- 1 - "Process for preparing secondary am des by carbonyl ation of a
corresponding tertiary am ne" The present invention relates to
a process for preparing a secondary am de by carbonyl ating a correspondi ng
tertiary amne with 5carbon nonoxide in a reaction mxture in the presence
of a netal WARHPYFBT4and in the presence of a hal ogen cdTAMINGR$onot er .
Am des represent a large class of weakly basic nitrogen containing organic
chem cals that find applications in |arge volunes, for instance as solvents
and nononers, but also as nore conplex _3Q nolecules in small volunes, for

i nstance as pharnmaceuticals, peptides, etc... Traditionally, N-alkyl am des
are prepared using classic organic chem stry by reacting a suitable primary
or secondary anmne 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 15sonetines limted by the availability of suitable and
readily available starting materials and suffer from |l ow atom efficiency.

Al so catalytic organonetallic routes towards a wi de variety of am des have
been devel oped in nore recent years. Fromthese routes, am nocarbonyl ation
is of special interest as carbon nonoxide is used as 20 a very cheap,
readi |y avail abl ZlElnos RIepanidg 3¢ ATV HNIGES MOYCaArDGRYIc Of R s net hods
converts an aryl or a vinyl h%;@gggnm%#'[%mnh consunption of a
primary or a secondary am ne - 1n afirst step of the

X1
catal ytic cycle, the net&heipsesansdmvesdon elates i©a? IPORCESRdPLEERANBRE@ of t he
al kyl or aryl I oxl.dat Lkk:on) %b% ecul e of
car bon nonoxi dﬁ%ﬁ?&nﬁ@?r%%%ﬂ&%m&ﬁegﬁ eﬁ?@pe@gdaﬁwaﬂgﬁiwﬂhor aryl
radi cal (CB® i nsearbérompnokidadn byeadtioe migturg in the presenoeéa roetabeatglystgr oup i s
attacked by the_prinary or secpndar 1 ne. and i nal am de product is
rel eased from t?{gd"ﬂgﬁ%?sreégﬂg? é{:’? g@@ﬁﬁ@%&%{rﬁmré%@ﬁ val ent of HX. The acid
HX that is |iberated durAniddshespresetti @hargeedlsss of neakiyubasit irdteaheny a

sui tabl e base. For .this, another . i.val ent. of the aforepenti qned
primary or secdiRAiNgAraaNie S e%cagcsﬁga? f'P&\ﬁé’\?h?a?'OE?ﬁ'&éargﬁivgmir%?fal? 'y
represents a | Ofstafte aay adddhts agRIRBhomanot ber dsses snorguabhplexdded,
that is inert towards the actual am dation react Cheap i norgani c bases

i on.
can be usdf, suPplesylesdaismalloRiypas: for "ﬁﬁ@”%ﬁ%ﬁb%m@ﬁce%?eﬂ%i PERIPES ssues,

organi c bases %t@..?ﬁﬁhi&%‘ﬁg,hl\ﬁélﬁﬁ afided Carkherepsrell adidlg BIRRS ofgaht hyl

am ne or tri-n-butylam ne. isis exenplified in EP0365382 wherein

pal | adi um i s us¥@nasine dvarapsting & suiiedlanPrifBenlr PoS9FAdaRh aiae tWish 2and
triethyl amne aaxaBRSGabdHie doff GeriVativa BLa of QeeatbbrRE ddlcCbPaster iah the

am nocar bonyl ation reaction and i's also not carbonylated in this a

m nocar bonyl at i agid pehieritss .or18Beseids @nbydridee Heweverbdbese ¢aetodn 8t ween HX

and t he bage, . Lt ¢l S f her with
each nol e?él e g%on%ﬁ@ﬁ%segﬁftgg%jﬁ e%vgiacbzlu eOfo 't?hl\ega?@c\i/vrg%dg&dg\ﬁggfeency of
t he process andstatiagmajerigs boe sufferfrdrallavgetom efficieasy.mat eri al s, thi s nmet hod
has only been used commerci al | . Or__conpl .l ecu o I

20i ngredi ents in phar nacéf??i%a& '¥{"? o%ng&?g%illl%?%sc&%Zaééggaglggg}sarléﬁlmt hyl

acet am de, suclofanfideshsse beemddvetsmadninoak Irgcent §bdms. 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



However, for production of dinethyl acetam de (DMAc) it is also known to
prepare this secondary am de starting fromthe corresponding tertiary
amne, nanely fromtrinmethyl amne (TMA) instead 25 of from an al kyl
halide. TMA is a cheap and readily avail able substrate. It is co-produced
Wi t h et hyWoandoyBHet hyl ami nes and has |inited appli P&TESHEY0GH6 t hi s
reason, TMA has to be recycled to the reactor causing the size and the
energy consunption of the plant to increase. The production of DMAc

starting from TMA can thus offer an apppopriate - 3 - outlet for TMA and
provi de inportant energy and space/time savings to the parent am ne
production units. The preparation of DMAc from TMA has been

described in ts. hiseOf DMAC
from ThA 5 andHey RV SRR, 5 SEsRADEY e Ry drReOMB B el of
DVAC i s reportaul the fxalrgmide dreduct deptleasedcbeomeheimetabrentintegethar 7 h at
200C and 680 b\ﬁﬁﬁ'on{goééﬁité]éﬁtagp' . *&ea@{dgnxp[ﬁiﬁrlﬁerét@@ dithg! het used in
this process has only foW cat a ytic activity e turn over frequency
(TOF - expressmedciion neédss tobe coumatizext bpreo duitableg TR/ hol thisfarotherl ytic 10

met al / hour)) achi eved .i he_nrocess le 6 nly.in order of 5
nol es pr oéuct/?ﬂﬂ'\éﬁ%ﬁté}l {p&§fﬁ(r)eurﬁe'n§|28§{1tqwlﬁ’S%cﬁﬁa?rgn%%}nga% r??ﬁ time and
very hi gh pr esssgde Hoegted, eince lttes uachilytreprebertp fal lossadfi ovalodblée heagept,ocess.
Furt hernore, undesired side oducts are produced n ample 1. of
DE948056, wher @i h?rhtéasﬁd?é’spgl cﬁ'qc?&m%% EVﬁqBWamS&ﬁﬁ%{%”gm%%no\%as 15
used instead ofeatidh. CHepatdrianit Yasds ¢édrebeasarl, yath nasodionesanodnate,gher but
as appears from Exar‘rBIe 5, \/\%ﬁrejn the process was carried out, at a | ower
pressure of 200MiHRECUSS Of PNIOHIGES Y% O& SenAERIF ViR SUFRESwi se t he
catal yti coact i {et thrtidRp afitfedd eI amipRY 6 Riln-BUBRASEESTHIONS er@viplifisdng TVA
into DMAc have 20 been reported based on the well-known carbonyl ation

