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THE INVENTION 1. Field of the Invention The present invention relates to

nmet hods for the production phenyl-p-phenyl enedi am ne (PPDA) and hi gher
am nes of structural fornula (1) below fromthe starting nmaterial of
structural formula(ll) below. Mre particularly it relates to a nmethod for
preparing PPDA wherein aniline is oxidized in the presence of trisodium
pent acyano ferrate(l 1) conpl exes containing various water sol uble |igands,
such as ammoni a, nono al kyl am ne, dialkyl amnes, and trialkyl am nes,
and utilizing oxygen or hydrogen peroxide as the oxidizing agents. The
conplex is then reduced by hydrogenation using suitable heterogeneous

et al CaPREWiF?ATH)N OPMEUEBSTITUEEDABOMATIC AMIMESR, and R2 are as set
forth below R ZNC R2 R, and R2 may be the sane or different, nust be

ortho or neta to the am no group, and may be hydrogen, Cl1-C4 aI kyl, Cl-C4

al koxy, hal ogen, cyano 1. des of carboxylic acids
. UL BRI HE e R IO

or mxtures thereof. entron rel a roducti on of PPDA with

the abil it yFiebd Jefjthlmﬁvaa%n- 2 recycle the transition-nmetal conplex, high
selectivity and yield. The conversion of aniline to

N- phenyl - p- phéryd prestirdrinentian irelatese te angidosts foaghgsuodusdion el d of PPDA
ranges f r|:>(l)1enyi]'-pt Shng\%en Q%rﬁ%y}%ﬁdﬂ) iy higher amines of structural

formula (1) below from the starting material of structural formula{ll) below.
Moaore particularly it relates to a method for preparing PPDA wherein aniline
is oxidized in the presence of trisodium pentacyano ferrate{llicomplexes
containing various water soluble ligands, such as ammonia, mono alkyl
amine, dialky! amines, and trialkyl amines, and utilizing oxygen or
hydrogen peroxide as the oxidizing agents. The complex is then reduced

by hydrogenation using suitable heterogeneous metal catalysts.
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wherein n equals 2 to 5, and R, and R, are as set forth below
R1
. N
N (11)
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R, and R, may be the same or different, must be ortho or meta to the
amino group, and may be hydrogen, C,-C, alkyl, C,-C, alkoxy, halogen,
cyano, carboxylate salts and amides of carboxylic acids or mixtures

thereof.

The invention relates to the production of PPDA with the ability to




I nvention is also cost effective and produces no environnentally 11 MAR 2004 .
undesirabl e byproducts. 2. Background of the Related Art The production of

p- phenyl enedi am ne and its derivatives is w despread and its uses are

wi dely known. In U S. Patent No. 5,1 17,063, Stern et al., disclose various
met hods of preparing N-phenyl- p-pBenyl enedi ami ne wherein aniline and

i {1 obenzang Rl thd SARATh MGG cBRRALE! RigFOBAREHONS- arld!yRAGS TIRP! T cat i ons,
the oxidative dinerization of aniline to~ produce
N- phenyl - pophenydrenedinidment Nspldesgil papddnyBrmddismipaieit tiNe rande 400, 767 and

Eur opean patent 0-261096 utilize an al kal i t al ercjcyani de er eas
Eur opean ggt%%-OI?PZY‘EQ%OEﬁPIq/ié%n%e%y’p?dﬂﬁf‘é 970%'dﬁ%‘?ﬁﬁ'e§©‘éﬁi1\tm e of

t hese proqﬁ% S, AIELLET MCandNrodAct oY el i¥YENIRAGFPNVer sions. J.
Bacon and .%El.%ni] aar#égi&r?sj%%cnmv aér?n %régc. (,:90 p %59‘6 r(11968§¢\’pr eport the
anodi ¢ oxudédtsieablefbyrioldiuees.t o N- phenyl - p- qui nonedi i m ne but no

conversi ons or I%li el ds_are given. I% Herrington, in J.Chem Soc. p4683
(1958) reporBackaroungd ahthe Belpted A ati on of aniline with disodium

pent acyanoani Weﬁﬁﬁrﬁ‘ﬁ.t@r‘t h) plghdRfi8h&diBATRE &hd RE LR AR, JY-igheny! - p-

phenyl enedi am ne en reduced chemcally with reduci ng agents
such as hyddazpremdhydd dtseusesodiaumidelyhimonaine, IrsbidBuMabgradr Bgen sul fite and

hyd 1fide, T f the trisodi t inoferrate (11
Compl ol 8410P31 PECTRBEL | BROIG oY RO SRR NSRS o S AHRUEIR dpnerv

di stingui ﬁh R(‘-!ﬁ?rlghgb?arﬂi%' WhakdiRnatce bRe diidbureRaesareaslkted Rinder
significa t?y | pr oved process. The stoichionetry of the instant invention
i s much i specifedcomditiddsrri ngt on since higher ratios of aniline to conpl ex
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produce N-phenyl-p-phenylenediamine is disclosed. British patent No.
1,400,767 and European patent 0-261096 utilize an alkali metal
ferricyanide whereas European patent 0-272-238 utilizes a hypohalite
oxidizing agent. None of these processes are very selective, nor do they
give good conversions.

J. Bacon and R. N. Adams in J. Am. Chem. Soc.,20 p 6596 (1968}
report the anodic oxidation of aniline to N-phenyl-p-quinonediimine but no
conversions or yields are given. E. Herrington, in J.Chem.Soc. p4683
{1958} reports the oxidative dimerization of aniline with disodium
pentacyanoamminoferrate (lil) to form a complex containing N-phenyl-p-
phenylenediamine which is then reduced chemically with reducing agents
such as hydrazine hydrate, sodium dithionate, sodium hydrogen sulfite

_ and hydrogen sulfide. The use of the trisodium pentacyanoamminoferrate
{il) complex and catalytic reduction with hydrogen of this invention
distinguish over this publication and the differences result in a
significantly improved process. The stoichiometry of the instant invention
is much improved over Herrington since higher ratios of aniline to complex

can be used in the process disclosed herein.

It is therefore an object of this invention to provide a method for




- the production of N phenyl-p-phenyl enedi am ne and rel ated conpounds. 1i1t’v|'t|msz{m['_
a further object of this invention to disclose a nethod for the production

of such conpounds via an aqueous process that allows the easy renoval of
unreacted aniline and subsequent separation of the reconstituted starting
conplex fromthe desired end product™ [3fo'r mula (1)] after reduction giving

a processe phodhciisn admisheinyl-pyplvé mpepgdiamiolevand) relsded closapeosds and
recyclability. It is still a further objgct of this.invention to provide a

pr ocess lttigaA ¥U'ft5_%!° J?%@ﬁ%ﬁé’h‘fﬁ%ﬁ%ﬁﬁ?@%f’ c?dm:ef"f“’aﬂ_t%ﬁ tht h high yield

and good ., $ELEGH I dukh Ldmipduntls AaldH BHEECSIREEESE thai &lIbWEetHd On 1O

furnish™a process wth produces | ess waste and effluent streams. A still
furt her eaby eetnonaalicsd unireacprddodinecandisupleayeenheeparation géitheati ves whi ch

may be used industrially as antideqgradants de .from t he, hi JTTARAY

br oduct ST teRSRag GEMAITS THUARE S SURMAR SO CTHE TRUENTON The
present Jnventi @i onSgididE s lgid ckes Whichns QaAnRERNY Jigble, AROBRKAGI On Of
substituted aromati cam™es of fornula (1) conprising the steps of. a)

oxi di zi mepthroar coat modaecpelabilitfornul a (11) in the presence of a netal
pentacyano ferrate | enedi anj noBent agp{?a){;of errate

