21 DECEMBER 2005 WO 03/010126 1 PCT/ US02/ 21508 PROCESS FOR PRER
2 AM NI PHERYLAM NES BACKGROUND OF THE | RVENTI ON 1. Fi ol d. ot PRGEMBER 2005
I nvention 5 The present invention relates to a process for preparing

4- am nodi phenyl - am nes internediates. 2. Related Art 4-Am nodi phenyl am nes
are widely used as internediates in the 10 manufacture of al kyl ated
derivatives having utility as antiozonants and antioxidants, as

stabilizers for n%ﬁ(??f%’f“?ﬁand pol yners, andlin various speci af¢iUs02/21508
applications. For exanple, reductive al kylation of 4-amriodi phenyl am ne

(4- ADPA) wi t h PrEsESS) FORS BRRRRRING lectMINePIPHED VAU BES

N- (1, 3-di net hyl butyl)-N -phenyl - p- phenyl ene-di am ne, which is a useful

anti ozonant f orBACKEROUDIEQE TdR INFENT@®@Nous 15 rubber products.

4- Am nodi phenyl am ne #lgf b rMad hVgosan be prepared in various ways. An
attractive synthesis is the reaction of an optionally substituted anili.ne
with an optd onal | Y¥h8 RESERkigMeBEPTPRes fohBTarRSS fH Praparing £aBRedrSiYa base, as
di scl osed, for z}fheextdipb@ate.n U. S. 5,608,111 (to Stern et al.) and U. S
5,739,403 (to Reinartz et al.). U S. 5,608,111 describes a process for the
preparation of an optionally substituted 4-ADPA wherein in a first step
optionally substit®t édladmi At ne and 25 optionally substituted nitrobenzene

are react ed (_coupl %gﬂmihghiﬁl@ﬁy!%ﬁése%g %fdel? u &s liﬂ?ermai%éeg'gine>fl‘?é7pl es,
aniline and nitrobenzene "are, reacted in the presence of tetra nmethyla
mmoni um hy dioxirersufagiuehef balléatechrigrivadivesr havien afiiy Ae andipzonagieoeidopi cal |y
removed during dhfiideia Rls! Siehiiz&8 &rinfhomad ah@ba¥rﬁerg,lahaaﬂl vadld sgedibiyon WO

00/ 35853 di scl oses a net hod of pre(ﬁ%tr_atl on. o |4;:%e,r n&(}iﬁ at es. of

4- ami nodi pheny [2RACHONGy Ferhexample: (rpaistvss aligfation il RPIRCAPNENYRBER A&ne in a

| i quid medi um wiere withenstBdiedbuomn keyss erovicen N-QiBdiméthgbuetg)-Mtpghenyl-pof salts of

Lrue zwitteri ong WehDafiicothidlSs a sGraEHiGRhbR Rorthe RRIRRSH BiManduPECEVBER

15 rubber products.

4-Aminodiphenylamine derivatives can be prepared In various ways. An

atfractive synthesis is the reaction of an optionally substituted aniline with an
optionally substituted nitrobenzene in the presence of a base, as disclosed, for

20  example, in U.S. 5,608,111 {to Stern et al.) and U.S. 5,739,403 (to Reinariz et

al.).

U.S. 5,608,111 describes a process for the preparation of an optionally
substituted 4-ADPA wherein in a first step optionally substituted aniline and
25  optionally substituted nitrobenzene are reacted (coupled) in the presence of a
base. In working examples, aniline and nitrobenzene are. reacted in the
presence of tetramethylammonium hydroxide as the base, and water and aniline

are azeofropicaily removed during the coupling reaction.

30 International publication WO 00/35853 discloses a method of preparation
of intermediates of 4-aminodiphenylamine by the reaction of aniline with
nitrobenzene in a liquid medium where the reaction system consists of a solution
of salts of frue zwitterions with hydroxides. A combination of potassium



WD 03/ 010126 PCT/ US02/ 21508 2 hydroxi de and betai ne hydrate 4
exenplifived. The reaction may take place in the presence of %ISDEC&%ERZOOS
EP publication 566 783 describes a nethod of manufacture of 4- 5

ni trodi phenyl am ne by the reaction of nitrobenzene with aniline in the

medi um of a polar aprotic solvent in a strongly al kaline reaction system A
phase transfer cat‘%@t such as tetrabutyl ammoni um hydrogen sulfate is

enpl oyed, This ref o2 equires that the yeaction be carri ¢TG4 an

oxygen-free atnmosphere in order to prevent undesirable side reactions
caused by oxi dati diydroxide @ pefpiaefyd@e isexempliipga Arirepstion mryt trkmplice in

publication WO 01/154&@26ncgbsffgec@,§ﬁem ocesses for preparing
4-ni trodi phenyl am ne and 4- nitrosodi phenhl am ne, using an inorganic base

with crown ether, a phase transfer catalyst. 15 US Patent No. 5,453, 541

t eaches that an extern&? pbikainahts 78actesatbes amhyathausf sethufsatusl lof at e, may
be used to absofb O ' r.-aerabic process for
produci ng one or n@fogﬁjgé%%"%l bﬁttger %Igagﬁgf} géﬂ%e%ﬁﬁ%c% agﬁﬁ%ﬁtﬁﬁfnggi”@rﬁfl i ne
derivatives and ni& pRBcariaineolyanéingg sitngaly alkaling reaciion systenc oAthese traBfelhe

obj ective of the pERFSBNELINNYE WiaBMtyihSmbRuR! AL [ hog, { or
produci ng one or E&%HZLLADPA i ntaeL;&yrredTat gs %Hragg?tuﬁﬁg%anﬂelﬂga'anghlé

ni trobenzene in t EsiEAviEs it fe spactpnpartesied sHbin 4 gR@se-free atiumsphere
catal yst, or in tihedgresenatudfesitbleaidasidtondasesaatd ofifationoOr gani c salt or a
metal organic lt. 25 SUMMARY OF THE I NVENTION I n brief summary, in one

enbodi nent, the present invention is for a nethod of producing
4- ami nodi phenyl am ne d#S $Fatest Noubad7. 8RS avdtitereationd epublidatiorc AW ro1si4aeR t he

or hi trobenzens Qo Punt (Ve ato 1 aactlYa iyt copoupiibisker B! hobenzene
4- ani nodi pheny| ani"f@sqdighgpiianine teingrbinergeniohase sib ciow etep a phase transfer
catalyst.
15
US Patent No. 5,453,541 teaches that an external desiccant, such as
anhydrous sodium sulfate, may be used to absorb excess water in an anaerobic
or aerohic process for producing oné or mare 4-ADPA intermediates in which
substituted aniline derivatives and nitrobenzene are brought into reactive contact,
20
The objective of the present invention is to provide a superior method for
preducing one of more 4-ADPA infermediates by reacting aniline and
nitrobenzene in the presence of a strong base and a phase transfer catalyst, or
in the presence of an organic base and an inorganic salt or a metal organic salt.
25
SUMMARY OF THE INVENTION
In brief summary, in one embodirnent, the present invention is for a
method of producing 4-aminodiphenylamine or substituted derivatives thereof .
comprising the steps of:
30 (a) bringing an aniline or aniline derlvative and nitrobenzene or nitrobenzene
derivative into reactive contact;
(b} obtaining a 4-aminodiphenylamine intermediate product by reacting the
aniline or aniline derivative and nitrobenzene or nitrobenzene derivative in a




aniline or aniline derivative and nitrobenzene or nitrobenze
in a 21 DECEMBER 2005 WD 03/ 010126 3 PCT/ US02/ 21508 confi ned oﬁ@%@tﬁ%%
suitable time, pressure and tenperature, in the presence of a mxture
conprising a strong base, an oxidant and a phase transfer catal yst

selected fromthe group of conmpounds defined by: 5 [(R4)e Y (RLRZR3N*) 1CXab
(2)d where RlL, R2, R3 are the sane or different and sel ected from any

strai ght chain oWOB?/'&ﬁ@Fled al kyl group containing from CT t¥T&210R4) e s
hydrogen for 10 e = 0, R4 is RIR2R3N+ for & =1 or 2, Y is alkyl, aryl,

al kyl aryl or benzophfr@ddonesatlmﬁutetbwttmé deséuneaéﬁd\t@rﬁpérét@ﬂ’eeiﬁihe pZes'eﬁceﬂ

substituent sel ect C i St hydr o hal o, and

ot her hetero atoms& Qxl%tﬁs)@e?hﬁ n| B¢ D l%rg% g %"%grft dﬁég‘?ﬁe)ﬁ%ﬂ%‘?l de, chloride,
hydr oxi de, sul f at é’afalwbﬁelﬂg@ﬁﬁqufmgOUmaf@@m@nds defineditye, nitrate, phosphate,
hydr ogen phosphate, di hydrogen phosphat 15 oxal ate, carbonate, borate,
tartrate, cittate, nalonate HRee *J)é? bsai d corrbounds where a = the

val ence of the anionic noiety (J( 2 or 3), b and ¢ are whol e nunber
integers of value 1, 2 or 3 and @i s a whol e nunber integer of value 0 to

El;b) and (c) redgci Ivdpetet 7y, Rgrﬁarmeiihplaaﬁs'bmnﬁmtbrﬁbdﬁlémif@h?n?é@é@mt of rS]t ep .
to 20 produc I t erivatives thereo
In a second emod%ﬂéﬁg%r?]?&eggﬁﬂé ﬁg}x{r}"? '%q o:ﬁnﬁ fo djﬁi?%ﬁhygf 957 Bum ng
4- ami nodi pheWy! amierid, & ISslﬁanszaN tred 1de2i Y isteikylesryt, fatkylen ox:tmmnn Bsd ng the

steps of () bri RghditcitcARithéd Rordd zmémangeg& éé(?cﬁd)d‘ﬁ%gﬂ Rl robenzene or

ni trobenzene 25 derivative into reactive cont g a
4- ani nodi pheny| aniCAEISIRG &fawrdtlopanddtiier heisroadones: ?(r*i?gﬁntarfi'é’”lca??ﬁ'qu’fe or
ani line derivati Vﬁ*@fﬂ!@h Mickit® REBARNBYANB] SulfAHaideaehsdititd, ¥adthie 1N a

oo e one o et P AP et e SR e, et e
as a 30 phas® tr ansa@e, d’toaat?sttt)@@ tasicata ditfareomelohaie gndmigtusds of saipounds
defined by: [(R4)@snpdRufeR3N R 1 fk Alde dithe anionic moiety (1,2 or3), band ¢
are whole number integers of value 1, 2 or 3 and d is a whole number integer
of value 0 to 4; and
{c) reducing the 4-aminodiphenylamine intermediate product of step (b) to
20 produce 4-aminodiphenylamine or substituted derivaives thereof.

in a second embodiment, the present invention is a method of producing
4-aminodiphenylamine or substituted derivatives thereof comprising the steps of;

(a) bringing an aniline or aniline derivative and nitrobenzene or nitrobenzene

25 derivative info reactive contact;

{b) abtaining a 4-aminodiphenylamine intermediate product by reacting the
aniline or aniline detivative and nittobenzene or nitrobenzene derivative in a
confined zone at a suitable time, pressure and temperature in the presence of
a mixture comprising an oxidant and a strong base that also functions as a

10 phase transfer catalyst selected from the group of compounds defined by:

[(R4)e“‘T“(R1R2R3N+)]C(OH)D It

(2}




(2)d 15 21 "‘DECEMBER 2005 WD 03/010126 PCTI US02/21508 4 wher
are the sane or different and selected from any straight ch%lﬁgpﬁﬁ%ﬁgﬁggs
al kyl group containing fromGL to C20, (R4)e is hydrogen for e =0, R4 is
RIR2ZR3N* for e =1 or 2, Yis alkyl, aryl |, alkyl aryl or benzyl and
substituted derivatives thereof, Z is a substituent selected fromthe group
5 consisting of hydroxyl. halo, and other hetero atons, b and_c_are whole
nunber integers of Wt édliﬁ, 2 or 3 and d is a whol e nunber intpgaog?mg?s%al ue
O to 4; and (c) reducing the 4-am nodi phenyl am ne internedi ate product of
step (b) to producev®redm Rodispive el sami nedifarens abd sdlactaddobrdanyistraightv e s
thereof. 10 In a thighginerbapinee + ] j ' F d of
produci ng 4- am nodisép_her}l_\yl_am nem(‘f?’i gsﬂuggﬁtiﬁﬁ,ﬁd;faori&g?{?\s@az{),ﬁe‘g%épgden?%h?&
conprising the steps of e RRBN dgjiery! & Armiatvhavbralkharvlionbenadiendat i ve and
ni trobenzene or nit rsobstiteinenivalioss Makbly € i§ HEDSTESE bélddReCRIM e lgiougnd 15 (b)
obt ai ni ng a 4-agi nodj ] inter i a roduct by reacting the
aniline or anil |gqne %gﬁ%&@ﬁ%%@gd%%ﬂ hr?lgqf ?'i%ogl#fb%@%ﬁ%%‘E’FB%BﬁEeé'ﬁ'@‘ederi vative

in a confined zone ramber integaradivelugiin or Juandsissia whele durhisanpesgat ofvelue On t he
presence of a mXxtygg 4@mprising an inorganic salt or netal organic salt,
or mxtures thereof, having a cation that would be a suitable cation of a
strong i norgani c 2€) FRe4ENg the 4eRinedishenyiamingieersedigtsrreodeet efatepydni ¢ base

sel ected from the grgofuce AlanmrRaRpasHybmie) biRtulRY deRBids Bbrest Y- (Rl R2R3NH) ]
Xa, | (2d ghl where R1, R2, R3 are the same or different and sel ected
t

fromany strai chain or branched al kyl group containing from1l to about
20 carbon atoms, e Inathird embodiment, the present invention is a method of producing 4-

aminodiphenylamine or substituted derivatives thereof comprising the steps of:
{a) bringing an aniline or aniline derivative and nitrobenzene or nitrobenzene
\ derivative into reactive contact; and
15 (b obtaining a 4-aminodiphenylamine intermediate product by reacting the
aniline or aniline derivative and nitrobenzene or nitrobenzene derivative in a
confined zone at a suitable time, pressure and temperature, in the presence
of a mixture comprising an inorganic salt or metal organic salt, or mixtures
thereof, having a cation that would be a suitable cation of a strong inorganic
20 base, an oxidant and one or more of an organic base selected from the group

of compounds defined by:
{(R4)e—r—(& RaRaN")X 3 )]
25 _ (L)

whére Ri, Rz, R3 are the same or different and selected from any straight
chain or branched alky! group containing from 1 to about 20 carbon atoms, e
is a whole number integer of value 0, 1, 2 or 3, (Rs)e is hydrogen fore =0, R,
30 is R{RoRaN™ for e = 1, 2, or 3, X is an anion capabie of abstracﬁhg a proton
from the nitrogen of an aniline or aniline derivative, Y is alkyl, aryt , alkyl aryl
or benzyl and substituted derivatives thereof, Z is a substituent selected from
the group consisting of hydroxyl, hale, and other hetero atoms, where a = the
valence of the anionic moiety and is a whole number integer of 1, 2, 3or4, b




i s a whole nunber integer of value 0, 1, 2 or 3, (R4)e is hy

0, R4 30 is RR2ZR3N{ for e =1, 2, or 3, Xis an anion capab%O@ﬁEEMﬁEﬁzoos
abstracting a proton fromthe nitrogen of an aniline or aniline
derivative, Y is alkyl, aryl , alkyl aryl or benzyl and substituted
derivatives thereof, Z is a substituent selected from the group consisting
of hydroxyl, halo, and other hetero atoms, where a = the valence of the
ani oni ¢ noi ety an®OP¥0L2Ghol e number integer of 1, 2, 3 or 4PCTHSS2IECEVBER
2005 WD 03/ 010126 PCTI C1S02/21508 5 and care whol e number int egers of
value 1, 2, 3 or AEn@QQreQVhb@ n@mM@Qyﬁt@géﬂ@bﬁb@lﬁeﬂmBegeancbd is\atho® rombar, 2, 3 or
4, said mxture not including eatlon roduct strong

i norgani ¢ base; adﬁte%%PfYa@@@cF%g% gl HrS(TI tcrncé"ﬁi fﬂ’lgér@b]?ﬁmglﬁr@n%ﬁ ate
product of step (h)etetmanﬂaptrmwummmcmasa,@odphenyl am ne or substituted

deri vati ves ther gat s, (L el SHRHIERNL Sn® skl GBAR! of SgBFon encorpass

detai |l s about rati os red |ent? particul ar
phase transf e cat[a‘btil@eé—ammdplﬁﬁ‘bl\arf‘éf@loéﬁu@ﬁtld*@ﬁaerﬂ Westheldol of which are
herei nafter disclosed in the follow ng 10 di scussion of each of the facets
of the present invention. DETAILED DESCRI PT OF THE The present
invention is direct eReEmPORREASS th&@"eﬁgg('ﬂ"?'g\la “HBEvess 4&4@%0

i ntermedi ates Ofreéch&ﬂ?}&tm'éﬁnd ks stipgediants, yamd;l.diarahm‘aegrehsf@tqatﬂlwf;‘i for t hose
15 i nt er medi at es. E['BU!W' 6&5 rB%gésataW Intsle ﬁe?elﬁ“a_ﬁ@ll | c}%m@d mEii’iEVoWsz

ni t r odi phenyl am ?ﬂgéja respective and salts ther eof .

The i nt er medd atdiscussign df heah obtbe figagtsey tear 9éﬁ”1-'t"!)’8'@pﬂ0&21uce

4- am nodi phenyl am ne. An exanpl e of a substituted and nultifunctional phase
transfer catalyst 20 that is_consistent _lih t he above fornmula I is (2S,

3S) - bi s(t ri met hyPEFAEER B?SQRIHT‘%%’EEHEMVW ®oride. Gther effective phase
transfer catalysts ﬁhbb?e‘aé}ﬁ irl@HtiBRlsatirbcted 1o a redithidt asdestrivet Aose, hown in the

fol |l ow ng exanpl es n r.0 h re, such
as C. M Starks 'Eﬁlﬁ“‘?(i’?te'ifneg‘ta% 0 %ﬁggk thll“rq;%%?}ga |OE§?M F‘Ehs%{&“‘”fﬁ?‘?ﬁﬁs% es and
Techni ques, A6 adiemirnediitess SycHBEBnatirtes\WomBriseidenirese- af‘ﬁfoﬂﬁa 25 Conpendi um
Vol . 1,2,3, Geor "J]:H rn‘(ﬁersl(ﬁQDlPNea\‘\H ANDeA, lgegé)&twe@?&?d salt9drecfAThexanpl e of

a substituted an unctl ona ani ¢ base IA
mtem'ledlates may then be hydrogenated fo produce amlnod:phenylamme

An exampie of a substituted and multifunctional phase transfer catalyst
20  thatis consistent with the above formula i is (28, 38)-bis(trimethylammonio)-1,4-
butanediol dichloride. Other effective phase transfer catalysts fitting formula [, in
addition to those shown in the foliowing examples, can be derived from examples
in the literature, such as C. M. Starks and C. Liotta, Phase Transfer Catalysis,
Principles and Techniques, Academic Press, 1978 and W. E. Keller, Fluka-
o5  Compendium, Vol. 1,2,3, Georg Thieme Verlag, New York, 1986, 1987, 1992.

