WO 03/ 042134 PCT/ US02/ 35495 TITLE Process For The Preparation of Tertiary
Am nes From Primary Amnes and Nitriles 5 FIELD OF | NVENTI ON The present

i nvent i onwoal3atas4to a nethod for the preparation of tertpcargsoass#oes from
primary am nes and nitrite noieties under reductive conditions, and
products nmade by such nethod. 10 BACKGROUND OF THE | NVENTI ON New techni ques
for efficiently preparing common or noddILEchenicals are continuously

sought after by the chemi cal Ppgusds'vor THe P aﬁ-éﬁ}}H@f any inprovenents in
the synthesis of terti ¥ am nes vaI ble as there are

many applications. The A’E%\‘F\Aﬁgmﬂg"mﬁa ithlesact i ves,
buffers, precursors for surfactants, corrosion |nh|b|tors and

pol yur et hage catal ysts. The abil Me addi ti onal
functionality, such as nitriles, , am des, additional
tertiary amne ceﬁtferwﬁsathvgntmnp@Jatamb alnuEihodmrédjeair&giaragommps woul d
al so be desig afﬂ(?rht M, I he

i ncor poration %?Ia% ﬁfr unc |a](c)dr11ﬁg %?g ‘?‘Jlth[)eg’rp%ﬁ'eeg g?g\éd;) %rer
backbone, aff@PﬂF’ﬁ'@nﬁh@ BESI duts Mmade dysushdpelitdes. 1t is known in the art
t hat under reductive condltlons nltrl I es react with amnes to form

al kyl ated_ am ne products. FEgQ % | am ne, when reacted
with adi pBﬁMrl | e under cat=3+HA ' cAEHdNns, under goes a
singl e reductive afNé?/@féc‘Hﬂlcﬁ[é%%Pé‘ﬁlﬁle'ﬁ'ﬂ?g&‘é&ark@ &@n¥@ion or novel

N, N, N, N -tetramet hyl hexa | enedi am n U S” 5,463,130, U S. 5,557,011

and U.S. 5, 894hemigals are a@dirtuomxnlytspug@taftalrlwmmmmahmdusw from t he
reacti on of a secondar 3,673,.251 dhicl oses the

Formati on_of  SeLGIAL 9 TTRRS Al D fesbilBrice rionApiaes wethEte wh

nitrile. For V&luablel asdher@\éreriﬁérﬁwh@{ﬂﬂdéﬂaﬁé hyhi$é BpglvdtioAs 3’ can be
obtalnedfromt e reaction of
include use as bioactives, buffers, precursors for surfactants, corrosion

inhibitors, and polyurethane catalysts. The ability to incorporate additional
functionality, such as nitriles, alcohols, ethers, amides, additional tertiary
amine centers, aryl groups, and fluorinated alkyl groups would also be
desirable. The additional functionality would allow for the incorporation of

20  a highly functionalized substrate into a polymer backbone, affording the
polymer unique properties.

It is known in the art that under reductive conditions nitriles react
with amines to form alkylated amine products. For example, excess
dimethylamine, when reacted with adiponitrile under catalytic reductive

25 conditions, undergoes a single reductive amination onto each nitrile to give
N,N,N’,N'-tetramethylhexamethylenediamine (U.S. 5,463,130, U.S.
5,657,011 and U.S. 5,894,074). In addition to tertiary amine formation
from the reaction of a secondary amine with a nitrile, U.S. 3,673,251
discloses the formation of secondary amines by the reaction of primary

30 amines with a nitrile. For example, 1,1'-di-(N-
methylaminomethyl)biphenyl-3,3’ can be obtained from the reaction of
methylamine and 1,1’-dicyanobiphenyl-3,3'. However, there has been no
disclosure of a method for preparing a tertiary amine directly from a

primary amine and a nitrile.



met hyl am ne and 1, 1' - di cyanobi phenyl -3, 3'. However, there has been no

di scl osure of a nethod for preparing a tertiary amne directly froma
primary awDrg/iosxisd a nitrile. WO 03/042134 PCT/ US02/ 35495 Plenso2/35498 so need
for a nethod that will efficiently provide bis(cyanoal kyl)am noal kanes, as
t hese conpounds are useful precursors for natural products, for substrates
t hat exhibit antit diere aist aigot yeedniorf & metbbg nthatdwdl sfficientidigrovids. To

date, these tg Qﬁ%&é@é@aﬂﬁﬁ&lﬁgﬁ%{]% ﬁ%e c&?’%fp&;rH&é gr%t ﬁgelaf‘& F&?ﬁ‘&?r t hat

require the use ensive h riredi at’e.
For.. exanple fOfRG@%‘lf@rPrpétJ@tﬁr fﬂieﬁ@s'"@iﬁsthat @xhibitEantitumpr @ctivityn sandrfach.

| zvestiya Aka m s.ﬁe'SEdduﬁeég yao déhé nﬂh@@é‘fﬁ lé?s hé\lié BeeRRyntheéizéd0,
February, se the s ﬁ; ?}?/R%Vam n%nFt hane,
where mot s Eqps SR S suite, 1S e S Rspahe S e

Si nce there ha&yh&&ﬂe nas dascln@ameﬁla)té t h€opr exsanplel, ORussiaherédeiryher@ni nes
directly ffomPRLFRLY BT.NGSARG R IG! hosrhBl MAILnATRGE 4851 syl d be

useful in sim cations are

commerci al l'y \NE[B!O@GISWEM\JQ% mmé&.’ﬂ Zﬁ@rﬁﬂMdery. A96o)\disclpeatiee synthBsignown
tertiary am ngg R§®. %Yx%bug@éhil ﬁ@n@e%g&rr@pﬁ'égﬁ/lérh% Pééd@rvyltt} dfbnes and

nitriles |s needed to I ncrease the_ avail 1ty ese types o
corrpounds 0 suprrivalents eHehiprayelereeitiiloo Di scl osed herein is a nethod for

preparing at |east Qg therd haébeeﬁmortﬂscﬂbmwf trh@premrémh botepidrga A
A-R-CH2 N \CH2-R-A ggtxl\/g{a R and gr{ﬁ gqenpd_k% are. C1-C1
substituents &S8I'BEY &4eC ‘?’P&W‘E?{g ajP'BGB ag TilsS: ftiae APingsdhet or branched
al i phatic, cyelondd bphusefid in sienildr hpplcaiioysldre umavaitabis becausethereare A i s
sel ected fr Omntor}?orﬁﬁgﬁalﬁ/o\ngﬁlétrb%s% tlt?é(scg Q%Bouﬁé'san,g 'novel route to
15  known tertiary amines and novel tertiary amines prepared from primary
amines and nitriles is needed to increase the availability of these types of
compounds.

