WO 2012/ 066134PCT/ EP2011/ 070488 - 1 - Process for Preparing Azonet hines
from al pha- Oxocar boxyl ates, Ami nes and Aryl Brom des The present invention
rel at es twoaomnmseid4pr ocess for preparing azonet hi nes (SebirfdP2dasesys f r om
al pha- oxocar boxyl at es, am nes and aryl brom des by Cu/ Pd-catal ysed

decar boxyl ati ng cross-coupling. 5Imnes are valuable internediates in the
synthesi s of am nes and nitrogen-contai.ni.ng heterocycles. Mreover, imno
groups are widely utilized as directing groups in aromatic C-H activation
reactions angkoadsefok edephititiCAdonidtiidel 8% alphalOxg@ibiscyfa@k, Ahiakd nd PRYIEIBHIdEAL | ON
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|. Am Chem®$¥8 1934, 56, 2095-2098; R L. Garner, L. Hellerman, J. Am
Chem Soc. 1946, 68, 823-825), and the arylation of nitriles 15 under
Friedel-Crafts conditions (K. C @ulati, S. R Seth, K Venkataraman, Og.
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rut henyym cat al yzed oxi dat i ve coupl ing of aldimnes and boronates (Y. J.
Park, E. A Jo Commun. 2005, 1185-1187), the
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access to aryl ketones (L. J. GooBen 5p driguez,
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and malodorous isonitriles (T. Ishiyvama, T. Oh-e, N. Miyaura, A. Suzuki, Tetrahedron Lett. 1992,
33, 4465-4468).
30
It has previously been demonstrated in the synthesis of biaryls from benzoic acid salts and aryl
halides that decarboxylating cross-couplings may represent valuable alternatives to corresponding
reactions of organometallic compounds (WO 2006/136135; L. J. Goofen, N. Rodriguez, P. P.
Lange, C. Linder, Angew. Chem. 2010, /22, 1129-1132; Angew. Chem. Int. Ed. 2010, 49, 1111-
35 1114). Also Decarboxylative couplings have recently emerged as a powerful synthetic strategy to



sources of carbon nucl eophiles. It was an object of the present invention
to find a process for preparing azonethines (Schiff bases), which start
from r eadwbyomvasizabl e conpounds and enpl oy easily handipet/ERaa 1loomsg ost
catal ysts. 10 A new process for the preparation of the azonethine noiety
was found involving the decarboxyl ative coupling of aryl halides and

al pha-i m nocar boxyl ates, generated in shtu from al pha- oxocarboxyl ate salts
and primary amnes. Inplenenting this new procedure allows to reduce the

t enper at ur e Rfesd BANT kAGRs AOUPGbIBEh, IFERG0IpOI) caepﬂeheN a@aﬂlg\ﬁazt, Mﬂﬁwbahdni eoosf or

t he decarbox t 15, of al r t han
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al phaoxocar haxy) 8,2 i, Ho¥ Cz0bd1€; ! %@3‘7%%%%@8{&3%@1 @ 0F e Sredoxnoutal
decar boxyl ative cross-coupling reaction des [nto a on e- pot
process’ | n ceetibgsniatiabs etCﬁrbaWhé@fltl Rl reiHre rpéﬂfWP(t O@W@a\m@@ reppenishgs the
azonet hi nes,so§h8 BafRn RERLHSSs. Wwoul d al so give access to aryl ketones or
additional to secondary or 20tertiary am nes by reduction of the Schiff
bases. The invention therefore relates to a process for preparing

azonet hi nes Iowastahebjge Ethaﬂ)reéceﬂll’imhta)n(td/ﬁnd%rd\ihﬂsMreﬁoéﬁng asz’eﬂfn&s Eﬁlﬁiffébaﬁﬁl)
optionally sybstit ted rbo i cC_arom |c r adi Vi 4 carbon
atons or an gl p‘i%I S!baﬁta Ty rea Ut ela‘f’%“rliﬁz Rl leglran J;e?? aS(P VVoc HSt R Py
substi fwt ed heteroaronatlc radlcal haV|ng 5 to 24 carbon atons, and WO
2012/ 066134B§TJ6§P§%154 QZ%%Sprepa%mﬁ% Rt hONBhh iR Bkt WLdhRt GLORMEMRL i C

radi cal havin 0 24 carbon at
decarboxylatlve coupling of aryl halides and alpha-iminocarboxylates, generated in situ from

alpha-oxocarboxylate salts and primary amines. Implementing this new procedure allows to reduce
the temperature of the cross coupling reaction as the activation barrier for the decarboxylation step
15 of alpha-iminocarboxylate salts 1s lower than for the corresponding alpha-oxocarboxylates. It is
possible to combine the condensation of the amine with the reactive carbonyl group of an alpha-
oxocarboxylate to give the alpha-iminocarboxylate and its decarboxylative cross-coupling reaction
with aryl halides into a one-pot process. In combination with an optional hydrolytic cleavage of the
azomethines, the same process would also give access to aryl ketones or additional to secondary or

20 tertiary aminges by reduction of the Schiff bases.

