0 7 MAR 2007 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 @Zwbﬁﬂzn
. relates to a process for the preparation of diamnes and polyann e

di phenyl net hane series (MDA) in which aniline and formal dehyde are

si mul t aneously produced from ni trobenzehné and nethanol. Aniline and

for mal dehyde are i r | ed | g .f | ymer 10

i ndustry. For exa c p Qi ‘%’g g%@ﬂf; her as
starting material PHEN, FRA-erRedt i am ne and the

correspondi ng polyam nes (NVDA) and net hyi eH;di phenyl diisocyanate and the

correspondi ng polyi SOCyanEk?ﬁ(éﬁB@NDW’PMEW | diisocyanate is an
i nportant nononer for the‘p'rvp'a'rah—cm—o‘f—pvl—ym—m P . There are a number
of processes Theprekéift ithenfib® RA4tad 10 protess fibr the Prepardtib® bi@ilaininess@d®e of whi ch
have been enployed industrially. Aniline is currently prepared industrially

by the cat al pelyemigs opthgskphenylaretipan seties{MIPAhin whish randline agidt h hydr ogen in
di abat i ] P 9, (Nov., 1979 .11, 136;
08 A3 036, O AERH g SRRSO oS i nitRpRhs adBbdpalt o "o o

Pd catal ysts. Processes of 20 secondary inportance are the reduction of

nitrobenzene with iron (Bechanp process, Wnnacker-Kuchler Chem sche
Technol ogi e, Adlithesid fonsildehgde aye importart intermpgthatehizrdratligriorydeoliiey cat al yzed

For ol ey e MRGSe 1Ay BOLPE b PR at hsed oA 3° SUBSBAnc 1ol 1y by
means _of S! i fAbAINAAbARBAY b RpHehAaRRARSalde fodesh@Buifip T, LS A

2,519,788) a e So-cC fornox process (GB-A-1 080 508). R 2007
-2 I'n the si polgaminet AVPZShnd moetbdemslipheaylhhisotyanste dath yir cogesmindthgni t h air  at
>600C on a silver catalyst to formformal dehyde and hydrogen. The hydrogen
is convert eBobysogyanates (YDD- Mstpdprrdinhenyhdiisatyanateasan {PAROBSur se of

the reactiof,Ghe b SQMASLE SAHMERRR, | Albrs hAYSTiNY: OF fSkedss RE AiCe ener gy.

The f or nmox
15  preparation of aniline and formalin, some of which have been employed

industrially. Aniline is currently prepared industrially by the catalytic gas phase
hydrogenation of nitrobenzene with hydrogen in an adiabatic procedure
(Hydrocarbon 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).



5 process conprises a two-stage oxidation of nethanol to formal dehyde and
wat er (oxidation-reduction cycle of the catalyst), which takes pgﬂﬁmﬁ
. lower tenperatures in the range 270-300C, as a rule using nolybd 0(%
catal ysts. An inevitable consequence afp using these processes is that the
products, aniline 10 and fornmal dehyde, have to be prepared and worked up

i ndependent | f ane other in se at e.plant,s. The.preparati f

ani line, es p@ﬁg!sﬂyerbgﬁz{]ﬂzee p!r?ﬁfﬁ%eis’rI?‘%Ii’fl?/oqé{)%%yﬂocggﬂ{}e%ggflt?éreaﬁtgtqagon@ _
processes, ag@fiatsiloBadatalyst ESfIrmSSrrhd18eiAe afd hydt¥ S0 TBB hgdrogere RSt - | nt ensi ve
reduci ng agent. 15 For the preparation of MDA by the acid-catalyzed

conver si on ofomyerte he wated withatmrasphetiy deygentin e sulisdspentchvarseadéisus t o prepare
the aniline and.fornal dehyde simnmultaneously.in on rocess .so t hat fewer

bl ant " sect | oReUPEOT Bl EHEam Geoet i B2 hdn1oehip BHBRSR TGRS COIOBANY ¢ her eby
be reduced. ?wc%gﬁoﬁﬂfrﬁes i Ev%[‘s,tta@@?xiﬁgt'idﬁ oﬂﬁetﬁ&rﬁﬂ"t&forﬁﬁﬁieﬁ?de@[ﬂd&bat@xoﬂ s and