An example of a substituted and muftifunctional organic base that is
consistent with the above formulas It and lil is {25, 38)-bis(trimethylammaonio}-
1, 4-butanediol dihydroxide. Other effective organic bases fitfing formulas 1l and
3¢ M, in addition to those shown in the following examples, can be derived from the
above phase transfer catalysts, wherein the anion is replaced by hydroxide or

other suitable anion form,




consistent with the above fornulas Il and |1l is (2S,

3S) - bi s(trimethyl ammoni 0) - 1, 4- but anedi ol di hydroxi de. O her %PEQWERZOOS
organi c bases fitting fornulas it and 30 111, in addition to those shown in
the foll ow ng exanpl es, can be derived fromthe above phase transfer

catal ysts, wherein the anion is replaced by hydroxide or other suitable
anion form 21 DECEMBER 2005 WD 03/010126 PCTI USO21 21508 6 Phase transfer
catal ysts known or VHR#@Ud to be particularly effective in t REVIREALE of

t he invention include tetranethyl anmoni um cl oride, tetranet hyl ammoni um
fluoride, tetranethyl @mesnidngichydaigid iciewn bi tslievied ta Benmirtioyldnefizniive in

carbonate, tetrangt I [ ] | ni um acet at e;
t et rabut yl ammoni %e%%ﬁ%%wsedmeéﬁog aﬁ%@ew’g{“ ?g’%ﬁ{"%%gﬁmﬁ?{nﬁomul fate;

met hyl tri but yl anmistiaosinglainmonide; uere, teloumetiilantmonarhbpdepxidstisar n hydr oxi de
(Triton B), tri Cawtﬁm?a%ﬁmm%mat& iRk letiatflohAHabmaRShd

t et rabut yl anmoni um chl o , tetranmethylamonium nitrate, '
cetyl tri met hyl fhmiairuaiAmsrNYe aspfatecifRbulyEmmAEKdRdensfiprsse transfer
cath al ysts 01;] thelmé@mﬂéminemﬁmﬁmfaﬁe; h@tr@!trﬁaﬁtyﬁhﬁiongdl\mmtiﬁeﬁd _over CL ownI cal
et hers, such as - CI OWn- L C [ cr ective Wt al kal i
netal hydr oxi des ibﬁ"%yféwiw%@f?@w“&iﬂbW@é’%@%&%%ﬁ@?@%ﬁ%‘%@ and

| nt er nati onal pubIchIctTaiei(Aliqum%ntelrémamthgﬁmmsmwdgbtewetﬁﬂlmmmﬁ{m obvi ous 15
di sadvant ages of %ﬁrgegn%%;ﬁgﬁh@wgﬁﬁﬁ%xhlgﬁcg%{j gﬁ&ﬁr?byﬁ%'and high toxicity.

In addition, nost crb ave poor sol ubi y I1n water, so they
cannot be rectvered for recycle with an agueous base stream Furthernore,

the boiling points ofpngéhsl BRAIststt telpraBniaMeHEIA HalddeviaR)vaidyeet be
recovered by distillation w tLPFgut n ex%r ah%i still at,é on s%fe&. E%/ne)n for the
class of crown et R¥EF SO0 SHg5r SYPAFE 15‘8@3"' oVHIE Y9 JesCHPsRS e ibi 1 ity i n
organi cs is al so ghailimetaihytifoaities ihesferencas bichlae Us RutaghNb.GsEl7/063 tilte  or gani ¢ '
product stream - Fiahlobm LIS bR ANS dORME: aflle! ld ditk ARt s, so that
there is a high probabrl Tty of unacceptable 10oss o expensi ve
hydr ogenat i on that disgdventagasaf crown ethets asovel stuiniie sostiaphhighiexieolth et her .
addition, most crown ethers have poor solubility in water, so they cannot be
recovered for recycle with an agueous base stream. Furthermore, the boiling
points of crown ethers are high enough that they cannot be recovered by
distillation without an extra distillation step. Even for the class of crown ethers
20  that have good solubility in water, solubility in organibs is also good, so that there
will be a high loss to the organic product stream. Finally, crown ethers are known
chelating agents, so that there is a high probability of unacceptable loss of
expensive hydrogenation catalyst metal, due to complexation with the crown
ether.
25
In the method of the invention, the molar ratio of phase transfer catalyst to

nitrobenzene reactant is preferably from about 0.05:1 to about 1.2:1.

The method of the present invention may also stari with an crganic base
30 and an inorganic salt or a metal organic salt as in the above third embodiment.
The organic base is defined by formula I}t in that embodiment.



25 In the nethod of the invention, the nolar ratio of phase t

catalyst to nitrobenzene reactant is preferably from about Cglgtgﬂfﬁmggoz&os
1.2:1. The nethod of the present invention may al so start with an organic
base 30 and an inorganic salt or a netal organic salt as in the above
third enbodiment. The organic base is defined by formula Il in that

enbodi nent. 21 DECEMBER 2005 WO 03/010126 PCT/ US02/21508 7 (Organic_bases
known or believedV®&He2%particul arly, effeﬁti ve for the secorfd” & %Rird
enbodi ment s include quaternary anmmoni um hydr oxi des -sel ected from the group
consi sting of, but Ongenicl iased kowhay belevedivedeipattananynefiantivieyfor tha setand

t et rabut yl anmoni I "o j I I 5
benzyl tri net hyl aﬂﬁ&ﬂ@n’?‘ﬁ?@%&ﬁ 'de E%ﬁ%{e@g%‘éﬁ , @W@dwﬁd%?ﬁ%%%mm um
hydr oxi de, cetyIﬂ‘?igfﬁélptﬁpﬂ%%férﬁfuhvtherme@éo,dﬁwfmﬂﬂb(sﬁmmﬂﬂyrdlhm(bw, and
bi car bonat ea. - o B Ppide,
hypochl or i t es® Hé“é}ﬂt@@?thy'%?%ﬂ@n?’iﬂq{B’ﬁ‘%‘esGr'@f‘ hPr otﬁ%"ﬁgf%‘?tgbé%?o%“? fides,
silicates, hydragenxisél tcegtrierthylatthodiuhy dydrgade shlli calies Haadxite,i Aydr ogen
silicates. The t AL I A olaTo} 'r]dg{ngo%ni c E@%g" as seg with res ectt' to the
meani ng of a caﬁior{eofq an ?Jlxorganfu(r:n %Iac“ la err%t?%llc E?P%%%%%E“’E’g?'ia s i nt ended
to mean a base tdyatiddssphepelisalphespifatesbBydregen phagpbaies, dymchibritesn bioredesni t r ogen
of an aniline or,aRhdd B&ake SBVdidah HERY shi ASfshaving a
pKb | ess that a c}ﬁ?bg. 4,__awh'i Cﬁ;&{rﬁg@k%oﬁatgﬁ%%ﬂﬁ@éﬁ! tﬁi%\s‘é%@???nogs ar?i l'ine
derivatives iy Hudeos sicaiegand ifrpiragsn sieteshut  a pKb of about 9.4 is
enpl oyed as a general guide. The base will preferably have a pKb |ess than
about 7.4. 20 The tefmf"caotabl e of abstr,acti r&q‘étg %)r otgn fromt hef ni trogen
of an aniline or aniFiHE FEFRVEIYAPE-25E a5 Hpdial res8ednt B ™eRaing et e or mul a
111, i s i ntendedcatian ereamorganic azii @medd! smahiavalriginkngdddo wedane base ttatscussed
above with resp Folg| [Walelg i 5 i bl ions for
"X in tormia KES S Eﬁ%@%‘?@ngt%&ﬁgwﬁﬁ? i, doal B o AR 2 ).
acet ate (pKb1&E dJlepwiive, gad gy ickide prpbase Bavym) a pify; lestr ihefralpet 9.4, which is

the pi, of aniline. Various aniline derivatives may have different pi; values, but

a pK, of about 9.4 is employed as a general guide. The base will preferably have
a pky, less than about 7.4,

20 The term “capable of abstracting a proton from the nitrogen of an aniline
or aniline derivative” as applied o anion “X” of formula 1!, is Intended to mean
an anion alse having a pK, value as discussed above with respect to the strong
inorganic base.

25 Possible anions for "X" in formula i, in addition to hydroxide, include:'
alkoxide (pKy < 1), acetate (pKp = 9.25), carbonate (pK; = 3.75), bicarbonate
(pKy = 7.8), cyanide (pKy, = 4.7), phenalic (pK, = 4.1), phosphate (pK;, = 1.3),
hydrogen phosphate (pK; = 6.8), hypochlorite (pKy, =6.8), borate (pKy < 1),
“hydrogen borate (pKy < 1), dihydrogen borate (pi, = 4.7), sulfide {pKy =1.1),
30 silicate {(pKy = 2), hydrogen silicate (pKy = 2}, dihydrogen silicate (pKy = 2.2}
and trihydrogen silicate (pKy = 4.1). : -




(pKb = 7.6), cyanide (pKb = 4.7), phenolic (pKb =4.1), phosphat
=1.3), hydrogen phosphate (pKb = 6.8), hypochlorite (pKb 6%)&3@@:@?5112005
(pKb < 1), hydrogen borate (pKb < 1), di hydrogen borate (pKb =4.7),

sulfide (pKb =1.1), 30 silicate (pKb = 2), hydrogen silicate (pKb = 2),

di hydrogen silicate (pKb =2-2) and trihydrogen silicate (pKb =4.1). 21
DECEMBER 2005 WO 03/ 010126 PCT/ US02/ 21508 8 Wiile aniline nost _effectively
couples with nit r o BERPEYS certain aniline gderivatives conpri B Wé 2 %es
such as formanilide, phenylurea and carbanilide as well as the

t hi ocarbani | i de can beWsifariline moeickifedivply oeliptas with ADB&nEeTEctattetianiing. 5

Al t hough the reath%ﬂ{'a‘%1vé>sfcoHE»ﬁsaﬁ§°érm V\:ﬂs ibh 5@%%:%‘743% D%h%ll}.&ra%nﬂ%% BLAiffd tO as

"ani | ine" and "nitrobenzene el ng

manuf actured the afsé‘!f(@taémeéh'%‘iaé’aﬂﬁdef%?@tbeéH'Pqt'F“Ff’é’ t‘&ﬂ'édqﬁﬁrﬁ@?eﬁqzene it is
under st ood t hat t hetermieg@tdsants nmay al so conpri se substituted aniline and
substituted ni tgobenzene. 10 Typi cal exanples of substituted anilines that
may be used in accordance with the process of the present invention

i nclude but are not | iMNihpegh the résctasishodteametpd ef the dhwvendibh arey@fered ne as

o oA re  Padiftetbfll fHirondihe ! AR e s FTMARADRAAS fanfactured

br ono- 4- am not ol uene, p-am nobenzol - not ol
di chl oroani | i ne, Ih%f%@ﬁw ¥ndn dchinifies and Aitohereeng, dinis Wdenstopd ieat the 3, 5 15

triam nobenzene, aéuitamt@%w aRo lcbapRef subdiRb S ahiirxHIuBinAdd ﬁM@&e][nk%dﬁt ed
rocess O

itrob th th
e SR i s BuORAB e b S s
m et hyl ni t r obenz enegsswoef teepresant enwémbnnlrmlmé)bmtmﬁot limitecatn -methoxyaniline,

m met hoxyni tr oben &hox?g}gl “%1 X&Hi\lﬁ%:& H‘?&Iﬂdmgo gnganﬁ% @groﬁro?l%l N, s lnvention

i ncludes the step ere termedi ates or 'su
derivatives theredforia-bamnspyein) Faﬁ@mghﬂﬂz@'@t edtid o aA-diayiicolyerat i 6.

reaction involvi nguchﬂa&)aﬁuﬁr% of @%Mﬂér@gem%hen $@Irﬁ’ét e Q‘i‘érﬂihés 1,§g9ncer ni ng
choi ce of cat aﬁy and ot her gﬁ‘gects of th genatl on reaction

may be
found in U S. Pat difminggensna.g ﬁ““reﬁc@?ﬁ%? at Bﬁi" |, examrigse RE SUpRtideh. 25
Ot her neans of r edtrobéraanest thattmaybenekd imamwbidendehdihdhe protess € thefprénedtr ogen

invention include but are not limited to o- and m-methylnitrobenzene, o- and m-
ethylnitrobenzene, o- and m-methoxynitrobenzene, and mixfures thereof.

20 The method of the invention includes the siep wherein the 4-ADPA
infermediates or substituted derivatives thereof from step (b) are subjected to a
hydrogenation reaction invalving the use of a hydrogenation catalyst. Details
concerning choice of catalyst and other aspects of the hydrogenation reaction
may be found in U.S. Patent No. 6,140,538, incorporated by reference herein.

- 2b
Other means of reduction, that do not involve the direct use of hydrogen
and are known to one skilled in the art, can also be used to reduce the 4-ADPA,
intermediates or substituted derivatives thereof to 4-ADPA or substituted
detivatives thereof.
30

The present invention further relates fo a process for preparing alkylated
derivatives of 4-aminodiphenylamines, in particular for preparing alkyl derivatives
of 4-ADPA itself, which are useful for the protection of rubber products, in which



and are known to one skilled in the art, can also be used to. -
4- ADPA internedi ates or substituted derivatives thereof to E-IMEM%RZMS
substituted derivatives thereof. 30 The present invention further relates
to a process for preparing al kylated derivatives of 4-am nodi phenyl am nes,
in particular for preparing al kyl derivatives of 4-ADPA itself, which are
useful for the protection of rubber products, in which 21 DECEMBER 2005 WD
03/ 010126 PCT/ USO®P93¥BHZ 9 process an optional |y substitut ZFTARAANE and

an optionally substituted nitrobenzene ar® coupl ed and subsequently

reduced accor di ngrotdest B8 bpoRAl @ibstiiteaCabine ainkiefan WopteRalk/N Substituted

4- an nodi phenyl anml ne sg obt ai nﬁe;j;j i ﬁisr e%uct hveldﬁ al Iéé—!jiat ?d tova _al kyl at ed
derivative of th&VRCIFNRGHT SHPIRY A0 SHRSCHLRBY FdHeP: ogding ihbadmven to the
person skill ed i protdsss afterc vhicle ahe f4-atichdiphigpilandhd yso blitaingd ADRAuciweld a
sui t abl e ket one, e - t L0 SERG rogen and
pl ati num on- car b:(a)1 leggd %a%%giﬁ}g?@a é&f\ﬁg‘gﬁ @dtig%'?} Oérnﬂrgo%% udegengéﬁ%)wq%stgbut yl

ket one, acet 8neelhgdskpIve R PerRest ied in Hristechnivat figtb upicelisdhd 4ADBRanpl e

U S. 4,463, 191, adls ians ketes, o alddhyde) arePBRMRd IS préRAEB of Wi Bdenldd
1275-1276 10 (198[8 : _Sw_tg)bl e ca ut not limted

| ysts. can be {he sa as, b
to, those descr?B FREP S Cé‘ﬁ?g'éelﬁ}”ﬁalet“ﬁ@”ﬂﬁ Reje mﬁnﬁylﬁ"%f‘%"f;’??&d
enbodi nent of t hecetaneemdtiotisoatriye kede)Ctndre-ocdanonad $et efdr i dxamplie Ug. esence of
water, e.g. watej d ; e.react.l L xture. The e water is
particularly adv%tﬁs;hggbggg\%geﬁ}e?h% aga'l ched Sie éh,e 18 .m'élﬁér i@%‘ﬁg
reaction of tlRe @A%8)i nEuitablescaiglysts varede dhd [same aberbub avl Vreitegintd, ttimse

nitrobenzene or gsubshibiilqs Biddiszgpsaderivative, is water-soluble.
When the base is water- soluble, the amount of water added is preferably at

| east the anmpbunt needed to extract the base fromthe organic phase.
Simlarly, the additinarprekrrsdreiodingntdf$@ idRninethe rddatichqd con@ettietih ve

oo 1 s v er - <5 bR B EARORa eferis BB B ERa@h rbe i8R e ne T i ne
process accoriéli ngaterds pariculagy edvantagdons ehen thesuitgbin desegpagedidoingghé y i nport ant
as the process WeobdioR8rd Ligfkelo¥ SundithiBd aniline derivative and the nitrobenzene or

substituted nifrobenzene derivative, is water-soluble. When the base is water-

soluble, the amount of water added is preferably at least the amount needed to

extract the base from the arganic phase. Similarty, the addition of water is also

20 preferred for reductive alkylation, if it is carried out in the presence of the suitable
base, which is water-soluble. '

The molar rafio of aniline to hitrabenzene in the process according to the
present invention is not particularly important, as the process will be effective with
25 anexcess of either.

Strong bases particularly effective m the first embodiment of the process
of the present invention include potassium hydroxide, sodium hydroxide, cesium
hydroxide, rubidium hydroxide and potassium-t-butoxide. 1t is preferred that mole

30 ratio of strong base to nitrobenzene is greater than about 1:1. A particularly
preferred mole ratio of sirong base to nitrobenzene is about 2:1 to about 6:1.



25 an excess of either. Strong bases particularly effective i
enbodi ment of the process of the present invention include pﬁ‘t@gépmﬁhzms

hydr oxi de, sodi um hydroxi de, cesium hydroxide, rubidium hydroxi de and
potassiumt-butoxide. It is preferred that nole 30 ratio of strong base to
nitrobenzene is greater than about 1:1. A particularly preferred nole

rati o of strong base to nitrobenzene is about 2:1 to about 6:1. 21 DECEMBER
2005 WD 03/ 010126 Pt9(0E9%H 21508 10 Inorgaqéc salts and net afCHUEHATLE
salts that may be used in conjunction wth the organic base in the third
embodi ment of the prodeaganyd sathiend meendrgaoir saleliet naaybatusethintchgtnclioul d be a

surtable cation ofy oty OB doBOL ATk R BASRINGAR, wbAS 0PV fudihh > o

netal organic salt roup consistin but not
linmited to, the flhaesra daion &htwul@@eabwtahfﬁd@ﬁongﬁaw@mmorg?awé"g%aﬂéﬁﬁef ate,

nitrate, phosphat Er‘norfd i&%gﬁsoﬂﬁ'?ném%@hﬁtsﬁts FOtdRER afroﬁﬁﬁé grofp consBlirateR,

mal onat e, citrate artrate, nmalea orate, chronate,

orat e,
rhenate and carborbit ot lnitadite, o fiyogds, l‘}h‘P”qeu‘PfP?iidErﬁ” ﬁ'ﬂg@?%ﬂﬁ"gﬂtﬁ sodium In
the nethod of the mtmeeaﬁdspmbte dtHsrerogéromapmm foahdte, @r;etmet alalaty, gatthatesal t  nay

hor gani ¢ sal (. arfdifelaHR PRI CUAP oA ST ol Bl ot usthad! &> %
particularly eff eakd ofeedium, tritediorh) Frotﬂaselmm@dd mﬁutm netheoguetedd C!ﬂﬂ‘@ ipieatEnt
invention are thosg, |E$}§1£qcts%topfngtaﬁ&5%gé %ﬂln‘%\y%g iih hlolar fa@b td he i norganic

salt or netal organic Ination in the reaction
medi um i ncl udiChg mtf@éenZElﬁﬁ)fon@j@bOL{t;ﬂpé.ﬂ|tQj§30Ut%1‘3 bmi de sul fate, hydrogen
sulfate, nitrate, phosphate, formate, acetate and carbonate salts of

cesium rubidium potassium and sodi um and tur es her It i
preferred that nole rdfSreAnsrsass Gréqgfﬂ‘éta'lfﬁ%aé“cﬁg QW BT 8% e“eﬂg? %ea?ﬁﬁl?utg'if t or
met al organic sal teﬁéﬁw@lnttma)rbmmmm;mmt giettat efth¢ prasenbinvargambrettwsabetit 1: 1.

It s 20 also pr e];agfg\rg aiq%etpgér%e fc?rttllae ;n&éadigﬁgrtgﬁﬂétg! o??el H ¢ Salt S'iﬁérﬁé or gani c

salt to organic han particularly
preferred nol et¥ athase m‘mblr@tltgamﬂlﬁ reaatien m@dlwﬂtlﬁmﬁi%@oﬂ@ &U@U—*@ 1 1:1 to

about 6:1. it may H?&\tﬁ'@%blfa?ebhﬁirééén%ﬁﬁat@ nﬁr@fébbr{&@ﬁﬂa@'fd%at@rhde&wﬁﬂm c salt
with a metal 25 g}amc sal t Wo |nor%§5ﬁi{ sal ts .and/or two or

nore netal organi Ca@aRaesyity OE%@%H@'W Pﬂtésw 4 and MEWES wi se
ef fective for use thétedihrispragesithaimddtio of organic base used with an inorganic salt

or metal organic salt to nitrobenzene is greater than or equal to about 1:1. Itis
20  also preferred that mole ratio of inorganic salt or metal organic salt to organic
- hase is greater than or equal o about 1:1. A particutarly preferred mole ratio of

organic base to nitrobenzene is about 1.1:1 to about 6:1.

it may be desirable to use a combination of an inorganic salt with a metal
25  organic salt, twe or more inorganic salts and/or two or more metal organic salts in
case one of the salts that is otherwise effective for use in the process of the
invention has a corrosive effect on the equipment used with the process. The
combination might also provide better results than could be obtained with one
salf.