The invention therefore relates to a process for preparing azomethines of the general formula (V)

Nl“R
A
R=R ).
where
25 R is an optionally substituted carbocyclic aromatic radical having 6 to 24 carbon atoms or an

optionally substituted alkyl radical or an optionally substituted heteroaromatic radical

having 5 to 24 carbon atoms, and

R! is an optionally substituted carbocyclic aromatic radical having 6 to 24 carbon atoms or an



R2i s hydrogen or an optionally substituted carbocyclic aromatic radical
having 6 to 24 carbon atons or an optionally substituted al kyl radical or
an opti onablgi12zebstii t ut ed cycl oal kyl radi cal or an opti ecaidpgoisobsss t ut ed
het eroaromatic radical having 5 to 24 carbon atonms 5by reacting

al pha- oxocar boxyl ates of the general formula (1) O

B i T "' 0RO DN werg.nis a nunber in the range from1l
to 6, M11+) is a cation, and 10Rhas the neaning indicated for forrmula (V),
w th aryl brom degiicafilyistigti@enasabarbiiowdalhhMg Rb2Bedrbod)atorker e Rlhas the
meani ng i ndicated for forrmula (V), 15and am nes of the general formula (I1)
WO 2012/ 066134PCT/ EP2011/ 070488

R’ is hydrogen or an optionally substituted carbocyclic aromatic radical having 6 to 24 carbon
atoms or an optionally substituted alkyl radical or an optionally substituted cycloalkyl

radical or an optionally substituted heteroaromatic radical having 5 to 24 carbon atoms

5 by reacting alpha-oxocarboxylates of the general formula (I)
O
O | p™
R)H( y
O
n
@,
where

n is a number in the range from 1 to 6,

M™  isa cation, and

10 R has the meaning indicated for formula (V),

with aryl bromides of the general formula (IV)

R'-Br Iv)

where

R has the meaning indicated for formula (V),

15 and amines of the general formula (1)



- 4 - R2-NH2(I'1) where R2has the neaning indicated for fornula (V) via the
al pha-i m nocarboxyl ate internedi ate of the general formula (11l1), mMR2 RO O
5(111), wNeneiwnéss4a nunber in the range from1l to 6, MPCI/EP0Ia/0CEBE on, and
has the nmeaning indicated for fornula (V), 10R2has the neaning indicated
for formula (11), in the presence of two transition netals or conpounds
thereof as catalyst. In the first step,4the al pha-oxocarboxylate (1) would
react with the primary amne (l11) to the al pha- i m nocarboxylate (I111).
Decar boxyl ati on of the al pliass,m nocanboxyl ate in the presence of two
transition netals or conpounds thereof, for exanple in the presence of a Cu
catal yst in 15conbination with a Pd-nedi ated cross-coupling with the aryl

brom de of the fornula (1V) results in
where

R’ has the meaning indicated for formula (V)

via the alpha-iminocarboxylate intermediate of the general formula (III),

5 (ID),

where

n is a number in the range from 1 to 6,

M™  iga cation, and

R has the meaning indicated for formula (V),

10 R? has the meaning indicated for formula (IT),

in the presence of two transition metals or compounds thereof as catalyst.

In the first step, the alpha-oxocarboxylate (I) would react with the primary amine (II) to the alpha-
mminocarboxylate (IIT). Decarboxylation of the alpha-iminocarboxylate in the presence of two
transition metals or compounds thercof, for example in the presence of a Cu catalyst in
15 combination with a Pd-mediated cross-coupling with the aryl bromide of the formula (IV) results in

the azomethine of the formula (V):



the azonmethine of the formula (V): WD 2012/ 066134PCT/ EP2011/ 070488 - 5-

The advantage of this decarboxylating cross-coupling to prepare azonethines
is that, wo2emmissedt to traditional cross-coupling reacPCOER20INMO70488
organonetal lic reagents are necessary. Instead, easily 5 handled, readily
obt ai nabl e stable salts of al pha-oxo carboxylic acids, sone of which are
available industrially as internedi atessi.n the preparation of am no acids,
are used as source of acyl nucl eophiles. The catal yst systemin the process
according to the invention conprises two tal conponents. The first,
conponent conpgises a metal which can ag$unme two oxidatioouﬁ%ates*ig?ferlng

by one 10 unit Mcul afl%(m_f)referably ror@Mhe se{_:_es AgcdtO, 1) (o, I,
1), M (Il,RTI ), Co (IR Bri++)—b & V), Ru
(rr, 1rr) (suit Ie conblnatlons of OX|dau30n states by way of example in
parent heses). The netal can optionally be enployed in elenental form as
conplex or as salt. Copper(l) conpounds are particularly preferably

enpl oyed, and cdépper (1) br@m de is very gHbticul arl yIpr ef erably el oyed as
one of the transition nmetal conponents. 15The second conmponent of the