cat al yst Co2(d0) EPORARSEEr Wherels PaladHT i8omsPEx 35s @FYHic PR handl e
because of 'tsaﬂnnﬁha%hyulbuoﬁ PeddtionaBe m@lﬁﬂ?gﬁﬁy@eag-bé&@owﬁewﬂa@a tion and

during the catalytic cycle of this netal, toxic, volatile netal

speci es are foaming. doasid\Rerticipaie 41 Hiengmingcaroenyaicsn reackon @oyds wsal d al | ow
the 25 applicatg r tioAap&Raver sion of TMA woul d be
achi eved at 22@%%@@% Earthl é@gr |H(g5:1®t$aolot ;:Pe %e%scri ption in the patent,

t he reactfifon runs withoBecaudhsi of dre etidabpserieacion immeen HX angviieed from
the reaction mxtur r : i i 9% purity.
However, an irrnlf)g?(éae(‘,ta:{:‘éaSE gégcﬁ%%ﬁ ionfga%Fhe ilé%kgg%dngeof@gg%ggﬁth%e CE of the
catal yst in t hmelguuizcafdbe idesivazt gmidewBenaumel of the low atcomkfficeboyiof he7 nol es

TMA/ nol e catal yst/ hour .,  [EPPD185823 r er.a r onot er
together with é(?f??i)?%d ttQ)e ﬁ'@ﬁ'i %'{ngég@cﬁ@éﬁ%a?gq g%ﬁéﬁgt%% 1!ri?'soﬁ'le?/” 0@ h. The
process vvafs pehé%roni@dbain mstedm‘mnirflemalydbr Zbﬁﬁlemdwoﬁ&cuwsr &.at iallvtldadey hihgh
pressure 172 bars. The 5 cat st activity was,_howeyer sti r at her

| ow, nand% i n'“QFﬁ.ﬂ'%}t%Ié'? pB?m%acr?Hﬁ%%S)T ot %'Q'teﬁ%%t PEBLPS HBPE¥Ler, DVF
(1;’/@I i Stff)r rrgdaéaémideg)swﬂﬁétprdgeﬁm:dﬁ@c&mm'@taliqdviamtdr el atively hi/\g'h )
catalys oadi ngs are reported for ese cobha as pro s. . whi ch may
be expl ai ned by the qui tOWEYR 4@k PR?ij?'O(')‘f°ftcﬁ@eh't¥ﬁﬁﬁeta@éf{ea&§@?‘§). t FoResul ts
with other netgks &pfoRnCas apiphredl BisvefetobdatyCamidd $Orttg3 it Urports only
noderate yields of DMAc fromthe reaction of

' _ TMA and CO over  a H%élz
catal yst at 269‘@69@9[‘9'"9ﬁ@'ﬁ@b’ﬂl’"@'”ﬁef‘%{’ﬂeh/é‘r%”%EH“%{EW&?W:'H?zﬂ'y@‘r) INSHaG he
carbonyl atg on gf fémtRl kA4 TMA is) B cRedd an@ aéadily eBitiS sktbayd 6 d of DMAC
at 72% conversion of TMA using RnClI3 as a 15 catalyst and nethyl iodide as
a pronoter at B7GCprosigcegnwvitye mathyl| aad edigiating ambepoprddhas 'W'\g@ product s
in 1l and 4%yi ; [V, MYAN trb M ium
catalyst is wgﬁ&ﬁ?gﬁé&?cﬁ%aﬁ‘%ﬁ%ﬁgegf qﬁfg hﬁ%o@_eg%erg(\c&rc?ééjeg gﬁ)%g??aggt al ysts.
The TOF which causing be aighiandetrevgnangy isensurortionneicheaplgrt tongsreaglieed about
19 noles TMY : it DS i L { L.activity,
t he invest nenp?hggf&gjfﬁgﬁ %Jfopﬁfﬁ%?&'{]ﬂgﬁw% Eﬁ@‘t@ﬁ%ﬁ@ﬁ%%‘%ﬁver still
quite high since rhodiumis known as a very expensive material. Its use as
a catalyst therefore limts the economc attractiveness of the process.
Recently, CN101003491A reported the use of a conbination of Rh hal ogeni des
25 with snmaller or equal amounts of Ir hal ogenides for the catalytic
conversion of TMA into DVAc under very simlar conditions. An
obj ect of the present invention is to provide a nethod for carbonylating a
tertiary am ne wherein use is made of a catalyst which is a good or even a
better alternative for rhodium the catalyst being in



- 5 - particular |ess expensive than rhodium and enabling to achieve a
simlar or even a higher TOF than with rhodi um This object is
achieved in accordance with the present invention by using a catal yst which
conprises palladium The invention 5therefore relates to a process for
preparing VeaUeHT8Hy amide with the foll owi ng fornul a PGAHERYPMA6S286 Rl s
an aromatic group or a straight or branched aliphatic carbon 10chain which
conprises at |east one carbon atom and which nay be substituted or not; R2
and R3 are, independent fromone anotherg._an aromatic group or a further
straight or branched aliphatic carbon chain which conprises at |east one
carbon atom and which may be substituted or not, or R2 and 15R3 form a

Y oo or &1 o e for2 A bo9BEN oA ey ohE SRRBAIROSaIMS &1 P of

carbonyl ating ertiary amne o or mul a carb nonoxi de
in a reaction rnhetparentiaminédprodustiamatsof a cat al yst 20whi ch conpri ses

pal l adi um and in the presencco of @ ial 0ORR FORLAILNIY BERTRLE AN | S

substantially not consu e reaction mxture.
found that palladumber aiSoatente] BES48056 reperpthecdyinthesist ail DMAafroabTMAL o

Car oy ] B LA BB A AL B oSG A L5, o
nobl e netal s suePpodéd RERIMplE.6 4t GorifRetercobversich OLIMAketet @rh ate2G0°@t i C
activity (TOE) aCn%UEISSdO gaers?ﬁg‘gwel’%gt%nMntgr}hg %lglhaéjriegsrﬂré,htﬁg c\éviaﬁyhst used in this
process has only a low catalytic activity. The turn over frequency (TOF -
expressed as moles of converted product (TMA)/mole of catalytic
10 metal/hour) achieved in the process of Example 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 Co2(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. DMAc 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



