oM. ¢ TRk a o

)

i - 1 PROCESS FOR THE PREPARATI ON OF DI AM NES AND POLYAM NES OF THE

DI PHENYLMETHANE SERI ES BACKGROUND OF THE | NVENTI ON 5 The present invention
relates to a process for the preparation of diamnes and polyam nes of the
di phenyl net hane series (MDA) in which aniline and fornaldehyde are

si mul t aneously produced from ni trobenze' e and net hanol. Aniline and

for mal dehyde are i bﬁ@t ORPI (ﬁ}.bilAj‘\,ﬁN Ml ymer
i ndustry. For exa %@%ﬂ her as
starting rraterlals w pReRy+di am ne and the

correspondi ng pol yam nes (NDA) and rret hyI enedl phenyl di i socyanate and the
correspondi ng polyi socyangj e$ | diisocyanate is an
i nportant nmononer for the There are a nunber

of procesgs es’l‘ﬁé}ireéeﬂﬁlnlzéntwtﬁlé&ﬁ&ttb @rAbr&fesmr lmerﬁeﬁda@hcﬁpdmhiﬁcs gggre of which
have been enpl oyed industrially. line is currently prepared industrially

by t he cat alpoiyamigessofithe diphehylohethgnea saries MBFA intwhithe andime andt h hydr ogen i n
an adi abatic dure (. rocarbon Process, .59 79 11, 136;
e A 5056, TEBnAIGRNGE Sue SRR ROl L Baty R PR RCATSTBBAL Ui hy O or

Pd catal ysts. Processes of 20 secondary inportance are the reduction of
nitrobenzene with iron (Bechanp process, W nnacker-Kuchl er Chem sche

Technol ogi e, Adilifle @6 forinaldehyde 429 irdpditaht internredihtdshigrehalie faghepolysley cat al yzed
gas phase ammonol ysis of phenol (Halcon process, US-A-3,272,6865). 25

For nal delﬁydemdtsstlbfurFuoenxaryplp;zéqﬂmﬂe@dcfﬁnnaiéehydqa@tuSie‘étossﬂﬁr@s gaisgant i al |y by

f I d d A-2 322.757, US-A-
?;23 788% S%m%t%{lﬂ%?fgﬁh%é%mra PRPFBRI . @eg% AR gl e ffesne 18 ine
silver-cata 50@\?9 “Pwﬁ QARE on
a silver catl%aét)lztg‘(iirtI %%a?orma de hxglé ghﬁ&gr oge%{@ﬂ}lﬁ\gbltrrlflb gg‘é‘ IS

converted tq:ohmmymted'(l\mﬁohhﬂgdemdmhyméunsacyaﬂim sunSmpoeant menomser of t he
reaction or |in _downstreamreaction stages in order to produce energy. The

formox 5 pr deeths neenastionsd palyupgibanes Jhersare a nrmherdt nresassesder 8 1 or nal dehyde

d wat h tak | t

Fover Hdmparisr Yt it i Hmfaly Sorl of WEich B Yhlemalihe?, | D00t s P on”

catal ysts. Afdist@iyt %ﬁlﬁﬂ@%%ﬁ@ﬁ?‘ﬁﬁp%d%&lu@&ﬂl?@?@ldﬁa@& dg@sphssct hat the
a

products, aniline 10 and fornal yde, have to be prepare nd worked up
i ndependent | hydodgenationeofotitiebenzeneseitia hydregel iasnsdiabhiéc proegdwrait i on of anil i ne,

especial ly b&{fd?o%arbon Process, 59 (Nov. 1979) no. 11, 136; US-A-3,636,152) or by an

isothermal procedure (US-A-4,265,834) using Cu or Pd catalysts. Processes of

20  secondary importance are the reduction of nitrobenzene with iron (Bechamp
process, Winnacker-Kiichler Chemische Technologie, 3rd ed., vol. 4, pp 170-171)
and the heterogeneously catalyzed gas phase ammonolysis of phenol (Halcon
process, US-A-3,272,865).

