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Mathod for producing urethanes compossd of mono and difunctional aromatic amines

Description

The invention provides a procsss for preparing ursthanes by reacling
monofunctional and difunctional aromatic amines with a diatkyl carbonate in high yislds
and selectiviles. The wethanes thus prepared can subseguently be comverted o
industrially relevant isocyanates.

For the preparation of ursthanss, & series of processes is known,

In the reactions, for axample, Lewis acids, for exampis uranium salls (US 3783217,
sluminum turnings with jodine and Hyg promaters (US 4,550,188}, zinc sailts, iron salls,
antimony salts and tn salls (US 4268 683, 4268684, EP 381473}, are used as
catalysis. Disadvantages of the industial use of these processes gre the sometimes
fow conversion, low sslectivities ar bath.

High selectivities and vields are obtained, for sxample, in Lewis acid-catalyzed
processses {Fh salls as catalysis) when a high excess of dialkyl carbonate {amine:
carbonate 1:20) is used (WO B88/55451, WO 88/568758). The high excess of dialkyl
catbonate leads o large racycle slreams.

in other cases, high yields of urethane ¢an be achieved when the ursa formed in
the urethanization is redissociated themmally {o the corresponding urethang i an
additional reaction (EP 048371 (calalysts: lead salts, titanium salls, zine saltls and
zirconium salts), EP 391473 (catalyst zinc salls). The redissociation requirss an
additional, energy-intensive step.

A further disadvantags In the case of use of Lewis acids as homogeneous
caladysts is that of the catalyst residues which remain in the produnt, which can be
removed only incompletely.

WO 2007/015852 describes the use of Lewis -acidic hetsrogeneous catalysts
for the urethanization of aromatic amings. This dispenses with & complicated removal
of & homogenesus calalyst. The conversions oblained are top low for Industrial scale
applications and decrease, logether with the selectivity, with increasing lifelime of the
heterogeneous catalyst.

it is also known that urethanes can be prepared from aromatic amines using
basic compounds, for example alkall metal or alkaline earth metal alkoxides.

DE 3202680 describes the preparation of aromatic ursthanes by rescting aniing
and diakky! carbonates in the presance of a small amount of 3 metal alkoxide as a
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catalyst. The conversions described in the sxamples are incomplete and the
selectivities achieved are insufficient for industiial use.

Journal of Organic Chemistry, 2008, 70, 2218-2224 describes the reaction of
anifine with 2 large excess of dimethyl carbonate {(40-fold excess) in the presence of
an excess of base such as sodium methoxide (NaGle) or potassium tert-butoxide
{Ki}‘*&z}. With NaOMe, a selectivity of 87% was obtsined after a reaction time of 210
min. With KO'Bu. a selectivity of 100% is described after 1 min, which, however,
declines to 80% as a result of formation of the Nemethyicarbanilate by-product with
increasing reaction fime. Conversions and isolated vields were not deseribed.

it was an object of the invention lo devsiop a process for preparing urethanes
from monofunctional and difunctional aromatic amines, which enables a urethanization
reaction in high space-time yislds and selectivities with low modar excesses {(based on
the aminge group} of dialkyl carbonals. The ursthanes prepared should subseguently
be processible to give industrially important aromatic isocyanates.

it has been found thal, surprisingly, in contrast to the Joumal of Organic
Chamistry, 2005, 70, 2219 (see line 15, page 2), by reacting aromatic amines with
diatkyl carbonates with alkyl radicals having 2-18, preferably 2.7, carbon aloms, inthe
prasence of stoichiomelric amounts of a base, the desired urethans can be isolaled in
axcellent yields {up to 98%;) after a short reaction time, sven with low sxcssses of
dialkyl carbonate.

The invention provides & process for preparing ursthanss by reacting aromatic
amines with a diglkyl carbonate, wherein the alkyl radical of the organic dialkyl
carhongte comprises from 2 to 18, preferably 2 to 7, carbon atoms, and the reaction is
carried out in the prasence of 2 base, wherein the bass is used in 2 molar ratio of from
0.8 {0 1.2, based on the amino groups.

The reaction product of the aromatic amine with the dialkyl carbonate is
praferably reacted with a protic compound.

A protic compound is understood fo mean a compound which can transfier a proton.

The protic compound is preferably selected from the group comprising aloohols,
water and mixtures of the two. Particular preference is given to the use of water.

