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Field of Invention 5 This invention relates to a nethod for the preparation
of polymeric carbamates by oxidative carbonyl ation of polynmeric am no
conpound®o tit7e7iparti cul arly, it rel atles to an industri alHCE/ég#V/A410Rgeous

met hod of producing oolyneglc NDU (et hyl ene di phenyl  diurethane) in high
selectivity by & ML Es af Y Eé%iﬁﬂh_giﬁﬁéiﬁgﬁﬂééﬁﬁgbides a non-
phosgene net hod for the preparatlon of polymeric carbamates. 10 Background
of the Invention Conventionally, aromatic diisocyanates are prepared by
phosgendtieldofdhvearttion corr espondi ng di ami no conpounds. The use of phosgene
results in the generation of 15 hydrochloric acid as a side product, which
is the cause of severe corrosion. Considering the environnmental hazard and
corrasi on pr otiieirsentiont lektd3no agaaAdd 5t thopieParatibn bS pblypRFit aktrbiratedigy el op a
route w thout using phosgene. MDI is an inportant starting material for the
pr oduct i Bilagie 661)9wlé‘191‘a?fd%0130m?%3f8‘r“€ cogipariyfs- yore padiclrelysit relaies 19 @ al
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( IVDI ). \awretase)rehighdsletayity biea giregiantongatiof mathiog! Tiandowe prvides ag@anbamat es

carb latio f rrespondin m na co ds with carbon nonoxi de and
oxygen 3‘§¥5$ e@’rgﬁ%f% {P PREPEUCR ?8? g}egclgg@g %én reported (US-A
5,50@, 241; 5, 194,660; 25 4,694,097 and 4, 242, 520; EP-A 83096). Asahi
Chem cal s have proposed a process for the preparatlon of 4,4'-MDU (US-A
4, 552, 9Backgromg of the Inventigng13: GB- A 2054584; JP- A 12357/81) by
condensati on of et hyl N-phenyl carbamate with formal dehyde in the presence

of acids, such as mneral
Conventionally, aromatic diisocyanates are prepared by phosgenation of the

corresponding diamino compounds. The use of phosgene results in the generation of

15 hydrochloric acid as a side product, which is the cause of severe corrosion. Considering the
environmental hazard and corrosion problems in the phosgenation route, it is important to
develop a route without using phosgene.

MDI is an important starting material for the production of polyurethanes which are
useful as elastomers, artificial leather, coatings, spandex fibers etc. Diphenyl methane

20  dicarbamates are useful precursors for the preparation of diphenylmethane diisocyanates
(MDI).

Various methods for the preparation of alkyl and aromatic carbamates by
carbonylation of corresponding amino compounds with carbon monoxide and oxygen
using Group VIII metal catalysts have been reported (US-A 5,502,241; 5,194,660;

25 4,694,097 and 4,242,520; EP-A 83096).

Asahi Chemicals have proposed a process for the preparation of 4,4-MDU (US-A
4,552,974; 4,230,877; 4,319,018; GB-A 2054584; JP-A 12357/81) by condensation of
ethyl N-phenyl carbamate with formaldehyde in the presence of acids, such as mineral
acids or organic sulfonic acids. This requires relatively severe reaction conditions.

30 Recently, Valli and Alper have published a work on oxidative carbonylation of
various aliphatic diamines to aliphatic diurethanes using Pd-clay/Nal catalyst system

(Organomett. 14, 81 (1995)).