SUMMARY OF THE INVENTION

20 Disclosed herein is a method for preparing at least one tertiary
amine product having the formula

U
A—R—CH;” “cH,-R—A

wherein R and R’ independently are C1-C12 substituents selected
25  from the group consisting of straight or branched aliphatic, cycloaliphatic,
and heterocyclic moieties; and
wherein A is selected from the group consisting of hydrogen, cyano,
amide, straight or branched aliphatic, cycloaliphatic, aromatic,
heterocyclic, alkoxy, aryloxy, hydroxy, alkylamino, dialkylamino, arylamino,
30 diarylamino, haloaryl, fluorinated alkyl, and silyl moieties;
wherein A’ is selected from the group consisting of hydrogen,

amino, amide, straight or branched aliphatic, cycloaliphatic, aromatic,

2



am de, straight or branched aliphatic, cycloaliphatic, aromatic,

het erocyclic, al koxy, aryloxy, hydroxy, alkylam no, dialkylam no,

aryl am nowo30/0di1as yl am no, hal oaryl, fluorinated al kyl, amdTgidoyBs4a®i eti es;
wherein A" is selected fromthe group consisting of hydrogen, am no,

am de, straight or br anched al i phatic, cycloaliphatic, aromatic, 2 WO

03/ 042134 PCTP@@QP%I@QS KRXY: ear%'eyr,»r hydroxy, iedsamoy distylamipgy arwammo

al kyl am no, )?/airbpém% %Ioﬁ@ylfﬁmrﬁ'&ed éjgﬁré(ll,c?gwrl nghaI oaryl, fluorinated

al kyl, and sil sal d method conprisin a primary am ne having
the general for rrulsarcﬁmblﬂmd?bompns(rhg Epniactingarprifanysarmin€haling thebst i t uent
sel ected fromthe rou consisting of straight or branched aliphatic,

cycl oal i phati 8?”3?‘% Hg'flérocycl ic noieties; 10 wherein A is selected from
the group gonsisting of hydrogen, am no, am de, straight or branched

ali phatic, cycloaliphatic, aromatic, heterocyclic, al koxy, aryl oxy,

hydr oxy, al kyl am no, di al kyI am anEZ .amgg.o di aryl QQ hal oaryl,
fluorinated al kyl, and silyl i et es; with at St one nitrile havi ng

t he general fornula A—R—CN (rr) wherern Ris a Cl- 012 substituent sel ected

fromthe group con branch d atic,

cycl oal i phati c, anéﬁ" ?'Q §/@|¢’th e\?/ﬁiéiré?'ﬁ Reg§0%| ected from
the group con%bﬁgrsﬂﬂ%ef s'ﬁ)é?ﬁrﬁ%?ﬂrarfd‘@ﬂoahphﬁfi& ct%ro%rrbnémﬁtaner branched

al i phatic, cycloaliphatic, aromatic erocyclic, al koxy, aryl oxy,

hydr oxy, al kyrrararnoyclmmoueyeam no, arylam no, diarylamno, haloaryl,
fluori nat]g(?'i al kyl, and silyl noieties; 25 in the presence of hydrogen gas
and a catalyst at a tenperature

wherein A’ is selected from the group consisting of hydrogen,
amino, amide, straight or branched aliphatic, cycloaliphatic, aromatic,
heterocyclic, alkoxy, aryloxy, hydroxy, alkylamino, dialkylamino, arylamino,
diarylamino, haloaryl, fluorinated alkyl, and silyl moieties;

15 with at least one nitrile having the general formula

A—R—CN (I

wherein R is a C1-C12 substituent selected from the group
consisting of straight or branched aliphatic, cycloaliphatic, and heterocyclic
20  moieties;
| wherein A is selected from the group consisting of hydrogen, cyano,
amide, straight or branched aliphatic, cycloaliphatic, aromatic,
heterocyclic, alkoxy, aryloxy, hydroxy, alkylamino, dialkylamino, arylamino,
diarylamino, haloaryl, fluorinated alkyl, and silyl moieties;
25 in the presence of hydrogen gas and a catalyst at a temperature
from about 50°C to about 200°C and at a pressure from about 100 psig to
1500 psig.
Also disclosed are tertiary amine compounds prepared by the
method described above.
30 A further disclosure of the present invention are novel tertiary amine

compounds having the formulae:



from about 50C to about 200C and at a pressure from about 100 psig to 1500
psig. Al so disclosed are tertiary am ne conpounds prepared by the nethod
descri bedwalswe21380 A further disclosure of the present i meariSonss4ase novel
tertiary am ne conpounds having the formulae: 3 WO 03/042134

PCT/ US02/ 35495 HO~~~N~~\OH CH3 (V) NC NCN OH (VI) NC ~/~~N CN 5 CH3
(VI'1) DETAILED DESCRI PTI ON OF THE I NVENTI ON The present invention discl oses
a method for preparing tertiary amnes froma primary amne and a nitrile
noi ety under reductive 10 conditions. The nethod is carried out by
contacting at |east one nitrijg—"carpeyrd~wthpoat | east one primary am ne
conpound. It is preferred that the ni &{Iite is used in nolar excess of the
primary am ne. The nethod can be descried gerﬁ‘é’rally by equation AL A A

Il 1 R R ARCNNH2 N ARCH H2CGCR-A 15 (A

/W\

K/OH (VD)

NC\/\/\N/\/\/\CN

I
CH;
(viI)

DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses a method for preparing tertiary

amines from a primary amine and a nitrile moiety under reductive

10  conditions. The method is carried out by contacting at least one nitrile
compound with at least one primary amine compound. ltis preferred that
the nitrile is used in molar excess of the primary amine. The method can
be described generally by equation A.

