ﬁ é@%} Sof t

CEAN $odTafr eyani de™ ot ds- i um cyanide - KCN,

zi nc cyabsies az?él(ﬂd)ﬁ noK@pREboayani delthenfh.ﬁ).lm ka £Bdiofer REQS-hWWDq0R/ 64862
PCT/ US00Q/ 11045 CuCN, and gol d cyanide - AuCN, net aI cyano corrpl exes such

as pot agﬁ%ﬁ%m%rﬁ%@eoﬂwrl}“ cagHoByIeN) QPR R

: £ t L) -
2l e AT o o fplgse (111

pot assi um hexacykeored heraeei¢| L ponikiiRetCRIE) ditPsncrhanie genooyhani des.
ﬁ%am¥ormé¥ Iﬁl -N=C:, where R' is a hydrocarbyl group (such as an

alkyl, aryl or aralkyl group) preferably containing from 1
' to 20 carbon atoms, and more preferably from 1 to 10 carbon

atoms. Specific examples of suitable organic isonitriles

include, but are not limited to, tert-octyl isonitrile

20 (1,1,3,3-tetramethylbutyl isocyanide), tert-butyl isoni-
trile, n-butyl isonitrile, i-propyl isonitrile, benzyl iso-
nitrile, ethyl isonitrile, amyl isonitrile and methyl isoni-
trile. Combinations of two or more isonitriles may also be
used.

25 By “cyanide compound” is meant a compound containing at
least one cyano group bound to other than a carbon atom.
This can include, for exemple, inorganic cyanides, organic-
inorganic cyenides, various salts and/or complexes thereof,
and combinations of two or more thereof.

30 | Examples of suitable inorganic cyanides include, but
are not limited to, hydrogen cyanide - HCN; metal cyanides
such as lithium cyanide- LiCN, sodium cyanide - NaCN, potas-

sium cyanide - KCN, zinc cyanide - Zn(CN), , copper cyanide -

- 10 -



.organi ¢ thiocyanides may be nentioned anmoni umthi ocyani de - HANSCN, and
met al thiocyani des such as sodi umthi ocyani de - NaSCN, arfdCckeh¢umn003

t hi ocyaniwe 0o/64865CN. 10 Exanpl es of suitabl e organi c-i nor gaotoseyanisdes in-
~clude, but are not limted to, tetraautyl ammoni um cyani des such as

tetrabuty ni_um c i,de - _Bu4NCN I tetraethyl- ammoni um cyani de
e ancn . G #8Tu ety aredg oh sl MR R Suen
(CH3) 3Si @Y mstgadk Tuth hegyephdesetir-acds (ahigh -a Ko arbqan §) At tasheds 1 ent he
sul fur) and organi c- inorganic thiocyanides. As exanples of _

or gani c- HfSRFamRet e Rr ey ant dés ~ miy [ b (Flht) orRlE 153 13D | R arnreamn

t hi ocya- Wy u Legr ni i i - t

raet hyl a%ﬁﬁﬁgt ﬁﬁﬁian?ﬁ%ﬂ?@&ﬁﬂ@m t%!{%éa%%ﬁggﬁ?& ?%%%#%cyani de
- PrANSCNIVANG tket[Pabi@®¥lsa o rindmpcitizemsyjiam deexa BrediNsaN hdrafer (ED) ahong

t he cyani o unds are hydrogen cya-. nide,.the nmetfal cyani des and the
t hi ocyanikgzgfq@zﬁg?esa ? %ﬁﬁotrg%lnécf I qcé’ear{:]b#ﬁ)%u% i‘?fi% $Hdtth 15
organi ¢ adidmial gal scfdnbde demgPNPOUREAL S BERAASmmicdli ueX & oRh@nide -

t et ramet hyl anmmoni um fl uor.i de, tetraet hyl anmoni umfl uo- ride,

t et r apr opyNaNonPHmM Meierdi ddidid RS | Sinfanfedivn FhiecyanidanT
fluori deyaldchli umd 1uQnt den i SOpLepyLet hykarmgm ne trihydrof | uori de,

di i sopropyl am’'ne di hydrofluoride,”ce 30 riumtitaniumfluoride, hydrogen
f1 udOi de/ nel afxeen(I8890HF)suitdaBlei aeghylcniidezrgkindicnogenhdrahydrof | uori de,

pol y-4- vin yri di ni_um pol y{ hydr ogen fl uoride enzyl trimet hyl. am noni um
fluori decgyéilregtt &uq;arﬁriemf%c/)t f#ﬂ%ﬁ%fg “Bot 5‘;%?—"3#@?@“%@1@& 88@%1 §3 WO
00/ 64862 sBGH WS0¥ckkdmtieafheo@ni ekehage (| ¥h,NCROtassi e +4soRi de,
triethylamne  trihydrofluoride, tetraoctylammoniumfluoride, hydrogen

f1 uori de2TFOFIAE i UrF§ NG de it ket byl teraades tshemeai um
fluori d?&&h@é@(&%@ﬁﬂﬁ%&ﬁaé'wf&ﬁﬁ Bital DR R Hi%es (in
pyri di ni um pol y(Chydrdgen fl uoride), tet
15 which a carbon is attached to the sulfur) and organic-
'inorganic thiocyanides. As examples of organic-inorganic
thiocyanides may be mentioned tetraalkylammonium thiocya-
nides such as tetramethylammonium thiocyanide - Me,NSCN, tet-
raethylammonium thiocyanide - Et;NSCN, tetrapropylammonium
20 thiocyanide - Pr,NSCN, and tetrabutylammonium thiocyanide -
BusNSCN.
Preferred among the cyanide compounds are hydrogen cya-
nide, the metal cyanides and the thiocyanides.
Examples of suitable fluoride compounds include both
25 organic and inorganic fluoride compounds such as, for exam-
ple, tetramethylammonium fluoride, tetraethylammonium fluo-
ride, tetraprqpylammonium fluoride, tetrabutylammonium fluo-
ride, sodium fluoride, lithium fluoride, diisopropylethyla-
mine trihydrofluoride, diisopropylamine dihydrofluoride, ce-
30 rium titanium fluoride, hydrogen fluoride/melamine (80% HF),
'1,3-dimethylimidazolidinone hexahydrofluoride, poly-4-
vinylpyridinium poly(hydrogen fluoride), benzyltrimethylam-

monium fluoride hydrate, antimony fluoride, potassium

- 11 -



ramet hyl anmoni um fl uori de tetrahydrate, hydraziniumdi- fluoride, ammonium
hexaf | uor ophosphate fluoride, boron tri- fluoride-di propiniictoler d2&bhpl ex
and bor orWP0k64%62e- acetic acid conplex. Preferred of the BE5WELENB4% he
am ne and am 10 noni um fl uori des nmenti oned above as well as the hydrates

t her eof . hEi@AdHtdrvEcksl M LEENL, dpbt Agsih| €DObREHENY tird e¥My 1 AMa i ty
that can inprove the selective hydrogenation of _a dinitrile toits

cor r espordiiy BafloH 14 e YREXROCEAl ATPRRIURSELNQEIdRpURY A RSIE ar bon

nmonoxi de, R Lf ' 0 s 39X] e ¢al _isin
the r angéE ltc‘)'{‘b%‘lr c?reﬁ g({)%%a%ﬂo%%@ﬁof%ﬁrgbgﬁt@%ﬁdg aggggg?g%ry%%bt?ut .005:1 to

about 5: tylamhorgspeci hkdyidshoutiltyddatdet ohpoaged: fluomilkdes 20@,¢ cat al yst .

20 Fqr the.tetraal kyla ni um and. t ert aal Kyl phosphoni hy. xi des, the
D ot o el A e A L T AR Y (B ERBORR, BT 1 LT o
about 0. 0@k A Aab@rida 11 udy eierodt Yarpovst §, 0Rbatakonabattiil: 1, and

especiallé about 0.01:1 to about 0.5:1. If the additive is used in

hydr at ed FA54A8, FHRCHEIYHRFHI TP R bR fhacrbAchy Broarad bri-
tetraal kyharmyurg i for &t ra?c?j{)d(yé @,bomrwﬁgﬁ%mgri&m%@ gorm.
For the multi-centere rretall carbonyl clusters, the preferred weight ratio
of addit azed ocripd ecat alRprsifdarsrad dihech8kRbavngeané fhenmalhawt aBd0@i-1 to

abo 0.5:1, preferahly about .0.005:1 to about 33: 1, an speci al |y about
0 odb, %; BomiphE 15i3a ks W e iatsite D00 Thr ot bR05y SRRt rER00] 11045
For the ergaelg . isonitriles, the preferred weight ratio of additive to the

catalyst is in the range of fromabout 0.001:1 to about 2:1, preferably
about 0.005: 1The Aselit1ve 5:51 Praferds pael B9 ye R otenpagtingt dnaboot 1:1. 5

For the gyapide compaunds; LG RfLheHd &k VELONe " dPogenation of a
' dinitrile to its corresponding aminonitrile {e.g., an effec-
15 tive amount).
For carbon monoxide, the preferred ratio of carbon mon-
oxide to the catalyst is in the range of from about 0.001:1
to about 10:1, preferably about 0.005:1 to about 5:1, and
especially about 0.01:1 to about 2:1, mmoles CO/g catalyst.
20 For the tetraalkylammonium and tertaalkylphosphonium
hydroxides, the preferred weight ratio of additive to the
catalyst is in the range of from about 0.001:1 to about 2:1,
preferably about 0.005:1 to about 1:1, and especially about
0.01:1 to about 0.5:1. If the additive is used in hydrated
25 form, this weight ratio is based on the non-hydrated
tetraalkylammonium and/or tetraalkylphosphonium hydroxide
compound form.
For the multi-centered metal carbonyl clusters, the
preferrea weight ratio of additive to the catalyst is in the
30 range of from about 0.001:1 to about 0.5:1, preferably about
0.005:1 to about 0.33:1, and especially about 0.01:1 to
about 0.25:1.

- 12 -



.of additive to the catalyst is in the range of fromabout 0.001:1 to about
0.5:1, preferably about 0.005:1 to about 0.33:1, and espedicicbg¢rabdti
0.01: 1 t oWabawa4842. 25: 1. For the fluoride conpounds, the preterusesh s ght
ratio 10 of additive to the catalyst is in the range of from about

0.001:1 to abog{.)rlt':% ;:efgriabl.¥ about. _0. 005:1 to about 0.5:1, and
especi al | y about~0°0%: T ¥8"abou oﬁ?ﬁ%?i?%héhﬁat%e&?r%dvmﬁiK@tbcan be

separ at el 9f i addbelircedtoi Bhe €QPaBeE:Wikhia @i trrainlg{% d’fo‘g’o@(? atldyd S
preferred that =15 the catal yst, whether it is in its netal Tformor in an
al 1oy or 0194 Lottt #BAbr2 oh apreherahAlcabepgolt. 005s Jpreet rdmted by

contacting sMih the @éé‘?fé&ié(flyT%c?uHHM_BiQOgg Ln.a.sql- vent such as, for

exanpl e, an al cohol her, ester, anmoni a combi natirons of two or nore
t her edf . Furt HeT prlet ervdnhide 2fomheupdsconhacpirageirsed @ iy iad Ut in a

hydr ogen taining fluid suc descri bed above. Contacting of the

cat al yst Oﬁ%{%ﬁdlgll]t‘?%et%r %c%%%ﬁlﬁ?'ét%ﬁa%’édtgﬁt arpse. ofFhéropy éhcat ed

cat al yst ccaroibel viashesbwi td, 5 :§,0|p&%1fe§é§ﬂ/0_§sgutag(?ﬁ%§:E"Lr eferghl y under
e

anaerobic condition te produce an. 25 additive-treat catal yst.” The
cont act i g °of* #-hEhteFRRI: By ARAUE v@- @hnl beocabouti 6d26utl .under any

condi tions ef fieat itdfs 14 JU,0 k- tive-treated catalyst that can
i nprove sel ective hydrogenagiéffcon of a o n‘%%{gi lig%e FrEh E’Ellé i ¥yt o an
am niéhi t Bifl edd3g iGendralthe ddtelentti ries process fonger edueirag Lbeuadditive-
treated gatyalyst .can.be carried oyt by contacting a catalyst wth an

addi ti ve%ditogél'glsé" 55 Ty B &‘?ﬁiﬂ% &}ki’lo‘t“heg-‘?%?lgé BP fberntabout 20C
t o about 015Q€, pnef el adhgUiaboul3 0 IH Gtabesy Q03 WD, PO/ 64862

PCTI USCO111045 30C to _about 100C, under the sanme general pressures as de-
scri bed aboveIPPoFa&Fdutsts a8d: gidd tiysabsman 125 $epesat&by tatbodugedoxi de,

e P er 2hegdcbathe ol addul WAt e: 168! Adilvds, U PLGLLERLLDY PROEeCUTe

15 the catalyst, whether it is in its metal form or in an alloy
or solid solutioh Or on an inorganic support, is preﬁreated
by contacting with the additive. This may be done in a sol-
vent such as, for example, an alcohol, ether, ester, ammonia
or combinations of two or more thereof. Further preferably

20 the precontacting is also carried out in a hydrogen-
containing fluid such as described above. Contacting of the
catalyst and additive produces a pretreated catalyst. The
pretreated catalyst can be washed with a solvent disclosed
above, preferably under anaerobic condition to produce an .

25 additive-treated catalyst.

The contacting of the catalyst and additive can be car-
ried out under any conditions effective to produce an addi-
tive-treated catalyst that can improve selective hydrogena-
tion of a dinitrile or the selectivity to an aminonitrile.

30_ Generally, the entire process for producing the additive-
treated catalyst can be carried out by contacting a catalyst
with an additive disclosed above at a temperature in the

range of from about 20°C to about 150°C, preferably about

- 13 -



5 about 0.001:1 to about 10:1, preferably fromabout 0.005:1 to about 5:1,
and nore preferably from about 0.01:1 to about 2: 1, ol edatobgr cal &l yst.
For the t¥Pr44#4€91 ammoni um and tertaal kyl phosphoni um hydr E&THE8Y/110He
preferred weight ratio of additive to the 10 catalyst in the pre- treatlng
procedur e3genet &l Ayohanges o &1 othdalouhe) Bikiel dahabouty B ds, Pref era JteY
about 0.05:1 to_about 3.1, nore preferably fromabout 0.1:1 to abou

and es- pE¥eYHPEY aBeVie: 0f925: abpytafosecrnts Koy abeutnddihoensered net al
car bonyl cl ust , re i f..addifive.t0.the

catal yst in th%sép?éepltg?%;‘tﬁ?%%&%ragceg&\ré(gbg%ﬁlfer&ltﬁcg Iroatnlgoeso r %Ihatbﬁﬂ‘? ®°001: 1
to about @atGallysiprifieriadl praboutadifgsprdcedaheutgdhadilly pashespesbal |y

about. 0.01:1 to t.0.25:1. For the organic _isonitriles, the preferred
wei gt ra]hfcmt Z(baéjé)fajdd??lﬁléollﬁ tRéte aPEIRFET I % HE R e'ﬂ?cl"é%t‘?ﬂ‘go%rbcedure

gener al | ytcraﬂgﬁscfsom aea tmOr80prd FbeaBhQUtr 2l , H&PJ%%H)& 0 005:1
to about 1.5:1, and es(g/d;:l ally a %out Olg’li to z?bout 1:1. For@%)héegc%m de

conpounds?: Jtrhé““ﬁ?]éff‘erﬁ: vergalyehti o 25 of addl t| ve to the catal yst in
the pre-treati t 0.,001:1 to about
0.5:1, prefera ﬁ%%ﬁ%%%&@gﬁi%%&ni rf,a F TS ot
0.01:1 tmyahmﬁldh% the Fp):re:fémrédiuwenghtcaapdu;ndﬁ atdaqtgrﬁ ard adhavei ght
ratl ercgtltlvetothe cataI}l/ in the pretreatlng pr ocedur e

genelr al | far b &R 0F BB T AR oPEBG U S 9epeardrlab| Ao fra@n 005: 1

to about abcitl.o .and eRecmbly about pPPLrdnt§ 3RO 00020 1L g Hhyrl6
Cct ober 2003 WD 00/ 64862 PCT/ US00/ 1113L045 The partl al” ‘hydrogenati on process

of the prRedentiansgy drefigxmbleant bemcabeitedlolt latca abempe2atlur e@rich eshe range
of  fromabaut 125 £0, 00 450G.o PLELEL ALy about 40 to about

