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| Klenke and Gilbert, Journal of Organic Chemistry, (2001), 66, 2480-2483

25 disclose a method for the reduction of nitriles in the presence of Boc-protected
-amines using combinations of nickel with palladium on carbon. This reference
does not disclose the usé of these catalyst combinations to reduce 2-iminonitriles
to their corresponding diamines, nor does it disciose the use of a palladium-
doped Raney-type nickel for such a conversion.

30 AMC is a valuable molecule that is useful in the formulation of epoxy-
curing agenis for polyurethane cross-linkers, for polyamide modifiers, for metal
chelating agents and a host of other uses. AMC has bsen produced from CPl by
various catalytic hydrogenation methods. Most of these prior art methods require
high pressures of hydrogen, high ievels of corrosive sodium hydroxide, or results-

35  inlow AMC purity and/or yield.

Itis the object of the present invention to provide a process for the high
yield manufacture of AMC which is economical and which uses relatively low
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chel ating agents and a host of other uses. AMC has

been produced from CPl by various catalytic

“hydr ogenati on net hods. Mst of these prior art nethods

require high pressures of hydrogen, high | evels of

corrosi ve sodi um hydroxide, or results 35 in |ow AMC
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DESCRI PTI (]\I (): “HE I N\/EI\ITI (]\I 25 Descr i bed herein is a
process f ! ‘ SHINVE

I N BBesribea ﬁemg aqsrceés)s for Ioduﬁbss&ﬁé hmdsgzsna@am of«m:abyst
AM%ysﬁttt?én pr%ggp Sfd]g dtuaF or combined, catalyst system compnsung the

cgmblnatmn-of nicke! with palladium, wherein the palladium is supp.orted on _
'cafbbn,, or (i) palladium-dppedRaneyntype 'nid({el. The process is catried out at

. pressures of 500101500 psi (3447 10 10342 kPa) Hy, temperatures

of 50 °C 19150 °C, with added ammnionia and inorganic aqieous
base 1 to.-1-2-h6urs. :

The catalysts used herein are slumy-type particles and must be pre-
activated in a suitable solvent system at a pressure of 50 to 6@0 psi

| {344 10.3447 kPa) Ha, from 25 te 50 °C for 1 to.4 hours. prior

to charging the CP1 to the process. The stading 2-iminonitrile, which is f-amino-
2-cyano-1 -cyclopentene (CP1), is produced by the base cataig__rzed cydclization of




conbi nation of nickel with palladium wherein.the

pal | adiumis supported on carbon, or (ii)

pal | adi um doped Raney-type njckel. The process is
carried out at pressures,of 500 to. 1500 psi. (3447 to
10342 kPa) J-1 ,tenperatures 30 of 50 C:to 150 C, wth
added ammoni a and i norgani c aqueous base 1
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| Tt adgicrizeOvglei31 VI@| ih rRUgh:tBA %b%él é&ﬁgé BYautoclave,
raising the temperature to approximately 25 °C to 50°C, pusg_mg— with 2
volumes of No, then addi’nghydrogen toa pressure- of 50-psi (344 I;_Pa_i.)" to.
500 psif{3447 kPa). These condltsons are held for 1 —4 hours {o
aclivate the catalyst system.

.30 - - After. achvaﬂon of the catalyst system the law—pressure

hydrogenation is cairied outin a reaction vessel the presence of hydrogen,

typicalty between 500 psi (3447 kPa) t6 1500 psi {10342 kPa).

Nitrogen or argan is initially used to remove air from the reaction vessel and can

‘be added during the reaction to minimize the effects of trace: oxygen on the nickel

- 35 ca{a|ys_t.- The catalyst is contacted with CP1, at least an equimolar portion of
anhydrous ammonia (a 51 mole ratio NH3/CP! is preferred), and a ‘




may be required for increased rate of conversion. For
both catal yst systens, the catalyst is activated
prior to use by conbining. ig wth water, an aprotic.
pol ar organic solvent, a conbination of aprotic pol ar
organi c solvents, or a conbination of aprotic polar
organi ¢ sol vent and water, preferably a solvent bl end
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to idfreavate baingmselonednit vis diosateiwatenpetng L,
Ten‘gﬁé@ﬁwes of 50 Cto 150 C.- are preferred for the
onver si of .CPL_ to AMC during hydrogenation. It has
een obserGEHICeED is teieallyinym by a stiradeiatthuriode (Huriyb@talydty
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pol &ke iR t natio rotic polar
or ga Ni C B‘%Qﬁ% %ﬁ ?é)w 2 sepgr(?g?omtﬁ"&ﬁ wafera the peacass is
28 g gﬁm@d syt ipdatch mode, after catalyst activation of step (!) but before
contacting the activated catalyst with the CPI, a_nhydrous ammionia, a_nd agueous

. Inorganic base, the temperature and pressure are brdug'ﬁt'fo anibieht conditions.