25  Formaldehyde is currently prepared on the industrial scale substantially by means
of silver-catalyzed dehydrogenation processes (DE-A-2 322 757, US-A-
2,519,788) and the so-called formox process (GB-A-1 080 508).



industrially significant hydrogenation processes, additionally requires the
use of hydrogen as a cost-intensive reducing agent. 15 For the preparation
of MDA by the acid-catal yzed conversion of aniline and fornmal dehyde, it
woul d be advant ageous to prepare the anili ne and fornal dehyde

simul taneously in one process so that fewer plant sections are required and

poi nt o vi b BF SFiAE chaleEd Bioteren ol e bub BBl vl s ATRREE | ol o

be 20 advant i r i i iJ-i:ne i f the
SP5 Sitver 'cﬁ‘tab@@to BN ‘P&hﬁ'ﬁie‘ﬁ&dé‘éﬁd @Hﬁ%@.ﬁﬁlé lﬂ;c%g%eln if

hydrogen used for hydrogenation were”repl aced a no avor abl e and nore

easi | y nmanageaivkred foywategeith atmmosphenidw:sigen al tha Selselyait ogene of the t he
additional fornmation of a valuable product. 25 SUVWARY OF THE | NVENTI ON The
present i nveliSAstEm 951ip dpyasirnpreaciionstagss in prdeniogpedueeicaerays The A9¥s and

pol yam s Sl oA IERNANSFSCh S8 o ML B1ToARkL AL ARG ! dehyde

[
that have b‘gen Si W@P aneo are used as ng materials

and to a prespRRatoh2éductitn &é‘ﬂ?ﬂab%ﬁ'ta@fst_?_, Whieh YARSbRSe htf oWet hese di ami nes
and/ or pol yam nes. -3 DETAI LED DESCRI'PTI ON OF THE PRESENT | NVENTI ON The

present i nvetemperatured miths range 2 7P300Y3 :as auletsmgpmelpbdemimeirow ataliystei nes and
pol yam nes of the di phenyl net hane series in which 5 a) nitrobenzene and
nmet hanol are converted to aniline and formal dehyde in the presence of a

catalyst. - angy tRSabl RN AR InL HRLISH YR AREBRLARL Bipher @) are

converted to diamnes yam nes anie’serires in the

presencei(of & PahsldehydtOhaR%eby pfepated afidl @Rriced upThiléRBaARAB T dng reduced to
aniline by a catalytic transfer reduction and nethanol is sinmultaneously

oxi di zed t o dnsthesliniedpariée plahis. ghe prapatation obaniling,|cspasiallyybytthe catal ytic
transfer reduction,of. ni.trobenzene wi th nethangl. usjng a.copper 15 catal yst
bd s tenperidttealy sigagons RRGerrn s ionslty fadisss BBReAr T 1o,
1992, 221-2 il 1S d-0di reaction product with a 58%
conver si on. 2‘%“&%@@?‘? a%ggﬂs]?ﬁég?ﬂg?‘?&ugﬁléggg?' the theoretical possibility that
f ormal dehyde, nmethyl formate, CO and CO2 could be forned as reaction by-

products, although no experinental proof of this is given. Rossi et al does
not 20 donsiBurthe peppratien bf MR4A by ihe acidreatplyagtsqaaversiompfapdine@ndni t r obenzene

L et e e o e B e RS SRR BTS, “To ™
simultaneously in one process so that fewer plant sections are required and
investment and operating costs can thereby be reduced. Furthermore, from the
point of view of the material costs and the safety of the process, it would be
20  advantageous in the reduction of nitrobenzene to aniline if the hydrogen used for
hydrogenation were replaced by a more favorable and more easily manageable
hydrogen source which releases hydrogen with the additional formation of a

valuable product.

25 SUMMARY OF THE INVENTION
The present invention provides a process for the preparation of diamines and
polyamines of the diphenylmethane series in which aniline and formaldehyde that
have been simultaneously produced are used as the starting materials and to a

process for the production of isocyanates from these diamines and/or polyamines.



Exanpl es of suitable catalysts for the transfer reduction of nitrobenzene in
step a) 25 include inorganic catalysts that are insoluble in the reaction
medi um ( het er ogeneous cat al ysts) or sol ubl e (honmobgeneous) netal conpl exes or
salts, these catalysts containing one_qr. nore netals as catalytically
active conmponents in elenmental or bound form Exanples of suitable netals

are Pd, Pt, Rh, Ir | , Mo, W Pb
and | ant hanoi ds. |%ﬁ§—nﬁﬁg¥§@@\mﬁfﬁ%ﬁmm@i ng Pd, Pt,

I'r, Ru, Qu OThdfrescht ii@nfiGRfeldtéito Afpridess R e ﬁ@?%r%éﬂbﬂﬁ&rhﬁﬁ@'andn step @) is
pref erany carried out in the presence of auxiliary substances. Exanples of
sui t abl e auxpdlyanypesoabitbt diphesylmathand series in whiadhani ¢ or or gani ¢ conpounds t hat
are soluble or insoluble in the 5 reaction nedium or solvents. Suitable
bases are, e.g., hydroxi des such as NaOH, KOH or NHAQH, carbonates such
as Na2COg3 K24 qg&,] such as
triethylam niE or anr enﬁgﬂgﬁrﬁﬂ:ﬁﬁ@() %P@&ﬁr%gﬁ%&@oqﬁg? suc ad grﬁgt alcite,
A1203 or MJO. | nsthk pbdsendeasfiaccatdyst,dad tiggh optional |y si nul taneousl y serve as
base and catalyst carrier. Preferred bases are NaOH, KOH, 10 hydrotalcite
or MgO Exanpl es of suitable solvents are water, alcohols, organic am nes