For the multi-centered metal carbonyl clusters, the

15 preferred weight ratio of additive to the catalyst in the
pre—treating procedure generally ranges from about 0.001:1
to about 0.5:1, préférably about 0.005:1 to about 0.33:1,
and especially about 0.01:1 to about 0.25:1.
For the organic isonitriles, the preferred weight ratio
20 of additive to the catalyst in the pre-treating procedure
generally ranges from about 0.001:1 to about 2:1, preferably
about 0.005:1 to about 1.5:1, and especially about 0.01:1 to
about 1:1.
For the cyanide compounds, the preferred weight ratio
25 of additive to the catalyst in the pre-treating procedure
generally ranges from about 0.001:1 to about 0.5:1, prefera-
bly about 0.005:1 to about 0.33:1, and especially about
0.01:1 to about 0.25:1.
For the fluoride compounds, the preferred weight ratio
30 of additive to the catalyst in the pre-treating procedure
generally ranges from about 0.001:1 to about 1:1, preferably
about 0.005:1 to about 0.5:1, and especially about 0.01:1 to
about 0.25:1. |
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100C, nost preferably about 60 to about 80C, at a total 5 pressure
generally in the range of about 50 to about 2000 psig (Hbortobea528Q3 about

13. 89 MPawpo omstasszf r om about 200 to about 1000 psi g (about perASebdrgabout
“7.00 MPa) preferred, for a tine period generally in the range of from

about 15 M nubes Jo-ahouty2o-Douts. s Bhehesally gRou 1 our, Lo about 10

10 hours. The process of the invention c e operate
cont i nuolsI9R iGRrarPeapoprédt@lt eact ar te@pératngeoinaghe tatiqen f the

reaction gy Le ca acconpl i d . in a va- riety of ways known to those
skil |l ed if'r? t elébaor%ct. rhI%gopa‘arcb‘%[‘:@: tllsga].(f cﬁyd?ﬁ%%%ﬁ }Pilnﬁ POofe 48t & iaRPuHi nitril e
to its caonec,spexdi hgrafarblit rdbcutd ¢d Hb ginselegbby t wrat, Righconver -
sions of the dinitrile makes this process efficient and use- ful. Further

general BRFSSHES P0STeodassitdihg 1mangm o about obfAdtbr elpovdr 2ows of t he
pr evi oush¥ iignqaRRaled d efLr.1enaes; khlC T epce may b d, for
exanpl e, b t 3'gn85220éc598, 5ru%2°§5a7814, Sl&s%%%%%f ‘ L@a@ézgig‘f‘ Gégfglg%, to
US529662800USS3 0269 s 1gSEERTEUG Iard WO HEAAO 27 . OheMba) | pwetfig rexanpl es
further illust the .process of. the invention_and are not to be
constr uegg%ogulé\:gt%%ypleﬁﬁ%td FERE S, aﬁe ot ttef?‘?e TARENt POt TTRe2keEki A§ of terms
used in inhauExanmpbeabostdefs hedras fradddamd1Yiahel,of 1 agbpenitr Lbg is the

meaigred copcentration of 30 am nonitrile di'vided by the starting )
conceént rafi BRYEF-dini- trile. 16 October 2003 WD 00/ 64862 PCTI US00/ 11045

Conver si on of thhedbRLLLI be el heviliddiehenas, het veen {he sLarting and the

i nstant concentration of dinitri by t g-EBn¥Eftrati on

of di ni t®¥| eonBahuousilit ynt enasppeovpiridte ireddwoneassk 2ryhgl §rohgh-
a@]non'tEék%og'g%dgﬁeb¥eggggggsﬁggtgget@%ﬁmﬂgtéééé%;%iéggg in a va-
riety of ways known to thosé skilled in the art. The par-
I5 tial hydrogenation of the starting dinitrile to its corre-
sponding aminonitrile with high selectivity at high conver-
sions of the dinitrile makes this process efficient and use-
ful.
Further general and specific process details can be
20 found from various of the previously incorporated refer-
ences. Specific reference may be had, for example, to
U52208598, US2257814, US2762835, US3322815, US5151543,
US5296628, US5512697, US5527946 and W099/47492 .
The following examples further illustrate the process
.25 of the invention and are not to be construed to unduly limit
" the scope of the invention.
The meaning of terms used in the Examples is defined as
follows:
Yield of aminonitrile is the measured concentration of
30 aminonitrile divided by the starting concentration of dini-

trile.
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i nstance. Were.the use of hydrocyanic' acid (hydrogen cyanide) is
indicated, it was used as a condensed |iquid neasured in¢ Pceobhr|IEP

equi pmrentW@80//4883 ni ze- evaporative | osses. ' 10 COVPARATI VE BEXAVBRGA1045 A
sponge Ni catalyst (1.2 g) pro- noted with Fe and O (Activated Metals,
A4000, wi thoutcayerditbdi hef eilsli dineskives iadded ta & S ke AMQlaye
together wth 3.2 g adiponitrile (ADN) and 35cc of liquid ammpnia to form
a m xt uré?hel—iyﬁfr%ﬁ‘éﬁ'@va%n RV AREHARE FRECETEAARR B ahdrithel JeDN dias

hydr ogengj; t t f 3l ig (7.31 MPa) at
ca. 1500 rlgir%da'I]pc}{5 gﬁ%%ﬁg}ggn eéﬁ&i%%%\%ggbgegghe Ql\;‘\in%tzﬁl%neg 30 minutes on
~stream The n@dlmaniwitel dcofammootapiori s thewasadsitbeat YHRZADRN
conversiqn.for ..a:sele .ti.vcile'g‘Fily of 63% 20 COVRPARATI VE EXANMPLE 2 - To a 300
cc adt ocPEFECRdSE *cifarged 257 7Y ’REREVEFT68 Pdbi-anEd Fidm iR RE Ghede co. ,
cat al og Awdemcel724), 0.77 g water, 26 g ADN, and 139 g liquid amonia The
content was hydrogenated at 70C, under the total pres- sure of 1000 psig
(7.00 MPa) at PR Ut 8 ydersysricascaf AbMAneseresoteed deilt Hisn 40

m nutes gn Sti-gay The I Vi sl JN-Tay apLoni.tyi % at 90%
ADN conver éilior?l for "a selectivity o% 245}0 g%%%&%&%@ E&%\%ﬁ%i%n To a 50
cc aut ocpaee chidd echarqyeipmeht2 - of man 586 ehodivapoaa tavemles seat.al yst

(obt,ai ne - ), 3. ADN, and 35 | iquid anmoni a. The
cont!ént &Q&M%&M&C J%d%?o{lﬂé ﬁi‘)t SF‘tBT@?&ﬂé -6f H0BFOpsi g
(7.41 MPapiredt wh200 Hepmndl @hral (2onves séanvet aAND wasoof, eaghedud thin 30

m nutes on stream_The maximumyield of - 16 16 Cctober 2003 WO 00/ 64862
PCT/ USOOERFGES rafidddddpiosni twad ed@ad 3upal BBUFADRuUEORLENS srdelitEelr t he ma-
jor prod bei ng hyl_ene, dj.amne E .10.. f _sponge Ni
cat al yst Eélggégagggéﬁ%% X:I%\r}/ges {:%ge%nfﬁﬁté%@g 830%%@5@0%&\%@?‘1@06 t her
with 1. 0Ofpirmof mixture. Hydrogen was introduced to the autoclave

15 ~ and the ADN was hydrogenated at 60°C under the total pressure
of 1045 psig (7.31 MPa) at ca. 1500 rpm. Total conversion
of ADN was reached within 30 minutes on stream. The maximum
yield of aminocapronitrile was 57% at 90% ADN conversion for
a selectivitiy of 63%.

20 COMPARATIVE EXAMPLE 2 - To a 300 cc autoclave, was charged

7.7g Raney® Co (obtained from W.R. Grace Co., catalog number

2724), 0.77 g water, 26 g ADN, and 139 g liquid ammonia.

The content was hydrogenated at 70°C, under the total pres-

sure of 1000 psig (7.00 MPa) at 1000 rpm. Total conversicn
25 of ADN was reached within 40 minutes on stream. The maximum

yield of aminocapronitrile was 58% at 90% ADN conversion for

a selectivity of 64%.

COMPARATIVE EXAMPLE 3 - To a 50 cc autoclave, was charged

1.2g of a 5% rhodium on alumina catalyst (obtained from Eng-
30 elhard}, 3.2 g ADN, and 35 ml ligquid ammonia. The content

was hydrogenated at 80°C, under the total pressure of 1060

psig (7.41 MPa), at 1500 rpm. Total conversion of AND was

reached within 30 minutes on stream. The maximum yield of

- 16 -



-5 gaseous carbon nonoxi de under 60 psi of pressure (0.018 moles CO per ¢
‘catal yst). Subsequently, 35 nl of liquid ammonia was addedctapegrthed3

m xture WM Op/é4R6eéd to 80C with stirring. The pressure waspatusargosst o 1000
"psig (7.00 Mpa) w th hydrogen, then kept under such conditions for 2.5
hrs. 10 % Ssur of nd .t he sanpl e was
transferﬁnﬁjﬁoo a dé%%%(fgvxgé e%"wg%z\r,]\@gé’aghrjgfgggne 1'ﬂhséLr?o', w3, MEd under
anaer obi d@onmiadwris. bdiRgghekanbhehgpengedibimicat.al yst, pretreated with

car bon i s descri bed _above s charged into a 50cc autocl ave

t oget he%@ g 15 0 %diFaﬁEO%EﬁﬁloFaFPga’iS& diRENEE2 Rédt 44208 60' C,

and re- agtedhstdedydingen abca aatablaffe$sgb@e%e%o@qtﬁsgg ol &1‘73830; MPa) .
0

After_75 mnutes, the yield of 6-am nocapronitrile reached ca. at 94%
ADN Conv&RSEGS Grabde| eeneyidy wrder76p pgiprAVPrEszurel.(®.916f the

sponge Ni , r L{h id as descr.ibed in
Exanpl e Iim{a\?vate? )é%arpgégje% nc?%éggy%%%:é aﬁ?%gg%gggggét %gr"\% f’% 1399 %F ADN
and 35 nlamoonliiaqwiacs sadied a, ahdatled hoxd0Ce and heaectadtw Bhobydregen at  a
total pressure _of 1QQ00 psi 7.00 I\/P;% After 180 mn- 25 utes, the yield
of 6-ani ﬁ%&gﬁﬁ&%'tri FREECHEY € 22 296 st 6dof RDNCRBnPELSI §R - P8r Maa

sel ecti Vit nohy BRI dopth SR%ex W40R! BYBNRSRRAFER VI 3. 2 O Of
ADN, 1.2 of Raney(c) N, 0.25 g of NaOH, 0.25 g of H20, 35 nl © MeOH
and 18 422ECest coddass D REIRTISRE dersintel ease@sandOtheessupde( 9al77
mol es lLyst.) - 1 Xt S,,: hea to, 70C en_brought in
cont act C%rfaﬁgﬁ%drfri%té%ﬁgd% dﬁ?%‘%%‘l ﬁ%&%@rgloﬁ éggeﬁgic 8(§?ggaﬁﬁg), and run
for 5 hoerg. stof®d LHdent Ghere 2 MDY 646862 PCTLUS08f 1+ 045p0hter 4.5
haurs, the yield of 6-amnocapronifrile reached ca. 63%at 78% A

conver si g’f’i ¥8§agY§§I'e&rieiﬁﬁef’fﬁé)é’i%h ‘BERPE Eranoxige 02y deSrERBSEr) Co
(WR G apeyevasaghangeded it & H000cAUOCbaVEve t QGLBRE Wi By 235,11 Of

gase(%us car
i of ADN and 35 ml of liquid ammonia, heated to 60°C, and re-

acted with hydrogen at a total pressure of 1000 psig (7.00
MPa) . After 75 minutes, the yield of 6-aminocapronitrile
reached ca. 72% at 94% ADN conversion for a selectivity of
77%.

20 EXAMPLE 2 - 1.2 g of the sponge Ni catalyst, pretreated with
carbon monoxide, as described in Example 1, was charged into
a 50cc autoclave together with 3.2 g of ADN and 35 ml of
liquid ammonia, heated to 40°C, and reacted with hydfogen at
a total pressure of 1000 psig (7.00 MPa). After 180 min-

25 utes, the yield of 6-aminocapronitrile reached ca. 72% at
93% ADN conversion for a selectivity of 77%.
EXAMPLE 3 - A 50cc autoclave was charged with 3.2 g of ADN,
1.2 g of Raney® Ni, 0.25 g of NaOH, 0.25 g of H.O, 35 ml of
MeOH and 6.42 ml of gaseous carbon monoxide under 40 psi

30 pressure (0.077 mmoles CO per g catalyst). The mixture was
heated to 70°C, then brought in contact with hydrogen for a
total pressure of 500 psig (3.55 MPa), and run for 5 hours.

- 17 -



5 bon nonoxi de under 60 psi of pressure (0.045 nmoles CO per g catalyst).
Subsequently, 35 ml of liquid anmoni a was added, and the fickPbge %%y
heat ed t VBO¥S4¥2 h stirring. The pres- sure was adjusted tRCTIUSW/I3e45g (7. 00
Mpa) with hydrogen, then kept under such conditions for 2.5 hrs. After

cool i ng, Aftext hie Pressts £ ties yEdrasetl angmihecsprBhervas et ranshryed to a
dry box, washed with deaerated nethanol, and stored under anaerobic

[} [-)

condi ti of&: £3% Glof’ S h RArRRAYSEIE Rt @Y yat Seppet ivisxt ed Wilth car bon

monoxi de pgaM@esCrd hed @hpve, o mas, chps ged (ko ochave together
with 3.27g 0of ADN and 35 :%e o15 of Iiquid émrmni %,:égggt gggt %Ihgaé,edgnd
react ed Witk ky dlogerrutmiclatat dlogpressureioh A000mpsoff §Ese0udPakr- After

160 5m' nBB%SmothS{i 'eel dn ef 66:631m' n.ocapronitri | e waohed ca. 71%at 89% ADN
convarsi onf OF 5 Ede VT v b Bos BERETES (01829 §UBLeRakEy PEF G

(WR G eaeplywss)chargbadhdmilyy a $)aA1 avt ol @vedt ogebAeh Whkhaga@gn of
gaseous carbon nopnoxi de under 80 psi of pressure (0.12 mvol es CO per ¢

cat al yst FRAshbSeFiatine wis Headed %R &P Hmivkia shiraited, Thedpres-

m xture wasehgakedash i j rrdng. | adjusted to
1000 psig (% 00 Mpa le#%hg \#yc%jpoogjgn,ﬁéz tWeﬁg&pE?gLn%ﬁs%@%r%g%Bi’ti ons for
2.5 hrs. thenekepsoundigr stigh pogsiuriomastarl2asddrand Aheesagpbe ings

trapgferred to _a dry box, washe vvitﬂ eaer at ed net hanol, and stored under
anaer obi ¢ coRdr LT oRs. YES2F§ 5P SEP Ry strapreerredated with

carbon nanaxiydbogs aaskedbed rab@eemaed haideths0, M 505§ auhag! ave
together with 3.2 g of. ADN and 35 ml of |liquid ammonia, heated to 80' C

and reacRBASHPPAChGBREGEAC S alt-6t & Ifr eduRangy® 000 pataylyFt 00phPa) .
Af 5 ; |4 00 11045 h , the yield of .
ter é@eaéédoﬁﬁeﬂeea%%gg én\ééﬁog;%g%a%?éi}%@@ed L1040 g#%% rcgaggéhe or-.

6- am nocapronitrile reac . conversio
sel ecti vinyood F0&c EXMAMPLEVE toye2lgrofwisporige Ni «fitzabysind Degussa BLM

L1124} vge £0319§%.kRE2:3, 502534 08 9P, 988! el Wl 3% $urogen
at a total pressure of 1000 psig (7.00 MPa) .. After 160
minutes, the yield of 6-aminocapronitrile reached ca. 71% at
89% ADN conversion for a selectivity of 80%.

