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BACKGROUND OF THE INVENTION

10 7 Aminonitriles are a class of important chemicals that
have a variety of industrial applications. For example,
aminonitriles can be used as monomers for producing high mo-
lecular weight polyamides. Specifically, 6-
aminocapronitrile can be used to produce nylon 6.

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
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dinitrile has tt&%rgggeﬁ@r{o){fﬁr mula R(CN)2, wherein Ris an al kyl ene group;
and the additive “conprises a conpound sel ected fromthe group consisting
of :  cdPbon noneéxitdéraalkylammonium 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:
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advantagesﬁy LLOQ&%&H%nnRESh@PRﬂEQHtaﬁé/&g“%aving a higher selectivity
15 to the aminonitrile with the additive than without. Other
objects and advantages will become 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-
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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
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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 limitéd to, methanol,
ethanol, propanol, isopropyl alcohol, butanol, isobutyl al-

cohol, pentancl, hexanol, heptanol, octanol, nonancl, de-
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prof§55 égmgigggigggng%ig&ocggagggé therectf. 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-
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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-
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details ﬁn the above conponents can be found 15 fromvarious of the
previ ousl'y #AcBFPpYRELe8LPd e PefEEs 2P e GG iwe ¥Ht et enzed nasPeeinady for

exanpl e, ptewlE4208888. 25 and about 35 weight%, based on the catalyst
10 weight (metals + support). The preferred concentration of
Fe is between about 0.2 and about 20 weight%, and especially
between about 0.5 and about 10 weight%, based on the cata-
lyst weight {(metals + support).

Further details on the above compdnents 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.



US2257814, US2762835, US3322815, US5151543, US5296628, US5512697,
US5527946 and W99/ 47492 Any additive conprising one orlqricéoberthedabove

20 menti owedoeagpounds that can effect selectivity inprovep@plsod Sedssef vl
in the present invention. The term"inprovenent” is referred to as enhanced

se- lectivity to amnonityil .oduct at_.conversjons greater _than about

70% prefer abII3tf1 ggﬁavgrrﬁeé]se"g?dg&“éeptt%ant%oﬁﬁ{% g5 Panatethecial Iy

conver si ces rgiadadydranimaari b eid M- R81 kEIR RS Sbh Ouh h@yé?&s@?&év%ﬁﬁfv"i LhOUt
the

t he use of tg; additive  of this invention. An "effective amount™ o

addi t i vePPERESnSE reddividinadd vagemsre it He it of ehent | easidornaapoed se-

| ectivitynang-9t 28-JraRieved jQyerall, i €l amnoni tril 30.as. conpared
to without the usgﬁof tﬁe gﬂ&i tive. I&r{lJ Sart(eé err e?%nﬁ%oﬁgﬂ%n’%rs{:e?h haliditive
consPst saéss&purt ol itheokléyd groupse iof a he laimovies rernd i oineds saepopnds. - 8

16 Cct obger 00/ 64862 PCTI USQO0/ 1 1Q45 .In preferred enbodi nents, the
al kyl gr@%}ﬁégggsy\ggnp& %&%If?ﬁeg ﬁtﬁr’?\agrrll{é'% ét WH§IHOR (o T By dr oxi de
com pouadieesiel usdi hiegwahly contain from1l to 8 car-bon atons, and nore

preferably 1-4 cambon atons. It is preferred that 5 all four of the alkyl
groups in a nbKeEBlESapE EHaétakAe, ttraakilammortan ty didfiadernnd

tetraal kybe subekltpABESHBREuA Y arBRL B! APt eﬂrﬂ:lu%ie;a/ga)l) 5 of suitabl e

" tetraal kyl anmoni um hydr oxi de an tetraal phosphoni um o&F Tonpounds
i ncl@de, nowt 1 dmétedotnot tetnktnethydamuetiame hiyyvanioie U dueentiyeitam-

t et r aet i wm h ide, tet | i um hydr oxi de, tetrabu-
Lyl o R g O A b P R R o S At ot ed
above, copbimabhoas RydL¥Ries ARACcbebhBabylknlABIRRMR Hplaxide and/ or

tetraal kyl p_hogghoni um hydroxi de 15 conpounds are al so sui'table.” 1t should
he not ed¥ MRIVEFF8Us2PYUR at eaPERAE18BENOAS EWof o evanepltetraal -

t et r ametiiy] KHHORL D Bydroxi de Qﬁ@?89y959£§a1§§§phosphonium hydroxide

15 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



i ncluded within the neani ng of tetraal kyl anmoni um hydr oxi de and

t et raal kyl phosphoni um hydroxi de. 20 By "nulti-centered neét &cteaghotiiAs

cl uster"WMa00fd843t a nediumto high nuclearity netal carbdiffiU00 Her in
whi ch bul k-nmetal properties begin to appear, requiring (i) at least two
netal atowe métHi natbeschudt bridges), athd easititdweeebed dgesabetseen t he

nmetal atons within the cluster, 25 and (dﬁlrl at Ieas# onﬁ car bonyl group
bonded tRPAY hefhrStEF B Rs CaREAPFed SEH i"Ricse W tRF rOtReTr cPEEtER may be

men- tiqneth eb ke 8L akubANdS , aRebId-GHNG I OHPo S adSe £RT -gBORYE . gr oups
bonded to two netal atonms. Qther suitable bridging groups mc?ude, for
exanpl e, phosphamelearafnsuahabde merlddptcergrous. nefalpcaahonwhd G oup
VITl.metal s are pre-~ferred:. . p i cul,arl:y i . cob i hodi um
05 S L THER Bt SRR ab b Ty Snddt a1 s VTR T ron

r ut heni umreh@d)ym ardlopaintmd ilenydditrdn odi ¢ @rbof8yl18ifet-ober 2003 WO

00/ 64862 PCT/ US0Q111045 t he net gl tons and _bridges, the qulti -centered
metal cabCPAENIO el st BFSTARGOROAT FATTARTLIRFT et Y of (CGher Teridn- eral

noi et i es,; SYe NeBShod P1 BX@«H%’!@) Syc h%&@@ﬁi%'h&é&@éacﬁ‘@é@%ﬁs— of
suitable nulti-centered nmetal carbonyl 5 clusters include, but are not
| i m t ed Rig, (0N an, nosmiamboaybonylFe2Cee)f 99) oyicliopiediuni @awipervh di car bonyl

di [ Fe.(CO _.23. 2, tetr bal t dod ar bo = 4.(CO..12, ruthe-
niu car%‘nz(@)-lzﬂuﬁ?wﬁrﬁ,c Jééégﬁgdi u%%ﬁggggé%'aca%%%n%@%q FE%C% ’il@o) 16,
osm um casdanydre B6n (€&dadrbonydi, umcdichdn cabfberyd, (KadRediheni um
carbonyl - Re2 (CO. 10._ Preferred of the ahove are jron nonacarbonyl,

r ut heni JHE2G9FARATLPR%Er HBdi DFNLHEX S8 CR5Y o ny O st @ar bony| .
Conbi nati ons; fenilbdd - (&AL L' ErABHIL CaAtROs GlSt LIS NBY @l&9 be used.

Preferred organic isonitriles are those of the gerieral 15 formula R -N=C, '
where R is Piwfiroced bytggnoopléondhirad egn arg Hosargld tthe agertdmadl gr oup)

brefr ably gont 4k npge 1 odre R+ 290" BYRA ATy AL JBE o RL&L AL ably Trom
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 exémple, inorganic cyanides, organic-
inorganic cyanides, 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 -



.atons. Specific exanples of suitable organic isonitriles include, but are
not limted to, tert-octyl isonitrile 20 (1,1, 3, 3-tetranet Rgkboey|2003

i socyani dep,oolsasek- butyl isoni- trile, n-butyl isonitrile, pepus@yliods
~isonitrile, benzyl iso- nitrile, ethyl isonitrile, anyl isonitrile and

met hyl e. inatigns o relsonltrlles may al so be
used. 25%‘]2:;”[1]“1\1’cy‘-’LaI?ﬁlldegct):orrpoﬁn)(']“JL s rr%‘él% am(,e&%g S EEO RBHISE SatsUeast one
cyano gr i gastdsk em chdgacyhasfareatkon Tatlom- KIWF&(G&D‘.;)PC@@@asépum
exanpl e, |norgan|c cyani des, organi c- inorganic cyanides, various salts
and/ or cliptasERNefRIEREe (4Rd coﬁﬂb[’ﬂ%{?%hg ofP‘%W%*UM%XQCﬁé#WO 30

Xl co st bl gy 01 AU 2 S4B i SR LS

hydrogen cyani de - 14CN, ne cyani'des = suc

sodi m cydlde -K:2NFENCNiGt ds- aslldurmocm@mdm he}é@d;yammﬁymnm GIIZ)n(CN)Z :
copper c Ld - 16 .Cctober. 2003, MO 00/.64862 PCT/ USOO/ 11045 CuCN, and
Go 0 CyakeaBeTCREly 7 (BRdl YR Re SRy A= s Aot 2 o
hexacyanefrefariite {Hiddyani@EEeasN) be] menot assiu %mbﬂ&@ﬁb’%&@fa%gra@ﬁ%e( L) -
K4[ Fe( 41 QﬁOt assi um hexacyanoco- baltate (111) - K3[Co(CN)6)

pot assi ursNESNey aRGH e atté“?c(ﬂaxy)ldemwl(*@@6§Td1‘afﬁdt]bb@‘é3§nmfﬁ¢ -

hexacyangi-henalfy (jﬂghlu%%ﬂq&%%giagd I p9EERNI ¢ thiocyani des. As

exanpl es of 1 n organic thiocyani may be nentioned anmoni um t hi ocyani de -
HANI@N, and rrét:mmptlhasmyférﬁtd:etsalslmhoagasmdrmnptrgamy:anydmdeblasm and

lithiumt ani - L|S S_.0 | e organic-inqrganic
cyani des’ PLH o 153811e Fot Hr'e tho‘f‘l'f?%n%)%d F%Lr H(XES{IVPR nFEﬁP&?gﬁi des
such as kelchabiy e FaALLYT Oitach Tem - c PUANEN, -and, NEl ) agtdyt et AIEBRY, UM
cyanide Et4NCN; trial kylsilyl cyanides such as trinmethylsilyl cyanide -

( CH3) 3Si eNmodyahiy AR e yark i ﬁrll@wle-ﬁl]a%a@w 8s gteekehd® to the

onn 1. EABS e L peknten B gRAER Mg,
t hi déya- which a carbon is attached to the sulfur) and organlc—
'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 -



ni des such as tetramnet hyl anmoni um t hi ocyani de - Me4NSCN, tet

raet hyl anmoni um t hi ocyani de - Et 4NSCN, tetrapropyl ant noniuict2der hi@tyani de
- Pr ANSCNYO&KE4862t r abut yl anmoni um t hi ocyani de - Bu4NSCN_PPeT&5¢Ed 04nong

t he cyani de conmpounds are hydrogen cya- nide, the netal cyanides and the

t hi ocyanindes: £ 1k eskofasatap) epdt uoside edoupounds iLrGlwds RRtihe 25
organic and _inorganic fluoride conpounds such as, for exam ple,
t et r amet FIAMBIRURITIRR i deet 175126t RYPERHBRI G Prige . r hysirogen

tetrapr opyth g urp £d Lok ey - h &L ARHT ¥1 35PPaL U HParkl de, j um
fluoride, 11thiurmfl uoride}?&ﬁdiisopropyl et hyl a- Fﬁning t?Fﬁjd?ofﬁaﬁaggrL?de,
di i sopr oppyllammee ididhyiredd ids | el hodrd0er | hydtogani Giubleade de 4 ,B4dr ogen

fl uord de/ el am.n 80% HF), _ 1, 3-dimethyljmgdazolidingne he ydr of | uori de,
oy 5 A o JORA SHaTn by ( HEs OBy SEPE RSy | SR ront um
f1 uori de rayeitaka angdtin 0N YF fddordde; e ppiassiane; Addrd6igeiabeyi 2003 WO
00/ 64862 PCTI USO0/ 11045 hexaf | uoroni ckel ate (1V) pot assium fl uori de,
triet hyl &UeEiden RFMIHWD Meget huarepke sPaRtent LAPFLder | Sercmy dmdgen

o S A oot S ot e

rogen uor | ‘ S trinet pyridi ne,
pyri di ni- amipolepfimidrogerPfd isomede)qf ttete alaoned hytrantbai amifileu@niddem-

tetrahydrate, hydrazi.njumdi - fluoride, anmoni hexaf | uor ophosphat e
Ol e R e PR A A TS Be1 U Lt akP e AV RERs
fluori detaeebg . acid conplex. Preferred of the above are the am ne and am

10 nmonium fluori des nmentioned above as_well as the hydrates thereof. The
additive is pFégeddihivify ith@resfdct QWG By CoREAErLipat Bat asan i nprove

L1 ool SEhLE DML Bl LI L1 R SRR
preferredinatirdalef tecariben cmmrespardbinie dinenaatatibse (s.gn,t ha edfige-of
fromgaboyt (9. 90%ihe) .
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 0.25r-1.

