1 PREPARATION OF CARBAMATES WITH SOLID CATALYSTS Field of the invention 5The present
invention relates to a process to produce carbamates and their corresponding isocyanates by the reaction
of aliphatic and aromatic amines or polyamines with organic carbonates in the presence of
heterogeneous catalysts. State of the art 100rganic carbamates can react with amines to give rise to
carbamates which are compounds widely used in a large number of applications including pharmaceutical
preparations, production of arlcultural comounds pesticides and herb|C|des). Of special relevance is
the use of carbamates aVEEABAHONQF CARBAMATES WITH SOLI s8d as monomers in
the synthesis 150f polyurethanes One of the mdustrlal processes for the syntheS|s of polyurethanes
is based on producing isocyanates by the re c?fft mines v lth phosgene. The toxicity of the phosgene
determines that it is extremely convenient to Eo‘g-fmjﬁema'ﬁvev?o this reagent for the preparation of
isocyanates. In this sense, one 20 of the possible alternative channels to synthesize isocyanates consists

of using carbamates as iigriIRGateyERRGH FBRFRUO of BASDEIIAS BRHE ErBitieAALLRY the reaction

of organic carbonates with amines. However, dia k)éncarbonates can react with amines in two different

ways. Either formlﬁﬁ'&a?ﬁﬁﬁﬁﬂ%%d&%y%?mﬂ@t?@ Ay oM §REMRRLS! TRIIBRAIGL RIS SREBRYR acts by
competing with thafirséanadis watesiiakle Whieh selgsiie canbamats Syinthess iprigesurd (Biagram 1).

heterogeneous catalysts.
State of the art

10 Organic carbamates can react with amines to give rise to carbamates

which are compounds widely used in a large number of applications including

pharmaceutical preparations, production of agricultural compounds (pesticides

and herbicides). Of special relevance is the use of carbamates as precursors in

the synthesis of isocyanates which can be used as monomers in the synthesis
15  of polyurethanes.

One of the industrial processes for the synthesis of polyurethanes is
based on producing isocyanates by the reaction of amines with phosgene. The
toxicity of the phosgene determines that it is extremely convenient to look for
alternatives to this reagent for the preparation of isocyanates. In this sense, one

20  of the possible alternative channels to synthesize isocyanates consists of using
carbamates as intermediates. The preparation of carbamates could be carried
out by the reaction of organic carbonates with amines.

However, dialkyl carbonates can react with amines in two different ways.
Either forming carbamates or by forming N-alkylation products. This second

25  reaction acts by competing with the first and is undesirable when selective

carbamate synthesis is pursued (Diagram 1).



2 0 R,N_8,0R., /N-carbamoylation O Il R-NH2 + R10-C'OR1 \\N-alkylation \ Alkylated RR1product
Diagram 1 The organic carbonate most widely used and which has been the object 5 of greatest
attention to due its accessibility is dimethyl carbonate, although other dialkyl carbonates and alicyclic
carbonates may act similarly to dimethyl carbonate and may act in the presence of amines as alkylating
or carbamoylating agents. Other organic carbonates that can be used are aromatic carbonates such as
diphenylcarbonate or carbonates with groups 10polyfluorinated alkyls.
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Diagram 1

The organic carbonate most widely used and which has been the object
5 of greatest attention to due its accessibility is dimethyl carbonate, although
other dialkyl carbonates and alicyclic carbonates may act similarly to dimethyl
carbonate and may act in the presence of amines as alkylating or
carbamoylating agents. Other organic carbonates that can be used are aromatic
carbonates such as diphenylcarbonate or carbonates with groups

10  polyfluorinated alkyls.

The reaction to form carbamates from organic carbonates (fundamentally
dimethylcarbonate) and amines has been reported in the patent literature (US
4,268,683, US 5,698,731, EP 0752414 B1, EP 0570071 B1, EP 0323514 Bf1,
EP 0881213, WO 98/55450, WO 01/56977 as well as WO 2007/015852) and in

15 open literature (J. Molec. Catal., 91, 399-405, 1994, Tetrahedron Letters, 41,
6347-6350, 2000, J. of Technology and Biotechnology, 76, 857-861, 2001,
Applied Catalysis A: General, 227, 1-6, 2002, Catalysis Letters, 82, 193-197,
2002, Pure Appl. Chem., 77, 1719-1725, 2005 and Green Chemistry, 7, 159-
165, 2005).

20 WO 99/47493 discloses a method for the preparation of organic
carbamates by the reaction of alkyl amines and carbonates substituted with



The reaction to form carbamates from organic carbonates (fundamentally dimethylcarbonate) and amines
has been reported in the patent literature (US 4,268,683, US 5,698,731, EP 0752414 B1, EP 0570071
B1, EP 0323514 B1, EP 0881213, WO 98/55450, WO 01/56977 as well as WO 2007/015852) and in 15
open literature (J. Molec. Catal, 91, 399-405, 1994, Tetrahedron Letters, 41, 6347-6350, 2000, J of
Technology and Biotechnology, 76, 857-861, 2001, Apglied Catalysis A: General, 227, 1-6, 2002,
Catalysis Letters, 82, 193-197, 2002, Pure AppL Chem., 77, 1719-1725, 2005 and Green Chemistry, 7,
159- 165, 2005). JFYOMT HHP RSB LOMBRIIFSAIRh FRpRIaHD MBI SHRRRE QFHERkes by the
reaction of alkyl aginsgsantheaidrenatpesipiatsLdednyitr Bibetesoatasnenn the presence of organic salts
of metals in inert supports or m\ﬁ@'ﬁﬂ# )&%%g%at f(c))rmSaSprhecilE)SitatoeT ggri.egsgﬁ ftaet% }hset J gc%hoen.

WO 2005/063698 proposes the use of basic 2oIfd c%?aﬁ/s%s%or the syn? e3is oftiredg and
dimethylcarbonates wrtogsireol/lsadsorrdeiseHy leastmeopo gudwmtcatidratefor producing carbamates by
the reaction of amines aﬁﬂé)rﬂ%mﬁd‘é@%@eﬁhﬁﬂv%é}cﬁedfﬁsfd?f BF%G% a&frﬁakﬁeﬂé? W%ethe use of

soluble metal catalysts for said reaction is undesirable as they impurify the reaction products and their

elimination is difficGRAING &k FERHERR DHIRNAABRRAREIRRTE S6FiEF reqdired R ResSIdfer industrial

10 use. Furthermarigt hase, eacalssintsoiatdyress daeilResivey daithe aonsaesOh foaelinn aand if
recovered, they czﬁqnot be re@c&cﬁd to thq.grocesau\é\{glcg nlgv%ves a .rr%]alﬁtl%{gw high,cost of ca(}alyst and

the formation of me?ﬁll rérgpdﬂ egi:’r%cb enfrcPrrnoan enwronme%'{alesl%an pomt.']giurI grlﬁl;[ora(ler] some

processes may prexipgiesiie éxcidsivecginantiajest Wit llhd anigityaredior edviby dnisnfaigrationstBgield, further
requiring highitemperagifgasandiar (RLVelydRRe rgaction filgss tRessERigNRktRenHeRtan, ~ The
present invention relates to a carbamate preparation proceéss comprising, the reaction between at least:
an amine or polyarrﬁﬂﬁ’ggp’ and if recovered, they cannot be recycled to the process, which

involves a relatively high cost of catalyst and the formation of metal residues

undesirable from an environmental standpoint. Furthermore, some processes

may produce an excessive quantity of N-Alkylation and/or low carbamoylation

15 vyield, further requiring high temperatures and/or relatively long reaction times.

Description of the invention

The present invention relates to a carbamate preparation process
comprising, the reaction between at least:

- an amine or polyamines,

20 - an organic carbonate of formula (OR)(OR’)C=0,
- a catalyst which is formed by at least
* a support selected from at least a metal oxide, a microporous

material, a mesoporous material, an anionic laminar compound of hydrotalcite
type or its derivatives or an organic polymer.

25 According to a preferred embodiment of the process of the invention, the
catalyst further comprises a metal of groups 8, 9, 10 and 11 of the periodical
system, more preferably 9, 10 and 11.

According to another preferred embodiment of the process of the
invention, the catalyst support mentioned is a metal oxide which is selected

30 from at least one of the following oxides, AlOs; MgO, CaO, CusO,, CoxOy,
FexOy, CexOy, CrOy, ZrOs, Y203, and more preferably the support is CeOy,



20- an organic carbonate of formula (OR)(OR")C=0, a catalyst which is formed by at least *a
support selected from at least a metal oxide, a microporous material, a mesoporous material, an anionic
laminar compound of hydrotalcite type or its derivatives or an organic polymer. 25According to a preferred
embodiment of the process of the invention, the catalyst further comprises a metal of groups 8, 9, 10 and
11 of the periodical system, more preferably 9, 10 and 31. According to another preferred
embodiment of the process of the invention, the cata%s% support mentioned is a metal oxide which is

selected 30from af1&asf vt tNeRel SWIRE oxRIKLY ARUB ANIGRPSERLE Bl RBERBPIFED Cexoy,

Crx0y, 71-02, Y2GBeanatansirexprefierabl b enstyiporitisiexexid 4xide2, FexOy or Y203. Where x and y
have any possible value epegt%ilng(})& gf rTt]fgle %arte P&ox}i(%%[i 0 oa}‘ th% maertnal & rolhain@rgsiglilgngxides.

