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HETEROGENEQUS SUPPCORTED CATALYTI C CARBAMATE PROCESS
Background of the Invention The present invention
WO 200a0es51 0 a process for preparing carbanmat esPET/082006/027825
aromati c am nes or ureas in high yields and
ef 11 EFRROBTNEDIR RIMNGED CRPALISALRRBIMAFAPRIERESS
are use uII npl oyed ure o
|socyanates, such as toluene di i socyanate and ot her

BacO r ha I n1:vozfllluable conmpounds.. The reactions of
ac 2 es wWith aromatic anmines to form

caria prt&s 1rﬁélﬁlommdlaitesktl a\pmcesmllfd)‘t&jrepaﬂng)aatﬂmn’ta&s &noh aromatic amines or
urea%&éh%l}l :gél ? G gftbc Enci darcé{l}et{sn ét% @éﬁ%ﬁ{%ﬁk@@? )ﬁta%té%(rlllgcfn'are usefully
empfby b, tﬁ@xﬁanufacﬁﬁ@otﬁ@éyanﬂmﬁ 8ichd doluche ABédcilB8te add Stbet,caBihercially

5,091, 556, 5,688,988, 5,698,731, and 6, 034, 265 as wel |
Vduggegﬁnﬂuﬁﬁs 371. Non-patent literature sources

| Nethd dictionBNbi3Ae SarthatéOHERGOmBNid SAIEHAE @Jrﬁi c‘dtbﬁllﬁates are well
D net hyl Carbonate | nstead of Phosgene",

knowq. Nemgpg patsnts apd artiples deserhisg this chepugthase wlsten% Exgaples

mch(dle9%}ted Wil Barb R4, %msﬁ@iesse‘saq M%sﬁ,%ﬁ%oh Q13508 88, 4,567,287,
desired reaction ﬁro ucts for eg n t echni ques

5,094 500 5:4186: 8B T8> enﬁ:@%%e%ﬁé@s e ag i th?rémiw biterature
sour@éét‘]ﬁcqué.e‘%yn@]%& ém% hé’ﬁflébfcy&n% WihSbhdein ?QCQB&Q%Qﬁs?eaE%f

renove sol’ubl e neta ues fore confi nued

PhopsenieBisrin-Grngst o [Putahemicablchisiossnts, 61608 es
‘ﬁ[ﬂe opng% Zﬁin? gat@%ctgggoﬁgm YRHRGHR r higd lyrgﬁuc?sqge fore omg

y Separ ation an recovery of
techmanal gpsetrslly gl Hoyxogqn@msasatskylsta wihish revuirh subh@,qum@@@tlﬁ@twn of the

resuptmg Iprocdtug’ts tor, ﬁl%ov &5 ble?{eta‘cf Vglnesabe%?g {;ﬁe(a:%ro?:rést%ﬁxg (% }lse. In addition

eases current pro uc
curré\xﬁ@m’cebsﬁgh\}qlvddmamg of thrhomegeaewie sitalgstiand tehation f¢llowed by separation

rovi de het er ous cat d assoc
and gerCS‘éeé% %f tﬁ%?a%{bﬁié& gr ﬁoh?tf%[\ﬁlth e Fe'élc Ton I;")éoadv a? y algﬁ need for such
a sej)dﬂﬁiu;&tsfe'p alcrdasds elrel cai;tS)f cmeanpmdmtlon/mdthpdso @&s&dmgyml’rma yemains a
t.he Inventlog Accord ment . of

deSlfﬁ,lg §§r‘ﬂt to H(%ﬁite 2 F{ertoﬁeéllg%us C taéis z\?E 8%38015‘;%9 P% %eor g\e productlon of the
forepsing eRsabledndistial psefdy itah @hiprovedgasdegimat es conpri si ng

contagting one or nore organic carbonates with an

Su theIn f or urea in the presence of a catalyst
andadceriaas bﬁhgen{hla@mfeﬁtsdfkﬁd PRGeindtGdn theb asr}ﬂs\ti@erdl ad @dproted
that the cataly i s a heterqgeneous catal

st .
ProcegigF the PiogaTal cench aa;sbafzatef SOWBHSIHE B IBENHI° SBPG CrRBicGpFbgpates
withSaapdhAc @mirdeldr BROTNAS presHRO MR ALalysif antl E’&o{/dﬂi\{lg ﬂiel résaltinB @roduct,
foregoing process jis_1ncluded as_one step

in
chatgefprizep iethatithqragpiistie 8 detpiggenches PARHROTBHS B8 2 GFpup 12-15 metl
comb&gﬁxaﬂﬁhgdgﬁgg%gﬂmgronat|c am ne and car bon

In another embodiment of the invention the foregoing process is included as one step in a
multiple step process for the formation of an isocyanate from an aromatic amine and carbon
monoxide, said process comprising the steps of:

1) contacting a dialky! carbonate with an aromatic amine in the presence of a heterogeneous
catalyst comprising a Group 12-15 metal compound supported on a substrate to form an
alkylcarbamate and an alcohol;

2) thermally decomposing the alkylcarbamate to form an aromatic isocyanate compound

and an alcohol;
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nonoxi de, said process conprising the steps of: 1)
contacting a dial kyl carbonate with an aromatic am ne
WO poovlesspr esence of a het erogeneous cat al yst cPOPUSR0610R7825
a Group 12- 15 nmet al conmpound supported on a substrate
L geon'ac%ﬂ b fﬁ!aﬁ Bh4) &tk @?wﬂ#x%%&l mofohideBidBhddions to
ec oSl n mat e orm an ar ome
lebnsﬂeﬁamgdanmnnpouﬂd and an al cohol ; 3) contacting the

al cohol m T i rbo noxi de
un dlg f ec?f%’r?&%l %angﬁt or%crme %é”?nnetd h%a S%Bl @ﬁgff‘%a Enasl’r%%)gﬁ ate; and
4) Beemse thepgpcthasaiadieteydgercandmindtsefof tefachation Gﬂtmaﬂjamate

use i aus t.he proces
prodygion R aiets o Hiop S TP SO i1dS FRTREPEBHY RS ity be voided and unit
oper@féria mtveng@f ol Chtal9st bbdﬁn&i bedhdyed, therebyf dchiaving Bn@dvet! Pocess
pr oduct g ﬁfrmve nmetal val ues may be avoi ded and unit
eff ‘%%’él’aét“i‘ddﬁ UCEhestving a fixed catal yst bed may be

DetSRB DY SHtion HehcRYern@ehi €Vi Ng | nproved process
efficiencies and reduced cost. | ed Description

t heAll refRseicpoin the Reripdip g?@ﬁ%@ée F’GmPIFfé hesein sl efer heePeéIPdw Table
oftﬁefmerEé @gﬁwﬁheh%@b@gﬁl Ad gr@i@megso Idch) @o@e rA1§><d %ﬁ@n@es toa

enent s and_copyri ght ¥
Grom @‘choupsn;ball beztg@g GrApg@ Grglpgﬁ reflectsd @h@§§ef1gilg @l@,@fﬁhqﬁlements

usin h&g@%@??gg l?(_ﬁF ggﬁgér%f% gﬁt]lgy n]hg%rsg %a%ﬁ E(i‘?hﬁ @&ltl%ﬁl ﬁ%)lfcﬁ from the
contgxtseresustboary iy i et aligparys msippgrcemjﬁ w@sbgseétoam@tght & of herposes of United
Statgsﬁﬂteql?]%r&tlcla rﬂ?é éo?ll{eﬁslts glf]%ﬁ) e{régté ?};hcgtgcfs ,e H&ﬁ[ﬂy Bek‘e@enced
herefipare pezrplpaaequyﬁteibbr tefegenSt mtthmr qmateésnéor r:heaq‘tw@@t UtSrversmn thereof is
SO mc%%o?ate qgfe%ﬂ%’eg Q%%&E‘ﬁ Hﬁte%%t 18 ﬂl%ldls% l!lI‘Q Bf S g{hetlc technigques,
CAtPoR e Read hereim are hereby pora%

deﬁhnynomse(toethe}evctmt not mdmeslstere wiithagy yefin@trons ht@vﬂqdme\rah)smﬂ gbi§ral
knoer Si on t her eof is so incorporated by reference)

8% W|th respect to the disclosure of synthetic

t eCTH&ItquE&ompkﬁﬁrig’i lahd denat{vieothbioef i xbteintndedto exclude the presence of

t ent th def i h .
any PR Pt Bpaermepire i oo PR O G P & i H 0 herein.
In ofRREltod@sid Uy douds all Befimeiionsclaimed hantie Adethtuse @Xxhd tathe“dohrising”

nce an ddi tional portion onmponent
mayp ey et sl bRt heoual pUSTRG Gb g Sotn’ I
contfit, Blefternd, AcdRkicl@iy ckRn@lgioft exBd&idttat the 8ddpe Smm@ﬁdcbddﬁfg&emtatlon
cl ai med her ei n t hrough use of the term "cogﬁrl sin

any (T RHEIe ERMRRRSA LT oF PBEadreFPRngdhosa Hirtra net et o

opex%@ﬂﬁﬁp UI'th téﬂﬁl“e@fﬁ,lsﬁﬁgaéfe ekdfed 4§ poRIdh @ipondnl) sfePBf pra&ddure not
consi sting essentially of excludes fromthe

specgfé&@ﬁé d@fnezgﬁ%,orggteée ahg tegn r&oivpleps sated otherwise, refers to the listed

members individually as well as in any combination.

As used herein with respect to a chemical compound, unless specifically indicated
otherwise, the singular includes all isomeric forms and vice versa (for example, “hexane”, includes
all isomers of hexane individually or collectively). The terms “compound” and “complex” are used
interchangeably herein to refer to organic-, inorganic- and organometal compounds. The term,
“atom” refers to the smallest constituent of an element regardless of ionic state, that is, whether or
not the same bears a charge or partial charge or is bonded to another atom. The term “heteroatom”
refers to an atom other than carbon or hydrogen. Preferred heteroatoms include: F, Cl, Br, N, O, P,

B, S, Si, Sb, Al, Sn, As, Se and Ge.
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any other portion, conponent, step or procedure,

excepting those that are not essential to operability.
wab@®7pessm " consi sting of excludes any porti on, PCT/US2006/027825

conmponent, step or procedure not specifically

deI|n te n . .