(iL).co ex. t orman._. ar
conpl ex, sai dtAeeal! q;hqrﬁlg,egg‘a@eﬁ@g ﬂ%fﬂvetrﬁbongyooﬂﬁowgﬁs? FPRGD tassi um
and SOdiJHUbr@'ﬂqe Bl pRat AkMbiRRhing proddiee] BGtEBbth high yield and good
aryl enedi am no- pent acyanof errate conplex wi th hydrogen using a
het er ogessdectivitet dt icwenbyfsrthepraddect af thisdnyentiengenwirnigh guyecesst ed

aromatic amne of fornmula (1). I rei\n_r .1qQ.5, .and R,
and R2 afEhaRradicesyPEh i 4‘8@'1418@%'}55%8% [ ChIsth BHALP objdtivs i
- the production of phenylenediamine derivatives which may be used
industrially as antidegradants made from the high purity products of the

praocess of this invention.

SUMMARY OF THE INVENTION

The present invention is directed to an improved method for
preparation of substituted aromatic amines of formuia (I} comprising the
steps of: a) oxidizing an aromatic amine of formula (I} in the presence of
a metal pentacyano ferrate (il) complex to form an
arylenediaminopentacyanoferrate complex, said metal being selected from
the group consisting of potassium and sodium; and b) catalytically
reducing said arylenediamino-pentacyanoferrate complex with hydrogen
using a heterogeneous metal catalyst, producing the corresponding

substituted aromatic amine of formula {l}.

(1)

wherein n equals 2 to 5, and R, and R, are as set forth below




R and R2 may be the sane or different, nust be ortho or neta to the éh?ﬁszmQ
group, and may be hydrogen, Cl-C4 al kyl, Cl1-C4 al koxy, hal ogen, cyano, !
carboxyl ate salts and am des of carboxylic acids or mxtures thereof. The

nost preferred enbodinment is directed to a process which oxidizes aniline

In the presence of trisodiun1pentacy§n9 ferrate (11) conpl exes containing
various water soluble |igands, such as ammonia, nono al kyl am ne, di al kyl

am nes, trialkyl am nes and the Ilsrke. Oxidizing agents may be oxygen or

hydrogen peroxi de. The N-phenyl -p:_phenyl enedi ami no pentacyano ferrate
conplex is then reduced witHh hg,drag' en using arrrzterogeneous net al
_0 o) d

catal yst, which nmay be suppé'rqte Y not supp Sui tabl e supports could-
i ncl ude those known to the art su as, for exanple, carbon or alum na. The
m xture of aniline and N- phenyl -'f)‘-’- phenyl enediam ne is then extracted with

a suitable solvent after filtration of the heterogenous catalyst.
Preferred_solvents are environnentally friendly, water-inmscible, and

easi |y reBy@ngdiemambe thgrame or ditferemnt Ust Mg pHBopehmMetaadothfer r at e

b o or ccblnt Byt OFen NGB B CEORT T B Sl AARGER, <

preferred net e presen for ptodutt

phenyl - p- phemy) eaddignatees{ PBAY amideksvuescdribexsliepsid® oa)mbderexxi dation of
aniline in the presence of trisodiumpentac no ferrate (I1) conplexes wth
the opti oH¥#®8ée of a heterogeneous me ..|, catalyst; followed by b)

reduction of theg Q?Eﬁ”&fs‘?iéﬂ“é%o%@h@@ H%E‘Féﬂ %%aﬁpoge%rsr\%th?ch conpl ex
w th hydrogen using a heterogeneous netal catalyst. 1h nmost cases, both
steps (a)oaidizg pnikinkl inuge plesesasmfittisbBRAGhtachahetierra@genrpus cat al yst.

In the fi rs‘t:r&ite , an¥ suitabl e oxidant i r@l din ei t her oxygen or
hydr ogen PeMBXP¥ES FRFIHE NG KANALS HRECHFCHIE @aégénts.UCh as ammonia,

mono alkyl amine, dialkyl amines, trialkyl amines and the like. Oxidizing
agents may be oxygen or hydrogen peroxide. The N-phenyi-p-
phenylenediamino pentacyanc ferrate complex is then reduced with
hydrogen using a heterogeneous metal catalyst, which may be suppbrted
or not supported. Suitable supports could include those known to the art
such as, for example, carbon or alumina. The mixture of aniline and N-
phenyl-p-phenylenediamine is then extracted with a suitable solvent after
filtration of the heterogenous catalyst. Preferred solvents are
environmentaily friendly, water-immiscible, and easily recyclable. The
agueous layer containing the pentacyano ferrate (li) complex is then
recycled.
DETAILED DESCRIPTION OF THE INVENTION

A preferred method of the present invention for producing N-
phenyi-p-phenylenediamine (PPDA) involves the steps of a) the oxidation
of aniline in the presence of trisodium pentac 1o ferrate {1i) complexes
with the optional use of a heterogeneous mez.i catalyst; followed by b)
reduction of the N-phenyl-p-phenylenediamino-pentacyano ferrate
complex with hydrogen using a heterogeneous metal catalyst.

In most cases, both steps {a} and (b) will use the same




. Oxygen is the preferred oxidizing agent. Still nmore preferred is the lusMAR004
oxygen under pressure and at el evated tenperatures which wll increase the
rate of oxidation and facilitate the conpletion of step a. The netal
pentacyano ferrate (11) conplexes useful in this invention nust be of a

wat er sol ubl e type havi ng wat er solubl & 1 gands as a part of the conplex.

Pr ef er r eteterbgbseans chhalyat .k éh ithedirat stegucdmasugetiieuaxghantgockskngm The

nost preferred, trisodi umpentacyanp ferrate (| npl ex._. cont ai ni ng
various GHR®T OZ¥BERIY NYYL9ES, p"r'éxi”i?q T% g?i do%sgﬁg Q 'ég n%]agegg.rrpl exes

usef ul . 6gﬁ‘§§nli59ﬂ@d§re@%ee%m ageADN@ANIKiorafreesred 4 ahk)lseast nes, or

trial kyl nes. A preferred structure for this preferred conplex is
Na3[ Fe( Chipiei3 2l press utes add ragreley atedh@epemidres shioh wilingredss red

reaction, the N phenyl-p- nyl.enedj am no- pent acyang ferrate conplex is

reduced Wit FA¥%et 83 t"ﬁk?ﬁgﬁﬁxwé?@rﬁbeeﬁ% etr‘r%?ﬁ SgﬁPa?'yst. This catal yst

I's sel ected fHOM tRgal Q@ﬁx%rc%ﬁe%%?ataﬂnﬁbén&fieﬁégme‘ffﬂjtl i GH6 hwen ek | adi um
r

pl ati num rutheni um odium or nickel. The catalyst may or nmay not be
suppor t echudtfbes o pontadr sbhibls uppe hayintyvater caiula, ligands aaa pard athe

i ke, many of i ch e,:f{e knogm to thosg?fapj I].i ar V\fith the arty The m xture
of anili Hee SREBBNA tT1HEfETES (et} BHLERE SF ARSI Bhasi VU 9t ed wi t h
a sui tabb%t§QiMﬁﬂt ThENBR sk e Natad, OgRBEANE Paiakyshol trrdte | (HIPcethsIEk.