The dialky! carbonate is preferably used in a molar ratio of dialkyl carbonate to
amino groups of from 1:1 fo 1001, more preferably from 2:1 to 301

The reaction of the aromatic amine with the dialky! carbonate in the presence of
the base s preferably caried oul at 3 reactivn femperature of 80-150°C, more
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preferably at 100-140°C. Al this temperature, a quantitative conversion of the aromatic
aming to the corresponding wrethane can be oblained within 5-80 min. The reaction is
fypically carried out under standard pressure.

in the process according o the invention, mong- andior difunctional aromatic
aminasg which praferably do not bear any helgroatoms in the aromatic radical are used.
Reprasentativas from this group arg, for exampls, andling, o, m, ptoluidine, o-, me, p-
chioroaniline and isomer mixtures, o-, m~, p-bromoaniline and isomer mixtures, o-, M-,
p-trifluoromethylaniiine and isomer mixtires, 2,4, 2,8-, 3.4- and 3 5-dimathyl-, -dichioro-,
~dibromo- and ~diethylaniline and isomer mixlures, pt-bulylaniline, tolylene-diamine
(TDA), espscially 24~ and 26-ollenediamine and isomer mixtures thersof,
diaminophenylmethane (MDA}, especially 2.4-diaminophenyimethane, 44 -diamino-
phenyimethane, 2 2-diaminophenyimethane and higher homologs {polyaminopoly-
phenylmethanes} and lsomer mixtures thereof, and me-phenyisnadiaming.

Prefarence is giving o using the isomers of olylensdiamine andfor the isomars
of diaminophenyimethanse.

The alkyl chain of the dialky! carbonate may be unbranched, branched or cyclic.
The alkyl chain is preferably branched or unbranched.

n one embodiment of the invention, the alkyl chain of the diakkyl carbonate is
modified with heteroatoms. The hsterostoms may be halogen atoms, preforably
fluoring atoms andfor chiorine atoms, more preferably fluorine atoms. In another
smbodiment, the heteroatoms are xygen atoms. These are preferably present in the
form of ethar groups.

In a preferrad embodiment of the invention, the dialky! carbonates are selected
from the group comprising diethyl carbonate, din-propy! carbonate, di-n-butyl
carbonate, di-2-methyipropyt  carbonate, di-3-methylbutyl  carbonate,  di-n-pentyl
carbonate, bis-Z-methoxyethyl carbonate, bis-2-sthoxyethyl carbonate, bis-2.2.2-
triflucrosthyl carbonate, dilsobuty! carbonate, preferably dilsobuty! carbonate and di-n-
butyl carbonate, more preferably dilsobutyl carbonate.

The diakyl carbonate can preferably be prepared by reacting athylene
carbonate with an alcohol,

The base preferably comprises basic organic metal compounds, especially
compounds of alkali metals. They may, for example, be compounds comprising
nitregen atoms, for example amides such as sodium amide, or compounds comprising
sificon atoms and nitrogen atoms, for example ithium hexamethyidisiiazide.
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The base more preferably comprises the atkoxides of atkali metals,

The aloohol of the metlal alkoxide has 2-18, more preferably 2-7, carbon stoms
in the alkyl chain. The alkyl chain may be unbranched, branched or eyclic,

in one embodiment of the invention, the alky! chain of the corresponding sicchol
of the alkoxide is modified with hetercatoms. The helersatoms may be halogen atoms,
preferably fluorine atoms andior chiorine atoms, more preferably fluorine atoms. In
another ambodiment, the helsrogloms are oxygen aloms. These are preferably
presant in the form of ether groups.

in a particularly preferred embodiment of the process according o the invention,
the dialkyl carbonates and the metal alkoxides are based on the same glcohol, This
has the advantage that, in the process according to the invention, a smaller amount of
compounds is present. This reduces the complexity in the process.