catal yst system conprises a transition netal whi ch can assune two oxi dation

?B‘?‘t Iels) fjl fi eI’EhI c%/ap%g o\lf\'% car?oixylgth%fcfosé’i u¥1 rt(()) #;Qrﬂé az&eiétfz ges 1{) tiqa,lt,( i?’\%n!tlla Tto E\IO
1), Jr (1, tafiial sustebblas cowbimand @msncmfetaﬁwl léwentg ATes pegtsemy bipstyedy casfly

exanpl es i n RAARAL RERE DbtaindHIEsFRE @ls GABLAR QRBLIY 2h& &RIPYARN b 2BligiTENt al
form as conplex or as salt. Platinumnetals are particularly preferably

enpl oyed, de‘i“éIBiﬂb{n%d?Fﬁ‘Bﬁﬁéfés ar ehoRerYiPart idiNcartiVs prefigdai youtfplcbyed,
and pal | adi wdihdc)eoptiiie{ 1, 1, 1, 5, 5, 5- hexaf | uor oacet yl acet onate) (Pd(F6-acac)2)
is even nore preferably enployed as the second transition netal conponent.
Both nmetal s can independently of one another optionally be stabilized by
further |igands, preferably fromthe series am nes, phosphines,

N- het er ocycl i Caaly s sree g prpgegssaceprdipg & the, diventior Eoraprisesi thi dnegl gomponents.

The first component comprises a metal which can assume two oxidation states differing by one
10 unit, particularly preferably from the series Ag (0,I), Cu (0, 1, 1I), Mn (11, III), Fe (11, 1II), Co (II,
III), Ni (II, III), Mo (IV, V), Ru (II, III) (suitable combinations of oxidation states by way of
example in parentheses). The metal can optionally be employed in elemental form, as complex or
as salt. Copper(I) compounds are particularly preferably employed, and copper(I) bromide is very

particularly preferably employed as one of the transition metal components.

15 The second component of the catalyst system comprises a transition metal which can assume two
oxidation states differing by two units, preferably from the series Pd (0, IT), Ni (0, II), Fe (-1, 0,II),
Au (I, III), Rh (1, III), Pt (0, I, IV), Ru (0, II), Ir (I, III) (suitable combinations of oxidation states
by way of example in parentheses). The metal can optionally be emploved in elemental form, as
complex or as salt. Platinum metals are particularly preferably employed, palladium compounds are
20 very particularly preferably employed, and palladium(II) bis(1,1,1,5,5,5-hexafluoroacetylacetonate)

(Pd(Fs-acac),) is even more preferably employed as the second transition metal component.

Both metals can independently of one another optionally be stabilized by further ligands, preferably
from the series amines, phosphines, N-heterocyclic carbenes, nitriles or olefins. Cyclic amines are
particularly preferably used as ligands, and chelating cyclic amines from the series phenanthroline,

25 bipyridine and terpyridine or their substituted derivatives are very particularly preferably used.

The addition of phosphine ligands has an advantageous influence on the reaction, and diphosphine

ligands are preferably, and 1,1’ -bis(diphenylphosphino)ferrocene (dppf) is particularly preferably



particularly preferably used as |ligands, and chelating cyclic am nes from
the series phenant hroline, 25bipyridine and terpyridine or their

substi t utwo 2devdevBti ves are very particul arly preferabl ycusedol1/0vidss

2012/ 066134PCT/ EP2011/ 070488 - 6 - enployed. It is optionally possible for
the actual catalysts to be generated in the reaction mxture fromsuitable
netal precursors by addi ng the conponents (ligands). The catal yst system
particularly preferably enployed for the process according to the invention
i's a 5conbi nafpioosy. of copper () bromde with 1,10-phenanthroline as |igand
and Pd(F6acac)2 with 1,1 - bis(di phenyl phosphi no)ferrocene (dppf) as

| igand. In the process according to the invention, the two catal ysts are
enpl oyed i ndependently of one another in amounts of from0.001 nol%to 50
nol % based dh's PRENHYPBERICPEhe actptripksty RPe genprated Hrthairetam S8 Fepitable 1
mol % to 15 mifprbgsopyslaediabhycoappleay @dandtQThe process according to the
invention is carried out at tenperatures from20C to 180C, preferably at
60C to 140C and particularly preferably at 80C to 120C. The process
according to the invention is normally carried out in the presence of a

sol vent . Sol TheRttalyshprisieh rederlyl pesiprtbyeplevsd foaths pisPeEs aradigaie thyinyFliangs s of

t hfa stagti nlg:oﬁiafhﬁfoh @E Sopgar(lpﬂfﬁinide vﬁﬂﬁd[l@ﬁoﬁ&ﬁ?ﬁﬁ)hﬁe{] @rngm(ﬂ?dm ng(ggwmzemlm 1,1°-

t ol uene, xyle , et enzene, itylepne), ethers or exanpl e
1,4-dioxanef”#ﬁ@?gﬁgﬁé%Pﬁﬁﬁﬁ?“ﬁﬁﬂﬁéFi%?Wghydrofuran, di butyl ether, nethyl
t-butyl ether, diisopropyl ether, diethylene glycol dinethyl ether), am des