EXAMPLE 5 - 10.0 g of Raney® Co (W.R. Grace) was charged

20 into a 50cc autoclave together with 5.0 ml of gaseous carbon
monoxide under 80 psi of pressure (0.12 mmoles CO per g
catalyst). Subsequently, 35 ml of liquid ammonia was added,
and the mixture was heated to 80°C with stirring. The pres-
sure was adjusted to 1000 psig (7.00 Mpa) with hydrogen,

25 then kept under such conditions for 2.5 hrs. After cooling,
the pressure was released and the sample was transferred to

" a dry box, washed with deaerated methanol, and stored under

anaerobic conditions. 1.2 g of the Raney® Co éatalyst, pre-
treated with carbon monoxide ag described above, was charged

30 into a 50cc autoclave together with 3.2 g of ADN and 35 ml
of liquid ammonia, heated to 80°C, and reacted with hydrogen
at a total pressure of 1000 psig (7.00 MPa). After &
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5 tetranet hyl anmoni um hydr oxi de pent ahydrate. Subsequently, 35 m of

i quid anmoni a was added, and the mixture was heated to B0CWPArsiiGY i ng.
The presswoe0owass2adj usted to 1000 psig (7.00 MPa) with hydceogsss@ed the
~autocl ave was kept under such conditions for 1 hr. After cooling' , the 10

liquid p Sy fLl f. Leavin he.pretreated.cata- |yst inside of
t he autoc a@%&l?géggﬁ%f%&l}vﬁsal njngggggonilntrﬁatehé:eﬂﬁhc?ﬁ & afff 3 M of
| i qui d an$whi BDMasoadeedionThernexsalecwasiheated 1toq 80C, and reacted with

hydr ogen otal pressure of 1000 psig (7.00 MPa). After 24 mnutes, 15
the yiel M’é&énbcgp? oBi ‘Pfi PBROFEEcHedCeh21Y et dPewrs SEDBLM grigdf)si on f or

a sel ect iwdd Yo10hr§dd6 i XAVELEN e - ade 3cUafl SEBQQ%@E %ttgl éﬁ.tgo f%Deﬁussa BLM

112W was charged into a 50cc autoclave, together wth
t et r adt hyt FRIRe by hytorond de mgduogsdet pesbhbyilvaten waterse@Rntly,

Subseque 3 - of . b i gqui moni a_was .added, .and the m xture was
heat ed t(r)%S%% vmég hnilsﬁlrél%gh & pressu %dm%“gaaﬁﬁsf“é&%em@@ psig (7.00
- MPa) wi t thewtdrdbgen, sefiad wid sautoclmye Vs keptssndervsschasandisi pgs for 1
hr. After coolinE?, t he |iQL5id phase was filtered off, leaving the pre 25
treated Cat’dl yRILF nk{ d& HPaheviith deyavegen, ragdothaDRukeslavej wesed i nt o

the aut oqde%dé Bk B5%5uih Qodd AU hamFppi 8 yas  added. (The 0

g)(tlﬂ e was
heated to and reacted with hy- drogen at a total pressuare of 1000 psi g

(7. 08 wPdyiausid athasss washiids arrd yd&f d béaBGingi nbeaprenicbnikd reaahed ca.

80% 30 6% c siaon . for,a selectivity_of 830 EXAVPLE 8 - 1.2 g
of sponggﬁﬁl9C clz%es?ﬁ-\(/ Eg('ehgeusasuat Cﬁll\?f‘iﬁ2wef‘%/\a% %ﬁa’igjagdw?ﬁt sndesbed

. aut ocl aventicogéteherutictilav® Gurgl &5 dets R RpY] @namnbim hydsoxikdegas a 1. OM
solution_in water. - 19 16 Cctober 2003 WO 00/64862 PCT/ US00/ 11045
SUbseque#ﬁey,mlﬁ”rﬁe 9 MR EQ R M A wasrddFeRctamd witd hyrderegen vt

heated ta 8QEaN ireHshidd G 1T HESSUIE. JRsp2A] Ushed. 10,1000 prig (7.00
MPa) with hydrogen, and the !
15 the yield of 6-aminocapronitrile reached ca. 79% at 97% ADN
conversion for a selectivity of 81%. ‘
EXAMPLE 7 - 1.2 g of sponge Ni catalyst (Degussa BLM 112W)
was charged into a 50cc autoclave, together with 2.0 g of
tetraethylammonium hydroxide as a 35 wt% solution in water.
20 Subsequently, 35 ml of liquid ammonia was added, and the
mixture was heated to 80°C with stirring. The pressure was
adjusted to 1000 psig (7.00 MPa) with hydrogen, and the
autoclave was kept under such conditions for 1 hr. After
cooling, the liquid phase was filtered off, leaving the pre-
25 treated catalyst inside of the autoclave. 1.2 g of ADN was
injected into the autoclave and 35 ml of liquid ammonia was
added. The mixture was heated to 80°C, and reacted with hy-
drogen at a total pressure of 1000 psig (7.00 MPa). After
35 minutes the yield of 6-aminocapronitrile reached ca. 80%
30 at 96% ADN conversion for a selectivity of 83%. ]
EXAMPLE 8 - 1.2 g of sponge Ni catalyst (Degussa BLM 112W)
was charged into a 50cc autoclave, together with 2.0 g of

tetrapropylammonium hydroxide as a 1.0M solution in water.
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aut ocl ave was kept under such conditions for 1 hr. After 5 cooling, the

li qui d phase was filtered off, leaving the pre treated tataltpberi#ide of
t he aut ocVa@W@648622 g of ADN was injected into the autocl aP€TASH/BB43 of
| iquid ammoni a was added. The m xture was heated to 80C, and reacted with
hy- dr ogeuraiequdrata), pressurer of 14068 Bsheni s 4hMaxe Al tHl4 %&525

m nutes, the yield of 6-am nocapronitrile reached ca. 80% at 95% ADN
conver si B S s degatad ytof 88w EAMALE-9ing 1. 2Theobrsponge hias

cat al yst gussa BLM - char i ot 0;.a,50cc _autocl ave, together
with 2. Oagqgjf tet rabuﬁﬂfﬁln%%ﬁzﬁ ﬁ?dggg? d{g&g? 51?%50%8%’5&%%&‘? in water.
15 Subseguémtdlynvelivad lofpd iupdel asuwohi aonds tddaed foand tHie mpgdoygye was
heated tgo 7QC with _stirrin he pressure_was _adjusted to 1000 psig (7.00
MPa) Shi t ﬁoﬁa&%e&,hear%&?%gi é&ﬁ*%‘%%ﬁ hAltREFE BRder L&@dH Dondiet ibaes for 1
hr. Afteereceeld RGtdIRest i idhasecMasafitbtered of f, ol eayisng e, pre 20
treated catal yst_insi Ic}? oflthe aut ocl ave‘?1 1.2 g of ADNzwggwjilnnj ecte‘rtg1 into

t he aut 0ePA¢ELEAd 138 hithsf Futpalreemantalhesl addédquike ammonice waas
heated tg ,a r Wi - g oa total pressyre.of 1062 psig
(7.43 I\/Paﬁi.éggf'ter&%eSS'ﬁgn&E%ieega{%gy‘iﬁ%gg §$ @ba(?ﬁ n%%%p?%?‘i?‘f?al‘él}: ak¥ed ca.
80% 25 dro84% AbNacamterlsipapredotrea sl 2ot vbEygof782% MEXAVPLEFEQ - 1.2 ¢
of ‘8\05% Eodi.um on al ynm na t%I@%/st (ob- tained from Engel hard) was charged
int o a 50°cBIRUEGEralé® Yo6gét it &u T 200 RTORLEEE abUEFFARADRRUMBOS

hydr oxi dgeassg 4D WolhaAIdroTdin NadETectbsequsRthyy35 co of Iiquid
ammoni a 30 was added, and the mixture was heated to Ewith stirri ng. The
pressur eEXAMPEE] Asted -20910060 spsings A DCMRa) Y9 t kDbgusdaogeM, 1tihwn kept

under s capdiriqn r-.1.0 hr._ Aft cooling..the Ljguid phase was
filterod %ﬁ?ﬂg"é-‘%.anén?ﬁ’eﬁpr‘jgc.c 20 AL BT ober ISR Vit 50/ 84869 OF
PCTI CIS00¢118U6t {7l eatmedical alyyistoxink des of -4 hewest 661 @¥eonlid ¢a0E-ADN was

injected_ into the autoclave and_35 nml_of |iquid ammoni a was _
I §§ Subsequent?y, 35 m o@ liquid ammoéka was added, and the

mixture was heated to 70°C with stirring. The pressure was
adjusted to 1000 psig (7.00 MPa) with hydrogen, and the
autoclave was kept under such conditions for 1 hr. Aftér
cocling, the 1iqﬁid phase was filtered off, leaving the pre-
20 treated catalyst inside of the autoclave. 1.2 g of ADN was
injected into the autoclave and 35 ml of liquid ammonia was
added. The mixture was heated to 70°C, and reacted with hy-
drogen at a total pressure of 1062 psig (7.43 MPa). After
30 minutes-the yield of 6-aminocapronitrile reached ca. 80%
25 at 94% ADN conversion for a selectivity of 85%.

EXAMPLE 10 - 1.2 g of a 5% rhodium on alumina catalyst (ob-

tained from Engelhard) was charged into a 50 cc autoclave,
together with 2.0 g of tetiabutylammonium hydroxide as a 40
wt% solution in water. Subsequently 35 cc of liquid ammonia
30 was added, and the mixture was heated to 80°C with stirring.
The pressure was adjusted to 1000 psig (7.00 MPa) with hy-
drogen, then kept under such conditions for 1.0 hr. After

cooling, the liquid phase was filtered off, leaving the pre-
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added. The m xture was heated to 800C, and reacted with hy- drogen at a
total pressure of 1062 psig (7.43 I\/Pgécy ﬁHﬂer 5 75 i nu]'E r%ﬁggfre?@ﬁ):y y
6- am noc kideh | € reached 820 at 0 conversion fo K
84% EXA%E’?%%%E'{G? 5.0 g of Raney(r) Co was charged into a E%E gﬁb cl ave,
together with 2,0 g of tetrabutylanmmoni um hydrox- ide as a 40-wt % sol ution
in mter.?r%q‘fﬁ?ﬁjrlﬁt%nﬁ?d@f 10 thPq Gid shRie -a Lnds addedDRand.st he 000
mxture vas ealedidio, 806, whtbeIher e ENGIPLEsIYGe ps adiusted 1o 1
psig (7.00 MPa) with hydrogen, and the autoclave was Kept (
condi ti ofsidest. 1 Hourmixfure eas| hagtetheol ﬁ@a% phﬂse-le\aa&edflwzitte{ ‘_X]ICD];\I,
| eavi n retreated catalyst insid e utoclave. 1. o]
was injget(c:itt}g) "hto- t%gt%%aio %’?/Ee’s%ﬁﬁ 0359%5019%1% i’d4dniR’a waLtaaded- The
- m Xt dre wWasmieaited it 80e1 @ndfr eashetdowkboRYdr99en rak -Reh0kak QLessure
of 1062 psi 7.43 MPa). After 30 mnutes the yield of 6- o
ar ni nocapfan ISOTIEIHERP 739% a? @ﬂ@@fADNVééFv@FEsﬁéﬁ-for aBEO iilz\%:tl vity
of 76% EXAMB - Q. @ Nk, C 8 é gussa was
char ge%l Eﬁt“é‘%‘%@t aajt goc%\(}te}? sf?%ge hglrbovv?{a% % %r ng lnfs'gt Pa%?ﬁl ammoni um
hydr oxi dausoca a4  wtlscssiher onitiim al eg. ofﬁubsfghttanyté%;gmaﬁsﬁin tﬁ??!;flbﬁgl dThe
anmoni a ded,, ,and .t he 25 m xture was ea%e 0 W S . Th
pressure%@gsggagj GSt &% & %%llgn("fam% © MPaf P ERURYHL BgeAd Bhdofhe
aut 6! aveiwasdk epinouide ivasl i dandi 4h@nshé onistt Bfe ﬁééeﬁeaEQ?' £B9gobhe
liquid phase was filtered off, |eaving thg@gr_e- treated catalyst inside of
the aut oft&BeStiryiggor Abe wxe *JPF R WeE B%@‘@e@[féoagtéﬁélagegam@]{ gg vn\}tﬁf
liquid agpRpi @iWas nyaddedy  Thedrsddr H@élgl‘?t a?t ,and reac
hyEq dr ogen gt éﬁlﬁotgﬁ pressure of 106§1pr|g _.‘E%SIV@G ) Wf]{i‘ﬁ SU5% 16
Ot ober QO@@itW@neoﬁ@¢862H@EﬂJ}HﬁﬂHﬁjibﬁﬂfmgn1ﬂMéeBi@ﬁgdypEéﬁeg&as

) M o or
oo oot VEPLEOLL per] CAENTE G crl’ Brd r oA TEEAMVEL 1 00: 68 o F che

15 autoclave. 1.2 g of ADN was injected into the autoclave and

35 ml of liquid ammonia was added. The mixture was heated
to 80°C, and reacted with hydrogen at a total pressure of
1062 psig (7.43 MPa). After 30 minutes the vield of &-
aminocapronitrile reached 71% at 94% ADN conversion for a

20 selectivity of 76%.

EXAMPLE 12 - 0.3 g of sponge Ni catalyst (Degussa BIM 112W)
was charged into a 50cc autoclave, together with 0.5 g of
tetrabutylammonium hydroxide as a 40 wt% solution in water.
Subsequently, 35 ml of liquid ammonia was added, and the

25 mixture was heated to 80°C with stirring. The pressure was
adjusted to 1000 psig (7.00 MPa) with hydrogen, and the
autoclave was kept under such conditions for 1 hr. After
cooling, the liquid phase was filtered off, leaving the pre-
treated catalyst inside of the autoclave. 1.2 g of ADN was

30 injected into the autoclave and 35 ml of liquid ammonia was
added. The mixture was heated to 80°C, and reacted with hy-
drogen at a total pressure of 1062 psig (7.43 MPa). After
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EXAMPLE 13 - A 50 cc autoclave was charged with 3.2 g of ADN, 1.2 of
sponge Ni catal yst (Degussa ELM 112W and 0.5 5 g of tet% &5GPYep oni um
hydr oxi deW&P044%3 wt % sol ution in water. Subsequently,. 35PEI/USPO/i0d%i d
amoni a was added, the mxture was heated to 80C, and reacted with
hydrogen @b aintetal tpeesswiel off ¥0SmiRsdhrbob MPa) . rfdBsa 641 nyges the
yield of 6-aminocapronitrile reached ca. 72%at 90% ADN con 10 version for
a sel ecti¥Ft §28f PBYUFOBNAVSEE™M £°F B S &t SplhigeoNi 7 ¢at al yst  (Degussa ELM
112W  wagxghpf.gedsi nt @ & o50eC ROl ANE wdD 2 f

t et r abut yrpiosptonium hydr oxi dea as a 40 vﬁ%so At}ﬁ%#\mv?{r}:k?ma%%r? ot
SubsequerdP¥, B52ny of Ispgmige Almrowitalwes: adverissnELM 51 He) naxd uo eswas
heated to_80C with_stirring. The .pressure adjusted to 1000 psig (7.00
VPay i t 18 by bRk pReehop B P it 4, il tich Tome LPBns  or 1
hr. Afterwa€esli ngubkBgukeng@uiy( plasg wis fiddiel etmefdia eayi fgadde phe-
treated catal yst inside of the autoclave. 1.2 g of ADN was 20 injected into
t he aut odMa%elBRdWa5 REased Feuitd amdRflargastedddedh Twedrrioerurd was
heated to 806 ARdSLEACIBE Wohkh --ydr@zg%% ¥pA Lot 1092 psig
(7.38 MPa) . . Afr?grs 10 m nutes t?%l ie(l d “of g-a?trﬁ nﬁg{%ﬁ?ﬁﬁ@%%ac Bd ca.
74% at 92ReIDNoLofiveminonaporna tsellec trierictyedofcaB80%2 2R EXAMPIADN 5con5.0 ¢
of sponge N cat ai:ést (obévgi Qed.g:romfA%-Ogtivat ed Metals Corp. (Sevierville,
TN), Cat al D5 N&" A4b08) “SwaS cHarged i 'S -a 50mL aut ocl ave, together with
0.08 g ofexampme nppacatbanyl of Ep36GE) Vi SuRSQGUeNt (b3 dMpIal 14 Sk d
amoni a waS added, and thegn‘i xt u?e.%s heat ed ?%QSOC wth 30 stirri njg; t he
pressur e Wt Atfr8e@dirso180806Si gutecdevra) tagethery dtddder? - @ erokept

under sucg]aﬁlog}gg [ RS cqal i_ng, e r s rel eased
and the sanple \A%%P&tﬁ?%ﬁfsl g%{r]édhygé%%%? %%x,a \%é)s%%d’ %Ot%'hﬁgleoglerla etf '
nmet hanol ,ter 22 Sulis€gtebely2088 WD 00/ 64862 dAPEREIDS0®/ WhEA mdated Sstaided under

anaeﬁpblQﬂﬁgm%ééégg'w%ézhgagédtQg 38Q99$ith stirring. The pressure

was adjusted to 1000 psig (7.00 MPa) with hydrogen, and the
autoclave was kept under such cbnditions for 1 hr. After
cooling, the liquid phase was filtered off, leaving the pre-
treated catalyst inside of the autoclave. 1.2 g of ADN was

20 injected into the autoclave and 35 ml of liquid ammonia was
added. The mixture was heated to 80°C, and reacted with hy-
drogen at a total pressure of 1055 psig (7.38 MPa). . After
10 minutes the yield of 6—aﬁinocapronitri1e reached ca. 74%
at 92% ADN conversion for a selectivity of 80%.