30
The use of inorganic salts and metal organic salts with the organic base is

also helieved to reduce undesirable base decomposition.



invention has a corrosive effect on the equi pnent used with t

The conbination mght also provide better results than couldﬂ€2E8@$§§§BJMO5
with one salt. 30 The use of inorganic salts and netal organic salts with
the organic base is also believed to reduce undesirabl e base

deconposition. 21 DECEMBER 2005 WO 03/010126 PCT/ Us502/21508 11 In the
process according to the third enbodi nent of the invention, it should be
noted that an ord&fp¥mpase with an inorganic salt or a netaﬂ”gﬂﬁﬁﬁﬁﬂs sal t
will give some in situ formation of the eddival ent inorganic base and a

phase transfer Cat alnycﬁéprowaeé@bmﬁgh@th&m"@rembad.fnemtrwthaarﬂrem@n ithe so formed
LS. t he anlon fro

phase transfer S sa e,

t et r amet hyl ammn"? ﬁlld% éatre%k'iatj@ Oﬁﬁg?ﬂc% ?g Sl u'rr%? amc:la& &' Eﬂ{eta%@%ésone KCH
plus tetranet hysattmitgivesomi irosii GrematB of ke cquvalent inorganie base anA @Iobase t he
direct use of atPadsféPEaﬂﬂyryt %Q@ﬁﬁhwﬂﬁ] ;ﬁ?afmpwaaﬁ;ethters.am@d pifedk @hyetdr that can

be forned in situ suc tranmet éammnlum n](e in lieu of
0]

t et r amet hy| anfronsataistis tflﬂﬁﬂ'i"ﬁﬁf’@é“%?ﬁ!\t HPEmPgdeEmey B at e
ingredients. A paydkdxe bRk bma&nﬁflﬁbnﬁﬁdmm@lsmbmm pfs strong base and phase

transfer catal ys ot assi u QX de n i alide. A
preferred hal i de' f@"“?f?éﬁ%?‘]‘?ﬁ‘éim W"Bé? ?\F t(ijoa #"@?&Lt}ég ﬁél'?' %ﬂ of 15
organi ¢ base andari inapgarbase s anwmaaeefraﬂa&r@alﬁmamauhﬁm%ﬂsdé and a salt
in which the ani Qlé §te?rar99th\'c}ﬂﬁm @HﬁBmmepgthg@gt&mﬁ@;y‘ag@ﬂonﬁnpr eferred

halide anion is ori e reactions wou be carried out in
aqueous sol ut!P onhydiixida aad & Brepidg$ailias eapaiete NABYRIE of ani | i ne- wat er
azeotrope. 20 The reactive contact of the process of the first enbodi ment

of the invention is, carlie i'e eérearﬁzolggln %n%?&r%ﬁgbé;s{e agtli']gﬁé(seqr%%fer The oxi dant

may be free oxygen, ~GPGHHEP Fopehg agR ! as a peroxi de,
particul arly hydecatayeshis ppeesivo bieroxddetand ietrazlsdrenmenjuraiiaide.f &inct i on as an

oxi di zi ng agent. pg&%rrb@héh@&s@ﬁ}e&%s% &chﬁtgﬁ*y br@?éﬁéﬁdo%maﬁ&?ﬁ‘ofom dant may

advant ageously n resen ﬁ f'or part of the time during which
the aniline dhd @f‘ﬂ@fﬁ@*ﬁf@ﬁf%’éorg?%ﬁt 'S"S wvﬁmqnym Yy PV 8ndi ti ons are

particularly effgGhiciend Dioniis@Hi=le, Bdch as potassium halide. A preferred halide
anion is chloride. The above reactions would be camied out in agueous solution

with a continuous distillation of aniline-water azeotrope.

20 The reactive contact of the process of the first embodiment of the
invention is carried out in the presence of an oxidant. The oxidant may be free
oxygen, or comprise an oxidizing agent such as a peroxide, particularly hydrogen
peroxide. Nitrobenzene may aiso function as an oxidizing agent.

25 in the process of the invention, the oxidant may advantageously need to
be present only for part of the time during which the aniline and nitrobenzene
react. Such partial oxidative conditions are particularly effective for improving
selectivity. One of these instances is when an inorganic salt with a fluoride anion
is employed in the reaction mixture of the third embodiment under partial

30 oxidative conditions. ltis believed that better results, conversion and selectivity,
would also be obtained under partial oxidative conditions when the salt anion is
sulfate, carbonate, or nitrate and other anions that give relatively low selectivity.
Another instance is when TMAH is used as a strong base that can also function




selectivity.” One of these instances is when an inorganic salt

fluoride.anion is enployed in the reaction m xture of the trﬁlvl%ﬁgﬁﬁﬁﬁr?WS
under partial 30 oxidative conditions. It is believed that better results,
conversion and selectivity, would also be obtained under partial oxidative
conditions when the salt anion is sulfate, carbonate, or nitrate and ot her
anions that give relatively | ow selectivity. Another instance is when TMAH
is used as a strond* OB hat can al so functjon 21 DECEMBER 2@6%/UG{321508
03/010126 PCT/1JS02121508 12 as a phase trdhsfer catal yst for the second
enbodi ment. Mor eo\a88 phase ranalghcatalyst feathe setond emhodieerdnsibreates chltharghtthe i r st

enbodi ment of the RS AGEREn Blmdrifaicd ﬁ)’?@rﬂ!s?éhbdd?mén?ofk?r%oﬁrgé’eggo#tn@t partial

oxi dative conditiqns woul d ons of inorganic
base and phase tr dWEPEAN. Ei5iaiayed thetpartialpxidativespnditions weeld plse by efferive foki dant
used in the seconctombvtlattohsbﬂn@ghmﬁbaﬁemesprﬂfsetrmwrBat@ijﬁﬂi'@ﬂglvéw be the sane
as in the first &L(@a 10 The reactive contact nay be carried out at a
t enper at ure of ?rom ut 2011C to about 150C. Qther conditions for the
reactive contact include pressures in the range of from about 20 rrbar to

about 20 barg. Reacti ofhelok@Entiufed i HeSakd and ﬁ%&e&@@ﬂn&ﬁ% Minednofiurs. 1t is

advant ageous to agitate the reaction m xture entire reacti on

15 The reactions STYSPdIF B AN haEstenhedimesbcond and third enbodi nents of
the present nethod may be carried out in the presence of not greater than
about 40:4 noles wat er t unt of water does not

rm nitr
include the vviat er tha eﬁ?ﬁf R\ 8%“%& Ry Eﬂéarf'%‘ielﬂta?ﬁlaste’aﬁﬁ?%ﬁe fifem Hbounds
formed in the 20 RPEClesboutWheH. tiker monditionefor hprachiengntactdicludagresases and a

bhase transter. o flb¥abe oPodlndlidaMar BABE. A 041%&%% s fyefanTe L 2

organic salt, is in aqueous soO carr out with
a continuous di st {4k dtanoAboyt 3.5 4w8kisi dbtswét'%ﬁagﬁz@obrw@te ﬁZ%fe'FN@nfrh!P@te

enbodi ment of t he dudngand érife @Bdtioke carried out with the phase transfer

cat al yst bei ng,tetranet hyl anmoni um brom de and t he strong base

The reactions of step (b) of the first, second and third embodiments of the
present method may be carried out in the presence of not greater than about
10:1 moles water to moles nitrobenzene. The amount of water does not include
the water that hydrates with the reactants and/or with compounds formed in the
20 process. When the mixture comprising a strong bhase and a phase fransfer
catalyst, or an organic base and inorganic salt or metal organic salt, is in
aqueous solution, the reaction may be carried out with a continuous distillation of
aniline-water azeotrope.

25 The first embodiment of the invention may be carried out with the phase
transfer catalyst being tetramethylammonium bromide and the strong base
comprising one or more inorganic bases.

The aqueous phase may be reused fo form a new reaction mixture. Fresh

30 base and phase transfer catalyst or organic base and inorganic salt or metal
organic salt are added to replace losses by decompasition, by—product formation

and solubility in the separated organic phase. Excess Aniline recovered by
distiilation from the reaction product mixture may be combined with make-up




conprising one or nore inorgani c bases. The aqueous phase nmay. q.t
forma new reaction mxture. Fresh 30 base and phase transfe%lqg]a{jgmf‘ll&%os
organi ¢ base and inorganic salt or metal organic salt are added to repl ace

| osses by deconposition, by-product formation and solubility in the
separated organi c phase. Excess Aniline recovered by distillation fromthe
reacti on product m xture may be conbi ned with make-up 21 DECEMBER 2005 WO O
310 10 1 2 6 PCT!'wWSeM608 13 fresh aniline for recycle t&HEPR2E%hew
reaction mxture. Recovery of excess nitrdbenzene is preferably carried

out prior to hydfesgeniadd fan raxclé e folmADRA rdapticarmiritieat Redoyerg of epassmt | on st ep

o, e 1 eoover el RS LERFATP Y oGPR 97T het et 1580

ess, “or ated to ani'line. The
met hod. of the pnieswediats by @nsdperatiom stephandpihe pegaeied Mitgibegzene may be

ani nodi pheny! ani ngsEatGleaikale s by nfi8r&Radusdredsasn a@hbaF@Ebse,r geess or
may be perfornmed continuously using neans and equi pnrent well known to the

10 ski |l | ed pef sotdogeeteddagiiinde contact in step (a) in the first, second
and third enbodi mrents of the nethod of the invention nmay occur in a

sui tabl e sol vent sysf.em ui e 2 ; e cgﬁ(ﬁg' ol ar
aprotic solvent. Th(sa‘{-i'ﬁoln};‘?lI g pr)tatF'Jij: r8$e\?'(kan' \%h%@]y?@. b’{‘ﬂg e éatr:at?@g ‘?fofgm t he
group consi st i ngargfiqdipbenylannes| intainedigtasonaybareandytied as Rovetdeproceseazy| et her,

1- Met hyl - 2- pyr 1 ok bdb QR mACk oo By BSiRY b ol REe8@pmdMSydl MG foQfs 11 i ts
second enbodi rren(blﬂ? sﬁggﬁﬁet hc?d \Aﬁgergﬁtlﬁ@/e strsong gb}?ise al so functions as a
phase transfdf c#¢ladpaiorand the reaction may be in 20 the absence of an

al kali metal hydroxide. 1n that case the strong basel phase transfer

catal yst is defined fornul a,_ 11 e i o Sadel ated by
the foll ow ng exarrplﬂge.reaféveé?ﬁtgﬁ '?r%tlr%\? ;eﬁ mctg% |St§ %‘éﬁiﬁé&?@hlhﬁéﬁ@%ﬂ%ﬁ% thin
i ndi vi dual exanpéféis mdtmd offaiykrtion may@ceun i schiiatly sriyeofsypleme riovidebitas

performed in open;ghdsydi&s bbrhdrides & Pmar%%céaz@ﬁt XY 96Br ARbtiRGoRERERPt during
t he reactions, even V\%en t he reac

or was_ stoppered, except for
experinent s, 1hhefaselerEd foan &, I9URFORSFtng 8hpung! ‘F\’}%f?topq}wﬁ%%'e%".foxf‘%* attenpt was
nmade to renove Waingl ethr0MMehe-2-Baclidimne ahd NN draethytformamide.

The invention, in its second embodiment, is a method where the strong
base also functions as a phase transfer catalyst and the reaction may be in
20 the absence of an alkali metal hydroxide. In that case the strong base/phase
transfer catalyst is defined by formula I above.

The invention is ilustrated by the following examples.

25 Experimental conditions are detalled within individual examples. [n
examples 1-10 the charging of reactors was performed in open air resuiting in
some free oxygen being present during the reactions, even when the reactor was
stoppered, except for experiments, where indicated, run for cofnparative
purposes. No attempt was made to remove water from the reaction mixtures in

30  examples 1- 10.

In examples 11-16 a flow of air was supplied to the reactor headspace
during all or part of charging reactants, heat-up to reaction temperature,



30 exanples 1- 10. in exanples 11 -16 a flow of air was suppl
reactor headspace during all or part of charging reactants, ﬂ?ﬁb@y‘ﬁﬁmm

reaction tenperature, 21 DECEMBER 2005 WD 03/010126 PCT/ US02/ 21508 14

ni trobenzene feed and hold, resulting in free oxygen being present during
the reaction, except where indicated. Water was renoved fromthe reaction
m xture by azeotropic distillation with aniline. However, the reaction can
al so be effective W@ t he azeotropic renmoval of water wi BTSN, 5
ANALYTI CAL Yi el ds of individual conmponents!tere determ ned by external

standard HPLC. Apmiteoskimbeleld Brdthollf, AaBIieY infaé exygen bdirg preseardiiyg e i s

accurately weighed into -l _volu rlc ask d dil i a buffer
solution 10 cont alrﬁ?c‘i{an §§%%°€‘991?f%5‘¥'%¥‘?£§}8@}9(/‘7’%f rgr@%\{egﬁpgl%{lq #eé%&%ﬂ%%#\?'

met hanol and 1 % \by\azgdttopit distilfiomrwith Bhiline dllaneivernthe sactivheen eido bhefastive a 10 pL
[ 00p onto a1 ever SefloRisLeofl ko ARFWBHGE iGN (250 x 4.6 M) using a

bi nary gradi ent punpi ng syst m an ow ng elution gradient at a
constant flow rate of 1.5 m/minute: 15 Time, minutes %A %8 01000 252575
350100 37.50100 3&hXQQTHRALOOO EI uent Ais 75%vlv water, 15% v/v

acetonitrile and 10% vl v . net ha 20Euent % /vaeto trile and
40% v/ v met hanol . Det eWé?‘F'%?f"id%"dw?}Ca?‘P%H W %d $8 er{n%lrs aRdard ol es 1- 10
i s cal cul ated by sHRhCadgptokioatetyf0.ekgrawmof material to be analyzed is accurately

weighed into a 50-mL volumetric flask and diluted with a buffer solution

10 containing 39% viv water, 36% v/v acetonitrile, 24% v/v methanol and 1% v/v pH
7 buffer. The solution is injected through a 10 pL loop onfe a reversed phase
‘Zorbax ODS HPLC column (250 x 4.6 mm) Using a binary gradient pumping
systern and the following elution gradient at a constant flow rate of 1.5

mbL/minute:
15

Time, minutes %A %B

0 ‘ 100 0
25 25 75
35 0 100
375 0 100

38 100 0

40 100 0

Eluent A is 75% v/v water, 15% v/v acetonifrile and 10% v/v methanol.
20 Eluent B is 80% viv acetonitrife and 40% v/v methanol. Detection is UV at 254
nmm.

Conversion for examples 1-10 is caiculated by sum addition of known
compenents plus any unknown peaks {assigned an arbitrary mole weight value of
25 216, aniline + nitrabenzene) as analyzed. In some instances, sum conversion is
greater than 100% due to the formation of derivatives from aniline only.



conponents plus any unknown peaks (assigned an arbitrary nol | ue
of 25 216, aniline + nitrobenzene) as analyzed. In sone inst ‘gﬁggﬁMﬁRzoos

conversion is greater than 100% due to the formation of derivatives from
aniline only. 21 DECEMBER 2005 WD 03/010126 15 PCTI US02/ 21508 Conver si on
for exanples 11-16 is cal cul ated based on the anmount of, wunreacted

ni trobenzene remaining in the final coupling reaction mass. Conversion is
assumed to be 100W®pd016136 ni t r obenzene is detected. 5 Sel ect iRFI§OA2E®ef i ned
by the fornula: (p-NDPA Yield + 4-NDPA Yi'ld)/(total yield). 4-NDPA is
4-ni trodi phenyl am ne and p- NDPA IS 4- nitrosodi phenyl am ne. Total yield is

the sumof the yield of all known an unk eak an arbitrary
mol e wei ght val ue of CONVEISIORP | S¥AEPIEs 1d1 'ch&%@%?g%dzgn(tﬁﬁgghg%ggi abl es: An
Recr" refers to gosedntobéiene Mamingmﬂw finpbcavplngoeactiera®pssy r ecover ed and

(s asumiotal of bk %@ﬁus%%&ﬁprog)u166"/d|fﬁ3ﬂx¥rbf6?e‘ﬁ2&~f%ﬁ§detecté3 hers" are aniline

and nitrobenzene cts e.g. phenazine, N 15 oxy-phenazine,
2- NDPA, 4-phefazo-di phenyl am ne and any unknowns. EXPERI MENTAL

Experimental conditi Qaéctr%*hﬁ uéﬂ%ﬁhédecé Vihé Miofinulandi piibRY, etdnpl £HDPRO EXAMPLE
1 Exanple 1 illustrates t nt er.me |at y. he f fgom
aniline and nit rB‘B@H%ﬂey‘Plﬁ) t hé @P@sé cden'%? gﬁny?aﬁ?)‘qaar'??c tr)\gj;e %pot assi um
hydr oxi de) and phinsdbhenyaiie. cabial yiet if tret sun wfétehybémﬁﬂﬁl inawe HIndr i de,
TMACI) in a sol v nt-free u EViglight alud sondi bhiges+ Yiel d of
desired 25 pr odu'érf oWy pa%ﬁe%géeﬁydoﬂp?(bltga@nﬁhlnt %ﬁ phase transfer catal yst
added. Aniline (8984en22eb8 grans, 240 mmol es), nitrobenzene (99% 4.97
~grams, 40 mmol es), potassium hydroxi de (86% ground povvder 7 83 grans, 120

mol es) and tetranet hyl anmoni um ch] ori de wer round 30
bottom f1 ask equi ppe {F ERerafRhBEF ceElg tPF%’quuﬂgst?é'gﬂﬂB ”%e E%t ed in

Table I bel ow. {8y reeaetddaind Wessua ﬂotamdaMSaazpbmemjanﬁ@zowbmme at 60Cin a
st opper ed "Others” are aniline and nitrobenzene coupling by-products e.¢. phenazine, N-

15 oxy-phenazine, 2-NDPA, 4-phenazo-diphenylamine and any unknowns.

EXPERIMENTAL
" Experimental conditions are detailed within individual examp[es

20 EXAMPLE 1
Example 1 illustrates that 4-ADPA intermediates may be formed from

anfline and nitrobenzene in the presence of an inorganic base (potassium
hydroxide) and phase transfer catalyst (tetramethylammonium chloride, TMACI)
in a solvent-free system under relatively mild conditions. Yield of desired

05  products is dependent on the amount of phase transfer catalyst added.

Aniline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 4.97 grams,
40 mrholes), potassium hydroxide (86% ground powder, 7.83 grams, 120
mmoles) and tetramethylammonium chloride were charged to a 50-mL round
10  bottom flask equipped with magnetic stirrer in the amount indicated in Table 1
below. The reaction was aflowed to proceed for 1 hour at 60°C in a stoppered

flask. Contents were then sampled and analyzed by HPLC.




flask. Contents were then sanpled and anal yzed by HPLC. 21 ER 200
03/010126 PCT/ US02/ 21508 16 Table | Yield, % Conversi onNDPK%%BEM Ege%\'ﬁﬁs

O her No TMACI added, KOH Onl y26.3%). 84.85,515.2 1.81 grans TMACI, 16

mmol es (0.4 vs NB)59. 2940. 926. 918.43.0 3.62 grans TMACI, 32 mmoles (0.8 vs
NB) 90. 1922. 436. 128. 63. 0 5. 42 granms TMACI, 48 mmoles (1.2 vs
NB) 98. 2927. 037. 83. 23 grans TMACI, 64 nmmoles (1.6 vs
NB) 94. 4925. 536. 228. é%ﬁeﬁm grams TMACI, 8Q,moles (2.0 vs TCTUSOZ2ISHE
NB) 98. 9926. 236. 731.84.2 5 Sim |l ar results were obtai ned when running the
reaction under slightly varying conditioéletequi nol ar Anl NB, hi gher
reaction tenperature, longer cycle time, water addition, etc.) as given
bel ow i n Tabl e 2. iline ) S’ 24, 8 itrobenz
(99% 3.08 grans, $ oY =Y . QPO bother |
9.77 granms, 150 t hyl anmoni u loride (97% s Tahl.e 2)
and water (Table W@%‘idcﬁgpge Yto a SO-M%'%}]&nd ggttomzf(l asE%eqﬁlggped
with magnetic stir{gryramE®Achad @oldd 04Nt NBYaS 5@9%0 by 1oxei ghis gof 1gf al 3peact or
charge assumng 14% w w H2O 15 from KOH. The reaction was allowed to
proceed for 2 hour$62rar@0@ACH 3ammaee(d.8 vé NBlsk 90.Cont ekt weifd t haid sabpl ed
and anal yzed by HPLC. 21 DECENBER 2005 WO 031010126_17 PCIl US02121508 Tabl e
2 Yield, % Conver3tdens-TNOPA‘TReRs1ANS Mcr “ther NP TMARS, KOH onfy &
2.15 g H20 '

7.23 grams TMACH, 64 mmoles (1.6 va NB)  94.4% 26.5 36.2 28.9 2.2

8.04 grams TMACI, 80 mimoles (2.0 vs NB)  98.9% 26.2 36.7 31.8 4.2

5
Similar results were obtained when running the reaction under slighily
varying conditions (equimolar An/NB, higher reaction temperature, longer cycle
time, water addition, etc.) as given below in Tabie 2.
10 Aniline (99%, 2.33 grams, 24.8 mmoles), nitrobenzene (89%, 3.08 grams,

24.8 mmoles), potassium hydroxide {86% ground powder, 9.77 grams, 150
mmoles), tetramethylammonium chloride (97%, see Table 2) and water (Table 2}
~were charged to a 50-mL round bottom flask equipped with magnetic stirrer. The
water amount was 20% by weight of total reactor charge assuming 14% wiw H20O
15 from KOH. The reaction was allowed to proceed for 2 hours at 80°C in an open
flask. Contents were then sampled and analyzed by HPLC.




