"Process for preparing secondary am des by carbonyl ation of a correspondi ng
tertiary am ne" The present invention relates to a process for preparing a
secondar werththskgracar bonyl ati ng a correspondi ng terti apygTamaeovdkd car bon
nonoxide in a reaction mxture in the presence of a netal catalyst and in
the presence of a hal ogen containing pronoter. Am des represent a |arge
class of weakly basic nitrogen containing organic chemcals that find
applications in large volunmes, for instanhte as solvents and nonomers, but

al so as nore conplex nmolecules in small volumes, for instance as
pharmaceutical s, peptides, etc. . . Traditionally, /V-alkyl am des are
prepared using classic organic chemstry by reacting a suitable primary or
secondary amine with a suitable carboxylic acid derivative such as a
carboxylic acid or ester, an acid chloride or an acid anhydride. However,

t hese nethods are sonetines limted by the availability of suitable and
readily avail able starting materials and suffer fromlow atom efficiency.

Al so catalytic organonetallic routes towards a wide variety of am des have
been devel oped |jn nore recent years Fron1these routes, an1nocarbony|at|on
i s of special iaPEQGRSS toy prepg REC agnigle; latipnofa readily
avai |l abl e reagent to generat %Otrtl_%!@ﬂﬁlﬁq Elftgmtéﬁ@gﬁmetuy Thi s net hods
converts an aryl or a vinyl Ham consunption of a
primary or a secondary ihe eresent icaemiion nelates ea prncessc forsprepbepga t he

catalytic cycl e, IS inser ed in the carbon, | ogen .bond of the
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carbon nmgnoxi ggrjoh ﬁ16ﬁ8§|86r|rﬁ 8%ehE®A higure in the presence of a metal catalyst

and in the presence of a halogen containing promoter.

Amides represent a large class of weakly basic nitrogen
containing organic chemicals that find applications in large volumes, for
instance as solvents and monomers, but also as more complex

10 molecules in small volumes, for instance as pharmaceuticals, peptides,
etc... Traditionally, N-alkyl amides are prepared using classic organic
chemistry by reacting a suitable primary or secondary amine with a
suitable carboxylic acid derivative such as a carboxylic acid or ester, an
acid chloride or an acid anhydride. However, these methods are

15 sometimes limited by the availability of suitable and readily available
starting materials and suffer from low atom efficiency.

Also catalytic organometallic routes towards a wide variety
of amides have been developed in more recent years. From these routes,
aminocarbonylation is of special interest as carbon monoxide is used as

20 a very cheap, readily available reagent to generate the amide
functionality. This methods converts an aryl or a vinyl halide into an
amide with consumption of a primary or a secondary amine and carbon
monoxide. In a first step of the catalytic cycle, the metal is inserted in the
carbon, halogen bond of the alkyl or aryl halide (oxidative addition).

25 Subsequently, one molecule of carbon monoxide is transferred from the
metal center to the alkyl or aryl radical (CO insertion). Finally, the newly



metal center to the alkyl or aryl radical (COinsertion). Finally, the

new yformed carbonyl group is attacked by the primary or secondary am ne
and the fwoabioasvste product is released fromthe netal eemtppPeodogashier wth
one equi valent of HX. The acid HX that is |iberated during the reaction
needs to be neutralized by a suitable base. For this, another equival ent of
the af orenentioned primary or secondary am ne can be used. However, since
this usually represents a | oss of a val uabl e reagent, another base is
usual |y added, that is inert towards the actual am dation reaction. Cheap

I norgani ¢ bases can be used, such as sodi um carbonate, but because of
solubility isfrewed oadmniyt ghages atteckdd by theeprhimanc bor @aecohéartyeamirss y

am nes t het hyl lLne.or tri-n-butylamne. This ig exenplified.,in EP0365382
Sherein pal | @A e RBtd, & teicasethlsdat e s BLrsn 2 gk bebet i on
and triethyl g@hngnd@Sedapfent bf HXerMheab¥ida PO SORS Nbérabdd tduFingatie i n the
am nocar bonyl ati on reaction and is also not carbonylated in this

am nocar bony| sgaadionpnerdss 0 bBepauisalizetd byea suitabledzase. rieicthimnam@beren HX

and the hase, _at. | t _.on I I f,salt is al s, forned t ther with
each nol ecul eeﬁwvg%%%ao sﬁhge%éﬁq%ggﬁor%%dcfi'@%fort ﬁé@%‘iﬁ%%ﬁi”&f ggﬁibeency of
the process apged eohbgdt, Qfﬂcéﬁﬁisftﬁuahﬁk@@@@éhtgch ro%‘séldmt\%ﬂth@dlé,reég”érﬁ, met hod
has only been used comercially for cogg[ex nol ecul es ( active
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trinmethyl amne (TMA) instead of froman alkyl haljde_ TMA is a che and
readi | y%Qvai | 8 &erg B/s@miteé‘. trigthyl amine or t%-n- utylamine. This is exempﬁfiedalo

in EP0365382 wherein palladium is used as catalyst for the
aminocarbonylation reaction and triethyl amine as base. This tertiary
amine doesn’t participate in the aminocarbonylation reaction and is also
not carbonylated in this aminocarbonylation process.

15 Because of the acid, base reaction between HX and the
base, at least one molecule of salt is always formed together with each
molecule of the desired amide. Because of the low atom efficiency of the
process and the high prices for halogenated raw materials, this method
has only been used commercially for complex molecules (e.g. active

20 ingredients in pharmaceuticals). For small molecules, such as dimethyl
acetamide, such a process is not economically viable.

However, for production of dimethyl acetamide (DMACc) it is
also known to prepare this secondary amide starting from the
corresponding tertiary amine, namely from trimethyl amine (TMA) instead

25 of from an alkyl halide. TMA is a cheap and readily available substrate. It
is co-produced with methyl and dimethyl amines and has limited
applications. For this reason, TMA has to be recycled to the reactor
causing the size and the energy consumption of the plant to increase.
The production of DMAc starting from TMA can thus offer an appropriate



I's co-produced with nethyl and di nethyl amnes and has |imted
applications. For this reason, TMA has to be recycled to the reactor

causi ng twe 28iozs7gmd t he energy consunption of the plantctr®peewneaase. The
production of DMAc starting from TMA can thus offer an appropri ateoutl et
for TMA and provide inportant energy and space/tinme savings to the parent
am ne production units. The preparation of DMAc from TMA has been descri bed
in a nunber of patents. DE948056 report‘s3fhe synt hesis of DMAc from TMA and
COH2 with (NMe4 2CoBr2l2 as a catalyst. Only 90%vyield of DMAC is reported
in Exanple 6 at conplete conversion of TMA after 7 h at 200 C and 680 bars.
Not wi t hst andi ogtlethier iMA ardcepravide impertanit egrgy askdpace/timessauimngets has
only a | ow cah?I étic activit The tﬁrn over frequency (TOF - expressed as
mol es of convdl& B Pt galRE pfalﬂ\%&}'??rb'ln Sof catalytic metal/hour) achieved in

the process of Exanple $hagseparayioh bftMAARIFSH TNIATAEPhESEN Reseksdd Pl e
catal yst/hour. Additionally, the long reaction tine and very high pressure

restrict the Ardusberncflpaigpisi D&EGA8AS0repdrtssther syrwesis BlPMe frormeTMédndesi r ed

si de products_ar, duge n l e 1 of 56,~.nher ei he nore
reactive“di rre?ﬁgl%(g{]%d\{v@f ﬂ';}Meé}?ﬁéi%ﬁgZ §B§ @‘é@&g?ﬁ’ﬁ&g’&’ )é)\,{fg”el‘ﬁlﬂ? Dtl\fl(gc dttivity
of the catal ysdporesi moERaple diagbemplste casveRRSA6S TMAETEXRMPAE260°0Mher ei n
the process was carried out at a |ower pressure of 200 bars, a very high