the safety of the process, it would be 20 advantageous in the reduction of

ni t r obenzene (exadativintiedactioh cyble ofi yidr aatpdyst), siithftakes phaodrab fpeveat i on wer e
repl aced by a nore favorable and nore easily manageabl e hydrogen source

whi ch r el eas&mparaiessdn theirapge H9- WA ashaile wongiolhddenm-ironcafalysty o
product. 25 SUWMARY OF THE | NVENTI ON The present invention provides a
process for the preparation of diam nes and polyam nes of the

di phenyl met haigins@tdb&SconBediehedofanidg fRsepdcéeéss tide Mdarotiias, anfliee been
si mul t aneously produced are used as the starting materials and to a process

for the pPodasd famatdehyds, byeamiatheprepased andeverked upindependsaily pf past yami nes. 0 7
MAR 2007 3 DEE | LED DE CR%@II Ok TH .PQ&EEET INVENQﬁaE The present

i nvention reP3YEY PSR RERS T PIEREAY e MeorPStaly Brfhes and

pol yanmi nes Oﬁnéugﬁiaﬁ%'@ MdaEhROEnaE6H B8 cdsBesBddiflomal Blredlitds ASusesTe and

nmet hanol are converted to ani'line and formal dehyde in he presence of a

cat al yst, andydriogen & a ¢dseintensiveredumnng 4gental dehyde prepared in step a) are
converted to diam nes and pol yam nes of the diphenyl nethane series in the
presence of an acidic

15  For the preparation of MDA by the acid-catalyzed conversion of aniline and
formaldehyde, it would be advantageous to prepare the aniline and formaldehyde
simultaneously in one process so that fewer plant sections are required and
investment and operating costs caﬁ 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.



10 catalyst. In step a), nitrobenzene is reduced to aniline by a catalytic
transfer reduction and nethanol is sinultaneously oxidized to fordw:?lhﬂﬁtz%?le.
The preparation of aniline by the catalytic transfer reduction of

ni trobenzene with nethanol using a coppa’1 15 catal yst and a tenperature of
180 is descri bed by Rossi et al . (Gaz . 122 1992, 221-223).
Aniline is indicated ] , i on. However,
Rossi et al, discuss=the oJimmai 5t-tret dehyde, rrethyl
formte, CO ang %aznﬁﬁwxﬁoheem@g fmﬂpl@segqub 9fbpﬁﬁétloﬂro@diéﬁhﬁes aldt hough no
experi ment al proof of this is given. Rossi et al does not 20 consider the
possi bi lity tpebrmites of thendiplanylnestbaneisenieson witieh obenzene with met hanol  coul d
yield a m xture of reaction products containing aniline and fornal dehyde

whi ch coul d be used directly for the preparati on of MDA, Exanpl es of

sui tabl e gat g} yst sidtentdiR ahd AB61 48 ¢BIrRA tOhnilihé hAPRRERANMRKYAE Bt ep a) 25
i ncl ude inorganic catalysts that are insoluble in the reaction nmedi um
(het er ogeneous caitlxd prssempe of a sathlydt] and(thempgeneous) netal conpl exes or salts,
t hese catal ysts containing one or nore nmetals as catalytically active
corrponents in elenmental or bound form Exanples of suitable netals are Pd,

Pt, Rh, F d
| ant han0| ds %?It |?ieprg$er%l‘t§ilfg%agd%d ?ﬂfpa@dl gféPsa grg%ogr%dtwlgé%?y Ir, Ru,

Cu or Fe. 0 7 MAR aﬂ@@@lyamﬁle'fhétlfe&hpﬂdnylm@ﬁaﬂelséﬁéﬂlﬁnli@mselncb hf aehdidicol in
step a) |s pref erabl}/ carried out in the presence of auxiliary substances.
Exanpl es 18f * sui t alsr@IELXI | | ary substances are basic inorganic or organic
conpounds that are soluble or insoluble in the 5 reaction nmedium or

sol vents. Suitable bases are, e.g., hydroxides such as NaCOH, KOH or NH4AOH;

carbonat es sugbteps), NarsteBzde i4d6EEd tbYailRe B)avabORR! tfsfd éductsn MNaHCOB;
am nes such as triethylamne or aniline; or insoluble basic solids such as

hydrotalcite meﬂlmislsmmukg@eoma&\x oxidized i) formeldehyded ST I@emem@tmmﬂ aniline

si mul t aneousl base d cat carrie rr.ed bases are NaOH,
kG 10 nyaPdiir el e e ARt B ahetRnt Wb m b ThiiEE a 800, o
al cohol s,150r ganiyst A m&péﬁ‘tﬂre bf N8(°ri® described by Rossi et al. (Gaz. Chim. It., 122,