As u\?\ﬁg‘c}s lgagalr?{ gérngt %%maﬁg*gfttex% %p%&ﬁ%mfé éﬁﬁ c§rlb%gﬁ%ln)t}g system
contauslngte48+2}aeelle¢troamwf@mntﬁ wat umger grsaterdlen dn etmei 1 WiTthh term “fused”
as useg gQ glgli O (glr?(\?\ll y]éllgg SnyT%l%n‘Bl 1m g t\lil’g Pﬁ%ﬁreﬁggg‘to{nlcc gyc IX rmgs means
that wﬁb mpeoc tofan ten® tamdngsitioseeof et East @ﬁepaueofad]abaat atome isdmdided in both

. all [somers of hexane
rings, OfedtIE 9By PR E TP YASH: HORES MR IR R G Y b sigglgaromati
ring UsRdltipRiagdntitia figgabilivh Sre fisedtop@hdrainked ¢ovalentiaor lnked to a common
i nor gani c- onmpounds.

Broup G SETDIREE O B mtgh s I TIe SREGI Y GHBR phem . naphthy

anthf28g31, dh@ 5iphadky1, h@mgcousetr@te that is, whether or not the
sane bears a charg ?artlal charge or i s bonded t

anoPHsHugdsRl” rFFf‘és toetl BetR ngdtighme op meteéwéwg%thate%bﬁund to
any § @Jrhﬁlrls tetaﬁeeoo%rdg@ Br 1ﬁ5re tméﬁsm gmu;%rsﬁtteatsraﬁgt la@ctseﬁ;eata&ms cycloalkyl,

i ncl ude:

S“bsseteéﬁdcl@kiﬂéle%@dclhekﬁét Sﬁbfttﬂéect Tetqrocyelodlivelt ha@g%@ﬂ@t@l% ke
CF3)ahﬁ9$%Iaﬁtﬁﬂb %ho@)ﬂfﬁlo' Hikoxy Oiﬂhﬁjcg @h@ %t[:d i l§)¥l§§aﬁfﬁted and unsaturated

¢ont ar'hi ng -el ectrons, wherein d is an intege
cyclgﬁiedttoeafbctrh wd)rareequélto the arpmatiyeing(e) hinked ge\ettntlxaer Iu&edjto a
o4 el o 1 FEASEL b B15 A0 KT AA0H A Wl o e
carbtntyl at lnlbewphetnw ariomgesn bhmrdigiknyletherloe nittogamrse inpdiphenplamine.
adJ t T
ﬁ% ?rgé ?ed?p%sceés of ltﬁ%%r%glﬁ; lﬂtgjﬁ 1021?%%% fogtgétb S?gé%r{)agnat%s from
aronvaic allmm'ayr ihens aarshenjistratad byrthe ifdllowiimgpschematia Ir¢pirgsbrgations:

aromatic rings which are fused toget her, |inked

CouAIREDy, + BIOF(ONR 2o AR GUR QUch as a

tyh RI Y e+
| nc%ekﬁgﬁﬁ% X )#aﬁm@o ant hr ac é{?y(?j@gr? d b?ﬁ%ﬁgﬁ)w
amig. 4t hers. "Substituted aryl” refers to an aryl
group 1A which one or nore hydrogen atons bound to any
c arzasat gomaisl oaeléxstitbgcd ereatic gnoup kavingrokleonadf rgr oups
sugh. | kvl | kyl,
subs]tnl8 S?éegﬁ%f/ag %& ‘fclé ﬁg'tdrao o%/f/ﬂc gé ergl L substi t ut ed
hetRé rimicysmldaalyleycth ochtatemgsets alkgl deyvRI gxsupgseo@ther ©F 3lkylene, and
hy %et& lp %h i do alkoxy, am no, thio, nitro,
TR UrAt e %w%ﬁ ated cyclic hydrocarbons

V\h inb]mﬁleeoffsusamb drﬁnithfgr@!p@hﬁhd@thbéd}g(/ﬁk thelforioéa:
covalently or linked to a_comon group such as a

met hyl ene o l'i nki ng group
may al sq bg_a 0 1or oxygen as
in di pRe@y) dthe i Ay (sami ne. The

i mproved process oﬁ the present |nvent|on for»the
formati on of c3 at E's Ic amn or ur eas
" 1
") R (5.r) (r

can be illustrg
wherein R independently each occurrence is hydrogen, halo, hydrocarbyl, mertly

repre%%ntqylo X

substituted hydrocarbyl, trihydrocarbylsilyl, trihydrocarbylsilylhydrocarbyl, or hydrocarbyloxy,

r is an integer greater than or equal to 1 which is equal to the valency of the aromatic group,

3
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Ar(NRH) r + RILOC(O OR*-*- Ar(NRC (OOROr + ROH

Ar(NRCCONRR') r + ROC(OOR -*- Ar(NRC(OOR ) r +
WORINRC(BFIOR wherein, Ar is an aromati c or subBCT/US1006/027825

aromati c group having a valency of r, R independently

Ief]\ghlng% ualEy ead eoécﬁmgxg [sQHGHe e@#rléytlar t‘EQ’{ or%lgp?z{l Ky d %ﬂﬂhe proviso that

epen each occurren
the sgmmﬂaﬁ r’tm@hﬂ(ﬁmoa’mpmlsckry]aqnmr,and R' independently

o e R ERE ot Pisa P BREE DS bR e provio
wheye e fsqiréseht]the Bﬁﬁﬂ&ﬂdeaﬂtrl’ qumrh occurr ence | s hydr ogen,

PP parbad o ?ﬁgﬁu'r’%?fgstslﬂ% P b o e £ (O and a

singbohy,dp@car byl oxy, r is an |nt eger greater t han or
equal to 1 which is equ tlg qthev ency of the
ar Gl WigPoHpRtgt than Oh?ﬂue tg Jdndispting the ngpsyof isREAing groyps in the
aronhiik @8dal. Or €eat er than or equal to O with the proviso
that the sumof all r ' present (if no r" is present)
eqUidteskitled griisan yell gpragriats sbafeaaralﬁtuesec%fdher forreaing §r°5ﬁﬂc groups may be

presleﬁ’ctn?glg broafi@hine bh@Ba &fmp@ﬁﬂé@ lisddQn the etsghtﬁrhz%ntmhow SO
where r" is present, the sum x

eq Liﬁ!eéerm "hydrpepriyd] reeangthe moe@ﬁal%raglp@@b a@@ﬁ by seew’glg @pe hydrogen
ator%ﬁ%r(rjn a palgg‘} lgdrocgggn re%@a havm YR (98 cartdlGtofhsS ﬁlﬁxgﬂreﬁlve

IS an nte er gr eat er than or equa
hydnonajbsdxmung mdhelemucubelmhm metapleethylngyoppl.cwpd, dentyh h@iyl or octyl

[ T I
o TG Belge TRSIBELLES2001 300, Wiy BRGS0 o
octepyleimelnding all tshmexacr formest thereamralbylosuch petengdmheratind, on swethylbenzyl,
1ncl¥cﬂrég eﬁlels(pmer ficd nlimS tﬁ] go?te)]lr}q O%%hTag ﬁhédl?[j [581541 h)Yng/l a&ﬁ{rpo\éh 1, Jif%ﬂﬂgnyl

I ca
inclindiny ajglemnmc(fnmﬁsrtmod, quelpak] stohdhs ow&wﬁnmh, cyplpm‘neal a;bcblyhexyl,
having from 1 to.8.carbon at
cyclﬂgegp&%é ﬂscg?océ'll 6ﬁc6\§dmg] a# IFomexic gcfr{?s rher b éiH(E clloa&fe% Isuch as
cyclepehlyényl pyomhykenyb ujc}dheptﬁl@htoybycldmewyjl incdnding#lyisomeric forms thereof.
c forns th

i e e subSRERE means gy Blrntothe fan gy oo R A
intetfEre MWititigpradebs in 20dRtah & Wit ths plestat podntionr Rluktitive Slsath sbstituents
B Tl T

butoky! péhtylo&f,lt}féky?l&%n Méptyl fy 6k d@’fwﬁyj includigg 146h&e: fotnhs thereof;
i someric forms thereo cycl oal kyl such as cyclobutgl

alkyderrapife Hapas n@%]f%@k&ﬂ cthilperei propyImaEHp ey B BEEH
pen@ﬂﬁéréﬁ@i&%x@inﬁeréa%%ph@mér@ipf@ ot fgyiRecapta sty Mabdafmy forms
therggfccyano, and combinations of the foregoing. Preferred inert substituents are those containing
from 1 to 8 carbon or carbon + heteroatoms.

It is to be understood that when a polyamine reactant is employed, the product would be the
corresponding polycarbamate. Similarly, when a polyurea reactant is employed the product would
be the corresponding polycarbamate or mixed polycarbamate. Detailed descriptions of the
respective reagents and products are previously disclosed in USP’s 4,268,683; 4,268,684,
4,395,565, 4,550,188 and 4,567,287.

Examples of suitable aromatic amine reagents for use herein include: aniline, p-
methoxyaniline, p-chloroaniline, o-, m- or p-toluidine, 2,4-xylidine, 2,4-, and 2,6-toluenediamine,

m- or p-phenylenediamine, 4,4'-diphenylenediamine, methylenebis(aniline) including 4,4'-

4
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cycl opentenyl, cycl ohexenyl, cycl oheptenyl, or
cycl ooctenyl, including all isoneric forns thereof.
wab@7oessm "i nert substituent” means any radi caPCDUR®NG6/027825
than hydrocar byI that does not interfere with the
met yrl Cr)lce: ?(?m&me@ %?%gbx%&l}neﬁ U é4n-?{§)%zs?%hlﬁﬂe;f \ﬁg{l Eargtﬁmylbls(amlme)
4 4'@hf<mylb1,s(ahﬂmer)opolj/methylmeqxolypbdm patyainrinss \Aélhdh@pylprlscummx‘a:se of

meﬂﬁ/‘i ?;{%@gﬂ fggﬁ(%xg][[g)ﬁygp@r{(ex b?{lgalr{ltngg ﬁbmlag%utrtrélr) 0 %Putlb% an\ércer)ﬁX)y weight

of nietigteaedis(arllidey hnvthe ppiathdersof ce rﬁsturﬂehgglnmh}d@pﬂaﬂdged polyphenyl
et hyl mer capt o,. pr.opyl ner.capf o, . but yl ner.capt o,.