PRI S B e R E R e b s

f or mal dehyde- f or rr;rﬁg, SR\ Lt gas phase
and/or in the liqui dgﬁae’glhbsogutﬁﬁgwge regiélia?‘ %p&lteg%{pgifﬁsrggése %f?hé‘ Rftic
conventikhal | y i ncdtdlgstr ange 20C-500C, preferably in the range 50C 300C. The
absol ute reaction pressure is conventionally in the range fromO0.1 bar to
300 bar, 20 preferably in the range from1 bar to 100 bar. In principle, any

concent r at! o3 and wHRAGHARE RhARA B kfnehy  BRaSHEbhhO8 SommRyga, and the

auxrlrary su es may e cholce o reaction
condi tions, pahbhdlis Smu@RRElSXidigs eI fohRdldeHyas.cBheprepriatian of ailine
nrtrobenzene can be achieved in the reaction. As well as the target
product s, anby thaeatalytic feansfar dhsihn, ofpms@cbzwemﬁtmﬂmwwsm'g peappart s are

For myl artS 1 rihealket 8 p iraprirroTa0° Rept s by ot ah (St dP2. of
aniline and Sfﬁrﬁﬁ ggé)ydgmh};ges ﬁ‘“ﬁ?‘ﬁg@tgéqﬁ% gﬁﬁhbt‘)@ltﬂﬁ Sglpe secondary

conponent s produce aries accor talyst use and the reaction

condi ti ons ashawtsibn. Howdver, Raasitat ah dizcasiuhd theorticdlipossibiticl that nal dehyde, the
secondary conponents which my be forned, unreacted nitrobenzene and

met hanol ~ andformaldshyde; mgthy! gqmgtceaﬁ&)e@d CO; could be formed as reaction by-

products, although no experimental proof of this is given. Rossi et al does not

20  consider the possibility that the transfer reduction of nitrobenzene with methanol
could yield a mixture of reaction products containing aniline and formaldehyde

which could be used directly for the preparation of MDA.

Examples of suitable catalysts for the transfer reduction of nitrobenzene in step a)
25  include inorganic catalysts that are insoluble in the reaction medium

(heterogeneous catalysts) or soluble (homogeneous) metal complexes or salts,

these catalysts containing one or more metals as catalytically active components in

elemental or bound form. Examples of suitable metals are Pd, Pt, Rh, Ir, Ru, Fe,

Co, Ni, Cu, Al, Mg, Zr, Zn, V, Cr, Mo, W, Pb and lanthanoids. It is preferable to
30  use catalysts containing Pd, Pt, Ir, Ru, Cu or Fe.



used can be partially or conpletely separated fromthe reaction m xture and
optionally worked up to the pure conpounds before being used to produce the
5 desired am ne(s) or polyam ne(s) of the di phenyl met hane series. However,
it is not necessary to separate themftyamthe reaction mxture prior to
production of the am ne(s) or polyam ne(s) of the diphenyl nethane series.
In principle, in addition to the preparation of MDA, aniline and/or

formal dehyde obtained in step a) can also be put to other uses. Secondary
conpounds t hthe fEANtidEOf ri@bFEn26he Wit mefian6l in kp@Pes prefriptifiedvai ihabl e in
principle for other uses. Unreacted nitrobenzene and/or ~ nethanol are
preferably reprdsence oftapxiliagy sibetanees. Egamples of suifablr awxiliare bubstances s possi bl e
for all or sone af .the reaction products, anili and. f.ormal dehyde,

toget her wi ¢ HCDREC IAATEARE SkOTSRF CPRROMRSS Sl Atrsolihis Pipselbbledn ey 1

met hanol ,z a ' iyl st . ' e
reaction 5n‘i X 39 g}d ’Qﬁ@%ﬁ{,ﬂ’?‘{@? cﬁ'drl%ié%él y to %%? ’;Shr'r d@?‘é%&b%’%%‘sn}@?gg b) of
the process KOH GENHOHE birbomitesuch os NaJEOp0m KiC®, hydiofacamboastbysieh prepar ed