pressure was ABEASH ArRcklobriHsiandieg ihﬁaﬁ@gt@fﬁ‘}wr@, fe eatplypt weed MUK | ower .
SRRl ko AL e R LR vl
conpl ex is di ekpresbédt ashemlde decanserted ptatiuchsITABA)/imoje tof aatalptic
moder at e10heat 'meltJ I?hnouq’)eggrrmrigegcil t|r{ t ré &ggegsu(r)% Egartnglee 6 was only in the order of
5 moles product/mole catalyst/hour. Additionally, the long reaction time
and very high pressure restrict the industrial application of this process.
Furthermore, undesired side products are produced. In Example 1 of
DE948056, wherein the more reactive dimethyl or diethyl aniline was
15 used instead of TMA, the activity of the catalyst was somewhat higher but
as appears from Example 5, wherein the process was carried out at a
lower pressure of 200 bars, a very high pressure was needed since
otherwise the catalytic activity was much lower.
Several processes for converting TMA into DMAc have
20 been reported based on the well-known carbonylation catalyst Coz(CO)s.
However, this carbonyl complex is difficult to handle because of its
instability to air and moderate heat. Upon decomposition and during the
catalytic cycle of this metal, highly toxic, volatile metal species are
formed. However, according to US3407231, Co(CO)s would allow the
25 application of lower CO pressures: 95% conversion of TMA would be
achieved at 225°C and 138 bar. According to the description in the
patent, the reaction runs without addition of a promoter. DMAcC is
recovered from the reaction mixture after removal of the volatile
compounds in 99% purity. However, an impractical reaction time of 16 h

30 is required. The TOF of the catalyst in this process is very low, namely



catalytic cycle of this nmetal, highly toxic, volatile netal species are
formed. However, according to US3407231 , Co2(CO s would allow the

appl i cat iwo 20fo/dsesver CO pressures: 95% conversion of TMacwarbehohes28chi eved
at 225C and 138 bar. According to the description in the patent, the
reaction runs without addition of a pronoter. DMAc is recovered fromthe
reaction mxture after renoval of the volatile conmpounds in 99% purity.
However, an inpractical reaction tine of416 h is requi red. The TOF of the
catalyst in this process is very |low, nanmely- Aonly about 0.7 noles

TMA/ nol e catal yst/ hour. EPO1 85823 reports the use of water as a pronoter
t oget her wi t hoQly28iea)t80170 nantds e\eASSIe coatalysEhour. EPONESIA8 oeportsbthe The

process was perforned at a tenperature of 2500C an relativ hi gh
P essure of 1956 ol BatdhaS & APt isasined Wil el Buenie eabhih | ow
namely in thecghesiodl of TMIAESH THMY MBI B, cealpySéddiowias Merpyied. aPd- ( 1%

is formed next to DMAc. It should be noted that relatively high catalyst
| oadi ngs are temppenatref@fr2501€sand @bal telativedd highopressars ofvih7 2 barsayl hse

ot her moPal s BB AR boYelr Sl def 3%, bef Bl S hS R O '
nmoder ate yi el goled TW%@ndlé%ﬁtélggt/h@ﬂCN@r@oOér,TIDMFa(YK%P@ forefecanbgt &
catal yst at 2600C. ﬂ?nelsgpone noble nmetal is used as a catal yst for the

car bonyl at i onDMAG iy bannAed Sratsrelatvelpenighr epighss 1989ingsepte of DVAC
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in 1 and 4% ytred duiteelopesttivitglof thd bebalatalaytsts. activity of the rhodi um
catal yst1 0i s much hi gher Rtega?s &A/ri]tﬁtotﬁfer metals as a catalyst are very scarce. JP
46 043 527 reports only moderate yields of DMAc from the reaction of
TMA and CO over a Hglz catalyst at 260°C. Only one noble metal is used
as a catalyst for the carbonylation of a tertiary amine. JP 3 275 656 A
reports 56% yield of DMAc at 72% conversion of TMA using RhCl; as a
15 catalyst and methyl iodide as a promoter at 270°C. DMF and N-methyl
acetamide are formed as side products in 1 and 4% vyield respectively.
The catalytic activity of the rhodium catalyst is much higher than that of
the above described cobalt catalysts. The TOF which could be achieved
with the rhodium catalyst was indeed about 19 moles TMA/mole
20 catalyst/nour. Notwithstanding this higher activity, the investment cost of
a potential industrial installation is however still quite high since rhodium
is known as a very expensive material. Its use as a catalyst therefore
limits the economic attractiveness of the process. Recently,
CN101003491A reported the use of a combination of Rh halogenides
25 with smaller or equal amounts of Ir halogenides for the catalytic
conversion of TMA into DMAc under very similar conditions.
An object of the present invention is to provide a method for
carbonylating a tertiary amine wherein use is made of a catalyst which is

a good or even a better alternative for rhodium, the catalyst being in



t he above described cobalt catal ysts. The TOF which could be achieved with
t he rhodi um cat al yst was i ndeed about 19 noles TMA nol e cat al yst/ hour.
Not wi t hstwodongstdviss hi gher activity, the investnent costTafP2@opesenti al
industrial installation is however still quite high since rhodiumis known
as a very expensive material. Its use as a catalyst therefore limts the
econom c attractiveness of the process. Recently, CN1 01003491A reported
the use of a conbination of Rh hal ogenid@s with snmaller or equal amounts of
I r hal ogenides for the catalytic conversion of TMA into DVAC under very
simlar conditions. An object of the present invention is to provide a

met hod for capbdicylatiesseapersivé Hran enddienvdret enablungetol achiade acfimidacat al yst
which is a good or eéﬁnhaﬁékter al.hehnati ve for rhodium the catal yst

bei ng i nparti SLFYEN PEUEN&ly HEh 49 WHAROAHGYi um and enabling to achi eve a
simlar or even a hi gherhEObpfaains WadHlevdtP dh Usitcot@asc Riiff ithé SpreeBheved in
accordance with the present invention by using a catal yst which conprises
pal | adi um Th&vientientdyousinger ehtalystrwihigh esonmprisesppaltasignf dhepinggatidmg a
secondary am de wth followng formia O R 2 R3 wherein Rl s an
ronat ¢ %gr oupespior® sblis f 0B, MreleleiTh A pEHARb ATaHE T
conprises at fiewin@fgntdd bon atom and whi ch may be substituted or not; R2

and R3 are, independent from one another, an aromatic group or a
O

2
R”)\N/R

R3

wherein
R" is an aromatic group or a straight or branched aliphatic carbon
10 chain which comprises at least one carbon atom and which may be
substituted or not;
R? and R® are, independent from one another, an aromatic group or a
further straight or branched aliphatic carbon chain which comprises at
least one carbon atom and which may be substituted or not, or R* and
15 R® form a cycle containing the amide nitrogen,
which process comprises the step of carbonylating a tertiary amine of the

formula

1 2
R R
R3

with carbon monoxide in a reaction mixture in the presence of a catalyst
20 which comprises palladium and in the presence of a halogen containing
promoter which is substantially not consumed in the reaction mixture.

It was found that palladium, as a relatively cheap noble
metal, was able to carbonylate trimethyl amine into dimethyl acetamide at
reaction rates and selectivities that were as good or even superior to that

25 for expensive noble metals such as Rh or Ir. A same or even a much

better catalytic activity (TOF) could be achieved with palladium than with



further straight or branched aliphatic carbon chain which conprises at

| east one carbon atom and which may be substituted or not, or R2 and R3
forma cywbeomastsgiuni ng the am de nitrogen, which processTEPI@OI06RSst he
step of carbonylating a tertiary am ne of the fornmula with carbon nonoxi de
in a reaction mxture in the presence of a catal yst which conprises

pal l adium and in the presence of a hal ogen containing pronoter which is
substantially not consuned in the reacti®n mixture. It was found that

pall adium as a relatively cheap noble netal, was able to carbonyl ate
thmet hyl am ne into dinethyl acetam de at reaction rates and selectivities
that were as gumturor Fevtbaerrsoneeusimg Po ashetatabyst.eadpe mighes taiaheamited s such
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be carbonylated with good yield and Selectivity to the correspondi ng

secondary ani gentionadzbovehs sudable balsger tontaieidg aioreierasdisedamhichhal ogen
containipg pronoter s used, which i.s only r Ir | n.sub i val en
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am nes. As described al ready hereabove, EP 0 365 382 discloses the use of

pal | adi um as @8EUGES/ KM HELATESEANBDAYPHIBNOAMIRRR i ons wherein tertiary

am nes can be used as ”ﬁgtééédr%bega@@é@ h'é'?%%’o‘?/]re’, %ﬁot 8§82 discloses

am nocar bonyl ati on reacttons no carbonyl ati on of 'the tertiary am nes occurs
so that basedttmusdref pehadiumgas chtahfdt On 36En8ERbohylatiomoeactionisomserain al |

that pal U e " Oines %ad be Lesd 26 Rettralizing bage  Howevar: in these
aminocarbonylation reactions no carbonylation of the tertiary amines
occurs so that based on the teachings of EP 0 365 382 it is not obvious at
all that palladium is not only an aminocarbonylation catalyst but also an
effective catalyst for the carbonylation of tertiary amines under the

15 appropriate conditions.