- 12 -



.to about 10:1, preferably about 0.005:1 to about 5:1, and especially about
0.01:1 to about 2:1, nmoles CO g catal yst. 20 For the tet% &stepra um
and tert adMaksvgsdasphoni um hydroxi des, the preferred wei ghecraisoon ks
additive to the catalyst is in the range of from about 0.001:1 to about
2:1, preferably aQ$%t00.005:1.t0 about 1:1, and especially about 0.01:1
to about 0.5:1 °Tf-theadaltFveSrEindéd®tn W ared o ghrgightt scateight
ratio i s daseddoniviecs0ohdydaohedstt ekl aal kH-aMmRRYLPARYQL bour

t etraal kyl phosphoni um hydr oxi de conpound form For the nulti “Tentered
metal carbonyt - 1 uQt@Pitt kel  pPEREEFellNeRGIULr &1.106 50fl addidbowet t o t he

catal yst i ssin they S89-LaNge; of bgut ,0,001;1 to._ahout 0.5:1,
preferably about 0.005'1 to a o%%éggsg:'ﬁg'én gegf))(ejél;talll‘ about 0.01:1 to

about> 0. 25: 1. Fox 2thg ovmm bberc@a03unidd, 06n64p62 FRCHUSOR/i 5H45-Jtar, t he
ratio of additive to the

organic i jtriles, the preferred weight

cat al yst O;%;r%énélténle‘f% a’ﬁ%eﬂg‘? Cfaf‘tbé?f%'bu’fg HR062S1TREIELEG Txom ahcatter abl y
about 0. GGk 110 tabeboutl . &; 51 Anskeseeshal! Xbaﬁe%.gogliltgoa%%%%t 1:1. 5
For thec&/ the preferred weight ratio of additive to the

ani de corg)ounds,,
cat al yst 9-55n 1 REG fvpesrRaknbrakdout0- ©10D1te abowbodt 26.:53..1, preferably
about 0. 005: 1 gf3- ahutsy el ci y.about 0..01:1 to about
0.25:1. For the fluori de&closifrdp%ucn i cgg‘prg*%r?gﬁgﬁéfﬁﬂt WFéEP‘E TG 16%
addi ¥4 ve ofo adedd tdarealtys tthies datallyestr angei of t he opaabeubs 8r8R1abole about

1:1, prefe | bout 0.0Q5:.1 to out. . 0.5:1, and especially about 0.01:1
t o about 005?@:')11. q'L‘Pné—’ltbcoé'{t"aqyé't’. RIS SFRRY viPEh BeP9epar Beerpount r oduced

i nto conbaét1yi tinda edipdidikille; MRMRVES .01 11 iso PXSESEr §dakhat 15 the
catal yst, whether it is i.n its netal formor in an'alloy or solid solution
or on an i nor §&fi &St ands agddtdars exbn Pye ceormacttaly withrodacadditi ve.

Thi s ey iBecdeBgchBea Witk oV 8ThitHaN A ndlvEX AP &5 A SEEONQL LBLRET

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 -



or conbi nations of two or nore thereof. Further preferabl 20 the
precontacting is also carried out in a hydrogen cont ai ni#%qqtﬁbérsm:@ﬁ as
descri bedWQB‘g&?égﬁzCont acting of the catalyst and additive FEaAFOE1045
pretreated catalyst. The pretreated catalyst can be washed with a sol vent

di scl osedsoaboye, apoet e1 abby, undekrandes Ainke CRUKE L D105 BLOAUCES 3R 25
additive-treated catalyst. The contacting of the catalyst and additive can
be car- rISHRRE HACER . ah§rcBRErt Snseshsa itve akpwr gthickoans addi -

tive-treated ¢ I - la@pr i.ve. hydr.ogena-_tion. of a

dinitrile or t%ge@s% %%%lﬁ\%?ﬁégéhgg g%%n%%e?%ﬁl%{d dtdecglec?gl ?@él'fﬁ‘é& enfire

process faataprywsiucimgthdepnddtreueintr patetdiatenlgeie e Pergafed egh-OHt by

contacting a caéatw t vvitg] an adgitive di_scl osed above at a tenperature in

t he rang%%’ftf of JzleOU"EO ¥b aBodr PEEESTERIferNg ek Q-A95: 46

Oot ober  200%bAR 09/ HA%634 RTHLSPREE1048130€ i ahgille 1906 . LndsT i fice same
n

- general pressures as de- scribed above, for about 5 seconds to about 25
hours. F&r arBen e ridd decatabypieferred ratio of additive to catalyst in

10:1"" pr ef or abieE Fras et S ARG Bbpl 800 SR E¥ P R S P o
about 0. Oydrctoideboutthe? drefepted €eigheatrakyst ofFedditeive to the

t et raal kyl ni.um.and tertaal kyl phosphoni um hydroxi des, the preferred
wei g@? r éiai%%’fs%d‘d? Biq?f“‘e H%ET%gigl’éﬁt Brosedumet gensrallve ianagriceudur e

gener al | wHARIES, dIrame ARMELO. 911 1 pPe2borb1 5 hnddikeherahly @bayl, & 05: 1
to about 3:1, nore preferably fromabout 0.171 to about 2:1, and es-
peci al | y 3aBoutmagr 2 prefaratblont faon . abFortt Relnll tio- edouer €t Inetaald ear-bonyl

cl UStersP_egl%llys Sferged weight_yatio,of additive to Fhe catalyst in Fhe
pre-treating procedure generally ranges Trom about 0.001:1 to about 0.5:1,
preferably abdatr GHODUD tHio- chotdr&3 33elal aadbespecicalkkyealouteHa 01:1 to
abo%% 0'%§E%érred 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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For the organic isonitriles, the preferred weight ratio 20 of additive to
the catalyst in the pre-treating procedure generally rafyéstPPem abbut

0. 001: 1 twoedomussz2: 1, preferably about 0.005:1 to about 1periysediss
"especially about 0.01:1 to about 1:1. For the cyani de conpounds, the

preferred wei gie 05 Sgidh 1 4 t atalyst in the pre-treating
procedur e _generaelIl?}éran'?(:g%gn F o ab%%%lsﬂgzé%?%s%o%gb%%te &5 SER TS bly

about 0. 06®M qan doutay; B3l lhutamt espeehpétytabeutin @helrhiqe alout

0.25: 1. fl.uasd de c u JLhe preferred weight ratio 30 of

addi ti ve%"{ hggjocua ?I'gy;{to ianrg)”henlgsf%-c%‘r e%?‘?ﬁ%r ?izeahpst §énéraldbpyutanges
from abouatn 0.0 kidktt @ratfetabl v, aed es@bty aBoaHt 890051 Lo t%%% t 0.5:1,
and especially about 0.Q1:1 to about 0.25:1. - 14 16 Cctober 3 WO

00/ 64862PPEF PERGHS e igarthealrange cgendleden pPotessbofitt e opr esent
inven- tHeRCARPRRILCH iced PULAfr & 4 re in the range of _ from about
25 to abgut gf{SOC, preferably about 4%65?%%%%%& wjlglac,grﬁ%‘s? 8}%‘ &P8bINP about
60 to ab8bPu80T 004t psiot@boBitpriesdures gemaral 7 yoo nvbhe pasgerebgabout 50

t o about 0 i_.g bout 0.45 about_13.89 MPa), with from about 200 to
about 105§9p§i Egﬁgbgg * .%4§etn§r t 7 O NPH Pt efbr FEEM a2bertalfi me
period genanakbky tbnabbetr 2mgecefrsf,r grahauh kb am@@tgshggrapguhbgﬁthour S
pref1§rablé gbout 1 hour to about 10 10 hours. The process of the I nvention
can'Be opBraPB¥Sbatch wise or continuously in an appropriate reactor.

Stirring or aghe babkeRs0f st her ' ] can be acconplished in a
va- riety of vva?sbknovmsto thggeggﬁe:ﬁﬁ )rgatq{]g)earcfﬁ?erl% e%agg’igﬁt VafFe
hydr ogena¥i oanbfinuhesivaini Ay dpirbpirlieteo rda-tans 1 e-sspehdhggoanhgenitrile

wirt h - hi | ect i-v] at -high conver- sions.of the dinjtrile nmakes this
pfocessgg?ﬁﬁgﬁe%% gﬁé Egggk%ﬁp_mlx ure can be accomplished in a va-

riety of ways known to those skilled in the art. The par-
15 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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Further general and specific process details can be 20 found from various
of the previously incorporated refer ences. Specific refldr @tebany?2@8 had,
for exanpbe00/f4862 US2208598, US2257814, US2762835, US332281BCTUSHIBIE43,
US5296628, USS512697, US5527946 and W99/ 47492. The foll ow ng exanpl es

further illustt@iwtdoproresise abnotrtihe iiRVeMd oi And-ai@ Nt &ape
construed to unduly limt the scope of the invention. The neaning of terns

used in tHRe BSEEHRAEY | thn N 88aNE o FPHREN LY I®TO o farf Hoiitirid e dis- t he

measur ed (GRGE [ starting
concentr g& on y g%k%\%)rg%l;tﬁgg a%&%gtt@g%g?kggg%wfd%qégx&gg% PCTI US00/ 11045

~Conversi on of Seeatiivity | |$niﬂnenmltf:ﬁéeensetbet weersurteh®e jsitedlrd igfy and t he
i nstant concent.rati.on of dinitrile, di- vided_b starti ng concent ration
of i t ARSIt T 2 nEarYRTF SR Stnd Hiro ddt e

am noni t riinle® z@icdd ded by conversion of the dinitrile at that [ nst ance
Where.the use of hydrocyanic' acid (hydrogen cyani ddg indicated, it was
used as a cond@¥EEd theymae mhRiyRECrianpFea2chy | by mwam@ie iS

mni m zey atd v QssSe 0, CQVP
cat al yst \iﬁ%%g%tdprg-é Lo S\‘/ﬁ%ha Fe aé‘gé%xgigu IY?TDES Weeagusr%%
Wi t hout gmy-churdtliesy @m;imems)tmvasnadmedet evap&ﬁra(mv&utlméma\se toget her

3.2 t d 35cc_of f
0 o, CERRAAINE AR 30 5 F e ae 01 05578 SAnd 1 Re AR s

hydr ogenabeddalvi8RCreNdera e (tedvpreasueealsf 12Q4%opskd thtudl M) at
ca. 1500 rpm Total conversion of ADN was reached within 30 m nutés on

stream THEtRgY additiivelsd ofesamddrdpEentt PP ecnastsrdaae SO%ADNT :
conver si Ok @ | ect f (£3% RATI I\/PLE 2.- To a 300
cc autoc av\ﬁé1 mésgiﬁlﬁgﬁéﬁ#%@%ney%r%géo % ét alEng rom h @-a'l; ce Co.

cat al og fiomber 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
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2724), 0.77 g water, 26 g ADN, and 139 g |liquid ammoni a The content was
‘hydrogenated at 70C, under the total pres- sure of 1000 ¥siQgtePe002WPa) at
1000 r pmWPGp/a486¢onver sion 25 of ADN was reached wi thin 48cTiuselree450n
'stream The maxi mum yield of am nocapronitrile was 58% at 90% ADN

conver si i i 0k .6 COVRA EXANVPLE 3 a 50 cc
aut ocl avg?njmrggsca::%%gi?{%lg &’é{s 5% ééo P hadi ur%b\-(!);n%grleﬁ'ﬂns’llr?ét1 ‘ca éﬁ*\/ﬁ‘e( dBtai ned
f r om Eng-1<80 rstdviuah) , b@lﬁgghé@htneahyleﬁenﬂllammed ammnl a The content was

hydr ogen 0C, der th t ot al pf,essure of 1060 41 MPa), at
1500 rpm Ethf':—f,ilenve]w; n o‘? ARPPHEE Nrefehad vt HlDﬁng‘@Sr% ﬁl&%§16|‘17 )stream
The maxi mas VHielthed ind® a1§0§Et9Q§6CZQQ§ @@@QQ&@és@%tBCE/Hsgﬁ/%&045

am nocapronitrile was 3% at 96% ADN conver si on; he ma- jor product
bei ng he SRS &@Qﬁ%rﬁ%@ox@@\m@e& 601psd g’foprggenge Nio .¢agal yst