polsgiiiey Pavarpreo TR et Gl 614 MBS Tl s ane or
octm&m&mmd a%hmés huag: a?llingh&l?éf&ﬂiaﬁnnfeﬁrﬂ&dﬁa? an @aners and
cyanq; and conbj nations of the fore .. Pre er

mixifgs,f IsemETEh F‘F%ﬁ?@’m&%ﬂé“‘l@hﬁ’%‘é“d&%ﬂ%dfqg‘?eﬁsgg‘f’F‘Bf‘ﬁ“‘fr?s P IS@“erS% and

mixfRds BIRiReofr Me&pRAG et dAGhRL @RI Bre 2/4ttolusnddAniie, DBdSInEHediakline, 4,4'-

that when a pol yam ne reactant is enployed, t he

meﬂ@fl%b‘é@m\]/mi 4"6’@?“?1‘\@"/@@(@?‘8%?3&#6 PHYUISD IFEaFbanat e.
Si g @ik Hrea Wuﬂdﬂﬁély&r}@%[ SASHAN uréhs BRPN QY- 88y NBbstituted

product woul d be the correspondi ng po | ycar bamat € or
ureayi Mbvdirasioe xemplea vhuteas wiiehadan be e@élgmdi ipglidsn N-rbpnyiyres, N-(m-

Il S N
tolyfiRR3E —té@l)ﬁ%%%ﬁﬁﬁ&x@lgggg@qgjéé: ﬁ\?%}%gﬁé\gfﬁl‘&!&%gfgyphergl N'-butylurea,
N-pHgn5 b’ 8 BumadN-pha8IAN 28R zy ERER hiarblssyléf'-phmethabllr@, Tmbent-Ne

| hede

cycl%m)&ﬁl(r)e)?ylg%le ?ﬁsﬁenfyﬂlrreaéﬁ%\(l) pggﬁl ﬁfll)glgg N‘qu dlgﬁt'a ah)'ur%g Preferred urea
reaqentscira N oN'- d@he@hm@axml‘i'{dl(mdplyapma,,an@NgN' ~di(p-tolyl)urea.

i’ g/._\(gcgilllon ga eenmtérnzlle %orlﬁlprc])gn({s nli)cll.ﬁdj GO agw ggg@rn%sr})? asomatlc
polju’niﬁhand’ufegs dftlde fornailény | enebi s( ani I i ne),

2, 4" -nmet hyl enebi s(aniline), 4,4 -oxybis(aniline),

Arl4-NRCbony W RH-72) , Gndepsul fonyl bi s(aniline),

pol ymet hyl e byphenyl pol yam nes which conprise a

m xture of nethyl ene brl dged pol yphenyt pol yam nes

comtalnl from about _Xa to ahout
d¥ it h)l{}g\ﬁl@ﬂ i apd Bﬁbqgﬁﬁo
m xture being neth g br i dged pol yphen

havi ng a functiona ¢ greater than
t he foregoi ng Preferred aronatic amn |ncI ude:

anpline, tol |amne(|nclu]gn 2% so A and

X tisr 638G o en Es —
all isoner s ' éhﬁ) T'i somer ¢ d Nﬁb@)

t hereof . Most™>preferred arorratlc am neés are

2, 4-t ol uenedi am ne, 2, 6- toI uenedi am ne, 4,4'-

rret hyl enebi s(anilin net h nebi nili

m X diderendently sesh, ocaa)ep%ﬁ Bydipsen, b ﬁpﬁéﬂf@iﬁhﬂmgeﬂ

N- awhaepameﬁﬂy dabll 8uttéRa S B cdoyVof B 20 carbBhl) fileferablyedicyl, such

ur eas | lustrative exanpl es of ureas which can be

as syl stheh of MEYLL#d:  N- phenyl urea, N-(ntolyl) urea,
N'( isbR Méﬁkﬁ%&ﬁo 1P '\%rei%l}abiﬁhm‘[é f §8m 0 to 4.

N- phenyl et hyl ur éa, phenyl - N -but yl ur ea,
Preferred polyureas and polyuretheane/ureas have molecular welghts less than 1,000,000,

more preferably less than 10,000.

When applied to molecules which contain a plurality of urea linkages in a polymeric chain
such as the process of treating polyureas and polyurethane/polyureas such as are obtained by
reaction of a polyisocyanate and a polyamine or reaction of an isocyanate-terminated polyurethane
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N- phenyl - N - hexyl urea, N-phenyl-N -benzyl urea,

N-phenyl - N - phenet hyl urea, N-phenyl -Ncycl ohexyl urea,
woRNTAdsphenyl urea, N, N -di (mtolyl)urea, PCT/US2006/027825

N, N -d!(p tonI)urea Preferred urea reactants are
prenRRyet Bk PR SheaBoragra ot REHEL I R C80 D portning hechai
lengﬂmﬂmd Ipds'mleﬂzﬁidlbg mta)dumm ¢acbap1ate3gummass t@nmnaﬁl greatps i the polymer

chaxB T %eé u%%g}s; 8?% ehceontlej%cq%s %?ﬁ amd %%daol\f%(%)of the esher and
dece@&ﬁ@faﬁ&ﬂ@i&hdz ﬁeel’b‘ﬁﬂﬂmgﬁimd &l tkeyd:oneq:fonahgbﬂ(m&ry a}nllmfm@bhqreby giving

hydr ogen endent | Qceurrence i's
rise R Ay a5 ‘éfr%‘ier@!“n‘hﬁgg 180 Eé‘} %‘3&%1’0 YPéferably al kyl,
SucClheagtefiBb Mihlch a@bRlea oﬂﬁolﬁiﬂétydne/ufﬁadarpbd Bodified 1ﬂt}&gﬁbve manner

fromO to 20, nore refe ab an inte romo t
is cqireHled by %%Dé% %6 3 9@{mﬁg%§ Flég Rfipa a5 vl as by
varﬁffé HREHha ﬁnd’@ﬂngeﬂ&tﬁre'u@&ﬁn AR atheR0Qr @RFed, U&ﬁ;ﬂets Begcrﬁiaﬂ&{ O the

| ess than 10, 000. When applied to nol ecul es wh

polwmatoapﬂmefbﬂwp&mufey cf bwglﬁqur dlkaigegubptantighy gil %élﬁaémkages in the
pol bihipalbed %H&i DRGSR e RinctidnSRy] MHusR prUEBASE tRdWvention can

pol yur et hane po yureas such as are obtai ned by
be empiayed trrewiversciap bolyeres paFraanePolieT SOTYRININE Hieh énlﬁses by convertmg

{

e KSR 8T oS S3ENBRR. S SRR e vos ity
pmgﬂfdpertles of the polymer are nodified by shor t eni ng

t chai n r [

elt‘)he orflgamc c ﬁ)%}le{s@esgér Lfég h%eﬂg{l&ﬂ&rg gb ﬂgl(fj @Mr{yL 2&1{1;8 IC aﬂ@ cyclic

alk}dd‘lﬁlesters Bﬁeirlbcmidaerd @xaupiss mdndeo bmedwéta]bmtec@mﬂ@@dnate dipropyl
carbé?mat{e débt\g)fl %rlgglg&eb ISca%Coath edlh%%)zl rarct:)g?a?eés %ﬁxﬁf Qﬁﬁ%gﬁgﬁa%‘ diphenyl
carljhhhtﬁ,&ﬁbenaﬁbmborgteoetbyleﬂmﬁbyatg |pmpygn¢ mbpnate aad nammev thereof.
Desggc? tgﬁ%{micg garrpléﬁa{?%grg hﬁae[ mod Enlégl%gé o0 %a%ons Zfrﬁé%ﬁrlg orlgeetrgc %4??01]'611265 are the
dlalﬂjri]ld:blfbbﬁesi Gptdidly abhnatiey] cborare, disthglnathoodtt, elibripy! vabgiategand

t he unt of dial kyl carbonate enployed in the
mbW%%@ﬁpﬁﬂeas wel | as by varying the tinme and

t e npl&f;ﬂbpﬂiﬁbrﬂ'iﬁ Wﬂlch fhelonganicr o&tbbim@ind thd arﬁiﬁs ommeeh containing reagents

npl et.e degr.a on of the ure

are Blaplymdéf ﬁ%ﬁ@’"?ﬁg geess, ﬁxcﬁg ﬁﬁt Qa2 aln Wletﬁ §onvers1on of amine or

ureS HRSIARAMY ahd (\’rgﬂhd cakidRaty EigAld BePéagmsn htﬂedlsh@ﬁm@l@f e}tﬁlﬁ/ﬁlency for each
chain can be converted to carbamate functi.onali

equivgleat afgming s gisa SungHone iy ProsgiEinfietsrabbathe B@a@ﬁﬁ?fla iée i gmployed in

an &E&OYRInsHE EARpIRL bAHERRN alM toS6HERs PRIWHEr $:6 Radtidhl. P@vantageously,
urea |inkages, by converting the scrap to the

the ergenie spbondicrigemplpYsd inttdeasihp BRSPS Y AHheCHOTHis amine, and,
preﬂﬁalbmra rafe P bR aB&lt s ¥o PSRPRT S8kes of carbonate per mole of amine or urea.

Suitable heterogeneous catalysts comprise a Group 12-15 metal compound supported on a
substrate, especially a porous support. Preferred metal compounds include derivatives of a Group
12, 14 or 15 compound, most preferably zinc, lead, or bismuth that are at least partially fixed to the
exposed surface of a suitable support. Highly desirably, the metal compounds are relatively
insoluble in the reaction mixture, even in the absence of the support. Suitable metal compounds
include oxides, sulfides, carbonates, silicates, and nitrates of the foregoing metals, especially lead.

A most preferred metal compound is PbO.
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The organi c carbonates for use herein include

di al kyl -, diaryl-, diaral kyl-, and cyclic al kyl ene
w@saoenssssf car boni c aci d. Exanpl es incl ude, diP&L/g1006/027825

carbonate di et hyl carbonate, dipropyl carbonate,

t carbonat e,
O SR o TR RS0 LIRS s e e
comﬂmble z physizaliydsabethe edniptheretey lmtlhug)malos$ thpneofx;drmg éhe reaction

despgtg rpi%g{]? \Eaggg %f?egt %]ﬁ gsrgg is{ll%nEXQ rgoﬁ"{xe at@gty ggtg% bg,fa aﬂe go achieve the
desifdd @€ mEti@0in 661g6iNly@r &3s ma‘atyetsmaazr e defeﬁmdedalb)lﬁyéasurmg the metal content

car bgnat es, Ly dimeth b di
i G DO B e Y etk RSB o EFoth B -1t A B at smpound on
the s-[lbﬁorpﬁlﬁbpgkfnﬁﬂaﬂﬁvdrﬁ frohi 10ko $0ereny @ﬂaﬁﬁakﬁﬁfr&ﬁ nate3 sambehh d.ower

oo B oot o e B st e T B o] e rn an
“mgqﬁﬁkﬁ&gﬁggﬂmgﬁﬁlon of am ne or urea functionality,

t he organi c carbonate shoul d be present in at

rro| Rapleme suppqre ies oreaic ARSIt lnélfldla&i?ﬁ”&mé?te‘{:%tsﬂals or
sintdrb&HiQ MM ihd éﬁrﬁgeeé%trangﬁrg efos! BY/Y td 1080 BPZaRERrably from 50 m*/g to

car onate 1S e oye I'n an excess to ensure conp
300 oty dn WeeHriRg W @f: %@rh?é?ﬂa@e B-Kbtechnique isong sitablg a?@thOémMost
& Erofth L DRk d
o SFGLREAENE LB R GA BSOS BB e 41 0
prefanauly o 6 fiem.abrkeired suppottsdnryedeshrbpr;onganison inoszapis palysgs, inorganic

. L a a
oy RS S0 x5 TR BL LIRSS opors
be 1ﬂ_ﬂ}ef5m1’m’(pai'tlcb&riWI a@glcsuqmipcﬂrctr eolidovhages sushss srbteess, Pellets or sintered
R RO TR LGS TR s

alun‘i'iasmhqateeﬁlemﬁ]lobl}omhamc and 1mat1hres dterémf sAudst prifatredhsubstete is alumina.