The reaction of the aromatic amines with the dialkyl carbonate in the presence
of the base is preferably carried out at 2 reaction temperature of 80-150°C, more
preferably at 100-140°C. Al this temperature, 8 quaniitative conversion of the aromatic
amines can be oblained within 5-60 min. The reaction is iypically carried oul under
standard pressure.

in a preferred smbodiment of the process according to the invention fur
preparing ursthanes, in which waler s used as the protic compound, the process
according to the invention comprises the steps of

a}  reacting the aromatic amine with the dialkyd carbonate in the presence of a basse
by rescting the reaction products from step a) with water
¢y separating the products formed in step b) and the agueous base

dy  converting the agueous base from step ¢ to the corresponding nonggusous
base and recycling § o step a)

g}  isolating the urathane removed in step ¢

This pracess can praferably be carried out continuousiy.

i this process, the urethane is formed in step b).

in this case, the ursthane may be isolaled as & solution in an organic solvent or
as a pure substance in the form of a melt or of a solid,

The products formed in step b) are the wrethane and, in the case of use of
alkoxides as the base, the alkoxide.
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Process step 8) i carrded out in stage 1, process step b) i stage 2. In
batchwise mode, stages 1 and 2 can be carried out In the same reaction vessel, and in
continuous mode preferably in different reaction vessals.

The product from stage 1) can be transferred inte stage 2) without further
waorkup,

In stage 3}, the agusous base oblained in slage 2 is converted o the
nonaguesus base, and, in the case of use of melal akoxides, the hydroxide is
convearted o the metal atkoxide. This is racycled into stage 1. Excess alcohol which is
obtained in siage 2 is discharged there or recycled at another point in the process.

The product from stage 2) 88, if |t is not alrsady present in this form, separated
inlo an aguecus phass and a nonagqueous phase. This phase is removed from the
organic phase which comprises the wrethane and isclated as the solid or madf or ussd
directly in this form in further reaction stages, for example in a tharmal cleavage to give
the corresponding isogyanate. The urethanss removed can, if necessary, be purified,
for exampis by washing.

in a preferred embodiment of the process according to the invention, before step
a}, the dialkyl carbonate is prepared by reacting ethylene carbonate with an alcchol.

in a further preferred embodiment of the process according o the invention,
step 8} i followed, as step ), by the cleavage of the yrethans {0 the iscovanate and
alcohol. The alcohal formed in step £} can be recycled back into the process. The
racycling can, for example, into siep 4) or inlo the preparation of the dislky! carbonates
which takes place before step a).

in this invention, # has been shown that the inventive reaction of aromatic
amines with a small excess of dialkyl carbonate is possible in high selectivities and
high space-time yields. The urethanes are formed in high purilies, and so no
complicated subssquent purification is required.

The invention will be Hlustrated in detall In the examples which follow,

Example 1

224.0 g (1.2 mol) of diilsobutyl carbonate, 382 g (032 mol of 24-TDA and 848 g
{0.84 mol} of sodium iscbuloxide were weighed successively into a 2 | four-neck flask
equipped with stirrer (stirrer spegd 200 mi&n'i}x internal thermometsr and argon supply,
which was immersed into an ol bath preheated to 120°C. The anslysis by thin-layer
chromatography after 30 min showed gquantitative convarsion of the TDA. The flask
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confents were diluted with 11 of toluene and 500 mi of water were metered in at 257C.
After phase separation, the organic phase was washed 3 fimes with 500 mi of water,
the organic phase was subsaquently dried over NapSQ,; and the folushe was
soncentrated by rotary evaporation.

Stightly yellowish crystals (100.1 g) of puwre urethane were obiained with a yield

22.4 g {0.13 mol) of diisobuty! carbonate, 38 g {0032 moh of 28-TDA and 85 g
{0.084 mol} of sodium ischutoxide were weighed successively into g 250 mi four-nesk
flask squipped with stirrer, infernal themmometer and argon supply, which was invnersed
into an oif hath preheated to 120°C. The anslysis by thin-layer chromatography after
30 min showed quantitative conversion of the TDA. The flask contenis weare diuted
with €1 1 of toluene and 50 mi of water wers melered in gt 25°C. Afler phase
separation, the grganic phase was washed 3 timss with &0 mi of watsr, the organic
phase was subssquently dried over Na,80; and the {olusne was concentrated by
rotary evaporation.

Slightly yellowish crystals (8.4 g} of pure ursthane were obiained with a vield o 82%.