25 EXAMPLE 15 ~ 5.0 g of sponge Ni catalyst (obtained from Ac-

tivateanetals Corp. (Sevierville, TN), Catalog No. 24000}
was charged into a 50ml autoclave, together with 0.08 g of
iron nonacarbonyl - Fez{C0O)s. Subsequently, 35 ml of liquid
ammenia was added, and the mixture was heated to 80°C with
30 stirring; the pressure was adjusted to 1000 psig (7.00MPa)
with hydrogen, then kept under such conditions for 5 hrs.
After cooling, the pressure was released and the sample was

transferred to a dry box, washed with deaerated methanol,
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Ni catal yst, pretreated with iron nonacarbonyl - Fe2(CO 9, as described
above, was charged into the autoclave together with 3. 260stoRrON 43 35 ni
of |iqui dyiyigikey heated to 5 80C, and reacted w th hydrogen. Aot al
“pressure of 1000 psig (7.00 MPa). After 100 minutes the vyi eI P

am nocapronitrile reached ca. 77% at 92% ADN conversion for a sel ectl vity
of 82% ERRUPEECTSd WdsTy PRedsirige FGnEHt PRSt (bb%asan@ﬂ themeponge0
-tivated a ( lJ-£, ,

into a Sgr%itl La:%tt (%(ci e, é?gggeﬁetrécgﬁlp% 101%6% %%él?tﬁédgp ﬂe&gdﬁg cf’dc%rsnonyl
- Rh6(CO)2168CSub§dq@éJwey wgs mhagfgdd quich arhmmlatmabawa@ldedgeahdrt he

m xture was wi t.h t|rr| t he, pressure s adjusted to 1000
psig 15 (Vlﬁg ?/P g[drg1 en % r%elpltq%ncgearmrg‘lféha&ﬁ??%ﬁﬁo for 5
hrs. Afteeoecoplm@ ré@et@ﬁeﬁﬁuhehy\aﬁog@hea&eel &t'aﬂatlh%re%%lﬂ?cleecy@ 00
transferred to a dry washed with deaerated nmethanol, and stored under

anaer obi cP&dddi{t'i- SHSMPf)Z &f(ti\er £RE SPoRgEeNitharaisid obrétreated with
hexar hodi s hexadeca0reaqal bedthen RIG(CGOKZG,: andlonny Dol aPoYs, pBE
and m ot ot qui d

charged into the autoclave together with 3.2 g of
amoni a, heatédctaov80Og, Oéner"seact ed with hydr ogen at a total pressure of

1000 psig ) m nut es he | d  of an nocapronitrile
reached ci g890 08 §§n\9§r§qt Yitsel EHFP? %FO‘Bl%‘

EXAMPOE 1¥ivabe@ geaélgpaagp NI(S@&&_@&jos_ul(ath'mJ nedtdd=0B,0 L i Nah g6 Metal s
Corp. (Sevierville, TN), Catalog No. A4000) was charged into a 50m
aut ocl aveWasg oﬁ]éf‘ﬁgﬁdvmlflfﬁooaléoﬁ oPULESHAYR c &ASsHIer Suddedueil |y, 0B85 m of

| d 0 h
i qui d anyopi ALYESuR h@ggseeaeaﬁbgh 1MLX gégcpssg ??“%’%‘%\Sﬁlﬁ% ]¥M'nt ydr ogen,

stirring; the pressure was adjusted to 1
t hen keptmllmzlér1squhdcampnn@nwasoadaedr,sanﬂfttéxe cdodtiung wadheéhgressur e was

ho0s o E8%ORE FAIP! S 1BRAS AL G000 £ 36;B8LE8°E8 1005°RY

15 (7.00 MPa) with hydrogen, then kept under such conditions
for 5 hrs. After cooling, the pressure was released and the
sample was transferred to a dry box, washed with deaerated
methanol, and stored under anaercbic conditions. 1.2 g of
the sponge Ni catalyst, pretreated with hexarhodium hexade-

20 cacarbonyl - Rhg(C0):s, as described above, was charged into
the autoclave together with 3.2 g of ADN and 35 ml of liquid
ammonia, heated to 80°C, and reacted with hydrogen at a total
pressure of 1000‘psig {(7.00 MPa). After 40 minutes the
yield of 6-aminocapronitrile reached ca. 72% at 89% ADN con-

25 version for a selectivity of 81%.

EXAMPLE 17 - 5.0 g of sponge Ni catalyst (obtained from Ac-

tivated Metals Corp. (Sevierville, TN), Catalog No. A4000)
was charged into a 50ml autoclave, together with 0.12 g of
osmium carbonyl. Subsequently, 35 ml of liquid ammonia was
30 added, and the mixture was heated to 80°C with stirring; the
pressure was adjusted to 1000 psig (7.00 MPa) with hydrogen,
then kept under such conditions for 3 hrs. After cooling,

the pressure was released and the sample was transferred to
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PCT/ US00/ 11045 a dry box, washed with deaerated nmethanol, and stored under
anaerobic conditions- 1.2 g of the sponge N catalyst, preCctelei &0 th
osm um ca¥BIRG#86Z as descri bed above, was charged into the RGTHEHOGYS
together with 3.2 g of ADN and 35 5. m of liquid anmonia, heated to 80C,
and reactedim thoRy di@shgenwat hagbakal cpde setmerefl 10003 psi grdd - GQadFa) .
After 180 mnutes the_ yield of 6-am nocapronitrile reached ca. 76% at 93%
ADN convéPaGsiPhir GORetetPRtitylof §29f EREVEEONER Nip oatalvit { hereponge
Ni catal yStaz ¥ty i iL4m gar ; c%sc;ﬁ;' bed in Exanple 3,
was charged into %ﬁ%@%%ﬁa%%r?ggggﬁe%%wagh@éflﬁo A 3’%‘ 35 m of

li qui d amdeniged Hesttedche 809G chader cagetlew thithy ®dr.agen af ARN tatdal 35

f 0. i 7.00. MPa) . Aft 3 ],.nut th i.eld of
B anehoc kit 6 criPEL S i hasbel FaSa0N T8 oRIGHErbi G ydro-
sel ecti videh oft 88GotxXAMRtEsd@re 6£01000f peRONJE N0 eaial ystafabt aiged from

Ac- tivated Metals Corp.JdéJSevi erville, TN), Catalog No. A4000) was charged
into a 5OMPUfiftbdhw el et hef - At RCo2pBoRisrileumsainad @ bothR .at

Subsequenjley AP A4 gy j ; ~zand the m xture was
heated to 80C Wi th stir r%%;%€ﬂgo%%ggég%\gﬁﬁ sg%g%&;?ed to 1000 psig (7.00

MPa) wi t BEXRMPIHR dden, Qhieh kepf tindespsugh Haonditiedystf,ompretdvsataAit er
cooljng, t. pressure s rel eased.,and the.sanple was trans- ferred to a
v R et R H e S B Rt e S o Pl R e
condi ti oAstol they Hftddiawpongfethercati ghyst o Br el adiednd 3y rut hgni um

carbonyl, as described above, was charged into the autoclave together with
3.2 g of lisNcammELid . dfeategdi ke aRPtni endhereadted BOth hndrpeacted with

hydr ogen jat. g 140 JUESSWeE HodQ9; Rrig . a) fter .60 .m nutes :
t he vyiel 3 of E?—af%ﬁlr?ocapr Olt#tl’ﬁe ?Igaléﬁeél éé £7}%‘)15//<|{3at A&%%)Iﬁ é“&gl\}lé:ressl on for
a sel ect ithiet wicfl B4 6 -EXAVRIEROORI BrbDe nteavhed ave Was chamged AN h 3. 2

9 ofs ADRorbet o  RROWE NS ¥t of OBhg! ned Trom Activated - 24

EXAMPLE 19 - 5.0 g of sponge Ni catalyst (obtained from Ac-

tivated Metals Corp. (Sevierville, TN), Catalog No. A4000)
. was charged into a 50ml autoclave, together with 0.08 g of

ruthenium carbonyl. Subsequently, 35 ml of liquid ammonia

20 was added, and the mixture was heated to 80°C with stirring;
the pressure was adjusted to 1000 psig (7.00 MPa) with hy-
drogen, then kept under such conditions for 3 hrs. After
cooling, the pressure was released and the sample was trans-
ferred to a dry box, washed with deaeratedrmethénol, and

25 stored under anaercbic conditions. 1.2 g of the sponge Ni
catalyst, pretreated with ruthenium carbonyl, as described
above, was charged into the autoclave together with 3.2 g of
ADN and 35 ml of liquid ammonia, heated to 80°C, and reacted
with hydrogen at a total pressure of 1000 psigA(7.00 MPa) .

30 After 60 minutes the yield of 6-aminocapronitrile reached
ca. 76% at 91% ADN conversion for a selectivity of 84%.

EXAMPLE 20 - A 50 ml autoclave was charged with 3.2 g of

ADN, 1.2 g of sponge Ni catalyst (obtained from Activated

- 24 -



16 Cctober 2003 WD 00164862 PCTI US00/ 11045 Metals Corp. (Sevierville, TN),
Catal og No. A4000), 0.25 g of NaOH, 0.25 g of H20O, 32 6 Gk theOH 2093 0. 19

g of ruth&aicosszar bonyl - Ru3(CO 12. The mi xture was heat ggriQuofQfas t hen
brought in contact with hydrogen for a total pressure of 5 1000 psig (7.00

MPa), an ho o After.180.mn- _utes the yield of

6- ani nocgqpe;%djrqi'is{ Sﬁ%’r eggé%éldéé%fhﬁ%a stagi%ﬂgcaTﬁ\relpséiW)froro-@S g

sel ect i victfy NafOH, 7 36.2 EXAM B1,21, 32A 50 ot MatbroCh AN €0 Was ghakgggiggkg?gi 2.9
al s

of ADN, 1. éﬂ% (311‘ sponqe Ni catal yst (obtained from Acti Vated
Corp. (SEFERANY e, R COtat al chPRIM i AlBD8) was. hsageds ta@4°Co. BBeg of H20,

35 m of nand 0.3 Rft e b | _- CQ.12. The m xture was
heated to 70C, then brought in co}'fflkg%%ﬁél\r/lvi ?ﬁi(hf}d}:ggg% or TGt & pressure
of 580 PBIP§ P3iT NPaP0 ¥Re)rumndrrg: hbours3 Wbtes.8 hdwes the #5nyi el d of

6- am noc Nickri I ca.. /1% at 88% con-_version for a

sel ecti v?lfgy%go h@l&?ﬁ%&ﬁ% fﬁ“l-nofas%r?ﬁlra{lﬁ:)%ll 1veciigs ERar géd @t A2%.2 g
of ADN, ADN2cgnobrspongEdd acaiedlasii¢0bE abnesr§rom Acti vated  Metal s Corp.
(Seviervi|le TN% Cat al og No. A4000), 0.25 thO of NaCH, 0.25 g of H20, 35
m of NEE&L—*HR&_M Eo2d g 6f 50 8 RVeC i@ otas chaegedoydthTRe2ngxbfir e was
heat ed tap¥0C; .bhgnsrbeaUght | i ep_for_a-total pressure
of 500 gsi g (3. 5§I\/Pa) , 9an Teryr% %Ba?ﬁ{lsoem é&%ﬁ%‘g?’@ﬁ%ﬁréc?ﬁ‘éat??el d of -
6- atPnocMprenpt FPre - r dGeNédrydl1R406T0 8E% NS Ao 25888068 Pnof 95

sel ecti vity. 869 MPLE, 23 --_A 50 autocl ave was charged with 3.2 g

of ADN, b%.ggg}lbfo/oé%gﬁp\eokﬁ H&ét a??sf"?(f)’g!t gﬁﬁgda%rﬂ-&ﬁ\%ﬁé@thmiams Cor p.

(Sevi er veatieonFN) - Raj at®,No. TAC0RA)ct 1825tk t@éaﬁ\@@"zo%g‘%glﬁ{?ﬂﬂq 35
S

m  of CH a%g 0, 07 g of .iron non 30 acarbonyl. The mixture va eated to
© 70C, t heRrBBUghtDi AORERRE ati thi P Ixpgesy &P ¢ ool apresessarer o50600

psi g (3.5sidPeqd .5 afflaf UNah@l ranh@uhs s Aigs 4 NS, t@%&’ﬁl%' dtl?e]; 6 - 25 -
15 yield of 6-aminocapronitrile reached ca. 71% at 88% ADN con- -

version for a selectivity of 81%.

EXAMPLE 22 - A 50 ml autoclave was charged with 3.2 g of

ADN, 1.2 g of sponge Ni catalyst {obtained from Activated

Metals Corp. (Sevierville, TN), Catalog No. A4000), 0.25 g
20 of NaOH, 0.25 g of H;0, 35 ml of MeOH and 0.1 g of iron nona-

carbonyl - Fe;(CO)s. The mixture was heated to 70°C, then

brought in contact with hydrogen for a total pressure of 500

psig (3.5 MPa), and run for 7 hours. After 7 hours the

vield of 6-aminocapronitrile reached ca. 74% at 862 ADN con-
25 version for a selectivity of 86%.

EXAMPLE 23 - A 50 ml autoclave was charged with 3.2 g of

ADN, 1.2 g of sponge Ni catalyst (obtained from Activated
Metals Corp. (Sevierville, TN), Catalog No. A4000), 0.25 g
of NaOH, 0.25 g of H,0, 35 ml of MeOH and 0.07 g of iron non-
30 acarbonyl. The mixture was heated to 70°C, then brought in
contact with hydrogen for a total pressure of 500 psig (3.5
MPa), and run for S hours. After 4 hours the yield of 6-
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16 COctober 2003 WO 00/64862 PCT/ US00/ 11045 ami nocapronitrile reached ca.
75% at 93% ADN conversion for a selectivity of 81% EXAMPOEtgder 0050 ni
aut ocl aveWb¥e8&r ged with 3.2 g of ADN, 1.2 g of sponge MNCTAS08/1y%iE
(obtained fromActivated 5 Metals Corp. (Sevierville, TN), Catal og No.
A4000), O, Na O, 5 205 3553l Jof ﬁ()1-1{_]3.,311 . of 1ron
non- acar gﬁﬁ;ﬁ?@i‘l%e m ng%% agasiefﬁggt gg't ?5708,% tggn roS:gC%{‘peﬁ:nSgl%rbn Aet
wi th hydr egesefertavioy abf pgessure of 500 psig (3.5 MPa), and run for 3

hour s- Af inutes_ t jeld _of .6.10 am nocapronitrile reached ca. 73%
06 ADERRARLELE! €3 86 M Sodle 81 820 8T BOCIe e & CH By of
sponge N roatalyst o Ast i pdege i abstadde0) onas ieha Feda M 3006

aut ocl ave, together with 0.7 g of tert.-octyl _isonitrile. Subsequently, 35
M of 3 i qfEdals LR ol SREiadblile andN) he CAERLGFe Nias 2HENQd 10 280@ wi t h
stirring. oFNQRAESSHI 55 Was, Adi st to 10,04 - 90 ) ..t h_hydrogen,
and the ach)t ocl ave was k\tla%t under’ g'ﬂsch cé‘%gﬂ?@o%éafgfogpﬁrgﬂ%r?gr %o '
cool i ng, eharpcessir e Thes miteasedvaantdeahedsampl’e®dastheansf-oughd ta a dry
box, vvashegngit&ZO. tﬂjeal_i%ted rre% hanol ﬁng st ored under _anaerobic

condi ti on§TPAH5or tTor (F D G0 he?spBhg RFegstary s, ~gleBegt dd i th
tert-octyMpayQnidid | urdst slesTridigds aboxetevasochangedsi L ke Yo ave
together with 3.2 g of ADN and 35 nl of |iquid ammonia, heated to 60C and
reactfld WAPATIRFEGEH 1 le tnaghed o7 esZdfeabf 93808DNs conyered oPfor Aft er
20 m nuteg Lh i;6}:d.pfH--and nocapronitrile reached ca. 72% at 89% ADN
con- versi o% ?'grc)ﬁal‘%}slgi}gc??vﬁgy' of 81% EXAMPLE 26 - 5.0 g of sponge Ni

cat al yst ERaMESFa 28 M BL2Wg ofaspdeggelii obbahySbcdratt oakademetcaget her
with 5.0 f. 30 tert.-butyl] isonitrile. Subsequently,. 30 m of liquid
_amo- ni ag&IQSOﬁqa’&i BUES 58 it e WaS AREPE aY‘S'B\é@gﬁFPﬁrsﬂth Oi-dg. The
pressure yasradjeyst.eddrq 19k s r{le 44 Mibiedhbhc1Pydsggrn. o2ndithigg

aut ocl ave was kept under_such conditions
15 ammonia was added, and the mixture was heated to 80°C with

stirring. The pressure was adjusted to 1000 psig (7.00 MPa)
with hydrogen, and the autoclave was kept under such condi-
tions for 3 hrs. After cooling, the pressure was released
and the sample was transferred to a dry box, washed with
20 deaerated methanol, and stored under anaerobic conditions.
A portion (1.2 g) of the sponge Ni catalyst, pretreated with
tert-octyl isonitrile as described above, was‘charged into
the autoclave together with 3.2 g of ADN and 35 ml of liquid
ammonia, heated to 60°C, and reacted with hydrogen at a total
25 pressure of 1000 psig (7.00 MPa). After 20 minutes the
vield of 6-aminocapronitrile reached ca. 72% at 89% ADN con-
version for a selectivity of 81%.