?’ﬁ&bﬁpé yg{fﬂgolil tpfrelzﬂ)éi% Hr% §ne§gls (r%gll ?tsbe c?%tacrtlfng U 7 tal%ompound ora

pre@mpmldﬁdﬁ eflife néak bidsia\seluyion ordiktulx cﬁ‘ thersatn® ellth Mbanme material.

The:?ﬁ?i{#‘[%gaﬁg%ﬁﬂ%’gnqrw&eh% {re {%ﬁ G ozlertstg ?qrﬁngféég es% arh[? eﬁc%%?r?eous catalyst
suciS hd Byco’éhﬁ‘imng&ﬁéim&ht dodipBEndad a tides sfdble&g(llasm fhgitive &rd, under the
con@ﬁ@?s%f %{e:,féaclpgl? ﬂrl to ]bpl}rggca' otl}elrgxglf g{n ed feﬁxrr%ttg E}a&gyl:;%gtlégurface Suitable

treaﬁﬁé?x‘t/sl 18 8deheBy bty rfateal, bpGdnalyinttRe ﬁrb@néﬁiifah oxidizing agent,
npound or physicall ahsorbs the sane. th

espwarb/tafrﬁg OFigEn-| BEOstRlFEKIetIREPRE T ??éalbeé‘aidffafi&ﬁlda,ePé’& geperally

forrﬁé%y%%&éﬁ&ﬂ SPreIO 8§ aQblublb Rall 8ABSyRRe Sk AMERL di(PRhylhexanoate) in
abiI'ity of the substrate to achieve the desired

situog dhectutfage of gam®p glyMinet y or | oss of catal yst nmay be
det 8L} AGA H%uBERAS lrﬁrdo@ %rﬁﬂ@el%@%kd SR hydrBxyl lalesﬂoxy functional

reacti on mxture desirab y under condltlons of the
srovpsabit 4 particulashdrefeysedembadimait, e RO i high Supfaceqipsbmina that has

beeg@éic19§<g&m@$t§@gatzéé%p§ Erleasotha o'é%%éfaﬁng Fr il f(fo% a4 8¢, under

omer oadi'ngs génerally give
configidurcsach thet a purtllcyl qﬂhsgedgudfﬁcg hydroxyd Subciiepel grewnslare refgined after such

treatrflefnl?. Cié)ueﬂﬁ@fé .calgl%ﬁlg A 5fidhs g’lcﬁlgg ﬁe%ﬂHE {Illtallj A %ﬁdeﬂntrogen Desirably the

support is treated in the foregoing manner for a period from 30 minutes to 24 hours, more

preferably from 1 to 5 hours prior to contacting with the Group 12-15 metal compound.
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Preferred supports are organic or inorganic

subst ances, including particulated materials or

wa@emrerss sol i ds, having surface areas rangi ngp€T/U82006/027825

in2/g to 1000 n2/g, preferably from 50 nQ/g to 300

ne/, LN ri : ' . - .

t ec eheterog&gg%é r?'éxﬁg'stsntig H@%ﬁ)ﬁ@)&ﬁ@lgqq%le ?a%?cg ggxl‘;grlsm% %artlcles of
subssranp pmtammg the matal chrepduod om G spxédCb dtegeoh aT/hervgtah/sinaqymiso be
comE;re%s]g% o1 Sélgereé %r?m':n% gla%%o Fl]l];& gﬁ%lg g %ﬂ% Xlg,fllf E&xt gorgmy and surface area.

| NOThg present pajbgﬂmer B)rmmg prog:a;n 2y b«caxfa@, oud: amdar wdsqed elevated or

nitrjdes,

t &d
atmQsphRLic lpéels%ge aﬂﬁwglng aegﬁglpggo%ge&gétboglrt%ﬁpe{%re% 2 %ﬁ? 81e "hetion is
condilafeﬁ ufide Suffition peesaggioonaitain @f redctadiBlin ol l@hapme sidod tedfperatures

spheres, pellets or sintere ars or, her, o

of FipRg 34 200 S ety EaBalp G B TotidaeTR ﬁﬁﬁﬂb%fr%&éo o184 °C.
al Ure Réhctafits kAt miRbdY BRABInkd Bk ordad dﬁ%@ﬁ&h@%ﬂ’h&h@ed reaction
and m xtures thereof. A nost preferred ﬁubstrate i S

tempgratie irgcontpgiawitiyihg psyagetnt lﬁeé«iyo%'@e(ﬂxls @aﬁglygauqt theKlgsired degree of

comPiRRGHs %&Hﬁedb Yh€ Qﬂ&ﬁgéﬁlﬂgtﬂnhﬁ’ tH¥ebARtior R FRAY AekeRKindd using known
precursor t her eof either neat or as a solution or

stangirst eupbaicaipredseurawifassay the disprpeaarrstof fedearianis of ApXImyR@ppearance

of ﬂ{e%%#”e{i ICM%IHAtg 1ot n?%pléamﬁlgﬁéésta% inB8rell E%Fp%gn hihrRIsdg );;ermeatlon

ormt sired et er ogeneous cat wst such as
chrommgapby,rggs phaee qheqmtogsmmn highpessargibgued drematesrahy| ess
gérgaﬂir er%ﬁgeeahpﬁ)r &gﬂgd S@g@% lpfefs? ttgl%gﬁggeg,%@rgepﬁreheanng
a mlst:uref afcle ar@uatttcaabinee arueatanetie srgame carbenatessa itogpetdte of at least 50 °C,
prefer:rgg’lgl bet ngn %mtéﬁtbb a('é’san(g E&s&%@l ePéag?dtxgﬁ)%tuper o%%xe&ﬁ%élg{ed @&nprising the
heteprgeficons mipcheﬂea'ua]gsm é“hel Brocas ednytetrepeated awdlumbmdrf tinfep 6 conducted

i PGP BT L e} BRIl s B
conﬁnubusljafmiohﬁg a q:rcfdaaetreu‘m @ammaaénnﬁcmaamﬂe efodnablingrt ditimts may be

atelsntc t urf ace d I
presSIilf{ 1 6 %%r% hto C{TP befi bezabijel tﬁl%grgi) %ﬂ{xeé? TUS?EXS {engi}gldroﬁnan
or d&ﬂ@f ahérﬁl@/dﬁiﬁb:@dmmtbgenitﬁéh}&wamms an8 ahblgﬂs uprefeered diheat is

at% n‘éllrrla that has been calcined or heated at a
tetr ¥‘1¥Fﬁ Zture less than 800 OC, preferably from 500 to

77 STHIGarbbkAigle brodeddirk isoRfed Steahthé fRadtiod n@iel u@iﬂg etandard separation
original surtface hydroxyl functional rou

Progegyr. nig@ical die Teaskn iollien fomied Wik vl el is extracted

front B QQJeb@Jb‘élduBE higiea Wﬁ@tt ihddhibldbrgdnkic s@[vehtnf(i)? Exaipld Digfdbenated
sirably the support is treated in t he foreqoi ng

solvwﬁh@vaswglproéor@ep rom trashiories, af ﬁﬁ?bﬂgnetdéchi%ldﬁogh%org%? golution is

sepa?a(t@tf ﬁ&ﬁ meﬁé aéogy'f)lilasé ShdId\BHES r&ﬁbv‘%ﬂ ubifs G AGhd RS W frBvide the
% met al conpound. The he% er ogeneous

resuzl}@{ q{rlgagtatqmgdulg’@ Taptrbyeae, iifdesirgdgengde ,ygl@i]}@gidjs@g gtandard methods such
as ret ikt ccﬁ@nﬁ Elﬁhrﬁ?tagrfi ]?fﬁ&ef?ltésg ?Etﬁ)ncont aining the netal

npoun the sur The catalyst may al so
be mn@gbfeﬁdscmseds thetcenberdate & degirabiyas detivajve ofamsasomaticlagine and is

therﬁlgfé)ab&?rggo %%ryo{rﬁ &gn&ré%ﬁ&n‘aﬁl'rgt:%cgaﬂgte%yﬁ{) n fHecifta ed) ﬂ%cess for

sen proce e carri
fomumg‘ieocylamnm(fmm the bmpcmdmg aromatic amine and carbon monoxide. The process is

particularly effective when the aromatic amine is a toluene diamine or mixture thereof, and the
organic carbonate is dimethyl carbonate. Such an integrated process using 2,4-toluene diamine is

conducted according to known process conditions and illustrated by the following scheme:

8
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at nospheric pressure and using relatively | ow reaction
tenperatures. Generally the reaction is conducted
waoeaen1ef fi ci ent pressure to maintain the reaPCHOSR06/027825
a liquid phase and at tenperatures of from75 to 200
0OC , preferably from100 to 190 0OC nd nost
3 Qé]gct ants can be

#d reaction te rature in cgn f with the

1)) the desired 2 CH3OH
det ermi ned usi ng
knoW, st andard anal yti cal procedur eSHOdS€Ey t he

di sappearance of the reactants or maxi mum appearance

of gipe desired carbamate pr@dyct. Typical nethods are

i nfrar | on anal ysis, gRkceey nmeation
S Heg(gg{/@ﬁbas phase ¢hxgrat ogr aphy, or high

cpr BBt ogr
w }re liquid chr@#&to . A partic
2) .@- red nmeans forpgcarr ut t he fﬁe?eﬁ(?h%/%genti on
conmpri ses preheating a m xtyre of the aromatic am ne
or t he organi c canhopate to a tenperature of
at %@@)%%C, preferably be aWéﬁ?en 50 to 100 0C, and
passi ng the preheated m xture overOa fixed bed
conpri sing the heterogeneous suppdfted cat a£¥’fb' The
3) proCEROIL an2Orepdat ed-any, c%%s 2
conducted in a continuous manner by passing the ’
wher&& teh?&eﬂpiﬁ%}ﬂgo%iggyﬁﬁms@:gggl table fixed bed and .
continuously renmoving a pr ct streamfor separation
of carbamate product. Inert diluents may be present in
S eg{z;leﬁrgagit ieotrsl m xture, if desired. Suitable diluents
rs such as tetrahydrofuran or diethyl
et helie fohywing sreilfio empodiatrogefiihe iadentipnl arsloambinong tepreof are
al, ol.s.. A preferred dilue i r.ahydr
esp it gapncn < 3p e Bedeieatiat il h P B LA GLREAE for Weippendea
claifisxt ur e usi ng standard separation procedures.