( Degussa Bl to | a ogether wi.th 1.0 m
of 5 gaseouse%a%rgbcg)n OXI dgfﬂsﬁ%jgr %Jggig&ugﬂ%?géségeméog% g 1fgfes CO per
g catal ygnmoxﬁtaomaddqd 3ndi tloé higuiude assoOhkatwdstaddedc grdnt he

m xture s _heat ed Lﬂ_j8OCwith stirring. Thg ressure was adjusted to 1000
psi g (7. 60 RPa)S wi t T hyRIFrTHERE e tHan keptShfiderOsdlA0cBRAPt i(3n80f ¥pad. 5
hrs. 10 Afiter hgyeRlddeg, tdeepressurendes éﬁbﬁaééﬂd%QohEefE?”E }4@
transferred to a dry box, washed with deaerated nethanol, ~and storéd under
anadlobi AEEEHdICOCEEg /1. Ehey Rﬁewer%ﬁm@erekm@adaaygt thpr e&mpééedam th

car bon cr ed into 50cc, aut ocl ave

t oget hepg\%g%ﬁ%@%r%%g q‘f? (éfb%%l/\l and’ ggagrﬁé ?Elgwg aerat%?la ﬁ%ﬁf‘@ ‘to 60'C,
and re- acvtiegdtwirekl Imymeo:geameaetrcaai@t@cbncﬂﬁemnge of . 10@00§stge(§pQQ§eNPa)
Af:ter 75.m ”“%Eﬁ ttheé el d of am nocapronitrile _reached ca. 72% at 94%
ADN convBrsFahafter FRAST TR 1595 %p BRARKE e 23S descyibedt he

sponge Nabeekal Wak, chEeJeRRlRHE ML 50 LarbofolPaRK| d6ge e feRErhbedy i g

Exar{gle 1, was charged into
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.
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a 50cc autocl ave together with 3.2 g of ADN and 35 m of |iquid anmoni a,
heated to 40C, and reacted with hydrogen at a total press{#EChEr 1906 psig
(7.00 I\/Pé’)(o"%‘fsé?‘ 180 min- 25 utes, the yield of 6-am nocaRfBHFAY IS
reached ca. 72% at 93% ADN conversion for a selectivity of 77% EXAMPLE 3
- A 50ccaduteac|ave nasrehatigedy weld 3f 26 ga@f ndBMbrohi2rg1ef Raneu ) N,
0.25 g of NaQH,_ O. 258qb of H20, 35 m of MeOH and 6.42 nl of gaseous carbon
monoxi de CGndé&r %@ thst S BPHY e%%%‘f’%rs({)o@ﬁoﬁn%I%@lGﬁbé’#tg’ et 8lyst ) - The

m Xture WM edt Y/ on hydr oge for a
t ot al pr"*s‘sm’PI‘(;,\I—SE'fil‘é‘ft3 50 l%ps(?g% %@gih%lgw and r%n (?9'% \!Vlh\f')"%rssXijl r% a

Oct ober 206% a\d 0gRy @mmﬁ,umatn@mwﬁmez 3.4l honﬁrgastab&sylcedrd of

nocg? oni tr| | % reache a 63% at  78% ADN onver5| for a
sel ecti vi IJ:’QE%IJL PSJl(P% %r%‘cfsﬁﬁeﬁ 5’4%0"“61 RS GPaPsYF Was
charged - cantamyat%)()cc AiBeehaen 1,008 heY o t1i ¢ Dd "hmAbn98SRAYS a6Rg> bon

nonoxi de under 60 psi of pressure (0.045 mmles CO per g catal yst)
SubsequefiPPy thgs miftarre was & i &0 VS Gdereell sehuring- ni Ther preas

heat ed t@,8QCuist b Sl S ] d.ta 1000 psig (7.00
Mpa) with hydr ogendﬁphé:ﬁédlzg:& undoofgssﬁ;c H{:gon E%ﬂs‘yﬁﬁ Ey‘grﬁ?’g Denafter
cool i ng, theo khptpne@an SULAs qmichatsnezzhsarﬁbztrm Samps e wastérassbeingd to a

dry;Rox, shed with deaerat.ed han and stored under anaerqbic
con |8t| onléla Erﬁssu&e tRE RIMETES el éc)at{haef VATPIR vag  esrRatarradc&Pbon

monoxi dea aaxplesaisd b&ﬁs@ﬂé@V@ut\Iﬁﬁe“a@*&gﬂﬁ méﬁﬁax@oﬁOC&n@UéQ&{éaeuhﬁggt her
wth 3.2 of ADN and 35 ml 15 of |iquid amoni a heated to 40C,

r eact ed @\P“E‘ﬁrﬁpai"oﬁé’ﬁdl&tmalst -ot 3H- 2presfurtdeofRarpnd® 13 cE7abPstPapre-Af t er
150 1 S8R V0 SRR B8k B P
(WR G iamed wa§0(;haagedc2@venttog&t5@ac wautlhod avey tcﬁgembteramﬂtiESmQ m of
GESghuS 52" AT NER 00 B Al ssaue (0.2 T 3 CO B
at a total pressure of 1000 psig (7 OO 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 methanoi, 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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and the m xture was heated to 80C with stirring. The pres- sure was
adjusted to 1000 psig (7.00 Mpa) with hydrogen, 25 then Kepctahder2&lich
condi t i on¥dfasr64®625 hrs. After cooling, the pressure was reeaseshiagd t he
sanple was transferred to a dry box, washed wi th deaerated nethanol, and

stored u [,..an (o]e]! opditions. 1.2-g of the Raney(r) Co catal yst, pre-
treat ed vn#(?lﬁrts:ér g% h%%éi %g gs zrslgFFngnébg\]/g? WSS et 305 itYo a 50cc
aut ocl avestpgalNecomiréhs Bo? foof aABM1andi853tid ofofrdsi qui d ammoni a, heat ed

to 80' C cted wth hydrogen at .a total pressure of 1000 psig (7.00
MPa) . Af t%w %x%o%egg 268@“9?\6‘760738&8%25%1@9519@/8?1@15‘1 HAPYS, t he
yield of faantnesapaontsihesseachedortavdd% abeJ4% thoz“.vp[efgsioof“ For a

selectivity of 79% EXAMPLE 6 - 1.2 g of sponge N catalyst ussa BLM
112W°  wel=e terrirgiday 1 aeonl o cey duestfiaveent sgedec evi t ISubsRanenit 15

tetranet oLy 0X] ent ahydr.ate. Subsequently, 35 m of liquid
anmmoni a mr%és adcfg%tjﬂa(ﬂ%ld[g h%?f%r%a%%dﬁﬁgt eg™ oggﬁc rt-§t i3S ng. The

. pressur e hawst atl] st &Pt ovi th0GE ipstighd 7. OthdVRae ddtihe hyds 0gahusand Lhe

aut ocl aVﬁé]\Ng)S k_esg)t under such conditions for 1 hr. After cooling , the 10
li qui d pHaee RS i (T HediRk Wi rYidreden prandehbedavspal aveswaisnsi de of

the aut ogledie urddr Gdfn ADMARS: bty eebedh K10 Abecgulaehaye apd 35 ni of

l'iquid ammoni a was added. The m xture was heate redcted with
hydrifgen ldiauisd thage prass stire exfed 09DF psl ep ¢ imPOt MPapreAftaredd caiaut es, 15

t he vyi el - am No ronitrile yeached ca. 79% 97a ADN, conversion for
a sel ect ;i\yi%{tyqo A)CO félt;qulaqu%‘ gdloTéﬁis%ocl”lj(f;/eg]kﬁ‘I ¥afafdectPegussa BLM
- 112W  wasitchartgedniticd vebGond @H ol ave, 1i@get herm¥hi A a0 ga8bq.

t etraet hyl ammoni um hydroxi de as a 35 wt % solution in water. 20

Subseque mizEuge 3R ETEhh i G hadidddFeRctal witd hydaregen wats
heated ta 8QEaN ireHsuid G 11U HESSUIE. YRsup2f] usied 10,1000 psig (7.00
MPa) with hydrogen, and the autoclave was kept under such condi {')II ons for 1
hr. 1Aft ethe 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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cooling, the liquid phase was filtered off, leaving the pre 25 treated
catal yst inside of the autoclave. 1.2 g of ADN was i njekt &¢tiches 2Hes

aut ocl ave’anR®e852 i of |iquid anmoni a was added. The mi xt BE®URBEII¢sat ed t o
80C, and reacted with hy- drogen at a total pressure of 1000 psig (7.00
MPa) . Af tRibs3fudhidluf £s34 hel Yo £l 01 §i:6- ARnBAGaPHLRARI tLiddes I ecg&{‘e% ca. 80%
30 at 96% ADN conversion for a selectivity of 830_ EXAMPLE 8 - . g of
sponge NMISHUHIS o eeffsad BEM A Withest thuiged i The mrB8sarautael ave,

t oget her - f r epy hum: hyd ide as a_ 1. QM solution in
wat er. - a\iﬁg%f%%ct%o%egoé%%@vﬁpbgﬁggggz M%Ué%éﬂ’?&% §d§s§mﬁantly, 35
M of |i quitdcdmvenivesvdsmddetiennsutheconiitibaswasrheated t @ BQG W th
stirring. The pressure was. .adjusted to_1000 prig (7.00 MPa) w th hydrogen,
and the C&Eﬁ&a%avzﬁ%ill@’p’td Lﬁ%%?e stieh Ebgﬂ?ﬁeén?f or leayingafthe pe-

cool i ng, tiree tleknwad phase wasidd |deredeObficokbgaykng th bRA

catal yst inside of the autlocl ave. 1.2 3 oft%DN was }injge%{ gﬁ I nt ok'%%e

aut ocl avenadfEtss pnter Yheg@ut eadmrs aands3 5 adedf Thauaidx mmenias waeat ed to
80C, and t edwit b hy- ofal ,pegssure of 106 Si 7.41

MPa). Aft gra%%o Zgwr% E‘HP{ )e!:gr%{ ﬁ%‘@yi%%@%(? %ga?ngn(‘g’ca%?cgrﬁ??ﬁ%grgjaEﬂeéY ta. 80%
at 95% ABNogenvertsieontdtarl preaisots iyl 080 8886 gEXAMPLEMP Y 1. 2rg9f Sponge

Ni tal yst (Degussa _BLM 11 s charged into.a 50cc autocl ave, together
Wi t 82. o¥§ 8‘§‘nugst9rat’5 V&%iﬁ%ﬁ? RPESIALBBLGt veasheti 6n.i BoRater.
15 SubseguentkyapR5 clinval diiciish: AN fedesy adgdeds ang the mixture was
heated to 70C with stirring. The pressure was 4adjusted to 1000 psig (7.00
MPa) wi t BEXRYBEEQENn- dnd ghef smuwdeadl westkkypst ufbegusaahBrundiibivpns for 1
hr. Aft C i : I-_qui hase s filtered off, .| eaving the pre 20
treat ede‘(c:%?a gétkalgﬁsﬁ goma ;éﬁ%cgtﬁ%}c?%‘.’e’l.Eo%eg?eﬁw{?\gsz'f)nﬁeeged into

t he aut octétvaebangld3mmohiafh hiygitics iateroas aa wae wesldegi udhenm xt Yaeespas

heated to 70C, and_reacted_w th - drogen at a total ressure of 1062 psi
(7_15 NF§?p8§$ngtly, 35 ml of f¥&ulé é%monia was addgd, and the pstd

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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30 mnutes the yield of 6-am nocapronitrile reached ca. 80% 25 at 94% ADN
conversion for a selectivity of 85% EXAMPLE 10 - 1.2 g df %%t598F hdtium on
al um na ogbabkedsz (Ob- tained from Engel hard) was charged iptp 30021394;%0
autocl ave, together with 2.0 g of tetrabutylamoni um hydr ox1'd 40
wt % sol ution in water., Subsequently 35 cc of liquid amonia 30 was added,
and the m58ARS Rt #E¥TedIES186CON thes ButOdgve -The e ssfud®ivassadj ust ed
to 1000 p$i-@diled0; ) e M t z g then  -kept r. such _condi tions
for 10 ety ‘%Pﬁ%,g%ﬁé‘c%?’é’ﬁi gﬂghé’g’e?f\%ag‘}'f e, AFPRIE KAShg t he
pre - 202addedoct Sher ROQBUND 085 61862eRCTPCESO0Y, 1 hAM5 riszeateed waathalyst
ected into the autoclave and

i nsi de of aut.ocl ave. 1.2 of _ADN i nj

35 m of d]r}o %nd%atnﬁ)m%t%\%sp r%%ﬁ%ﬁ? ?ﬁ\é\qﬁleft ﬁJrségvve{g ‘Réaf®@)to B66€er and

- reactsed viist mily:t ety agesn )aiepdt@fa&s-aaheﬁsurapr%i%%iep%ac%d‘@2%'3%)&- After
5 75 mnutes the yield of 6-am nocapronitrile reached 820 at 98% ADN

conver si 6R °f PNy CORVEEF AR yERF 8495 L EXAMPEEY19E- 8830 g of Raney(r) Co was
charged ERh@pabQGC _ atp , ®h LLh of _tetrapuytyl ammoni um
hydr ox- ide-as a 40- %so%ﬁ?o%él?%ﬁ\/\/atéér%gsﬁgggaggn%ﬁ%,o @5%&%& 10

|7 qui d apwbAFAanss Adusdheandvitie i Rtarefwasthebbesd]l ammSACumWhiArskil Ii ng.