Sui tabl e sol vents include those that are water-inm scible and easily
recycl abcentdingngyacious Wayersaohtealiginds tifdll petneney s dheetlpas @f(1 1)

conplex is then recycl ed, The .comnpounds ,of .S d_nvent.i .
synt hesi f@&"‘g‘H&é?ﬁH{%gﬂguglhﬁsﬁ)}'gtaﬁ SIBRY R %@Béﬂ'@r’ e{ﬁgh%gﬂ(gg.%nﬁlﬁgsbr eferred
met hod f&é!k?hﬁaﬁﬁ@@,aba&ﬂimypérrmﬁm ifs pestetRINetiutturehi rephadTpt eferidiat

follow. The first step of a preferred process of this invention involves
di ssol vi mgprapléixuim fﬁéﬂf&(ﬁ}w@ﬁﬁm gL} et rias IMEL) in water. The synthesis of

sodi um pent acyangam 0o & erLats (hbPretdtrdNPUhcridh, VRS NRPRBAYEY- 11 MAR 2004,

phenylenediamino-pentacyano ferrate complex is reduced with hydrogen
using a heterogeneous metal catalyst. This catalyst is selected from the
heterogeneous metals of Group Vil such as palladium, platinum,
ruthenium, rhodium, or nickel. The catalyst may or may not be
supported. If supported, the supports may be carbon, alumina, and the
like, many of which are known to those familiar with the art.

The mixture of aniline and PPDA that is the product of the reaction
is extracted with a suitable solvent. Then the heterogeneous catalyst is
filtered off. Suitable solvents include those that are water-immiscible and
easily recyclable. The aqueous layer containing the pentacyano ferrate (Il)
complex is then recycled.

The compounds of this invention can be synthesized
advantageously by the following general method. The preferred method
for the preparation of PPDA is contained in the examples that follow.

The first step of a preferred process of this invention involves

dissolving sodium pentacyanoammino ferrate {il} in water. The synthesis

of sodium pentacyanoammino ferrate (I} is known. It was prepared




- 6 according to the nethod of G Brauer "Handbook of Preparative 11 MAR 200[’_‘
I norganic Chemstry", 2nd ed. Vol ||, academ c Press, New York, N.Y. 1965

p 1511. Novel nethod for preparation of Trisodi um pentacyano amr no

ferrate (11) An alternate nethod for preparation of trisodi um pentacyano
anmmino ferrate(ll) is the concurrent®addition of aqueous solution of -
ferrous chloride tetrah [ &, St |2 R h and

sodi um AF& g ?‘h %/\% % E?QL'E egﬁ‘lln\\éfa et ép?gﬁgggégg%&g@?utl

of amontkenhytely oxD 8- edThﬁolaﬂU@:%tﬁerﬁQJ Pid3n NdwaveniNy hye6bxp de  nmay

contai n anywhere from one equival ent based on the ferrous chloride to a

| ar ge ext®$%. The preferred range is two to ten equivalents and the nost

preferred I s Lhiee o, slx equival pat s gl ATBImALUILRY U-GX1S 1ediaee gpnour rent

additio tfiree fours—and tie  Sotutiom rs th

filtered if nﬁfhe§l$é\m{at&Qnéﬂm@:\/ﬂ)rsgb“@plaraﬁ@mlrﬁfStrﬂbdnumrped’tyxdiyeNodes and t he
conplex is precipitated by addi ng i sopropanol or conveni ent wat er

sol ubl e mganpcfegbat@élﬁtls BeCUBHPINt adgitioa af F’GHEBPS spbeiez@fved in water
wi t hout y GROS rapapol are
recover ecTJ Eﬂoemgedgedt[ga &r% éa%tl Eh%éa@(a MPE?HE\HQE?% oér ggﬁl c sol vent

may be M@fﬂn Tc%fﬂrﬂﬂé)urisﬂhélbadzdj 28 1 be Sasqlivatentsntd be aqm:ba:rstsolnment i on,
this reaction nmy be run w thout organic sol venre npl es 0 &cﬁ:h
PE§te  and

sol vent sohrammennwelmedr@lxml Ther s e sglupas) © @F@PHQIL@H
It;l SLQ%' ﬁ%edggégam %%""Re%qﬂ' ﬁ?gﬂ@té Al ard dﬂk%daéﬁ tﬁgqgfiro%ﬁdcﬁli&‘?id@ xture

gen or r'6geh  per oxi are two possible oxidizing
agents t bdta kage eb@;etssedTheprreerre@gmmgmes Twebaio tat efyistlerdy dred adeled pri or

to the oxidation. In the second step of thF Egﬁcess f this invention, the
oxi di zedMegnPIedRITEIEANRFN L She eRUPILFTIS. Qf BRURPPIRAYSRPKEE i gand i s

subj ected _t o flydigaRAkhPhddfiddieald Eéﬁ@C@vé?foﬁe REAF QI PBEPY SRR
catalyst. This

solution is then filtered if necessary to remove small amounts of iron
hydroxides and the complex is precipitated by adding isopropanol or any
convenient water soluble organic solvent. The complex may be dried or
redissolved in water without drying and used directly. The excess

- ammonia and isopropanol are recovered.

For the addition of aniline, a water miscible organic solvent may be
added to help solubilize the aniline. In the instant invention, this reaction
may be run without organic solvent. Examples of such solvents are
ethylene glycol, propylene glycol, diethylene glycol, and triethylene glycol.
Two equivalents of aniline are added and the mixture is then oxidized.
Oxygen or hydrogen peroxide are two possible oxidizing agents that can
be used. A heterogeneous metal catalyst may be added prior to the
oxidation.

In the second step of the process of this invention, the oxidized
complex containing the N-phenyl-p-phenylenediamino ligand is subjected
to hydrogenation in the presence of a heterogeneous metal catalyst. This
may be carried out without added solvent, or in the presence of a suitable

water immiscible solvent. Possible solvents in this category include butyl




may be carried out w thout added solvent, or in the presence of a sui Ea!bM@ 2004
wat er imm sci ble solvent. Possible solvents in this category include butyl

i 1 1 MAR 2004 - 7 acetate, hexanol, 2-ethyl-I|-butanol, héxyl acetate,

et hyl butyl acetate, anyl acetate, nethyl isobutyl ketone or aniline and
the Iike. After hydrogenation, the~hdterogeneous catalyst is removed by

filtrati Ofﬂgquﬁg, ﬁ%‘;&arR:gQQQaitﬁy‘-@Wta?n%ﬁq{é%\ﬁ%ce-f%,&ﬁh\#ﬁﬁbtylaéﬁéﬂa@@,, and
p-_ phényl'en

N- phenyl - ediamne are recovered by distillation. The sodium
pent acyargragivacetdter nadthyl ispbusyl tkegnneepyahibide dntethalikei ohfties best carri ed

out at a pH equivalent to the pH of the,  solution contaihping.th | ssol ved
conpl ex i'hpy PatipRe 1§ h%’f%gﬂ%‘%%‘: catg¥nt ﬁe@é@%‘é‘??/fb\’aﬂ é%'%%éﬁ%r ecycl e

of the ¢ | | a S @ Nahd NbAehyI-@-Mai ntain a pH
Q{F@tgﬁ_{ﬂc ﬁ‘%ﬁr{%m The sdiPens! a phehy ?