The metal oxides may vary;, for exampﬁa, am¥)ng morp%ous?crys%ﬂl and Brricture , both laminar and
with porosity in th@mengjeuotiresl.1 00thntarsimdregs b itibspeseditysia Suppgenaady £datd®Onaoior more

metals. The crystafoaraphifieBagedpheP WipbA MIXIHERtSRVRIR! IBramoRiORRMR. The particle size

of the support may range from several nanometres to several microns. The oxide may be stoichiometric

or the proportion & PO RIZRFIGRR BRYRIER Gifiér ot & S8YeEe ibaRBe PEIPAREPHalence of the

elements. 10 Thepgremeiaicxises elsnsboppen MEjnsiagatabyicactiidinarometirg tdcesbaraoylation
between aromatic amines emd organic carbon{;\te% Ge erally the catalytic egfif:ien(r:y %nherenﬁ to metal
o) € oxide be oii:n |81rgez . |¥ etw t

. . microns. .ma ric_or.the proportjon e e meta
oxides in terms of Teaction speed'Is |mpyovedsw epos%on %PBO nanoparﬁcles. The preferred

particle size of saienchitagysxygdretiféasfroranbas@xpacted based on the valence of the elements.
10 These metal oxides also show an intrinsic catalytic activity promoting N-
carbamoylation between aromatic amines and organic carbonates. Generally,
the catalytic efficiency inherent to metal oxides in terms of reaction speed is
improved with the deposition of gold nanoparticles.
The preferred particle size of said catalyst is between 1 and 50 nm.
15 According to another preferred embodiment, the catalyst support is at
least a microporous material, more preferably a zeolytic material.
According to another preferred embodiment, the catalyst support is at
least a structured mesoporous material.
According to another preferred embodiment, the catalyst support is at
20 least an anionic laminar compound of hydrotalcite type or its derivatives.
According to another preferred embodiment, the catalyst support is at
least an organic polymer. This organic polymer may be preferably a copolymer
selected from styrene copolymer, 4-hydroxyethylstyrene copolymer and 4-
glycidylstyrene copolymer. The organic polymer may also preferably be a
25 polymer of dendrimer type. Among the dendrimers, preferred supports are
those containing nitrogen atoms such as polyethyleneimines and
polyamidoamines of third and fourth generation, preferably dendrimers of
PAMAM type.
Also preferably the organic polymer may be a polymer of PEI type.
30 Preferably, the metal is selected from Fe, Cu, Ag, Pd, Pt, Ni, Co, Rh, Ir,
Au or any mixture thereof, more preferably between Cu, Ag, Pd, Pt, Ni, Co, Rh,
Ir, Au or any mixture thereof. This metal or any of its combinations may be in a



15According to another preferred embodiment, the catalyst support is at least a microporous material,
more preferably a zeolytic material. According to another preferred embodiment, the catalyst support
is at least a structured mesoporous material. According to another preferred embodiment, the catalyst
support is at 20least an anionic laminar compound of hydrotalcite type or its derivatives. According to
another preferred embodiment, the catalyst support is af least an organic polymer. This organic polymer
may be preferably a copoFIlymer selected from styrene copolé)rzl:r, 4-hydroxyethylstyrene copolymer and 4-

glycidylstyrene copGRHER PREBRANRCINWRTE: A 2Re PRty EigH 4t ERARRT CdEdrimer type.
Among the dendrigaeissprefeie heioRbIis dserdes e corliadn B NRIOTRIMee)IIssIchasl may

polyethyleneimines_and polyamidoamines, of. third and fouxth generation, prefer b%en imers of
BAMAN type. Als BB T e Shom o o, TR I SR R PR S e
metal is selected ftBrnfe, Cu, Ag, Pd, Pt, Ni, Co, Rh, Ir, Au or any mixture thereof, more preferably

between Cu, 49, Pd, Pt fldr@ng b 4 Pt néibsintelietroim P IneialcatAyst abds psyagbinations

may be in a 5 preferred percentage between 0.01 and 10% by weight with respect to the catalyst, more
preferably betweed 8909and 6%. Furthermore, the metal may have a particle size selected from 1 and 20

nm, more preferably betwieemm@ apebdénnminvAsuending tha prefesrrihgmpbasisientothel meiat of the
catalyst described is %old In the &r?sent inventi?n it has sur {isin been found thdat
metal “oxid gxl an

. nanoparticulated lHes EORNING OF ot CORtARmY. gol ald .
nanoparticulated Metaroxides containing or ROt Containin gold and go nar%’oﬁar icles onqorganlc

polymeric supportsanepesiaete ofi selegaivelypalyroatiysingobrisreargtiocapetiecof aselesinelyr polyamine
and an organic cagBpRaleqTgbebaMisHr BEiRedrnapasticHiated maialmxdesitpeshas fysHigrort type of

the gold nanoparticles or even the behaviour of the gold nanopatrticles supported on different solids allows

us to predict the ceRdMRIenBfoleiARYe 2ELHE dIanARFEEaKIReSr JaRta! carissisatexed mieh Ssurprisingly

support type of the gold nanoparticles or even the behaviour of the gold

nanoparticles supported on different solids allows us to predict the catalytic

behaviour in the reaction of amines with organic carbonates which, surprisingly

15 and unexpectedly, based on the knowledge of the state of the art are extremely

efficient and selective promoting the exclusive formation of the N-
carbamoylation products.

As mentioned, in these cases wherein the metal is gold, this is preferably

in the form of particles wherein the size of these gold nanoparticles is of vital

20 importance in the catalytic activity, since the activity of the catalyst strongly

decreases when the gold particles exceed a size of 20 nm. A more suitable

particle size according to the process of the present invention would be

between 1 and 20 nm, preferably between 2 and 10 nm. When the gold

particles are supported, the nature of the support has influence on the activity

25 and final selectivity of the catalyst. For example, when the gold particles are

supported on active carbon the resulting material does not have the desired

activity and selectivity for the carbamoylation reaction of aromatic amines with

organic carbonates. A suitable support for the gold may be any of those

previously described. In the specific case of metal oxides they also have

30 catalytic activity in the carbamoylation reaction of aromatic amines. Thus, it has

been observed in the present study that, preferably, the cerium oxide of

nanometric particle size (>20 nm) shows a catalytic activity to promote the



15 and unexpectedly, based on the knowledge of the state of the art are extremely efficient and selective
promoting the exclusive formation of the Ncarbamoylation products. As mentioned, in these cases
wherein the metal is gold, this is preferably in the form of particles wherein the size of these gold
nanoparticles is of vital 20 importance in the catalytic activity, since the activity of the catalyst strongly
decreases when the gold particles exceed a size of 20 pm. A more suitable particle size according to the
process of the present invention would be between 1 and 20 nm, preferably between 2 and 10 nm. When
the gold particles SPECSIIGRHIRN Rk ALRTIANGT HBIREDHpSHPLS Fnilthen XNSH tABNERSIHF JB884Rld final
selectivity of the cetadyst.dited extesnplehofesatas uelddgparticies prsaip podeckaraansivetion ign the
resulting material gperﬁsarﬁgt Qr%\llneethe'_poevs:(iarved aﬁti‘e’it e%?g d§el ctsivit tf\% thr% ecglsrg%rgoe}lslapon trigﬁlction of
aromatic amines With organic CRiBonates. A'suitabre support for the ggld may be any o THOLe previously
described. In the sptecisigufisantiynirteganddelo thwy bilsahavwod@edatinativetinitihin teferdsahmoylation
reaction of argmalie-gRnRsnt WierdinamBesaRReBRILINmBERRSEIISIUdBLBARNBrets R the cerium
oxide of nanometric particle size (>20 nm) shows a catalytic activity to promote the 6 carbamoylation of
aromatic amines. DAISRRIECKER other nanometric metal oxides cited above show catalytic activity to

promote the carbamoylaities infieanatic Beainesniteerethenespestechydifitnadtvitamaastsed as
reaction rate significantyIngreases a hed eabhamoylaie dervelive i he prefened  smpgdment
wherein the ceriunt oxide ismoaiied y a%Qorp ionof go adnanopar icfas. 999 i 1§ |mpor{3n %0 bear in
mind that the readtidheoaiditishsriomddesdhzatdhfrsendeirmibed tediatetd-tieyrafeleetd @ampdithent wherein