1992, 221-223). Aniline is indicated as a reaction product with a 58%

conversion. However, Rossi et al. discuss the theoretical possibility that
formaldehyde, methyl formate, CO and 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.



conpounds. Preferred solvents are the nethanol, nitrobenzene, water and
aniline participating in the reaction. 15 The aniline and :

f or mal dehyde-form ng reaction can generally be carried out in the UB%RQ}%%
and/or in the liquid phase. Suitable reagtion tenperatures are
conventionally in the range 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 i orfheagdttiofs ONfivbERieh®WithahétRenodin &6 apis prdferaplycamladsn and t he
auxi | iary substances may be used. Depending on the choice of reaction

condi tions, phe pliesince pf auxiaryg sebstanses, dixaAmmes ofsytiable guxitiarysybstarses

ni trobenzene, can.be achieved in the o egc%li en. lAﬁevvel'lsoﬁﬁ)éé 1het t ar get
products, aniTT A& ARAEAEE R PRI MRSEdy Hirkart saplest P | B3uct s are
inter alig fQqedbtion fddehim,@PsolveRts. SaftdNEBARES areBENhydiboRId¥EE®oh 44 NaOH,
fornylaniline, N-nethylaniline and various am nals and hal f-am nal s of

ani l i ne and KOHmaN&Gecarbbnates yynd asidRCOh ot K€ o, hydrageneaneorstassnelar y

conponents pr varies gccor.ding to the.catalyst d and..the reaction
ottt ons. ad Oy bigR gt e mine i, op rbpyb R o kg
formal dehyde, s hD&roBRGRN AR, o?@ﬁf?.nﬁ{%ﬁbm&ﬂ soﬁﬁé’cz{ﬁeoﬂtfaflﬂl?}d1 unr eact ed

ni t robenzene and nmet hanol and the auxiliary substances used can be
partially or sooulpnededly sesepay msednd capatystiverriee dtrefemed ases areNa@H, KOH,i onal | y
wor ked up _to the pure conpounds before being used to produce the 5 desired
am ne( s) 18 Wgﬁi‘éﬁfl ‘(rglylg@f t he di phenyl net hane series. However, it is not
necessary to separate themfromthe reaction m xture prior to production of
tthe am ne(s) or polyam ne(s) of the di phenyl methane series. In principle,
in addition Hxaniphs qiseitblaidlvshtoire Mater, sloohals) @rgunit anintoanmdbiddtryde obt ai ned
in step a) can also be put to other uses. Secondary conpounds that maybe

i sol ated, e. gomponggds. f@efgm,i slventyarg shey yrathane], aitropepzenec Wplce andanibagrer ~ uses.

Unreacted ni tpragpc%la n?nﬁlré%&rﬁpn.rre_t hanol are preferably recycled into the
step a) reaction. ernatrvely, it is possible for all or sone of the

reactionigroducts, aniline and formaldehyde, together with the unreacted

starting conmpounds, nitrobenzene and ) ) )
The aniline and formaldehyde-forming reaction can generally be carried out in the

gas phase and/or in the liquid phase. Suitable reaction temperatures are
conventionally in the range 20°C—v5 00°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.