in step a) are converted further to MDA, optionally after purification. 20
For this purgo¥eHeR:amiaresuschesinethylining o auiling; eriasakpble basic saidsaneh ng

ol 1 20 o R0, BAAE oAbt BB SubRbye L1 gn0 oroe©

phosphori c aﬁhﬁltaﬁ%@%’%@ﬁr‘é'é@ﬂéeﬁmﬁ%ﬁl f ca¥Rbr. PrefdrpedPtdstSare NaDH,2€0H! tes. |t
is preferable to use hydrochloric acid. As a rule, after a m xing phase and

a prelinmarkydretakiteenMgO.t he tenperature range between 20C and 100C,
preferably in the tenperature range from 30C to 80C, the reaction m xture
is brought in stages or continuously, and optionally under -6 excess

pressurs. gy ARET AHER o ARG {8sP WpoRr SEETE R P 100C and

particul arly pr € tedct ure subsequently
obt ai ned is digpounds| Brefdited soBihisalrd B dméihtiiolanittob&iree, atleridnd agfliveous and
organi ¢ phases are separated in a separating vessel. The MDA is present in
t he organi c partisipatinghia thewweagtioron further relates to a process for the
pr epar ath?ln of diisocyanates and polyisocyanates of the diphenyl nethane
seri es, whi ch 10 a) nitrobenzene and net hanol are sinultaneously
converted to ﬁ@&ﬁ'i‘ﬂ@ﬁﬂi‘ﬁ hrREARIedBAMAS rtdbtibl SaPEGRAIIGDeQarrfed gt &l it . b) the
ani | ine and Ffror malllde yder%lr eplg?gd In gt ep la) ar% converet ed to diamnes 15
and pol yam ngs phiasd drel/atiip tlenlyquick phesae Sarabileseaction temppratgenare of an aci di c
catal yst, and

Y conventionally in the range 20°C-500°C, preferably in the range 50°C-300°C. The

absolute reaction pressure is conventionally in the range from 0.1 bar to 300 bar,

20  preferably in the range from 1 bar to 100 bar. In principle, any concentrations and
concentration ratios of the starting compounds and the auxiliary substances may
be used. Depending on the choice of reaction conditions, partial or complete
conversion, based on methanol or nitrobenzene, can be achieved in the reaction.
As well as the target products, aniline and formaldehyde, possible reaction by-

25  products are inter alia formic acid, CO, CO,, carbonates, methyl formate, N-
formylaniline, N-methylaniline and various aminals and half-aminals of aniline
and formaldehyde. The type and concentration of the secondary components

produced varies according to the catalyst used and the reaction conditions adopted.




c) the diam nes and pol yam nes of the di phenyl met hane series prepared in
step b) are converted to diisocyanates and pol yi socyanates of the 20

di phenyl net hane series by phosgenation. For this purpose, the MDA prepared
in step b) is reacted with phosgene by _tshe known nethods, in an inert
organi c solvent, to give the corresponding i socyanates. The nolar ratio of

de MDA f t b h i l, | ti d 25 .that th
Feaction m xIo Boatn et SpMegRd SRy YafroBRlshy SPrRs it 0L o dane
per mol of N2y b8 FHRY; ulrBsctdPhitrohér2ens M OnERAI A dnd R Rk IGary B8 bons

have proven to be suitable as 1 nert solvents: nonochl orobenzene,
di chl or obenzesedsan be pattially obesrapleiedy, sephmteddrone hpanatitiog michueand and xyl enes,

and chl oroet hyl benzene. Mnochl or obenzeng, gilcgl,orobe zene, or m xtures of
these 30 chi entimally sieekedndojhepure sompeynds hefgre heing yasd togrogice thes o) vent s.

i xtr e as. Ssred BRyIAHor ORGP < StipRal b ARaE, el BbukRE. SR Neen 6
and 20 wt. % ndi3%esss @y tb bépatfé Blem MEMINE reattidiAixt@e plioP b prodidtion of tien t he
phosgenati on has endéd, the excess phosgene, the inert organic solvent or

m Xt ur es t heamsine(shay polyaminsés) af du diphemylniethang sexesc tih prineipie;, i addityon
distillation, vi ng t.hus ribed t inhvention, the follow ng exanples
are given ast ?Hﬁfpgﬁa_flf’ﬁgf E’ﬁﬁ‘fiv‘"ﬂ“]ﬂ%@r%r OWQ@%(%E ne%ﬁ&pe@%aq t he
Sl { aneousRs 6 BAAbiofkr Aled Vb MR Rn{ARIELACRKY S [LpR4, Bid Cebgnzene and

