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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

‘The present iwgoshees rel ates to nethods for the production 5 PCT/USY7/03966
p- phenyl enedi am ne (PPDA) and hi gher am nes of structural

formula (1) below fromthe starting material of structural fornula(ll)

‘phenyl -

bel ow. - More particularly it relates to a nmethod for preparing PPDA
wherein aniline Is oxidized in the presence of trisodi um pentacyano
ferrate(ll)conpl exes contai ning vari ous water soluble |igands, such
as ammoni a, nono al kyl 10- am ne, dial kyl am nes, and trial kyl am nes,
and utilizing oxygen or : hydrogen per oxi de as the oxidizing agents.
The conplex is then reduced T& eﬁkC)enatlon using suitable

het er ogeneous RAEPABATION OF SUBSTITUT Fpemlmé]ual s 2to5, and
Rlerr] and Rerr] are as set forth bel ow [err]
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BACKGROUND OF THE INVENTION
1. Field of the invention
The present invention relates to methods for the production

phehyl-p-phenylenediamine (PPDA) and higher amines of structural

-formula () below from the starting material of structural formula(ll} below.

More particularly it relates to a method for preparing PPDA wherein aniline
is oxidized in the presence of trisodium pentacyano ferrate{llljcomplexes
containing various water soluble ligands, such as ammonia, mono alkyl
amine, dialkyl 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.

oo,
’ 7@*’““ (1)

HN— ) (11)

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 productvon of PPDA with the ability to



15 _ Rlerr] and Rlerr] may be the sane or different, nust be ortho or

metfa to the I no group, and nay be hydrogen, Cerr]-Cerr] alkyl,
derr]-Jerr] ‘XPI?SQ?%?haI ogen, cyano, carboxylate salts Eﬁ%}"@?ﬂ’&@é‘
of carboxylic acids or m xtures t her eof . The

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

WD 97/ 37965 iti i i R SQ£,,03966
recycle the transition-metal complex, high selectivity an :
recycle the transﬁ"ﬁ on-netal conplex, hi gﬁ seleCtivity an‘a yPeﬁ.&Taé/e

conver si on of asohivession digiiting ito N pinenyl-prpbiénylenediamine istia thengagef of
40-85% Th i el P f 91 to 9.7/% d.gf thi

i nvention ?Sygfgg-%g);- %%gﬁ?@%fﬁﬂﬂérrg&g%ésﬁﬂ@ éﬂ\%’rﬁgk%ﬂtﬂ?q 9""1‘5“' of this
undesi rabl e byppRiistich is also cost ifediiv& ahauprddiicesfo BaVHoRFh&Ntally

The production of p-phenylenediamne and its derivatives is
wi despreddl and undesiableabypradusity. known. In U. S. Patent No.

5,117,063, Sterp e ., disc e r nmet hods of preparing N phenyl- 10
p- phenyl enedi a _neéﬁﬁa{ég@qﬁ'iﬂh?ﬁ%gégﬁt&%ul obenzene are reacted under

speci fic conditions. The production of ptphéiyiBhe@idthineBnP RS ddivatidsda@t i ve

di meri zation of aniline to produce N-phenyl -p-phenyl enediamne is

di scl osed. Brit witiespread: ang its uses are widely kmgwandirelkSp FatemaNent

pat ont 0. 272- 258 LI THGES SIOMR ey iglosevhHSUE thetHAio R FagaHf T eyt

these prugessespiiervaéedidnsifbi wherdinrariiind @Y nitrobenzefie \fedeadted under
conver si ons. J. Bacon and R N. Adans in J. Am Chem

Soc., 90 p 6596 spe@dir conditionsyeport the anodic oxidation of aniline to

e b A Mg e e Bypligatibhs, the"RNGIR L WindHzalio 67 affifieta) =" ©

Herrington, in J.Chem reports e oxI 5t %e
di neri zati on of prodiice tl-phehykpgidinyienediamine i disciogetho Britishopstemtido.
(1) to forma corral ex_cont ai ni ng N-ghen&- - - pheny| enedi am ne
which is then radRRF&HhamdcByIopenn patesy iz%d%f#f-@ze an alkali metal a5
hydr azi hydr : 'dgqnq," | |2HEh D D95 PES el d
hydr ogeﬁul fi %&rlfﬁgﬂhse 0 JTtE hgﬁr?gggﬁﬁm pent acygﬁzo%%’m!tlr'{g%§3 rZIZY%ohalﬂB
(11) conpl ex andxidizingyagent. eNooei afnthasehpioodssge mrefveryiseléativantnamdo they
di stinguish over, this gubl ication and the differences result in a
give good conversions. . _
J. Bacon and R. N. Adams in J. Am. Chem. Soc.,90 p 6596 {1968}
report the anodic oxidation of aniline to N-phenyl-p-quinonediimine but no
20 - conversions or vields are given. E. Herrington, in J.Chem.Soc. p4683
{1958) reports the oxidative dimerization of aniline with disodium
pentacyanoamminoferrate (lll) 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
25 and hydrogen sulfide. The use of the trisodium pentécyanoamminoferrate
{1} 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 highef ratios of aniline to complex
30 can be used in the process disclosed herein.

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

'_2._' .




significantly inproved process. The stoichionmetry of the instant invention
I $ much.i nproved over Herrington since higher ratios of aniline to conplex
30 can be used in the process disclosed herein. It is
-therefore anwdprs®edf this invention to provide a nmethod for PCT/US97/03966
-2- WD 97/ 37965

PCT/ US97/ 03966 t he production of N phenyl -p-phenyl enedi am ne and
rel at ed conmpounds.

. is a further .object .of this jnvention to
i sol ose & hetWsipregugtian of N-phefyl-BpasgAnBfiabnBr 43 EuateE Sonibatiids.
aqueous procesg ik *éa%uﬁl!aéao&ﬁ;rew ®f this inverftity t6 ¥idtiase o métheadFopdnani | i ne
and subsequent separation of the 5 reconstituted starting conplex from

t he desired enprohartiont of suchdampounds via an aqueeus psdcess thatgallows the

process which is commercjally viable, i.nvolvin bot h.l ow t and
Fecyel abi 111y, easy romoval of uhréadcContiné pid PihsraventesbapteR o Mo ent i on
to-provigle a pf itlifed startin% corhpleX frorh @ha-dised 6ne Hraduee [furatliat(l))
wi th both high yie and good I0 selectivity. It is i/et .a further

obj ect of t hi saftereeduction @ivingr? process whieh is commergiplly Viablew drvolving

waste and effl yent, streans, ' &urther objective is t he
producti on of ﬁﬂﬂhiﬂ‘@r@ﬁr{sﬁﬂdﬁﬁé}@%%ﬁ ‘ves which may be used )
Industrially as ant wijeastaraTuptherdbjecooT thie invehtion ol provide ecprocisst that
process of this invention. SUMVARY OF THE | NVENTI ON

15 . | Tl ON
The present i nfastarsdhei p-pivenylanediaming pragduet, ayithedoibghighy vield and good
preparaflon of substitut ' ) LSl
st eps g'#é a) oﬁ?slﬁf:ﬁ?'ﬁ&' alre"lq%l 8?7&?#‘10%%@& o%ft ﬁfogp?n%@e?]tﬁﬁ F%qgﬁ{éggré;gééé%sof
a nmetal pent acuafppfsduicdsless| wasterphdefflachostreams0 A still further objective is
aryl enedi am nopent acyanoferrate c | ex, .sai d netal bebnci] sel egt ed from
watch (navcae

the group consthaPp Qﬁti%%@%’m aming derviatives : |yse
reducing said ﬁ{d\ds‘iﬁ%@ Edaé;ﬂ;%aﬁﬁ?g‘mﬁ frloPn SRETHIGH plirit) SRediRIS BT the

usi ng a het erogeneous ta yst, producing the Correspondi ng
substituted arproddss efrihis invedtiomul a (1).