(for exanpl e dinethyl formam de, diethylformam de, N-nethyl pyrrolidone,
di FEL hyl gc etIﬁﬁﬂeQﬁéolessad’c&iﬂaiﬁé 1 tmnm@foﬁ,mw | caiaBsts _@I)ére:krllﬂioﬁ@l) inddﬁi:ﬂﬂ&_{tf%’dflone
sul phoxi de, su] phol ane, etonitrile, .isohutyronitrile, propionjt e
o oy ene. cat bt urs oEfi Phsbal a0 BRG MR rRhe PEoRY b b oihs
Am des (for asxampdferool Imetteyd fsonetenabesferbbly@bdigsedpyr r ol i done) and aromatic
am nes (for exanple quinoline, pyridine) or am de/am ne m xtures are
preferably enpl oyed. The process according to the invention can preferably
be carrjed QH} in such way that traces o o o

10 e process according to the invention 1s carried out at temperatures from 20°C to 180°C,

preferably at 60°C to 140°C and particularly preferably at 80°C to 120°C.

The process according to the invention is normally carried out in the presence of a solvent.
Solvents which can be employed for example are one or mixtures of the starting materials, aromatic
hydrocarbons (for example benzene, toluene, xylenes, cthylbenzene, mesitylene), ethers (for
15 example 1,4-dioxane, tetrahydrofuran, methyltetrahydrofuran, dibutyl ether, methyl t-butyl ether,
diisopropyl ether, diethylene glycol dimethyl ether), amides (for example dimethylformamide,
diethylformamide, N-methylpyrrolidone, dimethylacetamide), aromatic amines (quinoline,
pyridine), dimethyl sulphoxide, sulpholane, acetonitrile, isobutyronitrile, propionitrile, propylene
carbonate and chlorinated aliphatic and aromatic hydrocarbons. Amides (for example
20 dimethylformamide, N-methylpyrrolidone) and aromatic amines (for example quinoline, pyridine)

or amide/amine mixtures are preferably employed.

The process according to the mnvention can preferably be carried out in such a way that traces of
water can be removed by continuous azeotropic distillation during the reaction or by the addition of
a desiccant. It is also possible to operate under pressure to achieve the necessary reaction

25 temperature.

R, R and R? are in the context of the invention preferably carbocyclic aromatic radicals having 6 to

24 framework carbon atoms or heteroaromatic radicals having 5 to 24 framework carbon atoms, in



wat er can be renoved by continuous azeotropic distillation during the
reaction or by the addition of a desiccant. It is also possible to operate
under preaeseunre/ise13achi eve the necessary reacti on 25t enp@Catare@.1/070A63

2012/ 066134PCT/ EP2011/ 070488 - 7 - which zero, one, two or three carbon
atons in the framework of each ring, but at |east one framework carbon atom
in the conplete nolecule, my be replaced by heteroatons selected fromthe
group of nitrogen, sul phur or oxygen. The carbocyclic aromatic radicals or
het er oar omatyitgehr &€, @ad, IwHRY tHred EaRh Mne iRehs ﬂb}ﬁav&otwaeehcbyingl Pout @t febst &ne

i denti cal di ff t bsti t ' 5 t f t

of hydr oxy. FFERETOM T U I HBR et B b Py BB rRe B
fornyl, G -@2gmaikyf nitgeClRpabrky] dhgeo,; THebca®bdyche ylomat{cora@idts air hokeadakoplatic

al kOXy and Qavﬂ]&ils%ia? lﬁh’@lx%%?erbgg 1tute§!)y 1|1psto %9 %@'ﬁ&l cﬁff&gh? E%Ltltu 8 lny éach {1{%‘ e nyl

or napht hyl Ich pt1onal y subst 1t ut ed once, tw ce or ree
radi cal 5 whiselactegy %or@él@hgrgm i@~y hdlegran digt wn@fmmema%m érree for elmeﬂ%

group of G -EBndl kyd,,- QﬁylCMCﬁfh){lt)alkﬁlCC@u-aﬂ(Q@xh&(0@5YC14-§(1' @8- cqr&gmaath@nyl

hal ogen, hydroxy, nitro, am no, nmefcapto and cyano e

tolyl, cyandBrehgnd orC lhﬂl‘%?@ﬁ?ﬁ}éln?rl is f%roﬁxaanle plﬁnrl toaadklfqybﬁwwhyl ﬁ”hﬂ‘ﬁés

cont ext of tdj)ﬁoﬂamy/ﬁﬁitm@dﬂl daee tvaccad iyrecalntey by ramlaaleazmhh i‘raSz&h sdtepedenddnyy i S an
optionally s bstit r ai h < ai d. or ra C al kyl
radi cal . Exalrflrp]ileeaéloo rsgﬁql ea%?"g’ Gbst? IF% hflc?’uqf ﬁ(‘ﬂ“r ‘adi ¢ a91 r]aée