- 6 - rhodium Furthernore, using Pd as a catalyst, also higher tertiary
am nes and aromatic tertiary am nes, could be carbonylated with good yield
and selectivity to the correspondi ng secondary amdes. In all the reactions
menti oned above, a suitable hal ogen containing pronoter is used, which 5
is only r@¥@Rnees7BH subequi val ent anounts. Therefore, PEREPIYIERE i nvent i on
describes a conpletely atomefficient synthesis of secondary am des from
the corresponding tertiary am nes. As descri bed al ready

her eabove, EP 0 365 382 discloses the uge of palladiumas catalyst in

am nocar bonyl ati on reactions wherein 10 tertiary am nes can be used as
neutralizing base. However, in these am nocarbonyl ation reactions no

car bonyl ati on F 0, t t eachi ngs
of BP0 365 380y OB B M B PP R e e

am nocar bonyl auseonf weter §sta prameles dogaihert wibt MC@ée: 0 ypehiever92%e

carbony! atl on ob&idd 3FYndfl Rednkingeh. TR SrABRL ApId PefiofiREH!!dl 8N

In the process O S pr esent |nv i on, ter iary amne Is carbonyl ated
preferably at tamperaiumvm‘rza‘OI"@anrMya osflata/lely kigb tpr@gsupe ef érabass. dhel east 19,
nore preferabl

t |eas nd rmst y tertiary
am ne/ nol pal%laé%ﬁ}n? g %W%Yeﬁ F)éﬁhgdw n%grrgeiﬁst ?%Qﬂéf%fgcess
according to trhele'srfmmme catahﬁtﬁheactM@neomlxﬂJMIé (d:%r)rps iferewed eed tbhan 5000
ppm preferabl Ies t an 3000 0 ppm and
nost pr ef er abl %M H ﬁ'd '193%? otPaﬁo ?@Eﬂ%% i\)ghd'ﬁ%? ]égr eferred
enbodi nent, th@pbﬂed:mromeg@ x:bwlebé@émpno%egsdses«mmhmuy%OemMmem@y
25pr ef er abl y less than 250 ppm o;pg bl adi It was found quite

Yo lnesbp

surprisingly tHEQAUHROWgeiut F?S"f’llyép] t he pall adi um cat al yst

i ncreasedqconsi derabl y wasiitd Wit biHed ndtals GRNE eataryat aﬁmvergrwcerq@aapl cularly
even to such an extent that when | owering the amunt of catal in the

reaction ni xt U 043i947) 8POGs oply| froderalhuitst °fs%0effomé5%tr?%ﬂ%%qfes coul d

be achi eved. T'th\ Al @O‘ﬂ%ya Hgl/ cataly §RR2687E . dhIpdhe Sobid1astaRisUBabl er amount
of catalyst results in |ower costs and requires noreover |less efforts to

recycl e and rezdaceatelyet foatthe warbonplatipa @l inigsiayeaming. IB H2€3 690 fAn t he
process_accor did Bgrt% Bebd efd’l%‘fiﬁeihh}?’?at?tz CeORRibRbE TR Gdind RHOMOE even

| ower. This was not rep rte arlier 5 other noble fretals such as Rh

or Ir and5f avoczatelysﬂw@@mﬁwhl@md@ﬁsaa p@nmtgreat 2y &Wﬁtaf@nNﬁ%ib)éss The
palladiumis p I rat fo m nore
preferably in éaceec%h@gn rFZf?ﬂﬁ%d 8? S?qecpeas?tts g 1 %HdQ"‘I/F&{eklj ?% un%?gan be
added in the fobmencathalydin actidgtygafnthe readitim catﬁlyﬁmerrmmhf hnguerbtmanrtbat ofi m ted by

Pa(achc) 2, 1 n TREIUPHECRIR SEERCAaSY e, LOF ot PEdB g, 00

carrying organih | lhgamkxnuraxeatplysf weals bndeenbtaboutr 19 dndlgs PHI(/W?hGDM Al so

pref or med, nmetal .conpl exe 2 di chl ro eth edi am ne
pal | adi urf® di c$AtBYS @?M‘ﬁﬁt@” g t '31’1 é{?ﬁrlﬂﬁ' éld(t %f?’ﬁ&?%ﬁ@nmu
Pd( NH3) 2C12, e} @)otentlﬁlalﬁdbﬁnélddﬁdllzﬁfbn&s mmwrsgtnlpqmmlgm sincEahbdiommonoxi de

and am nes are, known to behave as |i transitio onpl exes.
The catal yst i€ BN eASR Yoy LBEPEVE 313&8%\?%&%{58\/\?%%? alyﬁeﬁﬁéqﬁ?%gl umis

deposited on anrﬁilt@p@rﬁé %lééhorﬂﬁ: Caﬂ’trlé@ﬂ/en%lsslmdia thai |pr©aesszeq1tedeﬁtly0| ay,
porous pol yner

:%/ etc. .Ithasbepbd&th |nth|s
way the catal yCN&OéQQ 4\9i1{\yrqp§rtgqghe MsgHefr @ GRATRINALOR PTIRP JlegsN

expl ai negspy t e f &Gbidrnak éthﬁﬁOJﬂénﬁﬁ'lpmdl®eﬁ}&bdﬂﬁ e fda@&tld’lg the Pd
atons on a support in this heter ogenous catal yst. The hal ogen containing
promoter is pr@‘?@iemli/oﬁl\éééwp DWAC pinderaiedy Figd@E CRRFHARt ure in a nol ar
ratio of greater than Oy tﬁ’é&fo?ﬂﬁbérlésa{t‘?ﬁ;&’hoﬁwﬂroﬁﬂé’arfﬁétﬁoﬂff@rf erably
greater than 5 with resp ect to the catal yst netal his ratio is preferably
smal | er than 1c@bonylatig mr@arpraémneeaomeyeleruﬁeu%ma@ﬁm axgatalyst which is

The hal ogen COQtdado'a' 59 0L P ThEer UHef it RF $5&AUm! the REtalyst being in



30reaction m xture conprises preferably a halide of fornmula RI X wherein X

- 8- 1is 1, Br or d, the halide of fornmula |:21X being preferably R11. The
hydr ocarbon group, in particular the alkyl or aryl group on the halide thus
preferably corresponds to the hydrocarbon group on the am ne in which CO

i nsertion ivwocdBaens7ed. Suitable halides are iodides, br®ard@P20000652%

chl orides such as nethyl iodide, ethyl iodide, propyl iodide, ..., benzyl

i odi de, phenyl iodide,... The best results are obtained with al kyl iodides,
al t hough the correspondi ng chl ori des and:-brom des can al so be used.

The hal ogen cont ai ni ng pronoter can be added as such to the reaction

m xture. However, it is also possible to add conpounds 10 which produce

It
the pronoter in situ in the reaction m xture. . nzyl_. i des are
for exanple knmlquxarrlgg%gx%egfvleyt {'ﬂoqflérﬁtqngr@%%@g%ggﬁgﬁﬁé’ﬂféorr mat i on
of tetraal kyl anmavehwhidgiedriTUBF tentwith rAbelued.ore, al so these salts can be
added to the reaction sy.?%.em instead of the parent al k‘&lt gﬁl i de. Vt\i’thout
any limtation, suitabl el Pigt PRSI AGHAYET M FEEPTARICE 1 |ITL AN PESHhe f ound
in the next serih@stioh&ly asiRg kY tatayBOWhiEA dopsprites (pBNAdiLm. tTeleriagéritph anmoni um
i odi de, tetrapropyl anmoni um i odi de, tetrabutyl ammoni um i odi de @enzyl
trimet hyl amorheieferedelaées to a Pserese Her E@P?@é%@rﬁﬁcﬁﬁd@'ﬁl%?'pﬁé”@n br oni des.
Al'so the correspmigh§%rkfid aal kyl phosphoni um halides may be used with the
sanme purpose. 20 Furthernore, other agents that nay be able to generate
al kyl or aryl halides i®the reaction m xture under the reaction conditions
applied can be used as a progeter. These agents are exenplified by but not
limted to 12, Br2, gfh2, T, Na!, KI, H. Aso acid halides of formula
R1COX, that are possible iFEg ernediates in the catalytic cycle, can be added
to 25generate the pronoter'in the reaction m xture. When
sufficient am%esreﬂf tertiary amne are supplied to the reaction m xture,
the pronoter is regenerated in the reaction m xture under normal catalytic
activity. This mRins amaroinatic gnoure oaddetlaight sobeariched alipheatipiicadioant
amount s: ss nol