15 SUMMARY OF THE INVENTION
- The preseht invention is directed to an improved method for
- preparation of substituted aromatic' amines of formula (I} comprising the
steps of: a) oxidizing an aromatic amine of formula (I} in the presence of
a metal pentacyano ferrate (i) complex to form an
20 _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 (i).

o (1)

25 wherein n equals 2 to 5, and R, and R, are as set forth below
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[err] 25 wherein n equals 2 to 5, and R err] and R[err] are as set

forth bel ow -3

97/ 37965 ~ WO97BTIES PCT/ Uso7/R3HE
[err] Rlerr] and Rlerr] may be the sane or different, nust
be ortho or neta to the am no group, and may be hydrogen,
Cerr]-Cerr] alkyl, (err]-Cerr] al koxy, hal ogen, cyano,
carboxyl ate salts and anides of carboxyRic acids or mxtures 5

t her eof . The nost prefer rred\enbodl ment is directed to a
process which oxi di zes any)n /i n\yhe presenqe ph trisodi um
pentacyano ferrate (I11) conpl e ‘cont ai ni ng varl ous water soluble
| i gands, such as amoni a, nono kyl am ne, dial kyl am nes,
trialkyl am nes and the |iKke. 0<| di zi ng f0 agents may be oxygen or
hydr ogen peroxi de. The N—phenyl phenyl enedi am no pent acyano

mot el catalyst, AR ‘eb"eiﬂb%%%&gdor ditfereRtC REEF oY Hrio Br 1ol RYIHRC
supports coul d igsi ddwsaﬁ\&ﬁwbédeBegahr C,- C4 alkyl SO ,a8ikok 9] halcye, e,
carbon or al um na. The m xture of aniline_and N
cyano, carboxylate salts and amides of carboxylic acids or mixtures
5 thereof.
The most preferred embodiment is directed to a process which
oxidizes aniline in the presence of trisodium pentacyano ferrate {il)
complexes containing various water soluble ligands, such as ammo;':ia,
mono .alkyl amine, dialkyl amines, trialkyl amines and the like. Oxidizing
10 agents may be oxygen or hydrogen peroxide. The N-phenyi-p-
phenylenediamino pehtacyano ferrate complex is then reduced with
hydrogen using a heterogeneous metal catalyst, which may be supported
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-
15 phenyl-p-phenylenediamine is then extracted with a suitable solvent after
-filtration of the heterogenous catalyst. Preferred solvents are
environmentally friendly, water-immiscible, and easily recyclable. The
aqueous layer containing the pentacyano ferrate (i) compléx is then
recycled.
20 DETAILED DESCRIPTION OF THE INVENTION
A preferred method of the present invention for. producing N-
phenyl-p-phenylenediamine {(PPDA) involves the steps of a) the oxidation
of aniline in the presence of trisodium pentacyano ferrate (1l) complexes
with the optional use of a heterogeneous metal catalyst; followed by b)
25 reduction of the N-phenyl-p-phenyienediamino-pentacyano ferrate
complex with hydrogen using a heterogeneous me;tal catalyst.

In most cases, both steps (a) and {b) will use the same
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15 phenyl - p- phenyl enedi amine is then extracted with a suitable sol vent

after filtration of the heterogenous catalyst. Preferred sol vents
are environnmental ly friendly, water-inmm scible, and easily

recycl able. TW®93796s aqueous | ayer containing the pentacyanoPCEMSHIE3966
(I'l') complex is then recycled. 20 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON A preferred nmethod of the present invention for
produci ng N phenyl henyl enedi.am ne (PPDA vol ves the steps of
a) the oxidati dwterogeneoqg Cﬁ'ﬁ? Stneln the ﬂéstp?tégeﬁ@é' 'tﬁ%'ﬁsﬂiﬁﬁ’ﬂm studingno

ferrate (1) Cp%ﬁ?%’b? Byd)é\égé& ‘p*é‘?oﬁ%' rﬁ%ﬁ' Oéfv'ﬁtﬁﬁgfasatﬁb%ﬁfd?ﬂﬁﬁeé’é@nt.

net al catal yst; uctio
N- phenyl - p- pherukﬁg@;ﬁliigwhel@remreltyard)zmgram - Still more:prqumed/\lstthe use of

hydr ogen using a heter oa;neous nmet al , cat cases,

both steps (a) @¥HIMHYNHPT Pressure mg%%g?ev\é%ed temperatures whnclh wil mcrease .
- 4 - 7 f

pCT/ US97/ 3966 e ratot d’ﬁé?@?%gagﬁegafs'mgé? t??/s?tomp'ﬁt'? PR 3t ep, any

sui tabl e oxi dant i ncThelimetal pentacyaria ferratexiilj coropleixgsruspful frethisiideentipn
be used as the oxidjzi agent . en is the ferr oxi di zin
agent - Stil | moPEshbeeh p aBstes solbladypsrhaving wites SoiBhR faarids, BE L pRE B
at el evated tenger atimbfsk. Weretembl! mbtals 476 the Tulkali n’iétﬁlsr Sén Q«fs éBﬁudﬁ-i bPn
and facilitate the conpletion of step a. The net al

pent acyano f er rpatassiin. cﬁmmwms@rsimed. trisadium pentacyiapp ferrate (") eesaplex

The’ compithx. _preniting i 8 wAEb T hatiiq Hofnqs FR1ESSREn% B s of

pot assi um The g@ppldXedlGsefar, Theks dijantisnpalase artmbAid, 3henohlkyl affRksx 10
contai ning various water soluble ligands, is illustrative of the class of

conpl exes usef dialkyhaminesgan tialkyl apinesmh peeferasbairugturgriosdbis preferred

oretorred - compled & BRGNP G B e L S G or it

di ner. In 1He sécormdetap of ithp prbférhed peadtion cthe Naghéemyi-pt he
N-phenyl -p- 15 phenyl enedi am no- pentacyano ferrate c ngl;_x ls reduced
with hyd¥®gen phenylen lanyna-nmte%@ﬂéeugtmﬁpmp'ezaﬂ%rﬁ- edryyish dwidipgen

:D;l fggfgﬁn edplf ;ﬁp@.hﬁ}% heterogenB6iE MGG RBLSYEE! Fhis LhtdAUR ikl Forithe
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

26 ‘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 héterogeneous catalyst is
filtered off. Suitable solvents include those that are water-immiscible and
easily recyclable. The aqueous layer containing the pentacyano ferrate (li)
25 complex is then recycled. ' _ |
The compounds of this invention can be synthesized
advéntageously 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 inventioh involves
30 dissolving sodium pentaéyanoammino ferrate (ll}) in water. The synthesis

of sodium pentacyanoammino ferrate {il) is known. It was prepared
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rut.heni um rhodium or nickel. The catalyst may or may not be. :
supported. |f . ted, the supports may be carbon, alum na, and_the 20
i ke, many. of %B@ﬁ;’ﬁe known to those famliar with the art. PCT/US97/03966
The m xture of aniline and PPDA that is the product of the reaction

Is extracted with a suitable solvent. Then the heterogeneous catalyst is

filtered off. SyitaRlifg 38! thehethed ofdE BRRAER "HEHdBEk VRIPPEpArFIVECIHIr§aARd

easily recycl able. The aqueous | ayer containing the pentacyano ferrate™(l1)
25 conpl ex Chentistry!"e@ndl edi. Vol Il, academic Pressh NewnYodadN.or 1965sp

I nventi on can b? aﬁnthesized advant ageously by the foll ow ng
gener.al net hod. ? ‘preferred net hod for the preparation of PPDA is

contained in thﬁ&éﬁ%};ﬁ_@dtmtgrbgh}alﬂm of Trisggium genta&@éigrﬁ&iﬁé gerrate 1)
preferred procesSs o0 I's 1nvention | nvolves 30 I'ssol ving sodrum

pent acyar®ammi no f er At sltgmateimethad-for mapasgtien &fi tsisodium pentetysndi um
pent acyanoanti ng, ekt At gLl fs%erS O¥kurknt BdaioRPSf Sdueous solution of