TR CaL L R BB o TR i

fom the aqu
mofRerthicRBrbddtdGyith Avak@iatic amile bbliea orthapieensdfaentalystfapd recovering

exanpl e a hal ogenat ed, sol vent .such as_.chl orof or
the Gap BT BB ES 0g BRI O R (BT VR ¢ dfjsgogencous
catfly @ asthfisi@larb @2 & Bapababamdiigatitden aabaots phase

and the sol vent renoved usi H st aggar d net §°d§1 to

pro%i de thepPpesss ‘Eﬁ?&%boélﬁ’leﬁtalnfg QVigg B GEemat Y% ot e,

i f desj.red, e puri fj i St nmet hods
suéﬁ%eé@@ﬁéﬁ@gaﬁ o%rﬁq%‘g%dam?}fh’?gﬂrr@ ogr aphy, or
di SEINRAO)DIRR NS+ RGO -y->e AsOTREEYOR et RINBAKEYE@R'
is desirably a derivative of an aromatic amne and is’

t hegakiny deconposed to formthe corresponding

I socyanate as part of (im i nt egr at ed. grocless f.or

f or AY ifgniaERalia AR ITeGFFPIRAE EOHPEEBR AGHRYY & Brat i ¢
ani Ren@REhdeARAB HRAPNIE R hydidgenPhIRASS ISy,

R’ independently each occurrence is alkyl or two R’ groups together are alkylene, and

R” independently each occurrence is R or Ar.
3. The process of embodiment 1 or 2 wherein Ar independently each occurrence is

selected from:
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particularly effective when the aromatic anmine is a

tol uene diam ne or m xture thereof, and the organic
w@ambomsse i s di net hyl carbonate. Such an i nt epCHUSH06/027825

process using 2,4-toluene diamne is conducted

according tao own proce onditions_and illustrated

by the foll schene: N\ CO+ X2 - 2
CH3O OCH3 ey ei N ntion is
appl i e t6e) Y. Bpeoi 2 Ko ol | ow ng
speci fic enbodi nent’s of the inventjon and conbinatlons
thereof are eSpPECT de\ i neat ed

appendkd qﬂ%% ’
aromati c car nor e
organi c carbonates with an aromatic anmne or ureain

t h%f%&e%éﬁnﬁs op%deauféécﬂwc%heﬁ@@s KyRFRYE M dOhydRRarbyl, inertly

resultin mat | ¢” car banat e product, characterized in
substifigied lwﬁ@cmgy]atrylgqlroq:agbyésﬂﬁb tréwé@ezﬁ@dgg/lhygtoggryglt or hydrocarbyloxy,

comt éélirl{éger%r Wn g}?ecégl m%hchqy Qo %ewgﬂgrm L8ndic group,

e process of enbo | owm ng
t he’ sdivadvally each ocavrrbms is aﬁn@mmlgraahn—thmqﬁq@lw with the proviso that

NRR' + R1 O OR -
the Gt Qe B G o " RARY S b er el . A i an
ar cﬁfatdii\ddtmﬂy sa.chs»témnceds ariowpdrigeeatpr thap ohta]\u'alrtg 0 avith the proviso that
vaLenc gfe%f eg?“y each occurrence is
whef 14 ﬁ QFQVPX i1 i ndependent |y each
oCCYlis'seleed erm@llxd(gtbupQ:bnsthlhg B —-Q+0uP3--1-0Fiet h80,-aNR'C(O)-, and a

. l.en and R' independently each occurrence is R or
Sméklggéa $he process of enbodiment 1 or 2 wherein Ar

in d»ei@ éﬁl dedpel prefahanQe 64tial BICiRditBing elettinbel df fgpatigerabsin the
gggﬁendently each occurrence is hydrogen, hal o,
‘“mH§§F byl, inertly substituted hydrocarbyl,

trihydr oprgaydesd dfﬁhy oderolf byissdagandyb &lhblﬁinhydir&ﬁﬁfc&)ﬂme is selected
or. hydrocar byl oxy, n integer greater than or
fror%axﬁgrowﬁ Soisipg el gysh HNIhE: P AIREREY R o ploluidine, 24-

xylig 8B4 £nd BI6XSRenddiandidtdny blcblﬂ{eln}’le&@&khlﬂﬁ g Utdlﬁféﬁﬁeﬂe‘dlaﬂﬁhe
inte reater than or eq provi.s

metbﬂgtegtsﬁel ey ingpding 4. 4’ﬂnethy|%ﬁné'§gﬁmlueq)sf2 AL Mhqunsbli(?*éé%‘b“ -
oxyﬁig@ﬁilhﬁe)[ 4 4'-carbonylbis(aniline), 4,4'-sulfonylbis(aniline), polymethylene polyphenyl

polyamines which comprise a mixture of methylene bridged polyphenyl polyamines containing
from about 20 to about 90 percent by weight of methylenebis(aniline) and the remainder of the
mixture being methylene bridged polyphenyl polyamines having a functionality greater than 2, and
mixtures of the foregoing,

5. The process of any one of embodiments 1-4 wherein the aromatic amine is selected
from the group consisting of aniline, toluenediamine (including all isomers and mixtures of
isomers), methylenebis(aniline) (including all isomers and mixtures of isomers), and mixtures
thereof.

6. The process of any one of embodiments 1-5 wherein the aromatic amine is selected
from the group consisting of aniline, 2,4-toluenediamine, 2,6-toluenediamine, 4,4'-

methylenebis(aniline), 2,4-methylenebis(aniline), and mixtures thereof.

10
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r" individually each occurrence is an integer greater
than or equal to O with the proviso that where r" is
w@e@genmss2 t he sum x(r") + all r' equals r Y iBCT/USZOO6/027825
selected fromthe group consisting of -
S i
an 1 nt egle%rgpgrfrcgsast er %%ng}%r%lbogﬂﬁea%l 6{;}8& gﬁ) %? ﬁid iSan N-
arylnsubiggutedirea, epéﬁtdmgl- substitp®d ureat dren arogrtit pcbiylrraeolcprcaadma‘udr
one of enbodi ments 1-3 wherein the
POy PSS 0 | The o '

g5el ected fromthe group consisting

&' oNre g, v[ﬁez’jiz?%ya%f a4 ana

2, 6-tol uenedi am Re, m or p- phenyl enedi am ne,
4, 4" -di phenyl ened| amn met hyl enebi s(ani i n@),

|L43!:I éjdl met hy &b s( a2oiog@yy
2,4"- yl eneIt_)Il s( ne)or 4, 4' - oxybi s iy
4, 4' -car bonyl bi s(ak e), 4,4 -sul fonyl & ani | and

polynethylene pol yph

m xture of methRhene bridged pol yphe

(}gmt .ai NRg opabout 20 to abNR+—9€
et hyl enebi sfauRC{®e)- asd the r¢

% et hyl ene bri dged pol

havi ng a functi onality greater than 2, and mxtMres of

the foregoing. 5. The process of any one of ’

enb diaBRAbsht} e4bh\WoQERhdY it ﬁ'ﬁirégreﬁ’ mmyu Gr @ﬂ&lkPE pfeﬁer;s&} lwak@en

fror% the group consisting of aniline, uenedi am n
(i iR idspengentlyl eaplsensairanca Rdyasari e5URP %0§6We?%§’referably alkyl, such

asn{g@{ymé{hepgpﬁ@}(lagﬁdl ine) (including all isonmers and
m xturés of 1somers), and nmixtures thereof. 6. The

pr atiegs intigeraliym 6 2 mogasefatahiyen éntagesramdrtefn t he
ar ograt ' OTI%rHr&gss'o% n%%rf Sgbgdﬁrﬁcmtst ne nglgfﬁghé:\ﬂ@a?‘éo%ﬁo&gi is selected

of aniline, uenedi am ne, 2, 6-tol uenedi am ne,
frord the' groupppmwl%@ﬂjﬂ-g;(lw]urqarﬂéj(m-tolyl)urea N-(p-tolyl)urea, N—phenyl-N'

metﬁ%lér'eé ﬁﬁg@%}s{%ﬁ%‘%mgﬁ&@ani\l éhlglﬁh ufyaxftl gﬁ%&%ﬁ\?ﬁ&fﬂ{ea& Rhenyl-N'
bengylgea, bbp}pmdﬁﬁ-ph@e‘émhl@rN{pherslu}js:[ypbhﬁxaﬂqugr ﬁ,@; '-diphenylurea, N,N'-
di(m tol}{/l}ugea ; c’:—airgg-ro?fﬁiur‘% u&n qn?&ﬁl?e?’th ?ero{ an aromatic pol yurea

hanelurea o he fornmula: herein R
i nd® p en dHretplrgcefzsaxf hnmnawf erabmienerﬁs hY dhegmrthe abkgdmpowrd is selected

nd
fof I e B e RSN R i YO A B SR by urea
pr efter abThe p&bdessl of asyuais oﬁSmbmlﬁrhgdts 1-@ whytein the calmlgtsyis Pb@napported

on alumina.

nyl pol yam nes whi ch Conprise~a
IR4pol yani nes

11. The process of any one of embodiments 1-10 wherein toluene diamine is converted
to toluene di(methylcarbamate) by reaction with dimethylcarbonate.