met hanol by trans hydr ogenat 1 on es 1- ariation the catal yst
under colst agO,fsaalksb anaitabidintprigbiple fob othel askst Empaacaiduiteobenecrexqndsdrnent al
results and relevant batch data are collated in Table 1. Procedure: 20
2.402 g (20 metepolsre preferapymoynledirte dhostep @ eaqiiof. r ound- bott om f 1 ask and
0.281 g (5 nmmol) of KOH dissolved in 15.8 g of nethanol and 0.6 g of

napht hal ene (internal standard) were added. A catalyst was added, with

magnetic st Akemdfvell, it AhodsibleThr AP6F RIRAUTAhO EkaétRorChr8diei®) lanneali ve net al
in the particular 25 catal yst used. The m xture was brought to refl ux

condi ti ons i formaldehydeptrigethelwith tig6@)reackid dtarting nempoursisj nitrobenzenmanda sanpl e
was taken after a certain reagtion..tinme, and filtered. One part .0of the
filtrat elr%\/vaSmSWQP?/lzé‘b& estonafly the il sHbsEBEssiodiedelt ebWPéﬁ%c%sy myxtare

chr omat ograp‘l,}yd&nggﬁw@;mﬁ&q@%ﬂ:ing@pmhal ene). Anot her part of

In step b) of the process of the present invention, the aniline and formaldehyde
prepared in step a) are converted further to MDA, optionally after purification.

20  For this purpose an acidic catalyst is added to the mixture containing aniline and
formaldehyde.

Suitable acidic catalysts include strong organic or inorganic acids, for example
hydrochloric acid, sulfuric acid, phosphoric acid, methanesulfonic acid or solid

25  acids, e.g. zeolites. It is preferable to use hydrochloric acid.

Asa rule, after a mixing phase and a preliminary reaction in the temperature range
between 20°C and 100°C, preferably in the temperature range from 30°C to 80°C,

the reaction mixture is brought in stages or continuously, and optionally under



the filtrate was reacted with so-called Nash reagent (T. Nash, Biochem J.,
55, -8 416, 1953). This enabl ed fornal dehyde present to be anal yzed
photonetrically (wavel ength: 408 nm. Exanples 21-28: Variation of

i nsoluble MJO-solid base catalyst carrigr. - 5 high tenperature The
experinmental results and rel evant batch data are collated in table 2

Procedure 10 1, 201 10 mmol) nitr ne e placed Ln a _stainless steel
Veosel i t h CXESHERLes § Fpmeralvny o 1905 Br23fEk ekt aseb bigde™ The

catal yst was [ ' o 0,2 mmol of Palladium
supported Onl@g%eaggp?ﬁ%@}aa@@%@a%ﬁf@'@??@?f%%@m Pd on MgO . The vessel was
cl osed and heated to 180C in an 15 oil bath for 3 h under magnetic stirring.

After cooling, the catalyst was filtered off and one part of the filtrate
was anal ysedlleyreprios-mixtwnatbagqgegitly obrmadie theppreferably nduéralizéd wih e was

reacted wth Nash reagent and anal ysed photonetrj.call see aho . 20 9
(796) anr S000vRand IRSaHlorus Y oTERs BERS 0 PROMID A BT ES10 Tk
ltco. O ON~D mogregmﬁiﬁme&gmg@ﬁpase;wwmo OkDOO N kn' nvi

The invention further relates to a process for the preparation of diisocyanates and
polyisocyanates of the diphenylmethane series, in which

10 |
a) nitrobenzene and methanol are simultaneously converted to aniline and

formaldehyde in the presence of a catalyst,

b) the aniline and formaldehyde prepared in step a) are converted to diamines
15 and polyamines of the diphenylmethane series in the presence of an acidic

catalyst, and

c) the diamines and polyamines of the diphenylmethane series prepared in
step b) are converted to diisocyanates and polyisocyanates of the
20 diphenylmethane series by phosgenation.

For this purpose, the MDA prepared in step b) is reacted with phosgene by the
known methods, in an inert organic solvent, to give the corresponding isocyanates.
The molar ratio of crude MDA from step b) to phosgene is usefully proportioned
25  so that the reaction mixture contains 1 to 10 mol, preferabty 1.3 to 4 mol, of
phosgene per mol of NH; groups. The following chlorinated aromatic
hydrocarbons have proven to be suitable as inert solvents: monochlorobenzene,
dichlorobenzenes, trichlorobenzenes, the corresponding toluenes and xylenes, and
chloroethylbenzene. Monochlorobenzene, dichlorobenzene or mixtures of these

30 chlorobenzenes are used in particular as inert organic solvents. The amount of
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solvent is generally proportioned so that the reaction mixture has an isocyanate
content of 2 to 40 wt.%, preferably of between 5 and 20 wt.%, based on the total
weight of the reaction mixture. When the phosgenation has ended, the excess
phosgene, the inert organic solvent or mixtures thereof may be separated from the

5  reaction mixture by distillation.