1 1
0 '
A—R—CN NH, —————> N (A)

N
A—R—CH, H,C—R—A
15
wherein R and R’ independently are C1-C12 straight or branched

aliphatic, cycloaliphatic, or heterocyclic; and
wherein A is selected from the group consisting of hydrogen, cyano,
amide, straight or branched aliphatic, cycloaliphatic, aromatic,
20  heterocyclic, alkoxy, aryloxy, hydroxy, alkylamino, dialkylamino, arylamino,

diarylamino, haloaryl, fluorinated alkyl, and silyl;



wherein R and R independently are Cl-Cl2 strai ght or branched aliphatic,
cycl oal i phatic, or heterocyclic; and wherein Ais selected fromthe group
consi sti rgo®B/oimie4 ogen, cyano, am de, straight or branchedTalSopsspsi c,
cycloaliphatic, aromatic, 20 heterocyclic, al koxy, aryloxy, hydroxy,

al kyl am no, dial kyl am no, arylam no, diarylamno, haloaryl, fluorinated

al kyl , and silyl; ahsreip3h042eRstapdorotde geBDsondisting of drogersel ect ed from

th | St ] . 1 d tr.ai ght _or branched

Al phat i 6. _cyahnbr rile StAEPERprarR Rl R Bl &ypBulhaliarormrld oxy.
hydroxy, al kylhetéroeyclid a!kbx*,aarmszy, Rydrbamaicylardir, vilakgianind) ahAamido,
fluorinated alkyl, and silyl. 5 A few of the many types of conpounds that
can be prepar &iengiaminpshalgaryb diierinated aleylsanghsWlt ri al kyl ami nes, where one

ki ng. i nthe o il BPOe e (Heg TEELARARAS et U beBIRA BTN ¢ ano

net hyl ami ne. proldewsiinelude simpleasalkyi3ardings] whpreopae ean vary thed@ertity beact ed in
t he same manner 10 with acetronitrile to obtain . ]

NN, N, N -tet ﬁ%?ﬁwl chains grypihiagi FRIRN centsrl snaking Hndhe simriesial tertiary
am ne can be : ' 5 | L:Oar W am , under
fhe cond t | ond ooz PRy ing (BRPACLIEARRL Snd hbRyRIMTRT A SBhTFE.
efficiently byputhias 1,8:déaminopromanebcal alsanuatdadtigdim theaakasnmannehi ch are
formed by_fhe reaction.of dinitril 15 with primary am nes. By varying the
functi _onaié_ty"‘ﬂﬁ‘ AGRrgayty Whﬁ‘i‘”r{‘éﬁs%{m _'Eeﬁ@?ggﬁ'éﬁpgﬁ%’@gmﬂ%r@'ﬁlﬁ t he
resul ting nitgjifhesn idaf &Midy MRS caH'H&Mﬁﬂ@ﬁ%%ééﬁﬁd‘é\}aﬁlﬁ%@olgert Lary

amne and two primary amnes.  These unique nononers can t
i ncor por at ed withaorgpagnaminesouniierghe tchaditiony wessrikad bereirphisotber class

Phe method  of! EREPRERLE ATONRALATFEARLPL WS AMEPEEN IS st ruct ure (1) bel ow
These conpounégcgaivaie/japilfoalRandd, wich ar8 formbdnstthenahctioléttdinigriles hey nay
contain one or nore nitrile groups, and nay have one or nore ot her
with primary amines.” By varying the functionality on the primary amine
and subsequent hydrogenation of the resulting nitriles, one can produce
unique monomers that have a tertiary amine and two primary amines.
These unique monomers can then be incorporated into polymers to give
the polymers unique physical properties.
20 Some of the suitable starting nitriles that can be used in the method
of the present invention are depicted in structure (1l) below. These
compounds can be mono- or bi- or multi-functional. That is, they may
contain one or more nitrile groups, and may have one or more other
functional groups. The R group is a C1 to C12 straight or branched
25 aliphatic, cycloaliphatic, or heterocyclic moiety. The A group is hydrogen,
cyano, amide, straight or branched aliphatic, cycloaliphatic, aromatic,
heterocyclic, alkoxy, aryloxy, hydroxy, alkylamino, dialkylamino, arylamino,

diarylamino, haloaryl, fluorinated alkyl, or silyl moiety.

A—R—CN )

30 Suitable starting amines for the present invention can be

monoprimary amines or diprimary amines of the structure (lil) below,

5



functional groups. The Rgroup is a Cl to Cl12 straight or branched 25

al i phatic, cycloaliphatic, or heterocyclic noiety. The A group is hydrogen,
cyano, armvOoe3/osx1sai ght or branched aliphatic, cycl oali phatce/usaz/aseii c,

het erocyclic, al koxy, aryloxy, hydroxy, alkylam no, dialkylam no,
arylamno, diarylamno, haloaryl, fluorinated alkyl, or silyl noiety.
A-R-CN (I1) 3wisuetRilis 8 €td212 ajaight ordyrahohed biiphpaties eptloaliphaticj on can be
nonopri mary ami ne . di_pri.mar m nes .o he structure .(I11) .below, 5 WD
03/ 042134 o) Ekoorelipdnbigh Artiner A, '%Il‘y%f@egt A Nph AT e’b“rtgﬁh%h‘iéﬁ