In the process of the present invention, the tertiary amine is
carbonylated preferably at a turn over frequency of at least 9, preferably
at least 19, more preferably at least 30 and most preferably at least 50
moles tertiary amine/mole palladium/hour.

20 In a preferred embodiment of the process according to the
invention, the reaction mixture comprises less than 5000 ppm, preferably
less than 3000 ppm, more preferably less than 1500 ppm and most
preferably less than 750 ppm of palladium. In an even more preferred
embodiment, the reaction mixture comprises less than 500 ppm and

25 preferably less than 250 ppm of palladium.

It was found quite surprisingly that the catalytic activity of
the palladium catalyst increased considerably when lowering its
concentration, more particularly even to such an extent that when
lowering the amount of catalyst in the reaction mixture, similar or only

30 somewhat smaller reaction rates could be achieved. This is a very



effective catalyst for the carbonylation of tertiary am nes under the

appropriate c

onditions. In the process of the present invention, the

tertiary woi2oe/dsss7aar bonyl at ed preferably at a turn ovewrchrmpauenecsesef at
erably at |least 19, nore preferably at |east 30 and nost
| east 50 noles tertiary am ne/ nole palladiunhour. In a
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preferred enb

odi nrent of the process according to the invention, the
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B%Isltqﬁiﬁ)%_i s preferably added in a concentration of at
erab I

| east 1

n a concentration of at |east 10 ppm The pall adi um

i n the forWhefaladiunocgabe adslebtin the form of an inorganic salt,
exemplified but not limited by PdCl,, PdBry, Pdly, Pd(OAc),, PdSOs,
(NH4)2[PdClg], (NH4)2[PdCl4], PAC204, Pd(acac),; in the form of an oxide,
or in the form of a Pd(0) complex carrying organic ligands, exemplified
but not limited by Pd(PPhs)s. Also preformed metal complexes, such as
PdCIly(CHsCN)2, dichloro ethylenediamine palladium, dichloro bispyridine
palladium, Pd(TMA).Cl, Pd(NH3)4Cl2, Pd(NH3).Cl», etc... can be added
as a catalyst precursor. Carbon monoxide and amines are known to
behave as ligands to transition metal complexes. The catalyst is
preferably a supported catalyst wherein the palladium is deposited on a
support such as carbon, alumina, silica, zeolite, clay, porous polymer,
hybrid polymer, etc... It has been found that in this way the catalytic
activity is even higher, which could possibly be explained by the fact that
cluster formation is avoided by fixating the Pd atoms on a support in this
heterogenous catalyst.

The halogen containing promoter is preferably present in
said reaction mixture in a molar ratio of greater than 0.1, preferably
greater than 1 and more preferably greater than 5 with respect to the
catalyst metal. This ratio is preferably smaller than 10000, and more
preferably smaller than 2000.

The halogen containing promoter which is present in the
reaction mixture comprises preferably a halide of formula R'X wherein X



exenplified but not limted by PdCl 2, PdBr2, Pdl2, Pd(OAc) 2, PdSO4,
(NH-Q2[PclCl 6] , (NHQ[PclC4] , PdC2O4, Pd(acac) 2; in the formof an
oxi de, orwbnotda7§7ar m of a Pd(O conpl ex carryi ng or ganipCTIEPR@OM65286
exenplified but not limted by Pd(PPh 3)4. Also preforned netal conplexes,
such as PdCl 2(CH3CN) 2, dichloro ethyl enedi am ne pal |l adi um dichloro

bi spyhdi ne pal | adium Pd(TMA) 2CI 2 Pd(NHs) 4Cl 2, Pd(NHs)2Cl 2, etc. . . can
be added as a catal yst precursor. Car bor® ronoxi de and ami nes are known to
behave as ligands to transition netal conplexes. The catalyst is preferably
a supported catal yst wherein the palladiumis deposited on a support such
as carbon, al isiln®r ef IGlcdhezkalide ®f formyla IXobeingplpyeferablpyRHi diheol yner
etc. . . It has been found that in this the catal yticg acti.vi I S even
hi gher , wihi ch EECATRESaIobPy ThRareiepled the 4Thy, of At Bxes phded Frlide dfus
formation is awabaply BYrbspaiddd iHeehidtoph®dh §oup GHRROBMING it Which

het er ogenous catal yst. The hal ogen containing pronoter is preferably
present in salC® risaertioon isvidasined. i duitabie| balidest iave ofodigasat eionides or 1 ,

preferably greater than, 1 an e preferably.greater, than 5 with _respect
to the cgt al ygﬁloﬁg?éls.uc?h?g r&?ﬁ?{)'qdi)d%r%bgfg%jl'(%’sﬁaﬁwefooﬁl%ean'IO%H,VFa_nd _
nmore pr ef er abiddi@émiﬂeﬁyl td@ﬁdle,Z.OQG]e Hé‘sl reglieDare eptHimedivi é;lkﬂﬂ@@i@iésyml chis
present in the reaction m xture conprises preferably a halide of formula

R1X wher ei n XPEhQugBihestortgspondngellipidesand bromidgsReER AeP R YseEf erabl y Ri|
The hydrocar bon grOUpThérha'chc{)érf E%t%rr}irﬁiﬁﬁ&géﬁé &h @é%bd@&%’s@cﬂn e
nds to ydar e amne in

hal i de thus preferably corres okarbon group on
whi ch CO i nsethé oeadtiondesiktuesl. Howevah! it ibadlsdesossisei todbddscorhpoumdies or
chiori de1% Suchh?c rgr%dh cle ithOeOIipgoer’noteetrhi¥1I siituoqllri1 O’I[ﬁ’e ,%%88&'1 rirlﬁgdrcei.eﬁlkyl'éndbenzyl
benzyl halides are for example known to react easily with tertiary amines
with the formation of tetraalkyl ammonium halide salts. Therefore, also
these salts can be added to the reaction system instead of the parent
alkyl halide. Without any limitation, suitable tetraalkyl ammonium halide
15 salts can be found in the next series: tetramethyl ammonium iodide
(TMALI), tetraethyl ammonium iodide, tetrapropylammonium iodide,
tetrabutyl ammonium iodide, benzyl trimethyl ammonium iodide, ... and
the corresponding chloride and bromides. Also the corresponding
tetraalkyl phosphonium halides may be used with the same purpose.
20 Furthermore, other agents that may be able to generate alkyl or aryl
halides in the reaction mixture under the reaction conditions applied can
be used as a promoter. These agents are exemplified by but not limited
to lo, Bra, Cly, Lil, Nal, KI, HI. Also acid halides of formula R'COX, that
are possible intermediates in the catalytic cycle, can be added to
25 generate the promoter in the reaction mixture.