Having thus described the invention, the following examples are given as being

illustrative thereof,

10 EXAMPLES
Examples of the simultaneous preparation of aniline and formaldehyde from

nitrobenzene and methanol by transfer hydrogenation

Examples 1-20: Variation of the catalyst under constant reaction conditions

15 — low temperature
The experimental results and relevant batch data are collated in Table 1.

Procedure:
20
2.402 g (20 mmol) of nitrobenzene were placed in a round-bottom flask and
0.281 g (5 mmol) of KOH dissolved in 15.8 g of methanol and 0.6 g of
naphthalene (internal standard) were added. A catalyst was added, with magnetic
stirring, in an amount corresponding to 0.4 mmol of active metal in the particular
25  catalyst used. The mixture was brought to reflux conditions in an oil bath (T =
86°C), with magnetic stirring, and a sample was taken after a certain reaction time
and filtered. One part of the filtrate was analyzed for aniline and nitrobenzene
content by gas chromatography (internal standard: naphthalene). Another part of
the filtrate was reacted with so-called Nash reagent (T. Nash, Biochem. J., 55,
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416, 1953). This enabled formaldehyde present to be analyzed photometrically
(wavelength: 408 nm).

Examples 21-28: Variation of insoluble MgO-solid base catalyst carrier —
5 high temperature

The experimental results and relevant batch data are collated in table 2

Procedure

10
1,201 g (10 mmol) nitrobenzene were placed in a stainless steel vessel with

magnetic stir bar and 3,2 g of methanol were added. The catalyst was added in an
amount corresponding to 0,2 mmol of Palladium supported on MgO as insoluble
solid base (5 wt% Pd on MgO). The vessel was closed and heated to 180°C in an

15  oil bath for 3 h under magnetic stirring. After cooling, the catalyst was filtered off
and one part of the filtrate was analysed by HPLC-chromatography. Another part
of the filtrate was reacted with Nash reagent and analysed photometrically (see

above).

20
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2) Example of the preparation of MDA

To prepare the aniline/formalin reaction mixture, 2.402 g (10 mmol) of
nitrobenzene were placed in a screw-threaded V4A steel vessel and 0.14 g

5  (0.25 mmol) of KOH dissolved in 8 g (250 mmol) of methanol was added. 0.2 g
of a Pd/active charcoal catalyst (10 wt.% of Pd, Aldrich) was added, with
magnetic stirring. The vessel was closed and placed in an oil bath at a temperature

of 180°C.

10  The reaction was stopped after 3 h, the catalyst was filtered off and the mixture
was analyzed by HPLC (Table 3) and Nash reaction/photometry (result: 0.15 wt.%
of formaldehyde). One part (7 g) of the reaction mixture, containing 0.29 g
(3.11 mmol) of aniline and 0.0106 g (0.35 mmol) of formaldehyde (molar ratio of
aniline to formaldehyde: A/F = 8.9), was then brought to a temperature of 45°C in

15  around-bottom flask fitted with a magnetic stirrer, and HCI (aqueous solution)
was added in the amount necessary for a degree of protonation of 18.5% (based on
mol of aniline used). When the addition was ended, the mixture was stirred for 30
min at 45°C and then heated slowly to the reflux temperature (approx. 105°C) and
stirred for 10 h at this temperature. When the reaction had ended, a sample was

20  taken from the rearrangement mixture for HPLC analysis. The analytical results

are shown in Table 4.

Table 3: Composition of the reaction mixture after reaction of nitrobenzene with

methanol, determined by HPLC (data in percent by weight, based on

25 total weight of reaction mixture)
Aniline Nitrobenzene N-methylaniline
fwt.%] [wt.%] [wt. %]
4.19 8.91 0.08
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Although the invention has been described in detail in the foregoing for the purpose
of illustration, it is to be understood that such detail is solely for that purpose and
that variations can be made therein by those skilled in the art without departing from

the spirit and scope of the invention except as it may be limited by the claims.