gold is used as metal in thiecaialich 35 RGN Am S esSSRGLLOAIR oG XaMP ot carTy out 10

the carbamoylation of aromatiC amines temperatures between 20 and 200gC can be used, and sufficient
pressure to keep R RAYERE MARUHLIGIRRIRessUr i brRP a8 d8 28RN o lidi BpBREshows less activity

than the gold-containingigasalystsdses exampiss eRrisupporidshditanivss axdatanddromexifsdn the
absence of gold nanq%ar.ticles give IO\‘A_zer conveTsions. than t%e efqal(?%eosxi 5 containing. old

nanoparticles. In N 'Ewgvﬁ%t é%tl% |s°|rn%)(()%nc§)r§tecc? OA"A i(/' ’sz'a%ﬁsuppor se, %@pé@%ﬁl‘. the case of

metal oxides in quaatiiessheeefegoliolanndatisieausiventre greturadiyidnsitieam 4 amricgieby weight
with respecttg the, Gatalsly WRPARKD AEISE S RAMAEINGMBAIGHR] IS FrBTIRb B Jihe

behaviour of the catalyst in the reactions described cannot be deduced or 20 derived from the knowledge

of the state of the S5 5 W2RANSI STRATA RISk RRS B N HRIAI QEEI8D M AHATY P HBEMRRAIMAY gold. (S
Carrettin, MC Blange, £0%0ama. &K prasrabiyHsiaregrreousmeachd«caialysefisyithesépedtplaenols.

FOSe L e Gk e A e St
Reviews 107 (200/e3babavicdr of MedlagtalyBhiketheCteariioRe\des04{@0@4))B808F%. deduced or
20  derived from the knowledge of the state of the art in catalysis using metal oxide
nanoparticles containing or not containing gold. (S Carrettin, MC Blanco, A
Corma, ASK Hashmi: Heterogeneous gold-catalysed synthesis of phenols.
Advanced Synthesis & Catalysis 348 (2006) 1283-88; ASK Hashmi, J Hutchings
Graham: Gold catalysis. Angew. Chem. Int. Ed. 45 (2006) 7896-936; SAK
25  Hashmi: Gold-catalyzed organic reactions. Chemical Reviews 107 (2007) 3180-
211; T Mallat, A Baiker: Chem. Rev. 104 (2004) 3037).
As gold supports, among others, organic polymers are mentioned in the
present invention that interact with the gold nanoparticles by forces of type [J-
metal atom and which trap and immobilize the gold nanoparticles on interlinking
30 the polymeric chains around the nanoparticles. For example, polystyrene can
be used as support or a copolymer containing styrene and derivatives as

monomers. A preferred embodiment is that where wherein three co-monomers



As gold supports, among others, organic polymers are mentioned in the present invention that interact
with the gold nanoparticles by forces of type -metal atom and which trap and immobilize the gold
nanoparticles on interlinking 30 the polymeric chains around the nanoparticles. For example, polystyrene
can be used as support or a copolymer containing styrene and derivatives as monomers. A preferred
embodiment is that where wherein three co-monomers 7 (styrene, p-glycidylstyrene and
p-2-hydroxyethylstyrene) form a polymeric support. The proportions of the monomers may vary in a wide

range a preferred (SRSSERIo PRSI ERHERRE p g ciBARYFEREY § Y RDERER) efRYRtyRe RO SBIG /3.
Polystyrenes contgipipgrothes pespsaiionositigehbaomegativeiyanangadvileoangmapesierpayacrylates
and polyacrylamides are.other.polymers that can be used as port. Also, as previ entioned,
coluble polymers BRI e A R R B DR A R R PO S preterrec
embodiment of the presé&lalyatysenes consisisdbher4%ubpasighsivt gyl dwitgetivsiyl chasdestween 2 and

10 nm on cerim g AmtdsT BBIFHERRISCARD BAREIALRIESeD U Bih G BB AR type of

structure. For example the supports can be laminar, Such as, for example materials of hydrotalcite type or

derived from mixeRfoXiHR: FARMPRNIgA|%Ca, Fu PERYISURN(REHRDEE, CPYEe7RBY MESDPThe
carbonates used aeeIiting t9dbeqicesss &f tipprasaitiavgatomdpaaialbs. at least an organic

carbonate of formula (OR)(QRIC=0, where R and B’ may be selected frfm substittlétgp&lllgxl,/ogroulﬁs

between 1 and 20 carbon Btom , substi L?fggoaryl groups ar%er?grrllls'ﬂ < '8Pe8°é‘r%} groups.

accordance with eoprefiglidod mbddiviieraryRtalinglZR' etvieemtic andntDane sirm slerialiy byidrigst such as
methyl or ethy. PFﬂﬁ@r%Q}p{pHP@ C@époggltea}ﬁoa%g“y,ew ?ﬁé@oﬁ?ﬁ? %Qeﬁg(}é:asrm%a@pe ofAmong the

cyclic carbonates, those derived from glycerine have special importance. According to a preferred

embodiment, R a0t BOTIFARRED BRyPYPBOFE. 28t S8 thisHidieARd @mBsTRENt, the
organic carbonatentagstine @hgetecirmtdremebis@efivetordhy inpast @xaies bisf3:tyaaopyDearbonate,

bis(2,2,2-trifluoroe rhopate, bis(1,3-difluaro-2-progyl) carbonate, bis(1,1,1-trifluoro-2-propyl)
carbonate, bis(2,2;3, -’tgt%? 1UEOeﬁ) |5’r§p)? %ag%%té(%g?f, %3,3,3-pentafluoropropyl) carbonate,
bis(1-fluoro-2-butyl) car%mmrbmawmomwwﬁtrwb@ﬂb%pms(e:sél@bﬁbamﬁwllmpmipyl) carbonate,
bis(2- 30 flupso-2amethylsl | AR AR GiStL bt fofintld EbRROIIREQS -Oierh RRLRANRLE,

bis(perfluorooctyl) carbonate, bis(1,1, ,3,3,3.-hexafluoro-2-pro%ylt) carbonate, preferably
bis(2,2,2-trifluoroef})Reafsiseed. from substituted alkyl groups between 1 and 20 carbonatoms,

substituted aryl groups and non-substituted aryl groups.
In accordance with a preferred embodiment, R and R’ are identical and
are simple alkyl groups such as methyl or ethyl. Preferably, the carbonate is
20  dimethyl carbonate or diethyl carbonate.
Among the cyclic carbonates, those derived from glycerine have special
importance.
According to a preferred embodiment, R and R’ can be fluorinated alkyl
groups. According to this preferred embodiment, the organic carbonate may be
25 selected from bis(2-fluoroethyl) carbonate, bis(3-fluoropropyl) carbonate,
bis(2,2,2-trifluoroethyl)  carbonate,  bis(1,3-difluoro-2-propyl)  carbonate,
bis(1,1,1-trifluoro-2-propyl) carbonate, bis(2,2,3,3-tetrafluoro propyl) carbonate,
bis(2,2,3,3,3-pentafluoropropyl) carbonate, bis(1-fluoro-2-butyl) carbonate,
bis(2-fluoro-1-butyl) carbonate, bis(1-fluoro-2-methyl-2-propyl) carbonate, bis(2-
30 fluoro-2-methyl-1-propyl) carbonate, bis(1H,1H,2H,2H-perfluoro-1-hexyl)
carbonate, bis(perfluorooctyl) carbonate, bis(1,1,1,3,3,3-hexafluoro-2-propyl)
carbonate, preferably bis(2,2,2-trifluoroethyl) carbonate.



8 Furthermore, the process of the present invention, comprises, among others, an aliphatic or
aromatic amine or polyamines, which is preferably an amine of formula R(NHOnN 5where R is selected
from the group consisting of substituted or non-substituted alkyl with 1 to 20 carbon atoms, substituted or
non-substituted aryl with 6 to 15 carbon atoms, substituted or non-substituted arylalkyl with 7 to 15 carbon
atoms, substituted or non-substituted alkenyl with 2 to 20 carbon atoms, substituted or non-substituted
alkynyl with 2 to 20 carbon atoms, substituted or 10 non-substituted cycloalkyl with 3 to 20 carbon atoms,
substituted or non-substRUIEEEPEGalkEnRTRFESS & éb%ﬂﬁéﬁ%tmgréﬁﬂ’sﬁméayo"f‘rﬁ8ﬂgsubstituted
cycloalkynyl with Biiters) earkoiprattmes: anchmaticlairnd 4r polyamines Piaieraldy ptbreipipeanr polyamine
is selected from thaen%gud? f:oorrr}]siﬁting of n-propylamine, isopropylamine, n-butylamine, n-hexylamine,

n-octylamine, 15Iaurylamlne,cy%l%pentylamine,cyclohexylamine,cyclooctylamine,1,2- diaminoethane,1