When sufficient amounts of tertiary amine are supplied to
the reaction mixture, the promoter is regenerated in the reaction mixture
under normal catalytic activity. This means that it can be added in so-
called subequivalent amounts: less mole of promoter is present in the

30 reactor than mole tertiary amine is converted. The promoter is therefore



i odi de, phenyl iodide,. . . The best results are obtained wth alkyl

i odi des, al though the corresponding chlorides and brom des can al so be
used. Thewbabmgsmrgont ai ni ng pronoter can be added as swpch/Hreomlhes2seact i on
m xture. However, it is also possible to add conpounds whi ch produce the
pronoter in situ in the reaction m xture. Al kyl and benzyl halides are for
exanpl e known to react easily with tertiary amnes wth the formation of
tetraal kyl anmoni um hal i de salts. Theref®re, also these salts can be added
to the reaction systeminstead of the parent al kyl halide. Wthout any
limtation, suitable tetraal kyl ammoni um halide salts can be found in the
next series: pesfeanty agdedntoothelmreactdind enikiivdlin, a tradlaaedrhglintammichi ism

i mothyl - amnBRRR | WaRadhe. rolag-ampabl ot R Py cHPBR: cisRars
brom des. Al sgafdefyked e HuWEIRI Wi 386 KidachBoSRnQNeUR heddigea e be used

with the same purpose. Furthernore, other agents that may be able to
gener at e al kylertaryaamineh sidedieaictions b@art ioaeedus whithk can deuaitrdutedhéo treact i on

condi tiops applied n use pronoter. These agents are exenplified
by but noét Ii ?%Wﬁ@orf gFthlgr@%n%%?a Lil, Nal, KI, H. Also acid halides of

formul a RICOX, that areTposwii@l el bbESUBLIIGH @F the bRemekakhd ireactisH e, can
be added to generate the pronoter in the reaction mxture. Wen sufficient
amount s of t efiXtEFg isprefrrablysubskaitiady freg af isimary@ndorecendatr aningse

Betivity. Thi o maans. « nik 2 SRHRREmLORCR of Be PR SRBTOEICle ' ©

amount s: | essinvehtonf thertentidrgramiae Eneistbiet carbot Imgoricddd are fdthprefetably erti ary
amne is converted. The pronoter.is thereforepreferably added to the
reacti odOni xt GPRtIRypus! ihe serkdion pixtere fo, maintain the tertiary amine at a

level between 0.1 and 20 wt.%, more preferably 0.1 and 5 wt.%, most
preferably between 0.1 and 2 wt.% in the reaction mixture
It was found, indeed, that the reaction rate is strongly
dependent on the tertiary amine concentration. Very high reaction rates
15 and excellent selectivity are observed at tertiary amine concentration
close to but not zero. One can make easily advantage of such
phenomenon by working with a reactor wherein the tertiary amine level is
kept low by continuously (or intermittently) supplying the tertiary amine to
the reaction mixture.
20 The catalyst/promoter combination can be used for the
carbonylation of tertiary amines of the general formula
R1\N/R2

R3

wherein R', R? R® are not H, but independently a saturated or
unsaturated, branched or unbranched carbon chain containing from 1 to
25 23 carbon atoms or an aromatic ring. The carbon chains may also be
substituted for example with a phenyl group, an alkoxy, a carboxy, an
amido group, ..., and may thus consist for example of a benzyl group, a 2-
methoxyl ethyl group, a carboxy methyl group, ... . R? and R® may also



smal | er than the nolar anmount of said tertiary am ne which is carbonyl ated.
However, when the reaction mxture is depleted fromtertiary am ne, side
react i onswetarostgz4occur whi ch can be attributed to thepcompoPiosss of the
pronoter. To avoid the consunption of the pronoter, the reaction mxture is
preferably substantially free of primary and secondary amnes. In a
preferred enbodi nent of the process according to the invention, the
tertiary am ne and the carbon nonoxi de -dP% fed preferably continuously to
the reaction mxture to maintain the tertiary amne at a |l evel between 0.1
and 20 wt.% nore preferably 0.1 and 5 w.% nost preferably between 0.1
and 2 wt. % i nfarhrearoyalidt souctoie tRurtharmongsRf, RM R damdesrdaint eteraatemseact i on

rate is strongly dependent. the tertiary, am ne copcentratjonp. Very high
Feacti on rat oSUGhASERYEETRNEE BT 141y NI C By haakes:, SHEMANA I ne
concentrationgl o980t Qnldl BRI E&RPressiohe “eabomkensasi | headMambageopf such
phenonmenon by working with a reactor wherein the tertiary amne |level is

kept | ow by cbatareatontd peingmot inclrdad ndhe iInpmbarmiicarban ateens.erti ary ami ne
to the reaction m xture.,_The catal yst./pr er i natjon n .used for
t he carbdnyl ati on of teTF?a@equ@néﬁ]@% %%Iﬁ g(é?{ﬁsg%)e fagr l?%lsgctﬁﬁ' %'qe%er ein
Rl, R2, R3 arRatigy the fdlldwihgaspangent |y a saturated or unsaturated,
branched or unbranched carbon chain containing from1 to 23 carbon atons or

an aromatic ring. The carbof chains may al so be
R’ ‘ N/R2
R3
wherein R', R?, R®are defined as in the parent amine.
If R", R?% R® are not the same, or if the halogen containing
10 promoter comprises R? or R® groups which are different from R’, then the
obtained amides may also comprise one or more of the amides of the

following formulas:

i i
1 2
RQAN/R R3AN/R

\ \
R’ and R
wherein R', R? R®are again defined as in the parent amine.
15 These amides are all secondary amides. By the expression
“secondary amide” is meant in the present specification an amide which
has no hydrogen on the amide N.
In one particular embodiment R', R?® and R® are
independently a straight or branched aliphatic carbon chain containing 1
20 to 23 carbon atoms, preferably 1 to 9 carbon atoms, the carbon chains
being preferably unsubstituted. The R', R? and R® groups are preferably
the same, and are more preferably all methyl groups.
In another particular embodiment, R' is a straight or
branched aliphatic carbon chain containing 1 to 23 carbon atoms,

25 preferably 1 to 9 carbon atoms, and R? and R® form an azacycle together



substituted for exanple with a phenyl group, an al koxy, a carboxy, an am do
group,. .., and may thus consist for exanple of a benzyl group, a 2-

met hoxyl wohylo/@rsyp, a carboxy nmethyl group, .. . . R2pamdprRRomesssel sof orm
a cyclic structure. Furthernore, Rl, R2, R3 can contain heteroatons, such
as oxygen in their chains, for instance ether |inkages. Such chains fal

al so under the expression "carbon chains", the nunber of heteroatons being
not included in the nunber of carbon atdis. The resulting am des then
conprise at |east the am de having the following formula: ORL R NR
wherein R, R2, R3 are defined as in the parent amne. If RlL, R2, R3 are

not the sane, with itfie t mideal miteger oatom,nithg paroot ehacorpeing eprei@rabty R3

whi ch di ff t f RL, t h tai ned am I
Comp 1 se oo OPSyerelEh”RheaRRie Degrolin A-er CRIPRGE N AR e NI 1
R2, R3 are agﬁ{é‘@hﬂ%{iﬂ)@ﬁﬁn@ﬁ in the parent ami ne. These am des are all

secondary am des.” By the expression "secondary am de" is nmeant in the
present specification am &ill deolirgrcpamigslancernpadiowpnt, & ishe sirdighf o 1 n one

par L1 018, ETREAICER, oo RSB, KOTRIRTSE b 2B R et or
1 to 9 carbonppdfersbly ttheo cardz@por hetbAs, and R* and R® form a heterocycle
together with the amine nitrogen atom, which heterocycle contains at
least one additional heteroatom, in particular nitrogen or oxygen, and the
carbon chain being preferably unsubstituted. An example of such a
10 tertiary amine is N-methyl morpholine producing N-acetyl morpholine
after the carbonylation step.

In another particular embodiment, R' and R? are each a
straight or branched aliphatic carbon chain containing 1 to 23 carbon
atoms, preferably 1 to 9 carbon atoms, and R® is an aromatic group, in

15 particular a phenyl or a functionalized phenyl group, such as
chlorophenyl, methoxyphenyl, fluorophenyl,... or a straight or branched
carbon chain which contains 1 to 23 carbon atoms, preferably 1 to 9
carbon atoms, and which is substituted with an aromatic group, in
particular with a phenyl group or with a functionalized phenyl group. An

20 example of such a tertiary amine is N,N-dimethyl N-benzylamine
producing N,N-dimethyl-2-phenyl acetamide and N-methyl-N-benzyl-2-
phenyl acetamide after the carbonylation step. Another example is N,N-
dimethyl aniline.