0.17 g TMACI, 1.5 nmoles (.06 vs NB) & 2.19 g H2O 0.34 g T I éE @;@S
(.12 vs NB) & 2.23 g HRO 0.69 g TVACI, 61mm|es( 25 vs N

1.03.g TMACI, 9.1 moles (.37 vs NB) & 2.41 g H2O0 1.37 g TMACI, 12.1
mmoles (.49 vs NB) & 2.49 g H2O 2.06 g TMACI, 18.2 mTD| es (74 vs NB) &
2.67 g H2O 2.74 g TMACI, 24.3 nmmoles (.98 vs NB) & 2.84 g H20
2.3%0.00.40.41.5 8.19%.35.90.71.2 14.79%9. 712.710. 31. 0 34.4%.727.72.92.1
47.5%. 639. 54. 22. WOBF18Q . 646. 75. 23. 3 89. 6%. 661.317.73. 0  PCT/US02/21508
92.2%1. 964.913.42.0 5 The yield of 4-ADPA’ nternediates was increased from
< 1% when no tetranethyl ammoni um chlppiede was used to al nost 77% when a
near equinmolar anount of phase transfexie@pdal yst vs. nitrobenzene was
added. I n bofhi Thstances, nore p- NDPA rel at | Genveliod- pISORA WaSDHN ¢d Reed Oasr
the 10 tetranet hylamoni um chl ori de charge was i ncreased. Al so, nore

p- NDPA was MNorfWédl, KEHOhe&@Briegébiee of excess adfti ne Cdee EQérrpI ). 15

catal ysts may 1195"6e" (B0 (it RP 16167 Blce B RoPa &N 4. REPA 176 12
ani line and 0@%%{.@%&%@%}% ?ﬂl’m‘ﬁ%% udy ranged 70 or ger of odescensli ngq g

yi el d. Charge - roun ttom flask equi pped with nmagnetic stirrer:
ani l'i ne (99%0.683 TWACyE.aMivle2dtd WwIB) 8832 g RiC r obwRzene (199% .97 grLans,2.40
20 nmol es), potassi um hydroxi de (86% ground powder, 7.83 grams, 120 nmp| es)
and the i ndi d@BadMpRas&mmelancYes NBHE&%/@HZC@ veri-5fn TaBife 3 ¥ ow dher et he

t of ph | | h
CROTE o 105 saMRRE A LRt e g ) o2 (orad )52 Roatt o
was 21 DECEVBER ZQe; YO AR4LFA6NE) & 267gHO  89.6% 76 613 177 30

274 g TMAC!, 243 mmoles (9B vs NB) & 2.84gH,0  92.2% 11.9 64.9 13.4 2.0

5 The yield of 4-ADPA intermediates was increased from < 1% when no
tetramethylammonium chloride was used 1o almost 77% when a near equimolar

amount of phase transfer catalyst vs. nitrobenzene was added.

in both instances, more p-NDPA relative to 4-NDPA was produced as the
10  tetramethylammonium chloride charge was increased. Also, more p-NDPA was
formed in the presence of excess aniline (see Example 7).

EXAMPLE 2
Example 2 demonstrates that any of severai phase fransfer catalysts may
15  be used with KOH to produce p-NDPA and 4-NDPA from aniline and
nitrobenzene. Results are airanged in order of descending yield.

Charge to 50-mL round bottom flask equipped with magnetic sfirrer:
aniline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 4.97 grams, 40
20 mmoles), potassium hydroxide (86% ground powder, 7.83 grams, 120 mmoles)
and the indicated phase transfer catalyst given in Table 3 below where the
. amount of phase transfer catalyst is equal to the limiting reagent charge. (NOTE:
Some experiments run on 20 or 30 mmole scale as denoted.). Reaction was




PCTYUSO2/ 21548 18 allowed to proceed for 1 hour at 60C in a st
flask. Contents were then sanpled and anal yzed by HPLC. Resﬁtlgﬁﬁﬁ[\%gﬁpezogs

above illustrate that the addition of a phase transfer 5 catalyst inproves
the yield of desired products in all cases. Tetramethyl anmoni um chl ori de,
fluoride, hydroxide, carbonate, formate and acetate; tetrabutylamonium
hydr ogensul fate and sul fate; nethyltributylanmoni um chloride; and

benzyl t ri met hyl armo¥R ¥ H3fdr oxi de  (Triton B) are most ef fect iPCY U 2 Y se
transfer catalysts in conbination with an 10 i norgani c base. O hers such as
tricapryi met hyl aranemédtapeiebar fodehdubbi agecin G3@yperediiiosl: Alvntey!s #ereoheum
chloride, tetraneth nj .t nate, and choline hydroxide are
noderately effi ciséﬂ%!eg%%kaye?eg%lﬂﬁb%i de salts and the zwitterion betaine
are not as suitable. Periodic trends are observed for the

t et ranet hyl anmoni um sgld fis ASalle8ladoveGiRBlyRE habihe additichelf e phaseittysfer e al |
decreased 15 when %‘)i ng down in thg ser|es fgomaila%g ide to iodide. 21
DECEMBER 2005 $0 GEM51inPrsernsyeldbiesisndcdg s #ahE®s viel d, % Conversion
p- NDPA 4- NDPA An ReemeByBemomeicalbtdeytimrite ydraxidas cargerate, pvatagnd 15. 49

gns”99. 2%%6. 121. 220, 11 Tetr A I ul fate,
97% 96. 6%47. 925. oaff?a%z?ei’aﬁﬁ'%'ﬁ'géﬁ%& ili;ﬁﬁeiﬂtbr%gﬁnﬂf? i/éﬁgg‘gm}%ﬁum carponate, 60%
aq. , 97. 6%16. 624. 6R&hREEb@yIEN@anigmshiortet eNErRSPANITERRESATURAYT DEFe 4 H20,

98% 6. 74 gns103. 6 4fcfic BE bRARR RN RATINSIs Mt cabiatdresithdboy 5. 61
gnE104. 39R5. 943. Y fiop frdreriobt ol B

Tetr anet hyl i um hydr oxi .
97% 105. 0988. 499, ie%eaﬁ@@@?@ﬁ%%%%%%@%‘%@%ﬁﬁﬁ‘?'%rﬁF6%'?%%,33@7% 4.52

gms98. 8924. 337. 13@uaAktfmmonium chloride, tetramethylammonium nitrate, and choline
hydroxide are maderately efficient. Bromide and lodide salts and the zwitterion
betalne are not as suitable. Periodic trends are observed for the
tetramethylammonium saits as yield, conversion and selectivity are all decreased

15  when going down in the series from fluoride to iodide.




Met hyl tri butyl arnmoni um chl ori de, 75% aq., 12.58 gns81. 7923.
Tet ranet hyl ammoni um formate, 50% aqg,, 9.53 gns74. 9%29. 023. SZﬁ%ﬁéﬁ\ﬁEﬁ 2005

Benzyl t si net hyl amoni um hydr oxi de, 40% aq., 52. 5%39. 66. 25.51. 2 16. 73 gns

Tri capryl met hyl ammoni um chl ori de, 99+% 67. 0949. 121. 319.67.0 16.17 gmns
Tetranmet hyl ammoniumnitrate, 96% 5.67 gns6l. 3942. 027. 419. 62. 4 Chol i ne

hydr oxi de, 50% aq., 9.69 gns59. 09%26. 26. 719. 66. 6 Tetrabutyl ammoni um chl ori de
- H20, 98% 8.51 WHE¥UM2698. 223. 89. 31. 2 Betai ne, 98%p, 4. 78 FCT/US0221508

gne55. 094.3. 017. 219. 65, 2 Cetyl tri net hyl armmdni um broni de, 95% 11. 51

gns*36. 2%. 019. 38. 71. 1 Tet r anmet hyl ammomabiesbr om de, 98% 6. 29

gne36. 5%1. 312. 26. 76. 3 Tet rabut yl anmoni uny, 1 99% 13. 03

gns34. 198. 314. 25..8 20 s &0 X BNEER AnReor Other

. SWIDPA &
gns33. 4%4.1. 90. 617._23..7 Tetranet-hy-arren-umtodrde, 999 812

gne27. 892. 48. 05. 1L} Bl Sblsahiisbpnospioni um e des.t 9824213. 88 18
gme25. 6%4. 65. 19. 410, 0 KOH On

'y, No phase transfer cajfal ed .6% 1.2
4.0 3.311.0 *30 wne,mww&vdmee%"%%"ﬁs ani | e 3. ?gsgnéf";i ?‘ggbenézt“gne, 5. 87
gms KOH & PTC as'f1¥Fed) 1120 nmol es (TMR) 2003 & (T13Aéé804 0.5 to | vs
NB, sanme no. of peuktwahentusyrBnaEeWRLE 3 21 FIRGENVBERE 20 %'c) 3#910126
PCTf US02/ 21508 26%sfanpl e 3 shows that nitrobenzene may be coupled with a
variety of anil iﬂﬁmgj?%\{%iﬂ%g@.i@ﬁ%gduﬁﬁ 4-ABPA | RR.er netd at gt A6
stoi chionetric anount of substrate as listed in Ta%lsg 4 bel oy, 5
ni trobenzene (99%erghGEmeEAREPAFESHIBI es) , 19hDf as<um AYdr oXi de %6%
ground powder, 9Tezgnefja kAR EITDL 8%, t et rapes hylsaamopsaim e or bde (97%
2.74 grans, 24. 375 eisw,% and water (2.84 grans) were charged to a 50-ml -
round bottom fl ask equi pped with etic [ T €I, 3 ThEy { €agid ONgwas
allowed to procE&y® WR%'”WS*&?"%E’%{{%{B%%% n an%’%o’ren fzfigsk.%7%ontents were then
sanpl ed and Methyltributylainmontium chloride, 75% aq., 12.58 gms 817%  23.5. 306 222 54

Tetramelhylammonium formate, 50% aq., 8.53 gms 74.9% 29.0 23.8 21.0 1.1

Benzyltimethylammonium hydroxide, 40% aq., 52.5% 398 6.2 5.5 1.2
16.73 gms .

Tricapryimethylamrnonium chloride, 99+%, 67.0% 18.1 213 18.6 7.0
16.17 gms

Tetramethyia;nmonium nlirate, 96%, 5.67 gms 61.3% 12.0 27.4 19.8 24
Chetine hydroxide, 50% aq., 9.69 gms 59.0% 26.2 6.7 19.8 6.6

Tetrabutylammonium chioride + H20, 98%, 8.51 gms* 42 6% 8.2 23.8 93 12

Betaine, 98%, 4.78 gms 55.0% 13.0 172 138 5.2
Cetylirimethylammonium bromide, 93%, 11.51 gms* 36.2% 7.0 19.3 8.7 1.1
Tetrameihylammonium bromide, 8%, 6.29 gms 36.5% 11.3 122 6.7 6.3
Tetrabutylammonium bromide, 93%, 13.03 gms 34.1% 8.3 14.2 58 87
Polyethylene glycal (MW = 200), 8.00 gms 33.4% 11.9 0.8 17.2 3.7
Tetramethylammonium fodide, 99%, 8.12 gms 27.8% 2.4 8.0 LX:] 1.8
Teirabutylphosphonium bromide, 88%, 13.58 gms 25.6% 16 §.1 9..4 10,0
KOH Only, No phase fransfer catalyst added 18.6% 1.2 40 33 11.0

: i KCH & PTC as listed)
*30 mmole scale {16.93 gms aniline, 3.73 gms nitrobenzene, 5.87 gms .
#20 mmoles (TMA)CO; & (TBA).80, (0.5 10 1 vs NB, same no. of equivalents)

5 EXAMPLES3




10 anal yzed by HPLC. 15 Table 4 Yield, % Conversion p- NDPA 4- I
Ot her Apiline, 99% 2.33 grans, 24.8 nmoles 95.4%6.0 68.3 %ﬁ@?@fbﬁ:ﬁ““s
Formani |l i de, 99% 3.03 grans, 24.8 nmoles 84.5% 19.3 47.3 16.3 1.5

Phenyl urea, 97% 3.40 granms, 24.2 mvoles 96.2% 19.2 38.8 13.5 24.8
Carbanilide, 98% 2.65 grans, 12.2 mmoles 48.1% 1.3 37.1 9.3 0.4

Thi ocarbanilide, 98% 2.85 granms, 58.6%5.4 31.6 18.6 3.0 12 .2 }

Acet ani | ide, 97% YOBOY%ns 24.3 nmoles 8 qg% 0.3 2.7 3.6 1. é’“@%%’%ﬁﬁ de,
99% 3.03 grams, 24.8 mmoles 49.4%0.0 1.0 5.1 33.3 N Met h_%/l - Benzam de,
99+9% 3.38 grans, 8. 28kathpl DsHows tHat Atrdben2BeOnanbe ceupledeiPAMAI¢UET 9894 2. 47
grans, 12.3 mmoles.0.1%0.0 0. [oN Wi lai-gRi | i ne nost effectively
couples with nitr%@ﬁ%@”@h\?&ﬁ%ﬁ?{%gg%%ﬁMg@set%ea%]g am des such as
formani |l i de, phenylurea and carbanilide as well as the thiocarbanilide can
pe substituted 1O PrOAYERNAmAREAmbIR:Sr pdias esisted PabIDEGENBER 2005 WO

03/ 010126 21 PCT/ U502/ 21508 LE 4 anpl I LJ: reacti on of
aniline and ni6r oﬁ@?ﬁé@emfggﬁlg\;msoa@ Oleeg)’f&%fa%:%l}n@fl%ﬁ@%r@ﬁgt h

t et r amet hyl amoni yeuRloatiénle71 graps o0oenales) ABRMeYRBYIABMTEEWEIE B %ni | i ne
(99% 22.58 grans, _240 l.es [ Yherd cfbfoe@ntedso-m40 Mol es)
; ihgegr Byt L ARRIER gl be el ae e

an appropriate a rven in Table 5 bel ow.and allowed to
t et r amet hyl anmoni tomd batiomi fidek ¢avipped Wittsp mggngtis stirg PREEMYBLAENET Ged to a
50- L round bottogpogéeﬁsf&g%ulig%@g@*c% hiogenhBE &lontenistuere then sahdedasdct i on was

40 analyzed by HPLC.

Table 4
Yield, %

Conversian p-NDPA 4-NDPA An Recr Qtner
Aniling, 89%, 2.33 grams, 24.8 mmeoies 95.4% 6.0 68.3 198 1.2
Formanilide, 99%, 3.03 grams, 24.8 mmoles  84.5% 193 473 16.3 1.5
Phenylurea, 97%, 3.40 grams, 24.2 mmoles  96.2% 19.2 38.8 135 248
Carbanilide, 98%, 2.65 grams, 12.2 mmoles  48.1% 1.3 371 9.3 0.4
Thiocarbanilide, 98%, 2.85 grams, 58.6% 5.4 316 18.6 3.0

12.2 mmoles

Acetanilide, 87%, 3.38 grams, 24.3 mimoles 8.5% 0.3 2.7 3.6 1.9

Benzamide, 89%, 3.03 grams, 24.8 mmoles 49.4% 0.0 1.0 15.1 333

N-Methyl-Benzamide, 99+%, 3.38 grams, 8.2% 0.0 0.0 0.0 8.2
25.0 mmoles

Benzanilide, 98%, 2.47 grams, 12.3 mmoles 0.1% 0.0 0.1 0.0 0.0

" While aniline most effectively couples with nitrobenzene in.a KOH-TMACI!

system, amides such as formanilide, phenylurea and carbanifide as well as the
thiocarbanilide can be substituted to produce 4-ADPA intermediates.

20




10 allowed to proceed for 1 hour at 60C in a stoppered flask.

then sanpled and anal yzed by HPLC. Table 5 Yield, % p- NDPA4- %ﬁgﬁ@ﬁ&%@iﬁﬂ%
Q her Conversion 97. 1% KOH, 86% 7.83 grans, 25.235.530.65.8 120 nmoles (3:1
vs NB) 100. 5% KOH, 86% 13.05 grans, 21.536.032.011.0 200 nrnoles (5:1 vs

NB) 21. 3% NaOH, 98% 4.90 grans, 4.712.63.40.6 120 mmles (3:1 vs NB)50. 4%
NaCH, 98% 8, 16 grans, 11.524.514.20.2 200 mol es (5:1 vs NB) 98, 8% CsOHH20,
95% 15.91 grans, ¥098U82934 50. 6 90 rnnol 2? (3:1 vs NB)*107.HFEE" BB  95%
11.84 grans, 15.233. 425. 033.5 100 moles (Z2°/2:1 vs NB)51. 5% TMAH 5H20,

22.42 grams,38. X Q8@ 4 120 moies (3:1 vs NB)" *30 nmol e scale (16.93

gns aniline, 3.73 gllﬂ% %}ﬁbteaq rea%tiél%f 9%95%&0&@@@&151@5 as

i ndi cated) Tetranet roxi d '[4 g 0&9 Bot h
lithium and cal maumsmgshsmxcmlnﬁwféwﬁﬁﬁwE\M“ﬁ%"”ﬂ‘oc 92 0% 56 obser ved

for either of th/%%ﬂx Bgﬁn RES. 21 DECEMBER 2005 WO 03/010126
assl u

PCT/ 1JS02/ 21508 m hydroxide is the preferred base but sodium
hydr oxi de, ceS&i um

Antline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 4.97 grams,
40 mmoles), an appropriate amount of base as given in Table 5 below and
tetramethylammonium chioride (97%, 4.52 grams, 40 mmoles) was charged to a
50-mL round bottom flask equipped with a magnetic stirrer. The reaction was
10 aliowed to proceed for 1 hour at 60°C in a stoppered flask. Contents were then
sampled and analyzed by HPLC.

. Table b
Yield, %
Conversion p-NDPA 4-NDPA_An Recr Cther
97.1% a0 55
KOH, 86%, 7.83 grarrr:]sé 252 355 . .
s
120 mmoles (3 ) 100.5% e
KQH, 86%, 13.05 grams, 215 38.0 . .
51 vs NB
200 mmoles { ) p1.5% . _
NaQH, 98%, 4.90 grarrg), ) 47 12.86 . .
les (3:1 vs N
120 mmoles ( 50.4% 5 N .
NaOH, 98%, 8.16 grams, 11.5 24, . :
200 mmoles (5:1 vs NB) 08.8% » .
CsOHH,0, 95%, 15.91 grams, 20.5 | 43.2 . .
31 vs NBY”
90 mmoles { ) 7% - 373 N
BuQK, 95%, 11.84 grilrgs, 15.2 334 . X
21 vs
100 mmotes (24 ) 515% g y
TMAHBH0, 22.42 grams, 38.2 7.0 ; .