PCT/ US97/ 03966 tferrous chloride tétiaingdriate ! Srabilizekonithf hipophesiiorournadiasianef
Preparative | norganic Chem stry", 2nd ed. Vol 11, academ c Press,

New York, N.Y. sod&mp cyanide in thg fatio of 1 to S\equivalentsde aropqpeeparsalvtionof

7015201 ent 26y SRRl ekl he abous solyion of ARPALAER VAT

concurrend addi i cohtaiAuryushe ftbiroonefequivalent based wistivd Ferrbds chloride
tetrahydrate, stabilized wth hypophasphorous acid, and sodi um

cyani de i n the ta@ilergs excesss prefpeRrdsangedn tiRiEe ten fauivalspts and the
f i um hydpoxi.de ' ' yidfxidd.
of ammoni um hy dppids ot 9 YRS B DaRined BTUH BRI RYddiBadd.

may contain any rom one equiva ased o errous’ c
to a | arge excess. Thaepcaicurrent addiienssarevdorie ovven oagutovthireattooursdarichehe

nost preferred is three to si:,ée?efgiuj val ents of amoni um hydr oxi
i

The concurrent &etignoissthan: H\nacesaant i remoxersna aé"?R)‘"t(‘j'}e?é"f iron

Py oxi dbS " and PYEFEUEES arid RECEREAY s BricibRURAOT dddE Wi opank! 8F ahy

conveni ent wat ecoavenieing watparsalulsiel arganic SolweotnWtex caompléx noay o¢ dried or
redissolved in water withqut drying and used directly. The excess
ammonia and isopropanol are recovered.

For the addition of aniline, a water miscible organic solvent may be

20 added to help solubilize the aniline. In the instant invention, this reaction
may be run without organic solvent. Exampies 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

25 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
compiex containing the N-phenyl-p-phenylenediamino ligand is subjected
to hydrogenation in the presence of a heterogeneous metal catalyst. This

30 may be carried out without added solvent, or in the presence of a suitable
water immiscible solvent. Possible solvents in this category include buty!
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redi ssolved in water without drying and used directly. The excess

anhroni a and i sopropanol are recovered. For the addition of
aniline, a water mscible organic solvent nay be 20 added to help

sol ubilize thwoewimTese. In the instant invention, this reacti onPCTNSITNO3966
may be run wthout organic solvent. Exanples of such solvents are

et hyl ene glycol, propylene glycol, diethylene glycol, and triethyl ene

gl ycol . Two e jui val e s of n|I|n are added and the nixture is

then oxi di zed. acetate, hexgnpheg-ethyhiRWa ﬂé?’ﬁé! agetate. thplagg)g,qgeéate,
oxi di zi ng agentgndy h?éet%ﬁé‘ @Rthyl .sBsut\a%toﬁeftﬁtﬁm@%a%me' ARbAl yst

may be added prio oxl dat 1 on. I'n the second
step of the pr drn/ekegehatlhn.s the\,hmer@genem oatadlvate's removed byddtqamn and

contai ning the heny| hen e no I| LS Su
hydr ogenatgi on it Blélto‘?fga\é \éﬁ é}eﬂe?‘gb al'?é’f'};ﬁ aé{éféll'éjg?"yl‘lﬁn s 30
may be cgrried dHé‘nX%ﬁéHithﬁ&‘@?é‘ rébvared. b@usstma&m PTREQffu a suitable

wat er i mm scible s ent. Possible solvents in this category include butyl
-6 - pentabyanyadrpnyne ferrate(ll) is then recycled.

PCT/ US97/ 03966 h h 2 |
acetate, ethyl but le%é?aﬁ{cer% ?st EESt g%("?ﬁd/?uéegt?ﬁ'é e%‘%%@'ir‘]??% 56 ‘%i'l' qgetf‘ﬁne
or aniline and doigribn lBntdihiry the dissolved tBhipleR ah vPater! Mhé pHETSOSEUR S,

catalyst is renoved by filtration and t he or anlc | ayer separated
The sol vent, amhenmecsﬁaaw.pﬂftemaqh regycle of thersaren memrmmaeted

Py bl 2 O Uud88 oot g G £BECSATTHES teﬁﬂ g 'oF the™"

equi val ent to isefutibh @t thBestart of the pﬁoziwsL OThisoadjastihest bh@t—ﬂissaéﬂuéedd by
conplex in water. The pH is adjusted when necessary, after each

recycle of the tb@rﬂﬂcﬁﬂoﬁwfaﬁfuﬁﬁgf@?ﬁﬁiﬁl hase, fop examplacagunemiusm hydrexiger ot o
t H |, t; h
maintain a p %Wﬁ%?nf | S_ 5({}“&5 QB lhqh]g%rﬂfﬂe& € mordpbefe?ﬂid’}ér%b If]é}ﬁ'

start of the process. nment o i eve

addi tion of anigfforaprd ad el hagepH equmtantlm tlmpﬂmmmmdﬂsoweﬂecmplex,
anmoni a, _t he Ilgand used in the coggl ex. nore preferred rangqej,_ of pH

is fromB0 to Mhich isiderandantan © cPﬂHaHPIncﬂf theeselutiop) i sretesretex,

Oxygen and hydrogen pressures may be in the range of from about
"] atmosphere to 100 atmospheres. A preferred range of these pressures
wohld be from about 2 to about 75 atmospheres. A preferred range of
these pressures would be from about 50 to about 75 atmospheres, or
20 about 5.0 x 10° to about 7.5 x 10° Nm2. 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
25 temperatures, the rate of reaction of the oxidation step is significatnly
lower. The preferred operation temperatdre 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
30 specified here will slowly degrade the complex. Low temperatures reduce

the solubility of the complex and decrease the rate of reaction.
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15 whi ch i s dependant on concentration of the solution is preferred.
Oxygen and hydro essures may be in the range of from about : I
at nosphere to%gﬁ%%spheres. A preferred range of these press&‘-‘érévs”’“”“
woul d be from about 2 to about 75 atnospheres. A preferred range of

t hese pressures would be from about 50 to about 75 atnospheres, or 20

about 5.0 x 10[err] AGhGh8el of IiyahdsO¢sH b]e,%gfj}kea@omdrﬁﬁwo?ﬁgﬁ%sssﬂiﬁm

used for the reductionreaction w ogen
Tenper at ur es ngyentasyanafermate HH) pomplexhdrigantie neayrbeanohocalkyl amines such

Sbiorr] Cin S Tas MERRL StoyD PRpYTE U RDIPS O RYLaTTIeRS BiRniRs GEnethyd
out at |ower 2%, dieltﬁwmiﬁé uhalsbrianm aTramsosudwastth%tﬂm anﬁn%rotﬁbkt

step is significatnly . lower. The preferred operation tenperature
for the 8xi dat iamineealthenamines that canthe used age[N.N-finathyiasiiroethanohnd

nost preferred r I,s. bet we 4 rr and Slerr]C. The .
tenperature us GMM%F tN r"é%ﬁﬁ??'@%ﬁylﬁiﬁ['glﬁeggwmc P&Pss‘f%tgr&%%i &insubstituted | o
reaction rate syell d o8eTdiqand ' t :
speci fied her eaﬁv}nﬂﬁiﬁgl oewqilarziéggr%e t h2'gca‘(!:“r?%Ih!'g\)i(r.1 bﬁgﬁvﬁagrlrgg?g?ur e %t uec"é :

t he sol ubility soiubility congtbriraahilityete baslisplasedhy avilinecand ibyntheir stability.
-7- WO 97/37965 .. . T