The reaction is performed in a closed vessel under a CO

25 containing atmosphere at a pressure of higher than 20 bar, more
preferably higher than 50 bar. The total pressure that can be applied is
only limited by the equipment that is used. The atmosphere may contain
only CO or may also be a CO/H; mixture. Such a CO/H2 mixture results
however in a slightly lower activity and selectivity. Higher amounts of

30 formamides are produced as a side product.



bei ng preferably unsubstituted. The RL, R2 and R3 groups are preferably the
sane, and are nore preferably all nmethyl groups. In another particul ar
enbodi menwo 2Rib/isss7a strai ght or branched aliphatic car beararaiioe2ss ai ni ng
1 to 23 carbon atons, preferably 1 to 9 carbon atons, and R2 and R3 form an
azacycle togetherwith the am de nitrogen atom the carbon chain being
preferably unsubstituted. An exanple hereof is N-acetyl pipehdine produced
from Nnet hyl piperidine. In still anot hee particul ar enbodinent, RL is a
straight or branched aliphatic carbon chain containing 1 to 23 carbon
atons, preferably 1 to 9 carbon atons, and R2 and R3 form a heterocycle

t oget her with the am neThé taanpemylatianyeadiioohishedreedoyud| & & demperetuse | east
one additional. heteroatom in rticular njtroge r _oxygen, .and_the carbon
ohai n bei ng pPigner b i temBeRRieb 8t WRiere i, SNt belEes sl InF am ne
s N-methyl npsmpelaiire depeties! 1o apRtof tePRIrPRPhihBEF8f BRSmAIE amines
carbonyl ation step. In another parti'cul ar enbodi nrent, RL and R2 are each a
strai ght or bttasehisdnemi tehmedratucarnis generallyiowenwdiilst fay akylcarp®esait ison

atons, preferabl 0.9 carhon ne.. a i n.aronat i up, in
particul ar a 538%@3’@9%9% 8‘%6}?%%&89@@ ﬁ%@rﬁ%ﬁoiﬁ glﬂl@ a’g%xg%%géﬁwmphenyl ,
net hoxyphenyl intéinigdigRhiestydviour. A pOssileleSdxphargitionadf thisadieBesht Grtibgtiorehai n
whi ch contains 1 to 23 carbon atons, preferably 1 to 9 carbon atons, and

which is sybstqmmré@rﬁiiﬁ Mtraramﬁﬁtar&mgséesm laoﬁbq)aerm fficignt UGQWSaa"%enyl
Oront OF W APaRaLISE 1S RERLS EEAIRIYL: BAURCr AR RN cBYEReyde o
acet am de andoftemaided higheenteyipelatures in order to obtain a relevant catalytic
10 system. The carbonylation step is carried out at a temperature higher
than 120°C and more preferably at a temperature higher than 180°C,
especially when the tertiary amine is not aromatic.

Above the temperature required for catalyst activation, the
activity of the catalytic system increases when the temperature is

15 increased. The temperature is however preferably maintained below
285°C since at higher temperatures, a slight decrease in selectivity was
observed.

The reaction medium preferably contains a solvent.
Advantageously, the product amide is used as the solvent. However, also

20 other amides than the expected product amides can be used. Excellent
results are obtained when NMP is used as a solvent.

When using the current catalytic system under the
appropriate reaction conditions, the amount of side products formed is
surprisingly low. The major side product amide is the corresponding

25 primary amide (in particular the corresponding N-alkyl alkylamide) which
has lost one alkyl or aryl group. Other side products include carboxylic
acids, nitriles and formamides. The latter are known to be formed from

secondary amines and carbon monoxide.



phenyl acetam de after the carbonylation step. Another exanple is N

Ndi net hyl aniline. The reaction is perfornmed in a cl osed vessel under a CO
cont ai ni ngoavimspsyer e at a pressure of higher than 20 bacr/Ereem/ops2eé er abl y
hi gher than 50 bar. The total pressure that can be applied is only limted
by the equipnent that is used. The atnosphere may contain only CO or may
also be a COH2 mxture. Such a COH2 mxture results however in a slightly
| ower activity and selectivity. Higher'éﬁﬁunts of formam des are produced
as a side product. The carbonylation reaction is carried out at a
tenperature higher than the tenperature at which the catal yst becones
active. This tenperature depends on the tExangbleserti ary am ne. For
aromatic amnes this mninumtenperature is generally |ower whilst for

al kyl amines it is generally higher. Am nes containing heteratons such as

oxygen show agxapiglenedi ate behaviour. A possible explanation of this
different activatron tenperature is that aromatic am nes seemto be very

efficient |igands and ghve0 mieauteclare iy €hargasl wites0 46 mowaroft eatplysht ur es,

whil e al kyl ami nes, of t eed. higher te ratures in ord ohtain a
"ol evant Sont apt s BBl 8 St g TBSHAIE Rroroldh, el et
tenperature hisgbbse@,hnﬂs ¥R@nhed avdr fBTeS Wftﬁf@rl@M Yn@toxadé QﬂT@Qfafﬁ).UTrﬁerhi gher
t han 180 C, es%em al I%/avvhen the tertiary amine is not aromatic. Above the

tenperature rd§d Mmidot ar7- 3% &y BasartiMadn AP rsalution is/addedihronah éat al yti c
el ! PCreSsERIF D HRAN STRESIANE Sk ISUEPE o ZRBL PRI L
slight decreate icatslgbtechetal.t )t wasstiolegle vigedously for 10 minutes at room
10 temperature and charged with 65 bar of carbon monoxide. The reaction
mixture is heated to 240°C in 24 minutes. At the end of the reaction, the
mixture is cooled to 0°C, degassed properly and analyzed via GC. This
example shows the higher activity and selectivity of the PdCl/TMAI
system in comparison with the other metal iodide source combinations. It
15 especially shows that with a cheaper Pd-catalyst a same or even a higher

catalyst activity can be obtained than with a more expensive Rh-catalyst.

Catalyst | Promoter | Time Yield (%) TOF

(min) | DMAc | MMAc | DMF | AcN | HOAc (h'1)
PdCl, TMAI 130 96.0 0.0 0.0 0.0 5.2 24
PdCl, Mel 50 83.9 3.5 0.0 0.0 14.7 87
PdCl, I 96 63.7 18.0 1.1 1.9 5.9 23
[(Celge(sj)sph TMAI 216 67.0 6.1 1.5 0.0 12.2 9
RhCl; TMAI 114 94.3 0.4 0.5 0.0 10.9 22
AuClg TMAI 156 19.8 21 0.0 0.0 0.0 3
H,lIrCls TMAI 191 39.8 1.4 5.2 0.0 0.0 6

DMAc, N,N-dimethyl acetamide; MMAc, N-methyl acetamide; DMF, N,N-
dimethyl formamide; ACN, Acetonitrile; HOAc, Acetic acid.
20
Example 2
These experiments were performed with PdCl, as a
catalyst, TMAI as a promoter (TMAI:Pd = 10) and NMP as the solvent.

Firstly, a 50 mL autoclave is charged 0.45 mmol of PdCl, and 4.3 mmol



The reaction nmedi um preferably contains a solvent. Advantageously, the
product am de is used as the solvent. However, also other am des than the
expect ed woeduals7smi des can be used. Excellent results ace/mphiogiosds when
NVP is used as a solvent. Wen using the current catalytic system under the
appropriate reaction conditions, the anmount of side products formed is
surprisingly low The major side product, amde is the corresponding primary
am de (in particular the correspondi ng'l<!—4efl kyl al kyl am de) which has | ost
one al kyl or aryl group. Qher side products include carboxylic acids,
nitriles and formam des. The latter are known to be forned from secondary
am nes and caobdiMAlomdierdbe Bxesspl BsclBeedrpit és flushéd fodr_times owittawarben char ged

ith 0.45 | of t t 4, | of i tabl.e hal t ai ni
bromoter . arc aronones, b Berf fhgh d2B i Gt thasdine sy R R B Car Don
monoxi de ( 10,88&d -thidiRh &7séptlin_ b9f meaks 38 §ihgeasrie TRure iBMRirRe] uti on

is added through a septum by nmeans of a syringe.” The m xture thus contains
2736 ppm of t Migoteusly {ast1Owairnutes pt raasn sermperadung ajut oharggdiveth @9 bat alit es at

room t enper at ur nd charged wi fh 65 bar of. r.bo 1 de, . Th eaction
xture B hedp@eT HoBGRHE"Thé AR ARu s TRRRELIR AT HEe gl Sh "  he
mxture is coetriwise e dggasFeRpHINGIEEY AAnticaddd YorefleVicactdn, Ty s

exanpl e shows the higher activity and selectivity of the PdC* TMAI system

i n conpari sonMikiHFe {sheoqledde 1PeCaregasraterperly &ncoamalzad ¥igsGC tThis

especially sh t WM h er -Ga a v auld gher

catal yst acti g%?bgns%%w%bﬁfﬁnggpt ﬁgﬁa%qt tﬁ?zgit)éﬁﬁnr gaixggngsyg gﬁ[cg al yst.
carbonylation of several tertiary amines.