equi val en pH of the solution at the start of the process.
Thi s adj ushemyienetiignhinesarackcevetdoby diseliatden .t ildwe 8dign appropri at e base,
for exanple, ammoni um hyd%' oxi d anmoni a he |igand used in the

ar i
conpl ex. RERMFWYPPEMPIY er’éﬁ?@ﬁ”df’ tHEN EYFISSh 10 to 12. A pH equivalent to

the pH of the ggsQl Y:ﬁgnﬁé"ﬁéls?éarrié’@io%ﬁ dtSa gepeqdianterinCHC bt batthen of
the solution is preferred. Oxygen and hydrogen pressures may be in the

range of &slmocaboontainingttmesphesivetcaropleat wowsheredheprisfadivsted.ange of

t hese pressures would be from about, 2 about .75 at heres. A preferred
range gf V‘f"ff‘é'bﬁeﬁ?%%%'ﬁré‘te\%&?% rﬁgyf’PoPrf ﬁ%%&{my:ae obyaggéﬁ’%gmam n'aDFf)

Spher es,

or  about 4B QuX,th@f i BraO méirain LOSH NAvalehtith ahe PhRES WHesfahe used for

the reduction reaction wth hydrogen.. Tenperatures may range up to the
poi nt whesehitin abnbe exattadsbs procabs! i tyswdiestneent ehpHyisi achievedvdd to be

be.carr i edhBaodioR st seeiapeels BBE: TohRpRBle opPAYRPrd RS BRR 8 oo
oxi dati on 34 @Rnis HeoMdriLated ¥n the complex. A more preferred range of pH

is from 10 to 12. A pH equivalent to the pH of the dissolved complex,

which is dependant on concentration of the solution is preferred.

Oxygen and hydrogen pressures may be in the range of from about
| atmosphere to 100 atmospheres. “A preferred range of these pressures
would be from about 2 to about 75 atmospheres. A preferred range of
these pressures would be from about 50 to about 75 atmospheres, or
about 5.0 x 10% to about 7.5 x 10° Nm'2. Similar pressures are used for
the reduction reaction with hydrogen..

Temperatures may range up to the point where the complex looses
stability which currently is believed to be from about 5°C to about 65°C in
a closed system. Although the reaction can be carried out at lower
temperatures, the rate of reaction of the oxidation step is significatnly
lower. The preferred operation temperature for the oxidation reaction is
between 30°C and 55°C, and most preferred range is between 45°C and

55°C. The temperature used will require a balance of factors to maximize
the reaction rate and yeild of the process. Higher temperatures than

specified here will slowly degrade the complex. Low temperatures reduce

the solubility of the complex and decrease the rate of reaction.




| oner. The preferred operation tenperature for the oxidation reacti ofl 1i AR 2004
bet ween 30' C and 55C, and nost preferred range is between 45C and 55C. The
tenperature used will require a balance of factors to nmaxim ze the

reaction rate and yeild of the process. Hi gher tenperatures than specified
here will slowy degrade the conpl ex.s Low tenperatures reduce the
solubility of the conplex and decrease the rate of reaction. i 11 MAR 2004

- 8 A nunber, of i an_be used i nst f.ammoni a in_ the spdium
pent acyano fée? ?’é‘tnéﬁ%‘lagfﬁggrr‘r‘g?ecfn ?guasr?gsm%gé}%gfmrwgo I'?q'ﬁ‘ té?risr? s'Such  as
met hyl , penhhydyams opyhie OF) Hodnpieamingsnddinad \kpk raghBesksusmiaes duant hyl  or

diethyl am ne and trial kyl am nes such as trinmethyl amne or triethyl
anmi ne. @SHBEUAY $E8Yk Riepyhrobeutd adniges. Kialkyl agtmeysarhms dimatoll,

oyr di e HEVA Br P PR ERSH RS < a8 ARGV kiR STRITRK L

sol ubi | igryinean@thbeaminbs lthay cha the udispradeN-Bymatt yibrenasthdnoelt hei r
stabili tﬁ/' In this invention, sodium pentacyano ferrates (I1) containing
| i gands N.¥herNttirameibviesh vienedmraing: e dbusiiisited @ri wrs Wistitheedrmoni a
conpl ex w n o e rj | : n e heterogeneous
netal c arfcgrs]tés %ﬁgﬂg%%ngyéfbé&ues@%%% &%iﬁ)lea%ig%qénﬁﬁggr%@wb\bltﬁﬂrnum

on- car bagplubilitheshdrthel- asilibote beh@idbltedoby caiilian andnsly RasieystBbiikge! .
Supports other than carbon, such as alumna, Kieselguhr, silica, and the
li ke can be uSeHiadnventionpeedismp aentagy?ne fagates Allysertaimag igandse used
e e SRR ENER! ot kB 5o R oL BL R RS URRREL S RobLe et 2
catal ysts. ‘An even nore pre%e red’ ~Ca I'yst i's platinum or Pl adi um
suppor t ecopleantion anTéec¢Ccyt tadidppt ypoate hgapent acyanoamm no ferrate
conplex is denonstrated in various exanples of this invention. The
recycling pr6¢Bans dhRrdesEC B9t MeRle! SRt RSt UPaY BYaar§EAREr om 25C to

60C, palladium-on-carbon, platinum on-carbon, ruthenium-on-carbon, rhodium-
on-carbon, and Raney nickel. Supports other than carbon, such as
alumina, Kieselguhr, silica, and the like can be used as well. Preferred
among the catalysts that may be used are the noble metals. Still more
preferred are supported noble metal catalysts. An even more preferred
catalyst is platinum or palladium supported on carbon.

The recyclabilﬁy of the pentacyancamminc ferrate compiex is
demonstrated in various exa;‘nples of this invention. The recycling
procedure may be carried out at temperatures ranging from 25°C to 60°C,
and most preferably between 45°C and 55°C. The recyclability is useful
with ligands other than ammonia in the pentacyano ferrate (I}) complex,
such as pentacyanotrimethylamino ferrate (I} or
pentacyanoisopropylamino ferrate {lI!) complexes. Experimental details of
the recyclability, including conversion and vield data, are presented in the
examples.

Reductive alkylation of PPDA to produce antidegradants can be
conducted by any one of various known methods known to those skilled
in the art. See, for example, U.S. Patent No. 3,336,386, which i1s herein

incorporated by reference. Preferably, PPDA and a suitable ketone or




" and nost preferably between 45C and 55C. The recyclability is usefull 1 MAR H04
| i gands ot her than ammonia in the pentacyano ferrate (11) conplex, such as
pent acyanotrimethylam no ferrate (11) or pentacyanoi sopropylanm no ferrate
(11) conplexes- Experinental details of, the recyclability, including
conversion and yield data, are present «gd in the exanples. Reductive

aLkyl a1 AReRLAETRe LRCAIOAAE: BRdCHRE! SRMRRSARNaRE 2 BRIVt edciwsany one

of vari own et nown to those I'ed in the art. See, for
exanpl e, piEtifunPalifiie Noth 8¢ 88thBB6a swhrpolt.i Sultabld KetomrRoOiNsowee ed by

reference. Preferably, PPDA and a suitable ketone or 11 R - 9
al dehydéﬂéﬁ@vli%t&jxﬂ?"t%@Cﬁﬁ%%%'nwt%%‘ﬁﬂﬁcfpﬁggﬁma{hed g, f%‘fiégt% Zr]ﬁguch as

pl atinum sul f4 WbiRE edahhiaul e SHRRRISY. toSHItAB! AluseizaBamei ncl ude
met hyl i sobut quEeﬁMg%&lﬁgceetam, met hyl i soanyl ketone, and 2-octanone. The

f ol | owi nignvexaiopl esd are nottistedte®d:  fiovt the scopestfriednyeetionnfe?RY on and
are not intended to limt the scope of the invention in any manner

what soeveRNEXANPRESeVELanpl e 1: The Oxidation of Aniline using Hydrogen
Peroxi de as the Oxidizing Agent(step a); and Hydrogen (with 5%