,12-diam inododecane,1,4-diaminocyclohexane,  R(NHz)n

1,3-bis(aminometipieyctphexafagid e RyH AR BIRIRINCIIA %@&&i@Té&@Pﬂ@r@@[ﬁﬁtituted

diaminodiphenylmethane, hydrogenated toluenediamine, aniline, benzylamine, 2-aminotoluene,
4-aminotoluene Zaﬂ‘yHYéthir{ i%&ﬂ}m@tﬁm& substituted or non-substituted aryl with 6 to 15

204,4"-diaminodiphgbylinatbmae, substliaiinodiplerslmstes, drftalkyl with 7 to 15 carbon
toluenediamine, 2. & {0l e ne R R M PRV RAARINE -LiRe R AL RAGIEIe RS, B AN Sakglure thereof.
substituted or non-substituted alkynyl with 2 to 20 carbon atoms, substituted or
10  non-substituted cycloalkyl with 3 to 20 carbon atoms, substituted or non-
substituted cycloalkenyl with 4 to 20 carbon atoms and substituted or non-
substituted cycloalkynyl with 5 to 20 carbon atoms; and nis 1, 2, 3, 4, 5 or 6.
Preferably, the amine or polyamine is selected from the group consisting
of n-propylamine, isopropylamine, n-butylamine, n-hexylamine, n-octylamine,
15 laurylamine, cyclopentylamine, cyclohexylamine, cyclooctylamine, 1,2-
diaminoethane, 1,12-diaminododecane, 1,4-diaminocyclohexane,
1,3-bis(aminomethyl)cyclohexane,  1,4-bis(aminomethyl)cyclohexane, 2,4-
hydrogenated diaminodiphenylmethane, hydrogenated toluenediamine, aniline,
benzylamine, 2-aminotoluene, 4-aminotoluene, 2,4’-diaminodiphenylmethane,
20  4,4’-diaminodiphenylmethane, 2,2’-diaminodiphenylmethane, 2,4-
toluenediamine, 2,6-toluenediamine, m-phenylendiamine, 1,5-
diaminonaphthalene or any mixture thereof.
The process of the invention enables obtaining aliphatic and aromatic
carbamates of amines and polyamines with a high yield and high purity whilst
25 the heterogeneous character of the solid catalyst, preferably based on gold,
facilitates its separation, recovery and reuse. The carbamates obtained
according to the process of the present invention may furthermore be
transformed into their corresponding isocyanate, for example by heat treatment
or by reaction in basic medium or with the use of catalysts.
30 It is known that carbamates by thermolysis may undergo alcohol
elimination reactions to yield isocyanates. This reaction generally requires the
presence of catalysts. However, the presence of heteroatoms in the alkoxyl



The process of the invention enables obtaining aliphatic and aromatic carbamates of amines and
polyamines with a high yield and high purity whilst 25 the heterogeneous character of the solid catalyst,
preferably based on gold, facilitates its separation, recovery and reuse. The carbamates obtained
according to the process of the present invention may furthermore be transformed into their
corresponding isocyanate, for example by heat treatmegit or by reaction in basic medium or with the use
of catalysts. 30It is known that carbamates by thermolysis may undergo alcohol elimination reactions to

yield isocyanates. SFRi® r¥abforAHRATBRIN P IbEtHRTH B dRee IGelirin SR LrasiRETatiqRdiPesence of

heteroatoms in thésadiyaxidted oBIUmaidiarcatbrssate Breapieisnctionadiipimaywaeiitiie dxssgmsformation

into isocyanates. O; opartingglrnigtoerqgsgrirﬂn thr% Hreosr%neténvr%gti?nn ,[Lsswckéeré t ! eealk%é/%%ﬁgurﬁacogéains one or
more fluoride atords. 1R s case, the car Amate may be easily PSS med Nt |socyana¥es by

elimination of the eesibyspemtifynBdudrinaiedcyriutiors, byealimmiabs@hc&ef carsggpendingrefore, they
are especially;suitgila {QfdheREHBR SIS A M PN A-RN NP SRR R MPRG L5 ErafRiyedre

polyisocyanates according to the present invention we have 2,4- toluene diisocyanate, iSsomeric
diisocyanates derﬁéﬁ?ﬁ'@l%( éHFﬁFF%ﬁ%HWn%fHBﬁ% ShAARe AR BANERNY 3B BRIEAGiamine and

10 other primary @Fdiasaingsiyldttpahyerocasbeonnigdichaie rbssweaivetam and taalyezarbon atoms.

Throughout the dt?gﬁjri t(iaon an Iiéhe %ﬁg%& thei\évoorﬁd r'igompri ”gg" aannctia{'(tassvariants‘l\g%I not afirrg to exclude
other technical charac{éristics, a(%?flves, tomponents or steps. 25 persons sﬂﬁ[e(?m the arff]other

objects, advantagdgmiophenyiraciendstiesdfttie ﬁﬁsenﬁmlbb@pmﬂpg‘aﬂhecﬁ@mmm ahd description
and partly from praghice,afiag, inveaiigninEae el avipg-sxammisiand v Betms-Pipuded by way of

illustration and do not aim to be limiting of the present invention. EXAMPLES 20Non-limiting examples of
the present inventi¥RI4R&REOUERABed below. Example 1

Throughout the description and the claims, the word “comprises" and its
variants do not aim to exclude other technical characteristics, additives,
components or steps. For persons skilled in the art, other objects, advantages,

15 and characteristics of the invention shall be partly gathered from the description
and partly from practice of the invention. The following examples and drawings
are provided by way of illustration and do not aim to be limiting of the present

invention.
EXAMPLES

20 Non-limiting examples of the present invention shall be described below.
Example 1
Reaction of dimethyl carbonate with 2,4-toluenediamine in the
presence of gold nanoparticles supported on cerium oxide. Dissolve 2,4-
toluenediamine (0.1 g) in dimethyl carbonate (2.138 g) and to the mixture
25 contained in a vial which can withstand pressure add 180 mg of a catalyst of
gold on cerium (0.4% by weight of gold). The vial is hermetically sealed and is
heated to 150°C during 6 h. After 4 h, the mixture is left to cool and after
reaching atmospheric pressure is opened. The filtered liquid contains 2,4-bis-
(methoxycarbonylamino)toluene with a 91% yield. The catalyst is recovered by
30 filtration, is washed with water at pH 10 and then acetone. The solid is filtered
and is reused in a second reaction without appreciable change in the activity.

Example 2
Reaction of dimethyl carbonate with 2,4-toluenediamine in the

presence of cerium oxide. Dissolve 2,4-toluenediamine (0.1 g) in dimethyl



Reaction of dimethyl carbonate with 2,4-toluenediamine in the presence of gold nanoparticles supported
on cerium oxide. Dissolve 2,4- toluenediamine (0.1 g) in dimethyl carbonate (2.138 g) and to the mixture
25 contained in a vial which can withstand pressure add 180 mg of a catalyst of gold on cerium (0.4% by
weight of gold). The vial is hermetically sealed and is heated to 150C during 6 h. After 4 h, the mixture is
left to cool and after reaching atmospheric pressure is ppened. The filtered liquid contains
2,4-bis(methoxycarbonylamino)toluene with a 91% yield. The catalyst is recovered by 30 filtration, is

washed with wateFHPBPRI tHe A dRoHE MEUEIEORIAINGDH MY IR HUSBLAN IS i reaction
without appreciabls edxungeaitss antviy.denampieide REnetidal aé dieretbyitatybanatel veitial is
2,4-toluenediaming in the, pr e of cerium oxide. Dissaolve 2.4-toluenediamine (0.1 g) in.dimethyl 10
cathonate (2.38 6 S0 a0 Kot e e A S B AL TGS g o
cerium oxide. Therethindeatnmipiifriceptedsane is hepaaddo 150 iltrmdgl@idAsentains tBetmixture is left

to cool and after rgym%@w&w&wigrﬁrﬁo@%[@ﬁwwe‘% Theydilterod iauid eonpiNea 4 by

bis(methoxycarbonylamino)toluene in a 37% yield accompanied by methox.ycart())on laminotoluenes (ortho
and para isomers)TiRtBA¥¥CHRORGFRINAIRILEAGSa RGP of itk RAIRRMEAE 8t SimpléSeiong 2
demonstrates the lecs pbtrscepgsitiorcat-gald danopartstesmesthe aadadytieeidcienreyotibe support

increasing the activity of support.towards the N,N"-dicarbamoylation, _10.product. Howeyer, longer
renction tmes (2B e AL o SPEP e Ear BN I e 9856 yild.
Example 3 Reunpioh iotdiasiyg taeantiaty witthausilipeoin thwasdssibrdd, bf gitdrhamoytatiotes supported

on cerium oxige. Bizsole ARNRAGAC Rhba) iadibrleiiukcpbantnk iR ghanfidadhenbtige contained

in a vial which can withstand pressure add 190 gﬁﬂ of a.cataléost of gold on cerium oxide (1.6% by weight
of gold). The vial & H&HEIREAMRNSHERIDUATN RN IOHENOMBH7NIF 6 h. After 6 h, the mixture is left to
cool and after reaching &ga@aphesic pressure is opened. The filtered liquid contains