Reactant Reaction | Conversion | Yield of main products (mol %)
(% in NMP) time (min) (%)
DMAnN* (12.0) 75 100 92% N-methyl-N-phenyl
acetamide
DMEA (7.3) 77 100 74% N-methyl-N-ethyl
acetamide
21% N, N-diethyl acetamide
TEA (12.1) 140 100 43% N, N-diethyl acetamide

37% N, N-diethyl propionamide
12% N-methyl-N-ethyl

acetamide
N,N-dimethy!l 170 100 67% N-methyl-N-
nonylamine (17.0) nonylacetamide
N-Methyl 180 88 75% N-acetyl piperidine
Piperidine (9.9)
N-methyl 90 100 60% N-Acetyl Morpholine
Morpholine (10.0)
N,N-dimethy! N- 210 77 18% N,N-dimethyl-2-phenyl
benzylamine acetamide
(13.5) 8% N-methyl-N-benzyl-2-

phenyl acetamide

10 *reaction performed at 190°C.
DMAnN, N,N-dimethyl aniline; DMEA, dimethylethylamine; Triethylamine.

Example 3
A 50 mL autoclave is charged with 0.45 mmol of PdCl; as
15 catalyst and 4.3 mmol of TMAI as promoter. After the vessel is closed, it

is flushed four times with carbon monoxide (10 bar). Then 17.5 mL of a



DMAc, N,/V-dinethyl acetam de; MMAc, /V-nethyl acetam de; DVF, N, Ndi net hyl
formam de; ACN, Acetonitrile; HOAc, Acetic acid. Exanple 2 These

experi menye 20mw37gyer forned with PdC as a catal yst, TMNAl pas/ER2@00628€r
(TMAIPd = 10) and NWP as the solvent. Firstly, a 50 ml _ autoclave is
charged 0.45 mmol of PdC and 4.3 mmol of TMAI. After the vessel is closed,
it is flushed four tinmes with carbon nonoxide ( 10 bar). Then 17.5 m _ of
the reactant in NWP solution is added t‘H|5cfugh a septum by neans of syringe.
The m xture is stirred vigorously for 10 m nutes at roomtenperature and
charged with 65 bar of carbon nonoxide. The reaction m xture is heated to
2400C, unl ess7s3 at 83%(Iemasse TMA irhdMRaot i, DMAC2eb | nfioTuisessddedt thrdugghend  of

the reaction, the mxture is gooled to._100C, degassed pr.operl nd, anal yzed
Vi G Thi's’ BXEHANE BhERENSIIE SUinGe TS S UFa e e viBr o0  ne
car bonyl at i onpghyte8v et dbohfrtbhie¥at@dife NGfd cHAgedi ahPeb!i BaFest @brididC.

DVANn, N,/V-dinmethyl aniline; DVEA, dinethylethylam ne; Thethylam ne.
Exanpl e 3 A 50arioxidgutlbel reaetion nukiare ésdheated t0.2490°Grand 60 patsuwmplie al yst

and 4.3 | of TNAI . ronoter. After t el,is closed, it hs flushed
oo i mBee L s anifited: SRS . oitisofle | BErEERET A B ST Ra Loh% ¢ S0t
(by mass) TMAcoivéWiBnoithé feddth Amttlid Wasi Soddded 0°; Aeghssed pbpempy neans

of a syringe. The m xture is stirred vigorously for 10 m nutes at room
t enper at ur e aABd @Rahged vig ¢ -6 gxamplecshdws thad b rfdidon ta AMBaPMAM

mxture is he%l’?%et%e%@sga@%‘alvggt ?&géérm%%h_was nonitored via the
appr oxi mately

pressure decrease. o conversion, the reaction m xture
was cooled to 0 C, degassed properly

Selectivity (%)

10

15

20

25

Solvent

t (min)

DMAc

MMACc

DMF

HOAc

NMP

85

94.5

0.3

0.0

5.2

DMAc

65

94.5

1.0

2.1

2.4

Example 4:
This example demonstrates the possibility to increase the

catalyst activity by lowering the catalyst concentration.

A 50 mL autoclave is charged with a suitable amount (see

table) of PdCl, as a catalyst and 4.3 mmol of TMAI a suitable promoter.

After the vessel is closed, it is flushed four times with carbon monoxide
(10 bar). Then 17.5 mL of a 7.0% (by mass) TMA in NMP solution is
added through a septum by means of a syringe. The mixture is stirred

vigorously for 10 minutes at room temperature and charged with 65 bar of

carbon monoxide. The reaction mixture is heated to 240°C in 24 minutes.

From that point, the time was monitored to consume 9 bars of CO

pressure (t9). The mixture was allowed to react further to full conversion.

At the end of the reaction, the mixture is cooled to 0°C, degassed

properly and analyzed via GC. This example shows that the activity of the

Pd catalyst increases considerably as its concentration decreases, even




and anal yzed via GC. This exanple shows that in addition to NV, DMAc can
be used also as solvent for this reaction. Exanple 4 : This exanple
denonst r aveoide7grassi bility to i ncrease the catal yst aetirwpronohys2soweri ng
t he catal yst concentration. A 50 ml _ autoclave is charged with a suitable
anount (see table) of PdCb as a catalyst and 4.3 nmmmol of TMAI a suitable
pronmoter. After the vessel is closed, it is flushed four tinmes with carbon
nonoxi de ( 10 bar). Then 17.5 m _ of a'71.60%(by mass) TMA in NVP sol ution
is added t hrough a septum by neans of a syringe. The mixture is stirred
vigorously for 10 m nutes at roomtenperature and charged wth 65 bar of
car bon nonoxi te sudthernr eateni dmatnsudistadially theatarde tam@4ti®Of amRie cenuiees. From
that point, the ti s nonitored t 9 bars of CO pressure (t9).
The m xture \/\B?&&Icggv\’)é' ?8’“@%‘&5?’“&%“?9@ tlagvgu conversion. At the end of
the reaction, the mxture is cooled to 0 C, degassed properly and anal yzed

via GC. This_exanple shows that the activity of the Pd catal yst increases
consi derabl y e{E’di (@mbrcé’r@ﬁéh'f)on d_&:(mhns)es %yieldtOMé&gch an extent that

o -_nro

substanti al | y—th afre am“rg ofqtam-de_can—be—prodguced—nth a smaller
anount of catal y§? 1rrp|¢k,il Thi s anpl g denvnstrates the use of

het er ogeni sed palﬂ;qadl um at Jda@w cqncenfgsatiop i n igpe reagtion. As a catal yst
in this exanple, a Pd exchanged Y zeolite is used. The catalyst is nmade by
stirring a NaY zedlite|in &0Gqueous K@ uti pn of 9ddA 2(NH3) 4 for 14 h. The
zeol i t e obt atred—as—sueh—was—tound—toe—contaln—0-03—+mwol of Pd per gram

q

5 Example 5:
This example demonstrates the use of heterogenised

palladium at low concentration in the reaction.

As a catalyst in this example, a Pd exchanged Y zeolite is

used. The catalyst is made by stirring a NaY zeolite in an aqueous
10 solution of PdCI2(NHs3)4 for 14 h. The zeolite obtained as such was found
to contain 0.03 mmol of Pd per gram.