EXAMPLE 26 - 5.0 g of sponge Ni catalyst (Degussa BLM 112W)

was charged into a 50cc'autoc1ave, together with 5.0 g of

30 tert.-butyl isonitrile. Subsequently, 30 ml of liquid ammo-
nia was added, and the mixture was heated to 80°C with stir-
ring. The pressure was adjusted to 919 psig (6.44 MPa) with

hydrogen, and the autoclave was kept under such conditions
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- 26 16 Cctober 2003 WO 00/64862 PCTI USO0/ 11045 for 4.5 hrs. After
cooling, the pressure was released and the sanple was trafRstebred®t® a dry

box, washedo oédsexieaer - ated nethanol, and stored under anaeralosioss
conditions. A portion (1.2 g) of the sponge Ni catal yst, pretreated with 5
tert-butylsd,sQnid rile asrdesctl boys har ged i nt t he autocl ave
together with 3.2 g of ADN an%écggﬂ]rﬁ' o%/&fi uiésdguf’i%ﬁ?a,reﬁgﬁfﬁ #8d60C, and
react ed wittie mpandgevast tardmsdrred essus edoy B3R, praghé8. 39 NPakaeAlt er

100 m nut t Lel d.of 6-am nocapronitrile reached ca. 70% at 92% ADN
con- 10 v%?csﬁéc:ﬁle%écl?ranéﬂs’ela& i funi%@/’é BTGP o 7condivigngt t Be sponge
N catal yportpeet r@aved) Wi hierdpdugeyIni S&{Eéi\%&@; 85 ggéﬁgggegik%\l

er WIt?I .2 g o and

Exanple 2, was_  charged into the autoclave toget
35 nP of "REGubHtaesoRl tedie d e sleme ik skt edvas t thayded i6tgen at a

total preggur 8 @H883ePe - ter I nut es_t Leld of

6- ami nocapr oni trile rgagr?gﬁ(tgtae.]lg%?}atz' '%gmoﬂ‘%%%\gnn%‘é s?%nmhfo¥£a£1quld

sel ecti vi Bymonig29heBXANPLE Z8°C, 2abdgreficspdngd tN heairdlgest ADagussiayBLM
112W  wa harged i.n a_5Qcc autocl ave, together wth 2.5 g of 20

i so-pr opy?rg‘g%hl? rbeet?(I%uB’?é@ue( Py, MBE?ESM @fgfqeilfqdi@ dMEE A Was added,
and the nixtlaectas-AgaheeapeoBQEWith r&tddited id. 7 ESPIr -

adj u bed to 990 psig (6.93 tpI\/(Fi;e}) W th hydro;en, and%ea&{aut ocl%/ﬁéﬁ%\%% kept
underYsucheEBREPt £8As2 £6LegtAvd EyArtfer76G00li ng, the pressure was rel eased
and the 2pygappkEeswas §rangf ger t 0X shed w th deaerated
met hanol , —and—stored undgr Eia%ger%ggi %p%gg{%yth?or?&ta 4501+t ipd??tlf?ﬁ%e‘g) of the
sponge Niwitdlhatgst;bprelréatedtwiik,i se desepyibadsami tMhidnplas Hesgdd bed
above, vvaghé:parged {'Entg t he _autoclave to%et her, wwth 3.2 g of ADN and 35 nl
of 1iqui d” At 307 mbRFR, “REafBECFL3ABCECFRGTEEaMiER Wi-2h Syl d8h and 25 ot al

pressure ml 801 PG gd (&mddnhR2) helbtlr tb houesS LAg YLELUA with hydro-
- 6- ar‘rlglocapronl trile reached ca. 69% at 88% ADN conversi on
gen at a total pressure of 883 psig (6.19 MPa). After 50

minutes the yield of 6-aminocapronitrile reached ca. 70% at
85% ADN conversion for a selectivity of 82%.

EXAMPLE 28 - 2.5 g of sponge Ni catalyst (Degussa BLM 112W)

was charged into a 50cc autoclave, together with 2.5 g of

20 iso-propyl isonitrile. Subsequently, 35 ml of liquid ammo-
nia was added, and the mixture was heated to 80°C with stir-
ring. The pressure was adjusted to 990 psig (6.93 MPa) with
hydrogen, and the autoclave was kept under such conditions
for 3 hrs. After cooling, the pressure was released and the

25 sample was transferred to a dry box, washed with deaerated
methanol, and stored under anaerobic conditions. A portion
(0.6 g) of the sponge Ni catalyst, pretreated with iso-
propyl isonitrile as described above, was charged into the

| autoclave together with 3.2 g of ADN and 35 ml of liquid am-

30  monia, heated to 40°C, and reacted with hydrogen at a total
pressure of 990 psig (6.93 MPa). After 4 hours the yvield of
6-aminocapronitrile reached ca. 69% at 88% ADN conversion

for a selectivity of 78%.
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for a selectivity of 78% - 27 - 16 COctober 2003 WD 00/64862 PCTI USO0/ 11045
EXAMPLE 29 - 5.0 g of sponge Ni catal yst (Degussa ELM 11¥8\Pct@bsr chiged
into a 50%C0%eA86%| ave, together with 2.5 g of n- butyl isoRFTASPE11045
Subsequently, 35 m of liquid ammonia was added, and the m xture was

heat ed t ExXAMPIE t2p st iFrd ng.offhepdnpe eSsucet naysad) (Usiptkd:0 B35 priw (6. 90
MPa) vmth@'gdro en,. and the autocl ave. was kegt under such conditions for 7

hrs. HE gt e A WeSC 1 3Y BaskdIGhdThe dhl & Wt n-
transf er meg 10 1%&{:)4:1*?@‘6 W@Mec{ﬁéﬂtﬂﬁaeﬁgt Rl eRthanRlia ARbstored under
anaer obi c conditions- A portion ( of 10 the sporige Ni catal yst,

pr et r eat édidfic.h anch ha miseine iwas la%a*d%@cﬂbbé@ @Lb’dweh w&sr@'haggedmnto

heat G0 {b-oreeaun Y et PRy Than e, 28 Mol vt R 01

psig (7. bdVRae aifticerlafif: nazutiespt h@n&e:eldu@]fl eoihalariumcaaa:rxom tHdd e
reached %%It 69% at. .89% %\)[()gsconverm on for a sel ectl Vi tg}@gf 78% EXAMPLE 30
-- 5.0 gHot-SRar&yrP<eo RARFYES i YD B 5oRECdafREctRfe SABYE &S wi t h
2.5 g of thubutpuh-reSORId il |8y Bk, SEMIE | ¥ 3538k ek teliduicd AN a was
added and the m x 20 ture was heated to 80C with stirring. The pressure
was ad- post e oredoondggi @W@@Wagow;wmdrogénpoamdomhe(laat @) dfave

was ;kept d h..co |t| r I ng,_ t ressure
was fbel eg‘glgd%g’ ?il t%hé\](isg(';‘ll 5P vvas’ (g%ézn‘;sée{g%? e"g‘{ f'g %l"l ygog,so\ﬂégﬁgde\mth
deaer at edsrrﬂtab&mb,edaﬁd)o% smarsed:hzm@gdanaeasobhé aaadlcuiaer&s tofyeR®ld on
(1.2 g) of the _Raney( ﬁé Co catal yst, gretreated with n-butyl isonitrile as
descri beli*&Bove? #aStchiNgéRd rito Wh L Ut BRI 2TBgBL Rer DoGiteR 392 g of ADN

and 35 nmypof, | 4.g4i H-280D81 @; thealado 4QC, y en at a
t ot al pregsure of 936 30 psiné 63% %%n. Afat g&l%lgaén}%%&ét gg?g? :

am nocappsadt i7l. & Or ¥Rehed Mteaﬂ%catmlgﬁ%mlm@nyeeédonff 6r

15 aminocapronitrile reached ca. 69% at 89% ADN conversion for

a selectivity of 78%.

EXAMPLE 30 - 5.0 g of Raney® Co was charged into a 50cc

autoclave, together with 2.5 g of n-butyl isonitrile. Sub-
sequently, 35 ml of liquid ammonia was added, aﬁd the mix-

20 ture was heated to 80°C with stirring. The pressure was ad-
juéted to 502 psig (6.32 MPa) with hydrogen, and the auto-
clave was kept under such conditions for 2.5 hrs. After
cooling, the pressure was released and the sample was trans-
ferred to a dry box, washed with deaerated methanol, and

25 stored under anaerobic conditions. A portion (1.2 g) of the
Raney@ Co catalyst, pretreated with n-butyl isonitrile as
described above, was charged into the autoclave together
with 3.2 g of ADN and 35 ml of liquid ammonia, heated to
40°C, and reacted with hydrogen at a total pressure of 946

30 psig (6.63 MPa). After 105 minutes the yield of 6-
aminocapronitrile reached ca. 64% at 86% ADN conversion for

a selectivity of 74%.
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a selectivity of 74% - 28 - 16 Cctober 2003 WD 00/ 64862 PCT/ US00/ 11045
EXAMPLE 31 - A 50 cc autoclave was charged with 3.2 g ofié RPRober 24P of Ni
on MgO Owv@%ogesed NaOH, 0.25 g of H2ZO 35 m  of MeOH and Bcbugowiiedzenzyl
isonitrile. The m xture was heated to 70C, then brought in contact with

hydr ogen tal ,pressur ( a),.-.an u 1 hour.
After 10 'rn—rmt‘es—itw Rhwpre APy BF %ugm‘:ﬁ%ﬁ’aegﬁ%% hf B dl 8™ 5 0% ot Bo%t
ADN conveABNonOf.ergaofeNecbnvmgsb ob TAY%g EXAMREE 3225 19209 Bfo 2 $Vom)
rhodi um on a%unhn at al yst %,. B ai_ned from Engel hard) was char ged into a
50cc aut oet aVed oaetr’hgr FP6Y30 'FBH 16 € r iR yILuRWERI U cyani de

(BudNCN) . heSubsegyentby, Sfembabudhauid armeab% vas nadded.o %r}fi
m xture vva% heated to 80C with stLlldﬁrl ng. e pressure was jusét(%g to 1000

psi g ?7. 00°tPh) PRESRUKR®APEgERS RAAT HE - 7é?ut1‘@ﬁ)av€lmhsrd@pfonnliehosnch

conditio ; r n t Uld s filtered off,

| eavi ng. t %{%ﬁe{%%ﬁ%@g Sc%% gggh‘angﬁfde 0 JtnhecaL LIJI)OC% aﬁf\é? S FAPSE ADN was
i nj ect ed ¢ant 064 heataus 68| AUE andvasslibmffdrl Quish Iargmint i wess agged. The

m xture heated to 800 ang reacted with hy- drogen at a total pressure
of 1000 @f@%@bﬁ 2p818F 20° f26gﬁﬂdﬁ1ﬁ‘f’b§n Hens Fafalyst (ob-

6- anm nOC&EHﬁﬁléérfJ:&nrﬁﬁ%Pfﬂafé) w§§%:&tn% % AN LAY Aaf 1 Bre

selectivity of 88% sponge NI catal yst was charged
intol® BSmgetigpeyitle, 0t dYeyhet mﬁt:wa@uzwlgxmfomem mwmmm)cyam de

(Bu4NCN) .g 1§HE gggg‘n Y, 235 f a_was ded d t he
m xt ure was & HS 8%)% mf”%P %“I;SI ng helapfweasssur%%% eed to 1000
psig (7.0RAMRa)e wdd hysitedene safwl wihehast oet-ang. Wa$hl§ep'frelé@@% Sa&h
~conditions, for 1 hr. _After cooli n&Q the Iiquid phase was filtered off,

| eavi ng ahished redt B0 R RSt g st 7 ¥Eaht wifh Rydsoosve. D thef 30 ADN
- was i nj echathd e thes auee] @yseANguah Ebnafltllb%l ¢2M RN a A|s.,added.

The m xture was heated to 80C, and reacted
cooling, the liquid phase was filtered off, leaving the pre-

treated catalyst inside of the autoclave. 3.2 g of ADN was
injected into the autoclave and 35 ml of liqﬁid ammonia was
added. The mixture was heated to 80°C, and reacted with hy-
drogen at a total pressure of 1000 psig (7.00 MPa). After

20 120 minutes, the yield of 6-aminocapronitrile reached ca.
85% at 97% ADN conversion for a selectivity of 88%.

- EXAMPLE 33 - 1.2 g of sponge Ni catalyst was charged into a

50cc autoclave, together with 0.25 g of tetrabutylammonium
cyanide (Bu,NCN). Subsequently, 35 ml of liquid ammonia was

25 added, and the mixture was heated to 80°C with stirring. The
pressure was adjusted to 1000 psig (7.00 MPa) with hydrogen,
and the autoclave was kept under such conditions for 1 hr. |
After cooling, the liquid phase was filtered off, leaving
the pretreated catalyst inside of the autoclave. 3.2 g of

30 ADN was injected into the autoclave and 35 ml of liquid am-
monia was added. The mixture was heated to 80°C, and reacted

“with hydrogen at a total pressure of 1000 psig (7.00 MPa).
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wi th hydrogen at a total pressure of 1000 psig (7.00 NPaﬁ. - 29 16 Cctober
2003 WD 00/ 64862 PCT/ US00/ 11045 After 160 minutes the yi%Rgtegper 2003

6- am nocalOd6t§62]| e reached ca. 83% at 95% ADN conver si on PEGAUISQ0/11045
selectivity of 87% EXAMPLE 34 - 1.2 g of sponge N catal yst was charged
into a  SPsecautas! aiGurbaoekie i dk 25 dnlodebi ot ¥l 2POLUMLY

cyani de (Bu4NCN). Subsequently, 35 ml of liquid anmonia was added, and the
m xture wWed- hBakedtt §5808DN Heryensdiory. fothee srlscsuieiwasofddusted to 1000

psi g (7.mmh dr,ogen, nd t he .aut qclave was kept_ under such
condi ti on 2 a if?e 850153’83‘?% ?\JéL I(‘faatuaf%ysb%a“s’aesm%e@a¥ FT et BHC0f T,

| eavi ng 190¢beaptotl agked togbahyst windi de 28 ¢ hef atkoedBYey] OmBodigh ADN
was ipjected into the autoclave and 30_.m of liquid_am nonia was added.