N-(methoxycarbonyl)anim% irﬁanQ%?ﬁ) ?%ﬁgﬁld'r_[)h% C ta‘lgf?}]i% recovere %yfiltratir(‘)n isf\/.vaosI d with .
water at pH 10 and then oot g Y iSRS na e RS ated ﬂ?@gcﬁgn%l&out appreciable
change in the actini@poparticles supported on cerium oxide. Dissolve aniline (0.051 g) in
15 diethyl carbonate (1.95 g) and to the mixture contained in a vial which can
withstand pressure add 190 mg of a catalyst of gold on cerium oxide (1.6% by
weight of gold). The vial is hermetically sealed and is heated to 150°C during 6
h. After 6 h, the mixture is left to cool and after reaching atmospheric pressure
is opened. The filtered liquid contains N-(methoxycarbonyl)aniline in a 98%
20  yield. The catalyst is recovered by filtration, is washed with water at pH 10 and
then acetone. The solid is filtered and reused in a second reaction without
appreciable change in the activity.
Example 4
Preparation of bis(0-2,2,2-trifluoroethyl)carbamate of 24-
25 toluenediamine [2,4-bis(2,2,2-trifluoroethyloxycarbonylamino)toluene]
using gold nanoparticles in a copolymer derived from styrene as catalyst.
The styrene copolymer, 4-(2-hydroxyethoxy)styrene and 4-glycidylstyrene
containing gold nanoparticles is prepared in accordance with the state of the art
and particularly as described in reference (H Miyamura, R Matsubara, Y
30 Miyazaki, S Kobayashi: Aerobic oxidation of alcohols at room temperature and
atmospheric conditions catalyzed by reusable gold nanoclusters stabilized by
the benzene rings of polystyrene derivatives. Angewandte Chemie-International



Example 4 Preparationofbis(0-2,2,2-trifluoroethyl)carbamateof2,4- 25 toluenediamine
[2,4-bis(2,2,2-trifluoroethyloxycarbonylamino)toluene] using gold nanopatrticles in a copolymer derived
from styrene as catalyst. The styrene copolymer, 4-(2-hydroxyethoxy)styrene and 4-glycidylstyrene
containing gold nanopatrticles is prepared in accordance with the state of the art and particularly as
described in reference (H Miyamura, R Matsubara, Y 30 Miyazaki, S Kobayashi: Aerobic oxidation of
alcohols at room temperature and atmospheric conditions catalyzed by reusable gold nanoclusters

stabilized by the HeRP8RH RGN pblydapbne defRMfnediatigehsaidIchatiedn Risiforar 11 Edition

46 (2007) 4151-54jfldctobaiypnedisnine (8722 g) Boadgisddientsy(22d2ntsifnitoethylheatbonate (67.8 g,
30 equivalents) a%g&e Wiﬁ%%r?hig’ hea{ed to GOge.SV\{ en.the mix%ure ;hﬁaches ‘his temé) rature the

copolymer containing gold nanopam(':)fe%r?n 786 by wefgsghtte@%eofgelﬁ.e THE i a%rqgrmcaé]nae'ﬂ}:néfly stirred 5

during 1 h. After tigaidinanaberinlgauire 1§dély weighl iatasioede lhempduselsczaghtiicalbiistisastparated by
filtration. The diquid phase §s KTy RIANIZR AHAMHE Y ISTNBRGMER FRIRFHEpEPHR B eerresponds

to bis(0-2,2,2- trifluoroethyl)carbamate of 2,4-toluenediamine with a degree of purity over 90%. The yield

of the reaction is 9896 SRItH i&spera@edap fiAERMINS. iHid 18Nasfimisit Lfhsalceamzed in
2,2,2-trifluoroethangaibighy siealgyepeidiessomsiting pRiriclid 9iaR voanepomabero32RG029212-1708, 1546,
1772, 1087 cm-1, R1H6:2.35, 4.60, 7 .26, 7.90 ppm. Example 5 Synthesis of .
bis(0-2,2,2-trifluorg{ek %/rl %&ér%raf%mo%%l,at%%zgl?grénqﬁg&p R‘een%%e?hger%euesﬁ 85% %\éenrogpoa/rcﬁcles
supported on cerilreoyidts asf ctitalysractian Diardaiodiphengsnedhaioe 21498lggiedidawacto bie(2,2,2-

trifluorethyl) carbanate: (848 gaRORAUNRIBIINIANH e mixisrsheaisd BriRtaliepdhrmixture

reaches this temperature add the coataIYst consisting of gold nanoparticles supported on cerium oxide
(100 mg, 0.44% b AIETGhPEINDH 1Fble). MhWa R peiERsH iS2R8gredalll/SrddMorrihg Bn] Bder that time,

the mixture is left tarcon ARaMientds mmyanse angethe swldds separated by filtration. The liquid phase
is left to crystallize at arrllgient tEm;‘:)erature, collecting a solid that corresponds to bis(0-2,2,2-trifluoroethyl)

carbamate of 4,4'- diami Imethane with a degree of purity over 90%. The yield of the 25
reaction is 90% with resgycithedig’'-disininoidiidr23/2-eiflaoeodthglyarzartzdamaten beotrystdiized in

2’2’Z'triﬂuor?gthaafgnﬁégmBWeﬁylmethane using gold nanoparticles supported on cerium

oxide as catalyst. 4,4’-Diaminodiphenylmethane (1.98 g) is added to bis(2,2,2-

trifluorethyl) carbonate (67.8 g, 30 equivalents) and the mixture is heated to

60°C. When the mixture reaches this temperature add the catalyst consisting of

gold nanoparticles supported on cerium oxide (100 mg, 0.44% by weight of

20 gold). The suspension is magnetically stirred during 1 h. After that time, the

mixture is left to cool at ambient temperature and the solid is separated by

filtration. The liquid phase is left to crystallize at ambient temperature, collecting

a solid that corresponds to bis(O-2,2,2-trifluoroethyl) carbamate of 4,4'-

diaminodiphenylmethane with a degree of purity over 90%. The yield of the

25  reaction is 90% with respect to 4,4’-diaminodiphenylmethane. The carbamate
can be crystallized in 2,2,2-trifluoroethanol.

Example 6

Reaction of dimethyl carbonate with 2,4-toluenediamine in the

presence of gold nanoparticles supported on titanium oxide. Dissolve 2,4-

30 toluenediamine (0.145 @) in dimethyl carbonate (2.138 g) and to the mixture

contained in a vial which can withstand pressure add 12.8 mg of a catalyst of

gold on titanium oxide (P-25, 80% anatase, 1.5% by weight of gold). The vial is



Reaction of dimethyl carbonate with 2,4-toluenediamine in the presence of gold nanoparticles supported
on titanium oxide. Dissolve 2,4- 30 toluenediamine (0.145 g) in dimethyl carbonate (2.138 g) and to the
mixture contained in a vial which can withstand pressure add 12.8 mg of a catalyst of gold on titanium
oxide (P-25, 80% anatase, 1.5% by weight of gold). The vial is 12 hermetically sealed and is heated to
130C during 20 h. After 20 h, the mixture is left to cool gnd after reaching atmospheric pressure is
opened. The filtered liquid contains 2,4-(N,N"-dimethylaminojtoluene with a 15% yield, with 2,4-
diaminotoluene reRSARFIGNITSGGS i§ (860 BEkdthmiduring 2¢-BrAHELABI R iSocyanate
from bis(O-trifluoraetieyl anddoluemnediaminakhrpamaiephesolpiessofdis(spursedipminiagearbamate (1
g) with trifluoethyl grouyps in xyle i ated tg 150 C in the absence of lyst for a space of 2 h. After
that time the reactI%H'%rin& HFSXé%n é?l'r'\ to dgqr%e%&' fSocy alens, E)}/Fi%ela c}qﬁg}g%!ellzdgavr% e%f' Reaction
of dimethyl carborsiaeinishoRidn lesraidiagnividndtheaptiegei@88«pf platinum nanoparticles supported on
cerium oxide.Dissolve ZedzAplugnediamine (0.1 g) in dimethyl carbonate (2.138 g) and to the mixture 15
contained in a vial which_can withstand pressure add 180 mg of a catalyst of platinum on cerium (0.44%
by weight of platinum). TFREBaNAQE SRlpeRey ﬁ‘b?ﬁ‘lm‘ﬁwoif%dﬂébg?éﬁﬂﬂm?ﬁﬁﬂtaﬂﬁﬁﬂg 9.25 mg
of hydrated tetrackdduenledinimpmy vdnisimatecwrglizedrioibiskoludtvanaiug wseohdion1ogD.2 N NaOH.
Next, nanoparticula; rium oxide in powder is added readjuisting,the pH to a value of 10 with the
NaOH soloton. THA G L uraiel B TR En T Lo Lo Ta0 R r et Sl TR