Exampile 3

324 g {1.30 mol) of dilsobulyl carbonate, 38.2 g {0.32 mol) of technical-grade
TRA {mixture of 2,4/2 86-TDA = BO/20) and 84.8 g (0.84 mol} of sodium iscbutoxids
were weighed successively into a 250 mi four-neck flask equipped with stirrer, internal
thermometer and argon supply, which was immersed info an ol bath preheated to
120°C. The analysis by thindayer chromatography after 30 min showed quantitative
conversion of the TDA, The flask contents were diluted with 11 of toluene and 500 mi
of water werg metered in at 25°C. Alter phase separstion, the crganic phass was
washed 3 times with 500 mi of water, the organic phase was subssquently dried over
NapSQy¢ and the toluene was concentrated by rotary evaporation.

Slightly yellowish orysials {102 g) of pure wrethane were obiained with a yield of 98%.

Example 4

2324.0 g (1.3 mol) of di-n-butyl carbonate, 382 g 032 molj of 24-TDA and 84 8 g
{0.64 mol} of sodium n-buloxide were weighed successivaly into a 2 | four-neck flask
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equipped with stirrar {stirrer speed 200 méﬁ'i}( internal thermometer and argon supply,
which was immersad inte an ol bath preheated to 120°C. The analysis by thindayer
chromatography after 30 min showed quantitative conversion of the 2.4-TDA, The flask
contents were diluted with 1 | of tolusne and 500 mi of water were metlerad in at 25°C.
After phase separation, the organic phase was washed 3 timas with 500 mi of water,
the organic phase was subseguently dried over NapS0; and the toluene wes
soncentrated by rolary evaporation.

Slightly vellowish orystals (103.1 g} of pure wrethane were oblained with a yield
of 89%.

Example 5

284.1 g (1.3 mol) of dilspamyt carbonate, 38.2 g (0.32 mol} of 24-TDA and 744 g
{0.85 mol) of sodium isocamylate were weighed successively into a 2 | four-neck flask
aquipped with slirver {stirrer speed 200 minf%}, internal thermometer and argon supply,
which was immersed into an off bath preheated to 120°C. The analysis by thindayer
chromatography after 30 min showed quantitative conversion of the TDA. The flask
contents were diluted with 1 1 of toluens and 100 mi of walsr were metered in at 25°C.
After phase separation, the prganic phase was washed 3 times with 100 m! of watsr,
the organic phase was subseguently dried over Na;S0O: and the ioluene was
oconcentrated by rotary evaporation.

Stightly vellowish crystals {108.2 g) of pure wethans were obtained with a yield
of 84%.

Example

1254 g {0.72 mol} of diisobutyl carbonale, 34.8 g {0.18 mol) of 4 £°8DA and
38.4 g (0.38 mol} of sodium isobutoxide were welghed sugcessively into a 500 mi four-
neck flask equipped with stirrer {(stiver spesd 300 min”}, irternal thermomster and
argon line and condenser, which was immersed inle an ol bath preheated fo 120°C.
The analysis by thindilm chromalography after 30 min showsd guantitative conversion
of the 4 4-MDA. The flask contents were difuled with 200 mi of toluene and 34.2 g of
watey were melered in. After stirring for a further 100 min, the mbdure was fransferred fo
a 1000 mi separating funnel and the phases were separated. The organic phase was
concentrated, Subsegquently, the resulting solid was dried fully a8 120°C and 0.25 mbar.

Slightly vellowish crystals (81 g} of pure wethane wers obiained with a yisld of 87%.
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(Efjaras urstdnok slddlitassra mono- &8 difunkeids aromds anminokiél}
Srabadaimi igénypontok

1. Eligras uretdnok sitallitasdra aromas aminocknak sgy diakil-karbonatial
vald resgaltatasival, azzal jellemezve, bogy 2 szerves diakil-karbonat alkilesoporfia
2-18 szénatomot tartalmaz, €8 a reakoid! sgy bisis islenlétében haftiuk végrs, ahol a
bazis az aminocsoportokra vonatkoztatva 0.8-181 1,2-ig terdedd mélardnyban van jelen,

2. Az 1. igénypont szerintl sligrds, azzal jellemezve, hogy a bazis egy fém-
-atkoholat.

3 Az 1. inénypont szerintl elidras, azzal jellemezve, hogy az alkoholst al
koholis 2-18 szénatomo! tartalmaz a dncban.

4., Az 1 igénypont szerintl elidrds, azzsl jellemezve, hogy az shkohol
hetercatomokat tarlalmaz az aki-lanchan.