The nt xt UFEPEES héBHST b 80RIPBRTUPBELY ed > Switth Hhy drisEl Amuerist Has
pressur e Qiad@00aPal 8he ndQeMR) was el B2 dNgUNLS,s N ALSAL! e

6- am nocapronitrile reached 15 ca. 80% at 96% ADN conver si on
sel ecti viryesfuBsywas EXAVREEe85to 102 0g peficRalieyq@ M) wastle haydredaént o a

50cc autoclave, together with 0.2 f tetrabutyl ni um cya- nide
BNy S e ARESLISke "B Repr Hrfler B CRETEHAHENA M | e
was heat exft&r 886oWhY, sther LAguidhphade pzes Fure vasd ash f15t Bsh+ ond 000 psig

(7.00 MPa) with hydrogen, and the autoclave was kept under such conditions
for M0 hr thenRretEeatfRgCatReYFEqiNG1ERasE W AYLF AV f,91%¥idg the

t t . ] i . t . f i R ted
pretreat egyeapal yﬁjégt?%ge:mﬁwt.gf Eﬁ_eaahgeb%%g 2 3P ) e &) &t

into-the autoclave an ['1quid am 25 nonia was a i e mxture
was heat eebriica 803 addedeacThd mikthrhyeresgdeatted ttoot&l°Cpr eselureaaft D00

ig (7.00. .. _After_ 135 pi the yield qf 6-ani. itril
R e R s N R e a0 L
036 - 1.2 xrwdr pr@tmiypstep! eppeedibydt BE BasinG mRdmactions of AnahdQy

containing Al 54 wt% N 23 wt% Co 23 w%and C 1 w% was charged into
a 50cc adecﬁ%V%,a§0§5% ADN conversion for a selectivity of 83%.

EXAMPLE 35 - 1.2 g of Raney® Co was charged into a 50cc

autoclave, together with 0.25 g of tetrabutylammonium cya-
nide (Bu,;NCN). Subsequently, 35 ml of liquid ammonia was
added, and the mixture was heated to 80°C with stirring. The

20 pressure was adjusted to 1000 psig (7.00 MPa) with hydrogen,
and the autoclave was kept under such conditions for 1 hr.
After cooling, the liquid phase was filtered off, leaving
the pretreated catalyst inside of the autoclave. 9.6 g of
ADN was injected into the autoclave and 30 ml of liquid am-

25 monia was added. The mixture was heated to 80°C, and reacted
with hydrogen at a total pressure of 1000 psig (7.00 MPa).
After 135 minutes the yield of 6-awminocapronitrile reached
ca. 72% at 94% ADN conversion for a selectivity of 77%.

EXAMPLE 36 - 1.2 g of a catalyst prepared by the basic

30 leaching of an alloy containing Al 54 wt%, Ni 23 wt%, Co 23
wt% and Cr 1 wt%, was charged into a 50cc autoclave, to-
gether with 0.25 g of tetrabutylammonium cyanide (BusNCN).
Subsequently, 35 ml of liguid ammonia was added, and the

- 30 -



gether with 0.25 g of tetrabutyl anmoni um cyani de (Bu4NCN). Subsequently,
35 m of liquid amoni a was added, and the - 30 16 Cct Pc20038r WO 03

00/ 64862 RTdokdehtd/ 11045 mi xture was heated to 80C with stigring- The
pressure was adjusted to 1000 psig (7.00 MPa) with hydrog (ﬁ{rﬂ%%npﬁe

aut ocl ave was kept under such conditions for 1 hr. After cooling, the

| i qui d phBs¥Etias Malst dieed adf fro |88 mg thhetpreingtr eahed maaisahmst Jarsi de of

t he autoc 2 f was ,J nj.e i ntq the autoclave and 30 m of
l'i qui d aml}rgiﬁgt\%gstgagge . Pfhé nwx‘{yuor 3%5 "ﬁé;j"t Y IPIe, ap Feacted with

hy- drogeautbcaatet ahsplegaunddafr B R itidis M) .1 Al er A260 m nutes,
the yield of_ 6-am nocagr_oni trile reached ca. 10 820 at 97 ADN conversion

for a sel 82PHviEy bhegsdTuEdAmbEEe3wvas £id texsid qfdhgd advica atlystpmas
charged i ft@afedd0eeatyeCchaus ad Qether a\Mt_tog-el%\% g %f_f‘%]'\'ﬁag‘ydp,_@%ow g of

LiCN as a 0.5 Msolution in dinmethyl formam ubse ‘qu S of
liqui d an¥@n¢atedsiatidetheandtold aviex tamde 301 mlwas Ndapad t=n@QG Ny

stirring. pr e re.was_adj usted to 1000 psig (7.00 MPa) with_ hydrogen.

Aft er ZOOa&r;@"ﬁ%t es?ﬁgtﬁ%xy?'lgledngfs -e-‘%ﬁidh%@aﬁ oﬁ'rt%??ler?@%ﬁ@dwééh %B% at

91% ADN duomyert sabnaf ooralselreekuyit ¥ fof 084%p EXANILE 0384yl 2 ;ﬁft?r sponge
t 2

Ni catalyst was charged into a 20 50cc autoclave, together w g of
ADN and O 03 BrtterRachhesypeédueht by aminogppaprliteaiile aeavhica was added,
and 1¢ he grxtay esy@sapgat-edLe %QQ Pih oSELALILRG, s The pressure was
adjusted to 1000 psig (7.OOVIVP§. W th h?drggélﬁegﬁgg OES% M nutes, the

yi el d of BXAROCHProntt 2i feofeaphadeci 28tAIYsat wA4%ABNeeNvers en for a

sel ectivi f %+ EXAMPLE 39 - 1.2 f _Raney(r) cobalt was charged into
a 50cc a%c%/cocglaalg%?&t%‘é%t h,g?gﬁﬁPﬁrB‘."itg gszﬁNoéna}JH. 8399 Pof LRagNoL
SubsequentilQN 35 ario of Mmi quidt asAoRhagwmetBgdedoARLdibhe B xure was
heated to 80C with stirring. The _pressure was 30 adjusted to 1000 psig
(7.00 MPESRGW hytht dyerof Aligrid7gmmonia was added, and the mixture

15 was heated to 80°C with stirring. The pressure was adjusted
to 1000 psig (7.00 MPa) with hydrogen. After 200 minutes,
the yield of 6-aminocapronitrile reached ca. 76% at 91% ADN
conversion for a selectivity of 84%.

EXAMPLE 38 - 1.2 g of sponge Ni catalyst was charged intoc a

20 50cc autoclave, together with 3.2'9 of ADN and 0.03 g of
NaCN. Subsequently, 35 ml of liquid ammonia was added, and
the mixture was heated to 80°C with stirring. The pressure
was adjusted to 1000 psig (7.00 MPa) with hydrogen. After
330 minutes, the yield of 6-aminocapronitrile reached ca.

25 77% at 94% ADN conversion for a selectivity of 82%.

EXAMPLE 39 - 1.2 g of Raney® cobalt was charged into a S0cc

autoclave, together with 3.2 g of ADN and 0.03 g of NaCN.
Subsequently, 35 ml of liquid ammonia was added, and the
mixture was heated to 80°C with stirring. The pressure was
30 adjusted to 1000 psig (7.00 MPa) with hydrogen. After 570
minutes, the yield of 6-aminocapronitrile reached ca. 71% at

96% ADN conversion for a selectivity of 74%.
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m nutes, the yield of 6-am nocapronitrile reached ca. 71%at 96% ADN
conversion for a selectivity of 74% - 31 - 16 Cctober 2003ctwr00784B62
PCTI USO0/MQO%SI8EXAMPLE 40 - 1.2 g of sponge Ni catal yst waBCEHGMSi nto a
50cc autocl ave, together with 0.25 g of tetrabutyl anmoni um cyani de.
(Bu4NCN) . egnkiseguent |-y .1 .35 g fofsdorgiel driamanila, svaswa adededrqand; Hhg gi xture
was heated to 7/0C with stirring. The 5 pressure was adjusted to 1000 psig
(7.00 MPa}O@Ft AURPELEYEn, togrdhere Wilittod-dve Il Kepitrakideylamsantenditi ons
for 1 hr. ; | 4 th L QLH se filet gr;ed -of f N t he
pretreat ed %gtig{eygtggflggl%é ofguit)%\g&{ég?gg?év%gaé%bg gfl %&g\l av\n/gtl'ksoq'l?lna} ected
into the added| assd &hd B5xfruref whisqliedtad 1@ WoTCawiah added-inbhe it ure

was hgated to 70C, and_reacte Wi droge t a total pressure of 1000
b 17, GO RRRTES HRRPESREL AR fEed D0Re Aot d o0 6 MAR Aoebhs ohrereven.
reached £83 8ReOafdto84%rADNa6ORERES LOReOEuRES &)l b dns Of o 8790 LEXAVPLE
41 - 1.2 of sponge Ni catalyst was charged into a 15 50cc autocl ave,

t oget her & ERT 3204188 - ADRFahd I010381RSSoMashfdrddgaiet ik del esubsaquent | y,
35 m of {idysamunaLg wéalgjgeeqngatag Efgggmex_tawt%;%{]gat&% (@ gpcC i th

stirring. T pressure was adjuste psi g a)” W cl31ydr ogen.
After 18RADN nwesithecyed| inod Sheankntocaprerl bmid 85 edchel RPDqnwiad 8% at

90% conversion fgr sel ectivi of 81% EXAMWPLE 42 - 1. of sponge
N cBral VA EhargRad: nebhs MEGEETBUGE! BEB T oGR A Cui At LSS ADN
and 0.1 gviththydr8BehYASi Aytotd@npeessSubseguanioloy ps3% My ofo Inmswy d

ammoni a was added, and the m xture was heated to 80C wth stirring. 25 The

pressur e Afsendd 4@t BENYEe3 0Bke pEi§la7 0876 vpEY npiceR e tdiidgerceathed 100
m nutes t Ve f o Bz AKRRO LE il rea . 19 ADN
conver si oér}ae’f oér%dastgl gegf i %l?ygg)?%gg%%h&ﬁpﬁégggfz Ct%yﬂ‘%gﬁocfé sag%“n'ge Ni

cat al yst BERrMEHRIr4Ed- i ht2 @ o80spOngealiochanéystogetshetharddyd Qriths ga of

tetrﬁfthgé%c éuég%lave, together with 3.2 g of ADN and 0.036 ml of

hydrogen cyanide. Subsequently, 35 ml of liquid ammonia was

added, and the mixture was heated to 70°C with stirring. The

pressure was adjusted to 1060 psig (7.41 MPa) with hydrogen.

After 180 minutes the yvield of Sfaminocapronitrile.reached
20 ca. 73% at 90% ADN conversion for a selectivity of 81%.

EXAMPLE 42 - 1.2 g of sponge Ni catalyst was charged into a

50cc autoclave, together with 3.2 g of ADN and 0.1 g of tri-
methylsilyl cyanide. Subsequently, 35 ml of liquid ammonia
was added, and the mixture was heated to 80°C with stirring.
25 The pressure was adjusted to 1054 psig (7.37 MPa) with hy-
drogen. After 100 minutes the yield of 6—aminocaproﬁitrile
reached ca. 70% at 90% ADN conversion for a selectivity of
78% .
EXAMPLE 43 - 1.2 g of sponge Ni catalyst was charged into a

30 50cc autoclave, together with 0.25 g of tetraethylammonium
cyanide (Et,NCN). Subsequently, 35 ml of liquid ammonia was
'added, and the mixture was heated to 80°C with stirring. The

pressure was adjusted to 1057 psig (7.39 MPa) with hydrogen,
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cyanide (Et4NCN) . Subsequently, 35 ml of liquid amonia was added, and
the mxture was heated to 80C with stirring. The pressulfe Guobadjedted to

1057 psi gwio/ooRQséyPa) with hydrogen, - 32 16 Cctober 2003 ypr;g]%?ﬁggz
-PCTI USOO 11045 and t he aut ocl ave was kept under such conditirons tor 1 h

After cooling, the liquid phase was filtered off, |leaving the pretreated
catal yst PRSI gB8eofufRe LaveoWRay &eps. nngiegf susN aeasdim @es efiot nt oht he

aut ocl avepapd,3 : | Laui ¢;am: i d._ The pmixture was heated
to 90C, and reag?%lﬂ%’tﬁﬂﬁyg%ggmelﬁ g?ﬁe?%t \é\"taa;ﬁ af(é(rigsesr %%&1 2BstY (7.37
MPa). Aftke REOtmeatedscehelysel dnsfide afi noeapiaidrdve. reached o€a. 84%
at 94% ADNy o‘r}vgrsi on Eor a_sel eﬁtivity (_)Lf 89% _ EXAWPLE 44 - 1.2 g of
sponge Ni'dat arysthasteharded FABo R TRF LI5S @nsutse M e tbiymtidrami t h

0.03 § ofmbeisaesbyhasBaNi Uhet RiiRenaai da s EedNSGN, Wq%%&t 'r%a%%.eﬁ of
ring.

liquid ammpnj a was added, and the mixture was heated to 80C W th st
The pressttePvBXAra@elisteda t Bo1000PESEGULR. O0F WMPRY wistig hyZz. T agen, . t hen

kept undegsstehs gondi L - r fter 15 cooli.ng,.the liquid phase
was filtered of%, pg%%?ﬁgét%lgép?é?la tgrfeét eallggfgpfgflﬁ%ﬁalfe ’%ﬁactq}?él
autocl avesal 84y af NN Ma$ comyersedni fbe hheeavtechaws ayd @3f nl of

liquid a I added. The mi xture_was heated to 80C, and reacted with

hy- drog;%ﬂé% al dﬁrzgs%ﬁ BPORBBONpSFETRFYED WPE) chemasd 2mt® 4 hour s

the 10 el G®fc-anqeraps Onidddd Ref eaghrdo83% gt or96 % t%gﬁ‘é%%no%for a
c

selectivity of 84% EXAWMPLE 45 - 1.2 g of spohge N catal yst was clhénrged
into a IREHRRIGE a(RLNEGYet-herSURsSTROBl Y BF nbtoh- bugylidasmmohum

t hi ocyaniyggs (BUANSCN)Lq %%sq&gg%%é( é}% nlit’ i gui g a ni.a 25 was added,
and the m xture was heated to With s ?gi?érllg.go Heggll")"é§z‘ursél\?%§n§dj ust ed
to 1000 p¥ig HrestuPajasuady tstedrogenoot psidepty . vodebasueh t&ORit i ons
for 1.0 roAgI;ter coc%Ii g, the qucid (g[ga_se_was filtered off, |eaving the
pre- tredted it aryet YR FRART (TRERUETRAATEONS . 505 Bf SAbNSwasAfter
15 cooling, the liquid phase was filtered off, leaving the pre-
treated catalyst inside of the autoclave. 1.2 g of ADN was
injected into the autoclave and 35 ml of 1iquid ammonia was
added. The mixture was heated to 80°C, and reacted with hy-
| drogen at a total pressure of 1000 psig (7.00 MPa). Aftér
20 5.4 hours the yield of 6-aminocapronitrile reached 81% at

96% ADN conversion for a selectivity of 84%.

EXAMPLE 45 - 1.2 g of sponge Ni catalyst was charged ihto a

50 c¢cc autoclave, together with 0.05 g of tetrabutylammonium
thiocyanide (Bu,NSCN) . Subsequently 35 ml of liquid ammonia
25 was added, and the mixture was heated to 80°C with stirring.
The pressure was adjusted to 1000 psig (7.00 MPa) with hy-
drogen, then kept under such conditions for 1.0 hr. After
cooling, the liquid phase was filtered off, leaving the pre-
treated catalyst inside of the autoclave. 1.2 g of ADN was
30 injected into the autoclave and 35 ml of liguid ammonia was
‘added. The mixture was heated to 80°C, and reacted with hy-

drogen at a total pressure of 1000 psig (7.00 MPa). After
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30 injected into the autoclave and 35 m of liquid amonia was added. The
m xture was heated to 80C, and reacted with hy- drogen at® &tebar PtEssure
of 1000 pP¥O@I6BSDO MPa). After - 33 16 Cctober 2003 WO O8LCHASHR211045

PCT/ US00/ 11045 2.5 hours the yield of 6-am nocapronitrile reached 81% at
95% ADN cenvenshais fidfe 8,581 €4 f Vé 1 ¥m0ho8BR oBXAMRLE 48awhla2 g9 20f;SPONgE
Ni catal yst was charged into a 50 cc autoclave, together with 3. 2 g of ADN
and 0.1 g9f B\Dﬂ\btqcﬁbtﬁ%ﬁla?ﬁmﬁﬁmrﬁth@?’éhVéléY( BG4RSEN) . Subsequently 35 cc

foli d d d 8QC.
of 11 1 dgBpogs s S0, ancolle UG RS DERLEILg BOC o
hydr ogen. SAf ter attirairese he:qgesﬂdezofwﬁtham ROogapronDNr khe IoeacgeéfSO% at

950 Al conver? on for a 10 sel ectivi t% of 840 XAMPLE 47 - 1.2

Raneyfr) ESTRASUEHAATEPT D Wt At bRPENEN oge%th%?GW%tho%S cef

tetraet h%ﬁ”@ghli@ iR iGY Al RSNG| tﬁébﬁlgﬂH‘éBy Ma§5h‘égt% gui d -

anmoni a-was and the m xture was heated to 80 h stirring. 15 The

pressure ﬁﬁ§CaU}Ll§§1t & ity irgno pihey mewwaw @ﬁ]hytﬁ‘-dr Dgeh04ﬂh951lgept

under such.cgpdjtiqgn r Af n e I| se was

filtered 2? 98I g%vﬁné’ﬁt% B dl;on‘:{e?ieat %P ]faﬁ?ys u?%sfcge ‘61"L utocl ave.