cﬁ iS filtered, it is
thoroughly washetbwigh $pal@ whtar and\itedribatatim@0® incactsvermi@nee dontedrssididéspoured into a

flask containing 1@@%@%‘?@@]9'@9@5?8?%%?“@ (_)f 160gC_: under magnetiq stirring. The sus_pension is
kept at 160gC during 20 _25 minutes and the solid is then filtered, consecutively extracted with acetone

and water, then being reﬁé@%é use as carbamoylation catalyst. The vial containing
toluenediamine, dimethyReastiomatefadinienyRtenborrifdy W6tis Zoantelica bdi@mipeé ant ithbeated to
150gC during 22 h. After this ;imle the mixture is ffi to cool ang gfter reaching atags%heri? pressure is
30 opened. The fiRé?g’grﬁﬁ%ia cBitt 'lnnusné,ﬂ%‘lg% '&Sﬁy%%%gﬁy? molﬂosﬁ)rll RNAT 25380 \{/leld.
Furthermore, the &dadobrensisttaminso(Raing) 27 %ivkthgl garderale(thb3I8 ghandofotibermmtucarbamoylate

derivative. The reaglian{aiiHrg §dl&hich can withstand pressure add 180 mg of a catalyst of

platinum on cerium (0.44% by weight of platinum). This catalyst is prepared

from 100 ml of an aqueous solution containing 9.25 mg of hydrated

tetrachloroplatinic acid which is neutralized to pH 10 with an aqueous solution of

0.2 N NaOH. Next, nanoparticulated cerium oxide in powder is added,

20  readjusting the pH to a value of 10 with the NaOH solution. The suspension is

magnetically stirred throughout the night. Then the solid is filtered, it is

thoroughly washed with milliQ water and is dried at 100°C in an oven. Once dry,

the solid is poured into a flask containing 1-phenylethanol at a temperature of

160°C under magnetic stirring. The suspension is kept at 160°C during 20

25 minutes and the solid is then filtered, consecutively extracted with acetone and
water, then being ready for its use as carbamoylation catalyst.

The vial containing toluenediamine, dimethyl carbonate and the platinum
catalysis is hermetically sealed and is heated to 150°C during 22 h. After this
time, the mixture is left to cool and after reaching atmospheric pressure is

30 opened. The filtered liquid contains 2,4-bis-(methoxycarbonylamino)toluene with
a 53% yield. Furthermore, the reaction mixture contains 27% of the para and

ortho isomers of the mono carbamoylate derivative. The reaction mixture is free



13 from N-methylation compounds. The catalyst is recovered by filtration, is washed with water at pH 10
and then acetone. The solid is filtered and is reused in a second reaction without appreciable change in
the activity. Example 9 5Reaction of dimethyl carbonate with 2,4-toluenediamine in the presence of
palladium nanopatrticles supported on cerium oxide. The palladium catalyst at 0.44% by weight used in
the present example is prepared following the process described for platinum supported on cerium, but

using 20.1 mg of the bisézlcetonitri_Ie)chIoropaIIadium(lI) complex as substrate. 10 180 mg of this
palladium catalysti8Bdbeded 432l o REPR AN (18 1 Pla¥Ritith IRAKsERRy IR igRERN (29138 g)

contained in a vialihstiearwitithstasd aressure. e wahisaberoneticeily seadedk afitbisdneai¢dgo 1509C.
After 22 h, the mixrteuureeié\" ilnefé t%ggoé zraenéjc |fte(/vriﬁ1%% iQ atn}(a)gphc ric [ess reeailgt%ened. The filtered liquid
contains 2,4-bis-(met?10xycar onﬂamlno lueneh as7es erFd. 75 uHhermore, {ire reaction mixture
contains 30% of the par&xampler®h isomers of the mono carbamoylate derivative. The reaction mixture is

free from Nmethylation qaeBeRYRISTT BfralRYS s ERAAME" iR TBlifiaNelsoumshRk Wil yraer at pH 10

and then acetone. The solid is filtered and is reused in a second reaction without appreciable change in

the activity. 20ExRHiENee of palladivmonareeRridsmhSyrramad 2N SEEHEY QXife il i%e presence
of silver nanopartiglga siuppesies, snat e iuum.cjdeeibhe wssalistaopatisaiacampiersnaappasticles 0.44%

by weight supportﬁocli| an rrllart1|%)gart|culate cerium %qur?)l%@{ienpared fop&yvglrg ct:he progess described for 25

the catalyst of platinum sgppor Ao %:er?usrcr:lr,I eLﬂ using m%UBP e Silver hitrate a8 substtate. 180

mg of this silver catalystard tedeid(esei@)drie)ablocoiaitadiaif@ll) ghewlieasisutistrathyl carbonate (2.138
g) contained, in a vial whig a0 NyithsBARLBIGToLAE i fsviRide or s tically ssairtand & hgrted to

1509gC. After 22 h, the 30 mixiure is left to cool and after reaching atmospheric pressure is opened. The
filtered liquid cont&fi<li® i SiMembeoEarpBIR (En B HolcRMa Pd Tedo WAt aEGARMH@ the reaction
mixture contains Fresfihe PavaNkATithm AR s@f ctiaheissnanibaboidatar@erpetivehel he reaction

mixture is free fronn11 N rr}gtllryl?ﬂotn cor‘rlpao#dﬁ. ;Fpe gﬁll%ys%s re %\r/i%re(rjeb%/ frigr%tion ise V\{aﬁﬁ]ed Wi.th water
at pH 10 and then' ac Hohe Fhie 3T i fReted aRa e PR A EBhe gactlor?%ﬂﬁgut aﬁpremable
change in the actifiitgred liquid contains 2,4-bis-(methoxycarbonylamino)toluene in a 57% yield.
15  Furthermore, the reaction mixture contains 30% of the para and ortho isomers
of the mono carbamoylate derivative. The reaction mixture is free from N-
methylation compounds. The catalyst is recovered by filtration, is washed with
water at pH 10 and then acetone. The solid is filtered and is reused in a second
reaction without appreciable change in the activity.
20 Example 10

Reaction of dimethyl carbonate with 2,4-toluenediamine in the
presence of silver nanoparticles supported on cerium oxide. The catalyst
constituted by silver nanoparticles 0.44% by weight supported on
nanoparticulated cerium oxide is prepared following the process described for

25 the catalyst of platinum supported on cerium, but using 10.1 mg of the silver
nitrate as substrate.

180 mg of this silver catalyst are added to a 2,4-toluenediamine (0.1 Q)
solution in dimethyl carbonate (2.138 g) contained in a vial which can withstand
pressure. The vial is hermetically sealed and is heated to 150°C. After 22 h, the

30 mixture is left to cool and after reaching atmospheric pressure is opened. The
filtered liquid contains 2,4-bis-(methoxycarbonylamino)toluene in a 16% yield.
Furthermore, the reaction mixture contains 3% of the para and ortho isomers of



5Example 11 Reaction of dimethyl carbonate with 2,4-toluenediamine in the presence of copper
nanoparticles supported on cerium oxide. The catalyst constituted by copper nanoparticles at 1% by
weight supported on nanoparticulated cerium oxide is prepared following the process described for 10
the catalyst of platinum supported on cerium, but using 23.8 mg of the copper acetate as substrate.

180 mg of this copper catalyst are added to a solution ¢f; 2,4- toluenediamine (0.1 g) in dimethyl
carbonate (2.138 g) contained in a vial that can withstand pressure. The vial is hermetically sealed and is
heated to 150gC. ﬂl% R0 S/ OB MR r SR Y B cIBParBr&HER rEAXHIFRY SniBpHERR phlssure is
opened. The filteretbtiguidioo riaisod i S etitakt asbeaplasrsadiotieasoin a695shaeldvifurthermore,
the reaction mixtu\gveaf:eornt?ir'_? 128% 8ftﬁhe Rar O%Qdﬂghgoiﬁ @?rl?e(r)g hen mcs)r}gucsaerg?nmo%g%te erivative.
The reaction mixtlre & flee romalQ-me?HyTaﬁon compounds. The ca aalyst is recovered by ﬁﬂration, is 20
washed with watereachehMithnut tieprecebis ehahgedolibdsafilivitgd and is reused in a second reaction
without appregiable chamm@qctivity. Example 12 Reaction of dimethyl carbonate with
2,4-toluenediamine in the presence of Fe/Ti02 nanoparticles. 15 A catalyst of titanium oxide doped
with Fe is prepared fromRR&AIAN fadimeihytaceteonais. M igfiteireRedirmingrdgndb& with a
solution of 0.1715gye¥erue Wirstpivet hanopartibRs\aipportedndintueriims txedeatrbegsatlyi the liquid
phase evaporates and then the solid is dried at 10 and is ¢glcined at 5 400gC in an pven for 5 hours.
The final ron coneNHUCRredt oy B AELBRRLLNaac 56t bOP LSy Wrnoh ot (148 me)
the reaction of 2,4raohpaéclibattdeccdiun gxidedisnpthphzaidotenen@ e oiocessatbscibad vl which can
withstand pregsuryg Wiy Lp b platindRl Bsimrih MiMuEI Lo Sa0k e Aisciing
atmospheric 10 pressure Is opened. The filtered liquid contains a mixture where the mono
carbamoylation h&S¥EteRe § 4R B&centage of 74%. Example 13 Reaction of dimethyl carbonate
with 2,4-toluenediamine jg¢hengresenae othspecGhnrapparticlegddhetcatalysiiofidhisgxample is
prepared