20 taken fromthe rearrangenent m xture for HPLC anal ysis. The anal yti cal
results are shown in Table 4. Table 3. Conposition of the reaction m xture
* after reaction of nitrobenzene with nethanol, determ ned by HPLC (data in
percent by weight, based on 25 total wejght of reaction mxture) Aniline
Ni trobenzene N-nmethylaniline [wt.%w.%[w.% 4.198.910.08 - 13 Table 4:

HPLC anal y\?@mmm m xture after MDA condensation (data in
percent by =11t ‘e not eval uat ed)

Aniline4,4' -N-fornyl-2,4"-Nnethyl -3-ring4-ring>4-ring .

[ wt . %4 MDAVDAMDAanA! irerss & itkesprodectionof g skamias andipr pelyaipinggafne . o [wt. Y[ W . %
3. 750. 510. 080. 100.,.060. ?40 000.13 *.more highly condensed MDA species (e.qg.
3-ring species = ?18 qulgﬁmﬁ?%%ﬂ?&qmbqg' 5 3 aniline units + 2 fornal dehyde

units) Alg hough the i nveiingMittebeniaRand afthdnBPR fofin Afilikelanin the foregoing
for the purpose oOf illustration, it is to be understood that such detail is
solely for that purposdomadehydain thepresenans accatalyst, amdde t herei n by those
skilled in the art without departing from 10 the spirit and scope of the
i nvention except as it may be limted by the clains. -14 WHAT IS CLAIMED | S:

L. A process for gfe pr&ﬂv&&fgg%e%ilﬁe%a%%lgﬁggggreeg&\lenmﬁgtagfoa

di phenyl net hane conpri sing: reacting nit e and anol to form
ani line and formal dehydgmine or pelyamamcottke diphenytatihhysierieainttht0 b)
converting the aniline and formal dehyde prepared in step a) to a diamne or
pol yam nd) of the di pherpresenehelan acidi¢ eafalyst. t he presence of an acidic
catalyst. 2. The process of Claiml1l in which the catalyst used in step a)
conprises one or nore netals selected fromPd, Pt, Rh, Ir, Ru, Fe, Co, N,

Cu, Al, My, 27r, Ffe précedsiof Am Min WRicR ML dabdldt a8 ifl Stepay comprbeadlanei cal |y
active 15 conponent Pn el emental or bound form

or more metals selected from Pd, Pt, Rh, Ir, Ru, Fe, Co, Ni, Cu, Al, Mg,

Zr, Zn, V, Cr, Mo, W, Pb and lanthanoids, as a catalytically active

15 component in elemental or bound form.

3. The process of Claim 1 in which step a) is carried out in the presence of a

base.

20 4. The process of Claim 1 in which the aniline and/or formaldehyde is
partially removed from the aniline and formaldehyde prepared in step a).

5. The process of Claim 1 in which formic acid and/or CO and/or CO, and/or
carbonates and/or methyl formate and/or N-formylaniline and/or N-
25 methylaniline by-products are partially or completely separated from the
aniline and formaldehyde prepared in step a) before carrying out step b).

6. The process of Claim 1 in which hydrochloric acid is used as the acidic
catalyst in step b).



3. The process of Claiml in which step a) is carried out in the presence of
a base. 20 4. The process of Caiml1 in which the aniline and/or

' formal dehyde is partially renoved fromthe aniline and fornal dehyde

prepared in step a). 5. The process of_.aim1l1l in which formc acid and/or
CO and/or CO2 and/or carbonates and/or nethyl formate and/or

conpl etel y stpar EIEO T EHEP R i o ek aPHE RS RV e BARIERT 1 St ep )
before carrying ogph&iyiBethhne &mpriingdr ocess of daiml in which hydrochloric
acid is used as the acidic catalyst in step b). | -15 7. A process for the
producti on of a di)i socieactatgnitrobénaengaidymetbancd tafemcdilingi gadeny| net hane
conprising: a) reacting nitrobenzene and nefhanol to formaniline and

f or mal dehyde in the pr%é’é‘ﬁ{f{éhl’fﬁ’ IB“FaErS?e)?&??}%cﬁﬁlyﬁonverti ng the aniline and
f or mal dehyde pre ed | : fani 1 f the

di phenyl ?et hane g@Fi es&(lyhr‘{%{tﬁ'g tﬁ%)?%gré%%%dj%) alﬁ&gﬁ%%@fagé&?é?ﬁ%%ﬁ%gd c)
phosgenating the di am giamamcdrdorpolyaaiindef E diphenylthethage ydrivetihdre series
prepared in step b) to produce a 10 diisocyanate and/ or polyi socyanate of