_ 1 2 g of AbNnwespriomiectide irtaeHdwe m@&agB’aHHN?:EoﬂireﬁfslthEbQ anmoni a
ﬁg added. The mi xtyre was heated to 80C, and reacted with hy- drogen at

a to I p?%%%EFévéitYl@ﬂ 8si-g (7.17 MPa). After 22 hours the yield of

6- am nocapggitbi i L§ reached; kYoraln 0c&%§°@ﬂ§£§é&”;ﬁ96 2 sgle gt' vity of

84% EXAMPLE 28 - 1.2 g of "a 5% rhodi um on alum na catal yst (ob- 25 tained

from Enge&h’aﬁd}awas thacgber midha OS@FB(Qamfot:ttaveethngEthLuw thi®-012 g

f tet h Sub tly 35 cc. of | id
ormoni o e RO P RLB g BN e, £ SR ac i, TR re
pres- surgdfad, adpdstee mdxtQee paig }(e?atﬁéﬁ I\ﬂ:'-la)BW(t'hwht/ldrl’Qgeflring.

15 The pressure was adjusted to 1000 psig (7.00 MPa) with hy-
drogen, then kept under such conditions for 0.5 hrs. After
cooling, the liquid phase was filtered off, leaving the pre-
treated catalyst inside of the autoclave. 1.2 g of ADN was
injected into the autoclave and 35 ml of liquid ammonia was

20 added. The mixture was heated to 80°C, and reacted with hy-

- drogen at a total pressure of 1024 psig (7.17 MPa). After
22 hours the yield of 6-aminocapronitrile reached 81% at 97%
ADN conversion for a selectivity of 84%.

EXAMPLE 48 - 1.2 g-of a 5% rhodium on alumina catalyst (ob-

25 tained from Engelhard) was charged into a 50 cc autoclave,
together with 0.012 g of tetraethylammonium thiocyanide
(EE4NSCN) . Subsequently 35 cc of liquid ammonia was added,
‘and the mixture was heated to 80°C with stirring. The pres-
sure was adjusted to 1000 psig (7.00 MPa) with hydrogen,

30 then kept under such conditions for 1.0 hr. After cooling,
the ligquid phase was filtered off, leaving the pretreated
catalyst inside of the autoclave. 1.2 g of ADN was injected

into the autoclave and 35 ml of liquid ammonia was added.
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30 then kept under such conditions for 1.0 hr. After cooling, the liquid
phase was filtered off, leaving the pretreated catalystl§ fxitgecof2¢he

aut ocl aveywglooka20f ADN was injected into the autoclave a
liquid ammoni a was added. - 34 16 Qctober 2003 WO 00/ 6486%85’3&?@68‘3; 11045

The m xture was heated to 80C, and reacted with hydrogen at a total
pressure oFel1USXLNIey WarE J6aVms tAf§@?C2. snfonesctetiewythl dydfogen at

6- am nocagr @pjcLpi g ed. /8% % A = o VEer si for_a_selectivity
of 82% 5 E?(Aﬁ%&Eb%&é-gE%.éZ%gf gf&‘g%o‘gégle%NW t%?gbl"f}%f -mfggaﬁﬁr@ea PALBSa 50
cc aut ocl ahe, ytiedet ker oniantirbdamraiitet Tactdythsnongunc f bygr hge hydrate.
Subsequent l?% 35 ¢ Iils%gj d ammpni a was__added, and the m xture was heated

of
to 800C w' BRSSP %Pr’fg,a SGreEduf he$? Bdj usted to 1000 psig"(7.00 MPa)
wi th bydregampr0abhen 1keply widemsueh gondidiops: fols 1leaP%§d ﬁ{l{% Ma

cooling, "The Tiquid phase was filtered off, | e€aving the pretrea
cat al yst PRsF@eavforhavaut deigmrdie3 witgh of - ARN afisteriact eyl ammbni the

aut ocl ave : i_qui ni a S ded, -the m xture was heated to

70C, and Fgggtrégevn\hﬁgﬁ§§r'og§r@%§n%ﬁfo alc%roe%sﬁu’r%mo BB $BE 7. 00

MPa) . Af t 88348, MhAM! 8fe WASeYir® o AN DGRRS tL 45158 68 Eh]?rgg??tlg83% at
-1 0

96% ADN conversion for a selectivity of 86% %onge
Ni catal yR¥eaadre. vag afljnbBiedwdce 1¢HEY gedig nto. & 3P waittlo hvengd@get her

with{f.3 e thyl a nium. f.l uoride hydrate. Subsequently 35 cc of
| i qugg agn%lg%ﬁlaﬂgﬁé ‘é{%@%ﬁ, ggﬁ%ﬁgﬁrﬁtx Ute f\c/{?fsqh'eat to P&%@qr WP St9rring
and reactteite Wi 1ubidphgea ebsaftiotalred SRl & edfi nP4hd S e 3L P)

After 20 m nutes the §5§' d_of 6-- am nocapronitrile reached ca. 79% at 98%

 ADN conver3rdnYForing SE| BBFi fMEPIRVELYeS -EXAVPLE AN wals 2ing esftesponge
Ni- cat al ysirdesh&haig6d15PL0a3a 38 ¢ A4 QGlAMS a}‘;rﬁg;gfi%erw"! thidsf 9 of

tetraet hyl anmmoni um fluoride hydrate. Subsequentl cc of ltTquid anmoni a
was the mixture was heated to 70°9C, and reacted with hydrogen at
15 a total pressure of 1000 psig (7.00 MPa). After 45 minutes

the yield of 6-aminocapronitrile reached ca. 83% at 96% ADN
conversion for a selectivity of 86%.

EXAMPLE 50 - 1.2 g of sponge Ni catalyst and 3.2 g of ADN

were charged into a 50 cc autoclave, together with 0.3g of

20 tetraethylammonium fluoride hydrate. Subsequently 35 cc of

liguid ammonia was added, and the mixture was heated to 80°C

with stirring and reacted with hydrogen at a total pressure

of 1044 psig (7.30 MPa). After 20 minutes the vield of &-

aminocapronitrile reached ca. 79% at 98% ADN conversion for
25 a selectivity of 81%. |

EXAMPLE 51 - 1.2 g of sponge Ni catalyst was charged into a

50 cc autoclave, together with 1.0 g of tetraethylammonium

fluoride hydrate. Subsequently 35 cc of liquid ammonia was

added, and the mixture was heated to 80°C with stirring; the
30 pressure was adjusted to 1000 psig (7.00 MPa) with hydrogen,

then kept under such conditions for 1.0 hrs. After cooling,

the liquid phase was filtered off, leaving the ?retreated

catalyst inside of the autoclave. 3.2 g of ADN was injected
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added, and the m xture was heated to 80C with stirring; the 30 pressure was
adj usted to 1000 psig (7.00 MPa) with hydrogen, then kelft OCghideer st

condi ti o¥¥OPBF48420 hrs. After cooling, the liquid phase WeSTABIYEP45d oOf f

| eaving the pretreated catalyst inside of the autoclave. 3.2 g of ADN was
injected in86 thd6aRebehere2003 3WORA0/F4862PCT/ 004 11045 1 nEQ.5he

autocl ave and 35 ml of liquid ammoni a was added, the nmi xture was heated to
70C, and tbacmeﬁtm“ehwlaﬁdh&@e&datto a ot alarpt m&&cﬂ)fwit%l?hﬁéi-o dn33tMPa) .
After 55 mEuﬁei the yield_of 6- am nocapronltrlle reached ca. 78% at 97%
ADN 5 conVer8rdn PHFS5EE é’ét 0ty P 800 EXRBLE ot ter 55 gnbruRafey(r)
Co was changedi &N800@ B0afg nodHbeehae:i 10giiele M 278 9?9f97° ,
tetraet hylamoni um fl uo- ride hydrate. Subsequently 35 cc of |1 qw%Dammnl a
was adde@OnERESiAe ﬁPX’t ar Eehasthatead ofo 883G with stirring; the 10

pressure ﬁg% %u ed £0,100Q.p with h dro hen kept
under su §£ns of % gfhrﬁlgge&fter cogl T e Lﬁidsé)h‘a%e was
filtered atfoclaww| ngoyhehprewieat @d0 gatl )t&ttﬂawmmmdﬁtﬁlr@%mckave 3.2

g of ADN vva% |#§ct ed into the augocl ave and 3-5 ml_of liquid amoni a was
added 15-1He PHXTRr&- wasS REEEBEFoY76e, C&néPfréal&”édi\ﬂ“ﬁ“I‘PfFWr"biﬁn at a

I 0 (£09 NP Af h | d of
6 am noc S et (TS TaacheRtbhe Vel Bbasafh Roube b i rerings “eile

sel et® i Vlﬁﬁyesﬁuﬂ@%aﬁ)@tﬂﬂ&éa toli1dog ekiBh ((75%)0 /pﬁjaaoaqm WhaFgseh nto a
50 cc 20 ,autocl ave, oether with 0.5 g of tetraethyl ammoni um fluo- ride
hydr at e. téh%%gﬁﬁfé %5 RS CPP@HF&IOEMI@Fa Inds hrédded\ftéﬁd czcmlmgx ure

was heat aghd 0 lgg t [ Ss 0 pS|g
(7.00 NPa) i tﬁ%h T R RSl S A R e

Af ter cocﬂal?@l}f% Ilh%lﬂeq@fdtlpfhasetméafrel teBe@ of bf lpaamwa; t:hﬁ_]eﬂftﬁcl eat ed

cat al yst 4 f the utocla 3%803 ADN\NaS|r11Jected into_the
aut ocl ave” and qw%ln 4g3d4 ammortia’ was added,

15 the mixture was heated to 70°C, and reacted with hydrogen at
a total pressure of 1000 psig (7.00 MPa). After 16 minutes
the yield of 6-aminocapronitri1e reached ca. 74% at 94% ADN
conversion for a selectivity of 79%.

EXAMPLE 53 - 1.2 g of Rh(5%)/Al,0; was charged into a 50 cc

20 autoclave, together with 0.5 g of tetraethylammonium fluo-

ride hydrate. Subsequently 35 cc of liquid ammonia was

added, and the mixture was heated to 80°C with stirring; the
pressure was adjusted to 1000 psig (7.00 MPa) with hydrogen,
then kept under such conditions for 1.0 hrs. After cooling,
25 the liquid phase was filtered off, leaving the pretreated
catalyst inside of the autoclave. 3.2 g of ADN was injected

into the autoclave and 35 ml of ligquid ammonia was added,

the mixture was heated to 70°C, and reacted with hydrogen at
a total pressure of 1000 psig (7.00 MPa). After 40 minutes
30 the yield of 6-aminocapronitrile reached ca. 76% at 94% ADN
conversion for a selectivity of 81%.
The results of the above examples are summarized in the

following table:
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the m xture was heated to 700C, and reacted with hydrogen at a total
pressure of 1000 psig (7-00 MPa). After 40 minutes 30 the §>:)CéPt‘éle{")f2003

6- am nocapoanisagst | e reached ca. 76% at 94% ADN conver si onpdmUsen/11045
selectivity of 81% The results of the above exanples are summari zed in the
following table: - 36 16 October 2003 WO 00/ 64862PCT/ USO0/ | 1045

EXCat al yst Addi ti ve_Ti neYi ePA8dHy 38 ect (T C) ClSponge Ni None
(60) 30n57§é‘0%§%€%ﬁ§ﬁey( r§F EUBNonS }(70) 40%%1%@%/ ﬂpz@eNoﬁelect

(80) 30rr8%@§% SP Qn g NNQQ (ng SNV 2904%L094 2Sp n,g;e N| 40) 1 9
093%’7- 0. %34 3% 8%81% ney 40) 16 m?l%Bg%BO%
5Raney(r) éoo Sponge Ni 8’0) 24m§ %370/(8 f?Sponge

Ni TEACH ( 80) 35 3% i TPACH ( %5@@@@5%34% Sponge” Ni TBACH
(70)30n80° 4%3 o&% % (80) 75nB82908%84% £FRaney PFF CoTBAPH

(80) 30rr71° i (80) 40n7 3%y 9%£F3Spondé *Ni TBPEH

(80) 6n72900 08 /8“1% be RlPTéE@JH (80) 10n7 4% B0YER5Spongé8Ri FeeB1E0) 9 .
(80) 100m77®/<94%az%11 s%%ngEOM fA6 (CO 16 (860723998198 2%Sponges

Ni 0s3(CO) 12 ( SR3nBOITEv039829828Sponge Ni 053 (CO) 7¢% (80) 30~T30-783- 0. 88%
19Sponge N RuF@EYdge ¥B80) ’GEWB%)I%A% 20Spedge Ni R@3( CO) 127% 81%

(70) 180rr71'10/<920,8§7%ge Ni TEACH (80) 35m  80% 96%  83%
Sponge Ni TPAOH (80) 25m 80% 95% 84%

9 Sponge Ni TBAOH (70) 30m 80% 94% B5%
10 Rh/A1,0; TBACH (80) 75m 82% 98% B4%
11 Raney® Co TBAOH (80) 30m 71% 94% 76%
12 Sponge Ni TBAOH (80) 40m 73% 92% 79%
13 Sponge Ni TBPOH (80) 6m 72% 90% 80%
14 Sponge Ni TBPOH (80) i0m 74% 92% B0%
15 Sponge Ni Fe,(CO)s . (80) 100m 77% 94% 82%
16 Sponge Ni Rhg{CO)is (80) 40m 72% 85% 81%
17 Sponge Ni 0s3{(C0O):, (80) 180m 76% 93% 82%
18 Sponge Ni 0s3(CO)., (80) 30m 73% 83% 88%
18 Sponge Ni Rus{CO}),. (80) 60m 76% 91% 84%
20 Sponge Ni Ru3(CO)i; (70) 180m 71% 92% 77%
21 Sponge Ni Ru;(CO)i, (70) 8h 71% 88% Bl%
22 Sponge Ni Fez;{CO)s (70) 7h 74% 86% 86%
23 Sponge Ni Fe,{C0O)y (70) 4h 75% 93% 81%
24 Sponge Ni Fe,(C0O)s (70) 90m 73% 95% 77%
25 Sponge Ni t-octylIn (60) 20m 72% 89% 81%
26 Sponge Ni t-butylIn (60) 100m  70% -92% T6%
27 Sponge Ni t-butylIn (70) 50m 70% 85% B2%
28 Sponge Ni i-propylIn (40) 4 h 69% 88% 78%
, 29 Sponge Ni n-butylIn (40) 60m 69% 89% 78%
! 30 Raney® Co n-butylIn (40) 105m  64% 86% 74%
31 Ni/MgO BenzylIn (70) 10m 64% B6% 74%
32  Rh/A1,0, Bu,NCN (80) 120m  85% 97% 88%
33 Sponge Ni Bu/NCN (80) 160m 83% 95% 87%
34 Sponge Ni BuNCN (80) 220m  B80% 96% 83%
35 Raney® Co Bu/NCN (80) 135m  72% 94% 77%
36 AlNiColCr Bu,NCN (80) 260m 82% 97% 85%
37 Sponge Ni LiCN (80) 200mm  76% 91% 84%
38 Sponge Ni NaCN (80) 330m 77% 94% 82%
39 Raney® Co NaCN (80) 570m  71% 96% 74%
40 Sponge Ni BuNCN (70) 240m  B2% 94% 87%
41 Sponge Ni HCN (70) 180m - 73% 90% 81%
42 Sponge Ni Me;SiCN (80) 100m  70% 90% 78%
43 Sponge Ni Et;NCN (90) 260m  84% 94% 89%
44 Sponge Ni Et,NSCN (80) 5.4h 81% 96% B4%
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21Sponge Ni Ru3(CO) 12 (70)8h71%88%81% 22Sponge N Fe2(CO) 9 (70) 7h74986%86%
23Sponge Ni Fe2(CO)9 (70)4h75%93%81% 24Sponge Ni Fe2( CO) 9 {570F90R73HA 7%
25Sponge wotosmessy | | n (60) 20M72989%81% 26Sponge Ni t - but yl | n pcT/uses/1104s