acids or organic sulfonic acids. This requires relatively severe reaction
conditions. 30 Recently, Valli and Al per have published a work on oxidative
carbonyl ation of various aliphatic diamnes to aliphatic diurethanes using
Pd- cl aymab1/emtil yst system (Organonett. 14, 81 (1995)) .POMUSMA4M0371 2
PCT/ USOQ 34103 = Oxi dative carbonylation of aniline to the corresponding
aromati c ur etPEAEIEaSTRINYERR) HethliRg K| B eePTicaPQing promaticairedare (12994)
25, . 30kreaffccHURNSLA iORA A LERG PIJoRS A1 dpagarent s report catal yiic
conversion of polynmeric am 1o conpounds’'to el r correspondi ng car bamat e
derivatives Hoveevckr.gmne afithe fyioenidoonments atdoyt dexygncoroetséon dihpol pmesent
invention.is concerned vm#h the use of a catal t(%c. route for tre

conver siOH"®f CUPRHIET ¢ dPSG R WS RO BuE afTB“%o VAP KRR ed GIA" o1 at i ve
car banyleabirefmerduChbanigiotie. woul d el iminate the use of toxic phosgene and
associ ated corrosion problens |eading to an environnmental |y benign
process. 10 %W%f‘“t’%‘opn‘\?e?ﬂﬁcﬁﬁeg heithyrteg arse 9fng esitalyic retaties the a

clean calalatlibh Bf OGRRuk OS] niBd Cool5aiRARRLE dariokahlives 1 a
singl e step, erein an ar ONEti c pol yam ne reacts’w th carbon  1b Aonoxi de,
oxygen antbonyltioxy$Suatontraitaiwgnld reganinae cloarpsundsoiia phhegepe emd nseocddted

transiti an nmet al ?atallﬁ t and a hal ogenhdg an iodide pronoter. Usually, the
react i orf OGS OB RFOTARS I5AF M P 4 F1VHGMRCHARYL BeHgn BYCESS- 300C and pressures of

10 bar to 100 bar. The catal yst conpositions described herein conprise a
Goup VIII nmetal (e.g. palladium platinum nickel, rhodium ruthenium or
cobal t) Simmappabihednyeidiosof . or a | ant hani de netal, 20 particularly
cerium They are used in conbination with a hal ogenide, e.g. an i odide,
source as pronoter, as illustrated by various al kali netal iodides. Any
ar omat i cI''pobyeagritnenvasyonbeclempltoyadcléan thelypr eprentssi foreptodoang speeintiical | y

carbamate derivatives in a single step, wherein an aromatic polyamine reacts with carbon

15 monoxide, oxygen and hydroxyl containing organic compounds in the presence of a
transition metal catalyst and a halogenide an iodide promoter. Usually, the reaction is
carried out in a liquid phase at 60 to 300°C and pressures of 10 bar to 100 bar. The catalyst
compositions described herein comprise a Group VIII metal (e.g. palladium, platinum,
nickel, rhodium, ruthenium or cobalt) or a complex thereof, or a lanthanide metal,

20  particularly cerium. They are used in combination with a halogenide, e.g. an iodide, source
as promoter, as illustrated by various alkali metal iodides.

Any aromatic polyamine may be employed in the present invention, specifically
polymeric DADPM (DiAmino DiPhenyl Methane). Other essential reagents in the method
of this invention are an oxidising agent, such as oxygen, and carbon monoxide, which react

25  with the polymeric amine and hydroxy compound to form the desired polymeric
carbamate.

The end product formed in the present invention is the compound represented by

formulal:



pol ynmeri c DADPM (Di Ami no Di Phenyl Methane). Other essential reagents in the
method of this invention are an oxidising agent, such as oxygen, and
car bon nonoxi de, which react 25 with the polyneric am ne and hydr oxy

conmpoundyb@1/firin t he desired polynerig carbamate. The engl-pQsiaiesf or med
in the present invention is the conpound represented by fornula | : WO

01/ 47871 3 PCTIUSOQ 34103 RCUCHN NHCOO ; E CH z NHCOOR Cffz ~ ~ (1)
Wherein nd§oeqpater than 0, suitably 1- 20 preferably 1-10; R is an al kyl
group 5 having 5—~car bon aff o= pT@HQidu y 1-6 carbon atons, aromatic