PCT/ US97/ 03966 1P thid Wentiony sediym psptasyAIRterEatie L) §o8daining igandp
amoni aq1ion t he Gipde ¥Ahn ammonia Re&iedgiEPHed By SGBsHtutlonCONMhE amihbaaNds may
be nmono al kyl am nes such as nethyl, ethyl, propyl, or butyl

am nes, di al kylcampleaxswiticanaxatisseafhthe appropriate digagdet hyl ‘ani ne and

trial kyl amines such,as trij ' r e M ne. o her
am nes that can be Lfs'\ﬁ'bo%q tﬁ%ﬂ@fﬁo@nﬁ? Il"gnﬁn%g%t%%é‘(yls,téthat mdy B8 used dre

N, N, N, N -t et r giatlaldihrat Siylcanbeh Apiatinun igh-8akisdn, trutiteniam-BAsedrbont Whedium-
pyridine. A variety of other_ligands can be used, limted only by their
sol ubility, and®n-garbomband Ranay pickgl.s SURPOItHGthal thapLcarheny BuUCheas

stabiling . alumina, KiesslgUhf) shidd) 4 1o ks UinHs RRBHSY AU, f Prdrhit
(I'l)- contai ni ng P gands f(? ot her’ than ammoni a were prepared by
substitution ofarhbagaiwocatalysts that may bel esed\atéthen nebleeawtals. t Béll more

DT 0P 2Le || 9o are suppayted sRBRRSIRE SRS S e
rut heni um on- caRQRYst'i§ PFati¥m or palladium supported on carbon.
The recyclability of the pentacyanoammino ferrate complex is
20 demonstrated in various examples 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 565°C. The recyclability is useful
with ligands other than ammonia in the pentacyano ferrate (Ii) complex,
such as pentacyanotrimethylamino ferrate (ll) or
25. pentacyanoisopropylamino ferrate {ll) complexes. Experimental detaiis of
the recyclability, including conversion and vield data, are presented in the
examples.
Reductive alkylatidn of PPDA to produce antidegradants can be
conducted by any one of various known methods known to those skilled
30 in the art. See, for example, U.S. Patent No. 3,336,386, which is herein

incorporated by reference. Preferably, PPDA and a suitable ketone or
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on-carbon, and Raney nickel. Supports other than carbon, such as 15

al‘um na, Kieselguhr, silica, and the |Iike can be used as well. Preferred
anong the catal ysts that nay be used are the noble netals. Still nore
preferred ar avoompmesed nobl e netal catal ysts. An even nore prePETIuS97/03966

catalyst is platinumor palladi umsupported on carbon. The *
recyclability of the pentacyanoamm no ferrate conplex is 20 :
denonstrated i'n various exanples of this i nver}t i on. The recycling

procedure may aklehwde are raactad B IhRrESARE’ A MYAregen and Ascatalyst such as
60[err]C, - an f 2 | "
Lerr] tatinufl buitdS WL o WRN6 R Y YEEBoAD L Slithble™Retotiisdiichide The

recyclabilityP I gands ot her an ammonia 1 n the
pent acyano f er rdthylisobutyd keteme, acetone, methtylisnanpdrketonapand 2edtghaneno
ferrate (11) or 25. nt'acyanoi sopropyl am nqg ferrate (1}]) conplexes.
Experimental detaild h@f\%?lowmg exﬂ’ﬁ?&%@%}d“&ﬁf‘ﬁ?@}? ﬁq@ﬂd"hﬁt’@g\‘;@?si on
and yielg data, . ' 2 i ; ian
Reduct (v ai ky yEEioR FAG G horintided to fimit IRENPRKRS oL the fvention in any
conduct ed by amarnvier whatsoevess known net hods known to those skilled 30

in the art. See, for exanple, U S. Patent No. 3,336,386, which is herein
incorporated by reference. Preferably, PPDA and a suitable ketone or ,
WD 97/ 37965 : EXAMPLES PCT/ US97/ 03966
al dehyde are reacted in the presence of hydrogen and a catal yst such as

pl ati num sul f i Bramiplé Tor Thiet Oxidations Qbmiﬁne sising bivsiregeonReroxids edahe

The Tol Tout ny OXiginG: AReEHen AT Rty aRen (FieR Sz BRladiiRR/CHIB0R a5 the
i nvent i and ApBUBRlg AYemrdstep §) in thé FripafetitieofPPOW i nvention in any

manner at soever. o . L EXAMPLES
Exanpl e 1: The Oxi ddtheoreastionnef stap aswag rHpdseigan-Peg ofianiline, B g sodium

7109, 00" bRl o M A0 Tl 400 O BhAGG et ). 3o
reaction of st paladinas onucharoaliPd/0) ¢50%% avét) iina tire@-ecloflasknequipped
with mechanical stirrer and addition funnel. Eight m! of 30% hydrogen
15 peroxide (oicidizing agent) was added in 0.5 hours.
| | The heterogeneous catalyst was remm)ed by filtration and the
reaction mixture was transferred to a I-| 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
20 . hydrogen to about 1000 psig [69 atm or 6.9 x 10° Nm?]. The vessel
was agitated at room temperature 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
25 equipped with a DB-l capillary column. The product N-phenyl-p-
phenylenediamine (PPDA)was found in 74.3% conversion, and aniline
was measured at 18.4%. The yield based on conversion of aniline was
91%.

EXAMPLES 2 - 6: The Oxidation of Aniline using Oxygen as the Oxidizing
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pent acyanoamm no ferrate (11), 300 m of distilled water and 1.0 g of 5%
pal | adi um on charcoal (Pd/ C) (50% wet) in a three-neck flask equipped

wi th mechani cYO23 r and addition funnel. Eight mM of 30% hyo‘? SPGB 966
per oxi de (oxidi zing agent) was added in 0.5 hours. The

het er ogeneous catal yst was renoved by filtration and the reaction
m xture was tr '

frosh pd/C cat o geTHiEER,BR dd rvABEER R e AR Celpat S5 thPeq
purged first wiRddugihgogenttstep g rinvthelPieparatien offldPRAessuri zed with 20
hydr ogen to about 10Q0, psé%aLGQ. atm or, 6.9 x.éOherr%ﬂNanré] . Th«? vessel .
was agitated at roonyYS&dp Beic Rrgcegure fepicted inExapple 1o spetlvas
added to the r%s&ﬁsns%%élmnﬁhqrntéﬁnnagwemdounﬂwavw&wIsfs.e@&nsodium
The catal yst was renoved by filtration and the organic solution was

anal yzedBby gagperitacyanogmaning festatg (H),VABiGg anilioe 2s0qirmetaizmtalyst 50.0

' d with DB- | il . 1 d h - p: .
pheny | ened: ani e SBSGBaL G AN 1 RO ciski Bttt EhE SRR stalyats used in
was neasured atEE,JXﬁnl\gfl’_éESﬂZ@?V% thﬁgﬁaapb@,nagpm,enm & N, PSP enRS In

91% I dation of Aniline using Oxygen as the
Oxi di zi ng Examples 2-5, the heterogeneous catalysts aregpresent at 5% by weight
97/ 37965 : ' ' / /03966

Agent (step a); oM garken Sﬁ'gnﬂwyt greised gF Mt%lanea§g%§'¥§%‘s qﬁﬁ%xampfe 8, the
Reduci nqoAgent (igk&Pishisdd ak BOR Ni7Riedelguhio2. ’gPéms dry. _ Usi ng t he
basi c procedure depicted in Exanple 1, several . reactions were run
in a l-liter Magne- OFhe oessebwas\eealed npuraedfigst with axygen and pressurized to

0 ot hyl ene ol veRD Bd 78 pr &8t A0° NI Thevboed Sy sifefed i oy

Exanpl es 2-6 arensperatitectorPa.s Rs. RfterRhismgitstion, abpaaissetas parged with

Exanpl es 2-5, the heterogeneous catalysts are present at 5% by wei ght
on carbon and tnitpasncand dhentl0g ol gf Byiylseestate syas py te the autociave.
ni ckel i, used %N LK e@?'] "oy . : @ihe vessel
was se_al@’d, purgz%%g é%git Mviﬁlst g;%ygé'ht%aﬁyd% ess%lﬁc%fztggnt%'essunzed widh!
hydrogen to 400 psig [28 atm or 2.8 x 10° Nm?]. 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 Kieseiguhr (Example 6)was
~ found to be inactive. '
20 . Results of these Examples are presented in Table 1.