15 net hanol, and optionally the auxiliary substances, to be left in the
reaction mxture and converted directly to MDA in step b). In stqf7§%8 @
the process of the present invention, the aniline and forml dehyde 2 ?ed
in step a) are converted further to MDAsoptionally after purification. 20
For this purpose an acidic catalyst is added to the m xture contai ni ng

ani | e and e 5 s AT 5B LISl g oo

or inorganic aci ¢ aci

phosphori ¢ agiay berBirhéd) @atdattol nfirodeh£tne ané Alet@noPdndaké gexiligyGubstaes t es. |t
is preferable to use hydrochloric acid. As a rule, after a m xi ng phase and
a prel i m nar ysedecaatbiedartiablyton sompletely aenarated Gipgdhe rpaetpremixtae aadd 100C,

preferably in the te rature,range from 30C .t 0.80C, e reaction mxture
e brought 1 APLPSY SRRl hh B oG pEmg poef BpoB8% heR Door 6.
EXCess pressyedredlahifie(s PRI h&(sPbf thO Afphbsyinrefiene RirRE e HRReveft id 00C t o
180C and parti Cfﬁ arlly (Ereferg%l?{yg(g? 100C$t oﬂ)y160C. gl'he reacti 0?1 m'lxture

subsequent | y nobnegessery tosepdrate thene fronathe yeacbon maxtupeeptionito prasductorbefstbe and t he
aqueous and organi.c phases gre separated in a separating.vessel,..The MA is
rosent | n-t Ao aRRdS orEe Shbentmtfar SR, D HRS 1 9355 ocess. F or
the prepar at kpiheQhrelkdRAFMBAS inifRE and)6! BHRYRUARRIBEiRLd ihhGesthRigNy! met hane
series, in V\h(?cﬁ%f{%f%é nitrober’érélne grrllcg met hano@agre sli mJl taeeous y

convert ed t oalnibeipnetoastber fses. NSdcdadargd eomponrte that emgrbeasaited, cgt@ pst, b) t he

ani |l ine and formal dehyde _prepared.in step a) are converted to diamnes 15
and pol ya¥hi nEOppreialse aypiiahiein proils forathsraises. Pnrpacterd wirehenzens andioraci di ¢
catal yst, an i a4l i : di phenyl net hane series
prepared in g‘}ﬁfﬁeaﬁltoE?re%lrr%{g}ggﬁirg?}@@%&%ﬁsgg%2/%%% gehg and pol yi socyanat es of
t he 20 di phenyl net hane series by phosgenation. For this purpose, the MDA
prepared in step b) is reacted with phosgene by the L

Alternatively, it is possible for all or some of the reaction products, aniline and

formaldehyde, together with the unreacted starting compounds, nitrobenzene and

15  methanol, and optionally the auxiliary substances, to be left in the reaction mixture

and converted directly to MDA in step b).

In step b) of the process of the présent 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



known nethods, in an inert organic solvent, to give the corresponding

i socyanates. The nolar ratio of crude MDA fromstep b) to phosgene.
useful ly proportioned 25 so that the reaction mxture contains 1t 7f@Rg%V,
preferably 1.3 to 4 nol, of phosgene peg_nol of NH2 groups. The follow ng
chl orinated aromati c hydrocarbons have proven to be suitable as inert

sol vents: nonochl orobenzene, dichl orobenzen trichl orghenzenes, the
correspondi n ; , d&eﬂ’FFfF‘BEerz‘gﬁ@p €'

di nG*¢5SF PEHRECdAG tRpPEARES ol HY Cnpod
Monochl or obe ' i reso®f these 30 chl orobenzenes
are used in g§§??%ﬁfgﬁngg&ﬁgggiﬁgﬁﬁgﬁ}Q&ﬁ% Vgﬁtgl The amount of 0 7 MAR 2007
-7 solvent is generally proportioned so that the reaction m xture has an

i socyanate content of 2 to 40 w.% preferably of between 5 and 20 wt. %
based on t he Thetedctionaiigre sbseqventleakiaingd inthen preferably aguirdizegNd8enat i on

her oo iy BEeCRPErafroR BR] CientiCBniaEhle Shat 7 B pellei i n

t her eof n%y pe separ a m Xt Ion.