groups or an alicy
carbon atons. Prefgrr#d exanp| ed

@C@ﬁ§rably 5-10

R groups et hyl , ethyl, propyl (n-
or iso-), butyl (n- or iso-),| pentyl VY i soners), hexyl (n-
and various isoners), alicyclic groups such S opentyl and cycl ohexyl
and aromatic groups such as phenyl, or hal ogenated phenyl. 10
Representative exanples of the conpound in the fornmula | inclgdes polyneric
di et hyl di phenyl met hane di car banmat es, di ethyl di phenyl nmet hane

di car bamat es, di propyl di phenyl net hane di carbanat es. Suitabl e hydroxyl
conpounds include aliphatic or aromatic, cyclic or alicyclic 15 alcohols
such as, for_exanple, nethanol, ethanol, n-propanol, isopropanol, pentanol,
hexanol , 3, 3WaFTeEt RyiF cpeaktthaol, suitabho hRobrefeablyd]-ABt Ryis- ane@lh»lngﬂoam ne,
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2- met hoggup hpriog Al carBeormabmexyre®rably 5-10 carbon atoms. Preferred examples of R

groups are methyl, ethyl, propyl (n- or iso-), butyl (n- or iso-), pentyl (n- and various
isomers), hexyl (n- and various isomers), alicyclic groups such as cyclopentyl and
cyclohexyl and aromatic groups such as phenyl, or halogenated phenyl.
10
Representative examples of the compound in the formula I includes polymeric
dimethyl diphenylmethane dicarbamates, diethyl diphenylmethane dicarbamates, dipropyl
diphenylmethane dicarbamates.
Suitable hydroxyl compounds include aliphatic or aromatic, cyclic or alicyclic
15  alcohols such as, for example, methanol, ethanol, n-propanol, isopropanol, pentanol,
hexanol, 3,3-dimethyl-2-butanol, 2-propanol, N,N-dimethyl- ethanolamine, I-methoxy-2-
propanol,  2-methoxyethanol, l-ethoxycyclo-propanol, 2-isopropoxyethanol, 1,3-
dimethoxy-2-propanol, 1,1-dimethoxy- ethanol, 2-methoxy-I-propanol, 2-methoxy-3-
propanol, dimethyloxime, 1,3-dimethoxy-2-propanol , benzyl alcohol, phenol,
20  hydroxylamines, halogenated alcohols such as hexafluoroisopropanol or trifluoroethanol,
halogenated phenols such as ortho-chlorophenol, para-chlorophenol, ortho-fluorophenol,
para-fluorophenol and the like.
An essential constituent of the catalyst composition employed according to the
invention is one of the Group VIII-B metals, preferably palladium, or a compound thereof.
25 Thus, palladium black or elemental palladium deposited on zeolite, carbon and oxide
supports such as alumina, silica are suitable, as well as palladium compounds such as

halides, and complexes with such compounds as carbon monoxide, amines, phosphines and



propanol , dimethyl oxi me, 1, 3-di nmet hoxy-2-propanol , benzyl al cohol, phenol,
20 hydr oxyl am nes, hal ogenat ed al cohol s such as hexafl uoroi sopropanol or
trifluoroethanol, halogenated phenols such as ortho-chl orophenol ,

par a- chtworgaahgmol , ortho-fl uorophenolt, para-fl uorophenobPcamugowinod i ke. An
essential constituent of the catal yst conposition enployed according to the
i nvent ioéﬂﬁmﬁsTb@]@@fyt{ch’@a@lé'ub‘SQ/ICPPmBlsn%tth%?mB? SPBICab PETFably a1 indideor a
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deposited on ze e, carbon and oxi de supports such as alumna, silica are
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% PeT) GROAST0n e dRe Do Ra Ghp oD Mt OGRS g B e

hal ggenii@ds QUf @eburidy E5RERRI YesafhanOdivsle/v gRYmeeafféd: theabordpht@bkald met al
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cont ont SR By Cafbon M AR s A G AR M BB Alead TdBHE s rom
i ndust raimaho \gr@wppof fite, polymery doenadvepbagkodsmom pséresdr doountorosdirblen Wi t h
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at | eadPORPXHISIE BB IR0 BOIG} BT STHEC £198P ShINGROIRTEATRES CQRBAUKY. A nore
preperred anmeivkidiing agdae Osed TR RiXproieesk St fHeQivehtibd B0 mIre sx peh, ABRNO group
of the polymeric am ne conpound. 10 The oxi di sing agent used In t he process