120 mmoles (3:1 vs NB)*

*30 mimole scale (16.93 gms aniline, 3.73 gms nitrobenzene, 3.39 gms TMACI & base
15 @as od)

indicat

A Tetramethylammonium hydroxide only. No TMAC! added.

Both fithium and calcium hydroxide were screened with no reaction

20  observed for either of these two bases.




hydr oxi de, -pot assi um t - but oxi de and tetramet hyl ammoni um hydr
sui t abl e, bases any of which may used in conbination with i) I%Cﬁﬂ&ﬁﬁ%%os

t et ramet hyl anmoni um chloride to obtain acceptable rates of conversion. 5
EXAMPLE 5 Exanple 5 denonstrates the effect of increasing potassium

hydroxi de charge on aniline-nitrobenzene coupling products under otherw se
constant reaction conditions with tetranethylamoni umchloride as a phase
transfer 10 catal ysxosomuds i ne (99% 22.58 %r 240 mol es) PCHPYBBEnzene
(99% 4.97 grans, 40 mml es), potassi um hyth oxi de in the anmount given in

Table 6 below and tep H@h@m@umréf@h@d bate b(1BembyHaxidg. aeRIUM 40
nmol es) was char ged to a 15

ot t th magnetic
stirrer. The readlYid@ﬁ'd%é@tasaPm@)Wétﬂ"’ & t% g]nk%%?#ﬁwglgé%g?@%ggs a
st oppered fl ask. @m@m@sw@wﬁmmaysmmme@ana@omw@tymeW"ﬁm Table 6
Yi el d, % Conversiqgn p-N JPA 4- er No KCOH, TMAC
onl y0. 0%). 00. 00. ng%%}%%%&%pﬁa{é%%?@ﬁ( 0.5:1 vs
NB) 54. 9948. 8195615. 70. 7 2. 61 granms KOH, 40 mmoles (1:1 vs

NB) 6929%21. 326. 820, 22 grans KOH, 80 mmoles (2:1 vs
NB) 91. 89@6. 033. SR 2L

gr ans K g
NB) 97. 1925 235. 530. SLEETR ﬁﬁe %e%efgﬂﬂﬁ%ﬁ%%ggﬁigsim?mx' °
NB) 99. 1923. 636. 03&151%0%&aL;ﬁn&ﬁtrgfeafmeK@ﬂlanmﬁdmmmtr@gr C@‘E'I'Jﬂ!sa/@nsmm
NB) 100. 59@1. 536. 032 15 6 koD RTRL 88 bed vt
NB) 101. 794.8. 433. 65?2“?“1’?"'@9“?55 qbt%{éa?ﬁ%h Cesses of. gase rgsult in poorer
reacti on sel eati vidtslysaind nore by- product formation. The sanme trend is

observed when running the reaction under 21 DECEMBER 2005 WD 03/010126

PCT/US02/ 21508 23 Aniline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 497 grams,

40 mmoles), potassium hydroxide in the amount given in Table 6 below and

tetramethylarmmonium chioride (97%, 4.52 grams, 40 mmoles) was charged to a
15  50-mk round bottom flask equipped with magnetic stirrer. The reaction was

allowed to proceed for 1 hour at 60°C in a stoppered flask. Contents were then

sampled and analyzed by HPLC.

Table 6
Yield, %
Gonversion p-NDPA 4-NDPA An Recr Other

No KOH, TMACI Only 0.0% 0.0 0.0 0.0 0.0
1.30 grams KOH, 20 mmoles (0.5:1 vs NB) 549% 188 19.6 15,7 0.7
2.61 grams KOH, 40 mmoles (1:1 vs NB) 69.2% 213 26.8 208 03
5.22 grams KOH, 80 mmoles (2:1 vs NB) 91.8% 26.0 335 29.1 3.2
7.83 grams KOH, 120 mmoles (3:1 vs NB) 97.1% 25.2 355 306 58
10.44 grams KOH, 160 mmoles (4:1 vaNB) 98.1% 23.6 35.0 320 75
13.05 grams KOH, 200 mmoles (5:1 vs NB}) 100.5% 21.5 . 36.0 320 111
15.66 grams KOH, 240 mmoles (6:1 vs NB) 101.7% 18.4 . 33.6 327 170

: 0 - n 4. &
’ Higher excesses of base result in poorer reaction selectivity and more by-

product formation. The same trend is observed when running the reaction under



conparatively m |l der reaction condl tions as described in Tabl
Simlarly, conversion is a function of the anmpbunt of base us gﬂﬁﬁﬁ%m"“

(99% 32.60 granms, 346.5 mmol es), nitrobenzene (99% 6.16 5 granms, 49.5
mol es), potassi um hydroxide in the anbunt given in Table 7 below (86%
ground powder, 16.31 grans, 250 mmol es) and tetranethyl amonium chloride
(97% 5.48 granms, 48.5 mml es) were charge to a 100-nt. round bottom fl ask
equi pped with a TEePYHUBaddl e stirrer. The reaction was all FAFSLE9% oceed
for 1 hour with no application of exter nal® heat (sone exot herm gener ated by
10 dissol ution of KOH Qmﬁcfe t’%c\ﬁﬁ&ﬂ%héaﬂ desaribet bppeelestbeidvask. Cont ent s
yze

were then sanpPUPeEy y HP el d, % NDPA 4- NDPA An
Recr Other Conv8ingiartync@Wargiog jssaendéesL Lﬂl%%”‘l‘nﬁ{rjgl%ége %Hl vs NB)10.5%.3 8.6

0.0 0.6 13.05 grans KOH, 200 mmol es (4 1 vs NB)64. 6(%149 26.2 15.4 8.1

i&?’lsg(r)aﬁo:?: (25%&}%”5),2,@? %%6%3/5@ §§%§M‘f@,ﬂ-nﬁoﬁ&z@leﬂ@9% 6 4 19.57 grans

2 KOH, 350
mol es 7: 1 vy Nk, 42mm8le83 paasBinsydexige aNSaqis £ ﬁb%l? Qé]%ﬂm ndi cat es

t heI ef f ect dt hat t(%b/e?{%‘%j engg,ggrt l;é)ﬁgp%famﬁ%@mm&e)tanlda&rmthytamoa@ﬁver si on of
aniline and ni

t en
utilizing a pot aBlsnldﬁrfﬂT%(fr‘&Gfﬂés ﬁs@éQW%??EWﬁr%QH?@%ﬁ%@c I%F?dg%ﬁgmse PTC
system Aniline ﬂ%&‘%@ pRed3wthd! Péiibn p&i@le&tmamlfb%?adﬁﬂwa‘éﬁ@‘i‘?éﬁbpr?% 3.08

es

o 69 ar o pot assium.f CHXS B d,by9. 77 gr ans,
150 0.69 grans, f@. WOH‘nWFhéE’)apB'}FE nor%g %mg‘ﬂe%t%&iﬂ W

tetrame chlorlde
(97% water (2. 3RsQUIRAR} KK Iereatian yeinin? ﬁoiﬁlﬁ"’%‘agﬁ)ﬁ?ﬁéﬁ%

S e 5o &k piclhe reaction was all ovved to proceed for
2 hours at 80C Lfﬁ&é'gganc’i &aﬁ&éét‘jﬁﬁ

Table 7

Yield, %
Conversion p-NDPA 4-NDPA_An Recr Other

' B
5.77 grams KOH, 150 mmoles (3:1 vs NB) 10.5% 1.3 86 0.0 0

13.05 grams KOH, 200 mmoles (4:1 ve NB)  64.6% 14.9 26.2 15.4 8.1

16.31 grams KOH, 250 mmoles (5.1 vsNB)  92.2% 218 33.0 270 104

19.57 grams KOH, 300 mmoles {6:1 vs NB) 100.5% 21.7 336 - 318 135

22.84 grams KOH, 250 mmoles (7:1 vs NB) _104.4% 21.3 33.86 335 16.0

15

EXAMPLE 6
Example 6 indicates the effect that the introduction of an oxidant has on
the conversion of aniline and nitrobenzene to p-NDPA, 4-NDPA and by-products

20 when utilizing a potassium hydroxide / tetramethylammomum chloride base-PTC

system.

Aniline (99%, 2.33 grams, 24.8 mmoles), nitrobenzene (98%, 3.08 grams,

24.8 mmoles), potassium hydroxide {86% ground powder, 8.77 grams, 150

25 ~mmoles), tetramethylammoniumn chioride (97%, 0.69 grams, 6.1 mmoles) and

water (2. 32 grams) were charged to @ 50-mL round bottom fiask equipped with a

magnetic stirrer. The reaction was allowed to proceed for 2 hours at 80°C under




21 DECEMBER 2005 WD 03/010126 PCT/ US02121508 24 at nospheric !

descri bed bel ow. Contents were then sanpled and analyzed by qi&ﬁ%:ﬁhuﬁ@ﬁf{zous
definition of a closed systemis a stoppered flask. An open systemis 5

| eft unstoppered and open to the atnobsphere. For gas sweep experinents, a
t hree-necked flask is substituted for a single-necked flask, the system
equi pped wth both a gas inlet and outlet |ine, and the appropriate gas
swept across the MEBIYY mass at a low flow rate. 10 Tabl e &FCTHPERY of 4.
An Recr Ot her Conversion Selectivityp- NDPAZNDPA O osed Syst end5. 1%

61. 3%. 426. 315. 91, grqg?& YA coRontshizer® et s@apleSarsep,

Ni t rogen94. 8% 58. 3@3?%@‘3@@&‘ 1. 3S€Gfa%§§g\e/\1/eep, . Air60. 6% 86. 89%2. 849. 8. 3. 34. 7
In cases where thenalyadbyidi-G.s |eft open to excess air, selectivity is 15

. markedly inproved, as opposed to experinments where the anmount of oxidant is
limted. Formation of _azgbhenzene-| LEG i bkl Anloben $yatetnds

i nstance. | rrprovementTh?ae’cpg'%f’faoﬂgsgglsgsg%r%‘ %iatsﬁ%!sfé?ei nf orcgd et}y;:e xperi nent s
in Table 9, whish ghamensieraitand phen ftiiecanownery frege AV EErCRFE a% idt ion in
the reaction 20 i xtur L {8 %r LeindrSnegkaaimask, HeGysaml eggippe

ni t r obenzene (99%%rﬁ?'§efﬁ%drf§gr%i{ssu%g rrrr_DIres% g%ﬁ-ldrqg1 Re0,0%i LR BA% aqueous,
anount i ndi cat ed iwih PethlaapinlehandRifiet iig:an t@;ﬁ%o? o%’gq f%r oéfl addi ti onal water
and peroxi de kept %&ﬁ&ﬁﬁﬁs a8d (o fib@ radb. gr ans), potassi um hydroxi de (86%
ground powder, 7.55 granms, 120 mmol es) and tetranet hyl anmoni um chl ori de
(97% 4.52 grans, 40 nmol es) was char ged '

10 - Table 8
fell. % AR Other
Conversion Selectivity p- 4- n Recr
° NDPA NDPA
Closed System 45.1% 61.3% 14 263 159 15

Open Sysiem 4% B85.6% 17 277 29 2.1

Gas Sweep, Nitrogen 94.8% 58.2% 24 528 383 1.3

Gas Sweep, Ar 60.6% 86.8% 2.8 498 . 33 4.7

In cases where the reaction is left open to excess air, selectivity is
15 markedly improved, as opposed fo experiments where the amount of oxidant is

limited. Formation of azobenzeneis greatly increased in the latter instance.

Improvemenntt in reaction selectivity is reinforced by experiments in Table
9. which demonstrate the effect of hydrogen peroxide addition in the reaction

90  mixture.

Aniline (99%, 22.58 grams, 240 mmoles), hitrtobenzene (99%, 4.97 grams,
40 mmoles), hydrogen peroxide (560% aqueous, amount indicated in Table 9
below), water (sum fotal from addifional water and peroxide kept constant at 2.18
25  grams), potassium hydroxide (86% ground powder, 7.83 grams, 120 mmoles)
and tetramethylammonium chioride (97%, 4.52 grams, 40 mmales) was charged
to a 50-mL round bottom flask equipped with 2 magnetic sfitrer. Peroxide was




to a 50-nL round bottom flask equi pped with a magnetic stirrer. i

was 21 DECEMBER 2005 WO 031010126 PCT/ 0S02/ 21508 25 charged%@fﬁ@mﬂﬁmos
reaction m xture before adding KOH & TMAC with the flask quickly

stoppered and then the reaction was allowed to proceed for 1 hour at 60C
Contents were then sanpled and anal yzed by HPLC. 5 Table 9 Yield, %
Conversion Selectivity p-NDPA 4-NDPA An Recr Oher No H202 & 2.16 wat er
96. 6% 67. 9% 27. 9 BOGNIBR6 6 0.5 0.27 g H202, 4 mol, (0.1 v§CN§§"2@€f%93%
73.8%27.3 39.4 23.0 0.7 & 2.02 g water 354 g H202, 8 mml;, (0.2 vs NB)

86. 6% 77. 7% 27. 3 _ ‘ 4 g 1202, 8 ol (0.2 vs NE)
VS NB) |, 86. 4% 7?*.‘%3%“3%@@31‘3%%@?”“%@*’&&9 gaan Ciw (

8.3 1. & 1.62 202, 24
mmol, (0.6 vs Neyicksstamerd andihe the fﬂ%?%@" bkl %'°‘fﬂ‘°1°gt°§%%fgé3d4%p%‘?§? 2.18 g
H202, 32 ml, GG AhichBwerthSVedibicarardandy88 MHRUC3 1.4 & 1.07 g water
2.72 g H202, 40 nmmol, (1.0 vs NB) 80.8%82.0%25.9 40.4 13.0 1.6 & 0.80 ¢
wat er The sane trend noted for opening the reaction contents to air is also

seen 1o for geroxide, nanely exposureT@lﬁe_%nooxi dant inproves selectivity.
This observation is reinforced by experi i

nitrobenzene is used to act as. an %)ékv%%%Seﬁegtﬁﬁ ﬁ%@mh—ﬂ[ﬂ& R LE 7
No H.0, & 2.16 g water 96.6% 67.9% 279 377 308 05

0.27 g H,0;, 4 mmol, (0.1 vs NB) 90.3% 73.8% 27.3 394 230 07
& 2.02 g water

0.54 g H:0, 8 mmol, (0.2 vs NB) 86.6% 77.7% 273 400 183 1.0
& 1.89 g water '

1.08 g H,02, 16 mmol, (0.4 vs NB) 86.4% 77.3% 25.5 413 183 13
& 1.62 g water

1.63 g Hy02, 24 mmol, (0.6 vs NB) 86.4% 78.4% 26.9 409 176 11
& 1.34 g water

2.18 g Hx0,, 32 ramal, (0.8 vs NB) 79.8% = 80.3% 2586 384 143 14
& 1.07 g water

2.72 g H;0,, 40 mmol, (1.0 vs NB) 80.8% 82.0% 25.9 404 130 18
& 0.80 g water

The same trend noted for opening the reaction contents to air is also seen
10  for peroxide, namely exposure to an oxidant improves selectivity. This
abaervation is reinforced by experimental trials where excess nifrobenzene is

used to act as an oxidant. (see Example 7).

EXAMPLE 7 | |
15 Example 7 shows how the ratio of 4-ADPA intermediates can be

controlled by adjusting the amount of aniline charged into the reaction.

Aniiline (99%, amount given in Table 10), nitrobenzene (99%, 4.97 grams,
40 mmoles), potassium hydroxide (86% ground powder, 7.83 grams, 120

20 mmoles) and tetramethylammonium chloride (97%, 4.52 grams, 40 mmoles} was
charged to 50-mL round bottom fiask equipped with magnetic stirrer. The




15 Exanpl e 7' shows how the ratio of 4-ADPA i [ re contralled
_ : _ - A internmedi ates ¢
g?/mzjﬁ{ u;:tllgg '.theTag})untlo;)f aniline charged into the reacti 32 ﬁiﬂﬁﬁmﬁ%@%
_ in Table , hitrobenzene (99% 4.97 grans '
{ogz ?zig?hmyrydr oxi de (ﬁ|6% ground powder, 7.83 grans g120 ’20 ﬁ?mlmergl) eZ)n’d
amoni um chl oride (97% 4.52 grans, 40 mol
50-nL round bottom fl ask equi | i e The 21 IR BER
( pped with nmagnetic stirrer. Th
?ngkreaghfgn}[/vas aW?&iAﬁEleﬁo proceed for 1 gur at 60C in aesfP%Ef?]g?CzE%/sBosER
. ( S were en sanpl ed and analg ed by HP [
f y LC. 5Table 10 i
% ConvRat 0 ND. PR oSt et 0o G aARPIREE2875 o b &
. . , . .21, -1 vs ' \PiIB i ,
93. 294.. 3137. 128, 4 8gntents werpghen pﬁ@ﬁﬂ%@?a@%‘%ﬁamwﬁﬂi : ne. ggg m: os.
4. 794 1435. 230, 926. 52. 2 11: 1 vs NB# 33.87 gram Ani | ine, 360 mol es,
. 49%). 9632. 033, 227.52.6 9:1 vs NB 26. 3438105 Ani line, 280 nmol ’
96. 8%9. 7527. 136. 030.33.5 7:1 vs NB 18 81 Y L iRe oo

95. 990. 6023. 138. 831.12. 8" 5:1 vs NB 11. 29,9 ang,;d\NitdpR@nohL n ReED| @&e,r

35.28 grams Aniline, 375 mmoles, 87.2% 1.34 37 273 22.2 1.4
15:1 vs NB*

36.69 grams Aniline, 390 mmoles, 93.2%  1.31 3741 284 263 14
13:1 vs NB*

36.22 grams Aniline, 385 mmoles, 94.7% 114 35.2 30.9 268.5 2.2
11:1 vs NB#

33.87 grams Anifine, 360 mmoles, 854% 096 320 a3z 27.5 2.5
g{vs NB . :

26.34 grams Aniline, 280 mmoies, 96.8%  9.75 271 36.0 30.3 3.5
7:1vs NB

18.81 grams Aniline, 200 mmoles, 95.9% 080 23.1 38.8 31.1 2.8
5:1vs NB

11.29 grams Aniline, 120 mmoles, " 92.3% 037 18,7, 424 30.9 34
3:1vs NB

3.76 grams Aniline, 40 mmoles, 1:1vs NB 80.1% 0.4 6.1 43.8 24.7 5.5
*25 mmole scale (35.28 gms aniline, 3.11 gms nitrobenzene, 4.89 gms KOH & 2.82 gms TMACH
A30 mmole scale (36.69 gms aniline, 3.73 gms nitrabenzens, 5.87 gms KOH & 3.39 gms TMACH)
#35 mmole scale (36.22 gms aniline, 4.35 gms nitrobenzene, .85 gms KOH & 3.95 gms TMACH)

10
As more aniline is charged to the reaction, more p-NDPA is formed
relative to 4-NDPA, The same trend is noted under differing reaction conditions
as outlined in Table 11 below.
15

Aniline (89%, amount given in Table 11), nitrobenzene (99%, 3.08 grams,
24.8 mmoles), potassium hydroxide (86% ground powder, 9.77 grams, 150
mmoles), tetramethylammonium-chloride (97%, 0.69 grams, 6.1 mmoles) and
water (Table 11, 20% wiw) were charged to a 50-mL round bottom flask
20  equipped with a magnetic stirrer. The reaction was allowed to proceed for 2
nours at B0°C in an open flask. Contents were then sampled and analyzed by
HPLC.