TABLE 1

EXAMPLE

5% Pd/C 4.0g 50%
H,0 ~

3 5% RwC 4.0g 50% |- 30 87
H,0
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400 psig [28

t enperature for

nitrogen and

room

atmor 2.8 x 10[err] Nnferr]]. The vessel was agitated at
2.5 hrs. After this agitation, the vessel was purged with

then 100 m of butyl acetate was punped into the autoclave. 15

The vessel wao #8768l wi th hydrogen and then pressurized with PCT/US97/03966

hydrogen to 400 psig [28 atmor 2.8 x 10[err]

The vessel was then

Nnferr]].

agitated at roomtenperature for 1.0 hr. The ester solution was isol ated

and anal yzed
found to be i
presented in
"EXAMPLE CA
%(a) (b)
93 -

30 -
-10 -

PCT/ US97/ 03968

95

(b)

10

15

0 HP e Ke al.al on_KlLesel aun Xanpli e 0) W3
pacihi ve. 20 5% P/C 4.0 g 508syl t 920f these Ekangyes ar¢
abl e 1. TABLE 1

ALYST G H,0 CONVERSI P YI ELD %
' 2 . D04 DAl C .0 _a 5004 AP

5 S9ORh/C 4.0g 5% | 51 SURIC| 4d g 50f

87 . Herr]O '
WO 47Hz0965
4 59%-Rit-6—br0g50%mt— 72
6 5092 0Ni/Kieselguhr 2.0 3 88
g Dry

| I NS — R .

Notes for Table 1:
(a). N-Pheny!-p-phenylenediaming analyses by reverse phase HPLC
using water-acetonitrile gradient with a Perkin-Elmer series 410 LC
pump, a LC 235 Diode Array detector using a 3.3 cu. pecosphere™
'3C18 column.

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

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

In @ manner similar to thé previous examples, step (a) of the

reaction was run in a l-liter Magne-Drive autoclave using 24 g of sodium

pentacyanocammino ferrate (M, 12.8 g of aniline, 100 ml of ethylene

glycol and 300 mi 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.

20

25

__Following oxidation, a one ml sampie was removed from the
autoclave. Isopropyl 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 autocia_ve was purged with
nitrogen, then hydrogen and pressurized with hydrogen to 400 psig [28

atm or 2.8 x 10® Nm2]. The reaction was agitated at 15-25°C for one

-11 -




5 5% Rh/C 4.0 g 50% 51 96

H20 | 50% Ni / Ki esel guhr 2.0 3
g Dry WO%E’%‘SS for Table 1: 5 (a) . rCtiUsomn3ses

N- Phenyl - p- phenyl enedi am ne anal yses by reverse phase HPLC
using water-acetonitrile gradient with a Perkin-El nmer series 410 LC

punp, a LC 235 Houfle Td peactiirewias verstedy purged with riigegeRleiEiyprbpyi
3C1 8 col um. N- Phenyl - p- phenyl enedi am ne yi el d based on

b)
converted anili n@_etatelqéded. Exanpl e 7: Oxidation of Aniline using Oxygen

and no Netal At a Yo Follpwing this, thghbnicieFadpariea. bl G2 i ghe

in the preparatio

to the previous caramategraphiyesing)a Veriahe3400 G.C. ¢qiAppedwithsa DB i n a
I-l1iter Magne-Drive autoclave using 24 g of sodium 15 pent acyanoanm no

ferrate (Pl), 1mepapase cpipmnee ConNersipndp Mphanyip-phenylenediaraiie HRDADO

m of distilled ; ; | . Nitrogen,
hen oxygen andbi bElrqarBEREROR® 3.5 ERERnR S iaili peduction Weg S5%:
x 10[err] Nnferr]]. Peavessklofvthis agampledit avas GoRb{urled thatithe cooling to
control the tenperature for six hours. 20 Fol | ow ng oxi dati on,

a one m sanpl e hydeoganrlysig dogmiaquire a metal calalyst.avbereas the pxidation sen
th dded d : | R
was 1hen adde h% ddige W%&% o@?.e#%?yew it ﬁhoﬁﬂ‘ﬁgﬁég%a? 1Pﬁ’1é$ﬁ§e

continued with e reduc razi ne.
remai ni ngOM xt uceniveniene touddd tive heveragpnegad caitdlyst before the dxiiion.t Mhe

Toler Nt er ] PmahamouRt of Qi AfieevAgTRhaoned BsToS tBaT e trund ey be due
our | The. eact {3 ST SrRNSHEY fencgions dyring the XU | Sopropyl
acet ét e added. L '
EXAMPLES 8 - 10: The Performance of the Oxidation (step a) and
Reduction (step b) Reactions té Yield PF.’DA' Under a Range of Pressures
15 " The reactions of these Examples were run in a similar fashion to
those previously described. In a | liter Magné-D_rive autoclave using 76.0
g of three different batches of sodium pentacyanoammino ferrate (li},
37.2 g aniline, 4.0 g 5% Pd/C catalyst, 100 g ethylene giycol and 300 g
distilled water were combined. The vessel was sealed, purged first with
20 - oxygen, then pressurized with oxygen to the desired pressure. The
vessel was agitated at room temperature for 2.5 hours. _
Fol!oWing this'oxidation, the vessel was purged first with nitrogen.
Butyl acetate {200 inl) was pumped into the autoclave, which was then
pUrgéd with hydrogen, and then pressurized with hydrogen to the desired
25 | pressure. The vessel was agitated at room temperature for |.0 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

-12 -




Following this, the organic | ayer separated. Analyses were by gas
.chromat ography using a Varian 3400 G C. equipped with a DB-1 5
nmegabore colum. Conversion to N phenyl-p-phenyl enedi am ne (PPDA)
by hydr ogenatwom7azs56% Conversion by hydrazi ne reducti on was BECRAISITH3966
As a result of this exanple, it was concluded that the

hydr ogenol ysi s does require a netal catal yst vvhereas the oxi dation can

be-.done w t hou L—one. Hc wever it ghould be potod that 1f ooy bhe 10 o
convenient to | tle s cat alyu Ai
smal | anmount o% ﬂﬂ:ny -Ip- p‘n%ﬁ‘gﬁpénedl am ng¢ tc%t was ounc dﬁﬂ%n(a&%

to electron trnsfher r eadt PRBSSUMRE,ng t he pxi dati on. EXAI\/PLE 8 -
10: The Perforpance of the Q(lggtlon (stepja) and Reduct i on (sep
b) Reactions th Yi el d PPOAPSIEAtM Range of Pressures 15 Te
reacti ons of -tese—b=and fe—r-tHrrr—a—pnrtar—tashromrito tfjose
pr evi ously des ri Bed. Inja | 400 8IMagne- Dfi v89aut ocl ave qsiaa 76.0

g of three di f er F\nj‘_ bat dhes of sodium penlacyanganm ng rrate (11)