of t he PRGBS OFYSERYUHEASHIF &7 YKYGAHC NHIQEIMPABR Ui NPHGUISEhgesi- Sxyescmas air
or an qf i C:.ni 0 ] e t.h [0 ver,j s

or of or P2V pis bRl OTRO SR affo THHC e EhE Dot ¥ o TREELT an
oxygen oxggiracetagingasss, whickhadgdaintil pnahthins colmdranansinarfeeng rgasesi nt@r fier i ng
gases, such as arlgonb nﬂtrg en or carbon dioxide. 15 The organi c hydroxyl
conpourBBOMWRTTORST B TEPBHECHF t he reactants, can also function as a

solgent. HovmesrgaMb e RirfEL assiodnd, OWhRE ®@hY edHeSof WY @éhcth@tsn@hin afifect the
function as a solvent. However, where necessary, other solvents, which do not affect the
reaction adversely (i.e. inert solvents), may also be used. Exemplary of such solvents are
aromatic hydrocarbons such as benzene, toluene, xylene, monochlorobenzene, ortho-
dichlorobenzene, and nitriles such as acetonitrile and benzonitrile, ethers such as
20 tetrahydrofuran and 2-dioxan, ketones such as acetone and methyl ethyl ketone, amides
such as N,N’ dimethyl formamide and N,N’ dimethyl acetamide and esters such as ethyl
acetate and ethyl benzoate.
The component of the catalyst which acts as a precursor can comprise a soluble
compound of a transition metal (Group VIII-B) supported an a suitable carrier. Of the
25  transition metals, palladium is especially preferred. Specific examples of the catalyst
precursors include Palladium black, supported palladium catalysts such as Pd/C, Pd/Al,Os3,
Pd/ZSMS5, Pd/CaCOs; and the like. Pd black, which has been prepared by various reducing
agents, such as hydrazine hydrate, sodium formate, formaldehyde, sodium borohydride,
LiAlH,4, and H», can be used.
30 Soluble Pd compounds that can be used are : PdCl,, PdBr;, Pd(NOs),, Pd(OAc),,
Pd oxalate, [PA(NH;3)4]X,, PdL,X, Pd(CO)X, wherein X is Cl, Br or I, and L is triphenyl

phosphine, pyridine, isoquinoline, tributyl phosphine, benzonitrile and the like.



reaction adversely (i.e. inert solvents), may al so be used. Exenplary of
such solvents are aromatic hydrocarbons such as benzene, toluene, xylene,
nonochl or obenzene, ortho- dichl orobenzene, and nitriles such as

acet oni twobesmnd benzonitrile, ethersisuch as 20 tetrahydr@f/use@rs4ed

2- di oxan, ketones such as acetone and net hyl ethyl ketqgne, am des.  such as
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In giving effect to the reaction of the present invention, it has been found
convenient to employ 1 mole of catalyst per 5-8000 moles of amine functionality. More
preferred range comprises 1 mole of catalyst per 100-500 moles of amine functionality.
The ratio of iodide promoter to metal is in the range of about 0.1 to 50, and more
20  preferably between 0.5 to 15.
The amount of organic hydroxyl compound employed is at least 1 mole per amine
group of polymeric amine compound. However, it is more preferable to use 3-100 moles of
the hydroxyl group per amino group of polymeric amine compound.
The invention will now be described in detail in the following examples, which

25  should not however be considered to limit the scope of the inventive process.
The invention is illustrated by the following examples
30 Examplel

Polymeric methylene diphenyl urethane was prepared by charging the following

components into a 50 ml high-pressure stirred autoclave.