toluenediamine (0.1 g) in dimethyl carbonate (2.138 g) contained in a vial that
can withstand pressure. The vial is hermetically sealed and is heated to 150°C.
15  After 22 h, the mixture is left to cool and after reaching atmospheric pressure is
opened. The filtered liquid contains 2,4-bis-(methoxycarbonylamino)toluene in a
69% yield. Furthermore, the reaction mixture contains 29% of the para and
ortho isomers of the mono carbamoylate derivative. The reaction mixture is free
from N-methylation compounds. The catalyst is recovered by filtration, is
20 washed with water at pH 10 and then acetone. The solid is filtered and is
reused in a second reaction without appreciable change in the activity.
Example 12
Reaction of dimethyl carbonate with 2,4-toluenediamine in the
presence of Fe/TiO2 nanoparticles.



15 from nanoparticulated cerium oxide identical to that used in the preparation of the Au/Ce02 catalyst. It
is prepared as follows: a solution of 24.2 mg of iron chloride hexahydrate in 100 ml of milliQ water. The
pH of the solution is adjusted to 10 with a solution of 0.2 M NaOH. Once the solution has stabilized, add 1
g of nanoparticulated Ce02, readjusting the pH again to its value of 10. 20 The suspension is stirred
during 8 h. After this time, the solid is filtered and washed thoroughly with MilliQ water until observing a
negative chloride test in water with silver nitrate as reagent. The volume used in the preparation of 1 g of

Fe/Ce02 catalyst was 2 £ CARYSS R €agien g RS ditTdorisREP R3S ERAIIRY U £¥i58k with 10 g
of 1-phenylethandbapasteRES q10rg. of HiS BgLRiTFhexfe 18RRI AatI KGN LRARItRITHNY. a7 iES
temperature during 30.minutes. The, solid is filtered, washed with acetone and left {g-dr ore being
used as carbamo;ﬁa %F%‘a éf%?. in 10 'U?/l%i %‘@Ega gf)%t A?Smrﬁxgtﬁjrt%ésrgé% |8(11a§$§%-t%¥hﬂﬁe%rhaediamine
(97.3 mgq) is carrididioidt phatimeuagaraibdrate {2 26eg3 dfidaividiiathih1€3GwithdtisnchlGidgdtedisure during

8h.  After this Jmpcihg mixtyiis 15t sorapkandafierdieRsRNG ABRPIABSEG BB USRS RPened. The

filtered liquid contains a mixture of thg:' 16 dicarbamoylated product in 84% and mixture of the ortho and
para mono carbarRBYPARIE WA ORa 6% Ve198offHAHBIS SRIFSRIUCHESBR &eerfERCTAM Sl ition was not
observed. 17 CLAdMénédiathaend@ea prepaiadintepinceadonakacien zedisndaaidd caumprisesithe reaction

between at least: ?v’h%rﬁ %gnri%t% t%%y%rrréisr&% 8Hrﬁ)]r§zi\giﬁ.carbonate of formula (OR)(OR")C=0,
After this time, the mixture is left to cool and after reaching atmospheric
10 pressure is opened. The filtered liquid contains a mixture where the mono
carbamoylation has occurred in a percentage of 74%.
Example 13
Reaction of dimethyl carbonate with 2,4-toluenediamine in the
presence of Fe/CeO, nanoparticles. The catalyst of this example is prepared
15 from nanoparticulated cerium oxide identical to that used in the preparation of
the Au/CeO, catalyst. It is prepared as follows: a solution of 24.2 mg of iron
chloride hexahydrate in 100 ml of milliQ water. The pH of the solution is
adjusted to 10 with a solution of 0.2 M NaOH. Once the solution has stabilized,
add 1 g of nanoparticulated CeO,, readjusting the pH again to its value of 10.
20  The suspension is stirred during 8 h. After this time, the solid is filtered and
washed thoroughly with MilliQ water until observing a negative chloride test in
water with silver nitrate as reagent. The volume used in the preparation of 1 g of
Fe/CeO, catalyst was 2 L. The solid is dried in the oven at 100°C and it is then
added to a flask with 10 g of 1-phenylethanol at a temperature of 160°C. The
25 suspension is kept under stirring at this temperature during 30 minutes. The
solid is filtered, washed with acetone and left to dry before being used as
carbamoylation catalyst.
With this catalyst (148 mgq) the reaction of 2,4-toluenediamine (97.3 mg)
is carried out in dimethyl carbonate (2.226 g) in a vial which can withstand
30  pressure during 8 h.
After this time, the mixture is left to cool and after reaching atmospheric
pressure is opened. The filtered liquid contains a mixture of the



a catalyst which is formed by at least a support selected from at least a metal oxide, a
microporous material, a mesoporous material, an anionic laminar compound of hydrotalcite 10type or
their derivatives or an organic polymer. 2.Process according to claim 1, characterized in that the catalyst
further comprises a metal of groups 8, 9, 10 and 11 of the periodical system. 153.Process according to
claim 2, characterized in that the metal is a metal selegtgd from groups 9, 10 and 11 of the periodical
system. 4. Process according to any of claims 1 to 3, characterized in that the catalyst support is a metal

oxide. 20 5. ProcHiS2RABRAALPED BIQRHG, iPh et AN iS: HetBEpPBRCIsBAtERPORIIE8Selected

from at least one ehtberfjoaviry iesidess M2089MJBe GamhaGo Oy, GrxuyisFeaMudCrERy Nerx0y, 7102

or Y203. 256.Proces aF?ording to cila'm 5, characterized in that the metal oxide is cerium oxide.
.meﬁwa/ 10N Was not opserved.. L . )
7.Process according to' claim 5, characterized in that the metal oxide is zirconium oxide. 30



18 9. A process according to claim 5, characterized in that the metal oxide is yttrium oxide. 10. Process
according to any of the preceding claims, characterized in that 5the particle size of the catalyst is between
1 and 50 nm. 11. Process according to any of claims 1 to 3, characterized in that the catalyst support is
at least a microporous material. 1012.Process according to claim 11, characterized in that the support is a
zeolytic material. 13. Process according to any of claims 1 to 3, characterized in that the support is at
least a structured mesoporous material. 15 14. Process according to any of claims 1 to 3, characterized
in that the support is at least an anionic laminar con@eﬁ%ﬁ)f hydrotalcite type or its derivatives.
2015.Process any of claims 1 to 3, characterized in that the support is at least an organic polymer. 16.
Process according to claiardamatanacipsizeid nn ghaddie cshyppotéiizedcopohanér selqotieddrdra styrene

copolymer, 4-hydr|%>é\é(ﬁg}_y§é¥\k%r%ﬂ 89%%Igfner 25and 4-glycidylstyrene copolymer. 17. Process according
to claim 15, characterized in that the support is a polymer of dendrimer type.
5 - an amine or polyamines,

- an organic carbonate of formula (OR)(OR’)C=0,
- a catalyst which is formed by at least
a support selected from at least a metal oxide, a microporous
material, a mesoporous material, an anionic laminar compound of hydrotalcite

10  type or their derivatives or an organic polymer.

2. Process according to claim 1, characterized in that the catalyst further

comprises a metal of groups 8, 9, 10 and 11 of the periodical system.

15 8. Process according to claim 2, characterized in that the metal is a metal

selected from groups 9, 10 and 11 of the periodical system.

4. Process according to any of claims 1 to 3, characterized in that the
catalyst support is a metal oxide.

20
5. Process according to claim 4, characterized in that the support is a metal
oxide selected from at least one of the following oxides, Al,O3; MgO, CaO,
CUXOy, COXOy, Fexoy, CexOy, Crxoy, Zr02 or Y203.

25 6. Process according to claim 5, characterized in that the metal oxide is
cerium oxide.
7. Process according to claim 5, characterized in that the metal oxide is
zirconium oxide.

30

8. A process according to claim 5, characterized in that the metal oxide is

iron oxide.