37.2 g anili ne g0 g 5%|Pd/ §o@%53yst 10D gggt hyl ene gI)cogsand 300 ]
distilled wate wer e comt]i ned e vessel s seal ed, purded first w t 20
oxygen, then pfiessuri zed jw t en to the dgsired pressyre,, The

vessel was agifat at rdom BQ%@ature fo §§ hours 2

Fol | owi ng t hi storramtTrorr—t TS C s PO o TSt v =R et

Butyl acetate (200 ni) was purrped |nto the aut oclave V\/mch was then
purged wst h hyiolgeFor Iablé Ben pressurized with hydrogen to the desired 25
pressure. The vessel was agitated at roomtenperature for |.0 hr. After

work up of thel®eghHne %a?‘@r PIESSUFRS ABPWAI akgalpr bethl 9xveenandrrydregen
EI‘RELEOSVH SiONga s RAERFBAEA bﬂ a%@uged 1o VO
97/ 37965 _ _ PCT/ US97/ 03966
EXAMPLES 11 and 12: Demonstration of the ability to recycle the
. sodium pentacyanoammino ferrate (I} complex
10 in accordance with the previous examples, the reaction was run in
a l-liter Magne-Drive autoclave using 76.0 g sodium pentacyanoammino
ferrate (Il), 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 pressurized to 400 psig {28 atm or 2.8 x 10° Nm?] with
15 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 ml of butyl acetate pumped into the
autoclave. Then the autoclave was pressurized with hydrogen to 400
psig [28 atm or 2.8 x 10° Nm2]. The autoclave was agitated at room
20 temperature for 1.0 hour. The clave was opened, the solution filtered to
remove the metal catalyst, and the iayers 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 vessel was then

25 sealed, purged first with oxygen and pressurized with oxygen to 400 psig

-13 -



EXAMPLE Jerr] and Herr] CONVERSION %  YIELD (a) %

PRESSURE, . psig [atni 8 400

[ 28] WO 8437965 93 9 RIFTP85703966
63 88 10 : 100 [ 8] 55

94 5 Notes for Table 2: In colum 2, the pressures shown are

for both oxygeny g el 998K 108 Nmy2 1l *ihe niplfe WARCHGRBIAIM 1SGmIsed

EXAMPLES 11 and nonstration of the ability to retyc
sodi um pent acy agemaperataré éor 2t ® Nours, therpparged with nitrogen. IThisawas deliewed

wi th the previous exanples, t reacgtion was, run in - al-liter
Magne- Dri ve autB¥tBePUBPR ?gi’@%"@(Rﬂtﬁh?ﬁﬁmtﬁtha‘?]g&?nﬂuﬁ%c'ave- The vgpgel e

1), 37.2 i) 8 t :
ind 300 g di st | MESqTE, Rrrded WitTHyBrogbit bhal prebeiifed vikth SBaréquf b 400
oxygen aril prespsigi [28atma @i02.xi 07 NmZtlm The ikturel Ofasr agitatedeat fdomi t h

15 oxygen. The vessel ,was_then agitated at roomtenperature for 2.5
hour s. temperatpig If%'i/\ﬁﬂd"?'-l'fe oxi dation, The vessel was purged first

with nitrogen Th&oééteiﬂ@ﬁm)bﬁ m@aﬁnghea W PQQQ:H?Bngtogx‘sﬁgﬁy.a gate

punped into the aut ocl ave. Then aut oclave was pr rized with
hydr ogen t o 400resuits of thpsiagalydesxifrbath thes freshOjexanipldli] Brand th&mecycled

aut ocl ave was agitated at roo 0 tenperature,for 1.0 ur, The cl ave
was opened, theMegerigl Wamé)lpg;l%)da{eoshowgpm ??gi?ogénttﬁgnﬁé{} O, EOMYRSSIon N

the layegis Ver €588 Radiat ed. The ester |ayer was anal yzed by
gas chromat ogr aphy,” and the aqueous | ayer was returned to the
autoclave. At this point, 37.2 g of TA Bine, and 8.0 g 5% Pd/ C
catal yst were added. The vessel was then 25 seal ed, purged first Wwith

oxygen and pressurized with oxygen to 400 psig

- 13- .
EXAMPLE | COMPLEX CONVERSION % | YIELD (b} %
| REL. AREA (a)
11 FRESH . 69 , 95.6 ll
RECYCLE 66 96.3 “
15  {a) GC analyses using a Perkin Elmer 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 (ll} Complex and Recycle
- 20 In accordance with the previous examples, the reaction was run in

a Hiter Magne-Drive autoclave using 42.8g sodium
pentacyanotrimethylamino ferrate (ll}, or the same amount of sodium
pentacyanoisopropylamino ferrate (I}, 18.6 g aniline, 4.0 g. 5% Pd/C
catalyst, and 200.0 g distilied water. The vessel was sealed, purged first

25 .  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 0.5 hours.
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WD 97/ 37965 PCT/ US97/ 03966
[28 atmor 2.8 x 10[err] Nnferr]]. The m xture was agitated at room
tenperature for 2.5 hours, then purged with nitrogen. This was foll owed
by the punpi ngoof32@ nl butyl acetate into the autoclave. The PEYAIN97/03966
was then purged with hydrogen and pressurized with hydrogen to 400 5
psig 128 atmor 2.8 x 10[err] Nnjerr]]. The m xture was agitated at room
temperature for 1.0 _hour ., .y e he ester solution was gnal yzed by
gas' chr omat ogr aphy. FRREWIng the oxidatips THe vResel 1P S08q et MithaikpgeR
(exanpl e 11) apghduigd'Rf e Bddition of 20BAY bRbutPGBtte baing¥cPintBoe | N
Table 3 in terns 0 ot’h conversion 10 and yi el d.

TABLE 3 autoclav&XAVAER theChtaelave was presswizrd withhydiagderDtg 900/
REL. AREA (a)

95. 6 psig {28 atm or &?@th,efé\lml?ﬁgsﬁl%autoclaveesgvas agitated ggreom ;o

(a) GCanalys Liaré f6E1.0 Rolit.mer Model 8310 gas chromat ogr aph
with a o%e netge:rngg+2160 colum. (b) Based on aniline converted.

EXAMPLES 13 -15: Thé&olewing thegrgitation.hthe autoclaverywas opened and its contents

he. o Lol ous chaaved! TER RlEied Wb HEH Pt and the aqhéolf BB RS |
Magne- Dri ve auiggra\separated. 47h8%kstefsulltion, contalifs AT itve orgameliByba wag

ferrate (11), or the sane anmpunt of sodium pent acyanoi sggéogyl am no
ferrate (11), apalyzgdw giagchromatggraphyysing a Perkin-Elmgr Medel$31008as ¢

O ot ot Pt SEngb et W o35 S 200 Sl i BB L8 8,87
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
pressurized with oxygen to 250 psig [18 atm or 1.8 x 10° Nm2]. The

15  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?]. The vessel was
agitated at room temperature for 0.5 hour, after which time the autoclave

20 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
m
25 EXAMPLE | Ligand CONVERSION % | YIELD (a)
Used %
ll 13 trimethylamine 89.5 96.9 ll
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oxygen. The vessel was then agitated at roomtenperature for 0.5 hours.

- 14- Wo WI.WBG??/ 37965

_PCT/ US97/ 0396 Fol | owi ng the oxidation, The vessby T{§er103966

purged first wth nitrogen foll owed by the addition of 200 m of
butyl acetate purrped into the - autocl ave. Then the aut ocI ave was
pressurized wi t§rHydrogemn|ro, 400 PSTU .28 atm or

Nnferr]]. The ajit od¥ave V\/ESTT'&@?MQ!B'% r 0o\ 1. 0
hour . Fol | owi tation as opened ajhd
Its contents renoyje @gt#%gyag ture as then fil tered and t he aquous

. it
and organic Fayeryg separated., The ester._soractron, cponta ned 1 he

organi c | ayer, § iSpRISPMAMIRe gas ¢hr &fat ography usi 98- Z |
Per ki n- El mer Mlal—_2210-—{ace 1O C00Bi-0 it -tk =t gael-not-or.»obk210) |
colum, and the aqueous | ayer was returned to the autocl ave.