t he di phenyl net hane seplegence pbagacidicspisbistandor t he production of a di anine
and/ or pol yam ne .of i phenyl nmet hane. consi st i ess ially of a) reacting
ni t robenzene and ?’)et ha&lbc%g?#lpg‘lﬁm@ﬁ?‘fqeﬁé’a}é’ﬁao%%qefgé%yde in the presence
of a catalyst, and b) &%y@hhiamgnééa%eaﬁ}e?h%ei@aépbpfdﬁb&%we produced in
step a) to a diam ne and/or polyam ne of di phenyl nethhane in the presence of
an aci dil® cat al yst. 20digsocFimateandderpelifoc@imiaef8he diphénydinethare satesl yst used
in step a) is selected fromthe group consisting of Pd, Pt, Rh, Ir, Ru, Fe,
Co, N, Cu, A, My, Zr, Zn, V, C, M, W Pb, lanthanoid netals in

el enental orgconp %I%E : % ggr, i ich step a) is
carried out !lg'n th‘gﬁgcgfégﬁd&h gﬂ-%gm'bf;&gﬁﬁﬁfan%e p %@ggwc;f Caim8 in

whi ch step b) is diphénydeetbuiie tohsisting pisemeiligofof a catal yst.

a) reacting nitrobenzene and methanol to form aniline and
15 formaldehyde in the presence of a catalyst, and
b) converting the aniline and formaldehyde produced in step a) to a

diamine and/or polyamine of diphenylmethane in the presence of

an acidic catalyst.

20 9. The process of Claim 8 in which the catalyst used in step a) is selected
from the group consisting of Pd, Pt, Rh, Ir, Ru, Fe, Co, Ni, Cu, Al, Mg, Zr,

Zn, V, Cr, Mo, W, Pb, lanthanoid metals in elemental or compound form.

10.  The process of Claim 8 in which step a) is carried out in the presence of a

25 base.

11.  The process of Claim 8 in which step b) is carried out in the presence of a

catalyst.



- 16 12. The process of Claim8 in which step b) is carried out in the
presence of hydrochloric acid catalyst. 13. A process for the production of
a diisocyanate and/or polyisocyanate of 5 di phenyl methane conpri sing
phosgenating the di am ne or pol yam ne ofg . di phenl ynet hane produced by the
process of Claim8. 14. A process for the production of a diam ne and/or

pol yam ne of | met nsi n rreagting nitreobenzene
and met hanol 12t o] fﬂ;‘ ﬁ?ﬁs oﬁglﬁﬂ’ué) ﬁﬁhlsggﬁééﬁe ‘i?‘l"g nb ernc?lelc%‘lf;toa cat al yst
and b) converti ngh)fd}gclﬁ(gylg éd"&cﬁﬂﬁstf or mal dehyde produced in step a) to a

di am ne and/ or yam ne of di phenyl nethane in the presence of an acidic
catalyst. 15 15. The process of Caim114 in which the catal yst used in step

a) is sel ected fromthe_gro nsi st of Pd, Fe, Co, N,
SRR i, Aprocgss gt th q\ﬁroﬁwtwpwf 2 owa{lﬁsﬁspéfagmww%nﬁ%ﬂ% of metals
or compoun ds. ih‘ﬁhen eﬂ%ﬁ’ SS O?ﬂl& il fz;rﬁgl}%l%@hoparrl ed out

in the presence 0 base.

hydrochl ori ¢ aci ddlpﬁemﬁgdthaﬁepﬂoaumlwthe peatslof Qlaiim8.step b). 25 18. A
process for the production of a diisocyanate or polyisocyanate of
di phenyl net hane conpri si ng phosgenating the di am ne and/or pol yam ne of

di phenyl et hf”ltp.e pxréxopq"gge%sd fc;rQheE Fr%dﬁét%%eoﬁ cﬁz];.mgeaalnmo% gélyamine of

diphenylmethane consisting of:
10 a) reacting nitrobenzene and methanol to form aniline and
formaldehyde in the presence of a catalyst and
b) converting the aniline and formaldehyde produced in step a) to a
diamine and/or polyamine of diphenylmethane in the presence of
an acidic catalyst.
15
15.  The process of Claim 14 in which the catalyst used in step a) is selected
from the group consisting of Pd, Pt, Rh, Ir, Ru, Fe, Ce, Ni, Cu, Al, Mg, Zr
Zn, V, Cr, Mo, W, Pb, and lathanoids in the form of metals or compounds.

20 16.  The process of Claim 14 in which step a) is carried out in the presence of a

base.

17.  The process of Claim 14 in which hydrochloric acid is used as the acidic
catalyst in step b).
25
18. A process for the production of a diisocyanate or polyisocyanate of
diphenylmethane comprising phosgenating the diamine and/or polyamine

of diphenylmethane produced in the process of Claim 14.