(60) | oon70% 92% 6% 27Sponge N| t butylIn (70) 50m70%35%32% 28Sponge

Ni i -propyl,dn ( 6R%Y8 e N n- 40) 60n69°/<89°/(78%
30Raney (1) %)’{}%1@ RY? 4 7 4% 31 OB% 2y| | n 1570) | CRBA9B69%74%
32Rh/ A120§ 8 Sponge Bu4 *(80) FBUNB39958687%
34Sponge 80 %20 o 5Raney CoBRHRICN ( 80)3135n#28049%7 7%
36Al Ni CoC B u4 93260nE298 785K Sponge b CNV$80) 20690 1882%
38Sponge & NacﬁP?%?skienv??%z(% Raney ( c)*5CbNa@% 4 80) 576 19086& 4%
40Sponge RCBu4NEINY T O 240 FERRL YeF®b 41Spong@ Ok HCN S%70) 18Gr8A3%008B% %
42Sponge ﬁﬂl\/bﬁ)@g 8@}| 0GPV 0958% 43Spon@SniNi Et74ANCN ( 98)7260n84604989%
44Sponge Ri2Et ANSGN T 8095. ITHBFIDETBN% - 37 1L&nCOct olaer 20034M0 793

00/ 64862PSGI USCH/ANMES5 45FmargeN7BUANSCN (8 4@x2. Shak695% 8%  g1s
46SpongeNi BUANSCN ('8 0) 6h80995% 840 47Raney(r) CoEt 4NSCN (8 0) 22h819970 84%
48Rh/ A12OBEt 4NSCN ( 80) 2. 5h78%95% 82a 49SpongeNi TEAFH ( 80) 45830960 86%
50SpongeNi TEAFH (80) 20n79998% 81% 51SpongeNi TEAFH ( 70) 55n78097% 800

52Raney ( c) CoTEAFH ( 70) 16n749%94% 790

- 38 -



53Rh/ A1203TEAFH (70) 40n76%94% 81% 16 Oct ober 2003 CLAIMS W claim 1. A
process for the partial hydrogenation of a dinitrile 5 to an amnonitrile,
conprising the step of contacting the dinitrile with a qﬁgﬁggggggqﬂk%ining
fluid in the presence of (a) a solvent conprising |liqui'd ammnia, an

al cohol, or both; (b) a hydrogenation catalyst; and (c) an additive for

i nprovi ng ield of and/or selectivity to the amnonitrile, 10
characterif%%§¥% that: the dinitrile has the general fornula R(CN) 2,

wherein Ris an al kylene group; and the additive conprises a conpound

sel ected framthe, group consisting of: 15 carbon nonoxide; a

t et raal kyl anmoni um hydr oxi de conpound; a tetraal kyl phosphoni um hydr oxi de
conpound; a nul tli-- cAnpeeessnéral teardsorykhlchystagengsheni ¢f rig dit)taile | east

two netal alogR Whidddl tihee Ol Usihfisibl] IndlsteBaSE LAHBR12Q PEALYES betveen
the metal atonms wthin the cluster, and (1ii) at |east oné carbonyl group
bonded to &iretallattrigh ahby@rgparneconpeixing $laidy bug-hel pPreaered ofan

organi ¢ isqnitkib&ivehCyanpaes GRIMAYNH: haMidAd adl ah €A HRAS 6YaNA HGr Oup
bound 25 to other than a carbon atom and a fluoride conpound. 2. The
process of & afnk1dradrarséterfyied eh/ tiel R)i $na2d@tiyIceheT gFRIPYIFI2 to 25
carbon atofme 3028 ch@nByecess Lk iGhal md cnehanascdertzed,in that the
dinitribe is selected fromthe group consisting of adiponitrile,

met hyl &P ut SPERPETETiFShd al s’ omega- dodecanedinitrile. 35 4. The process
of claim 1, charaeteihzed licnhkBathd henesal vestmils Riigwj J amepaid.R is

an alkylene group; and
the additive comprises a compound selected from the group
consisting of:
15 carbon monoxide;
a tetraalkylammonium hydroxide compound;
a tetraalkylphosphonium hydroxide compound;
a multi-centered metal carbonyl cluster containing (i} at
least two metal atoms within the cluster, (il) at least three
20 bridges between the metal atoms within the cluster, and (iii) at
least one carbonyl group bonded to a metal atom, wherein the
metal is a Group VIII metal;
an organic isonitrile;
a cyanide compound having at least one cyano group bound
25 to other than a carbon atom; and

a fluoride compound.

2. The process of claim 1, characterized in that R is a

alkylene group of 2 to 25 carbon atoms.

30
3. The process of claim 1, characterized in that the
dinitrile is selected from the group consisting of adiponitrile,
methylglutaronitrile and alpha,omega-dodecanedinitrile.
35 4. The process of claim 1, characterized in that the

solvent is liquid ammonia.
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- 39 16 COctober 2003 5. The process of claim1, characterized in that the
hydr ogenati on catal yst conprises a transition netal selected fromthe
group consisting of iron, cobalt, nickel, rhodi um and C inati

thereof. 6. The process of claim5, characterized in th§16 Bng()ber 2983

hydr ogenati on catalyst is in sponge netal form 10 7. The process of claim
5, characterized in that the catalytic netal is supported on an inorganic
support. 8. The process of claim1l, characterized in that the

hydr ogenati on cat.al yshei prpeecontfact ednwi t lthilmecheldi addvén 1ha®.thEhe process
of any one, of s 1- C i | carbon
nonoxi de. i“%?‘r%%{p%%’egétgw‘? Ctoﬁ‘%g%g aa{rja*%%%ll%gg ﬁ%dcltah %g%%}étecgo ratio
of carbon repoxtide dxpupydeogestEtnidoricatat ystobiad ti nnidieelampedpinm fangim about
0.001: 1<to Q: CO g catalyst. 11. The process of any one of
cl ai s 51 8C%gﬁg%%%%0en:si gﬁgk?ﬁf. that the additive is a tetraal kyl ammoni um
hydr oxi de compound. 25 12. The process of claim1l, characterized in that
the weight ratio ofhaddiddewg Le @yéjfnpgenéﬁéf?é‘cé@tﬁleﬁsin'@na‘tntBQe range of
from about 0.001:1 to about 2:1. The process of claim 12,

char act er i 2¥drpaendaiont ﬁétahﬂ’ik'yllsgliéuaéo%ﬁe fie&at ef?E™l kyl ammoni um hydr oxi de
each individually contain froml to 8 carbon atons. 14. The process of any
one of clains 1-8, characterized in 35 that the additive is a

t et r aal Ryl phospHoni Gi¢ HARGREJRE corRiduSd. Char At CEe6Betn 260F 8¢ The
process of cgkaifild methar a5t QidzRdebinoh hat e gaWed dhlp 6)'0@5:' o of additive to
hydr ogenation catalyst is in the range of from about 001:1 to about 2:1.
5 16. The process of claim 14, characterized in that the

8. The process of claim 1, characterized in that the
hydrogenation catalyst is precontacted with the additive.
15
9. The process of any one of claims 1-8, characterized in

that the additive is carbon monoxide.

10. The process of claim 9, characterized in that the
20 ratio of carbon monoxide to hydrogenation catalyst is in the

range of from about (.001:1 to about 10:1 mmecles CO/g catalyst.

11. The process of any one of claims 1-8, characterized in

that the additive is a tetraalkylammonium hydroxide compound.

25
12. The process of claim 11, characterized in that the
welght ratio of additive to hydrogenation catalyst is in the
range of from about 0.001:1 to about 2:1.
30 13. The process of claim 12, characterized in that the

alkyl groups of the tetraalkylammonium hydroxide each

individually contain from 1 to 8 carbon atoms.

14. The process of any one of claims 1-8, characterized in

35 that the additive is a tetraalkylphosphconium hydroxide compound.
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al kyl groups of the tetraal kyl phosphoni um hydr oxi de each individually
contain froml1l to 8 carbon atons. 17. The process of any one of clains 1-8,
characterized in 10 that the additive is a nulti -center tai:r Czacrogonyl
cluster. 18. The process of claim 17, characterized in that Re°" el ght
ratio of additive to hydrogenation catalyst is in the range of from about
0.001:1 to about1 0. 1 105ce1595 O;l'he Jrogess Ofré:cltae'rlze t'% r%cttgrl zed in
that the nulti -cen erepdr nmetal “car onyI ¢l us‘»i1 i'S sefiec?e ¥romthe group
consi sting waﬁgbyctaip@nbadae@yttzlweorwdhzairdaxmgaltldnneatalmsan isnbmadar bonyl ,
tetracobal t. gge&ac&rogpgggutrytgb%nhu%dﬁg&ocmél 20 hexar hodi um
hexadecacar b osm um car bonyl’, i ri di um car %onyl r heni um car bonyl, and
conbi nati ons of two or nore thereof. 20. The process of any one of clains
1-8, characterizgd ip Om%tesghsfa@ﬂlw 48, 1 58 Q193048 hﬁ%attrlth@ 25 21.
The process of claim?2 haracterized in that the wei rati o of
addi tive t @lkydroeeirst pént}eattaelty@talkzlpl?pqpﬁ@nlpan}gﬁdmm_fdleoﬁ?aibout 0.001:1
to about 2:lq; 3P0 1yTREnPEACEAIMON €bad MAQonChagasterized in that the
organic isonitrile has the general formula R-N=C., where R is a
hydrocar byl group containing from1l to 20 carbon atons. 23. The process of
any one of claing 118 ShRLast8Fi#8M JnB o85c1dls the agditiMeriseq £yani de
conpoung havi ng at | east one cyano group bound to other than a carbon atom
i OtPabethoousisave The Hydédscottacs ReRal eHACaYtefFL YL n t hat
the weight ratio of additive to hydrogenatlon catalyst is in the range of
fromabout 0.001:1 to about 0.5;1. 5 25, The process of claim 23,
characteri zed i A8t h&ge tFH”é’CEé?aﬂfo‘élaclﬁ‘nﬁaunﬂh?”sé‘%t@lréé?%d”? rioWtt ABE gr oup
consi sti ngwefight NI Ganbe S¥@N GRS oOh g LmiaR@bgard G 1G)sani gesy sal ts
thereof, range of from about 0.001:%1 to about 0.5:1.
15
19. The process of claim 17, characterized in that the
multi-centered metal carbonyl cluster is selected from the group
consisting of cyclopentadienyliron dicarbonyl dimer, iron
nonacarbonyl, tetracobalt dodecacarbonyl, ruthenium carbonyl,
20 hexarhodium hexadecacarbonyl, osmium carbonyl, iridium carbonyl,

rhenium carbonyl, and combinations of two or more thereof.

20. The process of any one of claims 1-8, characterized in

that the additive is an organic isonitrile.

25
21. The process of claim 20, characterized in that the
welght ratio of additive to hydrogenation catalyst is in the
range of from abcut 0.001:1 to about 2:1.
30 22. The process of claim 20, characterized in that the

organic isonitrile has the general formula R'-N=C:, where R' is

a hydrocarbyl group containing from 1 toc 20 carbon atoms.

23. The process of any cne of claims 1-8, characterized in
35 that the additive is a cyanide compound having at least one

cyano group bound to other than a carbon atom.
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conpl exes thereof, and conbinations of two or nore thereof. 10 26. The
process of claim 23, characterized in that the cyanide conpound is
selected fromthe group consisting of hydrogen cyanide %ng ﬁ.ghlgﬁ%gnide.
15 27. The process of any one of clains 1-8, characteriZéd fn°°%h

additive is a fluoride conpound. 28. The process of claim27, characterized
inthat the weight ratio of additive to hydrogenation catalyst is in the
20 range of from about 0.001:1 to about 1:1. 29. The process of claim 27,
characterized id4thahetﬁupcehbuofidhnmoaﬁoundaiacnafﬁeeﬁeﬁuﬁﬁmnnthe gr oup

consi sting n ori.de i ri.de he_hydr.at es

t her eof . ggéggmAragta aI Lf &91 lv@s:atgngﬂg% n%%éloﬁ éa&{l mtft):I Egt %lrg tE}qef (1)
hydrogenatm@ngea®él@smlsbpnabléﬂﬂoﬂ hydwmgen@tﬁng a d|n|tr|Ie to an
amnonitrile; and (2) an additive that inproves the yield of and/or
selectivity to the amnonitrile fromsaid catal yst 30 under hydrogenation
condi tions, charact &r¢ Zzmbdenst hatclaimh@3ny dhogertariond ci dibpst the

pretreat ed il encaddlt |y oo aRd lineraldind weogpmorlsses 1aq compound

selected fromt group consistin 35 a tetraal kyl anmoni um hydr oxi de
conpound; &npéwlaﬂaﬁ W%hd@@hﬂ%ﬁyéﬁ@%%%ém@mﬁﬁ 53425 g @tfeber 2003

a ”U|t'jceE£ﬁF§Qx£?Q§kr%@EbQﬂ%id%hﬁ§£§£uﬁﬁﬁ%%‘@h@&n(m%r%tthéEEE% two neta
atoms within the cluster, (ii) at least three bridges between the netal

atons Wthin the cluster, and (iii) at least one carbonyl group bonded to

a netal atom wher emetﬂ}%c'és@egﬁlciainaz@f odpaPddderABtal in AtOEgani €
isonitrile; a cyanide conpound having at |east one cyano group bound to

ot her tlﬁancdaﬁéﬁ?xﬁpmﬂﬂﬁﬁﬁ Lfpelected from the group consisting of

hydrogen cyanide and a thiocyanide.

15 27. The process of any one of claims 1-8, characterized in

that the additive is a fluoride compound.

28. The process of claim 27, characterized in that the
weight ratio of additive to hydrogenation catalyst is in the

20 range of from about 0.001:1 to about 1:1.

29. The process of claim 27, characterized in that the
fluoride compound is selected from the group consisting of amine
fluorides, ammonium fluorides and the hydrates thereof.

25

30. A catalyst composition comprising a combination of (1)
a hydrogenation catalyst suitable for hydrogenating a dinitrile
to an aminonitrile; and {(2) an additive that improves the yield
of and/or selectivity to the aminonitrile from said catalyst

30 under hydrogenation conditions, characterized in that:

the hydrogenation catalyst is pretreated with the
additive; and

the additive comprises a compound selected from the greoup
consisting of:

35 a tetraalkylammonium hydroxide compound;

a tetraalkylphosphonium hydroxide compound;
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a fluoride conpound. 10 31. The catal yst conposition of claim 30,
characterized in that the hydrogenation catalyst conprises a transition
netal selected fromthe group consisting of iron, cobalt er’20 r,hodi um
and conbi nations thereof. 15 32. The catal yst conp05|t|on oF g&
characterized in that the catalyst further conprises one or nDre pronDters

sellected from thie,gf oD. GQNSLS00, O GUD, VIR AND Ghoup iy (ptal s 20

33. The catalyst comnposition of aracterize
hydrogenatﬂ@nSCat@dy@ﬁﬂﬂsat¢m$pon@@nnEMQHﬂﬁuﬁﬁw 34iiThe datatyshree

conposi ti O%r%%&!e P30 Gﬂé‘rr?e@aﬁr L268s #adih LRatciNGSat ahyttaametal 1S

supported on an inorganic support
least one carbonyl group bonded to a metal atom, wherein the

5 metal is a Group VIII metal;
an organic ilsonitrile;
a cyanide compound having at least one cyano group bound
to other than a carbon atom; and
a fluoride compound.
10
31. The catalyst compeositicon of claim 30, characterized
in that the hydrogenation catalyst comprises a transition metal
selected from the group consisting of iron, cobalt, nickel,
rhodium and combinations thereof.
15
32. The catalyst composition of claim 30, characterized
in that the catalyst further comprises one or more promoters
selected from the group consisting of Group VIB and Group VII
metals.
20
33. The catalyst composition of claim 30, characterized

in that the hydrogenation catalyst is in sponge metal form.

34, The catalyst composition of claim 30, characterized
25 in that the catalytic metal is supported on an inorganic

support.