G - C6- & kyl ,alk@gy, OBr(EhaaIH@aYdm;bbnyl CE&IC@M la»rdsdxy @6o Cirﬁmo lﬁlelaalpyd ahkyelgno. R is

Cl - C6- al koxy anm@m% ¥§a91 o e#%b%pdg%gonyl G - C6- acyl oxy or

hal ogen. I's particu r exanpl e n-propyl, isopropyl,
n- butyl , tert butyl, |sobutyl, n pentyl or cyclohexyl. Ris preferably a
phenyl, cyanophenyl or tert-butyl radical. R2 is additionally in the

cont ext of tmszﬂmvemMﬂmmmpme¢6mambywahkybm&mmbeﬁchimasbc@ad@pemﬁmhhhw1is an
optional ly s ! i h,ﬁh I cal kyl
o car, Lxaiiara’ SpegyLLALALhaR B sra o R ARED S Rt R e S

G - C6- al kyI ,SuigbleCgbigrra farythe albzé r@%@b?@l%a%@wl C(Dsiéh@&&ikyar%rcwaryl Co-Cis-

C6- C151ar Yyl alralkyl, @cégﬁmal k:pwaryl@y CR.CcahNdQX¥oon ccb-a@m%mag@nmﬂ is

Cl - C6-acyl oxy or halo Cycl oa kyl is particularl Iy for exanple
cycl opent yl MFCEE| Hﬁfg?@W foRgxamp ep‘} PR dpPlry: B! o?}gﬁw f}é,aP -pentyl or

cyclohexyl. R is preferably a phenyl, cyanophenyl or tert-butyl radical.

R? is additionally in the context of the invention preferably alkyl, in each case independently is an
optionally substituted straight-chain, cyclic, branched or unbranched alkyl radical. Examples of

20 suitable substituents for the alkyl radical are C,-Ce-alkyl, C,-Cs-haloalkyl, C;-Cs-cycloalkyl, Cs-
Cyy-aryl, C¢-Cis-arylalkyl, Ci-Cs-alkoxy, C,-Cs-aryloxy, C,-Cs-alkoxycarbonyl, C,-Cs-acyloxy or
halogen. Cycloalkyl is particularly preferably for example cyclopentyl or cyclohexyl, R? is
preferably a cyclohexyl radical.

The counter-ion M™ from formula (I) is in this connection a metal cation which leads to
25 equalization of charges, preferably from the series of metals Li, Na, K, Mg, Ca, B, Al, Ag, Cu, Mn,
Fe, Co, N1, Mo, Ru, particularly preferably from the series of sodium or potassium (n = 1).

The alpha-oxo carboxylic acid salts of the formula (I) are optionally added in preformed form or

are generated in situ from the alpha-oxo carboxylic acids and suitable bases.

The new process of the invention can also be utilized for the synthesis of aryl ketones, as the

30 azomethine products are casily hydrolyzed, e.g. by adding HCl,q after the reaction is complete. The



The counter-ion M1" fromformula (lI) is in this connection a nmetal cation
whi ch | eads to 25equalization of charges, preferably fromthe series of
met al s LiwoNai2/dés130y, Ca, B, A, Ag, Cu, M, Fe, Co, N PCHEP20Ru/070488
particularly preferably fromthe series of sodiumor potassium(n = 1). The
al pha- oxo carboxylic acid salts of the formula (1) are optionally added in
preformed formor are generated in situgf.romthe al pha-oxo carboxylic acids
and suitable bases. WD 2012/ 066134PCT/ EP2011/ 070488 - 8 - synthesis of
aryl ket onesyithQR R-2AX Q6D B6M dlo@ctab¥xylReILy thdlk B skt 6RBNBA 36 HindsOcibd¥l Nes,
cross-coupling and Ciiul%sequent gydr otJn sis of the azgnethine internmedi ates is
advant ageous RIS A EHOERIMBE Y ERRIH P ée ot AN BREArh Sx A BB SR of
tT Ee d ][ amat i Qﬁb&ty%dpﬁ@tggd of-@«'éé‘etrfbo@ﬂatf&ﬂf%ﬁ@dfﬁfe_@lﬁan(aﬁ-&ﬁﬁreﬂﬁfe@%ﬁctfbﬂﬁﬂlpéﬁt@l@%] -
erefore a fur r t..of the ipventjon a process for_the synthesis
Sof aryl ket &HEE W ghEElG T ine BSBRGbAT akPpPudiPes e Rt IE sl tibove
The hyds ol ysifsuyil &etoms by dgtldolytinpyn achdicthine grepareé nalkdesadicd abave hTlashydidhag ior
H2SO4 or wat er. >t hine 2/ 3 488 - 9 -
Baml o6 Exasbfutl FBERTRLH ML R TR A s & Used
for the exanples: 15 nol % copper (1) brom de, 15 nol %
1, 10- phenant hrol i ne, 2 nol % dppf and 1 nol % Pd( F6- 5acac)2, at 100C for 16
hours in NMP which successfully converts a |arge nunber of aryl brom des
wi th various al pha-oxo carboxylic acids and a variety of primry am nes
into azonet hi nes Course of the reaction:



+ R2-NH2 + R1-Br Cu/Pd cat. .R2 RR1 0 Product Yield Product Yield

1 %
WO 2012/066134 PCT/EP2011/070488

Examples:

Examples (Va to Vz)

The following catalyst systems were used for the examples:
15 mol% copper(I) bromide, 15 mol% 1,10-phenanthroline, 2 mol% dppf and 1 mol% Pd(Fs-
5 acac),, at 100°C for 16 hours in NMP which successfully converts a large number of aryl bromides

with various alpha-oxo carboxylic acids and a variety of primary amines into azomethines

Course of the reaction:

0 Cu/Pd e
ot cat.
R)H(OM + R—NH, + RY-Br ——— R)'\R1

O
Product %/ioeld Product %/ioeld
NCy
NCy
Ph” PTol 91 Ph*@\ 90
Va
(Va) OMe (Vb)
NCy NCy
SMe (vo) NMe: (va)
NCy OMe NCy
PhJK@ 86 Ph)K@\ 94
(Ve) SN%)
NCy O NGy
Ph
‘ 66 Ph 93
C
(Vg)
NCy NCy
NOz (vi) N (Vi)
NCy NCy

Ph

o]

83 63
CO,Et CF

(Vk) (VD



WO 2012/ 066134PCT/ EP2011/ 070488 - 10 - NCy 91Ph85 94 (Vo) (Vp) NC NOy

66pTol 71 (Vr) (VQ) N-n-C5H").: 1101 (Vs) 45 11-n-05Hii Ph pTol (W)
MeOQOVE 87O 2012/066134 PCT/EP2011/070488
- 10 -
NCy
N (Vm) S (Vn)
NCy
/@J%Tol 34 /©)%T0l 94
(Vo) (Vp)
NCy
pTol 66 r” pTol 71
\_0
(V) (V)
N-n-C.H,, Nen-C.H
45 )J\ 5 11 ]7
Aol PR PTOl (v
(Vs)
X I@f
)Nl\ Ph 64 94
Ph™ pTol  (yy) Ph pToI (Vv)
©/NMEZ MGOID
NI 60 73
Ph™ pTol (Vw) Ph pToI (Vx)
CF,
NPh O
h” STol 53 N 16
PO (vy) '
Ph” pTol (Vz)

10

Ph for phenyl, Cy for cylohexyl and p-Tol for p-Tolyl moicties.

The substituent from the alpha-oxo carboxylic acid is drawn to the left of the carbonyl group in the
Table.

Example (Va)
Synthesis of N-(phenyl-(4-tolyl)-methylene)-cyclohexylamine (Va). A mixture of potassium

phenyloxoacetate (Ia, 4.52 g, 24.0 mmol), palladium(II) 1,1,1,3,3,3-hexafluoroacetylacetonate (104
mg, 0.20 mmol), copper(I) bromide (430 mg, 3.00 mmol) under nitrogen was treated with a
solution of cyclohexylamine (Ila, 2.38 g, 2.75 ml, 24.0 mmol), 4-bromotoluene (IVa, 3.42 g, 2.46
mL, 20.0 mmol), 1,1'-diphenylphosphinoferrocene (114 mg, 0.20 mmol), and 1,10-phenanthroline
(541 mg, 3.00 mmol) in 40 mL NMP and 10 mL cyclohexane, excluding air and moisture. The
reaction mixture was refluxed at 100 °C for 16 h. It was then washed twice with saturated sodium
bicarbonate solution, water, and once with brine, and the aqueous phases were extracted twice with

ethyl acetate. The combined organic phases were drnied over magnesium sulfate and filtered. After



NPh Ph pTol (VWy) 53 Ph pTol Ph for phenyl, Cy for cylohexyl and p-Tol for
p- Tol yl noieties. The substituent fromthe al pha-oxo carboxylic acid is
drawn t o wbeol2feb13af t he carbonyl group in the Tabl e. Erpammpeoiiva)4ss

5Synt hesi s of N-(phenyl-(4-tolyl)-nethylene)-cycl ohexylamne (Va). A

m xture of potassium phenyl oxoacetate (la, 4.52 g, 24.0 mol),

pal ladiunm(Il) 1,1,1, 3, 3, 3-hexaf| uoroacetyl acetonate (104 ng, 0.20 mol),
copper (1) brom de (430 ng, 3.00 nmol) under nitrogen was treated with a
sol ution of ey&landFe)sbiREn ﬂﬂlox@éda)y d2st13&10@,(133 °@ D 40007 mBér),@lemhatwas obtained as