The CPI that is used for the process of the present lnvent:on may be
| produced by cantactmg adzpomtnle with a molar equwalent amount of a sterically
.30 hmdered base in a nen-polar, aromatic solvent, That CPI may be tso!ated and
3 dissolved in dioxane/water salution.
Purification of AMC may be camed out, and is aocompllshed by
separation of the reaction mixture from the catalyst by vacuum fi ltratlon under an

inert gas such as Ny or argon, followed by vacuum distillation. AMC is a useful

35 molecule, for example, in the formulation.of epoxy curing agents, for




15 and water. Exanples of these include, but are not
limted to di oxane, diethyl ether, tetrahydrofuran,

wat er and conbi nati ons therepf A solution conprising

di oxane/ wat er conbination from 1:1 v/v di oxane/ water —
to 5:1 v/v di oxane/water being preferred, 3:1 v/v

di oxane(wat er being nost preferred. 20 The process is
typi PRlvHipthang dressdinkeist foe polyainile diBlfers SbMhEM! chefating agents,
cataleyst), where the catalyst is activated in the

above procedure, after which the CPI, 50% aqueous

i norgani ¢ base (approxi mat e|EXAMRLESL of the sol ution
relative to CPlI). is charged to the autoclave. The

ague ngrgani c base may al so be added as the :
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4 tmt bé}‘rﬁ- § e as ar gon
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25 Example 2: Hydrogenahon of CPl'to AMC us:ng a Paiiadaum-promoted Raney
2000 Nickel ' .
The same pre—treatment of catalyst was done as in Example 1, with the
exceptton that the catalyst was 0.5 wt. % palladium-promoted Raney Ni'2000.
One. gram of catalyst plus 10 grams of starting CP! was heated and stirred 6 hr at
30 150.°C with1500 psi -10342 KPa) H; (with. re—pressure) and excess NH;. Gas
o chromatography showed 100% conversion and > 95% selecttwty fo AMC.

‘Comparative‘- Example 1: Hydrogenation CPLto AMC with 5% Pd/C to show the
effect of nat adding Ni
35 ' . '

50 ml. of dioxane, 15 mL of Dl water and 2 grams of 5% Heraeus K0203
Pd/C were charged to a 100 cc autoclave. The mixture was pressurized to 300




autoclave with. 2 volunmes of nitrogen. The m xture was
then activated with hydrogen at 300 psi- (2068
kPa)..35 C, for 3 hours. Thegm xture was cooled to
roomtenperature, vented, purged with 2 vol unes. of

ni trogen. 50 grans CPI 1 gram of 50% aqueous NaCH

and 7 ammoni a2 were added. 15 The

r eact ?o?f‘ms%“{a'tﬂt °‘f§ ahderG Bhe rixt@eavas HBRG to room

psi (EUBepatiuRayesdéd, dmyldmge@ of QiR h;efeeaome%%&wéa% Ago0

hydr oggyd %%@Jﬂg rrgg gidan to maintain the rdssife
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end eLdz 3t 5e,° (!%Pfelsemzmm NBESSSHP) R, hettst BA6 ANIThe mixture
rifNsegad reacti.on

i xtur e &\A‘ng%)?@? gﬁa © m;%'get F&J@%fﬁ@w@e&fwm Yolr®agaf N2 and
a. coafalyzed by QFﬁ&hWTaPmTﬁe ptostuct wasngd% vakscted CPI and 0%

conceMtCat ed in vacuoto a cl ear, viscous, yellow oil -
The oil was distilled using a \/greaux coI um with

fract ollect product at 48 C and 4 mm
é‘%&"?’ﬁ%‘jee%’faé@% ?e HypingepsfiopfCRIte AMG Wit Ni fystgasthe effect

cWr o@ﬂgmd:ﬁriwpdlﬁ)%% Product yiel'd was 65% 25

Exanpl e 2: nat i to AMC using a
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(wit ﬁ%%: ure) and excess
showea = bt BRPETSSHERNG AR neces 5ty b andheated fof 6L, mmlxture

Conpwes tiena:cbiart kéom teriIb@AL Ja4L9 g)ﬁéd wﬁ? 3 é{g’vp S .;?F_Nz and

5% Pg,l.@ o bifhow he. effect of not
of di ox rgpatpgraphy. eTheaPFGdQCtg?Pai@medemnreacted CPI