The pres e ) - ust.ed t0 1000 psi 7.00 a) with_hydrogen, and the
aut ocl avgaé/ag\éﬁgptq%lur‘?’ & SSUCH TN t'?%ﬁ%rforsﬁwﬁ%ﬁ]‘?mﬂi’eﬁéo@ﬂ-i a§, the

liqudd phageidaammbilitened ofdded cavhdorhbempretiealed gakabystol 56‘3 e of
the 15 autoclave. 1.2 g of ADN was injected_into the autoclave an 5m
of |i qui H1EnShEETARE -adde® PHRSTHER ras wed] hakeddtot 50800psagd (T eaot ed

W th hydupgenyeat nantatdlgd essiy & nof i .43 MPa). After 30
monutes the yield of 6- armi noCapFonitri (gg?ggcﬂae% %ei}?}&a‘tm %% A
conver si @pndoriand0foal dcthiowxt.y 20ft A6 %6oE@MPL BN 1iQuddgpeissprage N

W th b 5o SR F R CH PRI IR AT o s 2 A0 B o6 GEH a8 | ©h §Reuat or.
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 charggd 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 reactéd with hy-
drogen at a total pressure of 1062 psig (7.43 MPa). After
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Subsequently, 35 m of liquid ammoni a was added, and the 25 m xture was
heated to 80C with stirring. The pressure was adjusted %% OP60BepsiYP{ 7. 00
MPa) wi t "WIRYWd¥En, and the autocl ave was kept under suchPEBAEOEIWAS for 1
hr. After cooling, the liquid phase was filtered off, |eaving the pre-
treated cabahystcebsicte §ficile cutodmtescab bt ©f i ADN-aash38 +8j ested into
the autoclave_and 35 nml of liquid amonia was added. The m xture was

heat ed t 028022 % afilNr EREVEF SHiOTh T A TYSF v Y *fal 79 essure of 1062 prig
(7.43 MP r{z 21 t Qhgr, 4362 [JSD0L 11045 40

m nut es ?'%%591% G?a%%n%a%?%rﬁcﬁ%%e v%ge;’agﬁé% ca. %@é %tS?Qé%%%DN

conver si DN or 1a2sgl eft ispongeotNi7 @t SEXANPLEeB1ssaA FHM cIcl 2t oghdve . Bas
charged with_3. 2 f. ADN, 1.2 of .sponge Ni catal yst (De sa. ELM 112W
and 05 % O of St B PUBH DR B SRR Ry Pat e e & B0 oF 2DF fPBni P

wat er. Subseguent EMbsedbefit 19f, Bisqeild cFMMERh A dVasmmsdtied wddeaddeAt U BeWas
heated to 80C, and reacted with hydrogen at a total pressure of 1051 psig
(7. 35 Wdpixpgererwasnigated tre 80yfel andf reaghiAovaphoRveriocen edcled ca.
72% at 909 eLgl 0 I vy of %, EXANP 4 -.1.2¢g
of spong%N@aﬁg%/%tgr}(éDéguggg&E ﬁaﬁgg\?%@v\gg ééh'arg‘?e into aljgg%%s the

aut ocl aveyiebgethed -amnihozaprgnitriflet rabutydhesphed whm ok aoecas-a 40
vvt%lsdil ution. in \L/]\f ter. Sibsequentlé, %I%ﬂ of liquid anmoni a was added,
and 15 tHE TRt R was SREEEEEVESY8BE Wfh stirring. The pressure was

adj ust ed exnMdf09 psi g (7208 MPakpwnbl Rydce@eny=ANd DR s AUEIG averpas kept
under such conditions for hr. After _cooling, the liquid phase was
filtered s chaxgefdgirhe prelcer anteglearal yoostisirdaigh tthed autet! ave.

1.2 f .aut acl 23 f_liquid [
P b G LA e Ll e T T

total pressure $ibdOgdepsly, (F53BLMAE) 1ighfitieammbliing matseadderl yisdl of
Sé?e ?Sﬁﬁ%gnlfééégérﬁggh gaggd zé%%0%5 3%8%A£¥£%29¥§t5|%ﬂefg;e%sure
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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25 EXAMPLE 15 - 5.0 g of sponge Ni catal yst (obtained from Ac- tivated
Metals Corp. (Sevierville, TN), Catal og No. A4000) ' was l¢h&cgeder M3 50ml
aut ocl aveyd sagséer with 0.08 g of iron nonacarbonyl - Fe(ER)Qu 11045

- Subsequently, 35 m of liquid ammonia was added, and the mxture was
heated to 80C with 30 stirring; the pressure was adjusted to 1000 psig

(7. 00MPa) 20 B RFGr GFEIET HETHEPC iR SRS contli 2 1 Bn8Lf bhesshpege Aft er
.cool i ng, e e nel-gaseq;; i %% ransfe tqQq a dry
box, wash‘iquL \(/:\naltrt%a_ egér\aﬁ?%é:%e?t hang'il,acmEj 12:_5% 16 (?%ﬁer )5%03 6%{)%(?)2948@?
PCT1USO0/ d¢645ided sborved wedecharascbbiroadritt tawnscldve gogéthle sponge

Ni catalyst,, pretreated.with _ir nonacar.bonyl .- Fe2(CO 9, as _described
above, vva‘é"l(t:HarEg%dgi r?t%oA;H#eaélgt gj(r%l énae qcfgg]elt%g]rd W‘?‘Pfg%’aﬂ BeafedpkPand 35 n
of |iqui dgafmpnind heateddt wibhB8REdragenr aaChed otialih JpediRgen &t gt al
pressure of /1000 psi %ﬁé?.oo MPa). After 100 m nutes the yield of 6-

ami nocapr Bii®r i{7e OPe¥ERed R&Le¥79 St "IIIALAN tdunuekasidrrf of- a selectivity
of 82% EXAMR ge N At aly sy of i I Acz 10
tivated Metal ég%%?sm?gg\}lgerg%ﬁépga %ﬁ) 7&?{ gtozézl\b%ﬁo%%%’éﬂ%?o%hg?ﬁed
into a SOul saleotlizuty tdgéLker with 0.08 g of hexar hodi um hexadecacar bonyl

- Rh6(CO Suhsegquently, 35_m of |iguid nia was added, _and the

m xture V‘v‘é‘agA%g'L" egg tOESéCgWIOtthgPPEFi ﬁ]é; %ﬁ&s%% dFEPeMCT 0 1000
psi 9145 (7i0&rdRayerill byepogeBeviberikapt, under cuah &pnei tiQpgoof or 5
hrs. After cooling, the pressure was released and the sanple was
transf er rédSt Bhardey bBLC RaSABY IMERCdeNEratte@ethsthaidih Gt sy ov®d under
anaer obi c,condi L kons. nd.238-9E pan oGat al ed,with
hexar hodi um hexade 20 cja{car%g%lrggﬁ 6(0%% ,Ogés'de)séﬁbl eﬁ-éargg%’, dav\g/ams

char ged imt ocoft hegaldoginaenisogesheddeidt ha8d? tipeoimiAbDNrandva3d heatodd | i qui d
ammoni a, he to. .80C,_and reactied wth hydrogen_at a taotal _pressure of
1000 pet o7 2B B S e G R TREES | 6P B BB ariinbeagbon e

reach®ed cey.d@%mp4) 89% ADMN/EOBgen, 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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25 version for a selectivity of 81% EXAMPLE 17 - 5.0 g of sponge N

catal yst (obtained from Ac- tivated Metals Corp. (Sevierhfi PEeobaN)200EGat al og
No. A400d’§' O 004886t har ged into a 50m autocl ave, together w PETESIYTIHIDS

osm um car bonyl . Subsequently, 35 m of liquid amonia was 30 added, and
the m xt W eimpshdieat eshed 8RC- W Ehastdatkldnghe tihghoI0r ESSUT £ MBSJ aghdisied to
1000 psig (7.00 MPa) with hydrogen, then kept under such conditions for 3
hrs. AftEPaToPhHg, CORKRELPRESUr &-%ad Pél ERSeFRanEe AE oA Ly stas pre-
transf ef iaddbq By WLROLA4BEZ,8, 1 98e6c2003 pRCTILISAD/ 11045 a dry box,
washed wi th deaerated nethanol, and stored er ~ anaerobic conditions- 1.2
g of theWMHMtaﬂlqsautmbavereagedhm hrmtshm:-urﬁ c;ardnﬁ)rMbN asd 35
descrd bed abo was, char d |nto ut ackave et her of ADN
and §5 E‘]f T %I at ﬁégseg §8 % ﬁ ?855?2% t?*h%w;%&@o gen
at a tot @erpraassame:tsﬁl 1000 psig 6F. @@obngglgAf(tﬁro ol8fba )M NS hesyi el d
of 6-am nocapronitrile reached ca. 76% at 93% ADN conversion for a

sel ect i viMtyPugiessJohe il 1 86 -apingcgpepnifEidsorgaNiet dd yAiS

pretreat th Qs ny| i arrple 3, was charged
into thee':):’jil;t}%(?):“(%:?ﬁavéeb t ogeéfghgggafw@?hgzssﬁécggﬁ%klband ngﬁx l'i quid ammoni a,
heat ed t EX3QBLENAMB reattiEd gvdh thiyer egengat N:Lac'acmaalysmr,egmﬂte:em‘teld)oo psig

(7. MPa).. ,After. 30 minute t he |ed f .6-a caronltrllereached ca.
V5ot 53 KOG TE D AT, ¢ (7 oSSRFBLOPOr i) BrogBhe BxaMRE 5 o5 0 g
of spongan¥o aalalaisiod1obtai Nege oM Werht bvat gdolybhﬁms &R Bs Eederville,
TN), Catalog No. A4000) was charged jnto a 50n autoclave, together with
0. 08 g oftiguithafmaRicar fated Subsegientand B%a%te@fwlitbuhﬁdamm at20 was
added, and the m;?S_Is}E 0 h hrTi R [[essyre was
adj usted to 10010 p5| Ooﬂ]%‘}f@vﬁmhgh@m@oggﬁ) “t hen tkrt?'%uﬁn der sich
condi ti otsdef erleadﬁrcsi Sécfatnmnoammmgtrihe peeasheatie caas 7Be;l eas &d :ambN he

sanp/l.e was tran
WH onver51on for a selectivity of B8%.