4- br onot ol uen 1.V, 2.46 nL, 20.0 mmol), 1,
| ' - di phenyl ﬂﬁ@%‘%‘?‘” @3?578%688%@ (114 nmg, 0.20 mmol), and 1, 10- phenant hrol i ne
10 (541 nmg, 3.00 mmol) in 40 nL NWP and 10 nL cycl ohexane, excluding air

and noi sture. The reaction m xture was refluxed at 100 C for 16 h. It was

t hen washed i winc& WrcrBd $amUthat e aipRdxd BaiboGait ReIAa kQctSKkhUvito BlectwalrRh ,andind
once with br aﬁdthe gﬁueou ha es werﬁjlextrglgtedtwlce ﬁth et h

acetate. The 68%5??090 ieﬁoaﬁﬁgé’@é WY VAP SRS A grdsTth SR f1RE and
filtered. Afmlenonal/@)@n@h@ﬁ@ﬁﬁfh&dRﬁ?ﬂaﬁ&’@ﬁbislmﬁé’m&&mle;mval of the sol vent
foll owed by destillation (130 C/ 4x10-3 nbar), the product was obtained as
yellow oil (4.58 g, 83%yield). It can be inferred fromthat the

al pha- oxo caibibx gthirdar t+igmomdisee tsidibe wpupkrde geof pishls miite haranglaleleetk-and poor

aryl and hetigfRak iubQitdl BS-otPcatioVRicth N8 R%Q MBERh NS MndRQnY thBlefhso thM t h
many S5functional groups being tolerated, inter alia esters, nitros and

nitriles. broadly applicable novel synthesis method for preparing aryl azomethines was demonstrated. It
10 was even possible to allows the coupling of aryl chlorides using 2-(dicyclohexylphosphino)-
2°.4° 6’ -triisopropylbiphenyl instead of dppf as exemplified by the synthesis of Va in 61% yield

from 4-chlorotoluene.

15

20



On the other hand, 4-bronotoluene could be coupled in good yields with
various al kyl-, aryl- and heteroaryl -substituted al pha-oxo carboxylic acids
usi ng di fwenemntosprasmary am nes, and therefore the broadlpgTappéiinaiase novel
synt hesi s nethod for preparing aryl azonethines was denonstrated. It 10 was
even possible to allows the coupling of aryl chlorides using

2- (di cycl ohexyl phosphino)- 2',4',6"-triisopropyl bi phenyl instead of dppf as
exenplified by the synthesis of Va in 61%yield from 4-chl orotol uene. 15
WO 2012/ 066134ikcT/ EP2011/ 070488 - 12 - Clains Process for preparing
azonet hi nes of the general formula (V) N__NW1 RRL(V), where 5Ris an
optionally substituted carbocyclic aromatic radical having 6 to 24 carbon
atons or an optionally substituted al kyl radical or an optionally

substi tuted het eP@ﬁ?%ﬁ»ﬁ?lieeaﬂf%ﬁoeaﬂnnwmﬁ@e@raé@Hg%a(chr bon atoms, and Ris an
optionally substituted carbocyclic aromatic radical having 6 to 24 carbon
atons or an optionally substituted heteroaromatic radical having 5 to 24
car bon 10at ors,

Nl”“R
)\ 1
R~ R ).
where
5 R is an optionally substituted carbocyclic aromatic radical having 6 to 24 carbon

atoms or an optionally substituted alkyl radical or an optionally substituted

heteroaromatic radical having 5 to 24 carbon atoms, and

R' is an optionally substituted carbocyclic aromatic radical having 6 to 24 carbon
atoms or an optionally substituted heteroaromatic radical having 5 to 24 carbon

10 atoms,

R’ is hydrogen or an optionally substituted carbocyclic aromatic radical having 6 to 24
carbon atoms or an optionally substituted alkyl radical or an optionally substituted
cycloalkyl radical or an optionally substituted heteroaromatic radical having 5 to

24 carbon atoms

15 by reacting alpha-oxocarboxylates of the general formula (I)

O

O | ppm

O

n

@.

where



12 _2is hydrogen or an optionally substituted carbocyclic aromatic radical
having 6 to 24 carbon atons or an optionally substituted al kyl radical or
an opti onablgi12zebstii t ut ed cycl oal kyl radi cal or an opti ecaidpgoisobsss t ut ed
het eroaromatic radical having 5 to 24 carbon atons 15by reacting

al pha- oxocar boxyl ates of the general formula (1) O

. e . "ORON - 13.t3-nis a nunber in the range from1l
to 6, M11+) is a cation, and Rhas the neaning indicated for forrmula (V),

with aryl brom dass Ofunbbién @eRasatonf ool a (1 V) 5R1-Br (1V) where Rlhas the
meani ng i ndicated for fornula (V), and am nes of the general fornmula (1)