A 50 mL autoclave is charged with a suitable amount of
catalyst and 4.3 mmol of TMAI a suitable promoter. After the vessel is
closed, it is flushed four times with carbon monoxide (10 bar). Then 17.5

15 mL of a 7.1% (by mass) TMA in NMP solution is added through a septum
by means of a syringe. The mixture is stirred vigorously for 10 minutes at
room temperature and charged with 65 bar of carbon monoxide. The
reaction mixture is heated to 240°C in 24 minutes. From that point, the
time was monitored to consume 9 bars of CO pressure (t9). Then the

20 mixture is cooled to 0°C, degassed properly and analyzed via GC.

[Pd] (ppm) | TOF (h™) t9 (min) % conversion
52 2340 57 59




A 50 ml _ autoclave is charged wth a suitable anpbunt of catal yst and 4.3
nmol of TMAI a suitable pronoter. After the vessel is closed, it is flushed
four tinmewowotonsesmbon nonoxi de (10 bar). Then 17.5 m _pof/me2000b6$8s€ by
mass) TMA in NWP solution is added through a septum by neans of a syringe.
The m xture is stirred vigorously for 10 m nutes at roomtenperature and
charged with 65 bar of carbon nonoxide. The reaction mxture is heated to
240 Cin 24 mnutes. Fromthat point, tHd time was nonitored to consume 9
bars of CO pressure (t9). Then the m xture is cooled to 0 C, degassed
properly and anal yzed via GC Exanple 6 : Recycling of the catal yst NW
(252.2 g), TMExkamgdleB:Regychingnofithe catdlyadCl2 ( 1 .1 8 g, 6.7 mMmvl) were

dded t 1LP ' i t ticall | ed sti ,
Sl i ng tube and feed: V2752 RRBeTMAt 28087 RS0t BRI B 11 bshea
three tinmes wathnfatel) Weed addEd to @ 1 L Pt i@dotooé Apfthag! rféﬂ%ﬁ@gh the

di
feed vessel and pressure was brought to approx.q6%®%ar wth .
reaction mi xt goepladsstiverit s@amping4ube and feed cassehphiten theaseaeior tvased vi a

i xt or - da cpaoen. Bawas MENEd dpEhde I 0ar Felutlr 8B SETRIEL asdea

pressure was TRAd s Qdd%dhrb@?h%_étie@@ vexsscheatesreagaienwadfireughtiey third
trial, analysis showed that sufficient TMA was still present to performa

fourth trial . app©x 88uparswith GRle Thatpactan Buxterewasyhesied e R40°Pand and
TVAL act as adds Ugofalibidd cuBestaghidal AR B TRl A whllaskeening i ts
excel lent selectivity. Bo Speci es can be used i n subequrvalent’ anounts.

Exanpl es 7 a apprdxinibiety 80eebaversions thbereatfi@eimiafurd Mlas eooksat davhon on
t he

10 To start a second trial, additional TMA was added, pressure was
readjusted and the mixture was heated again. After the third trial, analysis
showed that sufficient TMA was still present to perform a fourth trial.

The results in the table below clearly show that PdCl, and
TMAI act as a true catalytic system that can be recycled while keeping its

15 excellent selectivity. Both species can be used in subequivalent amounts.

Reaction mixture composition

Trial TMA TMA DMAc MMACc DMF HOACc

added

201 g 1.65% | 6.66% | 0.04% | 0.02% | 0.11%

20.2 g 3.80% | 11.36% | 0.05% | 0.21% | 0.09%

194 g 8.15% | 14.06% | 0.09% | 0.46% | 0.08%
0g 0.24% | 19.69% | 0.16% | 0.54% | 0.09%

Alw|No|—

Examples 7 aand b

This example shows the effect of TMA concentration on the
20 activity of the catalyst.

To a 1 L pressure reactor, TMA and CO were fed in equal
molar flows as such to keep the total pressure of the reactor system
constant. In this way, TMA and Co are fed to the reactor at the rate they
are consumed. No product was removed from the reactor; hence the

25 reaction was run semi-continuously. One experiment was performed

trying to keep the TMA concentration around 6% (exp. 7a); in a second



activity of the catalyst. To a 1 L pressure reactor, TMA and CO were fed in
equal nolar flows as such to keep the total pressure of the reactor system
const ant .wbnotosssway, TMA and Co are fed to the react opcatepbé®/osae t hey
are consumed. No product was renmoved fromthe reactor; hence the reaction
was run sem -continuously. One experinment was perfornmed trying to keep the
TMA concentration around 6% (exp. 7a); in a secondexperinent, the TMA
concentration was kept around 1% (exp. '71@)'. In both cases, total pressure
was 90 bar, tenperature 260 C and the reaction solvent NMP. Simlar anmounts
of PdC and TMAI were used as catal yst and pronoter respectively (see

tabl e). In thexperimenhaheehdA oonecenttalioa was Icezmlaarduddvﬁ%a(ra*paﬂmyﬁed by

GC. In both ¢ the yield of DMAc was arly, uantltat Ve maj or
S de product s Bl casee: el resie wED: o0 Ere teMiBet iR ARECo M Ralon was
measured to C%Hdtlbmédﬂﬁéntthr %%Héroé‘m%ﬁtsréfrl:’@(tjlztd?ﬁi omil Wade UMRd as

concentration. CLAIMS 1. A process for preparing a secondary amde wth the

foll owi ng for naﬂaa/smndRp@mGtevwiemeq’mvaw (sseatabig)omithe endodipe deaetiant r ai ght

and whi ot oy THEUGE kel B ehogHn A HEEBROGTR iy sBSRh s T B one

anot her, an amnm@lﬁ/agrfn@arlgarqaafﬁmtétumr THe alvehtmgor bsiasc ipesdlts phad i ¢
carbon chain which conpri ses
mentioned in the table The final TMA concentration was measured to

confirm that the reaction was run at the desired TMA concentration.

Exp. 7a Exp. 7b
[Pd] (ppm) 122 104
TMAI/Pd 224 228
Total reaction time (h) 6 2.5
TOF (h™) 448 2277
Yield DMF (%) 1.1 0.3
Yield MMAc (%) 0.6 0.1
TMA final concentration (%) 5.3% 0.64%




| east one carbon atom and which may be substituted or not, or R2 and R3
forma cycle containing the am de nitrogen, which process conprises the
step of owohkonylsag7ung a tertiary amine of formula R 2 NpB3/ER20Uotobs28@r bon
nonoxide in a reaction mxture in the presence of a catal yst which
conprises palladiumand in the presence of a hal ogen contai ni ng pronoter
which is substantially not consunmed in the reaction mxture. 2 . A process
according to claim1l1, wherein said react®on mixture conprises | ess than
5000 ppm preferably |ess than 3000 ppm nore preferably | ess than 1500

ppm even nore preferably |l ess than 750 ppm still nore preferably Iess

t han 500 ppm and nost preferably | essCLAMS?50 ppm of palladium 3 .
process according to claim1l erein said halo cont ai n rom)ter
onpr i see o hal i de. of f br mil A FOREIHATLEHRDRTTE 4 See iy @i ie e o

formul a RIX bejjegiky fSrefupe! y Rl .4 . A process according to any one of the
clains 1 to 3, wherein the hal ogen containing pronbter is introduced in the
reaction m xture by ad€d ng one or nore conpounds fromthe group consisting
of halides of formula X | ides of formula R N+X , phosphoni um hal i de
salts of fornula R+ metal halide salts, and acid hal i des of
formula RICOX to the react on m xture, the hal ogen being chlorine, bromne
or iodine, with iodine bdRhg preferred.

5 wherein
R" is an aromatic group or a straight or branched aliphatic carbon
chain which comprises at least one carbon atom and which may be
substituted or not;
R? and R® are, independent from one another, an aromatic group or a
10 further straight or branched aliphatic carbon chain which comprises at
least one carbon atom and which may be substituted or not, or R* and
R® form a cycle containing the amide nitrogen,
which process comprises the step of carbonylating a tertiary amine of

formula

R1\N/R2
15 “QS
with carbon monoxide in a reaction mixture in the presence of a catalyst
which comprises palladium and in the presence of a halogen containing
promoter which is substantially not consumed in the reaction mixture.
2. A process according to claim 1, wherein said
20 reaction mixture comprises less than 5000 ppm, preferably less than
3000 ppm, more preferably less than 1500 ppm, even more preferably
less than 750 ppm, still more preferably less than 500 ppm and most
preferably less than 250 ppm of palladium.
3. A process according to claim 1 or 2, wherein said
25 halogen containing promoter comprises a halide of formula R'X wherein

X is I, Bror Cl, the halide of formula R'X being preferably R'l.