al i phatic, cyor@sdidehaiphatic OfycldibRaRS WrbinatiftH&aEMcyaitd aMbRy CakiodyS
hydr ogen, am no, am de, straight or branched al i phatic, cycl oal i phati c,
aromatic, het &VEEIN atkylaamImgx«%alkmamlaa.ya,rylawaposkry,rylahk\,a, aaloagy,

di al kyl am no, ' di ] hal oaryl, 5 fluorinated alkyl, or a
silyl noiety. f@%@?‘?ﬁ@ky"&ﬁy'ﬁhﬁd}p esent .invention can be carried out
using a 1:1 nolar ratio of nitrite to amne. Preferred is an excess of the
nitrile to the amne, fromaabqutNg,1l to about 5:1. Most preferred, is a
nitrile to amne ratio of about 10°2:1 to about 4:1. Primary am nes that
may be used in the present invéi)i on can be diamines (having two amine
groups, for exanple, 1,2- diam nocyclohexane). Simlarly, the nitrite of

the present invention may be a dinitrile (having two nitrite groups, for
exanpl e, adi poni t r iThe)pregestdnventionimnduerbamiadi ansisig &t dr mofag rat obs and

starting nitriles may be ried. .For exanmpl el ther a nonoapine or a
di ani ne nay b@'tUEeeta %/rﬂ'nfhgﬁrﬁéetrf?&d?@f" eXChss of glee'ﬁ'ltr'l?ﬁ%g?ﬁ ?E'H‘e\m?;lloﬁ‘ either a
nononi tril e oabaudpfitorddowit 5Addibsopefdried istNRitAE tBRNE FatPGHaRttNes may
be used with a conbination of nitriles; or one or nore nitriles with a

conbi natibh of kit ALRUt4the use of a 20 conbination of nitrites is
exenplified in TablF‘?in}ar?qJn(ﬁWes%rﬁgy thséaﬁﬁ{h%e esent invention can be

diamines (having two amine groups, for example, 1,2-
diaminocyclohexane). Similarly, the nitrile of the present invention may be
a dinitrile (having two nitrile groups, for example, adiponitrile). Also, the

15 combinations of starting amines and starting nitriles may be varied. For
example, either a monoaminé or a diamine may be used in the method of
the present invention with either a mononitrile or a dinitrile. Additionally,
one or more primary amines may be used with a combination of nitriles; or
one or more nitriles with a combination of amines. The use of a

20  combination of nitriles is exemplified in Table 1 below, but is not intended
to limit the scope of the invention described herein.

Suitable catalysts for the present invention comprise the metal
elements selected from the group consisting of palladium, rhodium,
platinum, and iridium. Preferred catalysts are catalysts comprising

25 palladium. Examples of catalysts comprising palladium include, but are
not limited to, palladium black or palladium on a support, wherein the
palladium content on the support is between about 0.1 and 10 wt. %
loading. The catalyst also can be comprised of mixed metal
compositions. For example the catalyst may comprise palladium with

30 between about 0.1 and 10% of at least one additional metal. The



tolimt the scope of the invention described herein. Suitable catalysts
for the present invention conprise the netal elenents selected fromthe
group comwpgBiomy3of pall adium rhodium platinum and i ripdirurso2/Bes er r ed
catal ysts are catal ysts conprising 25 pall adium Exanples of catalysts
conprising palladiuminclude, but are not limted to, palladiumblack or

pal | adi um on @refeprardlements fer the intxednablahdbmBosRiohe b beusehsvifiipport is
bet ween about 0.1 and 10 wt. % | oading. The catal yst al so can be conprised

of m xed net alPadadiyasais saiectegdion thengrioeptasasisting|of shodiay, patipuinse

al I adi um wi t k. o about 0.1 and 10% of at | east one additi onal

get al. The 6 &B'@%/%%ﬁém [ US02/ 35495 preferred el enents for the m xed
met al conposi ti ons Qthebeatalstisydteins, padh aslcoppearsxidelkieedridmidxada t he group
consi sting_ of rhodium Opl atinum iridiumand ruthenium QQher catalyst
systens, sachuchaiErow fyromete sindiereslcive amipaliemreactionnean beo pronot e
singl e reduct iu‘éﬁd dgation reactions can be used al so. A support materi al

tht

can be used wi e catayst of the present invention. Suitable supports

i ncl ude, but are ndétsuppuart mdtar@l cac beuseddvitic tebeataystidf it presenbi de and
oxidic supportsieng.f or exa Ise al um ania, zjirconia,
€

magnesi a, copPMENGRNySUlta Wéﬁsy%‘%]&@%ﬁﬁ%é(?%@@ﬁﬁmhééﬁ% ad¥ptedd form

i ncl udi ng but cBRYon, lsilidbh @Aride Bl 'Ix#AE SuppFHI PPl : etiicgphere,
slurry or drycpov\?ll@nérs.l Therrlre?hod of th%p%r e%gnt iﬁwgﬁeﬁia&ﬂﬁ!r{g, %g?él ed out

under hydt@getitanizsziigosiaoimagrestse coppeexided and about 1500 psig. Hydrogen
Pempor ature shoul d BEaY PG heaBed R dpgut Bt MruRlibhi Soc, wi th
about  80C t ojipitedtto EBXBUdBRY, Mgl grAraieS bellSRlsphBls shirfy OodryRmRferary to
carry out the nethod. However “solvents such as water,” methanol, ethanol,
tertiary-butyl ethdhemethod of the present invention is carried out under hydrogen
pressure of between about 100 and about 1500 psig. Hydrogen pressures
15 between about 500 and 1000 psig are most preferred. The temperature
should be maintained between about 50°C and about 200°C, with about
80°C to about 130°C being preferred.
Solvents are not necessary to carry out the method. However
solvents such as water, methanol, ethanol, tertiary-butyl ether,
20 tetrahydrofuran, and N-methylpyrrolidinone and other solvents known to
dissolve the starting amine and nitrile compounds are suitable. Also, the
pfesent invention may be carried out batchwise or in a continuous reactor.
The final alkylated amine product can be purified in a conventional
manner.
25
EXAMPLES
The following examples were carried out in batch mode.
Legend:

BCPAM means bis(5-cyanopentyl)aminomethane



20 tetrahydrofuran, and N-nethyl pyrrolidi none and ot her solvents known to
di ssolve the starting amne and nitrile conpounds are suitable. Al so, the
present iwoeabsnis4 nay be carried out batchwi se or in a comCirnisouss4peact or.
The final al kylated am ne product can be purified in a conventional manner.
25 EXAMPLES The foll ow ng exanpl es were carried out in batch node.