10 derivatives. The carbonylation is carried out under a CO parti al
pressure of about 5-6000 psig, nore preferably between 100- 1500 psig. The
partial pressure of 0, is enployed between 5-1000 prig, nore preferably
bet ween Ww0-03@@87psi g. The ratio of CO tho 0-) used in thi sPETHSHER103S an
inportant factor and activity and selectivity of the catalyst was found to
be drasthobdnirr RAPEM ed if 9€COto 0, ratio was varied. The ratio of CO
to 02 irpdt_fg%M_géo%gactor capdegin the range of 1:1 to 50:1, preferably in
the range of 5:1 t0 20:1. In giving effect to the reaction of the present

i nvent i divdium iddade én f ound.0anveni ent to enploy 1 nole of catalyst per
5- 8000 npl.es of ihe functignality. More preferred range conprises 1 nole
of cat alwgtexf)egf‘ Oﬁ%}jy fp%r?gl ezéb nélf am ne functionality. The ratio of iodide
prongter to netal is in the range of about 0.1 to 50, and nore 20
preferably between 0.5 to 15, The amount of organic hydroxyl conpound

enpl oyed is athel aueglave way eeardy TIAPReAWIGH BHip c8fPBIRIMRT e PEFSHEeE ofiPbund.
However ,74i4t psi S o BArBo® hRhB AP laRd 158 p4sLoBoiien MRS L a tdi81 Pyeiupxyt 8@ oup
per am no dgroup of polyneric am ne conpound. The invention wll now be
descri bauig at rdehaemhpératutca ht a¢dcovm mgs exrainploasat MAPE H100R5ssdidart tvonfmurhowever
be considered to limt the. scaope of the 'p]venti.ve rocess. The invention is
11 st r A0 SR SIS0 TGS RS ABPEE™ o MERATHPE 1A PRTRES B FRSPHEne

di phenylhdbRkHRDArNR N IRP4ses wRYe fPAKEINE tha X PridbMehrb&PRRANERE $o | NtO a
50 m high-pressure stirred autoclave. WO 01/47871 6 PCT/USOQ 34103

pol yner i &XyBADPEMIgeBary. PierShr-shegoactay vos-cogisdianadissaraed. (Tuglnug mogBan  and

EXcess O\I/ase?im{xleda%rfi&hme' ir%glume Thaterial. The solvent ethyl alcohol was evaporated
completely under vacuum. A sticky solid product, weighing about 1.09 g was thus
obtained. The product was analysed by IR, 'H and '*C NMR and proved to be more than

15  95% pure which results in an estimated yield of 75-80%.

Example 2

The procedure of example 1 was repeated except that the reactor used was 300 ml

20 instead of 50 ml. The following components were charged to the reactor :

polymeric DADPM 64¢
Pd-ZSM-5(10%) 0.64 ¢
Sodium iodide (Nal) 0.064 ¢

25  and excess of ethyl alcohol.

The yield obtained of the sticky solid product was about 10.6 g. Estimated yield of
carbamate based on weight and >C NMR analysis is 75-80%. About 20% of unreacted
aromatic amine functions were observed.

30



The autocl ave was seal ed, flushed twice wth carbon nonoxi de, pressurised
with 744 prig of carbon nonoxi de and 56 psig of oxygen resulting in a
total pressure of 800 psig at roomtenperature. The reaction was carried
out at ¥eO@A47BID0 psig) for two hours? with constant vi gor@UES®B#IBI ng. The
progress of the reaction was nonitored by recording 10 the pressure drop,
and t heE§a®8Y dere repressurised in a 2:1 ratio of carbon nonoxide to
oxygen as necessary. After 2 hr., the reactor was cool ed and di scharged.
The liquid portion was filtered fromthe insoluble material. The sol vent

et hyl al cohoThamsocedunpmf &xauipleclowps eapehigd gnckpt thachrieatalpstst % AdyZSMI-fod
product, wei ghi ng.about thus obt ai ned. The product was anal ysed
by TR e SR AR e o B g TS e BRER esedO8 Dure why ch results
in ap epbiymriiedADEMI of 75080 Exanple 2 The procedure of exanple 1 was
repeated except that the reactor used was 300 ml 20 instead of 50 ml. The
fol | ow R&‘Wh@hts wer e cﬂé)lg@ed to the reactor : polyneric DADPM 6.4 ¢
Pd- ZSM 56405 ioBide4nkr)- Sodi gmpgedi de (Nal) 0.064 g 25 and excess of ethyl
al cohol . The yield obtained of the sticky solid product was about 10.6 g.
Est i mat eud gxashyofaithyl @loobhelmat e based on wei ght and 13C NMWR anal ysis is