12. A process for the formation of an isocyanate from an aromatic amine and carbon
monoxide, said process comprising the steps of:

1) contacting a dialkyl carbonate with an aromatic amine under conditions to form an
alkylcarbamate and an alcohol;

2) thermally decomposing the alkylcarbamate to form an aromatic isocyanate compound
and an alcohol;

3) contacting the alcohol from step 1) and/or 2) with carbon monoxide under conditions to
reform the dialky! carbonate; and

11
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pis an integer fromQo 20, nore preferably an

integer fromO to 4. 8. The process of any one of
wepdodiasent s 1-7 wherein the urea conmpound i s BEI/E81086€1027825

fromthe group consisting of N phenylurea,

N kg fRuy NaldBidiotinddih e 3) for e in step 1)

N- ptierejl thblcerlditioys ofi seep, 1) beplinsayeciied mexy ong ef@mbodiments 1-9.

N-phenyl.- N - benzyl LN - | |
N Freny 1T PEes ohaiferiies s RERPH s eal iR EEa K ftoso speciic
in aifhi dodrof @hyddimuneal- 1N, N - di (p-tol yl )urea, and nixtures

t hereof. 9. The process_.of, an f enbodi 1- .
whelfei n TRraSFE 5T B0 0GR oL M adr Ao PP o e TPy tree wait
opelef&igi sting of N, N -diphenylurea, N N -di(mtolyl)urea,
and N, N -di (p-tolyl)urea. 10. The process of any one
of &lbodi nents 1-9 wherein the cataflyst is PbO
¥H,on alunmi na.011l. The procegs oNHEOW)OGH;0f
ents 1-10 wherlgi n tol uene gifalivfe is converted
)| uene+di oty €ar bapgt &)Ly tion with . - CH;0H
yl carbonate.” 12. A process he formati on of
an [l socyanate froman aromatic am ng and carbon
mongpy de, said process conprising tNeixospsHf: 1)
contacting a dial kyl carbonate with an aromatic am ne
unggt, conditions to form arcgl kyl carbamate and an

al clohol mal | y deconposi the al kyl car bamat e
]élﬁ‘)(%i(%k%ii c i socygmate g%%pgﬁnd and an
; ; 3) contactingt ohoI fromstep 1) and/ or
h carbon m)noiglgage derJcondi ti ns 4 o&’léégr m t he
and4)

| carbonat e; ycling the dial kyl
Eﬁﬁ#éé%nEd in step 3)yfarpuse in step 1) wherein
i'ons of step 1) &ﬂe tﬂose specified in any
one of enbodi ments 1-9. 13. The prodess of enbodi nent
12 wherein the conditions of step 1) are those
3) speUH; 02l + 0 GDy+00e of —erbod) gNs” 1= OtH;14. 2+h0
process of any one of enbodi nents 11-13 conprising the

following three unit operations: O3) 4 CH3OH + 2 CO +
2 2 CHBOOCH3 + 2 H2

Examples

It is understood that the present invention is operable in the absence of any component

1)

which has not been specifically disclosed. The following examples are provided in order to further
illustrate the invention and are not to be construed as limiting. Unless stated to the contrary, all
parts and percentages are expressed on a weight basis. The term “overnight”, if used, refers to a
time of approximately 16-18 hours and “room temperature”, if used, refers to a temperature of 20-
25 °C.

The alumina is gamma alumina in the form of small relatively spherically shaped pellets,
having a diameter of about 1/8” (3mm) (SAB-17™, available from Universal Oil Products
Company (UOP)).

The fixed bed reactor consisted of a length of stainless steel tube of 3/8” (9.5 mm) internal
diameter having an internal volume of 35 mL which is loaded with the catalyst and placed in a
forced air oven. Solvent (if any), aromatic amine supply, dimethyl carbonate supply, and nitrogen
are connected via detachable feed lines to a feed supply tank. The oven temperature is controlled to

+1°C.
12
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Exanples It is understood that the present invention

is operable in the absence of any conponent whi ch has
wmoedo7ioesm speci fically disclosed. The fol | ow nRCT/US2006/027825

exanpl es are provided in order to further illustrate

B e

inte@@lrsea&hairag aaalwee axfé)ppﬂf@sﬁe dn @Heﬂlemgsiatd 848 IGS. usTiiger 30amater DB-35
"overni gh

) er
capi FolRr &1 s Gt AR S b Padlapinegroghon ppersare
analy&@®by ligElRh®madgApheutRRadl- zus elafn ﬁ’x@nufé}:'ﬁlrélfby Nlb@Mod (Ace 5C1815
alumna_ is gama _ al um na j &ngforn1of snma

cm % 4P Hm ng; qu%bqqdfpgqqgﬁ% |apeg¥s:1's oft]i)gv? H)@tegals Samples are
preﬁie@'ﬁ?tdﬁﬁtl&lf of @p&ﬁ" 90 hiBolitdrs B?ﬂ%ao&l&?\ﬁ‘ollﬂt t’vﬁﬂl 3 ndlv af thtadhlyérofuran,

from Uni ver sal Product s Co The fi xed

follgyeed by ddieation o€ g §4‘§Rl%bFf@’F’ infeqtigirg %et%\*larglp%ﬂsrqp%eélgo theg@yeous and
orge{n%%agég to?’ékﬁam (e b@st m shf[Hee TRSAmidé AARE Rith BAVIABrid#fzed silanol

I nt'ernal vol une of which is | oaded with the
groupatapryent @ilg of the e@abrtfn Hlefcew@@ds Bt e@emEsHyE it @ lfml/min

ﬂov@ﬂye) a]‘nd @l{qu@é%ﬁ% BG: ﬁ)uﬂ%pée}ft wall "R éen@&%&t@ﬁ’iﬂﬂé & 10 percent water,

gen are connected via detachabl e feed
90 pememsacetomaﬂe @} rsinppd. yThe agaktioriedustsere detenisd wath @rléV flegector
ed to 1 C Aniline reaction products are
qmgﬁn ”ghéngy gas chromat ography using nitrobenzene as
the internal standard. Anal yses are perfor med on a

et,t . Packard. 6890 usi DB- 35
Exadglh § pai garmiocons pcrbebqogRmke. B
t hi CéedgBpyitratd (@ Ugyiedissaivied & dedmized patep(25 dulgtagd added to 12.5 g of

alurﬁlgxglu egc?afﬂ?%als%g k}g g E}E)gnn% grr %Pe# %49' 1gs %elg: caﬁgggdoalt %W"C in air
for %bﬁs,&nﬂ@ﬁvﬂ&htdoﬁdxﬁ@)s tl&rlehdomtaterﬂsze:d/eftmtoﬂ)b@ anal ysi s of

basi c pmat Sanpl es ar f
abotke fg% E’P%P@?Wrtl ﬁ)ngegfwm]é%&l? &ﬁ 86 rogtgu& ovenp{eﬁ)arg n{[%g?t A feed
mixtBt bANIEHeQS Parash) ,tetfaﬁj/dr&’ﬂﬁd (bHF)f(BO pxray mmmlméthylmerbsmmqmm) (45

before injection. Trie s added
pari s B B B RS 0LG ST Bt ST g e (15 MPa
andS¥8RErate DRO. 5N /Meh. [R6 DShovrd &F o@&’ﬁtldiﬂﬁ@ﬁmhﬁtdoﬂﬁﬁis@i ih an pércent with

s to prevent tailing of the apalyte. The o
94 pegoenplestivipg gemethghyeheliraEbamaisiing phem ognafd 3,8 paregn: selectvity

to M4kl | owi ng gradi ent: 90 percent water, 10
percéent acetonitrile to 10 percent water, 90 percent
acetonitrile in 20 mnutes. The reaction products are

Exa%ﬁﬁee’ft c\%ntlaflﬁn Lo SRI 1IRELRE PHRPGT @ﬁﬁn‘i}g at 235 nm

i ne conversi on usi n Fer cent PbO o .
Al uf snraplb efduina) 100 riaimpreepated mt egd D dterts O g)ﬁhssolved in

del&%e(a Qva%e(? ?2(%@&)6‘ FI‘hg %réﬂnﬁte@ﬂ%d@gg Qfled R ai]r%vusrn%hf;’ fieated at 150 °C for 3

hours and calcined at 500 °C for 16 hours in air. The catalyst (14.2 g, 35 mL ) is loaded into the

fixed bed reactor and heated to a temperature of 160 °C. A mixture of 2.6 parts 2,4-toluene diamine
(TDA), 40 parts THF, and 57.4 parts DMC is passed through the reactor at 0.5 mL/min., achieving
an amine conversion of approximately 80 percent with 90 selectivity to the mono and dicarbamate

products.
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alum na. The catalyst is air dried at roomtenperature

for 24 hours, then calcined at 500 OCin air for 4
whowrs1sssnder which conditions the |lead nit r at BCT/5S2006/027825

converted to PbO. The fixed bed reactor is |oaded with

34 m_,_ 10.2g of the above-prepared catalyst. A feed
Expmple ér‘éD%FOIaVﬁrSFqnﬁléme 80 Berpqns PbOrqatAlamipdr of ur an ( THF)

(50 Aaning 110208 idlintPRdoh¥bd &R Q%‘ﬁf)%ltﬁa@@b Oggﬁés&ﬁerd S deibiized water

repared. The reactor is heated
(2G4 %)s diif Empregnajsdibeads are dpigdingdr qyernight, Beaydy 151 far 3 bads and

calEﬁ&cﬁatQ’fSO & Bor H‘%Hﬂs B a,nAf"lth% atgl?st 1%5&%9 to 81%%@& i)e% rfac?or and evaluated

aniline conversion I s
oveg @|paried efjaimpost 670nlwm1smg|a phzewwofa aalbsaméoamads pm ayd 67 parts DMC.