Pal | adi unf Carbon) as the Reducing Agent gstep b) in the Preparation of
PPDA The reaction of step a was r GBXAMPRES3. 0 g of aniline, 6.0 g sodium

pent acyanoanm no, ferrage. (1]), 0.m of. disti,ll .an g of 5%
pal | adi uﬁf‘amR!ﬁaFcﬁréle( b&)‘fﬁ“%@%ﬂé‘ﬂ’je MRS HF’é%ggne\fﬁet'ﬁ“ggkgseé}&‘?pped with
mechani C@xiafziir{# Ngetkiag it bea H en [GRI5 9 PafladiQbh/Dedbogeas tper oxi de
(oxi di zi ng agent) Wwas addéd in 0.5 hours. The heterogeneous catal yst was

renoved Meduding dgeon steb bhén thedeepointidnxelLPERMs transferred to a I-1
Ngne- dri ve auloot 8¥Siadof sfes whEGER FHAG £8 §lorsdnit Y618 GeEdaits then
pentacyancammino ferrate (i), 300 ml of distilled water and 1.0 g of 5%
palladium on charcoal{Pd/C} {50% wet) in a three-neck flask equipped
with mechanical stirrer and addition funnel. Eight ml of 30% hydrogen
peroxide (oxidizing agent) was added in 0.5 hours.
The heterogeneous catalyst was removed by filtration and the
reaction mixture was transferred to a I-l Magne-drive autoclave. 1.0 g of
fresh Pd/C catalyst {50% water) was then added. The vessel was sealed,
purged first with nitrogen and then with hydrogen and pressurized with
hydrogen to about 1000 psig {69 atm or 6.9 x 108 Nm?]. The vessel
was agitated at room témperature for 2.0 hours. Isopropyl acetate was
added to the reaction mixture after venting and purging with nitrogen.
The catalyst was removed by filtration and the organic solution was
analyzed by gas chromatography using a Varian 3400 instrument
equipped with a DB-l capiliary column. The product N-phenyi-p-
phe'nylenediamine (PPDA)was found in 74.3% conversion, and aniline
was measured at 18.4%. The vyield based on conversion of aniline was
91%.

EXAMPLES 2 - 6: The Oxidation of Aniline using Oxygen as the Oxidizing




purged first with nitrogen and then with hydrogen and pressurized wi 1 AR 2004
hydr ogen to about 1000 psig (69 atmor 6.9 x 106 Nm 21. The vessel was
agitated at roomtenperature for 2.0 hours. |sopropyl acetate was added to
the reaction mxture after venting and purging with nitrogen. The catal yst
was renoved by filtration and the-odgani c solution was analyzed by gas

2 . var . i d with DS- |
capi 11 o 201 ik, 2oL S oA ERSe), PERRERE PR BePomy et ound

in 74. 3Rechnveg Agent @iep diihitRe PrepsramasurfetPn 18. 4% The yiel d based on
conversion of aniline was 91% EXAMPLES 2 - 6: The Oxidation of Aniline
usi ng Oxygen ‘a8nghdecReer Aragedune fpRcred4n-Examplydntsesees) a); and

Hydr oge e v I S~8s,.the,  Reducin t (st b) in
the. PronsPaiPns E RN HiEt RIS RN Bherlr et Supieraadl o Bhdhare 1"
sever al geepatiansamenior torrdtd (@), 18ig graMga,e-zmig?/.en@wép@é@v@stuwrm 38.0 g.
sodi um pentacyanoamm no ferrate (11), 18.6 aniline, 2.0 g. netal

cat al ystg.5ethylene gbean)iante1§0ye distiled waser gl k¢ snetdl abtakyses usEdennet al

fgts glagts }E\S/Xeeiur;%lqugnag gxrrw% I%glg ggf%:d%%'gﬁHZ? g*lro géte%g%g\g" 5%%?%‘%%‘5; 'Z‘ngr Elsént at

5% by wet githpled 2CRI fanhandobBRYo@s @at@?gtsabrélﬁgeﬂer@ﬁgt §0%pnRtRlight N
Exanple 6, the nickel is used as 50% Ni/ Ki esel guhr 2.0 grams dry. The
vessel wa cssbpBENDUrgedrd HEse ati4-R 9@ gehO8hdvpterssin Exemnrle 6.40@ psi g

[ 28 atm or 1oy ssel s_agitated at room tenperature
for 2.5 ﬁ'rcgél%fp(sa% ,?ar?:\gb "gﬂig}g%en,suﬁﬁg'v rggl% %\é‘ purged with nitrogen and

then 100 nml offteulydsehceiabeanas ppugeedirsnidth & yajdroghadvRessdhgeyessel was
purged with hydrogen and then &{Bessu_rzi zed with hydrogen to 400 psig [28
atm or 2480xpiig la%maszm}qr IfexvHdsdimunds Thervesagl wasedodrtadatmreemper at ur e

for 1.0 pémpzt'@nﬁ@thF nglhlps' Oﬂft\é@“clfhiissgéi?ﬁﬁ%, the vessel was purged with
nitrogen and then |00 ml of butyl acetate was pumped into the autociave.
The vessel was purged with hydrogen and then pressurized with
hydrogen to 400 psig {28 atm or 2.8 x 10° Nm'2], The vessel was then
agitated at room temperature for 1.0 hr. The ester solution was isolated
and analyzed by HPLC. The nickel catalyst on Kieselguhr (Example 8)}was
found to be inactive. |

‘Results of these Examples are presented in Table 1,

TABLE 1
EXAMPLE CATALYST G CONVERSION YIELD %
% {a) {b)
2 5% Pd/C 40g 50% 69 93
‘ H,0
3 5% Ru/C 4.0g 50% 30 87




and anal yzed by HPLC. The nickel catalyst on Kiesel guhr (Exanple 6)wak! MAR 2004
found to be inactive. Results of these Exanples are presented in Table 1.
TABLE 1 EXAMPLE 2 CATALYST G 5% Pd/ C 4.0 g 50% H20O CONVERSION (a) 69 YIELD
% (b) 93 35% Ru/C 4.0 g509%3087 H2O 1 1 R 2004 - 11 45%Pt/C 4.0 g 50%

7295 H20 55% Rh/ C 4.0 g 509%%196 H20O 650% Ni 7Ki esel guhr 2.0388 g Dry Notes
for Tabl g—t—Cta—N"P

Freryt—p—phery-enredtamne—anabyses—by-—+everse—fhase HPLC
usi ng watier -&acet oni § ri%ePgLCadi érd gwididvea |Perkd n- El mer seri@s 410 LC
H,O
5 5% Rh/C 4.0g 50% 51 96
H,0
6 50% Ni/Kieselguhr 2.0 3 88
| g Dry

Notes for Table 1:

(a) N-Phenyi-p-phenylenediamine analyses by reverse phase HPLC
using water-acetonitrile gradient with a Perkin-EImér series 410 LC
pump, a LC 235 Diode Array detector using a 3.3 cu. pecosphere™
3C18 column.