&, Az 1. igenypont szeninll gliarés, azzal jellemsezve, hogy az alkoholad
alkilcsoportial insdrisak vagy slagazdk,

8, Az 1, igénypont szerintl elidras, azzal jellemezve, hogy az alkoholdt
atikcholja ugvanaz, mint a dialidi-karbonata,

7. Az 1. igénypont szerinll slidras, azzal jellemezve, hogy az aromés
aminnak a dialid-karbondttal vald reagalistass utan 2 kapolt reakcidlermekst egy
prétifus vegyliletiel reagdttaivk.

8. A 3, igénypont szerinll oljaras, azzal jellemezves, hogy a protikus vegyl-
et viz.

g Az 1. igénypont szerinti elidrds, azzal jellemezve, hogy az aromss
arrinok egy amincesoporiot arfalmaznak.

10, Az 1. igénypont szerintl elfdrds, azzal jellemesve, hogy a8 aomss
aminok k&t aminocsoporiot tartalmazneak.

1. Az 1. igénypont szednll efjdrds, azzal jellemeszve, hogy az aromas
aminok az aromas gyliriben nem lartaimaznak heteroatomet.

12, Az 1 igénypont szevint elidras, azzal jellemezvs, hogy az aromas
aminok az aniling, o-, m-, ploluidin, o+, m-, p-kidr-anilint & zomerelegyeket, o, m-,
p-trom-anilint s zomerelegyekel, o, me, p{irifluormeti}-antiint &s izomersiegyekst,
24~ 28- 34~ és 3 5-dimelil-, -dikify-, dibrdm- és -dictil-anilint és izomerslegyskat,
pefero-buti-anting,  tolulién-diamint, diaminofenibmetant és magasabb  homoldgokat
{poliamino-polifent-mstant) s m-fenilén-diamint tarlalmazd csoporbd! kivalaszioliak.
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13, Az 1. igénypont szerintl elidras, azzal jellemeeye, hogy 3 dislkii-karbongtok
hetercatomokat tartaimaznak az atkil-lancban.

14. Az 1. igénypont szerinti elidrss, azzal jellemezve, hogy a diakibkarbonatok a
dieti-karbonatd, di(repropifi-karbongtot, diin-buti-karbondtol, di2-metibpropil)-karbonatot,
dit3-meti-buti-karbonatol, di(n-pentill-karbonatot, bisz{Z-metoxi-stil}-karbonaty,
blaz{2-etoxi-etil)-karbondtot, bisz{2 2 2-trifluor-etii}-karbondtot tartalmazd csoported!
kivalasziotiak

15, Az 1. igénypont szerinti elfdrds, azzal jellernezve, hogy a diakil-sarbonatot
a dialkil-karbonat aminocsoportokhoz viszonyiolt 1:1-181 10:1-ig terjedd mdlardnyaban
alkalmazzuk.

18, Azl igénypont szerintl sfidras, amely magaban foglalia

a) egy aromas aminnak egy dialkibkarbonéital egy bazis jeleniéiében vald reagal
tatass,

b) aza) Bpéshil szarmazd reakeidtermek vizzal vald reagaliatdss,

&) & b} lepésben kelotkezett tormek és a vizes bazis elvalaszides,

d) a o) lepdshdl szarmazd vizes bazisnak a megleleld nemvizes bazissé valo ala-
kitasa &s annak az a) Bpéshe vald visszavezatéss,

g) a c) iépéshen elvalasziolt urstdn izoldlasa

epeseit.

17. A 16, igénypont szerdnl eljards, azzal jellemesve, hogy az a) epeshen
alkalmazott dialkil-karbonétot stilén-karbonatnak egy skoholial vald reagéiiatésaval &b
fHiuk el

18, A 18, igénypont szernd eljdrds, azeal jellemeszve, hogy az ) iepést k-
veti §) 3z uretén hasildsa zocianatts és alkohalia,

19, A 18 igénypont szerintl eljdras, azzal jellemezve, hogy a b} lepésben
képzéds Wgot aloholial megleleld akoholdtta reagiliatiuk, és ezt ismeét visszaverzelik
ar a) lépésbe.

20, A 18, igénypont szerintl elidrds, azzal jellemezve, hogy az akoholat
-képrésnél keletkezd vize! lsmél visszavezstjlik a b} lepesbe.
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