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
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ferred to a dry box, washed with deaerated nethanol, and 25 stored under
anaerobic conditions. 1.2 g of the sponge Ni catal yst, Igr &ctebeed0lidt h

rut heni unwoans¢nsyl , as described above, was charged into pApyaslQedsave
together with 3.2 g of ADN and 35 mM of |iquid ammonia, heated to gOC, and

reacted ] V en a tot pr ure of 1000 prig (7.00 MPa). 30
Aft er 60%%%%3&% e yi%%xcrjleo%&%f%%i nglgzprgﬁFF‘}PﬁeNPea@ﬁé)cPO)oa.o PSYEat 91%
ADN converfsiNaOH 010 2 5 ef eof imid,y 30f 4% NWPLE20 . 1 0A550: N, @H&R%@ive
was charged.with 3.2 g of . ADN, 1.2 g of sponge N catal yst (oblt arned from
Acti vat et PERY L 5 BHEd6EY 12003 WD DOEEUBE 2WPEThessel te4 5 ofEt atRefor p.
(Sevi er viddeightNin G049 I\lp_-ttl.ﬁéllg):p@} 2 o] E%g—( Q.25 of. H2O, 32
m of MeOH and 0. {19 g of ruthenium c%?%%né?g-aRfﬁg’ )?f.esﬁﬁggmofture was
heat €d t 80P0CPstigeri 7 -WlolEtt) i mmbmract fort h hypdregenafkeera 180t akopr essur e
of 5 100 [ 7 , and run for 3. hours. After 180 mi n- utes the
yield of ggéggmgrl{l%cggrg%ﬁ?ﬁ Iég FEACHEF T 79% Gt ¥8261e@DRac orAvér stof2for a
sel ecti VADY obn¥é96iobXAMPLE Zkled SOty sEitpgiave was charged with 3.2 g
of  ADN, 2 of _sponge N _catalyst (obtained fromActivated 10 Metals
Corp. (S&¢ , TR 29CHtaPdd WMok a o605  clvrpged witNa®HR §.85 g of H20,
35 M of aMgOH; apd4002 gpehgeuiienriiymy b - 3£C0O) 12. . The m_xture was
heated to 70C, than brgugﬁt in contact vviW#@ﬁ%eﬁr?%rggtfgﬁﬁ?dpressure'
of 380 ¥srals3Cermpa)Seypdrvidlior BHhowrataldbd o8 ho00s) | he. 15 yiel d of

6- am nocapr@niirile,ceached.ca. % at 88% ADN con-_ version for a
sel ect i v?tgyﬁ%?ﬁM/dzEXgl\/B%EH?g’ z%« %‘S ﬁ? HePH: PRre Qs iRl detFhaninvms. 2 g
of  ADN, cdrBogybf - SpangEoN; . catraky sii xtebteainasd fdondctivaged I's Corp.

(Sevierville, T!(;Q, Cat al og No. A4000), 0.25 g 20 of NaOH, 0.725 g of H20, 35
m of MIBFPEREtolR GOBFRFFoNiABnAYdERgsENfior FeXay) Prateuns xofire00as

heat.ed tﬁsj?@C(B,Id‘;lef@Pag)rogﬂBtth ¢ent act, ,th h en . for a total pressure
of 500 psif (3.5 MPa), and run for 7 I%llgurs.' Aﬁkfeér) o%?"ér h'ghe _
15 yield of €-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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yi el d of 6-ami nocapronitrile reached ca. 74% at 86% ADN con 25 version for
a selectivity of 86% EXAMPLE 23 -- A 50 nml autocl ave wds &kgrhed 24%3h 3.2
g of ADNWO00%648625f sponge Ni catal yst (obtained from Act i VITEIS00NEQE] S
Corp. (Sevierville, TN), Catal og No. A4000), 0.25 g of NaOH 0.25 g of
H2O, 35 m fé\@@-{: : LEOR NOR =30 _aca~ho 1. Xt ure. was
heat ed toa%%é then&g?%%@%tz ;?%Q&é_%ﬁt g?t’ \?ﬁ5t°h a%y?ﬁo"gg# Iﬁ‘ g;g}gv oﬁlanpfr% sure
of 500 psiag St ipPaly a@hd8tun for 5 hours. After 4 hours the yield of 6 -

25 - 16 W _ VO 00/ 64862 PCT/ US00/ 11045 ami nocapronitril e reached
ca. 75%a onveral ot £ aF 5 88 e 8RSy N T B I TEXAPIE P4 - A 50
m aut ocl aver was. £ hargedspbriidie N2 ga0h1vAPN (obrditedf rSRANGE N Lalal yst
(obtai_ned from Activated 5 Metals CO'rI'Er' (Sevierville, TN), Catal og No.
A4000Y, 0Mehad SHfCaEH, (e viegvbl lepoTNAs FREGAORENA-aRd 0P.005 @ -5 ig on
non- acar pen hey g xtur h t O 7 t rQught kn._cont act

Wi th hydrggetrl]dafogirr' gj{ao%a %\é%?dr gﬁoﬁg%otgf prglé%H(%%g 5 g),g SEd1F8H P&P3
hour s- Af eerr@®nylnut éBhe eixtiete wischédtedi hocapfoni thehebreaghediaa. 73%

at 95% ADN conversi.qn for. a sel gctivi of 77% EXAMPLE 25 - 5.0 of
sponge Ni,cf?&t%ﬁ stwj%gfttl?x&ﬁoe%erhef%ﬁrsa {%Bﬁg) PREESPRSr §éd =Pt &4 F5dcc 5

aut ocl aveMphogetdiet mid Edk B Wowfsterarceet yb hsankkk kee SyRIGOAUENtd Y, 35
m of liquid 15 ammoni a was added, and the m xture was heated to 80C with

stirdPng. eMABOSEEETOIE e Fpached ¢o- 1899 psi §5¢7ADY mPayerwiom Hydr ogen,
and the aytgehaye MAS K&t -pnpder such condi- tions for 3 hrs. After
cooling, the pressure“was released and the sanple was transferred to a dry
box, washBEAWPLE 20 dederfatedieipangd  Nandastbyst (hdeivanadr abicals

condi tion A portion. (1.2 g). of the onge, Ni . catal yst, pretreated with

, tert-octy?‘épgtgﬁi 715 5}%51”91?&86?}%05‘ a%@ 8, TWESCLANRgeHORREBETt We tRufodl ave
together yi bl 8eZtg -@‘ct/g@Ni@&lila:S:mepf shEBegueat®PNi 85 Reabed1tg,8@C and

reacted wth hydrogen at_a tota )
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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25 pressure of 1000 psig (7.00 MPa). After 20 mnutes the vyield of
6- ami nocapronitrile reached ca. 72% at 89% ADN con- ver si®ctepern 2003

sel ecti vi WO od/648420 EXAMPLE 26 - 5.0 g of sponge N catal y$icrid®eymisa ELM
112W was charged into a 50cc autocl ave, together vvith 5.0 g of 30

tert.-butyod son tyid e.n[Ubs g&%%i ni.a was added,

and the mxture was heated to 8 I&/%t h %iﬂegéur@ ‘T‘?\% 5%@8?5 fad

adj ust ed ttdr=0 Bapslieg M(a& mmewem tdslyalrmﬁnboﬁndwégﬁeauugghauga@@s kept
ber 2003 WD 00/ 64862 PCTI US00/ 11045 for

under suc i ans, 26 .16

4.5 hrs. %ft%gg"coo M0, (S e ?f?él%%rrﬂae%’é%l%nﬁon@hﬁ@ﬁﬁpl eAwas

transferr edritdon otrlyzb@g dlzaa;hféll Hhd @Iqwrca@ép?s tHA00L a5 A ﬁg ?ﬁed
ca

under _anaerobi ¢ conditions. A portion (1.2 he sponge al yst,
pretr dat edSRErRUS Yile AEoBtyT1 les ¢ t@ﬁf’r@flé%edje%tmv&)edﬂ@bowbarg\ad thas ged

into thecgaut g ligu

ammoni a, hggt ggltt%\gqg% T trﬁgigvegz%\n th @?rq:ﬁ%ga?ﬂ%n}%trﬁjr Ogriﬁg‘ﬂﬂ‘@ of
912 prig @@meglea)leaAfaﬁertolw @, nahds rehetyideld thf h§uaBgRec 3 Qpidddde
reached cgre;%%) at %Z(g ADN con- % Sg}l on for a selectivity of 76%
EXAVPLE 2 2°g°6t %Lﬁepf'}}@ng(é > YAy st t Y h e ut# S nther t - but vl

isonitrileieaa dESGI’-Ialeﬂolcﬁ pEoaRhe 12 MaThdhalpged gty t cl
togeﬁger with 3.2 g of ADN and 35 m of liquid anmoni aag: hégefajgﬁte C%C and

reactéd WeRShy8r SO?ESagéﬁ1§Fté"t1@b’apfpr7é§sure of 883 psig (6.19 MPa). After

50 mnutmﬁgEybgld of »6-apinQeapt ched ca 70% at 5% ADN
conversi o for a—sel ecti 5| y of 9@%%59’%‘2%&@ f%% qé( Ni

cat al yst ‘(ft)elguSsat&WtjtlZV\)‘sonwasmbar ged desicd ideR0 e Masz(;z_ilaé/eg tyget her

with 2.5 o E th? isonitrile. Subsequently, 35 m of liquid amm
nia was a e nﬁn fe HFeCna¥ehtapedhes s8Ehwd-R & iaf AAMh@ndrrs

pressure MBSOﬂdl;u@hﬂd éﬂn&ﬂ@apshgaﬁﬁd9%o|v9@)‘cw &Hd Péégft;w?gﬁnwl@ﬁd ga% e

"~ aut og%ave was kept under such conditions for After cool’i ng,
pressure IR el rakeePrhnErefsure 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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25 sanple was transferred to a dry box, washed with deaerated nethanol,
and stored under anaerobic conditions. A portion (0.6 g)® @Ftt)hérs%ﬁﬂfge Ni
cat al yst ,WBO¥186ht ed with iso- propyl isonitrile as descri BEHUSHUIAS was
charged into the autoclave together with 3.2 g of ADN and 35 m of liquid
am 30 mrﬁmmﬁam@d 140G cafhdsp@ageemw:ahamydltogmgaiss'a t=xtval 1 1 JW)essur e
of 990 psi % I\Cg Af ter 4hours_rL yield of 6-am_nocapronitrile
reached &% RO chfferdrbRc e e atggfaE@teirw‘“ﬁFl'bf‘? o of I 16

Cct ober 20031 \&@cﬂﬁ/t@‘h&@? PEUREQAOH, EXAMRLE 29 14 i@ GintorSRO

catal yst (Degussa ELM 112W was charged into a SOcc aut ocl ave, toget
with 2. 53515@@ nﬂqﬁjttyhe imsigtfiure |was Supegdere| $0° GSWnthofstb-qumng amThI&I a

was sadd th 4 t irr.i ressure
was adj u?% qto 9@%3% {g%%sﬁ\%e?é%d?%g%yggog%n?lp gnéft ehé(ﬁ{]r e was
kept undandsitlk autdidliaons Wagr Kept sundéf t @ichoebndg L itthe @c@s sung-avas

rel eased %nd t he arrple s transferred to a dry box, washed with

deaer at e@H&& hgﬁ’& A0%nd m%rw%aﬁ?%ﬁ?ﬁeéoﬁﬂﬂt iCHfs Sampd6r Magh (1. 2
g) of 10¢thes3eonas No %at:ﬁéy%x Prgd 188k 665 Mh t BeBahut vl hn%%wa%ﬂ e as
ge

descri bed above, was char into the autoclave together wth 3.2 g of ADN
and 35 nknbef sitiogedd vadesnieaaciedtied eendypnand Aepotredon v611t|2 lydredgen at

a tqtal SS, f k0 (7 Afte tes th |eId of 6
15 gtr% noggl%r oﬁ ?L gI gllr ééé:ﬁ@?%d %%@g%%% convn\fg or’rsP&l%ré

sel ecti viaby debctiYedEXAeE 3Rs cHntyegd ointRanelér hubachaseC hageetheNt 0 a
50cc- autoc|ave, together with 2.5 g of n- bUt‘il isonitrile. Sub- sequently,

35 nl of YEEHuPd2afnGhi ADNaSEd d&u MarRf Ty 2mppie  whsakes & to 80C
with stigpb@g. aﬂ_@eré’é@@égrﬁlﬁ‘ﬁsh%r 8¢ 10 2% PSh L £ 8,32 Jgfgfi%%%t n

hydrogen, and the auto- clave was kept under such condl tions .
After cBéFLEInd'? flReMBressuPEtwas %IW%@@ heisadpbé was trans- ferred

to %sdryaR9§ocQB§B%§t¥EEQ Q%%%ﬂgéﬂ£§nﬂégul at @Qd 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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25 stored under anaerobic conditions. A portion (1.2 g) of the Raney(r) Co
catalyst, pretreated with n-butyl isonitrile as describédOCgboher 3RS

char ged iwoO®ondsez aut ocl ave together with 3.2 g of ADN andp@busborqbas i quid
ammoni a, heated to 40C and reacted with hydrogen at a total pressure of