Legend: BCPAM neandDNspeansyedipprititle/| ) ami nonet hane 7 WO 03/ 042134

PCT/ US02/ 35495 ADN neans adi ponitrile Exanple 1: Using 4:1 nolar ratio of
nitrite and primary amne to prepare bis(5-cyanopentyl)anm nonmet hane (shown
g?l[?‘év_aslaﬁgf B Ié\{" Ii { ol S‘n'trile and primary amine to prepare.

aut ocl ave rea®Sip-Gyanepemyamfomeingne{SmuNn bellow ag simiietdrepdMidpBr cat al yst (

2.3%or 4251 [Renethy - Kol shepfiitiepus met hyl am ne
(0.27 nol), an o al ed and purged

. Ihe rea

with nitrogen and \Gxirgeter wete charead & 7des S5¢bnduct ed
at I1100 Enge][ %malpmiirg? pbwdbydasta@ylefq.z.A:?%eomlzzwmﬂﬁré toysdtAIgen 218y @)pntst antly
repl eni she r - liter v . m n re | xture
conpri sed 47%4§%\I,RN/}{\Q %“eﬁ&ﬁﬁﬁﬁa%’ﬂ%@éém‘gh&@ H%ﬁgg Qg?‘@\ﬂl\n ty to BCPAM
was 79% 15 NOWN).CNhersagtvt why sEaled@ing [urgeld iwith ritrégembad hydtdgenoto nitrite
and prima{y am a ' - &Rﬁ[ﬁt 'm nane:
6-[(5- Q/afn%- pg%nr?lélvé be?rg?rﬁyp—ﬁg%gén%ﬁ?h\g%%ﬁem r%(({i é?"ﬂ ﬁé‘&%d H)é%g%?

hydrogen. The consumed hydrogen was constantly replenished from a 1-

liter vessel. After 120 min the reaction mixture comprised 47% ADN, 41%

BCPAM and other products. The selectivity to BCPAM was 79%.

15

NC/\/\/\IIJ/\/\/\CN

CH, (VITI)

Example 2: Using 2:1 molar ratio of nitrile and primary amine to prepare
bis(5-cyanopentyl)aminomethane (IUPAC name: 6-[(5-Cyano-pentyl)-
methyl-amino]-hexanenitrile).

20 To a 300 cc pressure autoclave reactor were charged 5.46g of 5%
Pd / alumina powder catalyst, 41.6g of 40% (w/w) aqueous methylamine
(0.54 mol), and 116.0g of ADN (1.1 mol). The reactor was sealed and
purged with nitrogen and hydrogen to remove oxygen. The reaction was
conducted at 110°C under 500 psig of hydrogen. The consumed

25 hydrogen was constantly replenished from a 1-liter vessel. After 575 min
the reaction mixture comprised 6% ADN, 67% BCPAM and other
products. The selectivity to BCPAM was 72%.

Example 3: Preparation of bis(5-cyanopentyllaminopropane

30 116.0g of adiponitrile and 15.7 mL of propylamine, (4 to 1 ratio of
dinitrile to primary amine) were charged to a 300 cc autoclave along with
2.8 grams of catalyst (5 wt. % Pd on alumina powder). After purging with
nitrogen, the reaction was pressurized to 50 psig with hydrogen and

heating was commenced. Hydrogen was continuously replenished. After

8



20 To a 300 cc pressure autoclave reactor were charged 5.46g of 5% Pd /

al um na powder catalyst, 41.6g of 40% (ww) aqueous nethylamne (0.54
nol ), anowOb8/0@g3of ADN (1.1 nol). The reactor was seal edpramdSopssdged w t h
ni trogen and hydrogen to renove oxygen. The reaction was conducted at 110C
under 500 psig of hydrogen. The consunmed 25 hydrogen was constantly

repl eni shed f therempderaturereaesacel 10°4, strningABasrinctreadesl toetd m ahat ur e

i sed 6% 7% BCPAM and ot h d . T | ectivity to BCPAM
has 720 ExaniiohyoBrE RIS et MereapBd &5 Sib e, h reabissiacso 116, Gy
of “adi poni tri heesiife Wrd mdin@inddf BPY ! FHOMS, T(nférsr@d&ctrmt&eﬁ?maiééid”i le to

primary am ne) were charged to a 300 cc autoclave along wt 2.8 grans of
catal yst (5 wof 39¥Pistayaappentyhaminapeepanerane36punntonyenietdadiporitritegen, t he

reaction S presswized t 0 i ith hydrogen,and heati was
corrrrenced\.,\?Hydr oge#%q%%%ﬁs'ﬂu%%)%gﬁﬁﬁaﬁg@ digfloge "éet{;\%’ 48942134

PCT/ US02/ 3549iffehent @@ esmbiHztioh@AaRAIs WitCvarfdus drhit@sWahd dienfased to 1000
rpmand the hydrogen Cﬁressure was increased to 500 Eal g? The tenperature

and pressur e WREe EaffEche i iR da@tghomode susing sparrh avipfobddé (G4 satalyst tonpr i sed