92.39%9. 3715. 7; 42. 430.93.4 3:1 vs NB WD 03/ 010126 26 PCT/ US02 7
grams Aniline, 40 mmoles, 1:1 vs NB 80.1%0. 14 6.1 43.8 24. 7]25%"9‘%1‘33’5‘3@#&085

scale (35.28 gns aniline, 3.11 gns nitrobenzene, 4.69 gns KOH & 2.82 gns
TMACI) 730 mmol e scale (36.69 gns aniline, 3.73 gns nitrobenzene, 5.87 gns
KOH & 3.39 gns TMACI) #35 mmi e scale (36.22 gns aniline, 4.35 gns

ni trobenzene, 6.85 gns KOH & 3.95 gns TMACI) 10 15 As nore aniline is
charged to the reaovs@m2 nore p-NDPA is forned relative to 2EINBRRISIThe
sanme trend is noted under differing reacti®n conditions as outlined in
Table 11 below. Aniline (99% anount given in Table 11), nitrobenzene (99%
3.08 grans, 24.8 moles), potassi um hydroxide (86% ground powder, 9.77
grans, 150 nmoles), tetranmethyl amoni GRedhl ori de (97% 0.69 grans, 6.1
mol es) and water (Table 11, 20% w w) visel, % charged to a 50-m _round bottom
flask 20 equi ppedt—wrtira TTRgNet1 ¢ St rdaav. Raie p-SERh | SPRiadn BeardviBd t o
proceed for 2 hoursatr~60C T Tn an open flask. Contents were 1'It_ijgen sanpl ed

and anal yzed by 124G, 120mBEGENBER®) 2008690 831016826 2P%CTii50212'1508

Tabl e 11 Yi el d, 4% by Rat i op- NDPA 4- NDPA An Recr Other 12.48 g An, 133

mmol, (5.4 vs NB) &18.6%0.5 1 : L 4089 04420 8487 g An, Q8 1 ol

(3.7 vs NB) -&26.ﬁgggfggéﬂw%'%%&%és%#g 120 4.66 g An, 49.6 mml, (2 vs
793, 2

NB) &28.99%9. 1223 21
466 g An, 49.6 mmol, {2 vs NB) & 28.9% 012 28 209 3.2 2.1
2.33 g An, 24.8 mmol, (1 vs NB) & 34.4% 0,06 1.7 27.7 29 2.1
1.75 g An, 18.6 mmol, {75 vs NB)& 426% 0.05 18 34.6 4.2 2.1
2147 g HaO
1.16 g An, 12.3 mmol, (50 vs NB)Y & 56.1% 0.02 0.8 51.7 1.1 2.5
0.58 g An, 6.2 mml, (.25 vs NB) & 767% 0.01 09 72.9 1.1 1.8
1.88 g H,O
5 Yields of 4-ADPA intermediates (p-NDPA + 4-NDPA) remain relatively flat

when aniline is used in excess (approx. 20%) but improve significantly (73.8% at
0.25 to 1 An/NB) when aniline becomes the fimiting reagent as noted in Table 1.
Also, selectivity is improved {96.1% at 0.25 to 1 An/NB) when nitrobenzene is
used in excess despite less overall water. As shown in Example 9, less water

i0  typically decreases selectivity in an inorganic base system. Excess nitrobenzene
here acts as an oxidant, improving selectivity as shown in Example 6 with air and

peroxide.

EXAMPLE 8 ‘
15 Example 8 illustrates that the reaction between aniline and nitrobenzene

using potassium hydroxide as a pbase in conjunction with tetramethytammonium
chioride can be conducted over a wide range of temperatures.

Aniline {99%, 2.33 grams, 24.8 mmoles), nitrobenzene (89%, 3.08 grams,
on  24.8 mmoles), potassium hydroxide (86% ground powder, 9.77 grams, 150




2.91 g HRO'2.33 g An, 24.8 mml, (1 vs NB) &34.4%.061.727.7
H20 1.75.g An, 18.6 mmol, (.75 vs NB) &42.6%).051. 834. 64. 22.?@@#@@8%05

1.16 g An, 12.3 mml, (.50 vs N6) &56.1%).020.851.71.12.5 2.02 g H20 0.58 ¢
An, 6.2 mol, (.25 vs NB) & 76.7%0.01 . 0.9 72.9 1.1 1.8 1.88 g H20 5

Yi el ds of 4-ADPA internediates (p-NDPA + 4-NDPA) remain relatively flat
when aniline is used in excess (approx. 20% but inprove significant ls%
(73.8% at  0.25 t oWOBALNE) when aniline becones the Iiniting FEEGERSs
noted in Table 11. Also, selectivity is in%sroved (96.1%at 0.25 to 1

Anl NB) when ni t r obepkentrasethys@toniomekioseo e wahe §s omelesilahd wat er . As
shown in Exanple 9 er.q L.C S Mty In an

i nor gani ¢ base syg?t8W§§&¥%ng%i {ﬁ)ﬁ%ﬁeﬂ@éﬁéd Qﬁﬁﬁgﬁgégé@iﬂa\é&i dant,

i nprovi ng sel ect i viLippedwitsmaguetic atinex afhsi reactonwasfliawsd tg RepcesstPby MWE  EXAVPLE
8 15 Exanpl e 8 Il Lugd Gin@Smpdtabirelifen SRAGRAIO TobehBRGR: tAEH Sdrittodand

ni trobenzene wusing potassium hydroxide as a base in conjunction with

t et r anet hyl anmdni &Y2RAPOFIFde can be conducted over a wide range of
tenperatures. Aniline (99% 2.33 grans, 24.8 mmol es), nitrobenzene (99%
3.08 grams, 20 24.8 nmol es), potassi umfydypxi de (86% ground powder, 9.77
granms, 150 21 DECEMBER 2005 WO 03/010126 PGH44S902/ 21508 28 mmol es),

t et ramet hyl ammoni omrchtorTde (8790 0 E iR,  BNBPATOLNGPR oA Rechvaotiedr (2. 32
grams, 20% w w) were—-ctrarged to a 50-nC round bottom TTask equi pped with
magneti c stirrer. rdrgonrreagdratan 20ms al | owegla#,0 prodeed &8 2 hodrs 18t the
given tenperature in an open flask. Contents were then sanpl ed andé

anal yzed by HPLC. Réatingehperatfe, bt % 21.8% 0.5 19.5 0.2
Reaction Temperature, 50°C 25.2% 0.8 223 - 041 1.9
Reaction Temperature, 85°C 26.0% 0.6 22.8 0.4 22
Reaction Temperature, 80°C 34.4% 1.7 27.7 2.9 2.1
Reaction Temperature, 95°C 39.3% 2.3 27.8 7.5 1.7
Reaction Temperaiure, 110°C 53.8% 35 334 12.8 4..0
Reaction Temperature, 125°C 72.7% 9.1 34.0 17.3 12.4
10

Increasing reaction temperature results-in improved yields and conversion
but reaction selectivity is lost. The amount of p-NDPA, relative to 4-NDPA,

increases with increasing temperature.

13



Conver si onp- NDPA4- NDPAAn Recr Ot her Reaction Tenperature,

20C9. 39%9. 18. 30. 01. 0 Reaction Tenperature, 35C21.69%.519. 50. 2 21PEEEMBER 2005
Tenper ature, 50C25.2%). 822. 30. 11. 9 Reacti on Tenper at ure,

65C26. 090. 622. 80. 42. 2 Reacti on Tenperature, 80C34.49%.727.72.92.1 Reaction
Tenperature, 95C39. 3%2. 327.87.51. 7 Reacti on Tenperat ure,

110C53. 898. 533.412. 84. 0 Reaction Tenperature, 125C72.79%9.134.017.312.4 10

| ncr easi ng react ivemodoanper at ure results-in i nproved yi el ds ZRHVEBAAEY si on
but reaction selectivity is lost. The anodht of p-NDPA, relative to 4-NDPA,
increases with increasing tenperature. 21 DECEMBER 2005 WO 03/010126 29
Tabl e 13 PCT/ Us02/ 21508 Yield, %bSel ectiabiety, %p- NDPA 14- NDPA Reacti on
Tenperature, 20C38.389.00.01 Reaction Tepperature, 35C20.002.-30.03 Reaction
Tenperature, 50C23. 191, 80. 04 React | ofeldiénperSeiestivey, %65 @MOAgdMBA03 React i on
Tenperature, 80C29. 485. 60. 06 Reaction_Tenper at , 95C30. 176, 70. 08 Reaction
Tenperature, 11&eBforgearydve 20 eact i oR3Tenper a%‘fe, 125C43.°159. 20. 27 5 10

EXAVPLE 9 Exanpl e 9 enphasi zes the effect of r in the ggaction of
PBreeF e ;

aniline and ni FEFHENFEREAWP KOH Cl baselphase transfer systemto
form 4- ADPA 1 NtgL A% (Hetb&Sture, 50°C 23.1 91.8 0.04 '
Reaction Temperature, 65°C 234 90.0 0.03
Reaction Temperature, 80°C 294 85.6 0.06
Reaction Temperature, 95°C 30.1 76.7 0.08
Reaction Temperature, 110°C 37.0 68.7 0.1
Reaction Temperature, 125°C 43.1 59.2 0.27
5
EXAMPLE @ _
Example 9 emphasizes the effect of water in the reaction of aniline and
 nitrobenzene with a KOH-TMACI base/phase transfer system to form 4-ADPA
| infermediates.
10

Aniline (99%, 22.58 grams, 240 mmoles), nitrabenzene (99%, 4.97 grams,
40 mmoles), potassium hydroxide (86% ground powder, 7.83 grams, 120
mmoles), tetramethylammonium chloride (97%, 4.52 grams, 40 mmoles}, and
water as listed in Tables 14 and 15 was charged to a 50-mL round bottom flask
15  equipped with a magnetic stirrer. The reaction was allowed to proceed for 1 hour
at 60°C in a stoppered flask. Contents were then sampled and analyzed by

HPLC.



Ani line (99% 22.5a grans, 240 mmol es), nitrobenzene (99% 4. 97 I

nmol es), ., pot assi um hydr oxi de (86% ground powder, 7.83 grans, %28‘58%@@%005
t et ranmet hyl ammoni um chl oride (97% 4.52 granms, 40 nmoles), and water as
listed in Tables 14 and 15 was charged to a 50-nL round bottom fl ask 15
equi pped with a magnetic stirrer. The reaction was allowed to proceed for 1
hour at 60C in a stoppered flask. Contents were then sanpled and anal yzed
by HPLC. 21 DECEMSER:GUZ WO 03/ 010126PCT/ US02/ 21508 30 Tabl é’CIWS“?iZEP%, %
Conver si on p- NDPA 4-NDPA An Recr Cther No WAt er added98. 6926. 438. 530. 43. 3
2.16 granms H20, 120 mmles (3:1 vs NB) 9%a@&@8. 537. 328. 60.4 4. 32 grans H20
240 mmol es (6:1 vs NB)67.0%R27. 221. 118.40“% Q.48 grans H20, 320 mmoles (9:1
vs NB)28. 3%46. 36. 75. 10. 2 8. 64 grans_H. 20, %({ noles (12:1.vs

NB) 5. 5%1. 11. 30. 0070 5 Table 15 Sel ectivj t yComygrsiNDPNDRA MIRIA RpReA Qher
added65. 80. 69 3:1 H201NB (1 nol e Water vs. KOH)69. 77 6.1 H201NB nol es
Water vs. KOH) 72. MaWagregided PO NB (3 nol es \ﬂﬁaxg,)r vgg“m%% 1.35%4 f(fzzl

H20I NB (4 nol es r VS 10 gepesal bLpprovement 258 04
selectivity and x\?'@ﬁ%fﬁm? @?\5}; S %WO%BM%B&I gtﬁ?\';e 'tng4_ N:%P@A bacones evi dent
as the anount of wajgbmi B,0, MR@@Ee(s:1 wMET he sebfect 202 t adl.inuchsdat €3 may

al so be noted fromExanple 2 and Table 3 where the effectiveness of a 60%
aqueous sol ution 6#s gims Hane20yhdemihysii®) car2Bdhat e 183 a pRase Tt andfer

catal yst i hown. Previo nre t ed ta tain fr a did ut 5%
sol ut%/gn :ﬁd?cat e&-ﬁmﬁg'ﬂﬁ@:{vm@ﬁgz{fﬂaﬂg&ﬁ-% AR LI T

5. Table 15

Selectivity, % p-NDPA / 4-NDOPA
No Water added 65.8 0.69
3:1 H,OMB (1 mole Water vs. KOH) 69.4 Q.77
6:1 H,O/MB (2 moles Water vs. KOH) | 72.1 1.28
9:1 H,OMB (3 moles Water vs. KOH) 81.3 2.44
12:1 H,OINB {4 moles Water vs. KOH) 100.0 3.08

A general improvement in selectivity and higher levels of p-NDPA relative
10 4-NDPA becomes evident as the amount of water is increased.
10
The effect of too much water may also be noted from Example 2 and
Table 3 where the effectiveness of a 60% aqueous solution of
| tetramethylammonium carbonate as a phase transfer catalyst is shown.
Previous unreported data obtained from a dilute 25% solution indicated

15  practically no conversion.



21 DECEMBER 2005 WD 03/010126 31 PCTYUS02/ 21508 EXAMPLE 10
that the reaction may be carried out in any of several sol m@keg}‘&ﬁﬁﬂws

(99% 11.29 granms, 120 mmol es), nitrobenzene (99% 2.49 grans, 20 mol es),
pot assi um hydr oxi de (86% ground powder, 3.91 grans, 60 nmmoles), tetra

met hyl anmoni um chl oride (97% 2.26 grams, 20 mmoles) and 20- nL of the
appropriate solvent as represented in Table 16 was charged to a 50-

round bottom fl asWoeyWBped with a rragnetl c stirrer. The red’&?@éﬁ’%§ 10
allowed to proceed for 1 hour at 60Cin a étoppered flask. Contents were
then sanpl ed arﬂwmtzmzaed by HPLC. Table 16 Yield, % Conversi onp- NDPA

4-NDPA An Recr Ot her derQZeid o Ray zg»éarmuea aBly bl swedry |
sul f oxi de99. 5%34. 23%’%‘5’8%1' Sg%tﬂn%th I cs‘ul fOXI de, No phase

transfer 36. 5%40,8&nt86. 43. 4 cat al yst added 93. 7%30. 632 128.13. 0 Benzyl
ether 1 -Methyl-2-pyrrolidin one80.1%9. 327.317.95.6

N, N- Di et hyl f or mami de74. 00 219. y, K o/SQQQ ths62. 4

Tol uene63. 398 03. 751ANlined9%% éégwgbfz(earﬁﬂsagér%u Eﬁz‘én K s reduction
in yield when the phess, pataainfeydroxide 8% groupd p eft369d 9(32'65 {?/ol n DVSO

wi thout TMACI i ncr @85 : t%g%ﬁé{ a,ﬁ ,ﬁ?ﬁdm &handéf M‘?@ 26 @ﬁalneczo Mirblgs)raadaons

rel atively unchdRg vents (-
’ mL of the appropriate solvent as represented m/()T atlﬁe 16 was charged to a 50-

mL round bottom flask equipped with a magnetic stirrer. The reaction was
10 allowed to proceed for 1 hour at 60°C in a stoppered flask. Contents were then

sampled and analyzed by HPLC.

Table 186
Yield, %
Conversion p-NDPA 4-NDPA An Recr Other
No solvent added 97.1% 252 35.5 30.6 58
Dimethyl. sulfoxide 99.5% 342 378 264 1.6
Dimethy! sulfoxide, No phase transfer 36.5% 10.9 15.8 6.4 34
catalyst added
Benzyl ether 93.7% 30.6 321 28.1 3.0
1-Mathyl-2-pyrrolidinone ' 80.1% 29.3 27.3 17.9 5.8
N, N-Dimethytformamide ' 74.0% 272 272 191 08
p-Xylene 65.9% 8.8 10.1 448 24
Toluene 63.3% 3.0 37 51.1 5.5
5 ' . 0

1 Notable is a roughly two-thirds reduction in yield when the phase transfer
catalyst Is omitted (26.7% in DMSO without TMAC! increasing fo 71.8% with
TMAC)).

20 Selectivity remains relatively unchanged in polar solvents {~ 70%) but

plunges significantly when non-polar hydrocarbons such as p-xylene or toluens
are selected as azobenzene yields in each of these two solvents exceed 40%.



pl unges significantly when non-pol ar hydrocarbons such as p-xyl
tol uene _are selected as azobenzene yields in each of these mgmgmﬁ

exceed 40% 21 DECEMBER 2005 WO 03/010126 32 PCT/ US02/ 21508 EXAMPLE 11
Exanpl e 11 denonstrates the reaction of aniline and nitrobenzene in

conbi nation with an aqueous sol ution of potassium hydroxide and 5

t et ranet hyal ammoni um chl ori de by continuous distillation of the aniline

wat er azeotrope. MAWIYans aniline (99% 1.19 noles), 31.2 *§FARE258%eous
pot assi um hydroxi de sol ution (45% 0.250 mdfes) and 50.0 grans aqueous 10
t et ramet hyl ammoni um chl ori de solution (55% 0.25 noles) were charged to a
500-nL fl ask equi %ﬁ‘g\/_\tw a Teflon paddle stirrer, thernocouple,

ni trobenzene fee € and needl e val ve. A vacuum was pulled on the

m xture to 120 nm Hg, Exempalladengnsyries Ber@cin ¢ PR 3 HHOPEZETDEs t he
reactor. Heating \WgshRe@HWitaasaqudiols @hapreipetabiimwhydsxdsant ed (24.6 grans,

99% 0.20 noles) when the desired 15 react,i t ra € was
reached. The t ehpddt@mgiyualaRECuRCcPIqeRy CB@'ng"iﬂ]r?cdfsgg%Prﬁéﬁﬁﬁgﬂbgg,é%% so as to
conpl ete the NB fegsbirope.approxi mately one hour at a final pressure of 60
mm Hg. The pressure was held for 45 mnutes at 60 mmHg to insure

conpl eteness of reaction. The m xture was quenched with 40 nL of water.
HPLC anal ysis: 32.1 %tdmnBlgranes antine k8%, 239 59iep) RDPATA™S 3gY5NS PHRIFIBA, 0. 50%
t-azobenzene and Q Q89 NNEABT (489, 0 ¥E@heEs)2a6 800 gRMEGALEoUsONVer sion of NB:

0 - - 0 - 0 I
{1 Tabl e 17 bellow elemshREmonb WsHEs Eion Gtk PAnTORN HES SAIEIIE® 25 of air
resul ted in a 12%sogwRimayi @lutbpédwitdadsion paGissrentidmeocsena mitfobgrgenencr ease
R T TS 0 T T e
regulating pressure by bleeding air across the reactor. Heating was begun and
nitrobenzene flow was started (24.6 grams, 99%, 0.20 moles) when the desired
15  reaction temperature of 80°C was reached. The temperature was controlled by
increasing the vacuum so as to complete the NB feed in approximately one hour
ata final pressure of 60 mm Hg. The pressure was held for 45 minutes at 60
mm Hg to insure completeness of reaction. The mixture was guenched with 40
mL of water. HPLC analysis: 32.1% aniline, 0% NB, 20.3% p-NDPA, 7.6% 4-
20 NDPA, 0.50% t-azobenzene and 0.05% pheanzine. - Yields based on 100%
conversion of NB: 72.6% p-NDPA, 25.3%, 4-NDPA, 1.9% t-azobenzene, 0.2%,

phenazine.