(b)

N-Phenyl-p-phenylenediamine yield based on converted aniline.

Example 7: Oxidation of Aniline using Oxygen and no Metal Catalyst
{step a); and Reduction with Hydrazine (step b) in the preparation of
PPDA.

in a manner similar to the previous examples, step {a) of the
reaction was run in a l-liter Magne-Drive autoclave using 24 g of sodium
pentacyanoammino ferrate {!l}, 12.8 g of aniline, 100 ml of ethylene
glycol and 300 ml of distilled water. The vessel was sealed, purged with
nitrogen, then oxygen and pressurized with oxygen to 400 psig [28 atm
or 2.8 x 10® Nm2]. The vessel was agitated at 15-20°C with cooling to
control the temperature for six hours.

_ Following oxidation, a one ml sample was removed from the
autoclave. lsopropyl acetate was then added to the sample, and the
synthesis of PPDA was continued with the reduction, step (b}, with
hydrazine. The remaining mixture in the autoclave was purged with
nitrogen, then hydrogen and pressurized with hydregen to 400 psig (28

atm or 2.8 x 10° Nm?]. The reaction was agitated at 15-25°C for one




- punp, a LC 235 Diode Array detector using a 3-3 cu. pecosphereTM 3C18‘| 1 MAR 2004
colum. (b) N-Phenyl -p-phenyl enedi am ne yi el d based on converted aniline. )
Exanpl e 7: Oxidation of Aniline using Oxygen and no Metal Catalyst- (step

a); and Reduction with Hydrazine (step b) in the preparation of PPDA. In a
manner simlar to the previous exadples, step (a) of the reaction was run

ina 1-1i e-Drxl,: i - i .pent acyanoanm no
forrate (TP 2o ARl B il BroRBH 4 S50 S00 i of
distill edapatsae.addwi.vessel was seal ed, purged with nitrogen, then oxygen

and pressurized with ox?lﬂgen to 400 psig 128 atm or 2.8 x 106 Nm 21. The
vessel was agi f&allewing i 2be aPeRIC VS f§Pesategonty il see Wergpey @asre for

si X hours ] [ [ - r%_rﬁo firom t he
aut ocl ave.ch @%%?%%%%hgé%ﬂgéeao&gg%{w ﬁ%ﬁogd%gin‘?%&f) ﬁ%ﬁjsarrp éeﬁl%r!ud t he
synt.hesi s ngdgdtRiPA swlenmsonConvetsivhtte Nhsheredusbhenylaikiatiine (PPDA)
hydrazi ne. The remaining m xture in the autoclave was purged with

ni t r ogen, byhRYAIRERNGHER WAE §tces SENVEEH ORI *%\hhhf%?%jgérfeﬁb'cgie)@ P&AsgB828 at m

or 2.8 x 10 Nm rﬁaﬁ.ﬁ-' agi one Z 11 MAR
2004 - 12 hour'b.\El ?hr-eggrﬁlétactlo%g\?\ﬁﬁﬂ;ﬂ/%‘ngeﬁ?'gg%rn%i%&%dt%ﬁ%\ifﬂ?%ogen and

i sopropyl hyaiceheanelyatdédes Fojlipniangetdli satatyze, orlgariae thayexidatpar aaed.

Anal yses were by gas chromatography using a Varian 3400 G C.. equi pped with
a DB-1 nmb§aBere WanawhoneovevsiveR teNeRR&synohhasl itanadi ki ne (PPDA)
by _Nydrogenalele e, 8 ML b AR e foPIURE! BURRNCOTHeAS 2
result of thi's exanple, it was cohcluded that the ydrogenol ysi s does
requi re a smeélabnoairal yfsN; phdrest gaphthelemediahirenttecatnwas found may be due

to electron transfer reactions during the oxidation.

EXAMPLES 8 - 10: The Performance of the Oxidation (step a) and

Reduction (step b} Reactions to Yield PPDA Under a Range of Pressures

The reactions of these Examples were run in a similar fashion to
those previously described. In a | liter Magne-Drive autoclave using 76.0
g of three different batches of sodium pentacyanoammino ferrate (i),
37.2 g aniline, 4.0 g 5% Pd/C catalyst, 100 g ethylene glycol and 300 g
distilied water were combined. The vessel was sealed, purged first with
oxygen, then pressurized with oxygen to the desired pressure. The
vessel was agitated at room temperature for 2.5 hours.

Following this oxidation, the vessel was purged first with nitrogen.
Butyl acetate {200 mi} was pumped into the autoclave, which was then
purged with hydrogen, and then pressurized with hydrogen to the desired
pressure. The vessel was agitated at room temperature for .O hr. After
work up of the organic layer in the normal way, analyses by HPLC gave

the conversions as presented in Table 2.

TABLE 2




- be done without one. However, it should be noted that it may be convenfdnyar 2004
to add the heterogeneous catal yst before the oxidation. The snall anpunt

of N phenyl - p- phenyl enedi am ne that was found may be due to electron

transfer reactions during the oxi dati?n. EXAMPLES 8 - 10: The Performance

of the O(l datlon (step a) and Reduct 8n'(step b) Reactions to Yield PPDA

Under 2 : oS of LIIE’SEH

simlar Ea@rMcﬁ’l’o,Etc y CAeNYERAN P la IELDt @ Wh

aut ocl dve using 7€ of three different batches |of sodium

pent acyjanoanm no ferFﬁ%g@UﬁElf), 37.2 g aniline, 4.0 g 5%Pd/C c

g et hyliene gl ycol a%ﬁ@%ng] distilhed water were clonbi ned. The

seal ed, || purged fi rist oxygen, then pressurized with oxygen

desiredjpressure. [The vesSel was agit ed at roomijtenperature fljor 2.5

hours. ol Bowi ng tihi s 484 Al on, the % sel was purijge irst witlh nitrogen.

Butyl apetate—(260—rm)—was—punped—ntotheautoctave,—whirchrwas

purged Mt hydrogen, 80id(E®ken pressurifded with hydrodéh to the

pressurg.. . The vesskl was agitated atl roomtenperature for 1 0 hrl After

wor k upjjof 1g§he organi Cd@‘Y@f in the |norgml way, analysps by HPLJ gave the

run in a
ne-Drive

Q hmscel-gr evi ousl

talyst, 100
vessel was

conversilons as presented in Table 2.| TABLE 2 - 13 EXAMPLE 2 and H2

PRESSURES RSTON 90T ELD (&) % psT g [atn 8 40012816993 U 80015616388 10
100t 815594 Notes for Table 2:

Notes for Table 2:

In column 2, the pressures shown are for both oxygen and hydrogen

{a) Yield based on aniiine used.