Thé &%&%&%Sg(r@&gﬁeg fge%f%%n:}ndn ed??n Hﬁe‘d% to N-methyl

ani I'i ne version usi ng 30 Percent PbO
on APQTE.A aomlg@ﬁﬁk@),cﬁﬁlmluxmn;m&(m@ 0 g) is inpregnated

ith . j t solved in deionized
w/at é?é‘?‘vgg%&gﬁ%@%&%& ﬁ%‘g‘g’g“?f%?‘}édgé s are dried in air
overlm Whl20 pea(ostl ki), A5HLAEN S 136-130 haur sI and ((:?L,Cizned
alrr cat al yst g,
;:f%) CO?ZJ Psé%\ég%lpli%ﬁ (G ’lnﬂgmf"l %?égggg’& reactor and
heaﬂ&d"ﬁ, OZ(dei@(WB@kEﬁ)LUEmenEn_}_gQSQﬁ:Z 10116 m :(t urT ﬁ":of 2d6
I i.a parts an
parﬁ%ﬁ‘} %6%0 umg\/lg%?s&ﬂ’?{’ﬂ‘flo‘lﬁ)&?opﬁég reactor at 0.5
L/ B60C, 15E M | 1INGPAN0. R HLARINCONERE &ion Of

mat el y 80 percent with 90 sel ectivity to the
app l%actmtzimfﬁﬁ% BP%”eﬁﬁlé?@IHEMWBIIS@nsvltthn@@m/élquwte

seldd;ﬁht}@of%@nd%@D&&ﬁ‘éenP b {(?llrllé\%)hl %l}({d?l a{%%eéd{ﬁh@ Eonly 8? grg% ﬁakbcagate

ITIJJ %aﬂted wth | ead
Sel‘?"ﬂ Heilony dedingaBe 8 myrsghegminerepaverpion é@natoerhmbéaugcmt end the

totad Edrﬁﬂndt@sei’écﬁw%/vt@@tﬁ{ thhan%%ﬁgn at 150 OC for 3 hours
and cal ci ned at hours in air. The

cat Alpysuct sampls sakew dlﬂrmgcshet ﬁfet 40i hows ob ettearreia enadyzed i XRF
|
spe@YREHF B fRNET c%nt@ﬁ')r%%gmqgada aAﬁ%%urE%%g gﬁ%ﬁ aHS! 08 hBNE:operatlon

m xture of 3 parts 30 p parts
and-piypilarly apadyzed shaves noggleteetshle bed cdngsat! rat es and feed times

used are: 160 0C, 120 psig (930 kPa), 0.4 ni/mn, 0-65

hrs 160 0C, 120 psig (930 kPa), 0.3 nL/mn, 65-135 hrs
Examply 4 EDAI@0veysipusigRbAPapp Alidinarl/ mi n, 135- 180 hrs

105 G683 S By S B0 S i i
impgegoateilumize lsp\@plg,ln( drietl MG théh Giloirledimi 325 °852aibR0 1Hh6urs. Analysis
by )%928! p%%der]tggragts dnds <(.onS1stent w1?h theg fo%matlon of E:ad gh:liIZungte (Pb1{1204) A
portion of the calcined catalyst (35 mL, 13.1 g) is loaded into the fixed bed reactor. A solution of
4.3 parts TDA, and 95.7 parts DMC is passed through the catalyst bed at 160 °C, at 120 psig (930
kPa) and a flow rate of 0.32 mL/min. The initial amine conversion is approximately 80 percent,
with total carbamate selectivity between 60 and 80 percent. Both conversion and selectivity decline

with continued operation.

Example 5 TDA conversion using 30 Percent PbO on Carbon
Carbon particles (18 g, 12x20 mesh) are impregnated with lead (II) nitrate (11.5g) dissolved
in deionized water (27 g). After air drying for 24 hours, the carbon sample is heated in a tube

furnace, under nitrogen flow to 500 °C to decompose the lead nitrate providing a calculated loading
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Initial activity is nore than 90 percent am ne

conversion with nono and di carbamate selectivity of
W@Rkowos15895 percent. Wth tine on streamthe anPCEUS2006/027825

conversion and carbamate selectivity slowy decli ne

By 180 hours the am ne conversion_ dr t o about
of bt SBAETCE Bo@ e A (B8 FlpAdR BNop Py by pepoiop @ evalusted at

170! °@S§sotp91§fel 9@411%? B0 2 mEYnih A6 Gdte gﬁgﬂ Radtidk Bikt6Hd b M Parts TDA,

rst 40 hours on streamis zed by XRF
30. %mﬂwse@é@ 8 apies PG Jhe aming AeTEPTTIONS Bﬁﬁﬁqeé%% pgroent and slowly

decﬁﬂeg ?@Fﬁ%&] O\Ieia Botits lof Bpe'i_’ggnh@%'fh% SAREERS fof caBtthate selectivity
SiIm ana

ows no detectable | ead content

.dGCEmearﬁpmeabdut'ﬁDme@@mt@a@luwﬁ nesdeng PbA t on Al umi na Lead

nitrate (6.9 g) is dissolved in water (20.5 g) and
then added to 10.1 g of alum na. The inpregnated
Exaniplend ARA @nvasioumsiny 0gerant BE:0C Alkremacal ci ned at 825

a1 & PRl d¥o £ 0 bR Rria ARSHER CENBY S5 R B WRTaple from OM

Graab)ifitsladne (4.08)YNs 2dde}l dropvise o 8.0 grof alfimirae Thtaimprmeted beads are dried

38 S ey S IR 5 S s 21

is 16MEY info th@SSRIbel Fraciugindtehsluaat witty simixned ot .3 p66 m amit95 7 parts

120 psig (93Q kPa) fl.owr 0.32 nlL/m
DMy Rezgtfonghp téoreamﬂégr‘]ﬁqﬁoﬂ’@g%f}iﬁa% oz B ane SSFV?%" et 30
houtd 40 1‘5@‘%&'91)2@ ﬁ:ﬁ@ mm),SEZSQﬂI/mmut@ﬂ&Efdﬂﬁaﬁs $O2@0N dnifle conversion is
per cent ot

conversion and selectivjty gecl [ nel? &g@
abagb ReFRgBY e bapatsiseloptaingl &0 rereppiningtisiy, e 0,859y Ogpgroent
corﬁ@xrsi%ﬁﬂﬁd T RB: CREMGH aGer WO RoRabE dpetatisn.( 18 g, 12x20

mesh) are inpregnated with lead (I1) nitrate ( 11.5g)

di ssol ved in deionized water (27 g). After air drying

Exe(n?ﬂ’le 2ADOSersioh Gsik @PEO B ZREPkRei S heated in a tube
furnace, under nitrogen flow to 500 OC to deconpose

t heAlsemplenf Hinaeddppedois (FmY 0A™bavr bl ey EP%?HHF%%‘B‘POWIOH) is
exlﬂ@s‘?l%l?/ s ;ﬁtﬁ@{) atdr 26 thdGr-G@dda ¥ad ﬁll§ &2 @thgl}le}laﬁozlteg gﬁg of 55

Into ed reactor and eval uated at
per@.@@Plp@@H@slz in nAR! spinies) B addedkp theiwrshadgincioxide (19 #g The pellets are

mngeg ?(g{hbl%ﬂ%ﬂﬂl %%}gﬁg;ﬁgﬁets% @ﬂl’éﬁ gre I%cteﬁ Qy FiItRRbL %d%@n’@th toluene.

am ne conversi oh starts at near|
Th@&llpe rarﬁetrmwfamd telapetridishodticrathey arealfgved 2o yedy end thelwﬂcmed at 500

°C g 3 in2 alr ?5%}2%6 fATystt(9§7 %,r 5 iblgﬁ)a&egid% the ﬁxed bed reactor

ama e selectivit nes about er cent
and @ahlhledmm@ netweof4. 3 BacmrTibleard 95 Didpaco PV mdelnthm &illnying0
ercent Bi O3 on Alum na A solution of 10 g of bisnuth
condfo8%i de (Hex CEMtm) 32 percent Bi, available from OV
Grong)c; Motp@lngEnM;(aﬁoﬂzgl)L/mm addéad dr opwise to 8.0 g

o A P WL SRETRE s 50 10,
houngo € 58ipkig (T &1y, 0ROGHL/ffh, @7 @ h? 1 n)
170 C, 150 psig (1.1 Mpa), 0.20 mL/min, 71-90 hrs
180 C, 175 psig (1.3 Mpa), 0.20 mL/min, 90-135 hrs
180 C, 175 psig (1.3 Mpa), 0.20 mL/min, 135-326 hrs
Initial activity is 45 percent amine conversion and 70 percent total carbamate selectivity
increasing over 60 hours to 98 percent conversion and 70 percent selectivity. After 326 hours of
operation amine conversion remains about 80 percent with 60 percent selectivity to mono and

dicarbamate products.
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15

is |l oaded into the fixed bed reactor and eval uated

wWth a mxture of 4.3 parts TDA and 95.7 parts DMC.
w@Remcvi1ssm condi tions are 165 0C, 120 psig (930P&PPE}2006/027825

0.25 niL/mnute flow for the first 30 hours and 160

0C, 120 psig (93CkPa), 0.25 niL/mnute flow for hours

30-200. Am ne conversion is about 80 percent with

CofuPirRVaet e rsel Redkikh Es)fné’iin@@xi@@ rcent initially,
declining to about 50 percent conversion and 70

per SeAbrs of 4 &.i30imlyoffincaxide lorrsd instodlie foysd bed feastor and heated to

. : \ o
e o s Py DRl e Mo flor a prosure
of 130aigkchg &MMaxp 42 @d/pinr fat FDiurs. SAmeinb eanybrisioa byicfiyesehlescht 90 percent at

T T ST ——

dichrhamdtesaeaxhessyi hightesthan $0 pedatetd t 0 t he washed zi nc oxi de
(39.1 g). The pellets are m xed to thoroughly wet the
pellets and then are collected by filtration and

Compariee BMIDIA doaveaisioreusinpunied | et s are transferred to a

Cal dhons e oS oe e BUR B 7t f it Wbt dpars TOA
andCot 7epayts DMBR péssed thefughthk réadtol 68 @0hduiré ehdeBe fiRGshelR8/kitions:

rea%jg& ggd .ezla uat ed usi_ng. a m xture of 4. 3 parts TDA

and [ E--7°P g3ig 6 DviBa)y Ade miyRie: ¢-67 Pswi ng condi ti ons: 160

C, 160C,BSipgig(d90kobpake nll /3 M-éeh, 0-41 hrs 170 C,
150 S|q 91“1 NP@&, 0.32 nL/mn, 41-67 hrs 180 C, 150
psi&ﬁv%.? Rpia(l-> HPok 032 mly/min, @67 10/rs nrs 170 C, 150 psig
(1. hitMaRihe athirQofbefTbi i

s ol 45 PErER K uc Klinelpl Gyl cntimare

561%%5.‘/; Adtep B0 heurnefipperation, ampe Renyersipntdraps taaboinA5tpproest with