I of nr ter.l r t i eact or. |l e
tertiary é i ne i sc‘ﬁég]nwgl’cﬁe .'ﬁéfﬁggpﬁéﬁ%ﬁgorn% garﬁaﬁrgragc?rﬁragﬁ \%ghr}ﬂ%( g?er ably
added to the reacubstituteddruiog in a nolar anmount which is snaller than the
nmol ar anount of id gtiary, amne i ch is carbonyl ated. However, when
the reaction rﬁXtﬁ-%lr%”qlé ﬁéepl'%qeé’ﬁna?@%‘%@m?m% ﬂi,arog? K 9RURL 8ns start
to occur which canrtths siaight brbeshched taghatkogbomchain vificit bemprisesodter .

To avoid the consunption of the propoter, the reaction thu“laf{ziasnd

preferably subst a9ASt 9NeFarhaseatgm gq WRICH mayPe sebsitird o5 RPh &8

In a prefesred erPagifaniycefconttfning @eeamiRahi®ésEing to the invention, the
tertiary am ne and the carbon nonoxide are fed preferably 10 continuously
to the reacti orWhiehkpracess eomarisrsaing steroft @rberyi3tingra teetiaty agring@gkinepet ween
0.1 and 20 wt.%mqm%e preferably 0.1 and 5 w.% nost preferably between
0.1 and 2 wt.%1n the reaction mxture It was found, indeed,
that the reaction raiz{igR@trongly dependent on the tertiary am ne
concentration. Very higN reaction rates 15 and excellent selectivity are
observed at tertiary anhme concentration close to but not zero. One can
make easily advantage of such phenonenon by working with a reactor wherein

the tertiary anjiftecdrB¥fImdrioxldenh 4 Rchon &Mt MaHE [pyededite iohbedataiystent | y)
supplying the tertiary amne to the reaction m xture. 20The

cat al yst/ B omotWHClt 6aEPAeRS BRladiun ed - die PEISepAR Of ArlAIREANEIUANEE tertiary
am nes of the gRRRLA) WHEHRsBbstantially 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



Rl1. R3 wherein Rl, R2, R3 are not H, but independently a saturated or

unsat urated, branched or unbranched carbon chain containing from1l1l to 25
23 carbon atonms or an aromatic ring. The carbon chains may al so be
substituted for exanple with a phenyl group, an al koxy, a carboxy, an am do
group, ..., wandongrg74t hus consi st for exanpl e of a benzPCTEPAIHI652862-

nmet hoxyl ethyl group, a carboxy nethyl group, R2 and R3 may also WO

2010/ 057871PCT/ EP2009/ 065286 - 10 - forma cyclic structure. Furthernore,
R, R2, R3 can contain heteroatonms, sucf_as oxygen in their chains, for

i nstance ether |inkages. Such chains fall also under the expression "carbon
chai ns", the nunber of heteroatons being not included in the nunber of

carbon atons. 5The i 1. t.he i - amgi de havi

the Tol | ow ng ToRRUT S0 maste NS B otch oSRL a8 Hinartary Andd 1o V! n9

ggr ent am ne. arfd &bmdke,tef3ryaaraines; cduie beaaehonylated withgobdlyisgi@@andont ai ni ng
pronoter conprise or R3 groups which are di , then

the obt ai ned a?ﬁq%é'é’ﬁhg?ﬁ% §8rr%%9‘r%rdfn§es%99gd8rry ﬁ‘BPdeegoH t% Hgﬂéﬁl&é@g&n gfl t he

fol | owi ng for nmkasoned ddLRRa Bultddldhademenginindproner iB3med, wgehn def i ned

as in the parent am ne. 15These 1.d ] ides. .By th
expressi oR " se®oRBYr yeHFeden i%"b%én%\'ﬁggpﬁra?@%?Z?@%{]eq@r%gctﬁ% 8‘2’??%nya; :n‘i de

whi ch has no hyds@andéstribbs aagiriigedly atom efficient synthesis of secondary
amides from the corresponding tertiary amines.

As described already hereabove, EP 0 365 382 discloses
the use of palladium as catalyst in aminocarbonylation reactions wherein

10 tertiary amines can be used as neutralizing base. However, 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



In one particul ar enbodi nent RL, R2 and R3 are independently a straight or
branched al i phatic carbon chain containing 1 20 to 23 carbon atons,
preferably 1 to 9 carbon atons, the carbon chains being preferably
unsubstituted. The R, R2 and R3 groups are preferably the same, and are
nor e pref evabboro/ed7874net hyl groups. | N PCAERRI0I/PERR]GI cul ar
enbodi nent, Rl is a straight or branched aliphatic carbon chain containing
1 to 23 carbon atons, 25preferably 1 to 9 carbon atons, and R2 and R3 form
an azacycle together wth the am de nityogen atom the carbon chain being
preferably unsubstituted. An exanple hereof is Nacetyl piperidine produced
fromNnethyl piperidine. In still another particular enbodinent, RL is a

straight or 5 .branched all tic ¢C i i nj car bon
atons, prefer aﬁmogar{&g ﬁcgené %P@ﬂépg’ﬁﬂﬁm@%s%w%g “Lgtcégtgcycl e

t oget her with tdnel @uines mmdreowrleeet effortsvito cécyoket end cgadver tlentatalyst.at | east
one addi ti onal r oat o LN icular nitro nd the carbon
chai n being pr eé]@?al'j'wpw Pg@ﬁ{‘@-’dn tﬁ?} pg}ggﬁ%ggccg '”938?(!9% VT% DAYt ary

am ne i s N-met yghcsmraions ioneo rprpﬁdurcem Ibva€ ethid wa® hphedported abtier fdrhe
carbonyl ation ste I n anot her rticular enmbodi mrent . Rl and R2

are each adstr Atgprnahie pietele segh &5i RInSF ica 8H"Sc 8@?088’??{%%%5(11 to 23
carbon at ons, Ftra%iaer@a%dnﬂatroﬁa 8ro%e§§30rheatp@rr§d.u@mé B%férab@nadﬂe@rrm hC group,