Banpl es 4.6 20 MY SERLATRER 208 £RRrdRdl BReaITol ROaBRRRY G Fer on
or a conbi nat tgMp&ffatiet 6fi 1005CWiére raintaited /¥ NRSurs TTTRe exyiR! téﬁiar%’\ﬂr e
carried out in batch node, using 1 part 5 w. % Pd/ A1203 catal yst to 20

parts of 1@ ar &mige praduateof Bramalesyt Borich8 prase anadyzet IBOR wingaand a

tenperature o i i f Lque tertiary 10
am ne product e?)‘{m%@%%ﬁgg&ﬁggsﬁg’r@?)&éﬁ@sﬁmﬁv&%‘gwﬁt%%@lar%it% Per ki n
El mer 1600 SeHesgett®ackard JyanSeossMast ISelestiverBéteoite v camdnatiorH@het t
Packard 5971 Series Mass Sel ective Detector in conjunction with a Hewett

Packard 5890 8di¢wietidzackerd 6REP SerigprasirRramaegmatonst rate the preparation
of unique tertiaryaaaaes dehrorfi®td the e phRItoAMMMiRId trfiat) 8ines

15 having the following structures:
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Exanple Structure 4 6 8 20 25 HOBAN-\OH CH3 (V) NC N CN \\
CN CH3 9 WD 03/042134 TABLE |

PCT/ US02/ 35495 Ex.

_,, OH (VD NC~N

No. / ConvSwearmBiomgSt arti ngTertiaryTertiary Nitrile toN tril @eamusezsiioe

Pr oduct Ami ne Am neYield Ml ar
486%ydr oxyMet hyl -

nitrile 5>99%Acet o- Propane- N, N, N,

Rat i ol UPAC nane
bi s(3- hydroxypropyl )31% 2 to | Propi o-am neam nonet hane

N - T&Bldd hyl-74%4 to

Initriledi ammegt, ¥57TPcEENT & rflh?j ﬁ?%mnﬁu- ?=aft ”1”ert|a b5 \,ya%‘rfl“é‘r;‘
to Initrileet hqm(ﬁl'e%n N0- et hangiyije Amme Amlne Product Amine
7>99%Acet 0- 1, 2- din@@1 NO-N, N/ N -triethyl -1, 2-40% 4 Yield
Initril ecycl ()mmmgb hm no¢ycl o- hexane |UpAC name
4 86% | Hydroxy Methyl- bis(3-hydroxypropyl) 31%
2to 1 Propio- amine aminomethane
nitrile _
5 >99% | Aceto- Propane- N,N,N’ N'-tetraethyl- 74%
4101 nitrile diamine 1,3-propanediamine
6 82% | Adipo- 2-amino- 3-bis(cyanopentyl) 51%
2to1 nitrile ethanol amino-ethanol
7 >99% | Aceto- 1,2-diamino- | N,N,N'-triethyl-1,2- 40%
4101 nitrile cyclohexane | diaminocyclo-
hexane
8 95% | 1:1 mixture | Methyl- mixture of tertiary 58%
2to1 of adipo- amine amines, including
nitrile and cyanobutyl-
glutaro- cyanopentylamino-
nitrile methane

The examples in Table 2 demonstrate the use of different catalysts in the

yl)51% 2

5 disclosed method. The following examples were carried out in batch
mode, using 1 part catalyst to 20 parts of adiponitrile. The molar ratio of
methylamine (40 wt.% aq.) to adiponitrile was 1 to 4 in each case.
Hydrogen pressure of 500 psig and temperature of 100°C were maintained
for 3 hours.

10
TABLE 2
Ex. Catalyst Used Conversions Tertiary Amine Yield
9 5% Pd/Carbon >99% 71%
10 4% Pd/ >99% 58%
1% Pt on Carbon
11 4.5% Pd/ >99% 63%
0.5% Ru on Carbon
12 5% Pd/Titania >99% 75%
13 5% PYt/Carbon 86% 19%
14 5% Rh/Carbon >99% 6%
15

10



895%1:1 m xtureMethyl -m xture of tertiary58% 2 to lof adi po-am neam nes,

I ncluding nitrile andcyanobutyl - gl utaro-cyanopentyl am no- nitril enethane
The exanpwelsiom13abl e 2 denonstrate the use of different earaisy®ssz9in the
5 di scl osed nethod. The foll ow ng exanples were carried out in batch node,
using | part catalyst to 20 parts of adiponitrile. The nolar ratio of

met hyl am ne ( EXxamplesiae.Using 1adinetatiratio bénitwie td primaty iamieach case.

Hydr ogen pressure psi

5 t f 100 t d f
3 hours. 10 TABLE gj"&ggﬂt"ﬁl‘@@%wﬁ@& a %%gﬁﬁfﬁucgﬁgﬁﬁ%%b%al‘yge%% o

Pd/ Car b 99%p% A %%3% 0. 5%
R on Car hon L360% B T [ o OO S, Am P A banatIas, Tyarine

Rh/ Car bon>99%5@/o725ﬂQ|OL 7 9 Bf admsmuleccm/?lzsml)wwgzssammmrm (iBternadi ng 1:1
I t t cc _pre re toc ave
Pgag[ o;awle e 8?162{& %%‘%g n?“}lgrﬁghy aa‘?léfﬁ’lsha E %&%‘Z(ggls%@u ' 8g of
40% (W w) aqu@Qt{fed”fwtthwlt%qé?ﬁand Rydrdge®ka remdve BxpderndT RORiddtibhvdL. 72 Mol )
y

and 2.3g bi phen i nter
conducted at 110°C under 500 psig of hydrogen. The consumed

hydrogen was constantly replenished from a 1-liter vessel. After 240 min
an analysis of the crude product mixture comprised 13% adiponitrile, 46%
10 BCPAM. The selectivity was 65%.
After 300 min the crude product mixture comprised 4% adiponitrile,
52% BCPAM, and other products. The selectivity to BCPAM was 62%.