carbiifafelBlectily B af PONGLSIy 88 p@RGy:./0 Percent total
carbanmate Selectivity |ngrea5|ng over 60 hours to 98
percent conversion and 70 percent selectivity. After
326 hours of operation am ne conversion remains about
80 percent with 60 percent selectivity to nono and
di carbanmat e products. Conparative A TDA conversi on
using Zinc Oxide A sanple of 49 g, 30 niL of zinc
oxide is loaded in to the fixed bed reactor and heated
to 170 OC. A m xture of 4.3 parts TDA and 95.7 parts
DMC i s passed through the reactor at a pressure of 150
psig (1.3 MPa) 0.32 nL/mn. for 52 hours. Am ne
conversion briefly peaks at 90 percent at 25 hours of
operation and falls to 25 percent after 50 hours
operation. Selectivity to nono and
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di car bamat es reaches no hi gher than 50 percent.
Conparative B TDA conversion using alum na The fixed
whew7nensior is | oaded with 10.3 g, 34 niL of aPCmUSENG6/#R7825
m xture of 4.3 parts TDA and 95.7 parts DMC i s passed
t hrough the reactor over 70 hours under the foll ow ng
itions: 160 C, 150 psig (1.1 MPa), 0.32 ni/m n,
gr 4y 1 2 BS C}aﬁaggs%:’fm%ﬁe }H@Iiagatﬁ)ﬁ %Parl&géﬁo ca%a%gteﬁ‘fwrﬁﬂrﬁm%@gntﬁ,@mg one or
S psi g .
morerg¥gapig [chrponates withianer mﬁv emise ehurp%mékf‘duﬁsev‘@ 9i@catabyst and recovering
the élﬁnfggﬁ‘l%tlc%%rbg %{%g)mdu{: o&ﬁ{ac{éﬁ{eﬁm&i@thé @Jt&ﬁ?gt g\l ﬂeYerogeneous
ours o peration, am ne conversion drops t
cataypocrmpgisinp e ﬁ:@m 12w Stihetd pipponad suppettesdoan; agupsjraget
app; oxi n"% %?egs of%?auﬁ?%llo%@;ﬁ@schgmaﬁ% DRSS for the

pr ePar at 1 o1t tes conprising

aromng_&?{]‘gc DGR =>H tﬁg@% es' an@@f[ with an
anm@mmwrmw@@mwmﬂ%@@%é& Py GO

product, characterized in that the catalyst is a
het ehagieneous catal yst conprising a Goup 12-15 netal

C RO pRHRBCL! SRl HRAR S Al IR RPEESS OF

cl ai'M Re*sEhermat

+ R QemaNRSIRINRR ) ence is NREGEHOIGR or afalkya NRC(O OR ) r
ar obar OB R R g oty B ef AT e SR s A, and

eacR” Qﬁepend@ﬂszeadh&chyﬂnagenorAk kyl, or aral kyl, R
i nd pend gurrence
gr o B ti&e‘f% %\thcéaHB R’Vﬂeéeﬂfé T lga?e‘ﬂé%{l%ﬁaéb%c& ERiqeyjs selected from:

each occurrepeenis R or Ar cass of cl a|m2

wherein Ar ; , ) is selected
ndgpendent I ag
Gy

from er ex ' énce i s
hydrog\é\ﬁ(&ﬁa 0, hydtoc inertly sustR| W ed
hydr ocar byl , trihydrocarbylsilyl,
trlhydrocarbyls Ny dr.ocay A r
i's an drnt eger ' ¢ Y
equal to tResvalens gf CoR
i ndividual Iy each occurrence is an-tmteger greater

t han or equal to OnMth the proviso that the sum of all
r' phese® ifdependently ea¢hsocpureanenis hydrogeal kalg, hydrocarbyl, inertly

substituted hydrocarbyl, trihydrocarbylsilyl, trihydrocarbylsilylhydrocarbyl, or hydrocarbyloxy,

r is an integer greater than or equal to 1 which is equal to the valency of the aromatic group,

1’ individually each occurrence is an integer greater than or equal to 0 with the proviso that
the sum of all r’ present (if no r”’ is present) equals r,

1 individually each occurrence is an integer greater than or equal to 0 with the proviso that
where 1’ is present, the sum x(r””) + all r’ equals r,

Y is selected from the group consisting of --O--, -CO--, -CH,-, --SO;--, -NRIC(O)-, and a
single bond, and

X is an integer greater than or equal to 0 indicating the number of repeating groups in the
aromatic radical.

4. The process of claim 1 wherein the aromatic amine is selected from the group
consisting of aniline, p-methoxyaniline, p-chloroaniline, o-, m- or p-toluidine, 2,4-xylidine, 2,4-,

and 2,6-toluenediamine, m- or p-phenylenediamine, 4,4'-diphenylenediamine,
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r" individually each occurrence is an integer greater
than or equal to Omth the proviso that where r" is

w@e@genmss2 t he sum x(r") + all r' equals r Y i BCT/US2006/027825
sel ect ed fromthe group consi sting of - - CO,

and a m@g@ bgg and x
medrlendiEgRmEly R dan Y B A o DUET A Cal ARG oRY R aniline),
4 4'%[?91%%1&%1&%9 %ty‘nfé%y&h@ﬂcﬂ?pﬂeﬁ‘y] tp?lﬁarﬂﬂh@ﬁﬁﬁd ixbRél FF @e: fordgoing.

e process of rei e.arogmatic anmine is
s eI éct edThe mm‘eﬁmf %@dﬁv@mﬁhg poRgtioAmings|splpged from the group
conglsﬁgglt & Q?ﬁ}ﬁﬁg 't(glhé'ﬁ@dlalgmg %é@ﬁﬁé%b%(‘aﬂﬁne)?&hd milktufe§ thereof.
2 6614 ol u@h@ﬂpm pleclaiml Vdm%‘l 1) éfﬁ?llaféh?é’éﬂl%’msﬂécted from the group
| (s '
congl’sting (g“ af?l:!‘]\ﬁ? ﬁl eg%%hg’)gft&%%n%&%gglé’b% rgégﬁﬁﬁ%nnegm(amhne) 2,4
meﬂlyhhebuﬁéanhionylandm(xamdthwe&)f 4, 4' - sul f onyl bi s(ani I i ne),
pol ynet h
i he¥T or eg’l&) cegggofsl%l%qx’lr'hggeglg t\éggx}eg g(ftnapo‘ri'lﬂ%s\%}% éél’?fs%b%{ltuted urea, a
N, Nlidéumylt substmrtemerea or srehremhﬁmdaoﬂyummot remgtiopqlywahsicsirdarng the formula:
of anl l'ine, toluenedianm ne, nethylenebis(aniline), and
A dUNREO b—é{ﬁ&an;l—ﬁR—Ih&r Progess, of claim1l wherein
the aromat i Is selected fromthe group
COI’]SI sting of ani I ine, 2,4-tol uenedi am ne
G- t ol uepedi am ne,
oy hisl enREPQCAHI+
process of claiml
N-aryl - substitute a NN -diaryl -
urea, or an arongtic pol yurea or aronatj

&gyuretlﬂane/ gt of the fornula; SOy
ar : j pendent | 1
hydr ogen, a|§.1@§§rky|°? R2 in e%

occurrence is™ydrocarbyl of up to 207 car bons; ?g
IS an |nteger fromO to 20. 8. The process of claiml
wherein the conmpound i s selected fromthe group
con&iiadeperge y %9 PREHY TGP @&ygrﬂgwlgﬂi ayalinda,

N- (B2 trabpehddaki® 8ach Ne@itRnvd is INdrdteibildiuip €20 Mrias il -

N - et hyl urea, henyl - N - but yl ur ea,

N- pRdsAR iniRger fie qu 8a, N phenyl - N -benzyl urea,

N-pRenyl Tht pro@é@@ﬂﬁtlzhﬁﬁ' M&aem e RRe BUIan(Nn@ WGERASX b tiR3sroup
N, N - dlhi) enylurea, N,N -d Sﬂmtol

conggshng ofi -pheayiprep, Nrf@doly Riyrer. @tteﬂvégr% %Pf@wl-N'gnethm%léea N-phenyl-
N'- &E?EI%§SN Ben§LRLHRy ) Wﬁieﬂyllmﬁeﬁﬂlﬁ@a WMbé&ylurea N-phenyl-N'-

ected fromthé group consisting

phagetity Liep JFrehspty N esacloexyured; .- @leheywmaelg N'-gifat-tolyDurea, N.Ndi(p-
tol%u’r\ga, Q‘ld(rfﬁxﬁlpés%e)réﬁfe a.

9. The process of claim 1 wherein the urea compound is selected from the group

! the urea con‘p
a,

2

consisting of N,N'-diphenylurea, N,N'-di(m-tolyl)urea, and N,N'-di(p-tolyl)urea.

10. The process of any one of claims 1-9 wherein the catalyst is PbO supported on
alumina.

11. The process of claim 1 wherein toluene diamine is converted to toluene
di(methylcarbamate) by reaction with dimethylcarbonate.

12. A process for the formation of an isocyanate from an aromatic amine and carbon

monoxide, said process comprising the steps of:
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10. The process of any one of clains 1-9 wherein the

catal yst is PbO supported on alum na. 11. The process
woboogloadssr 1 wherei n tol uene di ami ne i s convert BAT/U82006/027825

tol uene di (et hyl carbamate) by reaction with

di met hyl carbonate. 12. A process for the formation of

an Dsoeiperivandialybmrbenaigrtrheaniaconie ARING NI erddipns to form an
allc TR femd 3RhioR;0C€SS conprising the steps of:1)

contacting a dial'kyl carbonate with an aronmatic am ne

un d@rth@’mn’gy decomeosing tiiecllilearbamateyd oA 3R ALRMBtia ecyapte compound and
an?qéo%?pol ; 2) thermally deconposing the al kyl carbanate

0 Tdrman aromatic isocynate conpound and an al cohol ;

3) owhtacingtie dévboldkawsted 1)fandir Diveiph crybon Meneideoyndgy qoRditions to

carbo [ X er conditions to reformthe dialkyl
‘refoggrtg%ﬁg@ﬁg%ﬁ%%;éggecycI i ng the dial kyl carbonate

f or #eckcyating theplidy! faybonasdonmed éit g¢p 3))forbseinesitap 1Y he

conditions of .step.l)-.are.those.specifj [ ne

o Bhap eSS ke 1 AErbRIBE ATk §F ot RaBRAETE

cong.t i oMbe @bcesd &zlalh 12 mwherelnabecompitions afep il hare kimsespedified in

14 The process of claim 12 conprising the foll ow ng
claithtlee uni t operations: O3) 4 CHBOH+ 2 CO+ 2 > 2

CH3 4 OCH3hetprdee¥s of claim 12 comprising the following three unit operations:

CH; CH;
NH, (I) NHC(O)OCH;3
1) © + 2 CH3O/]\OCH3 —_— " + 2 CH;OH
NH, NHC(O)OCH;
CH; CH;
NHC(O)OCHs N=C=0
2) —> + 2 CH3OH
heat
NHC(O)OCH; N=C=0
0

3) 4CHOH +2CO+ 0, —> 2 CHgo)kOCH;; 2 H0
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