At thi's point, AR YoPTapld 41 1) vib® kst SAaRlfe bl vst vas

added. The vessel Was then seal ed purged first wth oxygen and
pressurized with oxygen to 250 psig [18 atmor 1.8 x 10[err] Nnferr]]. The

the o punERAMBLESGER A7:1, TR USE B NenNiobio Mt Catalisein Rnducage

was purﬁﬂ #He atibh'é9eppand then with hydrogen and
pressurlzed W t pfbi Y%’;cﬁ?ogen to 250 psig [18 atmor 1.8 x 10[err]

Nnferr]]. The vessel Imascordance withi the pdeviousexamplesethe resction Wwas roauin,
after which tine tents renoved.

th
The ester sol utPo "MMEHQP%EWE a”taﬁ?"(‘?h‘r‘%ﬁﬂ{%grg&gﬂ&? °ﬁ§?ﬁn Mhe

same equi prent Bﬁiaéﬁﬁobﬁ%tﬁ?%ﬁnﬁb%ﬂdiet('ﬂ?, 2. g grarﬁmeérpém 250'énl of
results of the anal yses are _;?resente I n Tab

TABLE 4 25 distiliedaveter. Theassel was sealed pmmsmm oxypBnand,)
tsed 10 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 catalysts added. Then butyl acetate (200 ml} was
added. The vessel was sealed, then with pressurized with hydroge_n to

15 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 equi'pment that has been specified in the earlier examples. The
20 results of the analyses are presented in Table 5.

TABLE 5

EXAMPLE | Catalyst

Level

YIELD (a)
%

Catalyst; Time CONVERSION

%
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13 trimet hyl am ne 89.5 96. 9

- 15 - ‘WD 97/ 37965

PCT/ US97/ 03966 14 ‘trinmethylam ne 63 _

95.9 WO 97/37965 (1st recycle) 15 PCT/US97/03966
i sopropyl am ne 55 98. 7 Notes for Table 4: a)

Yi el d based on fani i ne u_sed EXAI\/PLES 16-17: T_he Use of Non- Nobl e

Metal Catalys e _ e tay)
| n accordance vvi t16 t he {r&\8 gus [ .a
1-liter Magn-Dri ve autfocl ave u ing 57 grams sodi um ,

pent acyanotri thyI am ng AQ%at e (1), 27.9 g aniline, and 250 nl of
distilled watgr. The vegsqloy\/as eal ed, purged |first with oxygen and 10
pressuri zed ‘f 250 psig{[18 atmpr 1.8 x 10[err]] Nnjerr]] with oxygen. ¥he
vessel was th¢n adl t, roo i  Tar t Nour s.

Fo I owi ng thi § oxi&iat i or|, 618 veﬁég‘iﬁ@:ﬁ?g}a fié]éfsevm'th ni {r cYe0

t hen opened ad the_catelﬁgﬁd% added. Then butyl] acetate (200 ) was

added. The ve§sel was sdaled, then with pressurfized with hydrpgen to 15

t he desired pessure of |4880Ypsi g| 128 .8 x 10[err] Nnfgrr]]. The
catal ysts useq_for the deductionl sten b were ja houn Lo Table 5 The
vessel was agitated at roomtenperature for 1.0 hr. The ester

sol uti on was "angl wiefh Bys 4R3n MolPbPAniliY usdtf | "9 the

" In view of the many changes and modifications that may be made
5 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.

-17 -
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- 16 - WO 97/ 37965

PCT/ US97/ 03966 \what is claimed@s: 6.5 ¢ Raney N ;2.5 h 48. 1

92.0 : 40% H20) 17 6.1

g 5%Pd/C 0.5 h 1. écmethod for prépm_tion of substituted aromat’(qseminés of
H20) ( Yi el 4 based. on I of aniline used - In view
of the many chag%‘égu'gnd) RBERT1SES ?%%g%?Wa?ﬁmay be made 5 wi t hout

departing from pri nc:gsﬂ 8RidizifAg'd ¥oNdion"ef an \urdiviadit amiiéof feemula (11) ins{my!c d

be made to the appended clains for an understandi ng of the scope

the proteBtion Rréssneedof pe 9xidizing agent and a metal pentacyano ferrate (lI)
complex to form an arylenediaminopentacyanoferrate complex, said metal-
being selected from the group consisting of potassium and sodium; and

{b) catalytically reducing said arylenediaminopentacyanoferrate
complex with hydrogen uSing a heterogeneous metal catalyst, producing
10 the corresponding substituted aromatic amine of formula {!}

Ry
/_:F\\_ (1)

H- TM// H
T

L _R: n

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

R
!

77\
HN— (11)

Rq

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,
15 cyano, cérboxylate séits and amides of carboxylic acids or mixtures

thereof.

2. The method of claim 1 wherein the oxidizing agent is oxygen or

hydrogen 'perdxide.

3. The method of élaim 2 wherein the oxidizing agent is oxygen

- 18 -
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and a heterogenéb‘tjs metal catalyst is present during said oxidizing step.

4. The method of claim 2 wherein the oxygen used is under

pressure ranging from about 1 to 100 atmospheres.

5. The method of claim 2 wherein the oxygen in the oxidizing step
5 and the hydrogen in the reducing step are used under pressures
independently selected and ranging from about 2 to about 75

atmospheres.

6. The method of claim 1 wherein the metal pentacyano ferrate (Il)
complex is a trisodium pentacyano ferrate (lI) complex containing water
10 .soluble ligands selected from the group consisting of ammonia, monoalkyl
amines, dialkyl amines, trialkyl amines, N,N-dimethylaminoethanol,

N,N,N’,N’-tetramethylethylenediamine and pyridine.

7. The method of claim 6 wherein the trisodium pentacyano ferrate

{1} complex has the structure NayiFe{CN}sNH;xH,0], or its dimer.

15 ' 8. The method of claim 1 wherein the heterogeneous metal
catalyst is a supported or unsupported catalyst selected from the group

consisting of balladium, platinum, ruthenium, rhodium, or nickel.

9. The method of claim 8 wherein the catalyst is platinum or

palladium.

20 " 10. A method for producing N-phenyl-p-phenylenediamine
comprising the steps of: _
a) oxidizing aniline in the presence of an oxidizing agent and a
trisodium pentacyano ferrate (ll) complex to form an N-phenyl-p-

phenylenediaminopentacyano ferrate complex; and

-10 -



1. A nethod for preparatlon of SUbStItuted TASSHEET ¢iABBEERY Of

formula (1) comprisin REPLACED oxid|2|ngasolut|on
of an aronatlcngrﬁ’ﬁ "“ﬂ m,g, Hl -5 presence of anPEXUSI7NES
agent and a netal pent acyanoc arr I conplex to form an

aryl enedi am nopent acyanof errate conpl ex sai d net al bei ng sel ected

fromthe group consis 'lign‘ H{,mg, : (b)
catal ytically reduci n%, ggtl %‘Fpé/}f@ | an?ﬁgpgﬂgsacy n ferrat e conpl ex
wi t h hydrogen uspmg\\aehedmmgapentax:yrarﬂoafermad:mblemmﬂﬂuhydmdéh using Be
correspondi ng substituted aromatirc am ne of r“guba (Jé [err] .
wherei n n equal heteregeneqyyymetat ¢ ?taémﬁ}éﬁ"? PBenY-gRhanylenediamine.
[err] Rlerr] and Rlerr] may be the sane or different, nust
be ortho or neta to the am no group, and may be hydrogen,
Cerr]-Cerr] alkyl, ClerThe Gﬁ@hloh of kmm 1Qalvhegresin alwater-miigeible organic
carboxyl ate salts and a s of X c agjds or

t her eof . 5 solvent is Q‘g %é° BZ%F#'E iagiline apd ds éequtﬁG feamgtha agpup
agent is oxygen met hod
of ¢l aim2 vx/nere‘?cgnnst'%tén%xf ??ﬁa‘g?ﬁggl Bf ogﬁﬂene glycol, diethylend:gIyB6l,

- 18 - triethylene glycol and mlxtures thereof

12. The method of claim 10 wherein the N-phenyl-p-
phenylenediaminopentacyano ferrate complex is subjected to
10 hydrogenation in the presence of a heterogeneous metal éatalyst ir; the
presence of a water immiscible solvent selected from the group c¢onsisting
of butyl acetate, hexanol, 2-ethyl-1-butanol, hexyl acetate, ethyl butyl
acetate, amyl acetate and substituted or unsubstituted aniline.