75-80% About, 20%.0f, unr.eact mati c .ne functio we observed. 30
00 017 47891 A SRl HGRG ey A AR sl IR GHAGL OB Bl BRGEES

r epaat edvheotcepéd dhEC NMR sraval e plite Rabdmive % was enpl oyed instead of 10%
Pd- ZSM % The conponents charged were : 5 polyneric DADPM 0.8 g

Example 4

The procedure of example 1 was repeated except that the catalyst Pd metal was

15 employed instead of 10%Pd-ZSM-5. The components charged were :

polymeric DADPM 08¢g
Pd-metal 0.004 g
Sodium iodide (Nal) 0.008 g

20  and excess of ethyl alcohol.

An insoluble residue of about 0.44g was obtained together with a soluble fraction

which based on '>C NMR proved to contain carbamate.
25  Example 5

The procedure of example 1 was repeated except that the catalyst Pd acetate was

employed instead of 10%Pd-ZSM-5. The components charged were :

30 polymeric DADPM 08¢g
Pd(OAc), 0.008 g
Sodium iodide (Nal) 0.008 g

and excess of ethyl alcohol.



Pd-ZSM5(1% 0.08 g Sodiumiodide (Nal) 0.008 g and excess of ethyl

al cohol . An insoluble residue of about 0.44g was obtai ned together with a
soluble fraction 10 which based on 13C NVWR proved to be pure carbanate.
Exanpl ewb diMgspr ocedure of exanple 1 $ias repeated except HdTATSOOAL0Zat al yst
Pd netal was 15 enpl oyed instead of 10%°d-ZSM 5. The conponents charged
were : polynmeric DADPM 0.8 g Pd-netal 0.004 g Sodiumiodide (Nal) 0.008 g

20 and exces 4 ' 0, was
obtai ned t ogzé{l ﬁirésro%!ivléT %/kesgdu(ségﬁ%P%@?é‘%?%gwa%?gﬁé%ﬁeﬁi%%%@% gl|c1)r oved
t 0 cont ahithdasdlamet€ NMR fExanipb eomaifiterpracedur e of exanpl e 1 was repeat ed
except that the catalyst Pd acetate was enployed instead of 10%’d- ZSM 5.
The conponents charged were : 30 polyneric DADPM 0.8 g Pd(QOAc)2 0.008 g
Sodi sm i odide (Nal) 0.008- and excess of ethyl alcohol. WO 01/47871 8

PCT/ USOQ 34103 An insoluble residue of about 0.02g was obtai ned together
with a Semppraeve expernleh  whi ch based on 13C NMVR proved to contain
carbamate. 5 Conparative exanple 1

The procedure of example 1 was repeated except that 4,4 DADPM was used instead of
polymeric DADPM as the starting compound. An insoluble residue of 0.12 g was obtained
10 together with a soluble fraction containing 61 % 4,4’ diethyl carbamate and 2.4 % 4-
amino-4’-ethylcarbonylamino-diphenyl methane (monocarbamate), both measured by

HPLC.