in 15 partlcular a phenyl functionalized B gr oup,  such as
chl or opheny! , rﬁ@nnwwwergnat I¢aa§drwnerﬁ9re preferg lyanﬁcmcgmrat&n ®ra#nched
carbon chain whj ins 1 to 23 carbon atons, preferably 1 to 9 carbon

atons, and which is substituted with an aromatic group, in particular with
a phenyl group or with aTheipafacismaichnbe askedyn tr@rfgupofmmoggﬁré&aﬂ@ e of

such a tegfki ar n &w&h

N, N- di net ﬂl?/l Zyexgmﬁqﬁeda?g{t\lar{n&ge andlskl-%@%yr%h- eﬂ?f/?pg eny1j _aCet am de
after the car bc(hlyh)atﬁdﬁie]stl‘ﬁ“ﬂh)zlﬂdﬁluhé’tdCeQa,rﬁd(eca@z,I‘thNmfmmmflarwmdie ne. The
[eact 190 1% PERObTRE i By S PGEE PSFRER SRR ol ReE PR er e
50 bar. Theht ottt npt Gmitad ﬁ)thPda(PPh@)ﬁ Aleoemeformdd |n$etalnd:c|;mﬂ>lem§,esdcth)yast Ihe )
equi pnent that | e, at nos re pay. cont.ai.n_on al so be a
GO Hp Tt ur'e. RS CER e ST e e oS B RIshie e IR e over
activity apd sqiaﬂé@um tRY(THiAgTRS Pd(NH{)E(SIz,Olbd OB IEtEleScaT eemdm@uced as a
si de product. - car bongI ation reaction is carried out

at a tenperatura$ ﬁle’H@'VStt REGUERE P@Fﬁ%‘r gonp ﬁta%?WQ%@recéﬂ‘%‘P’? becomnes
active. This te/gpaiat 5 aigRBsNES tRmsitibR heea @f)mbl%&bé a"]ﬁhea@b%st Far

aromatic amnes this mninumtenperature is generally |ower whilst for
al kyl am nes i tPreferatly geswppartes caiagiss whepgin e patastiyn s dgregtesr et 8ns such

as, 0xygen show ARahAt Al BhoRSHRHIAAY siéh, PABFIED iy LBIARbAPRDT L1 o

different activatlon tenperature iIs at aromat1 ¢ am'nes seem be very
efficient20i gaﬂUbrldm!Jl)ghere ate. se|ttftasab@m/éOLﬁ@nﬁwéxfééhlatWﬂib\me cat@hfdiér at ur es,

whi | e al kyl gﬁfslrs r in a

rel evant cat aI #ﬁatf%@ Wﬁ@% N]Lﬁlgﬁcar@ ny %t)fljté%a)s(élgmg?gﬁ(:tg%??(g?%%ut at a

t enper at ur e hi gfhestertfbanatkitﬁi@ aanitledonefixatiof ¢hea BH\aterms @ntaaaqumcattlartbiShi gher

t han 180C, especially when.the tertiary amne is not aromatic.

Above t he tenpz}’eé?rﬁgénqlgq‘iﬂté%%' for catal yst activation, the activity of the
catal ytic systemincreastise \Mamgehhmrﬁanhgrpmmodaeri 5 preferablyrgrased. inThe

tenperatu i s however. pret mai_nt ai ed bel ow nce _.at, hi gher
teger at uégs g/ve refftio 8 P@é@e'”?/ﬂ @8@@0@ IQqf yArGAIET éﬁ@ér preferably )
The reaction rr%deatm e ¢raﬂhi moﬁ@@iréfefwlyagﬁeﬁt&rembn E\dwmnrteagectual the the
product ami de is used as the sol gov\@y( ? ﬁg 8@ er .am des than
the expected pregtRivst r&ﬁfahegh'éarﬁ“%ésﬁ% ra c“é“qH@ﬁ hane d0PYQ apd MWBai ned
when NVP is useflefafatily S@bN&Hhan 2000.

The halogen containing promoter which is present in the

30 reaction mixture comprises preferably a halide of formula R'X wherein X



When using the current catal ytic systemunder the appropriate reaction
condi tions, the anount of side products fornmed is surprisingly |Iow The

maj or side product amde is the corresponding 25 prinmary amde (in

particul ar the corresponding N-al kyl al kyl am de) which has | ost one al kyl

or aryl grwopeio/@7eBr side products include carboxyl i cPREES0#58i | es and
formam des. The latter are known to be fornmed from secondary am nes and
carbon nonoxi de. WD 2010/ 057874PCTTEP2009/ 065286 - 13 - Exanples Exanple
1 A 50 nL autoclave is charged with 0.45 mol of catalyst 5 and 4.3 mol
of a suitable hal ogen containing pronoter. After the vessel is closed, it

is flushed four tinmes wth carbon nonoxide (10 bar). Then 17.5 nL of a 7.3%

(by muss) TVA L 0P 5ol 1 e 0B L RUSded SRR RBARCO 3

syringe. The NP x § contarns 2 ppm of ca metal. It is
stirred vi gor ougirgcaribon d®upi inudaeticudr theatkyl dOarylegnoep andhe halide thiar ged wi t h

65 bar of carbon, nonoxi de. The .reaction m re i in 24
mnutes. At th¥® atg]gfco[rﬁ%oornggéf)ﬁﬁ%kyﬁrﬁgarﬁébkﬁ@ ?Eqﬁ%tgﬁgnoé ?‘ o%égﬁ: degassed
pr Iope{! y fnd ?O?Lyﬁggtgfi ?sTCMﬁ&lsiré'dni Suttaslephalidebouse tiduidds, gbemides iori ty and
selectivity o e Syst in conparison w.th the ot her netal

i odi de sodr ce CUAHAETEHHNS ”Pecthglﬂ?)%@g]%'c?@wl &‘%54'?0\%033’\}{1“&? 4Gt > XL aper
Pd-catal yst a ipaie, pherfy Ridlide, hi The besidealiys breaestaimiet withaalkidodibésyi ned t han

with a nore expensive Rh-catal yst. tal yst Pro Ti ' 9
(mn) DVAC MVP@pltWOUBN/ﬁ‘%%‘WWE ipgfylg?‘ldes nd bromi es:[ ggn allsg%e\tqsg(lj.d (%9 TOF

The halogen containing promoter can be added as such to
the reaction mixture. However, it is also possible to add compounds
10 which produce the promoter in situ in the reaction mixture. Alkyl and
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
(TMAI), 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 l,, Bra, Cly, Lil, Nal, Kl, 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



PdC12TMAI 130 96.0 0.00.0 0.0 PdC12 Mel 50 83.9 3.510.0 0.0 14.787 PdC12
96 63.7 18.011.1 1.9 5.923 [(C ,H5)3P]4TVMAI 216 67.0 6.11.5 0.0
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preferably added to the reaction mixture in a molar amount which is
smaller than the molar amount of said tertiary amine which is
carbonylated. However, when the reaction mixture is depleted from
tertiary amine, side reactions start to occur which can be attributed to the
5 consumption of the promoter.
To avoid the consumption of the promoter, the reaction
mixture is preferably substantially free of primary and secondary amines.
In a preferred embodiment of the process according to the
invention, the tertiary amine and the carbon monoxide are fed preferably
10 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
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"/ R?
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-
methoxy! ethyl group, a carboxy methyl group, ... . R* and R® may also



12.2 Pd

RhCI3 TTMAI 114 94.3 O470.5 0.0 10.9_ 22 AuC 3 JTMA

19.8 2.10.0 0.0 0.0 H2IrC 3TMAI 191
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form a cyclic structure. Furthermore, R', R?, R® can contain heteroatoms,
such as oxygen in their chains, for instance ether linkages. Such chains
fall also under the expression “carbon chains”, the number of
heteroatoms being not included in the number of carbon atoms.