M™  is a cation, and
R has the meaning indicated for formula (V),
with aryl bromides of the general formula (IV)
5 R'-Br Iv)
where
R' has the meaning indicated for formula (V),
and amines of the general formula (II)
R>-NH, o)

10 where

R’ has the meaning indicated for formula (V)

via the alpha-iminocarboxylate intermediate of the general formula (I1I),

(IID),

where



R2-NH2(11) 10where R2has the neaning indicated for fornmula (V) via the
al pha-i m nocar boxyl ate internedi ate of the general formula (11l), O where
WO 2012/ O8062810RGITEP2011/ 070488 - 14 - n is a nunber inpPChEPe@n@0488 0om 1 to

6, M n+)

is a cation,

and Rhas the neaning indicated for fornula (V), R2has

the neaning indicated for formula (V), 5in the presence of two transition
metal s or conpounds thereof as catalysti42. Process according to Caim1l
where the catal yst conprises two different transition netals and/or

transition netal hcoeBadSihe G2 BBt Eliczed in that one transition neta
one transition netal conpound 1s selected fromthose able to assune

oxi dation states differing fromone another by one unit, and the other
I, the other transition netal 1OConpound is selected from

transition netal
those able to asMime BRICYLRIBH st at es differing fromone another by two

units.

5

2.
10

3
15

4.
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6.

R has the meaning indicated for formula (V),

R’ has the meaning indicated for formula (V),

in the presence of two transition metals or compounds thereof as catalyst.

Process according to Claim 1, where the catalyst comprises two different transition metals
and/or transition metal compounds, characterized in that one transition metal or one
transition metal compound is selected from those able to assume oxidation states differing
from one another by one unit, and the other transition metal or the other transition metal
compound is selected from those able to assume oxidation states differing from one another

by two units.

Process according to either of Claims 1 or 2, where the one transition metal or the
transition metal compound is selected from the series of metals Ag, Cu, Mn, Fe, Co, Ni,
Mo, Ru and compounds thereof and the other transition metal or the other transition metal
compound is selected from the series of metals Pd, Ni, Fe, Au, Rh, Pt, Ru, Ir and

compounds thereof.

Process according to any of Claims 1-3, where at least one of the transition metals is
stabilized by ligands from the series of amines, N-heterocyclic carbenes, nitriles, olefins or

phosphines.

Process according to Claim 4, characterized in that the ligand is a chelating amine from the

serics phenanthroline, bipyridine, terpyridine and/or a trialkylphosphine.

Process according to Claim 1, characterized in that a combination of copper(I) bromide
with 1,10-phenanthroline as ligand and bis(1,1,1,5,5,5-hexafluoroacetylacetonato)-
palladium with 1,1°-bis(diphenylphosphino)ferrocene (dppf) as ligand is employed as

or



3. Process according to either of Clains 1 or 2, where the one transition
nmetal or the transition netal conpound is selected fromthe series of
met al s AgwoCQui2/éti34Fe, Co, Ni, Md, Ru and conpounds t herewfEPasud/otdags ot her
transition nmetal or the other transition netal 15conpound is selected from
the series of netals Pd, Ni, Fe, Au, Rh, Pt, Ru, Jr and conpounds thereof.
Process according to any of Cains 1-3,13here at | east one of the
transition nmetals is stabilized by ligands fromthe series of am nes,
N-heterocyclic casdgnes, nitriles, olefins or phosphines . 205.Process
according to Claim4, characterized in that the ligand is a chelating am ne
fromthe series phenanthroline, bipyridine, terpyridine and/or a
trial kyl phosphi ne. Process according to Claim1, characterized in that a
conbi nati on of c&pEEF EPPHIZORT BE i TlHme L PO pHEttatit HPGrIthe! Bs P FaRlstand b
i1 i ( %_, 1,( OI_1, ﬁ 5, ?mﬁlbﬁ&&ﬁdGb%ﬂ?&ﬁ? of yﬂeae@l(ea&&rh?é) 89m 0}@_&1 h@g% wrsm'nblll% baseél on the "o

, 1' - bi s(di phenyl phosphi no) ferrocene (dppf) as ligand is enployed as
2012/066134PCT/Eﬁgﬁnggﬁgf§§n9k1§8> catal yst. Process according to any of
Claims 1 to 5 where the amounts of the two catal ysts enpl oyed
i ndependently of one another are from0.001 nol%to 50 nol % based on the
conpoung of ¢ he fpejcih@oriiny}o and 8f ElaiAE @367, REGREGLAUTN thet tRIProREs ifdadiciButht L O 7,
characterized in that th? r&ﬁgsﬁ(kg carried out at tenperatures from 60C
to 140C. Processt?%Wm?ﬁﬁlggﬁ d8i1¥°bf aryl ketones characterized in that an
azonet hi ne prepared according to any of Clains 1 to 8 is hydrolyzed.

9. Process for the synthesis of aryl ketones characterized in that an azomethine prepared

according to any of Claims 1 to 8 is hydrolyzed.