5 . A process according to claim4, wherein the hal ogen containing pronoter
Is introduced in the reaction m xture by adding the halide of fornmul a RLX
to the rewmot2ommsmg7¥ture. 6 . A process accordi ng to anypemgEpedooiobss! ai ns 1
to 5, wherein Rl, R2 and R3 are independently a straight or branched

al i phatic carbon chain containing 1 to 23 carbon atons, preferably 1 to 9
carbon atons. 7 . A process according tqg claim6, wherein the carbon chains
are not substituted, Rl, R2 and R3 bei rigo-op'referably nmet hyl groups. 8 . A
process according to claim®6, wherein at |east the carbon chain of the Rl
group is substituted with an aromatic group, in particular wth a phenyl
group, Rl being in partécul aA probess gccopdmgpto 9ny oAemfdbe shaimscbialBng to
any one of the clai m% 1 rein RL is a.str ranche

to 5, wher, i ght ‘ d
oY st o o bR A eERegh FTAEGbrmdef i inBedied iy FETERPNY (o o
car bon at oms, By anshiRP oheraR ABrSEaFYBLALS PBR RS gRAc IS BE

nitrogen atom the carbon chain being preferably not Substituted,. A
process accor Haliges of fonnutm&R'd Halides lodifosnidlatR’, B X wpdospinorlim Balidest r ai ght
or branched aliphatic carbon chain containing 1 to 23 carbon atons,
preferabby 1 salt® afafomulatRpR’X ankt, RAetahchai@lef ealts,aahet @cidclyalldest ofjet her
with the amne nitrogen atom which heterocycle contains at |east one

addi ti onal hef@msda omCOX parthe cigagkioni mpdeen e brlpgen, belhg €hlopvA. chai n

Ele;in?mprlet gri ,Lé/mﬂﬁ%tor%&%i @HF&E&AP%%’FW@O@?&?&& according to any one of the

erein sal rises Pd(l1), said palladium
being preferably added §0 saldoroeass aoconding tor eams 4avHenehgasiralsgdrt

selected fromthe, . o , , , ,
containing promoter is introduced in the reaction mixture by adding the

10 halide of formula R'X to the reaction mixture.

6. A process according to any one of the claims 1 to 5,
wherein R', R? and R® are independently a straight or branched aliphatic
carbon chain containing 1 to 23 carbon atoms, preferably 1 to 9 carbon
atoms.

15 7. A process according to claim 6, wherein the carbon
chains are not substituted, R', R? and R® being preferably methyl groups.

8. A process according to claim 6, wherein at least the
carbon chain of the R' group is substituted with an aromatic group, in
particular with a phenyl group, R" being in particular a benzyl group.

20 9. A process according to any one of the claims 1 to 5,
wherein R" is a straight or branched aliphatic carbon chain containing 1
to 23 carbon atoms, preferably 1 to 9 carbon atoms, and R? and R® form
an azacycle together with the amide nitrogen atom, the carbon chain
being preferably not substituted,.

25 10. A process according to any one of the claims 1 to 5,
wherein R' is a straight or branched aliphatic carbon chain containing 1
to 23 carbon atoms, preferably 1 to 9 carbon atoms, and R? and R® form
a heterocycle together with the amine nitrogen atom, which heterocycle
contains at least one additional heteroatom, in particular nitrogen or

30 oxygen, the carbon chain being preferably not substituted,.



group consisting of PdCl 2, PdBr2, Pdl2, Pd(OAc) 2, PdSO4, (NH4)2[PdC 6] |,
(NH4) 2[ PdCI 4] , Pd(acac) 2 and PdC204, the pall adi um bei ng preferably added
to said rweebiows7svuxture as PdCl 2. 12 . A process accor gcngrreompgesone of
the clains 1 to 11, wherein said catal yst conprises Pd(O, said palladium
bei ng preferably added to said reaction m xture as a conplex, in particular
as Pd(PPh 3)4. 13 . A process according to any one of the clains 1 to 12,
wherein said palladiumis deposited on '@1s'upport which is preferably
selected fromthe group consisting of carbon, alumna, silica, zeolite,
clay, porous polynmer and hybrid polyner. 14. A process according to any one
of the clains 1 to 13, ther eArprobheshatoardimgciorarai oriengf ihectaier 1 ite 10r esent

d t t f th . f bl
oreater {han WRFRMHE GaAYS: GED e eEERlS el PR PR prete Bt e

catal yst met ahddd® to $hid r@8BHGh FFkRIrE 29 ahOindRyarfd &ahf sél@é‘te@l' fbABtHe to 14,
wherein said tertiary am ne and said carbon nonoxide are fed preferably

conti nuously gtourheonsisitng oh Pnlﬁkz, (raBreoPdlei ROEDAChEASE 4 (MHy)z[ﬁleid at a

oreteranfy bl MERRTOa ok Font et adbt Barafllf Pealto: Bferdbly ocec

according to agde®nesaild r'@b@n@d Aixterelag @dth,. wherein the carbonyl ation step
is carried out at a tenperature |ower than 285C and preferably at a

t enperat ure hi gher than!32006 Presees peeardinguyary gieef theaMaimsobe 117 . A
D s e on el EAE P AL, P i€ AP BRI bifraoly
added to said reaction mixture as a complex, in particular as Pd(PPhs)a.
10 13. A process according to any one of the claims 1 to 12,
wherein said palladium is deposited on a support which is preferably
selected from the group consisting of carbon, alumina, silica, zeolite, clay,
porous polymer and hybrid polymer.
14. A process according to any one of the claims 1 to 13,
15 wherein the halogen containing promoter is present in said reaction
mixture in a molar ratio of greater than 0.1, preferably greater than 1 and
more preferably greater than 5 with respect to the catalyst metal.
15. A process according to any one of the claims 1 to 14,
wherein said tertiary amine and said carbon monoxide are fed preferably
20 continuously to the reaction mixture to maintain the tertiary amine at a
level between 0.1 and 20 wt.%, more preferably 0.1 and 5 wt.%, most
preferably between 0.1 and 2 wt.% in the reaction mixture.
16. A process according to any one of the claims 1 to 15,
wherein the carbonylation step is carried out at a temperature lower than
25 285°C and preferably at a temperature higher than 120°C, more
preferably higher than 180°C.
17. A process according to any one of the claims 1 to 16,
wherein the carbonylation step is carried out at a pressure higher than 20

bars, preferably at a pressure higher than 50 bars.



bars, preferably at a pressure higher than 50 bars.18 . A process accordi ng
to any one of the clains 1 to 17, wherein said reaction mxture is

subst ant iwbl2y1ofosesaof primary or secondary am nes. 19 . p&rppea®sss28¢cor di ng
to any one of the clainms 1 to 18, wherein said pronoter is added to the
reaction mxture in a nolar anmount which is smaller than the nol ar anount
of said tertiary am ne which is carbonyl ated. 20. A process according to
any one of the clains 1 to 19, wherei n-<&id tertiary amne is carbonyl at ed
at a turn over frequency of at least 9, preferably at |east 19, nore
preferably at |east 30 and nost preferably at | east 50 noles tertiary

am ne/ nol e pal | adi um’ hoti8. A process according to any one of the claims 1 to 17,

wherein said reaction mixture is substantially free of primary or secondary
amines.
19. A process according to any one of the claims 1 to 18,
5 wherein said promoter is added to the reaction mixture in a molar amount
which is smaller than the molar amount of said tertiary amine which is
carbonylated.
20. A process according to any one of the claims 1 to 19,
wherein said tertiary amine is carbonylated at a turn over frequency of at
10 least 9, preferably at least 19, more preferably at least 30 and most
preferably at least 50 moles tertiary amine/mole palladium/hour.