The resulting amides then comprise at least the amide
having the following formula:

wherein R', R?, R®are defined as in the parent amine.

If R, R? R® are not the same, or if the halogen containing
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:

and
wherein R', R?, R®are again defined as in the parent amine.

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

156



39.8 1.4 ) 5.2 0.00.0 DMAc, NN-dinet hyl acetam de; MVAc, N-nethyl
acetam de; DMF, N, Ndi net hyl formam de; ACN, Acetonitrile; 1-10Ac, Acetic

acid. 20 Exanple 2 These experinents were performed with PdCl2
as a catalyst, TMAI as a pronoter (TMAI:Pd = 10) and NWP as the sol vent.
Firstly, ave0umyoxetocl ave is charged 0.45 mmol of PACPETHR04/0&2%mnol - 14

- of TMAI. After the vessel is closed, it is flushed four tinmes with carbon
nonoxi de (10 bar). Then 17.5 nlL of the reactant in NMP solution is added
through a septum by neans of syringe. Thg m xture is stirred vigorously for
10 minutes at roomtenperature and charged with 65 bar of 5 carbon

nonoxi de. The reaction m xture |s heated to 240C, unl ess stated otherw se

in the table, ip eact.l op,...t h i reis
cooled to 10C, ‘g'(g, éggleg%(feopne'ﬁlt’ eaa&ﬁh yze%g\(?ﬁa ' %‘Pé E&egérr%pg shows
t hat our catal ym*tsubst&tmem Anrxbeplesteatedios N-heetylqipitjieaproduceasf frare\Wer al

tertiary am nes, &},‘ reagélon performed at 190C. DMAn, N, N-dinethyl aniline;
DVEA, di et hyl dPADYLRP Q'rlethyl am ne. Exanple 3 A 50 nL

autocl ave is charged with et|||45n6tm+ p@ftlcadﬁlétnbamhsnatm‘l st stralgd. & nmol  of
TMAI as pronmoter. After the ves i s .closed, f ushdfor times with
carbon non8xi debr?'i@‘qgaraj'phqfl?eﬁar "SCWE'” ?O%Ia'n'nglg o 7433 Caroas! }8 THy nmass)

TMA in NVP or igtefdMily Spleitd Q:@rbo‘h ates] ady RFghn@ R"emrunbeet@maleof a
syringe. The mxture 1s stirred gorousl y for 10 m nutes at

room
t enper at ure andoﬁﬁﬁﬁbéﬁthvﬁh@ha’@ﬁ‘eba rogen @{PHe Vg bfiefeycitheonaiRe: dton
mxture is heatl@Qsttd?]e?é’&%&ﬁ'aﬂh&@rdé%}ﬁUuﬁrﬁdrﬁéhlaﬁ VRSg et &:958H, arichtnehe

pressure decrease. At approximtely 50% conversion, the reaction mxture
was cool ed to OBrbeeghekedeipgop@ierabinunsubstieds A 2@mPlafssShadpl e shows

that in aqg' ti OtBrtgaPy N¥iine OVAR-rfi@RyIPotsifting! 58dbSing A 4.8yl hi¥rphdline

reaction.
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/Hz mixture results
however in a slightly lower activity and selectivity. Higher amounts of

30 formamides are produced as a side product.



Selectivity (% DMAc MVAc DMF HOAc 85 94.5 0.3 0.0 5.2 65 94.5 1.0 2.1
2.4 10 Exanple 4: Thi s exanpl e denonstrates the possibility
to increase the catalyst activity by lowering the catal yst concentration.
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The carbonylation reaction is carried out at a temperature
higher than the temperature at which the catalyst becomes active. This
temperature depends on the type of tertiary amine. For aromatic amines
this minimum temperature is generally lower whilst for alkyl amines it is

5 generally higher. Amines containing heteratoms such as oxygen show an
intermediate behaviour. A possible explanation of this different activation
temperature is that aromatic amines seem to be very efficient ligands and
give rise to active complexes at lower temperatures, while alkyl amines
often need higher temperatures 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 cumrent 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.



A 50 nL autoclave is charged with a suitable anpbunt (see 15 table) of PdCl12
as a catalyst and 4.3 mmol of TMAI a suitable pronoter. After the vessel is
closed, it is flushed four tinmes with carbon nonoxide (10 bar). Then 17.5
nm. of a 7.0% (by mass) TMA in NWP solution is added through a septum by
means of a WORIWEE874The mi xture is stirred vigorously fRETVARIOM0MIBEs at
roomtenperature and charged with 65 bar of 20 carbon nonoxi de. The
reaction mxture is heated to 240C in 24 mnutes. Fromthat point, the tine
was nonitored to consume 9 bars of CO pregsure (t9). The m xture was
allowed to react further to full conversion. At the end of the reaction,
the mxture is cooled to OC, degassed properly and analyzed via GC. This
exanpl e shows that the activity of the 25 yst increases considerably
as its concentration decreases, even W) 874PCT/ F. P20091065286 - 16
- to such an extent that substantially the sane anbunt of am de can be

produced with ggiglleg anount of catalyst. [Pd] (PPMTOF (h"/ ) 11t9
(mn)%ield 8694 17123810590 41110011897 5Exanpl e 5:

A 50 mL autoclave is charged with 0.45 mmol of catalyst

5 and 4.3 mmol of a suitable halogen containing promoter. After the vessel
is closed, it is flushed four times with carbon monoxide (10 bar). Then

17.5 mL of a 7.3% (by mass) TMA in NMP solution is added through a

septum by means of a syringe. The mixture thus contains 2736 ppm of

the catalyst metal. It is stirred vigorously 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 PdCIl/TMAI

system in comparison with the other metal iodide source combinations. It

16 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™)
PdCl, TMAI 130 | 96.0 | 0.0 [ 0.0 [ 0.0 52 | 24
PdCl, Mel 50 | 839 | 35 | 00 | 0.0 | 147 | 87
PdCl, I, 96 | 637 | 18.0 | 1.1 | 1.9 59 | 23
[(C6|;5d)3p]4 TMAI 216 | 67.0 | 6.1 15 | 00 | 122 9
RhCl, TMAI 114 | 943 | 04 | 05 | 0.0 | 109 | 22
AuCls TMAI 156 | 19.8 | 2.1 0.0 | 0.0 0.0 3
HaIrCls TMAI 191 | 398 | 14 | 52 | 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