Comparative example 2

15
The procedure of example 2 was repeated except that the amount of start material used was
halved and that 4,4° DADPM was used instead of polymeric DADPM as the starting
compound. An insoluble residue of 1.12 g was obtained together with a soluble fraction
containing 49.4 % 4,4’ diethyl carbamate and 2.4 % 4-amino-4’-ethylcarbonylamino-

20  diphenyl methane (monocarbamate), both measured by HPLC.
Comparative example 3

The procedure of example 3 was repeated except that 44> DADPM was used instead of
25  polymeric DADPM as the starting compound. An insoluble residue of 0.106 g was
obtained together with a soluble fraction containing 49.5 % 4,4’ diethyl carbamate and
792 % 4-amino-4’-ethylcarbonylamino-diphenyl methane (monocarbamate), both

measured by HPLC.
30  Comparative example 4

The procedure of example 4 was repeated except that 4,4° DADPM was used instead of

polymeric DADPM as the starting compound and that the reaction temperature was 170°C.



The procedure of exanple 1 was repeated except that 4,4 DADPM was used
instead of polyneric DADPM as the starting conpound. An insol uble residue
of 0.12 g was obtained 10 together with a soluble fraction containing 61 %
4, 4" diwtdotla7gar bamate and 2.4 % 4 anPno-4' - et hyl car bonyPamiusee/siipghenyl

rret hane (nonocarbanmate), both measured by HPLC. Conparative exanple 2 15
The pr odadnsdulle residueple0 32 inyay epakied dogstheprith |asoluble ragtnmeoniniagar t

mat eri ah, ys S % t Was | ymeric
R e N L R S L

obt ai nednettmge(rhemoqakliamaae),stmitmmeesuhrcblmHBhC containing 49.4 % 4,4 diethyl
carbamate and 2.4 % 4-am no-4' -et hyl carbonyl am no- 20 di phenyl nethane
(rmonocar bamat e), both neasured by HPLC. Conparative exanple 3 The procedure
of exanmpgm ram§ei§ﬂ%ased except that 4,4 DADPM was used instead of 25
pol ymeri c DADPM as the starting conpound. An insoluble residue of 0.106 g
was obtai ned together with a soluble fraction containing 49.5 % 4, 4'

di et hyl b 92 9 yi g I Y,

met haneT?gl nocar a(%lr}tqgsngleb%t H{%L11 gas(?g%éée t%ﬂ {% b%%%asﬁgte?\}%?%gadépl e 4
The pr opelyureec d)ZfAERMmI the dtanimg cpe;peamed\rems@pbletrhaduﬂquD 0DABRNMobhasneds ed

i nst ead of M as the .startjpg,co u nd that action
tenperaf(l%ﬁg’ead@ 1"’76@&[’ PR AP RIYNS %tfftifg%g‘ arflﬁtgﬁnﬁlb# Zq?’e 5i due of
0.3%209 m&dwtéhges}bb@gﬂmarmw&xm &n&ﬁiﬂém(ﬁloﬁé@%dnﬁhﬂe)codﬂtl@l fkgred24byl %
4,4' diethyl carbamate and 6.4 % 4-am no-4'-ethyl carbonyl am no- di phenyl

rret hane HPhSnocar bamat e), both nmeasured by HPLC. 5 Conparative exanple 5



The procedure of exanple 5 was repeated except that 4,4 DADPM was used
instead of polyneric DADPM as the starting conpound. An insol uble residue
of 0.05 g was obtained together with a soluble fraction containing 52.3 %
4, 4' di etwglbemrbamate and 2.7 % 4 10 &m no-4' - et hyl car borgdausas4WB3phenyl
met hane (nonocar bamate), both nmeasured by HPLC. WD 01/47871 10

PCT/ USOG/I3m93 Cainms 1. A method for preparing a polymeric carbamate
conmpound whi ch conprises reacting a polyneric am ne with carbon nonoxide,
an oxidising agent and 5 an organi c hydroxyl conpound in the presence of a
cat al yst systlem cﬁomrho@ifngpmparm)o apgymete sabamawtcampongd svhighawmpyiséd or

| ant hani de net al and.bé | east one hal ogen contalnlng ronoter effective
to promote the saffUPEARYYRETIC HiBe "ﬂa}h‘"eiﬁ' U MoRRE g %O’Fglsﬁga‘?g’ﬁ“l Agher ei n
the golymeric am ng 6RARRUATHbRY BQhYIRE f UhddRahdER bR an e aeh] g gy@tenﬁ A
met hod according to claiml or 2 wherein the netal is palladium or