Example 16: 1:2 molar ratio of adiponitrile to primary amine

15 To a 300 cc pressure autoclave reactor were charged 2.74g of 5%
Pd / alumina powder catalyst, 83.71g of 40% (w/w) aqueous methylamine
(1.1 mol), 58.3¢g of adiponitrile (0.54 mol) and 1.7g bipheny! (internal
standard for gas chromatography analysis). The reactor was sealed and
purged with nitrogen and hydrogen to remove oxygen. The reaction was

20  conducted at 110°C under 500 psig of hydrogen. The consumed
hydrogen was constantly replenished from a 1-liter vessel. After 360 min
the reaction mixture comprised 12% ADN, 29% BCPAM. The selectivity
was 49%. After 410 min the reaction mixture comprised 5% ADN, 31%
BCPAM. The selectivity was 44%.

25
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5 standard for gas chromat ography analysis). The reactor was seal ed and
purged with nitrogen and hydrogen to renove oxygen. The reaction was
conduct edwato3p40i6t under 500 psi g of hydrogen. The consune@®CThisdr/esen was
constantly replenished froma 1-liter vessel. After 240 min an anal ysis of
the crude product m xture conprised 138/%3%goni trile, 46% 10 BCPAM The
selectivity was 65% After 300 mn the product m xture conprised 4%
adi ponitrile, WhathsBAMg iand ot her products. The selectivity to BCPAM was
62% Exanple 16: 1:2 nolar ratio of adiponitrile to primary amne 15 To a-
300 cc pressure autoclave reactor were charged 2.74g of 5% Pd / al um na
powder catalyst, 83 71 0 uequs nethylamne . (1.1 t), 58.3g
of adiponitrile (0%4 ng%weéﬁcgd/%&%g%rgﬁe%?aﬁ%ee%ﬁéﬁw aﬂ'ﬁ%&é‘?%ﬂ‘?or gas
chronmat ogr gphy analhsirsg thefBemtilgact or was seal ed and purged with nitrogen
and hydrogen to renove oxygen. The reaction was 20 conducted at 110C under
500 psig of hydrogen. The consuned hydrogen was constantly repl eni shed
froma 1-liter vessel. After 360 min #he reaction mxture conprised 12%
ADN, 29% BCPAM The selectivity was 4@% After 410 min the reaction
m xture conprised 5% ADN, 31 % BCPAM | The sel ecti Yli ty was 44% 25 11 WO
03/ 042134 PCT/ US02/ 35495 CLAI I\/@_\/}{]ﬁéﬂzj@\ lained is® 1. A method for
preparing at | east one tertiary am ne prC Gct* 5 havi ng the formula A° N
A-R-CH2 \CH2-R-A (1) wherein Ris a Cl-Cl12 substituent selected fromthe
group consi sting of

wherein R is a C1-C12 substituent selected from the group consisting of

10  straight or branched aliphatic, cycloaliphatic, and heterocyclic moieties;
wherein R’ is a C1-C12 substituent selected from the group consisting of
straight or branched aliphatic, cycloaliphatic, and heterocyclic moieties;

wherein A is selected from the group consisting of hydrogen, cyano,
amide, straight or branched aliphatic, cycloaliphatic, aromatic,

15 heterocyclic, alkoxy, aryloxy, hydroxy, alkylamino, dialkylamino, arylamino,
diarylamino, haloaryl, fluorinated alkyl, and silyl;

wherein A’ is selected from the group consisting of hydrogen,
amino, amide, straight or branched aliphatic, cycloaliphatic, aromatic,
heterocyclic, alkoxy, aryloxy, hydroxy, alkylamino, dialkylamino, arylamino,

20  diarylamino, haloaryl, fluorinated alkyl, and silyl;

said method comprising contacting at least one primary amine

having the general formula
H,N—R'—A' ()]

wherein R’ is a C1-C12 substituent selected from the group
25  consisting of straight or branched aliphatic, cycloaliphatic, or heterocyclic
moieties; and
wherein A’ is selected from the group consisting of hydrogen,
amino, amide, straight or branched aliphatic, cycloaliphatic, aromatic,
heterocyclic, alkoxy, aryloxy, hydroxy, alkylamino, dialkylamino, arylamino,
30 diarylamino, haloaryl, fluorinated alkyl, and silyl moieties;
12



10 straight or branched aliphatic, cycloaliphatic, and heterocyclic

noi eties; wherein R is a Cl-Cl2 substituent selected fromthe group
consi sti ngoaB/o4mB4 ai ght or branched aliphatic, cycloali ph&drojSoasssos
heterocyclic noieties; wherein Ais selected fromthe group consisting of
hydr ogen, cyano, am de, straight or branched aliphatic, cycloaliphatic,
aromatic, 15 heterocyclic, alkoxy, aryloxy, hydroxy al kyl am no,

di al kyl am no, arylani no, diarylam no, haloaryl, fluorinated al kyl, and
silyl: wherein A véthsal ’66%‘6‘8‘3'P'HH‘FPH&'”@HB%[SGBSF%@ﬂmlH@ of hydrogen,

am no, am de, straight or branched aliphatic, cycloaliphatic, aromatic,
het erocyclic, al koxy, arxl_q@LCNﬂydr(W( al kyI am no, dial kyl am no,

aryl am no, 20 diaryl am no, -hal oaryl fluorinated al kyl, and silyl; said

met hod conpri sing cqgntac st one primary am ne having t he gener al
formula H2N-R - A C;]qr? '\Aﬁ%é?@(m ﬁﬁgl%‘bét'téﬁﬁb&%'eg@gsffqm@%gr%@l ected from

the group 25 %Bﬂ§h§ﬁ%%gsﬁélgﬁ¥ bAbHRER S ag;f)ﬁé}%g?ueéﬁ&gﬁhsm fér8&)an8ha“ ¢,

or heterocyclic ties; "and whereln I's select e group
consi sting of nmtyah@g@nd am no, am de, straight or branched aliphatic,