946 30 p;ﬂ—&%%ga?— ter es_ the |eId of . noca ronltrlle
reached E. 860 Aékl gonégggp&n%%eoﬁdasa Cs% lé%‘?l vﬂ o?n%ﬁ/o P -

Cct ober 2808, WW0-08/ 64882 BETMYSQ00L1DMSm BDAMAGRE 310 -2A éooﬁcz{;wtop_:{ eme vvas
charged with ADN, 0 Q 0.25 g of NaCH, 0.25 g of
H2O, 35 n‘?£ ?Oﬁ/b%llgaﬁd%%og gfagﬁé’lgr ﬁsci"g# 151 e. Thlﬁhe'”%ﬁi’s'(‘ﬂﬂ?ew%s heat ed
to 70C, theacbaodghyofd, CodRGhrdhdhe hydr egaRster «ach 1Htals gfscﬁ; of 524
psig (3.72 MPa), and run for 1 rhouéf Af ter 18 m nuttes the 59%? =

6- ami ocafEfP‘é@nltprﬁéskléacﬁédﬂéapség%(éﬁt TP6MBADN cony erwi ofief o lacuxr.

sel ectivi % f._a 5% rhodi.um al um na_cat al yst
(ob- tai n%% %)ro]g%/}1 lnlﬁ éle%ér ééfg 6ion Ho¥SEE Oﬁ%v"ée aqleed gget her
with 0.30ca. of4% &ttssabm)yl canwensumrc far de s(BNCN)ity Stbseauent |y, 35

m of Ilaéud amoni a was_added, and the ~.mxture was heated to 80C with

stirring BN eddur el ndsd QH; | 3sPad e fﬁ’@boﬁ%la&wr@e DL X% E h(eydr ogen,
and the @&ﬁaaﬂﬁorw@ng@pﬁayaﬂeﬁagueﬂa QRS J Aok NMup e 19

cooling, the liquid phase was filtered off, leaving the pre- treaffed
cat alYst togstleeniwible @u%@cgatv‘é tstza@umflﬂmcxmsum iayjeetids (Bu@rcmhe

aut ocl aveg,and f d ded Th ture heated to
80C, and reac cggeﬁq%ﬁ iro%gnnfrz;&l dm%fnmlo praeéqsausr ggdl( (7.' 00
MPa) . Af trmrxiﬂﬂ:elZ@asm muaesd tbesyi@lwioh St ami-pnagapr oAkt ph:le@shwh@@ ca.

- 85% at 97% A nverS| on.for a, sel ect|V|ty of 88% EXAWMPLE 33 - 1.2 g of
sponge Ni# ‘% ?th AL LhRFED {ht BOaMPEdc Wikl Syrdxpgeogetheérhani th 0.25 g

of tetrataua/é@mwﬁ@ E%@@'@@déﬁuéﬁlgﬂ) coﬁafi%%&&%ntfloys 133 Qfedd,quid

anmoni a was 25 added, he m xture was heated to 80C wth stlrrlng The
cooling, the liguid phase was filtered off, 1eav1ng 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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pressure was adjusted to 1000 psig (7.00 MPa) with hydrogen, and the

aut ocl ave was kept under such conditions for 1 hr. Aftey® %@PP%Q 2¢He

| i qui d ph¥&L0RAE2f | | tered off, |eaving the pretreated cat ZCF4iS0pEKMEe of
the autoclave. 3.2 g of 30 ADN was injected into the autoclave and 35 m of
liquid a i ej,rIie>§ I heat ;1an

W th hyd%ggﬁﬂa?sgaﬁéﬁgqg%r gyséure o;djlcgo\(s@f)%l g (é%‘j}%)}(gn§91C%l:él g'agS%%EOct ober
2003 WO O3/ 68382aPCYFPBSADN] toasealsian IR0 | rﬁﬁb@cithmtyyed:ﬂ B7% .

6- am noc Piri reac % at,..95% A conver si.on
sel ecti v%ﬁ%—?—é& _EiA?/P ogaSp %’gof’ dui c‘Elstpaon% N R %?émhgt‘c?hﬁr ged
into a 59cecaghoctauee, t@@gtelﬁhl’ervw.vhltl'ﬁ 025359 Plof aié@b&tbﬁiﬁm%ﬁﬂhgi

cyani de ( Bu4NCN) . Subs@guently, 35 m of liquid amonia was added, and the
M xt Ut e VEERERE e (BENADC wi PHPSEANERRGY  TRE Tr s dristuiss a&ﬂ}%&bd‘f@% 1000

psig (7.0034k9) %Ehtﬂ¥dﬁl9.ﬂ%ﬂre aad }Re cald o avPAngs e Rt ;undey, gﬂ;l?

conditions for After cooling, the liquid phase was f| I terged
| eavi ng ]I®r¢$1@u1p$ ewaeaaédusaedl ot 1oAY e ik ft”th QuMRe) avieth Eh}ﬁd:gogén ADN

was injecte into t utoclave and 30 . of UId m rm s added.
The m xt PE vilee raaF g T SobRn Ik BRY, Baele Suat AR s el
pressuremﬁté@%@sigg(hﬁe MWPahid Ahbee @ MiNuesed tdiet ylleé&‘vﬁfxg

6- amg?ocapronltrl | e reached 15 ca. 80% at 96% ADN conversion for a
sel el i vitthe Fresvpat skappLElyst. ins3dg of R\ ISCGA YRS chef g@dof nto a

50cc aut;eﬁsk s m?@&@@% thiB PneoalcBbibtl e WA UAN fydraudle o

(Bu4NCN) . Subsequentl l'i qui d ammoni a was
was heat eebrin mvmcﬂcﬁeétl rThagm:LIhareZGaﬁr éssuree] was HifCusted treaAGH psi g

(7.00 MPa dro en aut ocl ave t undey_such conditions -
for 1 nr viod iedRoaddige ANt AT BreaRuBe’ At Y adi o1 S deing ' the.
. pretreat ecicat aiz/cstmm@télg othéh?lamaoafa\seaaax@@pifom@\iw@%éa{me&aed

into the autoclave and 30 iquid am 25 noni a was added. The m xture
was heat &t FEOEE oA r2Bt anver EhoRy §PEgen selegtistidly miefifre of 1000

Psig (7. Q%MME 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
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After 135 mnutes the yield of 6-am nocapronitrile reached ca. 72% at 94%
ADN conversion for a selectivity of 77% EXAMPLE 36 - L&®20gtebern 4t3al yst

prepared Ry doh@sdaasi ¢ 30 | eaching of an alloy containing % Ni
wt% Co 23 wt%and G 1 w% was charged into a 50cc aut o%Fi@’éX\g’f'('}“s get her

with 0.25 g of tetrabutyl ammoni um cyani de (Bu4NCN). Subsequently, 35 ni
of 1i qui dmarhbhEawAss badded] tand a°fewit30 stia"r@mt_:;oberrh%O%e\é@L&@ GAR62

PCTI US00/ LXt.ur eat e Wi t stl r The ressure was
adj ust ed %%S)ég}sghpss:%gﬁf)ﬁ@%ﬁa Cﬁﬁﬁ%ﬁd Ci r fROcHa®e was kept
under suchutoallateomssf Gepk RindeAf teeich (‘cﬁﬁidﬂﬁ,orlémfclﬂ quih- phage. Was
filtered off, .| eavi n the pre 5 treated catal yst inside of the autocl ave.

3.2 g of FERLIBE. PR e&ﬂ&lllldnp@atsﬁe“@tﬁd‘eqlé\ﬁé’%@ﬁfo Measfing e La:msmnl a

was fddegredbeant-xtHA 0 acted i th en at a
total pr ess%re of 1000 ’%g\g?;in@?%tee%&%)& Auttg’%qaﬁ%(} m%nut {rfeD Y of

6- am nocapRroRFEedl enteached aggoclevg2@nat 397 qnlADN darqvm&lairnndr&ra avas

sel ectivi 85 VPLE 37 - of spapge Ni  catal yst was_ charged
into a ac/cé)éz;lut or(‘r:( Aver 8r§t HEf \%ﬁefaﬁ%? 5% %g’f gADRFQnHeGC £8 yish hyirCN as
a 0.5 M shtagémnat nadtﬁebmybréal‘s[m@l de. 18@tasg,sqtgent7| Yo #dll. ofaddguid
anmoni a s added, and the mixture 15 was heatéd to 80C with stirring. The

pressure &3 B d EBe18061psPg (STaB"GHWP&PrWPtlIﬁrh}@r sgecheaf teer. 200

m nui@s, gddheyyyi 6z¢ r tLi % at 91% ADN
conver si an for aﬁﬁl%%lfl Vi tﬁgbg Egg/?BEX%\N%%]—_‘Eggg%g f E% Osponge ?\ll

cat al yst BRI ryed- i htd @ 02OSEOngeauuochaaéystogabhehanbtai 3n2cg z0f ADN
and O. 03 ubs e UId anmoni a was added, and -
the mxture \/\/ad\?occgﬂ[ detoE %E&Fhwégflm? 299 ?he”PNea8dr 8- Oids %adifusted to
1000 psi dui(CH G0s MP&) . 5 1 hsbYdE 0gaN: nAlL Bt H3B0FBi-REMEde .t NeuYel d Of

6- am noca onltrl | e reached ca. 25 77% at 94% ADN conver si on F

sel ect i vidsrH 204> E’?@AMElB@uld,l‘?‘?mﬁnéF Rafegddedeopnft th@smbrauged into
a_5Q§C 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% ae 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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autocl ave, together with 3.2 g of ADN and 0.03 g of NaCN. Subsequently, 35
m of liquid amoni a was added, and the mnixture was heat®e®cteb80C i h
stirring.WOR¥6486ssure was 30 adjusted to 1000 psig (7.00 RPEYS&H 1S
hydrogen. After 570 mnutes, the yield of 6-am nocapronitrile reached ca.
71% at  96¥hABNEC@OVer Si.ongf OFf BpIRIRCINIVidat 0fy HM%Bas SHargdd Etgbgr 2003
WO 00/ 64862 PCTTUS00Q/ 11045 EXAMPLE 40 - 1.2 g of sponge N catalyst was
char ged i PPBCa2u50€d 2¥6t oEPIFEREFO Yt ReC -widt ¥ @D 5-9f AP ey} apneni ummoni um
cyani de. - . ueng) f Lkquhd I8 as ed nd

t he m xt uégg%b@bhégtﬁggélt@g'm%u%s? g{r}:%?I n%g {.'Ié eO%mr?r-:l sure waogﬁgadjvﬂas ed to
1000 psi rdded0 &Rd) thiet hikydregers haadedhecamSel siehwas: keptnginderhesuch
conditions_for 1 hr., After caooling, .the liquid phase was.filtered off,
leavi g RHEPIEE: B3Pea dNPERYSEe MO Fe P55 HY St Gl 2 6"t 67 UEREPIAEN was
i nj ect ed amdothbeaatbethavewaanteds Mndel @t dcam ikl smni powes gdded. The
m xture-was heated_to 70C, and reacted wth hydrogen at_a total pressure
of 1000 pRFEe¥7ceelipg) . thar Léaupdorhage: ¥8 st ﬁélﬁe@qﬁ oiff, leaving

6- am noc 1L C t 349 on fo
sel ecti via%/é)g#{‘%%%/?a%(%\w%%%a}l‘ig? %%598%0?%5 g%%gg“ﬁ%% a 'ysté i/\g/asﬁc%far ged
into a 1A%0ezs almpetned, invgether avitbhldve gnaf 3ADMIaraf A D36id aef

hyd ide. S , 35 m of liquid ER dded, and th
ot (e B ran TO950C Wil CERFPERqwaThBeaheRe tar & hbe ABISEREAR 1060
psi g (7. 4di dPaydd-bheny st 0gefot alf bebskBlenbiUh e ot By . 6 mpa) .