EXAMPLES 11 and 12: Demonstration of the ability to recycle the
sodium pentacyancammino ferrate {ll) complex
In accordance with the previous examples, the reaction was run in
a I-liter Magne-Drive autoclave using 76.0 g sodium pentacyancammina
ferrate (11}, 37.2 g aniline, 8.0 g.. _5_% Pd/C catalyst, 100 g ethylene glycol
and 300 g distilled water. The vessel was sealed, purged first with
oxygen and pressurlzed to 400 psig {28 atm or 2.8 x 10° Nm?] with
oxygen. The vessel was then agitated at room temperature for 2.5 hours.
Following the oxidation, The vessel was purged first with nitrogen
followed by the addition of 200 m! of buty! acetate pumped into the
autoclave. Then the autoclave was pressurized with hydrogen to 400
psig 128 atm or 2.8 x 10° Nm?]. The autoclave was agitated at room
temperature for |.0 hour. The clave was opened, the solution filtered to
remove the metal catalyst, and the layers were separated.
The ester layer was analyzed by gas chromatography, and the
aqueous layer was returned to the autoclave. At this point, 37.2 g of
aniline, and 8.0 g 5% Pd/C catalyst were added. The vesse! was then

sealed, purged first with oxygen and pressurized with oxygen 1o 400 psiy




-~ In colum 2, the pressures shown are for both oxygen and hydrogen (a} 1 MAR 2004
Yi el d based on aniline used. EXAMPLES 11 and 12: Denonstration of the
ability to recycle the sodium pentacyanoamm no ferrate (11) conplex In
accordance with the previous exanples, the reaction was run in a l-liter
Magne-Drive autoclave using 76.0 g ispdi um pentacyanoanm no ferrate (11),
37.2 g aniline, 8.0 g.5% Pd/ C catalyst, 100 g ethylene glycol and 300 g
di still éd8vatrerar Tigex Vid¥s 8imWas Tdeatrediurpuvgechditatetl s ddamoxygen and
pressurized to 400, psig [28 atmor 2.8 x 106 Nm2 | _with oxygen. The
vessel WEEREHEH gl ad-Sdnaer s FHRMRHIBEE VNN B9 en 5 Theumeas Folldweaiing t he
oxi dat i sel fl 1 it e ol-l,owed by, the
addi ti o%o%gggjéjwn? ‘%f"%%@ﬁ“gg@ e{téeae;thtrfégerﬁ%i {rﬁeo&?ﬂaeaa\é%t (;[lc ave> Then the
aut ocl aveavasepr@sged weth My dio daydsog @ned o wWith 8yvd2Sqat i aro@. 8 x 106
N2 1. The autoclave was agitated at room tenperature for 1.0 hour. The
cl ave waRs'8geRedtMited ok kG ohmT It hhedmisturesese2qitRtefeataloqat al yst, and
the | ay The ester |ayer was anal yzed by gas
chr omat g%?%%\ﬁ??ugeﬁ%ﬁ%%&heous | ayer was returned to the autoclave. At

this point, 3Th2 gstef soRAidn nes analyBed by 586 Barsirerbatapyly Wahe added. The
vessel was then sealed, purged first with oxygen and pressurized with
oxygen t@&sabe pkile analvarsaforoth dwe fresh (gx eJl B anadeeNar2eiedThe

m xt ure ' t+40 era hen_purged with
nitr ogen%ﬁ'ﬁ?g' &ﬁaﬁﬁ%@l 10%\3[98{9 B@g hempfjérr%ign%qéftgaﬁahﬁ%im %Pﬁ\é%gq%'?e into

t he aut oghdwgeldThe vessel was then purged with hydrogen and pressurized

wi th hydrogen to 400 psig 128 atm,or_2.8 x 106 Nrn 2 1. The m xture was
agitated at room tenperature for TABYWodr. The ester solution was anal yzed
by gas chromat ography. The results of the anal yses of both the fresh
(exanple 1 1) and the recycled

EXAMPLE | COMPLEX CONVERSION % YIELD (b) %
REL. AREA (a}
11 FRESH 69 85.6
12 RECYCLE 66 896.3

{a) GC analyses using a Perkin Eimer Model 8310 gas chromatograph
with a one meter SP 2100 column.

(b) Based on aniline converted.

EXAMPLES 13 -15: The Use of Ligands other than Ammonia for
Pentacyano Ferrate (1) Complex and Recycle

In accordance with the previous examples, the reaction was run in
a I-liter Magne-Drive autoclave using 42.8g sodium
pentacyanotrimethylamino ferrate (i), or the same amount of sodium
pentacyanoisopro;:;ylamino ferrate (1), 18.6 g aniline, 4.0 g. 5% Pd/C
catalyst, and 200.0 g distilled water. The vessel was sealed, purged first

with oxygen and pressurized to 250 psig [18 atm or 1.8 x T0® Nm™?} with

oxygen. The vessel was then agitated at room temperature for 0.5 hours.




material (exanple 1 2) are shown in Table 3 in terns of both conversion‘| 1 MAR 200k

and yield. TABLE 3 EXAMPLE COVPLEXCONVERSI ON % YI ELD (b) % REL. AREA (a) 11
FRESH6995. 6 12 RECYCLE6696.3 (a) GC anal yses using a Perkin El mer Mdel
8310 gas chromatograph with a one neter SP 2100 columm. (b) Based on
aniline converted. EXAMPLES 13 -15: The_Use of Ligands other than Anmonia
for Pent acyano Ferrate (11) Conplex and Recycl e In accordance with the

previ ous exag,p F reaction was run i a 1-liter Magne-Drive autocl ave
using 42.88 O%ICU’PH XY i rﬁﬁH?F%ﬁﬁWé‘sf%‘l“rg&fjef”(slt1")"Thd?*mt°r§3@”sarre

amount  ofSQAJIBY m%nmvan fgggggygﬁg}ugﬂ %%%% ter&édrh&% ghg aniline,

4.0 g. 5% Pd/ C catal yst, e vessel was

seal ed, guogede.i rEhenwhe haumwylgee g peessured edth dvw2hOgpsitg §4008 at m or
1.8 x 06 Nm'%é wth 0x gen The vessel was then agitated at room
t enper atiF @ | aUﬂsth% . 10°1 NopRl 2002 2uieclagg) waniagitatad BxioPaki on, The

vessel STVl To NR H WS h nitrogen followed by the addition of 200 ni
of but yY@ach#ate punpeg I?Mnt%ro the autoclave. Then the autocl ave was

pressurized wrbhoiwly agengi@ti4o) thpsaLgo(:%/eatn.rasompé’n@d xntiOifs Nan2édntsThe
aut ocl ave was ggl.{at ed at room gperature for 1.0 hour. Follow ng the
agi t ati JFMYNE %M%B’r\ﬁa‘é’aéﬁgﬁé 136/ dj 3130 (BRIAIHEOUS BRD\REBANhe i xt ur e

1o enalbld BEEUL O, e R CORD B AP SRR ALl o5t
analyzed by gas chromatography us?llwg a Perkm Elmer Model 8310 Gas
Chromatograph with a one meter SP2100 column, and the aqueous layer
was returned to the autoclave.

At this point, 18.6 g of aniline, 4.0 g of 5% Pd/C catalyst was
added. The vessel was then sealed, purged first with oxygen and
pressufized with oxygen to 250 psig [18 atm or 1.8 x 10° Nm?]. The
vessel was agitated at room temperature for 3.0 hours, followed by the
pumping of 100 ml butyl acetate into the autoclave. The vessel was
purged first with nitrogen and then with hydrogen and pressurized with
hydrogen to 250 psig [18 atm or 1.8 x 10° Nm'2]. The vessel was
agitated at room temperature for 0.5 hour, after which time the autoclave
was opened and the contents removed.