3018.Process according to claim 17, characterized in that the dendrimer is of PAMAM type. 19 20.
Process according to any of 2 or 3, characterized in that the metal is selected from the list comprising Fe,
Cu, Ag, Pd, Pt, Ni, Co, Rh, Ir, Au or any of their combinations. 5 21. Process according to claim 20,
characterized in that the metal is selected from the list comprising Cu, Ag, Pd, Pt, Ni, Co, Rh, Ir, Au or any
of their combinations. 1022.Process according to claim g1, characterized in that the metal is gold.
23.Process according to any of claims 2 to 22, characterized in that the metal is found in a percentage
between 0.01 and®10% ByRIRFGRE 362U Br8deseaiRt Srdthg RFtarR D, LRk iiGdRe Hidfaihe metal is
found in a percentagribedwiaen 0.1 and 6% by weight. 25.Process according to any of claims 2 to 24,
characterized in that the metal has a patrticle size between 1 and 20 nm. 20

10.  Process according to any of the preceding claims, characterized in that
5 the particle size of the catalyst is between 1 and 50 nm.

11.  Process according to any of claims 1 to 3, characterized in that the
catalyst support is at least a microporous material.

10 12. Process according to claim 11, characterized in that the support is a

zeolytic material.

13.  Process according to any of claims 1 to 3, characterized in that the
support is at least a structured mesoporous material.

15
14.  Process according to any of claims 1 to 3, characterized in that the

support is at least an anionic laminar compound of hydrotalcite type or its
derivatives.

20 15. Process any of claims 1 to 3, characterized in that the support is at least
an organic polymer.

16. Process according to claim 15, characterized in that the support is a
copolymer selected from styrene copolymer, 4-hydroxyethylstyrene copolymer
25 and 4-glycidylstyrene copolymer.

17.  Process according to claim 15, characterized in that the support is a
polymer of dendrimer type.

30 18. Process according to claim 17, characterized in that the dendrimer is of
PAMAM type.

19.  Process according to claim 15, characterized in that the polymer is of PEI
type.



26. Process according to claim 25, characterized in that the metal has a particle size between 2 and 10
nm. 27. Process according to any of the preceding claims, characterized in that R 25and R' are selected
from substituted alkyl groups between 1 and 20 carbon atoms, substituted aryl groups and
non-substituted aryl groups. 28. Process according to claim 27, characterized in that the carbonate is
dimethyl carbonate. 30 20 30.Process according to ong of claims 1 to 27, characterized in that R and R’
are fluorinated alkyl groups. 531.Process according to claim 30, characterized in that the carbonate is
selected from bis(2-fluoroethyl) carbonate, bis(3-fluoropropyl) carbonate, bis(2,2,2-trifluoroethyl)

carbonate, bis(1,3difluoree’ gz pyaramgnatanbisflal drt8 filenectepray ihcarlotrienetal is
bis(2,2,3,3-tetrafluoro propyl) carbgnate, bis(2.2.3.3,3zpentafluoropropyl) carhonate, bis(1-flupro-2-butyl)
carhonate, 10612 A A S o A Bl
fluoro-2-methyl-1-fheipghrebiaiiene, bis(1H,1H,2H,2H-perfluoro-1-hexyl) carbonate, bis(perfluorooctyl)
carbonate, big(1,1,1,3,3,3-hexafluoro-2-propyl) carbonate. 1532.Process according to claim 31,

characterized in that the carbonate is bis(2,2,2-trifluoroethyl) carbonate. _
Process according to claim 20, characterized in that the metal is selected

from the list comprising Cu, Ag, Pd, Pt, Ni, Co, Rh, Ir, Au or any of their

combinations.
10 22. Process according to claim 21, characterized in that the metal is gold.

23. Process according to any of claims 2 to 22, characterized in that the

metal is found in a percentage between 0.01 and 10% by weight.

15 24. Process according to claim 23, characterized in that the metal is found in
a percentage between 0.1 and 6% by weight.

25. Process according to any of claims 2 to 24, characterized in that the
metal has a patrticle size between 1 and 20 nm.

20
26. Process according to claim 25, characterized in that the metal has a

particle size between 2 and 10 nm.

27.  Process according to any of the preceding claims, characterized in that R
25 and R’ are selected from substituted alkyl groups between 1 and 20 carbon

atoms, substituted aryl groups and non-substituted aryl groups.

28. Process according to claim 27, characterized in that the carbonate is
dimethyl carbonate.

30
29. Process according to claim 27, characterized in that the carbonate is
diethyl carbonate.



33.Process according to any of the preceding claims, characterized in that the amine or polyamine is an
amine of formula 20R(N H2)n where R is selected from the group consisting of substituted or
non-substituted alkyl with 1 to 20 carbon atoms, substituted or non-substituted aryl with 6 to 15 carbon
atoms, substituted or non-substituted arylalkyl with 7 to 15 carbon atoms, substituted or non-substituted
alkenyl with 2 to 20 carbon atoms, 25 substituted or ngg-substituted alkynyl with 2 to 20 carbon atoms,
substituted or non-substituted cycloalkyl with 3 to 20 carbon atoms, substituted or non-substituted
cycloalkenyl with 4 to 20 carbon atoms and substituted or non-substituted cycloalkynyl with 5 to 20 carbon

atoms; and n is 1,3, 3, Rrodes6. a%féaédﬁ@wsﬁuam%wimgsto ebafm, IBacheacied e dhat tRadiibe amine or
polyamine is seleﬁed from ﬂﬁllne |sopropylam|ne n-butylamine, n- hexylamine, n-octylamine,

laurylamine, cyclope%rtye/lalﬁ%rr'\eatgyc ar%me 21

cyclooctylamine,1,2-diaminoethane,1,12-diaminododecane,1,4-

diaminocyclohexage, 1, Sphi(aaRinpme iy, %C@meaé@ AT ERPEROMEHY A oA ARk ydrogenated

2,4-diaminodiphenylmethane, hydrogenated toluenediamine, aniline, benzyamlne 2-aminotoluene, 4- 5

aminotoluene, 2 4596‘#&%08@%@»%{%@6%) d%ﬁﬁ%ﬁheﬁﬁﬁ%@ﬁ%ﬂ@mpyl carbonate,
2,2" dlamInodIph%ly{metﬁanm&&emmenedmvﬁet& 6-tpls@nedifiunre 2rpRbeNYy lenciaboingte,
1,5-diaminonaphthalﬂ1 ? ? tr| '8%1 15 %%‘8& %farbonate bis(2,2,3,3-tetrafluoro propyl) carbonate,
bis(2,2,3,3,3-pentafluoropropyl) carbonate, bis(1-fluoro-2-butyl) carbonate,

10  bis(2-fluoro-1-butyl) carbonate, bis(1-fluoro-2-methyl-2-propyl) carbonate, bis(2-
fluoro-2-methyl-1-propyl) carbonate, bis(1H,1H,2H,2H-perfluoro-1-hexyl)

carbonate, bis(perfluorooctyl) carbonate, bis(1,1,1,3,3,3-hexafluoro-2-propyl)

carbonate.

15 32. Process according to claim 31, characterized in that the carbonate is
bis(2,2,2-trifluoroethyl) carbonate.

33.  Process according to any of the preceding claims, characterized in that
the amine or polyamine is an amine of formula
20 R(NH2)n
where R is selected from the group consisting of substituted or non-substituted
alkyl with 1 to 20 carbon atoms, substituted or non-substituted aryl with 6 to 15
carbon atoms, substituted or non-substituted arylalkyl with 7 to 15 carbon
atoms, substituted or non-substituted alkenyl with 2 to 20 carbon atoms,
25  substituted or non-substituted alkynyl with 2 to 20 carbon atoms, substituted or
non-substituted cycloalkyl with 3 to 20 carbon atoms, substituted or non-
substituted cycloalkenyl with 4 to 20 carbon atoms and substituted or non-
substituted cycloalkynyl with 5 to 20 carbon atoms; and nis 1, 2, 3, 4, 5 or 6.

30 34. Process according to claim 33, characterized in that the amine or
polyamine is selected from n-propylamine, isopropylamine, n-butylamine, n-

hexylamine, n-octylamine, laurylamine, cyclopentylamine, cyclohexylamine,



35.Process according to any of the preceding claims, characterized in that it 10further comprises
transforming the carbamates obtained in the corresponding isocyanate.

21
cyclooctylamine, 1,2-diaminoethane, 1,12-diaminododecane, 1,4-
diaminocyclohexane, 1,3-bis(aminomethyl)cyclohexane,
1,4-bis(aminomethyl)cyclohexane, hydrogenated 2,4-diaminodiphenylmethane,
hydrogenated toluenediamine, aniline, benzylamine, 2-aminotoluene, 4-
5 aminotoluene, 2,4’-diaminodiphenylmethane, 4,4’-diaminodiphenylmethane,
2,2"-diaminodiphenylmethane, 2,4-toluenediamine, 2,6-toluenediamine, m-

phenylendiamine, 1,5-diaminonaphthalene and mixtures thereof.

35. Process according to any of the preceding claims, characterized in that it
10 further comprises transforming the carbamates obtained in the corresponding

isocyanate.