Thi s exanpl e denonstrates the use of heterogeni sed pal |l adiumat | ow
concentration in the reaction. As a catalyst in this exanple, a
Pd exchanged Y zeolite is used. The catalyst is nade by stirring a NaY
zeolite in an aqueous 10sol ution of PdC12(NH3)4 for 14 h. The zeolite

obt ai ned a¥0guemsBes found to contain 0.03 nmmol of PdPEEEPHOYPRS286

A 50 nL autoclave is charged wwth a suitable amunt of catalyst and 4.3
mol of TMAI a suitable pronoter. After the vessel is closed, it is flushed
four tines wth carbon nonoxide (10 bary.. Then 17.5 15 nL of a 7.1% (by
mass) TMA in NWVP solution is added through a septum by neans of a syringe.
The m xture is stirred vigorously for 10 m nutes at roomtenperature and

ShocorS S i ot Bk Hrck AR B SOIoE, THENGSREL 0P uekItiP carbofieat od {0

240C in 24 m nutes. I me was nonitored to consune 9
bars of CO pr emenmedd () baTI)thInenhﬁ aontmfuthe egci@obliredMP sPtutiogei§assed

properly and agc?cje\ézfﬁgoﬁldh aZeptum by means Tof &\ RBYETRL HixRite iEShireGPI n) 52

vigorously for 10 minutes at room temperature and charged with 65 bar of
5 carbon monoxide. The reaction mixture is heated to 240°C, unless stated
otherwise in the table, in 24 minutes. At the end of the reaction, the
mixture is cooled to 10°C, degassed properly and analyzed via GC. This
example shows that our catalyst system can be used for the

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-dimethyl 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-dimethyl 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 PdCI, 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
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7.3 or 8.3% (by mass) TMA in NMP or in DMAc 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 and CO consumption
was monitored via the pressure decrease. At approximately 50%
conversion, the reaction mixture was cooled to 0°C, degassed properly
and analyzed via GC. This example shows that in addition to NMP, DMAc

can be used also as solvent for this reaction.

) Selectivity (%)
Solvent t (min)
DMAc MMAc DMF HOAc
NMP 85 94.5 0.3 0.0 52
DMAc 65 94.5 1.0 2.1 24
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




- 17 - Exanple 6: Recycling of the catalyst NMP (2522 g), TMAI
(11.4 g, 57 mmol) and PdCl12 (1.18 g, 6.7 mml) were added to a 1 L Parr
reactor equi pped with a magnetically coupled stirrer, sanpling tube and
feed vessel . After the reactor was 5 closed, it was flushed three tines
with CO ™Wemo/20s7 g (0.34 nol) of TMA was added t hr 84HEPIAUIHEWEd vessel
and pressure was brought to approx. 60 bar with CO The reaction m xture
was heated to 240C and CO consunption was nonitored via the pressure
decrease. At approxi mately 80% conversiqgn, the reaction m xture was cool ed
down. 10 To start a second trial, additional TMA was added, pressure was
rea;:lj ustedhanddt he m xture was heated agai n After the third trial,

anal ysi s sho t hat sffl r a fourth
frial s o a0 SR b EL ST B el ERERLof ARELER BRS: aci2
and TMAI act a&roauctddtwtrcasaiayenamswﬁtoénanaryat. can be recycl ed whil e keeping
its 15excellent selectivity. Both species can be used in subequival ent
anounts. Reaction m xture conposition DMAc MVAc DMVF HOAc | 6. 66% 0. 04%9, 02%

0711% | 11. 36%pd]Jpptayll. 3% O '99% t9 (min) | Yyield DMAG
377 158 86 94
171 238 105 90
41 1100 118 97

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 PdCIz(NHs)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




14. 06% 0. 09% 0. 46% 0. 08% 19. 69% 0. 16% 0. 54% 0. 09% Exanples 7 a and b

This exanpl e shows the effect of TMA concentration on the 20activity of the
catal yst. To a 1 L pressure reactor, TMA and CO were fed in
equal nmolar flows as such to keep the total pressure of the reactor system
constant. MWOeHPEsHEY, TMA and Co are fed to the react ACTAP2ME6REH e t hey
are consuned. No product was renoved fromthe reactor; hence the 25reaction
was run sem -continuously. One experinent was performed trying to keep the
TMA concentration around 6% (exp. 7a); i4y.a second - 18 - experinent, the
TMA concentration was kept around 1% (exp. 7b). In both cases, total
pressure was 90 bar, tenperature 260C and the reaction solvent NW. Simlar

anount s of Panlé ﬂ]ﬂEIeTM; %ﬁ“ﬁgll&%ﬂe gﬁl‘ﬁgtal yst and pronoter respectively
(see table). | ; ture was cool ed down and
anal ysed by GC. In both bidMRe@52ARgyiTMAl (fl . ADYFG7 wasolhesd PACHUAS g.at i ve.
e o S oRAE e Bl T PBR et Sl i Loy
desired TMA congeipledatiirest, samipkpg tulde Bxp. feéd vessel. After the reactor was
5 closed, it was flushed three times with CO. Then, 20.1 g (0.34 mol) of

TMA was added through the feed vessel and pressure was brought to

approx. 60 bar with CO. The reaction mixture was heated to 240°C and

CO consumption was monitored via the pressure decrease. At

approximately 80% conversion, the reaction mixture was cooled down.

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 MMAc DMF HOAc

added

20149 1.65% | 6.66% | 0.04% | 0.02% | 0.11%

20.2g 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%

Slwnf=

Examples 7a and 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



[Pd] (DIDfln) 122 104 TMAI/Pd 224 228 Total reaction time (h) 6 2.5 TOF
(h-i) 448 2277 Yield DV (% 1.1 0.3 Yield MVAc (lk) 0.6 0.1 TMA fi nal
concentration (%9 5.3%0.64% - 19 -

WO 2010/057874 PCT/EP2009/065286

-18 -

experiment, the TMA concentration was kept around 1% (exp. 7b). In
both cases, total pressure was 90 bar, temperature 260°C and the
reaction solvent NMP. Similar amounts of PdCl; and TMAI were used as
catalyst and promoter respectively (see table). In the end, the reaction
5 mixture was cooled down and analysed by GC. In both cases the yield of
DMAc was nearly quantitative. The two major side products are
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%