6-am nocapronitrile reached 20 ca._ 73% at 90% ADN conversion for a
sel ecti vititor 340, mipxpgp Ehgoyieldood 6f agpapgapNorddtrsl s trawshedar ged

into a C a e Ltn.3£2.0.0 o tri-
met hyl si F%f c%%\?%%. ¥ %ﬁbﬁs]glgu%%ﬁ’?/%%gnnfggf 2 %’8@??%% i g?@m%fs added, and
t he m xt (BXANRIISE heht edlt®d §0CEwsphngei Nii ngta2§sthevapr edsirgedvaistaslj aist ed

5 0 e e e RO i B 07 4 20

sel ecti vidpd®dgen 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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78% EXAMPLE 43 - 1.2 g of sponge Ni catal yst was charged into a 30 50cc
aut ocl ave, together with 0.25 g of tetraethyl ammonium claficdebeEt 200N)

Subsequentdgyogsdgszm of |iquid anmonia was added, and the ml.g Btﬁu\ﬁ’?é
~heated to 80C with stirring. The pressure was adjusted to g (7.39
MPa) with hydrogen, - 32 16 October 2003 WO 00/ 64862 PCTI USCO 11045 and

the aut ocPEdethEs akléﬁf:16H6el“’a§uéﬂ$%or‘\mfftqrorﬁsicffbrcomdnrtlomtécbr coohing, the

I'i qui d phage-was r edy,af % treate al j nsi de of
the autocl ave. .OMH]S ghg Ly lug?l ]lpect ed 1N o &5 o%f% i/%%\ﬂl% m of

li quid an’FEenDnﬁaraaseéddedalThe instidiee ofas eeahathdIa-VOC, ang 4 eaet ed

w th hydr a tot [essu of 105 i 7.37 MPa After 260
mi nut eg t%g yV%Fdn&*_f’eg pﬁ%Eang‘ﬁ fHbeE rag’&l%@((ﬂi 3(15am384-")’/€ atimaid AN

conves si afiofids Raseh@aéllVvi t ynef m8R%ureENAMPEE 44 a0 L % @Of a%'iﬁg@%%ctegf

catal yst was charged into a 10 50 cc autocl ave, together Wit
t et r aet hy¥ AnfoRY &hPIeni %%y%n?@%a@EPINS@N)rE Stﬁbé@@&em:ts:gg 367 ™7 afrd)i qui d

anmoni a A@s _@.dﬁl@@, x% ed to 8OCV\ntI’i§;t|rr|ng The
pressure was - ad usr%1 f%%% guégd?g%og %Elfocapﬁowt dEahfsh kept
under sucHR codrfk tabone4? o?kDHD @ﬂnversﬂbhelfo%aceéﬂe&gmﬁﬁ@ ldfqW gk phase was

filtered av ng ][ckbgoé) treated catalyst inside of the autoclave.
1.2 g of nj ect oSPARIGUNOcFate XAl ¥8snicherrgedydintcammoni a

was lGaddezh ddieauwtiodliwe mg@@a@ﬂ #2r B0, 08N 5@6%% L e at a
ure of 1000 7.00 MPa) Aftergzo 5.4 a\t%cs},ﬂrtlﬁ%mﬁ e

t ot al

6- am nocaté'fjtﬂﬁlféi‘rili‘%e r%ﬁ@gﬂ 1% £Ub%%$m\1m03ﬁ/en.'5|@fl 1mquadseinﬁ6hnw ty of
84% EXANRLE 1. grged _into.a 50 cc
aut ocl ave, toagg%ehder a\%vl.“%htq{(‘)E 82 g o? %gﬁéflmg?méﬁ Ef Wit S ERIIRE -
(Bu4NSG\|)ThGSLIB§E§Cﬂ]Bm Iv§as3&dﬁiuszﬁedlitqmu Dloaﬂmpﬁig 25 . vesmedded:; tang Lhe

m xture s heatetq}to SO%V\A'[ stlrrln The pressure was adjustéd to 1000
psi g (7 Wi Ftlhcél'rlu 1 EheeF EQEnOcBndirsi-ondfter 1.0

hr . Mﬁtemoollng, 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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cooling, the liquid phase was filtered off, leaving the pre- treated

catal yst inside of the autoclave. 1.2 g of ADN was 30 i nje&céabehat®¥the

aut ocl avevantregd2m of |iquid ammonia was added. The m xt BFEUABEIIAEat ed t o
80C, and reacted with hy- drogen at a total pressure of 1000 psig (7.00

MPa) . After s- nddrsl@rEtphery 2003 - YW H0L6A862 1 PETh WSQALLLAAS g3.25 Jhours the

yield of 6-am nocapronitrile reached 81% at 95% ADN conversion for a
sel ecti vi P9 %oRDE5BOIEANVRLE 45°r 4 PeheetivpbHgeNBS&at al yst was char ged

intoa 5 ave, e i . 2 A nd 0.1 of.

tetrabuty Bl 9 hi glc'yéa%ﬁ;eﬁ(éﬁj%%ﬁ.l %%ngaﬁgwf" % §ga§ggdoﬁn1%|°qt?i d
ammoni a was addetitcarichuehe tmgdtiier wast heat 2dgt of 808 whihosti g iofg. The
pressure was adjusted to 1044 psi 7.30 MPa) with hydrogen. After 6 hours
P’y Pel dL ot TP R OR (511 e Y st in (BodSihbno SERFaHR ST oRS F6v o
10 sel ect pyi §Y o0f B4imdiAVRldE ddded; 2283 of hBaRe¥( (1L CR2 ¥R SRAKIGE I NtO a

50 cc autocl ave, together with 0.05 g of tetraethylammonium thio- cyanide
( Et ANSCN) 808&Gbvyagiiemttiyrrdngc dihe irjieesanaovaa ad3ushddety aAd4t peig xture

was heated.tq.8 i tihrrg 5T ressyre was, adj usted to_1000 prig
(7.00 I\/Pagil':"\‘/v?tohgl%?l\-l)vI %&%er?{#%er&'eptﬁﬁ%gerésﬁg r%oﬁlaf“t %ﬁggf 8% 675 hrs.
. After coahingcaphleritqdile phasheb 2% | der sz ohby teavepgibherprea treated

catal yst ‘ingide of the autgclave. 1.2 g of ADN was injected into the
aut odPaveS8h8CEEVHEYoPE Bddi-d ammoni a was 20" added. The ni xture was heat ed

to 80C, apgameapt @9 Wi thohy o ageR-P & Li&l cREESSHN Enph 1024 le?i g (7.17
MPa) . After—2Zhours the yield of 6-am nocapronittile reached 81% at 97%
ADN conveastonléaye, atogkesbeiryiwitlnf0 81809 RXAMPEEragthy lagmgnohmatB¥%orhodi um

on alum ng _catgly =25 tai fr mEnQ_Lhardr#rDvias charged into a 50 cc .
aut ocl ave‘%’aﬁég‘gt ﬁtgrtgl\?\ng?ﬂ?() 0 Eﬂ’ggg}le é:tllya%t yiartfor 1t TWAM gevas |
( Et ANSCN) ad&Ssbisequenthy d8xtaref Wd=Uichtasmons agses agdededstiandnghe mxture
was tf?atedto 80C with stirrj.ng. 'g1e pres- , '
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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sure was adjusted to 1000 psig (7.00 MPa) with hydrogen, 30 then kept under
such conditions for 1.0 hr. After cooling, the |liquid pHaskstehsrf?lddered
of f, | eaviyfholdigs:Pretreated catalyst inside of the autocl of ADN
was injected into the autoclave and 35 ml of liquid ammn?é%v[\)géwé&%ed. -
34 16 Cctober 2003 WD 00/ 64862 PCT/ US00/ 11045 The m xture was heated to
80C, and F&&cid&tptch waslimperedtto a8 0 dEal apd essareedf wibb2hpdirgge®. 36

MPa) _ After h e .vd el f_6:-amuno njtri reached 78% at 95%

MO Gon-  aerron Parts i s YRRty “E Bt £ 28- 21808 hdkr e ponge

Ni cat al yshewys edharged -antimararhfbeit Bl ©Cteyehed 0get her Whi haBn5-8,0f

t et raet hy] anmoni u fluoride hydrate. Subsequently 35 cc of |iquid amonia

was addedSTEAE™ %]é’rmaxrsﬁr]@%sv%t%@ §9°800C with stirring; the pressure

vas ad] Usteavbor1200-pal.g Gl L0 M&gdiih SMERAen. wJ0 LRER,EGPILnder such
[

conditionS for I.0 hrs. After cooling, the lidquid phase wa ered off,
| eavi ng t @ PFepRERCé@vVegat@gpithamsrideh of -3 he @it ot wvet hi3l &ngoniuADN was

injected gi -f.he |ave 5 mM.of Jiquid ni a.was added, the
m Xt ure W%H%gé%igdh?ggggﬁ' arﬁ% %éezqtlfeenat l\(f)ﬁ’t# ﬁty r g?%qumr&mﬁb? ayas
pressure 834800:081 ghk7 9@ :MPR) wAf GRSy M HW RS- \&Jﬂ?h yé-;LBI grfr];g; the

6- am nocapronitrile reached ca. 83% at 96% ADN conversion Tor
sel ecti viRyeBFUBEUW2EXANPLUELSD +0]1 1D QP afsigpoiiye) NiIME=at abitsh lopdk-Sgéng of

ADM r r i 0 ¢cc _autacl.ave oget her, with 0,3g of 20
t et ré@?h?‘f%%ﬁo%? F’nﬁlﬁ%?i %gcﬁygfjé’tdg% u seftd:'&gﬁtln{/ hES o ¢ LS RAUL HFoni a
was addedthantlitrhed nbhbueewnss fhdaeedd @0C 1 atdihptiHd igie @k &act ed

-~ with hydrogen. at a_totgl pressure of 1044 psig (7.30 MPa) After 20 m nutes
the yi el FBF2EYSE oI fidE8pPonFPRi PEtCSIATEY Ga2 BRIABABBMaDN imerdi on

for 25 aissedoghé Uikiolladd %nBXANPLE Bl 11k 4 a9 N LRI VL was

charged into a 50 cc autoclave, together w yT‘ammoni um
fluoride tyelrmtetufebsegurast¥d3boc oo | iathd GeAEHA &WAS 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 m'Euﬁei 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 sewasthwated ofo 883G with stirring; the 10

pressure ﬁg% %u ed £0,100Q.p with h dro hen kept
under su §£ns of % gfhrﬁlgge&fter coglng T95%he 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

total pr (o) 0 p. 7 00 I\/P Aft nut the yield of

6- ami noc%@%%‘?‘t r% % ?g%cﬁhgt ‘73‘% 2556, EBNJB O?Flf“’fﬁlrég the

sel et® i Vlﬁﬁyesﬁuﬂ@%aﬁ)@tﬂﬂ&éa toli1dog ekiBh ((75%)0 /pﬁjaaoaqm WhaFgseh nto a

50 cc 20 ,autocl ave, o ether with 0.5 g of tetraethyl ammni um fluo- ride
hydr at e. téh%%gﬁﬁfé %5 RS CPP@EF&IOEMI@Fal\MQS 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 utoclae 3. ADvaasm ected inhto the
aut ocl ave" and c\{ :Ing 8 8&&81 a 5Jl|’?i Yaf @4 heated to
700G an%ﬂ@@ﬁ:@ﬂli’\ét@agyﬂéé’ﬂgﬂ ab 700('_‘, 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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a total pressure of 1000 psig (7-00 MPa). After 40 m nutes 30 the gll el d of
6- ami nocapronitrile reached ca. 76% at 94% ADN conver si'dh 9cspPgr 2003

sel ectiviwgp00k4884% The results of the above exanpl es are scrvuB6d/aeds i N t he
following table: - 36 16 Cctober 2003 WD 00/ 64862PCT/ USO0/ | 1045

EXCat al yst Addi ti ve Ti neYi el dConySel ect (Tenp. C) ClSponge N None

(60) 30mb7990%3% C2Raney(r, déal‘a&ﬁr@ (70) 40mb8Y90%64% C3Rh/ Al 208None

(80) 30MBYF6% - Ca‘i@bﬁﬁ@e Ni ¢ 60)°¢3W2W94W%828pafﬁ§e1 N CEopx0) 186hFet

093%7- 0. CeiRan hkgo (ZQL4. (3l 3W8%31%3A03gney(5r)° CoCO 40) 16097 1989%80%
5Raney(r) -0 é&%% Sponge N OHP Z(:80) 24mZ /<97%B§ g 7Sponge
Ni TEACH ( % i TPACH ( 5m3§ 59849% 9Spongd* Ri TBACH
(70) 30n80 4%3 AI 2 80) 75827898 4% J;LRane I CoTBATH

(80) 307199407 pﬁ ge (80) 40n¥ 05 9%T3Spondé *Ni TBPCH
(80)6rr72°/ 08 )8"1 (80) 10rr740)9‘32%0% #3Spongée=Ri Fee?{t0 9 .