The ester solution was analyzed by gas chromatography, using the
same equipment that has been specified in the earlier examples. The

results of the analyses are presented in Table 4.

TABLE 4

EXAMPLE Ligand CONVERSION % YIELD (a)
Used %

13 trimethylamine 89.5 96.9




anal yzed by gas chromat ography using a Perkin-El nmer Mbdel 8310 Gas 11 MAR 2004
Chromat ograph with a one neter SP2100 col um, and the aqueous |ayer was
returned to the autoclave. At this point, 18.6 g of aniline, 4.0 g of 5%

Pd/ C catal yst was added. The vessel was then sealed, purged first with

oxygen and pressurized with oxygen to.,250 psig [ 18 atmor 1 .8 x 106 Nniz

1. The

vessel was agitated at roomtenperature for 3.0 hours, followed by

the punping of 100 m butyl acetate into the autoclave. The vessel was

purged f
hydr ogen
at room

opened afpd the cont

chromat o
earlier
TABLE 4

FST W Th i trogen and then |
t 01350 psi|gtrfm8tatiamdie 1. 8
enper at ur €

th _hydrogen and pressurizegd with
1686 Nm ' ]. The ¥8s8el was| agitated

af er whi ch tinme the autocl ave| was
Lf%t r%@?ﬁ)negd Thelester solution s anal yzed{by gas

Sane equi en specitieg in the

¢ arva PRISRAS SER)
_._.-__,_.__:.__..____ pg - ed in TTable

I_g
trimethylamne 1 89.5 - 16 - 14tr|nethylan1ne 6395.9 (1st recycle) 151
I sopr opyl
EXAMPLES

I\T%q_e%?: _?_ﬁ%ﬁ)lg Notesy bR bdaY 8nknifhe Ysghd based on aniline used

Use of Non-Noble Metal Catalyst in Reduction

EXAMPLES 16-17: The Use of Non-Noble Metal Catalyst in Reduction
{Step b) in Preparation of PPDA

In accordance with the previous examples, the reaction was run in
a 1-liter Magna-Drive autoclave using 57 grams of sodium
pentacyanotrimethylamino ferrate {!l), 27.9 g aniline, and 250 mi of
distilled water. The vessel was sealed, purged first with oxygen and
pressurized to 250 psig [18 atm or 1.8 x 10° Nm?] with oxygen. The
vessel was then agitated at room temperature for three hours.

Following this oxidation, the vessel was purged first with nitrogen,
then opened and the catzlysts added. Then butyl acetate (200 ml) was
added. The vessel was sealed, then with pressurized with hydrbgen to
the desired pressure of 400 psig [28 atm or 2.8 x 10® Nm?]. The
catalysts used for the reduction, step b, were as shown in Table 5. The
vessel was agitated at room temperature for 1.0 hr.

The ester solution was analyzed by gas chromatography, using the
same equipment that has been specified in the earlier examples. The

results of the analyses are presented in Table 5.

TABLE 5

EXAMPLE | Catalyst | Catalyst;Time CONVERSION YIELD (a)

Level % %




(Step b) in Preparation of PPDA In accordance with the previous exarrpﬂé‘sMAR 2004
the reaction was run in a 1-liter Magna-Drive autoclave using 57 grans of
sodi um pentacyanotrinethylamno ferrate (11), 27.9 g aniline, and 250 m

of distilled water. The vessel was seal ed, purged first with oxygen and
pressurized to 250 psig 118 atmor-1318 x 106 Nm2) with oxygen. The vessel
was then agitated at roomterrperature for three hours. Follow ng this

oxi dat|on,, the v fi rogen, [then opendd and the
catal y§ts 1aEt’cIded Tﬁq%gbut | a& é(t@tg %tﬁbo ?QV\L added. &€ vesdel was
seal edll then with pregsurized wth hydrogen to the desired presgure of 400
psig [48 atmor 2 8 X 106{Nmz 1. The catalysts used fdr the reddction,
step bjl were as shbwRlin Table 5. The vessel was agitated at rodm
t enper Vt e for—11 0-hr The ester solution was analyzed by gas
chromatlography, usigng § he| sanpgpgubpient thkat ghas been sgechfied in the
earlien exanples.|The “regults of the anal yses are pregented in bl e 5.
TABLE 3§ EXAMPLE | | Ca0& ysty | Catal yst; Ti CONVERSI ON YI ELD (a) Uevel 1 1

MAR 2004 - 17 16|6,5 g RAney Ni;2.5 h 48.1 92.0 (40%|H20) 17 6.41 g (50%
H20) 0

{a} Yield based on moles of aniline used
In view of the many changes and modifications that may be made
without departing from principles underlying the invention, reference

should be made to the appended claims for an understanding of the scope

of the protection afforded the invention.




5% Pd/C, 0.5 h 62.6 97.0 (a) Yield based on noles of aniline used In vl &R 2004
of the many changes and nodifications that may be nade w thout departing
from principles underlying the invention, reference should be nade to the
appended cl ai ns for an understandi ng of the scope of the protection
afforded the invention. 11 MAR 2004 -1? What is claimed is: 1. A method of
maki ng tri sodi um pent acyanoamm noferra %'(I ) conprising the steps of: (a)
concurrently addi ng an aqueous solution of ferrous chloride tetrahydrate,
stabili zed%h qg.g,'o%)dr}o;sphor ous acid and sodiumcyanide in the ratio of 1
to 5 equiv {5C80%Saqueous solution of one to ten equivalents of
anmmoni um hydr oxi de based on the ferrous chloride tetrahydrate to forma
reaction mxture; and (b) isolating said trisodi um pentacyanoanm noferrate
(11) from$aid reachi Gifthpstt af emal%ngAtrweﬂwau penfaexanegmrainefesiate 1(I0her ei n
sai d isol atdfgrisih§thd stepy of:addi ng a water sol uble organic solvent to said
reaction mxture, thereby initiating precipitation of said trisodium

pent acyanoanm noferrate (I1) fromsaid reaction mxture. 3. A nethod of
maki ng tri sodi um pen{acganroaenin@iddingage dduepus csmigticns bh dercause ghloade | y

addi ng an aque olutia f ferrous chloride tetrahydrate, stabilized
wi th hypophos p%ﬁgﬁ@fgﬁq, 3%;?@5%6’%@%"&&3?%@% ffid a a?C?C@UFBfCYf"@S ]

equi val ents to the ejoeold &olSUBHUINalehtsOfe ahOadEsbudBbMEbE HfSod to agRDNI um
hydr oxi de based on the fe{rous chlorjde t trahg/drate to forma reaction
m xt ure. equivalents of ammonium hydroxide based on the ferrous chloride

tetrahydrate to form a reaction mixture; and

(b) isofating said trisodium pentacyanoamminoferrate (1!} from said
reaction mixture.

2. A method according‘ to claim 1 wherein said isolating step is by
adding a water soluble organic sclvent to said reaction mixture, thereby initiating
precipitation of said trisodium pentacyanoamminoferrate (Il) from said reaction
mixture.

3. A method of making trisodium pentacyanoamminoferrate (ll)
comprising concurrently adding an aqueous solution of ferrous chloride
tetrahydrate, stabilized with hypophosphorous acid and sodium cyanide in the
ratio of 1 to 5 equivalents to an aqueous solution of one to ten equivalents of
ammonium hydroxide based on the ferrous chloride tetrahydrate to form a
reaction mixture.