cerium 4. A nmet hsdmaseoeding to any one of clainms 1-3 wherein the

Pl AL203, Pl Caocs, P 2o S RSl PRSI B s 5. e

oxal ate, 20 [ Pd(NH3) 4]bx2at IPat 2 HAl{gED) Oéntaiting @romoter sffettjveBo pnorriote 5 A
met hod according to any ope of claims 1-4 wherein the oxidising agent is
oxygen or air. 25 6. A metfis#4e4PRing to any one of clains 1-5 wherein
sai dighal ogen

2. A method according to claim 1 wherein the polymeric amine compound is
polymeric diphenylmethane diamine.
3. A method according to claim 1 or 2 wherein the metal is palladium or
15 cerium.
4. A method according to any one of claims 1-3 wherein the precursor is
selected from the group consisting of Pd black, Pd/C, Pd/Al,O3, Pd/CaCO;,
Pd/ZSM5, PdCl;, PdBr;, Pdl;, Pd(NOs),, Pd(OAc),, Pd oxalate,
20 [PA(NH;)4]X;, PdL:X, Pd(CO)X, wherein X is Cl, Bror 1.
5. A method according to any one of claims 1-4 wherein the oxidising
agent is oxygen or air.
25 6. A method according to any one of claims 1-5 wherein said halogen
containing promoter contains iodine.
7. A method according to claim 6 wherein the halogen containing promoter is

selected from the group consisting of Nal, Lil, Csl, tetra butyl ammonium

30 iodide, tetra heptyl ammonium iodide, and iodine.



contai ning pronoter contains iodine. 7. A nmethod according to claim®6
wherei n the hal ogen containing pronoter is selected fromthe group
consisting of Nal, Lil, Csl, tetra butyl ammonium 30 iodide, tetra heptyl
anmoni uwo orldme, and i odine. WD 01/47871 11 PCTI USOQ 3410 T3US0434898 hod
according to any one of clains 1-7 wherein the proportion of palladiumis
about 1 nol e Sper Yometuul #spulingio ami Aee §F slaymp d-1 KdergipthaBrapertm ele
conmpound. 5 9. A c i ng e npf i - ej e
rati o of iodide g?g%%g%t%{oggpawgﬁ %g%/e@gﬁssogrm?!se@ié??#e&rgr}gl %)'?t%e{;out
0.5-15. 10. A net potnarcanminsacpmmuady one of clains 1-9 wherein the
tenperature is about 100 to 300C tenperature is present. 10 11. A nethod
according to any one of clainms 1-10 wherein the pressure is about 10 to
100 Bar. 12. oA netdegaeicesidig toOardyneObeci@fm<Cl Bi Wherdmlthe WaeS 6f fodidte
reaction is 15 effected in the absence of an inert solvent. 13. A nethod
according to any ®RIMYET ©|cataht preeursqie itetha rengs of @ébewtileonlds effected in
the presence of an inert solvent. 20 14. A nethod according to claim 13
wherein said solvent is selected from aromatic hydrocarbons, nitriles,
et hers, keton€s, annitdardorlstgerosanyléne #f oinmod-9%awbaenh thg temperanee of
clainms 1-14 Wnereig o><1é8§n 49%0 resent in the reactor and the CO02 ratio
gt U1t 5

in the range of af 1'% tgmperature 1s present.
10 :
11. A method according to any one of claims 1-10 wherein the pressure is about
10 to 100 bar.
12. A method according to any one of claims 1-11 wherein the reaction is
15 effected in the absence of an inert solvent.
13. A method according to any one of claims 1-11 wherein the reaction is
effected in the presence of an inert solvent.
20 14. A method according to claim 13 wherein said solvent is selected from

aromatic hydrocarbons, nitriles, ethers, ketones, amides and esters.

15. A method according any one of claims 1-14 wherein oxygen is present in

the reactor and the CO:O; ratio in the range of about 5:1 to 20:1.