As shown in Table 17 below, running the identical reaction in the absence
25 of air resulted in a 12% lower yield (97.9% vs. 85.5%) and a seven fold increase
in the azobenzene level. A summary of other reactions in this series is also given

in Table 17 below:

30




33 PCTI US02/ 21508 Table 17 Yield, % Conversion Sel ectivit

t- Azo Phenazi ne BASELI NE: 100. 0997. 9%2. 625. 31. 90. 2 See co%d%%@ﬁ@%ﬁé
ATMOSPHERE: 100. 0985. 5%66. 519. 014. 20. 3 Basel i ne conditions (Vacuum No Air)
ANl LI NE CHARGE: 99. 5%96. 29%6. 439.82. 70.5 74.5 gns Aniline, 0.79 noles, 4:1
vs NB 100. 0997. 9%3. 824.11.80.3 149.0-gns Aniline, 1.58 noles, 8:1 vs NB
TEMPERATURE 100. 0998. 1965. 133. 01. 40.5 70C 90C100. 0997. 1%71. 925. 12. 70. 2

NI TROBENZENE FEEDvO B#EE26 100. 0985. 2962. 722. 514. 40. 4 29 m nutReIUZE/21508

m nut es99. 9996. 1%6. 819. 23. 50. 4 BASE CHARGE: 83.0997.6%%3.117.91. 80. 2

Table 17
Yield, %
Conversion Salectivity p-NDPA 4-NDPA £Azo Phenazine
BASELINE:
See conditions below® 100.0% 97.9% f2.8 253 1.9 0.2
ATMOSPHERE:
Baseline conditions (Vacuum,  100.0% 85.5% 66.5 1.0 142 0.3
No Air)
ANILINE CHARGE:
74.5 gms Aniline, 0.72 moles, 99.5% 96.2% 56.4 /s 27 0.5
4:1vsNB
149.0-gms Anlline, 1.58 moles, 100.0% 87.9% 73.8 241 1.8 0.3
8:1 vs NB
TEMPERATURE
70°C 100.0% 08.1% 65.1 330 14 0.5
90°C 100.0% 97.1% 71.9 25.1 2.7 0.2
NITROBENZENE FEED
RATE;
29 minutes 100.0% 85.2% 62.7 225 14.4 0.4
86 minutes 99.9% 96.1% 76.8 102 35 04
BASE CHARGE:
18.7 g 45% KOH, 0.15 mol, 83.0% 97.6% 631  17.9 1.8 0.2
0.75:1 vs NB
37.4 g 45% KOH, 0.30 mol, 100.0% 96.9% 72.7 242 27 0.4
1,5:1 vs NB
ATMQSPHERE:
Vacuum, No Alr 100.0% 85.5% 6.5 . 19.0 142 0.3

61 Aniline/NB, 80°C, 49 min. NB feed time, 1.25 moles KOH vs NB, air atmosphere

EXAMPLE 12
This example demonstrates the reaction of aniline and nitrobenzene in the
presence of an oxidant in combination with an aqueous solution of



18.7 g 45%KOH, 0.15 not, 0.75:1 vs NS 37.4 g 45% KOH, 0. 30

7ot 100, 0986, 992, 724. 22 70.4 1,5 1 vs NB  ATMOSPHERE Vacuurd! RECKMBER 2005
100. 0% 85.5% 66.5 19.0 14.20.3 *6:1 AnilineJNB, 80C, 49 nmn. NB feed tine,
1.25 noles KOH vs NB, air atnosphere 5 EXAMPLE 12 Thi s exanpl e denonstrates
the reaction of aniline and nitrobenzene in the presence of an oxidant in
conbi nation with an aqueous sol ution of 21 DECEMBER 2005 WO 03/010126

PCT/ USC2/.21508 34 W@E¥HEt hyl amoni um hydr gxi de and vari ous iBCSUgL At e
salts by continuous distillation of the ani i ne-wat er azeotrope. The

TMVAH sal t conbi natdramethyigmesianhgdraxidé ami veriovistomgasicsitssbyFOBERPYRl  base

recycle Stream [t o Bl G585S ERIRl Lokt nt FARCARL orkiBodnd phase

transfer catal yst 5 cou reaction nass to
4- ADPA. Char ged t oepmese0® anioniconiriarelsba petantial kesr re@mlﬁ %i@éﬂl‘ TR HPRCSEES | on

paddle stirrer, tce,ﬁgﬁm@%umo am@'bEé@é?ﬂ%@éh&rd‘n@@dca&d@bEaf&mcbdad:tronlal‘bed val ve
were:. 139.7 granms aniline nDIes) 73.9 granms aqueous

t et r amet hyl ammdni @Wpimﬁ?‘éi‘%ﬂaﬁeems“o‘?‘ ton (35.5% 0.29 noles) and an
equi val ent anount of salt (vs. base, in 15% nolar excess over

nitrobenzene) as |isted | o, Table 48 olﬁﬁéBHﬁon}flé@kedb‘éprMv%Wéﬂdﬂ%&ﬁa for 30

m nutes at 120 nm Hg {fobenzene rans 23?9 0. 25
nol es) was st art edtiméFhierspsdupin mﬂ%gmﬂéfﬁvdéuqeé@dlaﬁf"éﬁdv NP YRIFusti'ng the air

bl eed val ve throu ! r 1'49 %I f 78 b@rah® hédﬂ@teﬂ’;(mbmylhmrrﬂaﬁlumal nt ai n
t he desired terrpe|(‘2’pgﬁlrgra}=31 hn% Qggo . < e

lete the N h
approxi mately %5 rhyﬁfexld%soé\-t{")'h(3ﬁf’r'f‘ap ZBF@EE'SE?'@G& %alerﬂtna gurt; ﬂ?alt’r(n Xture was
held for 30 minutase a{15?/Qm6EHﬂdﬂgests(bvernﬂwbenaeoemlswmeé"sblgﬂfi pelagt fsh and

'([jfl]reinn gqtj ﬁgc hed wi t hxt121r5e o hat er o Nnlitelas1 285 Hy BhPthbN ARSI redteads pace

(30.8 grams, 99%, 0.25 moles) was started. The system pressure was regulated
by adjusting the air bleed valve throughout the duration of the reaction cycle to

15  rnaintain the desired temperature of 80°C and to complete the NB charge in
approximately 75 minutes at a final pressure of 72 mm Hg. The mixture was held
for 30 minutes at 70 mm Hg to insure completeness of reaction and then
quenched with 25 ml. water. Air was bled into the reactor headspace during the
entire cycle of charging reactants, heating to reaction temperature, feeding

20 nitrobenzene and holding for reaction completion. The salts are charged in molar
equivalence o nitrobenzéne at Salt/NB = 1.15. For example, potassium «
carbonate and sodium sulfate have two equivalents of inorganic cation, so that

the molar ratio is 0.575.

25 The results with KC! at a slightly lower mole ratio to nitrobenzene agree
well with results obtained from the use of strong base and phase transfer catalyst
(KOH and TMACH), with continuous distillation of the aniline-water azeotrope.
This demonstrates that use of an Inorganic salt and organic base is equivalent fo
use of a strong base.and phase transfer catalyst. 1t may be noted that sodium is

30 not as effective as potassium for completing the reaction. Nitrate and bromide
are also less effective anions for reaction completion at the conditions of this
example. However, it should be possible to increase conversion for these salts
by modifying reaction conditions, such as increasing reaction temperature. Most



entire cycle of charging reactants, heating to reaction tenper
feeding 20 nitrobenzene and hol ding for reaction conpletion. %ﬁiﬁéﬁM@Eg@ﬂs

charged in nolar equivalence to nitrobenzene at Salt/NB = 1.15. For

exanpl e, potassium carbonate and sodi um sul fate have two equi val ents of
inorganic cation, so that the nolar ratio is 0.575. 25 The results with
KCl1 at a slightly lower nole ratio to nitrobenzene agree well with results
obt ai ned from t heWQ4018f26 st r ong base and phase transfer cat &SV and
TMACI), with continuous distillation of the aniline-water azeotrope. This

Lo Use of a St FE R or At A LSh bt . ot ot ed ¢ hat
e . e t

sodiumis 30 notC%a%?TOFé’Hhie\?Ecogga’b‘ﬁ?ﬁ‘ies){agﬁ nésrlﬁzr%n%ﬁe?? ng S'ﬁﬁé reaction.

Nitrate and brorigiéhe skitioabtC! beip szeffeherne wae redreasiy rparly W”é’ﬁ&"’é‘?ﬂ?‘? conpl eti on

at the conditiong, ok hlaf amBAARlGnel GRIAAds duth 8pphéhale possible o

i ncrease conversron Fo ese salts b@ modi fyi ng react i on CO%dI tions, such

as i ncreasi ngs r eigendmicenpefamad-eThend P‘HETIVDé@E%BEﬁO SRR DY 010126

PCTI tJ_802121|508t_ htsié\g@id‘ég&ﬁﬁ}iup&sssubthf@s I{)ﬁ&ﬁﬁﬂammﬁnﬁ@cﬂengm oﬁalt addi ti on on

reaction selectiv . Conparison of . .Se rd experinents in

Tabl e 18 above stH‘B@%y]ft‘rﬂ'ﬁ?? bomfwﬁ%%reé{ﬁ&gi“ﬁeo"ﬁg%g d%%gd%nhy, azobenzene was

reduced by nearly two-thirds and relatively small amounts of "Qher”

conpounds such as 4-Phenazo 5 di phenyl aggs were forned. The "TMAH Onl y*

run was also characterized by high levels of conpounds-such-as

N-net hyl aniline and a stench of t réonwemion FalesEVYbot h of Yigd ¢h are

i ndi cative of base—degradati-om—Tabtes8 ConvejSionpSeleaqii vi Ay Yowbkd, % P

4- An O her NDPA NDPA Recr Comparison: KOH + TMAC 0 8 . 972, 625.31.90. 2

Di2 §VBot

TMAH Only, No Salt Added100.083.862.421.44.411.8 2 S€1 um

Chl ori del00. 097?%%?%’5%?517%@4?- 820005001 Gig 726 253 19 02

Chl or 1 de62. 797. ZTMAH ?Jnl'y,:gl*(l)o' St Added 100.0 838 624 214 44 118
21.44 g Potassium Chloride 100.0 97.2 723 248 15 14
16.82 g Sodium Chiloride 62.7 97.2 166 453 08 1.1
19.87 g Potassium Carbonate ~ 100.0 89.1 728 163 38 71
20.42 g Sodium Sulfate 100.0 85.0 63.8 212 45 105
24.44 g Sodium Nitrate 27.8 94.3 83 179 09 06
34.92 g Potassium Bromide 27.0 98.4 156 110 03 0.2
23.58 g Sodium Acetate 80.5 96.9 566 214 15 1.0
19.55 g Sodium Formate 71.8 97.3 462 236 106 10
24.18 g Potassium Formate 89.5 96.4 642 221 24 08
39.13 g KHaPOy4 39.3 97.4 100 283 08 02

* Mole ratios are slightly higher: KOH/NB and TMAGI/NB = 1.25

10
EXAMPLE 13
This example demonstrates the effect of the mole ratio of inorganic salt to
nitrobenzene. Reacfion conditions were comparable to those for Example 12,
except that the mole ratio of KCl to nifrobenzene was varied. The results in
15 Tabie 19 indicate the addition of only a small amount of inorganic salt will



19. 87 g Pot'assi um Car bonat e100. 089. 172. 816. 33. 87 .
. . . .33.87.1 20.42 Sadi
Sul f at e100. 085. 063. 821. 24. 510. 5 24. 44 g Sodi um Ni trat <27, S04 HeDECPMBEBRYS
34.22 g Potassi um Broni de27. 098. 415. 611. 00. 30. 2 23.58 g Sodi um o
Acet at 80, 596. 956. 621. 41. 51. 0 19.55 g Sodi um Format e71. 897. 346. 223. 61. 01. 0
24.18 g Potassi um For mat e89. 596. 464. 222. 12. 40. 8 39. 13 g o
_IK_ﬁCPJOéBQ. %97. 410. 028. 30. 810, 2 * Mle ratios are slightly higher: KOH NB and
e lrgtBi 5 éf Z?né(r)gcamni ' F_ﬁléLSt This exagpl e qgm)nst rates the effEEH"615% he
sa 0 nitrobenzene. Reaction conditiaqn
(r:“o;nr)gg ZEI e to t hogRrehes sdeavity) Ehérdiore, mxstheponstwiare QOIFTQSi%@‘@tPQighéaIB? \Qgr eto
. ) T .
o ol aene }Nfis a@'rﬁegggnyé‘r% Lesul 1 S0dddt bRl nfrdRmeRtias ak ebtained.addi ti on
o USy s arrol rnorgani c salt w 1" 21 DECEMBER 2005 WO 03/010126
02121508 36 increase selectivity. Therefore, in situations where
corrosion du_e to high salt Ilevel is a cpmeemdn, at
selectivity inproyenent can he obtained o3

Selectivity Yield, % Salt/NHoboRafip-Ganpsssion R plestvia !

\
W,

B Recr Or hat C"ThAH
Onl y, 0100. 083. 86242944411 Sal ©, Added 2n N
4.66 g KO 13.05 g KOO o TocHuNg 2ol b fddec %, SEOWRRS 7-NIFH ATRery. F5er

9=

KOl 1. 95100, 007, 27 TESHOM, 51, 405 EXANPLE 14 T0h - ofdin o Hehonstat ex s
effect of adding agwtss@sd compound on i s exanpl e .c}em)nstrat es the

4.66 g KCI 0.25 100.0 87.1 63.4 237 7.8 5.1
- 13.05 g KCl 0.70 100.0 93.8 72.3 21.5 5.0 1.2
21.44 g KCi 1.156 100.0 a97.2 72.3 24.8 1.5 14
5
EXAMPLE 14

This example demanstrates the effect of adding a non-salt compound on

selectivity and conversion of nitrobenzene. Reaction condifions were

10 comparable to those for Example 12. Betaine, 1.e. (acetyDtrimethylammomnium
hydroxide inner salt, is a salt formed by the acetate group wifh the pasitively
charged tetraalkylammonium group. So despite the name, the compound does
not actually have hydroxide associated with the tetraalkylammonium group.
However, when a strong base is added, betaine is converted to a compound that

45  contains both an acetate salt group and a tetraalkylammonium hydroxide group.
So with TMAH, betaine is converted to a compound with a
tetramethylammonium-acetate group and an (acetyDtrimethylammomnium
hydroxide group. With KOH, the compound has a potassium -acetate group with
the (acetylitrimethylammomnium hydroxide group. In the KOH case, the

20 compound represents a metal arganic salt and a organic base in one molecule.
Betaine is known in the literature to be a phase transfer compound or PTC
(Starks and Liotta, ibid), as it carries the inorganic or organic base into the

organic phase.



selectivity and conversion of nitrobenzene. Reaction conditi
conparabl e to those for Exanple 12. Betaine, i.e. %SD%ERI&ERNOS
(acetyl)trimethyl anmormi um hydroxide inner salt, is a salt fornmed by the
acetate group with the positively charged tetraal kyl amroni um group. So
despite the nane, the conpound does not actually have hydroxi de associ at ed
with the tetraal kyl ammoni um group. However, when a strong base is added,
betai ne i s converV@&Q8126 conpound that 15_contains both an Hd8E%¥2% 3| ¢
group and a tetraal kyl anmoni um hydr oxi de gsr"oup. So with. TMAH, betaine is
converted to a conpUhaksmistimTabld 20 shawrtedt hethiasrnasinha medsshetedgpoup and an
(acetyl)trinethyla ni | W npt-ne scpipmund has a
pot assi um - acet g‘?‘%{)’"ﬂ 3&%0%&% ?ﬁxg{tﬁgm(ﬂgcgﬁ‘g#&ﬂ? Wﬁ%? ﬁ%@%ﬁ?um hydr oxi de
group. In the Kemwiwestio KCHYB Z®.250 Myshamaoreckidiign pli a aRioReftBeut8f gani ¢ salt and

a organi c base i3, aRe 4oh Gfihshium Relad)KedsontiliyameTiettive! MRerkfotecinat ure to be a
phase transfer cor?%

ound or, PTC t ar ks, a iotta, 1Lbi as it carries
the i norgani & oPS%‘?f@ar‘ﬂ"ESaB‘&é‘%'t?W%‘%alto%“'cBafg%heg‘%ﬁ’a{?gFE%S'DECENBER 2005 WO
03/010126 PCT/ USC2121508 37 The results in Table 20 show that betai ne has
only a nodest effect, on selectivity ar,cegversion with TMAH The results
wth betaine/NB =1.15 are only _equivalent tQ KCIINB = 0 25 _Eurthernore,
addition of an anion w thout an i norGpavergorc &eledlivit{ ammoni ufie'ddet ate) is
essential ly i nefHeetivre—TFhergt —thegb useof, anm THorgag ¢ gal Owgr net al
organic salt is the key to be@?'gﬁggoul ts./é)TabI e 20 Com@er sion Selectivity
Yield, %Mle Ratio %% p- 4- MNBther to NB NDPA NEWA RIFA FSEH Only,  No

Sal 1 0100. 083. 86372l aANgEL8 Org PTC Adeeg 0- 28390. 087416314234.47. 838 1 4. 66
g KCG 21.44 ¢ K%HH@OE&({%? 272.324.81.51. 4

or PTC Added

4,668 g KCl 0.25 100.0 87.1 634 237 7.8 &1
21.44 g KCl 1.15 “100.0 97.2 723 248 15 14
22 16 g Ammonium 1.15 0.5 100.0 03 - 02 00 00
Acetate

33.68 g Betaine 1.15 100.0 87.6 70.7 169 48 7.6
EXAMPLE 15

10 This example illustrates that use of partial oxidative conditions can give a

significant increase of selectivity. Reaction conditions were comparable to those
for Example 12, except as indicated. The resuits are shown in Table 21.
Reaction 1 had comparable conditions to those for Example 12 throughout. For
Reaction 2, the air bleed was used only during nitrobenzene feed and was

15  stopped when 75% of the feed was completed. For Reaction 3, the nitrobenzene
feed time was shortened to 45 minutes and the hold time was increased to 60
minutes, while the air bleed was used only during the nitrobenzene feed time. It
is expected that higher selectivity will also be attained for sulfate, carbonate and
nitrate by use of partial oxidative conditions.

20




22.16 g Ammoni uml. 150. 5100. 00. 3' - 0. 20. 00. 0 Acet ate :

1.15100. 087. 670. 716. 94. 87.6 33.68 g Betaine EXAVPLE 15 10 Thisl RRE&HHMBER 2005
illustrates that use of partial oxidative conditions can give a

significant increase of selectivity. Reaction conditions were conparable to
those for Exanple 12, except as indicated. The results are shown in Table
21. Reaction | had conparable conditions to those for Exanple 12
throughout. For RERIWBH2, the air bleed yas used only duri AGTUSIZ/21508

ni trobenzene feed and was 15 stopped when 75% of the feed was. conpl et ed.

For Reaction 3, the nitrobenzene feed f{lee2Wvas shortened to 45 minutes and

the hold tine \AB.S—-i—H-e-F-e-aﬁ-ed—(—G—ﬁ'e'—'ﬂ‘%ﬁhWﬁic‘thc pteed—was—used
only during the nit r obenzen& PR | l_ectv{y s _expect egfec’hgft hi.gher

selectivity will also be attaifed for sl fate:NRR bohdibBAandn Reirt réihe by
Rt yecond Ot i 2 LI DECENBER 204 O~G37 01T

use of partial o ' ¥ (1:0 Joions 28 g T DEGEN D WO G 43
nversion Selectivity Yield, % %p- N[%%A4- N[gFéAAn

PCT/ US02/ 21508 Tabl'e
Recr Ot her 16.70 gl&i0aig®2984. 8870 317. 4941 211. B01l6. 70 §1 0

KF-2100. 091. 180. 1{glzfxR2. 6 1607 g KFed00. 098.:883. 240k 64. 340 EXAMPLE 16
Thi s exanpl e shows_.ihat use of an oxi-dapnt—w-th-a-stronrg-base—whieh—atso 5

functions as a phase transfer-catalyst, can increase selectivity. The
{eact |5883m_vvere gggwmg»tﬁ ?zeot ropic renmoval of water and aniline. Charged
0 a - roun ottaomflask equipped with.a Tefl o I Stirrer,
t her mocoupl e, nitrobe @%ﬁ’?@%@&oﬁﬂkgpﬁﬁgwg? %&'%Pte@{é] avs?trIOR wgre%r:"a';ﬂ{ao. 28 10
granms aniline §1. fGfctiond &5) praseltr8 &3 Gatgiystneandnpeastiselacitiy ames wartienFroni um

were done with azeotropic removal of water and aniline.