Hera'é'ﬂ%o%me Pd/ C were charged to a 100 cc
. agtoclave. The m xture was pressurized to 300 6 pSI

2068ckinara: urs,.at C. The m.xture

cool pd ro%rhnm!._llg b @ "%%h?éa 0 A Withe % Cﬁcé‘f ShOWthe
?%Eﬁ‘% %{a’&éad#'@ﬂ Nowémaqg thegolvent raixture wu@mﬁapmnng the

The me@emmmmd@f&%ﬁwl zed to 1500 psi {10342 kPat

wth H2at 1 [e-pressurizing as necessary) and

heated f V%Q'E?PSGF Iege aharged toers 190enantodibesiwitio 25 arof

25 mreethenmel geeNHgdnd 0 Gefbrddulsko22Y Yol FRR: &f.taIWL 3pd
autocIaVe was purged 3X with N,, then heated t0.60.°C and w:th 300 psi (2068
kPa) H, for 6 hours., -The reaction mixure was cooled to room temparature ‘
‘purged 3X with. Nz and suctmnecl out of the autoclave Gas chromatraphy of
the product showed 99'% unreacted CPI. o

.3
Comparatwe Example 4. Hydrogenatsan of CPlto AMC mth Ni to show the

effect ef not addmg Pd, changmg the solvent mixture to methano! !owenng the
pressure

35 " The same procedure and equ:pment were used as in comparative

| example 3 with § gCPlL 02gof Degussa-Huls B111W nickel siurry, 150 °C,
1000 psi (6895 kPa) Hs, and 1 g of NH; in 50 mL of methanol for 1 hour. Gas
chromatography shows predominately unreacted CcPl with no ewdenoe of AMC.




anal yzed by gas chromat ography. The product was 92%
unreacted CPlI and 0% AMC. Conparative Exanple 2:
Hydrogenation CPl to AMC with Ni to show the effect
io of not adding Pd/C) 50 nL of dioxane, 15 nL of DI
wat er and 2 grans Degussa-Huls 8111 W nickel were

charged to a 100 cc autocl ave. ofJ 1 Xture was
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W0 2. The process of T wherein said 1

‘step (i) is obtained ¢ e -amina-2-cyano-1-cyclopentene of
.: Z:ep (") .'Sh?b@ ned by 'mhfamiég:adipon?fﬁle .with.a;-malarequivéléht amount -of a
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. “Gyano-l-cyclopentene; aid isolating the P P o
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* product of step. ' - -cyano-1-cyclopentene
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-3 Theprocess of claim 2 wherein the 1-amino-2-cyano-1-
eyclopentgne- of step (f) is dissolved in dioxane/water solvent.




7 CLAIMS WHAT IS CLAIMED ISt 1. A process for

preparing. 2- (am nonet hyl ) - 1- cydopent yl am ne, sai d 5
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pressure fora time sufficient to obtain crude
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cyclopentyl am ne. 30 2_ The process off wherein said
1l-am no-2-c ano-1 y -cydopentene of step (ii) is
obt ai ned by contacting adi ponitrile with a
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sterically hindered based in a non-polar, aromatic
sol vent to produce d-am no-2- cyano-|-cydapent ene;
i sol ating the 1-am no-2-cyano-I|-cycl opentene produc
of step. 35 3. The process ofTigLBEIi m 2 wherein the
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PCTI US2004/ 007761 8 4. Thelopeasrssin®f claim 1 wherein
said process is run in a batch node and wherein said
process further conprises, after step (i) and before

tep (ii) reducing the tenpe d pressure to
ﬁnblent conditions. 5 5. The %géigz§ﬁgccording to

claims 1 _or 3 wherein the 2-

(ami no rreDlsyfme(ih@yiﬂ is pepmogdsarfontbe 'rrmnpfactdré eﬂzwmnomethyl) 1-

d f 3 wh
o Syt iondy RIS iyl e B
or gaflapeniene ening aecamiritrtioatcatayst ystematf nickeloduﬁrpalladlum on

gOPCT

L o W T

pol ar organi c “so Y ocess of
claim6 wherein said SU|tabIe solventlls a

di oxanel wat er sol uti on. TI TLE Low Pressure Process
for the Manufacture of 2-(am nonethyl)-1-

cycl opentyl ami ne ABSTRACT Di scl osed herein is a
process for the manufacture of 2-(am nonethyl)-1-
cycl opentyl am ne by | ow pressure hydrogenation of

1- am no- 2-cyano- 1- cycl opentene using a conbination
catal yst system of nickel with palladiumon carbon,
or a single palladiumdoped Raney-type catal yst.