CLAIMS 1.A process for preparing a secondary am de with the foll ow ng
formula O L, ,R2 R3 bwherein R1L is an aromatic group or a straight or
branched al i phatic carbon chain which conprises at | east one carbon atom
and which may be substituted or not; R2 and R3 are, independent from
one another, an aromatic group or a 10further straight or branched

al i phatic carbon chain which conprises at | east one carbon atom and which
may be substituted or not, or R2 and R3 1¥rma cycl e containing the am de
ni trogen, which process conprises the step of carbonylating a tertiary
amne of forrmula 15 w th carbon nonoxide in a reaction mxture in the
presence of a catal yst which conpri seCIpalM&di um and in the presence of a

hal ogen contai ning pronoter, the reaction m xture conprising |le han 750
ppm of pal ladi um 20 1" A Process Tar preraig AeGoUNRY DS Whthe

wherein said %W§§f@ﬁmlgi ning pronoter conprises a halide of formula R1X

wherein Xis I, 3. A process according to claim1l,
wherei n the hal ogen 25a@@ntaining pronoter is introduced in the reaction
m xture by adding one || R?
R’ Ng
3
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
R3 form a cycle containing the amide nitrogen,
which process comprises the step of carbonylating a tertiary amine of

formula
1 2
R\N _R
I
3
15 R
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, the reaction mixture comprising less than 750 ppm of
palladium.
20

2. A process according to claim 1, wherein said
halogen containing promoter comprises a halide of formula R'X wherein
Xis |, Bror Cl

3. A process according to claim 1, wherein the halogen

25 containing promoter is introduced in the reaction mixture by adding one



- 20 - or nore conpounds fromthe group consisting of halides of formula
RI X, halides of formula RI, N+X-, phosphoni unn halide salts of fornula

R 4P+X", X2, netal halide salts, and acid halides of fornula RICOX to the
reaction m xture, the hal ogen being chlorine, bromne or iodine. 54. A
process according to claim3, wherein the hal ogen containing pronoter is
introduced in the reaction m xture by adding the halide of formula RIX to

the reaction m xture. 28 - A process according to claiml,
wherein RL, R2 and R3 are independently a straight or branched aliphatic
carbon chain 10containing 1 to 23 carbon atons. 6. A process

accor di ng t 0o naore compdendsi fromitbe grobpconsiating ofhalides of fosswila &' Xd.
7. A process according to claim5, wherein at |east ”t)? car bg_gl ékgl n of the
RL group is balides efifasmula Ry N aphnaphosium balide salis of foimyld Rask Accor di ng

to claim1l, erein al. is straigh r, br hed i i arhon chain

containing 1 ZO”T?f‘iélctéﬂJ'gSrF oﬁegéﬁﬁf @'dfr?oo Yy a@ag;tggkpglrggg%%t her

with the am @lfﬁxl@iré,rt%%I@&é?f‘bei\r)\g chlorine, bromie ot iBdiag€ess according to any
one of the claims 1 to 4,7 20 erein RL is a straight or branched

ﬁl i phat i5t:I car bon (r:lhai n_‘lcﬁnt Ai ploggsy aceomtng: ta pleim &, avheradthrRNaiegeR3 form a
containe ar FBREMERMbier 5 BFoAGed) i ey LAV AR e |

claim 1, whemhgjile ffchnfdd R'X36 tRS eeugtibhgaixture( 1 1) . 11. A

process according to claim1, wherein said catalyst conprises Bd(0). -21 -
12. A process accordin§-to ¢ BIasesS ageerding to éaimy| oyegpemﬁ R é”a

R® are independently a straight or branched aliphatic carbon chain

10 containing 1 to 23 carbon atoms.

6. A process according to claim 5, wherein the carbon
chains are not substituted.

7. A process according to claim 5, wherein at least the
carbon chain of the R' group is substituted with an aromatic group.

15 8. A process according to claim 1, wherein R' is a
straight or branched aliphatic carbon chain containing 1 to 23 carbon
atoms and R? and R® form an azacycle together with the amide nitrogen
atom.

9. A process according to any one of the claims 1 to 4,

20 wherein R' is a straight or branched aliphatic carbon chain containing 1
to 23 carbon atoms and R? and R® form a heterocycle together with the
amine nitrogen atom, which heterocycle contains at least one additional
heteroatom.

10. A process according to claim 1, wherein said catalyst

25 comprises Pd(ll).

11. A process according to claim 1, wherein said catalyst

comprises Pd(0).



containing pronoter is present in said reaction mxture in a nolar ratio of
greater than 0.1 with respect to the catal yst netal. 13. A
process according to claim1l, wherein the 5carbonylation step is carried
out at a tenperature |ower than 285C. 14. A process according
to claim1, wherein the carbonylation step is carried out at a pressure

hi gher than 20 bars. 15. Azprocess according to claim1,
wherein Rl, R2 and R3 are nethyl groups. 11016. A process according to claim
10, wherein said palladiumis added to said reaction m xture as an
inorganic salt selected fromthe group consisting of PdC12, PdBr2, Pd 12,
Pd(QAc) 2, PdSO4, (N1-14)2[ Pd@ plocetslaéraiditeticttlairRdy, avzarpinh thechdldgad4.

17. A process according to claim1l1l, wherein said ,15J)al_l adiumi s, added to
sai d reacti onCANANIRG PRAMater dfpIresent i sgid reachondpixi r@éﬁ@s’i"‘?gf rgfic 2

support . ' | aim 1, wherein the

car bonyl at i Ongg%aé%r tlhéa\n(]g; rvﬁtel'gfeg%g),‘[éﬁgttoatgﬁﬁfg@n%lggggtrag hi gher than 120C.

19. A process accordi ng180 clAai prot8ss waecading hi® 2€laim bdnyivberein dhep is
carried gut at temperature hi A process

accordi ng to ERRIORYENONGiED I ?Prﬁgaroé‘igggﬂ%%g’%ﬂw%loé!f?ritga'agpgip%d out at a
pressure higher than 50q1arsa process according 2b  Aalph 09ESWhRFSIAT hé1g T O
claiml1l, wherein Rl is a saturat eg straight or branched aliphatic carbon
chai n cont ai ncadponytation step koearieddubat atpsessure higher than 20 bars.
15. A process according to claim 1, wherein R', R? and
R3 are methyl groups.
10 16. A process according to claim 10, wherein said
palladium is added to said reaction mixture as an inorganic salt selected
from the group consisting of PdCl,, PdBry;, Pdl;, Pd(OAc),, PdSO,,
(NH4)2[PdClg], (NH4)2[PdCl4], Pd(acac); and PdC,0;.
17. A process according to claim 11, wherein said
15 palladium is added to said reaction mixture as a complex and/or as a
metal deposited on a support.
18. A process according to claim 1, wherein the
carbonylation step is carried out at a temperature higher than 120°C.
19. A process according to claim 18, wherein the
20 carbonylation step is carried out at a temperature higher than 180°C.
20. A process according to claim 14, wherein the
carbonylation step is carried out at a pressure higher than 50 bars.
21. A process according to claim 1, wherein R' is a
saturated straight or branched aliphatic carbon chain containing from 1 to

25 23 carbon atoms.