Havi ng thus deparisifesehbi tho¥ahicPhasd. he fol | owi ng exanpl es are given as
being illustrative thereof. 10 EXAMPLES Exanpl es of the sinultaneous

preparation of aniline and formal dehyde from nitrobenzene and net hanol by
transfer hyd enat i.on anpl.es 1-20: Var.iation of .the.catalyst under

constant 1 oad PR AT EeLa p 6.4 P56 GorILe BERRENTR T a1 esul (s
and rel evant ngggﬁlgygﬁge'g o (ﬁg](ll:gerﬁhﬁghm sLabd &, dhichProcedure: 20 2.402 g (20

mol ) of nitrobenzene were pl in a round-bottomflask and 0.281 g (5
nol ) of 1&OH di ssolved in 15.8 g of nethanol and 0.6 g of naphthal ene

(i nternal stapdard) re added. catal yst. was added, with ghetjc
stirring, in 3n a n%%ﬁ@@ém@lwgarpélmulzﬁnﬁﬁﬁ?y eAmvseed {nanineand n the

particul ar 25 cat d d; ! g@&,prought to reflux conditions in
an oil bath (T = q%%‘gl,a%at hn %gﬁ%ﬁeif?ﬂ ri ric'gi, and a sanple was taken after
a certain reaction time
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, preferably 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



and filtered. One part of the filtrate was anal yzed for aniline and

ni trobenzene content by gas chronmat ography (internal standard:

napht hal ene). Another part of the filtrate was reacted with so-ceﬁ?&h@gh
reagent (T. Nash, Biochem J., 55, 0 7 _MAR 2007 -8 416, 1953). This enabl ed
f ormal dehyde present to be anal yzed photonetrically (wavelength: 408 rinm.

Exanpl es 21-2§: Variation of insol.ubl I\/gOsoI.id base hcat al.yst carrier - 5
hi gh tenper af yentiheensighlypropartigned se dhatd e%?ﬁ‘&@%@@%%‘?_t P AL Lr° are
collated in tahés o%ztg’me%ﬁ?)@!;ﬁeéﬁpably et Fednld afld R M.%,gimﬁe%ompre pl aced

in a stainless steel vessel wt magnetic stir bar and 3,2 g of nethanol
wer e added. Weight af the yedction snizfidee dWihan dre phasgamation bay @sled tte axces® 0, 2 Mol

of Pal | adi um supported on MJO as.insoluble solid bas 5 w%pPd opn \yoO .
The vessel wABOSEFRsERP THAH OFERICCREHeR Aiapix tyngs gwr%% By Do S Femibe nde)

magnetic sti ] r latd, the catalyst was filtered off and one
part of tie Felraw(%a??{t{lv%sbygﬁ%} fgexc]i by HPLC- chr omat ography. Anot her part of

the filtrate was reacted with Nash reagent and anal ysed photonetrically (see
above). 20 0.7 MAR 2007 -9 wvlvli d NOO O OMNOOOD MNMQTr V
NN Ob d Bapngtioysdesenped themyenteymthe fgllgwingexgmplssiregivenagheing ¢) <71 1

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,



>
o

0

=

oho O N

0 OO0O0O00 u .--ti 0OOb'0OC b MOOt~-~ MOOMN
O e M 0 h V 4i

O

L - 0 7

N M
O\ ~b 4i kl~~ W O-0d A N O -4i M
C6 k r d - VvV J7 - o0 a0 00 00 00 - 00 O.UJI\M)%’W'V
45 4 ONO O0M-3I NuvuvO Yrr G- ¢4 , G
6d'"cn6UUUO N4 U w

416, 1953). This enabled formaldehyde present to be analyzed photometrically

0oV
V
6

<ooz
100g
o

o~z
o<

O
O
q
5

cz0
o00Q

0o f
VvV m
9 u

(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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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
[wt.%] [wt.%] [wt.%]
4.19 8.91 0.08
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- To prepare the aniline/formalin reaction mxture, 2.402 g (10 mmlq
nitrobenzene were placed in a screwthrgaded V4A steel vessel and 0.14 g 5
(0.25 mol ) of KOH dissolved in 8 g (250 mml ) of nethanol was added. 0.2 g

of a Pd/acti Ar |- cat al 10 wt. % of P i ch S ded, with
mmgnet oot i fepleck $AC AR Tund Aheitnmifire sftar AP RSlenfonddRE b, "

tenperature of 180@ercdt biReeifRasitloBEn20ASnSIRRRER’kdpfter 3 h, the catal yst
was filtered off and the mxture was analyzed by HPLC (Table 3) and Nash

reacti on/ photonetry (result: 0.15 wt.% of formal dehyde). One part (7 g) of
. p .