(80) 100NV 72049838 bng N| 6 (CO 16 ( ?) Wﬁ%Q%Bl%?ﬁSpon@b’
Ni 0s3( CO) 12 (8%6}116810 /@3%2%%Sponge Ni 08%0rcO) 743 (80) 8BK30-883- 0. 88%
19Sponge NP RURTLD €80) 60nif8ID19B4% 20SpSige Ni RE$(CO) 124%  79%
(70) 180W1®/<929@!;7®)6%S}5Dng@MADH53((6:®) 12 (70287 1988%81% 229pdnge NiFe2( CO) 9

(70) 7h740/(8150/(863@0nge Ni TEAOH 35m 80% 86% 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 FBPOH (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%
13  Sponge Ni Ru3{(CO),. (80} 60m 76% 91% 84%
20 Sponge Ni Ru;{(C0O).» {(70) 180m 71% 92% 77%
21 Sponge Ni Ru;(CO)i, (70) 8h 71% 88% B1%
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%
C 32 Rh/Al1,0, BuyNCN (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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23Sponge Ni Fe2(CO) 9 (70)4h75993%81% 24Sponge N Fe2(CO 9 (70)90nv3905% 7%
25Sponge Nit-octylIn (60)20n72989%81% 26Sponge Nt - but yl4f October 2003
(60) | oomABex0982665% 27Sponge Nit-butylIn (70)50n70985%82% 2$Sparng®iiods
Nii-propylln (40)4 h69%38%78% 29Sponge Ni n-butylln (40)60nm69%89% 8%

30Raney(r ), LCons 4 %7 4% 31N [MyOBenzy! | n (70) | OT649%B69%44%
32Rh/ A120 §u4 %{3) 8 Spongeyg5gg4 5 80) THUNB39858687%
20 o
5%

34Sponge Ni_Bu 0 5Raney Rli" Bu%RICN ( #135nP25049%07%
36Al Ni CoCr |§u4 Sponge Li (:1(\%80) 206601985 %
38Sponge Ki*Na 30rrV N9 o, (§dRaney ( c¥ $80) 5 AR 190828 4%

40Sponge K Buﬁmqerg%{m#@%w@m 4lspongé5mi HCN X% 0) 18(9(676%)0848&%
42Sponge RiPve3Hp | 0GRAGED 0% B% 43Spon@dnNi Et7ANCN ( 93)8260n84¥84%89%
44Sponge ﬁﬂEtéﬁB@G 8@}5 THSFYOEBNY - 37 BEuCct otir 2009 A  80%

00/ 64862P6&@I USo01t D480 45 FFaFHe N BUANSCN (8 1®x2. 5hak695% 8% 793
46SpongeNSBUA NSO £:0) 6h8EHFF06(340) 47Raney @orCoEtA4NSCN ( 84@) 22h8190970 84%
48Rh/ A12O3Et 4NSCN ('80) 2. 5h78%05% 82a 49SpongeNi TEAFH (80) 451830960 86%
50SpongeNi TEAFH (80) 20n79998% 81% 51SpongeNi TEAFH (70) 55n78097% 800
52Raney( c) CoOTEAFH ( 70) 16n749%94% 790 53Rh/ A1203TEAFH (70) 40N76994% 81% 16
Qct ober 2003 CLAI MBS
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We claim 1. A process for the partial hydrogenation of a dinitrile 5 to
an amnonitrile, conprising the step of contacting the dinitrile with a

hydr ogen-containing fluid in the presence of (a) a solven ri.si-ng

| i quid ammoni a, an al cohol, or both; (b) a hydrogenatiﬁ% %5f§$£%€§b§nd (c)
an additive for inproving the yield of and/or selectivity to the

am nonitril 49 characterized in that: the dinitrile has the general
formul a R( —Wherein Ris an alkylene group; and the additive conprises
a conpound selected fromthe group consisting of: 15 carbon nonoxide; a
tetraalkqugnggHg]hydroxide conpound; a tetraal kyl phosphoni um hydr oxi de
conpound; a nulti-centered netal carbonyl cluster containing (1) at | east
two nmetal atons withi pre¢rssclfgst ere Fartiaat hydzogenaiiee 20 ddidgesibet ween
the netal aLogR WhididlchBecCl UsiBlisiaRdikd idekpabs L&ASLORE £ bonyl group
bonded to a netal atom wherein'the netal is a Goup VIII netal; an

organi c i s6RAPEEFI & H tyanhulreasmpeante Havichg lat d| Badiheorseegato 9fr oup

bound 25 t@)0hLhes1dan Bnfal POty atiQnl d aithdd bl USRT & HQTPOYAtoth; The
process of claim1, characterized in that Ris a alkylene group of 2 to 25
carbon at orf®) 30NEIropeEaBieR eSkAdySEF oA 1(C)c RAr A8E BriEe dOF niFREAY e

dinitrile irpesgiecd e hhami hes QWP €PNS SlhleNgnPhodinqai tril e,
nethylghrtaronltrlle and al pha, onmega- dodecanedinitrile. 35 4. The process
of claifth 1 PERAFERTAS%48 FPethat the solvent is liquid ammonia. - 39 16

Cct ober 2003 5. theedphipeess ahscligd Mehereharaahflal zednj ) hateida is
hydrogenati on catal yst conprises a transition netal selected
an alkylerte 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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fromthe group consisting of iron, cobalt, nickel, rhodiumand 5
conbi nations thereof. 6. The process of claim5, characterized in that the
hydr ogenati on catalyst is in sponge netal form 10 7. Tq% Rrocess %% claim
5, characterized in that the catalytic netal is supported 6 aﬁ:inoﬁganic
support. 8. The process of claim1, characterized in that the
hydr ogenation catal yst is precontacted with the additive. 15 9. The process
of any one of clains 1-8, characterized in that the additive is carbon
nonoxi de. 10. Tie prdtessrofesd aifmcainhhr atkenrzedi dau tihathaheche20 rati o
of carbon X] 0 _h t] . I Sl r.an om about
0.001:1 to gga%gf#:l%nm%gFggﬁ%éﬁ%%égg%gs%.s&fﬁl}ﬁq%lg B%&ggsgglog%%{/ one of
cl ai ns 1- 8 frehatlaetammupedonsistimgt ofheramdidobeé ti snickadt,r ahpfiirarameini um
hydr oxi ge coppoynd: , 25 égregpe process of claim 11, characterized in that
the weight ratio of additive to hydrogenation catalyst is in the range of
fromabout 0.001:1 to about 2:1. 30 13. The process of claim 12,
characterized in that.the cakkyk groups otnihe dativaal kylamonrhem hydroxide
each individually contain froml to 8 carbon atons. 14. The process of any
one of cl afwgreggnatdiear getetysted si An3srengn mefhélalieintive is a
t et raal kyl phosphoni um hydr oxi de conpound. 40 16 Oct ober 2003 15. The
process of claim 14, characterized in that the weight ratio of additive to
hydr ogdflati on cdtal 8% R=oGgesst AE ctalfye of e Fhealcas 02 09 Bt1ths about 2: 1.
5 16. The QBQQ@%@i@fmef"c'a@-i M Ldspghacacteriz adiorgahhatsddpe rcal kyl groups of
t he tetraal kyl phosphoni um hydroxi de each individually contain froml to 8
carbon atons. 17. The process of any one of clainms 1-8, characterized in
10 that the addigti¥geigrate®dl bit- epered cARE Mt GaBanyh wldtstee. 18. The
process of claim17, characterized in that the | .
hydrogenation catalyst 1s 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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wei ght ratio of additive to hydrogenation catalyst is in the range of from
about 0.001:1 to about 0.5:1. 15 19. The process of claim 17, characterized
inthat the multi-centered nmetal carbonyl cluster is s%legt dbfrcggdéhe
group consisting of cycl opentadi enyliron dicarbonyl dlner |r

nonacar bonyl, tetracobalt dodecacarbonyl, ruthenluntcarbonyl 20
hexarhodlunthexq@ecgﬁaron%l o§npﬂgthrbon%araéIQEQ|ugtcaerqyl rheni um
car bonyl, and COrbi NAT i NS of fwoor "horeé f 3t process of any
one of cIaMﬂBgmt8xatﬂmapécaed1txyiitn hydatgdrize iadded taleysits ianinrigani c
|son|tr|Ieragg? Jg% 8E88€§§&%1 .6l gl m2Q,. characterized in that the

wei ght ratio tlve f o hydrogénation cata yst is in the range of from
about 0.001:1 to about 2:1. 30 22. The process of claim 20, characterized
in thatsthe orggni @hés&mcte N 8fh@§altrh%4?egﬁglaalcteq iUk 3 R hRCypewhere R

is a hydrocarbyl group containing from carbon atons. 23. The
process of aakylomecwts effarhs Q9Q¥aaéhaiﬁkﬂﬁﬂhQEéém|hydE§¥Mﬁﬁa?8F%e additive is
a cyani de QQHPQMﬂQﬂh_VbBHtQﬁn'ﬁﬁﬁﬁloﬁé £YNP Y QEPndound to other than a
carbon atom - Oct ober 2003 24. The process of claim 23,
characterized |n that the weight ratio of additive to hydrogenation

catalyst is in the rhangeRksf 6emAPeME G001kt @-abodtahRielizoq2b, The
procesi%of claim 23, characterized in that the cyanide conmpound i s

sel ect f CBAT ¢ Hee g"\‘j(‘jldﬁl&%njssr st Mg Lot cetfdregaRPEatyaafingayl cluster.
organi c-inorgani c cyani des, salts thereof, conplexes thereof, and
conbi nati ons of tmo or nore thereof. 10_26. The process. of cIa|n123

characterized i A8t hBE® tH@Ceeaff de AnPunthd @ LEréeeedit ridratt hBE gr oup
consi sti ngwef ghhyeiages rcyadi tecand BydhiQepranbaecadd y3t. idhen precess of

any one of clalnd: L8 $hale%Y 801289 Mbout 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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that the additive is a fluoride conmpound. 28. The process of claim 27,
characterized in that the weight ratio of additive to hydrogenati on
catalyst is in the 20 range of fromabout 0.001:1 to ag% é ?2%03The
process of claim27, characterized in that the fluorid ﬁp%u d9°s
selected fromthe group consisting of am ne fluorides, anmmonium fl uorides
and the hydrates thereof. 25 30. A catalyst conposition conprising a

conbi nation of (1) a hydrogenation catalyst suitable for hydrogenating a
dinitrile to ar4anThenptadese; ofindl{i2) 28n adldiddteeithdtin mpraavebet he yi el d

of and/or sel. ivity t nonitrile fromsaij lyst. 30,under
hydrogenatl %ngfé%ndg |Oor?§ Elct}Cga{ralar@cet g:IBI z Jgim%e 9 m:ﬁ . e h?dggggﬁ tt:Jeon

cat al yst i gappetokafmth wbbht thae0iadditi ateoutad St he addl tive conprises a
conpoung sel ected fromthe group consisting of: 35 a tetraal kyl ammoni um
hydr oxi de conpound; a tetraal kyl phosphoni um hydroxi de conpound; - 42 16
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bet ween t he net atons within the cluster, and (ii1) at Ieast one
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metal ; an c%ﬁl?@@k&s 1 9RPELET | Sha & ca%@Rk O omRoURd haviig ahet&ast one cyano
group bound o other than'a carbon atom and a fluoride conpound. 10 31.

The cat@l yst conposition of claim30, characterized in that the

hydr ogenat i on C@T@'ﬂ ¥ed SRESEs @ diansi t besrdmieal zcgeieatgd theom the
group consi sti ng iron, cobalt, nickel, rhodium and conbi natl ons
t her eof . 1%5Yyanide compound is selected 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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32. The catal yst conposition of claim 30, characterized in that the
catal yst further conprises one or nore pronoters selected fromthe group
consisting of Goup VIB and Goup VIl netals. 20 33. T @7 003
conmposition of claim30, characterized in that the hydrogena i On ‘cat aly
Is in sponge netal form 34. The catal yst conposition of claim 30,

characterized 25700t Al BaCAL ALV 1d.GBRL B! o1 RUPREAL E100, 4D, 1 ppr oani ©
least two metal atoms within the cluster, (ii) at least three

bridges between the metal atoms within the cluster, and (iii) at
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.