| oal i phati c, t het | | k vl oxy, ,
SRy ant ho - at al iy RERTRD A I STEHERS om e Stk Pl insRuhormt PHSFaPeD. F14RS nat ed
al kyl, and-si lasideDitedigRser braRchiEd Q%%@léf’clc%ﬁyh%%%ﬁf’a% with at |east

one nltrlle havi ng the general fornmula A- Wherein'Ris a Cl-Cl2
substi t uent sélleéefpéwll@r a?kpxheﬁrgiowwwf@maligﬁlam@mﬂlakyianmmt aoflairamched

allphatlc I| t cy i |et|e and wherein Ais
sel ect ed eﬁ@ ﬁgﬁ’pﬁ%%&?gu‘%ﬁbggﬁ %@dr%@% '6%{% és, am de, straight or
br anched al i phat | Cwitttekeqarbiisb #hatavhel R@kitker H fdf?%ﬁé@W@P beancRklOXY,
aryl oxy, hydroxy, al kyl am no, dialkylam no, arylam no
aliphatic, and R is straight or branched aliphatic, said nitrile is a C2-C7
nitrile;
in the presence of hydrogen gas and a catalyst at a
15 temperature from about 50°C to about 200°C and at a pressure from about
100 psig to about 1500 psig, and whereiri the ratio of nitrile to amine is
greater than 1:1.
2. The method of claim 1 wherein the catalyst comprises at
least one metal element selected from the group consisting of palladium,

20  iridium, rhodium, and platinum.

3. The method of claim 2 wherein the catalyst comprises
palladium.
25 4. The method of claim 2 wherein said catalyst comprises at

least two metals.
5. The method of claim 2 wherein the catalyst is supported on

alumina, silica, titania, zirconia, silicon carbide, activated carbon, copper

30 oxide or magnesium oxide.

13



10 di aryl am no, haloaryl, fluorinated alkyl, and silyl noieties; with the
proviso that when Ais either Hor straight or branched aliphatic, and R
i s strai gWwoosn4tisanched al i phatic, said nitrile is a C2- CPCTine/334e5 in the
presence of hydrogen gas and a catalyst at a 15 tenperature from about 50C
to about 200C and at a pressure fromabout 100 psig to about 1500 psig,
and wherein the ratd.o ofThe metHoe dfelaim Devheseindheabtilyst prebedt inZan The

met hod of claim 1l wherein the catal yst conprises at 1east one netal

el ement sel ect@dgoytahabret §rlovgigbbpricent lagksut JQ weiahiupgreentofithiedi um

rhodi um and glugg'bﬂum 3. The method of claim2 wherein the catal yst
conprises palladium 25 4. The nethod of claim2 wherein said catal yst
conprises at least two netals. 5. The nethod of claim2 wherein the

catal yst i s supported o alumna, silica, titania, zirconia, silicon
car bi de, agt i vat edsgar bone @Sﬁ?@rd O?S%moif”@ér‘iif‘ merghan oRediiilee. 13 WO
037042134 PCT/datt 49 2ofitactdtewiB bbb RAsPbné laplife 5 Wherein the catal yst is

present in an anount of about 0.1 weight percent to about 10 wei ght

percent of the support. 57. The nethod of claim1l wherein nore than one

nitrile compound i g contacted, wt t ane am pe. 8. The nethod of
thag prgiam

_ _ t OR ?t. lﬁai‘
claim| wherein mofe t hamedRENQGiHEFD | WREHIE UG 884% one
nitrile. 9. Theoreidedwith it lleddtoheigleci N a tertiary amne product is NC N

CN O0.CH3 VIII.
10
9. The method of claim 1 wherein a tertiary amine product is
NC/\/\/\II\T/\/\/\CN
CH; VIII.
10. A compound prepared by the method of claim 1.
15 11. A compound according to claim 10 wherein the amine is
methylamine and the nitrile is adiponitrile.
12. A compound according to claim 10 wherein the amine is
methylamine and the nitrile is hydroxypropionitrile.

20
13. A compound according to claim 10 wherein the nitrile is

adiponitrile, and wherein said amine is 2-aminoethanol.
14. A compound according to claim 10 wherein said amine is

25 methylamine, and wherein said nitrile is a mixture of a 1:1 molar ratio of

adiponitrile and glutaronitrile.

14



A compound prepared by the nethod of claim1. 1511. A conpound according to
claim 10 wherein the amne is nethylamne and the nitrite is adiponitrile.
12. A conpousd4mscording to claim 10 wherein the am ne i s pe@rmsbbyi4as ne and
the nitrite is hydroxypropionitrile. 13. A conpound according to claim10
wherein the nitrite is adiponitrile, and wherein said amne is

2-am noet hanol . 14. A conpound according to claim 10 wherein said anmine is

25met hyl am ne, and er | K 1 nolar ratio
I LRty At Hofchad ‘é%%ﬁ"a&% 0482

of adiponitrile an rile 03/ /35495 15. A
tertiary am ne product havi t he struc re NCNCN\ , , OH5 16. A
tertiary am ne product ha¥'ng>the>stricture ( I) ®CB/ ~N CN CH3 17. A
conmpound having the fornula: 10 NC N dg CH3 Vill. 18. A method

according to claim11 wherein the resul t\vhg terti(é’ll)y 15 anine is a
dinitrile, said nmethod further conprising hydrogenating said dinitrile. 15

5 16. A tertiary amine product having the structure (VIl)

NC e e (VID)

|
CH;

17. A compound having the formula:

10
NC/\/\/\ TYI /\/\/\CN
CH;

VIII.

18. A method according to claim 1 wherein the resulting tertiary
15 amine is a dinitrile, said method further comprising hydrogenating said
dinitrile.

15