t he reacti op—ﬁa?efﬂwc,, et AR08 29— e {3 el —ef—anttinreqand—-6-6106 ¢
(0.35 mol) 6P1°1F18r rfiaf‘dehyﬁgfo a2t i bNomethyh; &8t o ﬁov%l defiytBe W F =
8.9), was thav-%el ouMBRA t pPMPAenpe

MDA e| apiling C i pspeerss | SBEMYE HoPEPIRS T | ask

fitted with a magnemtéoelt wt%t, anovtide] | fedous| bdl%l i on) was [added ih the

anount necesyasy flog.sp degoge of |pr.odonapipen of [1G05% (baswd on 0.0l of

ani l'i ne Usedﬁégx&'é%ﬁgﬁ‘go Hida' AP ANGrecie Jee.géﬁtiﬁgsﬂpc?égwr@a&ﬁ%p?gﬁﬂc'i gf Tor 30
£

mn at 45¢ an t sl o o 1. f tenperature (approx. 105C)
and sti rged fo%lﬁﬁlg q§t+ N eeﬁféaer% ufe. When the reaction had ended, a

sanpl e was 20 taken fromthe rearrangenent m xture for HPLC anal ysis. The
anal ytical rédthongh thginveahenhasibsenrdgstbed n dgtayl én the forsaping fortheipyposene
reaction m xt r..r i f Bl ] | term ned
by bPLC ( dat S sl b Blrloof bl QREAEANTS MO for ke d3fHRGe ofE OF T T

m xt ure) that variations can be made therein by those skilled in the art without departing from

(

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



Aniline Nitrobenzene N-nethylaniline [wt.% [w.% [w.% 4.19 8.91 0.08 O
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- condensation (data in percent by weight, nitrobenzene not eval uat &) R
Aniline 4,4'- Nfornmyl- 2,4 - Nnmethyl-13-ring 4-ring >4-ring [wt% MDA MDA
MDA ani |l i ne speci es* species* species* [w.% [WM.%9 [w %4 [w.% [w.AY
3.75 0.51 0. %HOA’IJ'?S %LOQI\QE 4ISO 00 0.13 * nore highly condensed MDA species
(e.qg. 3-r|ng-s-p'Etres—-rE'at'&—o'n— product of 5 3 aniline units + 2

f ormal dehyde units) Although the inveniioqon has been described in detail in
the foregoind for ‘%H@Cﬁﬁrfgg@épr‘lﬁmp?qﬁ}sﬂg‘éﬂ‘%?n T RO at“Bn%BFunder st ood t hat
such detail is sol ‘pase and that variations can be nade
therein by those g%}?éflg@{%ﬂtﬁﬁ?tﬁgﬁ %1'?9 i thout departing from 10 the spirit and
scope of fhe inveni on esactpg nirsbernzenmyndmethanolite dorayariihire andai ns. 0 7 MAR
2007 -14 WHAT IS CLAIMED 1'S; 1. A process fqr the production of a diam ne
and/ or pol yani ne of di MCMWM&E@WPgﬁ@?mQS‘aP eacting nitrobenzene
and nmethanol to formaniline and formaldehyde in the presence of a

catal yst, and b) converting the aniline and fornal dehyde prepared in step a)
to a diamne or plyancaeesting the asilind eny foreiaiRhgdesgrepeed instéhs) 3@ presence
of an acidic catalyst. 2. The process of Cdaim1 in which the catal yst used
in step a) conprises onéiamynpe aippayareing ptthealiphenglingthanaspdes ipthe Rh, 1r, Ru,

Fe, Co, N, Cu, A, My, _Zr. Zn.  V,..Cr W Pb and | ant hanoi ds, as a
catal yti glgl ly active 15%%?‘&)0&?2?1{1 a?lﬂlceqag‘lrﬁ% ital or bound form

{ 2. The process of Claim 1 in which the catalyst used in step a) comprises one
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 Caim1l1l in which step a) is carried out in the presence of
a base. 20 4. The process of Caim1l1 in which the aniline and/or MAR 2007