13. The method of claim 1 further comprising the steps of :
15 (c) recovering the metal pentacyanoferrate(il) cbmplex which was
reformed during the reducing step; and (c} recycling said complex by
repeating said oxidizing step (a) using the recovered metal pentacyano

ferrate(ll) complex.

20 14. The method of claim 1 wherein said oxidizing step is

conducted in an agueous medium.

15. The method of claim 1 wherein said oxidizing step (a) takes
place at a temperature range from about 40°C to about 60°C and said
reducing step (b) has a reaction temperature range from about 5°C to

25 about 60°C for the reaction with hydrogen.

16. A method of making trisodium pentacyanoamminofgrrate (1)

-20-
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and a het er ogeneous prese dumsng\asal d 0x I di zi'ng step.

4. The nmethod of claim 2 whéreln thé oxygen pressure
ranging from 3@eu3T6s 0 100 at nospheres. ' 5. Th ePOBURM03966
claim 2 wherein the oxygen in the oxidizing step 5 and the hydrogen in
the reducing step are used under pressures | ndependent |y selected
and ranging fromabout 2 to about 75 at nospheres.

6. The method ofor@PHsIAG R &8R:ofhe netal pentacyano ferrate (11)
| [ trisodi | | tod 4l 10
conpiex I's a triso I&{pegePr O%Mﬁ%ﬂtlﬁﬁ%h@(}é@ at usolE %‘iﬂuﬁ&q g¥ fé'rﬂ:ﬂ.lé"@f]@;ﬂd]e

sol ubl e ligands sele e I ng of ammonl a, nonoa
am-nes, di aI Kyl tetraineiratd, rsmbumedamthehypophbsbhmtdusl acidrared sadium cyanide in
N, N N -tetranmeth th ened.la ne .and p 7.
The et hod of | cihe Fitie Whdr B B SRUVAISTES 10, BMeRLS Ealutien af ammonium

(rn) corrrg ex hagydfdkidd "tb'cfbH'hea Neh&tiom IhisdtGR; [fHd ] NHL err] xHerr] g, or its

di mer. . The nethod of claim1l wherein the heterogeneous
met al cat al {3t i 1saiammpatd trisadivom peppacyanbaramihg farratel {# tfeom
fromthe group I.sting of palladium platinum ruthenium

rhodi um or ni cR&P. reaction mixture. 9. The nethod of claim8 wherein the
catalyst is platinumor - palladium =~ 20 10. A net hod

for produci ng N phenyl -p- phenyl enedl am ne
17. A method according to claim 16 wherein the agueous solution

of ammonium hydroxide may contain from one to ten equivalents of
10 ammonium hydroxide based on the ferrous chloride tetrahydrate.

18. A method according to claim 16 wherein said isolating step is
by adding 2 water soluble organic solvent to said reaction mixture,
thereby initiating precipitation of said trisodium pentacyanoamminoferrate

(1) from said reaction mixture.

15 - 19. The method of Claim 1 wherein pH of the reaction ranges from
10 to 12.

20. The method of Claim 1 wherein pH of the reaction is
maintained substantially at a pH equivalent to the solution of the

dissolved metal pentacyano ferrate (il} complex in water.

This Sheet Has Been Rei -21-
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o 1805234
conprising the steps of: _ a) oxidizing anili ﬁ? EMENT SHEET-
presence of an o>@)d¢aﬁahglcmyqntedamd1githe N:phenyi-pt sodi um pentacyano- ferrate

1) co Iextofor an .N- phenyl - p- henyl enedi am nopent acyano
1£er 2 at emgomﬂrﬁp ylen |ammogenta¥:yapﬁo ferrate comglex \thh hydrogen Bsmggay

b) catal yti Sl

phenyl enedi g?n%t%g%éent acyﬂﬁ]e&?lg?%aw}q%’ln%ﬁd vijD “ﬁ“}%' (g‘geé'1 I%%qu{a”}i"e

het er ogeneous net aI cat alyst to yield N-phenyl-p- phenyl enedi am ne.

11. The nmet hod of m 10 wherejn a er-m scible organic sol vent
i s added to sol ubi | rz ?ﬁ%e'g%dlr ?ﬁ 'aéfﬁ‘dm% WEET%Etaewaf’f%mlﬁwéiagpa@mﬂc

consi g ing_ofoiGeHYiLaEEH 46 Solubhip thehifhy SRk is YRt RErP L Blowy

triethyl ene glycol and m xtures er eof
clai m 10 whecensisting af-gthwlerie glycol, propylephghydaindisthyiemepgiyicat,y ano

ferrate conp) subj ec ed, to, 10 hydr ogenation in the presence of a
het er ogeneou®! %’Ef/% 8{V§Py§f‘dlrﬁ"itHées thereof: presence of a water inmscible

sol vent selected fromthe group consisting of butyl acetate,
hexanol , 2-ethyl-1-butanol, hexyl acetate, ethyl butyl acet at e,
anyl acetate and S@esfheunethad ofircfailys (10t wihedeianthei Nephenyl-p- 13.

The met hod of  cl furth ing, the st f
‘ocover i ng { RESREITeRMnRAN AR e TeTHIS SOBIFRE Shbisstaddo

ref orpgd dur hodrddendishisd Be Préfinc 8t EChetePSYEMddls Al EQfHN,&meehe
repeating said oxidizing step (a) using the recovered netal pentacyano

ferrate(ll) @omreo@ of a water immiscible sqﬂuentrnelemdemfthelgarpmplcmms'emgu

sai d oxidi zi " By tyPacetate hexanol, Cé)egw (it‘F(i]:utano h y %légtaqg, e%hyl butyl

acetate, amyl acetate and substituted or unsubstituted aniline.

13. The method of claim 1 further comprising the steps of :

15 {c) recovering the metal pentacyanoferrate(ll) complex which was
reformed during the reducing step; and {c) recycling said complex by
repeating said oxidizing step (a) using the recovered metal pentacyano
ferrate(il) complex.

20 14. The method of claim 1 wherein said oxidizing step is

conducted in an aqueous medium.

15. The method of claim 1 wherein said oxidizing step {(a) takes
place at a temperature range from about 40°C to about 60°C and said
reducing step (b) has a reaction temperature range from about 5°C to

25 about 60°C for the reaction with hydrogen.

16. The method of Claim.l wherein pH of the reaction

ranges from 10 to 1l2.

17. The method of Claim 1 wherein pH of the reaction
is maintained substantially at a pH equivalent to the solution

of the dissolved metal pentacyano ferrate (II) complex in water.

| | -20-
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16. The net hod

15. The nethod of claim 1l wherein said oxidizing step (a) takes
place at a tenperature range from about 40[err]C to about 60[err]
reducing step (b) has a reaction tenperature range from about 5[
- for t hewb@kie@lEoN L brERERFASBRNIZATION

im1 wherein pH ofntemptiona} Bugea | on
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{S7) Abstract

A method for producing aromatic amines such as N-phenyl-p-phenylenediamine is disclosed wherein an amine substituted aromatic
such as aniline is oxidized with oxygen or hydrogen peroxide in the presence of a preferred trisodium pentacyano ferrate(Il) complex
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