Charged fo a 500-mL round bottom flask equipped with a Tefion paddle

stirrer, thermocouple, nitrobenzene feed tube and air bleed valve were: 145.28

10 grams aniline (1.56 moles) and 87.36 grams aqueous tetrarnethylammonium
hydroxide solution (36.0%, 0.345 moles) for Runs 1 — 3. The mixture was heated
for 30 minutes at 120 mm Hg and then nitrobenzene feed (36.93 grams, 0.30
moles) was staried. The system pressure was held constant at 70 mm Hyg
throughout the reaction period. Temperature rose from about 66°C to about

15  80°C during the reaction period. Nitrobenzene was charged over about 80
minutes, after wﬁich the batch was held for 40 minutes at 70 mm Hg to insure
completeness of reaction and then quenched with 25 mi. water. Hydrogen
peroxide was charged as 20.40 grams (0.03 moles) of a 5 wi.% agueous solution
concurrertty with nitrobenzene. Since water can also affect selectivity, by

.20 protecting TMAH from degradation and shifting reaction equilibria, a control was
run with 20.40 grams of water that was also fed concurrently with nitrobenzene.
Runs 4 - 7 had slightly different conditions. The main difference was starting
with 25 wt.% TMAH with removal of water and some aniline in the reactor prior to
the nitrobenzene feed. Air was added either during the entire nitrobenzene feed

25  orforhalf of the feed time.




hydr oxi de solution (36.0% O, 345 noles) for Runs 1 - 3. The

heated for 30 mnutes at 120 nm Hg and then nitrobenzene fegﬁ?ggszm}s
grans, 0.30 noles) was started. The system pressure was hel d constant at

70 mm Hg throughout the reaction period. Tenperature rose from about 66C
to about 15 80C during the reaction period. N trobenzene was charged over
about 80 mnutes, after which the batch was held for 40 mnutes at 70 nm
Hg to insure cor’rwpé%f@ﬁ@és of reaction and then quenched w t¥TA503A50at er .
Hydr ogen peroxi de was charged as 20.40 gr’8ms (0.03 noles) of a 5 w.%

aqueous sol ution ¢ Ll‘ésruﬁ.@! hiTybghb thﬂ*ﬁéﬂ@@ﬂg@ﬂﬁroxﬁta@ﬁ?@s alirgr can al so
affect selectivi t?/ protecti ngerj_T {_‘rom ﬁ'%gfs?g'%'o% f'?trégn ggn fting
reaction equili tﬂeeat"/‘t!é‘“@ﬁ%’fﬁ'?‘?ﬂ”%ﬁé”a RS EH Paie Of Wat ef that was
al so fed concur rinéfcial. Ve hesoits ar!gdmmwermmdmaumtalmasoxsdantr@a@r the prjire | y

different conditi onsrwcl{?t:ngl e b e?fe@%%e@’ﬁﬁtftfﬁﬁebﬁga selddiftiy25 wt . % TMVAH

with removal of @t one aniline 1n reactor prior to he
ni trobenzene % eeuipro#emenwayb’@t!jﬁ%wh@ thealf a‘HUPFﬁd‘“\!t%toé’ﬁftlofgeﬁ‘?atc’f'%'benzene f eed

/2388; / 1‘22r5 Ogal?)fg é@ﬂmﬁn ﬁilattdaﬁﬁl ox%!%\ti\%e@ﬁaﬁﬁgcé’@&ﬁbem&hﬂl THeRd 26 PCd

€ results in e oxi de gives a
| ar ger sel ecti V|f?§0tlprﬂﬁp4’%¢/6‘ﬁﬁ?ﬁ‘e‘iﬁi‘?gwe%§r@f1% C@ﬁee%r g%y({g\?” [9%?%%?5 'use of an
oxi dant can be \agmekpaindihe oheesalattytisTalests. Svows aikd simdh@ peledt air as
oxidant over the Qe/eéﬁ Ibrlglogblegecaic{%ns %Cdgaﬂ sQl@&w HeLpbesA Qusy afd ect on

sel ectivity. Howé vt errent I S-obtained when the air
addition is homdigndficerd. part of the reactlon cycle, show ng that parti al

oxi dative conditions can be beneficial Tapldse reactions were run sonmewhat

wetter than the case for 100%air.in Tabl_g__;&,_—-\mpe-h—?m—rﬁ—f-he—{—omer
selectivity in Table 18. Runs 4AcaMeision sidfrf¥the excel | edf®“ rtpeatability of

the reactions, SpyAfTELGREIPFELTVITYGT NCT EA%eS OFNDPA ZHDRReA Reors Qe i cant
Tabl e 22 Conver sion el A Co—NBPA—4=BBPA An
Recr Qther 1. Nol. c&&@uoef&ﬁ@iloo 093. 388Y °62.1 °% ' ' '

2. Water only 100.0 94.9 89.3 55 - 34 1.8

3. Hydrogen Peroxide 100.0 96.1 89.7 8.4 1.8 2.0

4. No oxidant 100.0 92.3 86.5 5.8 5.9 1.8

5. No oxidant 100.0 92.2 86.2 6.0 6.1 1.7

6. Air, 100% NB Feed 99.7 89.4 79.0 10.1 7.4 3.2

7. Air, 50% NB Feed 100.0 94.5 88.4 8.2 42 1.3




2. Water onlyl100.094.989. 35.53.41.8 3. Hydrogen

Per oxi de100. 096. 189, 76. 41 920 4. No oxi dant 100, 092. 386. 55. 82 1HEGEMBRR 2005
oxi dant 100. 092. 286. 26. 06. 11. 7 6. Air, 100% NB Feed99. 789. 479. 010. 17.43.2 7.
Air, 50% NB Feed100.094.588. 46. 24°21. 3021 °DECEMBER 2005 0 40 a W Claim 1.
A met hod of producing 4-am nodi phenyl am ne or substituted derivatives

t her eof coMerClaimg the steps of, (a) bringing an aniline or aniline
derivative and nitrobenzene or a nitrobenzene derivative into reactive
contact; (b) obtaining a 4-am nodi phenyl am ne intermnedi ate product by

reacting tfheA meiHo bk I | | e It rohenzene or
ni t r obenzene rggtrl'l:o\%t? F\B%d&?h ?@@?Q@ﬁ%@@gﬁﬁgm%@eaéﬁﬂ}%\{% a strong
base, a per thereel comprisimhtecstepsiokf er catal yst, or only for part of the

time during V\Qi ﬁg.the ani | i.,ne and nitrobenzene react in the presence of a
m xture conpri SPhEREIRY AR ARilNer aniine deridtive gRdurebenzeneror acat al yst |
wherein the phasepg %@d:% i) romthe group of
conmpounds defi ned b?géﬁ%{f) - ?lﬁﬁw@ﬁﬁ?h%%@%l&’( Z)a where R1, R2, R3 are
the same or di {bkekiaininga 4samincdiphehymmineinteshediia ro@h@ﬂﬁy@acﬁﬁ%‘ﬂ@ed

al kyl group contajnjng fromcCl to C20, (R4)0 is hydrogen fore =0, R4 is
R R2ZR3N* for e = #’%gﬁfawmﬁ%%aﬂﬁﬁl\’? |tt%b§m4@ﬂ%9rw¢rob¢nmnzy| and
substituted deri védrivetise iR ehepk ' &Hﬁé ' fromthe
group consi sting of hydrm,gheaﬁeﬁ?éz)ﬁgmot e%b t%ﬁnﬁg%ﬁﬁb&ﬁa?@ %n anionic
noi ety of the forP§PKderandes pbaseiransfer catplyst drdmly fof patteof thedirmgen

sul fate, acetate, B sphat e, hydrogen phosphate,

di hydr ogen phosph%‘%@ﬁ%’gfg? 'éé aﬂi’ﬁ?%%ﬁﬁ?‘é&“ﬁ%%?’@'ﬁ i éﬁ%Pr enue of
mal onate and m xtainHxturé cumnPrisinQnPStrong, badi afr, and 4 PRa¥euaRefef the
ani oni c rmiety(ld 2, or 3%, b ]

atalyst, whérein the phase transfer catalyst is selected from the group

of compounds defined by:
[(R4)a—|Y—(R1R2R3N*)]nX'ab l
(24

where Ry, Rz, R3 are the same or different and selected from any
straight chain or branched alkyl group containing from G4 to Cyq, (Ra)e is
hydrogen for e = 0, Ry is RiRzRsN* for e = 1 or 2, Y is alkyl, aryl,
alkylaryl, or benzyl and substituted derivatives thereof, Zis a
substituent selected from the group consisting of hydroxyl, halo, and
other hetero atom, X is an anionic moiety of the form fluoride, chloride,
hydroxide, sulfate, hydrogen sulfate, acetate, formate, nitrate,
phosphate, hydrogen phosphate, dihydrogen phosphate, oxalate,
carbonate, borate, tartrate, citrate, malonate and mixtures of said
compounds, where a = the valence of the anionic moiety (1, 2 or 3), b
and c are whole number integers of value 1, 2 or 3 and d is a whole
number integer of value C to 4, and wherein the strong base and the
phase fransfer catalyst may be the same or different;

(c) reducing the 4-aminodiphenylamine intermediate product of step (b) to
produce 4-aminodiphenylamine or substituted derivatives thereof: and




and c¢c are whole nunber integers of value 1, 2 or 3 and d is | r
I nteger of value 0 to 4, and wherein the strong base and the%I\SﬁgQEMEEEOZ%OS

transfer catalyst may be the sameor difPerent; (c) reducing the
4- ami nodi phenyl ami ne internedi ate prodlct of step (b) to produce
4- am nodi phenyl am ne or substituted derivatives thereof; and 21 DECEMBER

2005 0 0 41 (dY) epfiaraliy reducthetyalidylatihy tia 4ydraihbaigheR@amine or

4- am nodi phenyl ar ni n%\. qr sybst i tuhed erivatives thereof of step (c) to an
al kyl ated deri vatFHRstitited dravatives;thereop REster4R) ieearvalkylatad derivative of
derivatives theregk.4- ,qup ﬁ’@'ﬁ’fé?ﬁ f ' Iy | rong base
and/ or phase transfera?zlata yst |smgnorﬁugggﬁ%eﬁﬁi@[g?é,megﬁsftuonate,

bi carbonat e, cyani de, phenol ate, phosphate, hydrogen phosphate,

hypochl ori borat e drogen borate, . dihydrogen borate, | fide,
sﬂoi cate, Izﬁﬁsﬁp%ﬁ'&iﬁ%q PF%'Q["%,Q] @?Wﬁ%iﬂj@ﬁtrgh %@ﬁ@ %,nd/qr iPhpge éfgzgfef ;Cﬂtahéﬁte, or
preferably hydnoxkede Cdcetiie eaﬂsoﬁateqb;%ééé,a@%hﬁfyedpgg@ﬁggst s an

chloride, fluoride, formate, nitrate, Sl fate of
E) etralrret hy! aﬁhﬁﬁﬁhatﬁ._l'wdmm_pl}dsaha’tml ihyp\?chiomtbybbndtézmwli'@gm‘l)_ Iﬁk'brﬁtél, _
enzyl tri net i tri r t amoni,um. ¢ trinmethyl- amoni um
and %:lhol i'ne.&§§m§H%%8ds@ﬁ§%I%lf%?% @gﬁ%‘ﬁﬁes&wﬁﬁgﬁaﬁléﬁd/or phage
{ransfer catinhydtogehsifeate: e prerbray hadioRl! By AR ba dhiledidrler

b ylamori um acetate; and

bi s-tetranet hyl ammoni um carbonate,” and tetranet
benzyl t ri netFRlyshifen eerids; duerdedormate, olitste, sulfate oo hydmgen sulfatecsfn sai d

phase transf ' S 't r I ni um chl ori de,
met hyl tri but%f%ﬁw%’ﬂ%@m‘“dcrﬁﬁ'"&r%@?’hﬁ’?ﬁﬁﬁ%ﬁﬁﬁﬁﬁm MMeRHBY | de,
tetrabutyl arbemiyllr’metﬁmmdmnium,etﬁyégbﬂyimah?lhhﬂﬁﬁmﬂw Eef/tiqiating.

tetramet hyl anmoni um fl u rifg_e, t et ramet hyl anmoni um f ormat e;

t et r anet hyl FHERNHTFR €. t et r abut yl anmmoni um hydr ogensul fate, and
tetrabutyl amoni um sul fate. 4. The nmethod of claim |l wherein the strong
base is selected from potassi um hydroxi de, sodi um hydroxi de, cesium
hydr oxi de3- rihs methadgitlain davhertein thestissg base abdforphdee tansfereataydiod of

claim1-3 whg %Sfe%téﬁoﬁttéﬁgﬁleaﬁ S %yBPo?c? e, tb'1:s?{?a'%rfa(rar{ethylr:lmmonium
carbonate, and tetramethylammonium acetate; and benzyitrimethylammonium
hydroxide, and choline hydroxide or wherein said phase transfer catalyst is
selected from tetramethylammonium chloride, methyltributylammonium
chloride; tricaprylmethylammonium chioride, tetrabutylammonium chloride,
cetyltrimethylammonium chloride, tetramethylammonium fluoride,
tetramethylammonium formate; tetramethylammeonium nitrate,
tetrabutylammonium hydrogensulfate, and tetrabutylammonium sulfate.

4. The method of claim 1 wherein the strong base Is selected from potassium

hydroxide, sodium hydroxide, cesium hydroxide, rubidium hydroxide and
potassium-t-butoxide.

5. The method of claim 1-3 wherein the strong base and the phase transfer
catalyst are the same and selected from tetramethylammonium hydroxide,
tetrabutylammonium hydroxide; methyitributylammonium hydroxide:
benzyltrimethylammonium hydroxide, tricaprylmeathylammonium hydroxide,
choline hydroxide, and cetyltrimethylammonium hydroxide.



catal yst are the same and sel ected fromtetranethyl ammoni um hydr oxj de

t et ra%utyl anmoni um hydr oxi de; nethyl tributyl ammoni um hydr oxi d%lDECEMBERZOOS
benzyl tri met hyl anmoni um hydr oxi de,, tricapryl met hyl anmoni um hydr oxi de,

chol i ne hydroxide, and cetyltrinmethylgmfoni um hydroxi de, 21 DECEMBER 2005 0
42 0 6. The nethod of any one of clainms 1-4 wherein the nolar ratio of

phase tr arfsf #he methat many@naldf rotdmazlemme‘ieiﬁ rtﬁ%lc%rg%oto? g?ma@e i!raangHThe

net hod of an wherei n said anil erivatrve
ani l'ine deri éﬂ?ﬂ(ﬁﬁ%@ﬁr@g?%@?ﬁ? §fram&.Q:dde 1@&hsi sting -of formanilide,

phenyl urea, carbanilide and thiocarbanilide, or is a substituted aniline
sel ected fromthe group consisting of 2-methoxyaniline, 4-nethoxyaniline,

4-chl i or o-7. a?h‘heumethon o’bauyd:nmeof élaithé re8nivhérm saiddaRMREY rNQﬁwe s an
3-brono-4-a ? E\F %P ‘%%1 nobenzoi c acid, 2,4-di am not ol uene

2, 5-di chl or o3NTF n&erYatie, seigetedndromi e naroup, sconsistingl eofe fdrmanilidee,

1, 3,5-triam Mm;@ge r f hod of any one of
clains 1-7 wheréin sugas?:&mltﬁgéﬁaltﬁrﬁ)g Iéﬂr%ﬁ]‘eéso{ﬁs ?gnﬁﬁ@‘e d qniling T’ﬁqe cted

accor dance virem t hfegpmmmsmtmgtm‘ Bﬂﬁetbbkyarﬁh/r@umem@g}atﬁqme Q. 88ro-
obenzene, o- and ‘m et hoxy-

hyl hyl
o1t obenzenca G malvarge 4 fliPetin.ot bietaoamin & broreng-amsotduetaiprs 1. 5

wherein the mimb@am@ Qf‘.:ldStEquﬁ hﬂ’fﬁg ni sa*ﬂfm%ﬁa rokpan 1:1,
preferably 2.1 to 6:1, 10. The et ho omgngnyzt%ne 0 gﬁ%h%\sg{&@hﬁﬁ@?@?n t he
peroxi de is ql\‘?m"dﬁ;erﬂ 4paethwiens  dianifine, niBmtriainabynzee, ofangl ahurds 10

wherein the mgfégfl de is present only for part of the tinme during which the

aniline and nitrobenzene react. 12. The nethod of any one of clainms 1-11
wherein said reactive contact is carried out at a tenperature of from 200

C to 1500,C a2 in the ange of _from 20 nbar to 20 barg and a
reaction bf nE'g B’E‘gﬁ?fﬁgﬁ aBY PN §lal"1531 -frwbergin b stiftech pitmbenpéned thats 1- 12

wh th f t
reater than Sbrr ool SERIAR Wi (56 blodEs i b et i PG iaduee of

hydration. 0-and m-methylnitrobenzene, o-and m-ethylnitrobenzene, o- and m-methoxy-
nitrobenzene, and mixtures thereof.

8. The method of any one of claims 1-8 wherein the mole ratio of strong base to |
nitrobenzene is greater than 1:1, preferably 2:1 to 6:1.

10. The method of any cne of claims 1-9 wherein the peroxide is hydrogen
peroxide.

11. The method of any one of claims 1-10 wherein the peroxide is present only for
part of the time during which the aniline and nitrobenzene react.

12.The method of any one of claims 1-11 wherein said reactive contact is carried
out at a temperature of from 20° C to 150° C, a pressure in the range of from
20 mbar to 20 barg and a reaction time less than 3.5 hours.

13. The method of any one of claims 1-12 whereln the reaction of step (b) is
carried out in the presence of not greater than 10:1 moles water to moles
nitrobenzene excluding water of hydration.




21 DECEMBER 2005 0 O 43 14. The nmet hod of any one of clains 1-13 wherein

said m xture conprising a strong base and a phase transfer czét]aEQWBERZOOS
aqueous solution and the reaction is carori ed out with a continuous
distillation of aniline-water azedtrope. 15. The nethod of any one of
clainms 1-14 wherein the aniline or aniline derivative and the nitrobenzene

or ni t r obelfedhe miethod af ang casefkiamg 13 AHeréifagld w 3 n_a pol ar
aprotic sol vg{g{) i BCl udi a%cpcu@net hyl sul f oxi dlé,l benz?/‘l‘lml'gt%her, s_n‘@a

net hyl - 2- pyr PHPRGPABRHEN 15Q- trANsRNsAtalyshamayeous sotition mat be redotipRy one
of clains 1-kxaMied ei s ' end ne.  produced is reductively
al kylated to the al %’F‘Q’FQ? ‘ﬁ’é‘?ﬁy/g‘?‘%@ﬂ@é}y‘i’h@éiﬁ!ﬂﬁ?wa-era?-ﬁﬂ -am ne. 17,
The net hod of any one of clainms 1-3 and 5-16 wherein reaction step (b) is
perforned h esence of ap jnorganic salt or netal organic salt and
wher ei n thfilﬁ?ﬁ?fﬁﬁgieﬁaﬂﬁenw ﬁl@wam -Havhetein fioaniineor anilins despativee of
abstracti ng andk { 0, ani |l ot.aniline derivative,
18. The met hod of gilwgibﬁ]ﬁﬁg?ﬁ%\ﬁre@er% t eeién%rﬁ)égﬁ%]g%gﬁugbf 'r\tr%f%ﬁc%'ﬁ?gani c salt
is sel ect edCdidehinmepalanaprolie solvehbinciieingdiamstioyd sufokitiat Senzyy eiag ef

sul fate, nit nhate, formate, .acetate or carbonate Salt of .cesium

rubi di um po"?% i"&?ﬁmgi@’%‘&iWﬁﬂl%lﬁv&@@amm eof. 19. The nethod of

claim17 or 18 wherein the nole ratio of inorganic salt or nmetal organic

salt to ni ér_i)benzene is from0.05:1 to 6.5:1, and/or the nole ratio of

i nor gani ¢ 18al'e Biethgd af any gae pEclsims 141 whermin thebbamihsdiphenydasinel : 1,

and/ or the | ; ' to ni.traobenzene is greater than 1:1,

preferably fé@#]ﬁc‘gl&%: r%dﬁ %m%:nﬁ.gmy&tebCﬁ%Gthe alkylated dervative of the 4-amino-
diphenylamine.

17. The method of any one of claims 1-3 and 5-16 wherein reaction step (b) is
performed in the presence of an inorganic salt or metal organic sait and
wherein the strong base has formula | having anion X which is capable of
abstracting a proton from the nitrogen of an aniline or aniline derivative,

18. The method of claim 17 wherein the inorganic salt or metal organic salt is
selected from the fluoride, chloride, bromide, sulfate, hydrogen sulfate, nitrate,

phosphate, formate, acetate or carbonate salt of cesium, rubidium, potassium
and sodium, and mixtures thereof.

19. The method of claim 17 or 18 wherein the mole ratio of inarganic salt or metal
organic salt to nitrobenzene is from 0.05:1 to 6.5:1, and/or the mole ratio of
inorganic salt or metal organic salt to organic base is at least 1:1, and/or the

mole ratio of organic base to nitrobenzene is greater than 1:1, preferably from
1.1:11t0 6:1.