- formal dehyde is partially renoved fromthe aniline and formnal dehyQié
prepared in step a). 5. The process of1€.aim1 in which formc acid and/or
CO and/ or CO2 and/or carbonates and/or nethyl formate and/or N-fornylaniline

and/or N 25 t hyl,ani i = > . i,al separ at ed
fromthe anﬂai neAgﬁgké%?@ggﬁoﬁgﬁ%?%%@é g%la%tiggjog%ogg%g#%ﬁ?a%yi ng out
step b). 6. The diphesgmetfanClcamptidingn whi ch hydrochloric acid is used as
the acidic catalyst in step b). 0 7 MAR 2007 -15 7. A process for the
production of a dRl socyeasting nifebeerengand medepakiaderms anilige ghkny| met hane
conprising: a) reacti ng}o&atlée%glﬁgéle@gpgﬁrgg%%%tfg%%%iyé{ o formaniline and

formal dehyde in the presence st,” dnverting the aniline and
f or mal dehyde prepayed icbnsdrERs Ak ahling and ifGianRhddsipreparb@ iy aep Beoaf t he
di phenyl net hane series in the presence of an acidic catalyst, and c)
phosgenat i ng the di ani déanipgaed/oppolyamingef dfe dipkenylhgthaneysenes indhe seri es
prepared in step b) to_produce. a 10.diisocyanate and/or polyi socyanate of
the di phenyl met hane se_rpFeesgr.lce‘g.an&C (’o%aé%ﬁ’f%’? the production of a dianine
and/ or pol yanm ne gf d'pﬁbﬁéﬁﬁlﬁfgtthéﬂ&min&&W6ﬂJﬁ1Mniﬁé of b reacting
ni trobenzene and nethanol to formaniline an 15 formal dehyde in the
presence of a cat al yst diphedylb)etlzmn emdsipnepardieinatepl ) ie peadicé ar nal dehyde
produced . in step a) to a diamne and/or polyam.pe of diphenyl nethane in the
presencel®df an aci di c SUSRYARALE gmy@rlgglylwfgrab%ggt@@ dﬂ?heéyﬁ?eﬁli‘ CiSFI%¥hi ch t he
catal yst used in step a) is selected fromthe group consisting of Pd, Pt,
Rh, 1r, Ru, Fe, Co, N, Cu, A, M, Zr,

8. A process for the production of a diamine and/or polyamine of

diphenylmethane comprising of:

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.



Zn, V, C, M, W Pb, lanthanoid netals in elenental or conpound form 10.
The process of Cdaim8 in which step a) is carried out in the pres[ﬁ]%ﬁR?@p a
- 25 base. 11. The process of Claim8 in which step b) is carried out’i g
presence of a catalyst. 0 7 MAR 2007 .3g.12. The process of Claim8 in
which step b) is carried out in the presence of hydrochloric acid catal yst.

13. A process,for the prod iono,of a.dilsaocyanat. | vi sogyanat e of
5 di phenyl ne'?%‘ane thlzlg lo%legsl ufgélﬁ%éé%ﬂvgl% nsée qﬁels 8%3%%@%%%@%?%@%% of

di phenl ynet hane phogdiscEdribYicidkRatapisocess of Caim8. 14. A process for the
production of a diam ne and/or polyam ne of diphenyl nethane consisting of:

10 a) reacting nitrobenzene and nethanol to formaniline and fornal dehyde

7 B S5 252 O BBk Al SEEEH A BT L e

produced in ne o ane in the
presence 9f an agighefylgRifng $bmpdiSing phospefatRigAhe dRantthe 61 pdlamiheiof Whi ch the
catal yst used in step a) is selected fromthe group consisting of Pd, Pt

Rh, Ir, Ru, Fe, Cdjphehlyn@thanaproduged By the progessof CaimBb, W Pb, and

| at hanoids in the formof netals 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 Cial M Kipjeithclie BYSHRGM BF G chrisrdfinaie bhe aci di c

catalyst in step b). 25 . A'process for the production of a diisocyanate
or polyi socyanat e dighenglinzitteany lcomdistangeofconpri si ng phosgenati ng the di am ne
and/or polyamne  of DRy nirobaastae and metanol o fofls ahilng and O O &M 14
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, Co, 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.



