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Process for the preparation of
5-(l-piperazinyl)benzofuran-2-carboxamide
by transition metal-catalysed amination



R1 is al kyl

having 1-6 carbon atons or benzyl, 20 and subsequently wth

Jormam de to give 5-L-benzofuran2-carboxamde (11), in which L is O,
or a reactiwelaw esterified OH group, 25 (I1) is then reacted in a

transition netal -catal ysed amination with RZ-piperazine, in which RZis H

or an am no protecting group, to give th#g eonmpound of the fornmula II

¥30 in which R2 is Hor an amno protecting group, Z - 2 and subsequently,

Br,

if R ~ H R2is cleaved drocess dy) theammparationtef formula IV iVin
which 10 L is O, Brs-(10piBer&28hi Y Ph¥nesEREhhl 8dchgkaRgeR3 is H or

CH2RG,
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by transition metal-catalysed amination

The invention relates to a process for the preparation
of 5-(l-piperazinyl)benzofuran-2-carboxamide, charac-

terized in that

a) S5-bromosalicylaldehyde is reacted in a one-pot
reaction firstly with a compound of the formula I

1
L-CH-COOR |
in which
L is Cl, Br, I or a reactively esterified OH group,
and
R? is alkyl having 1-6 carbon atoms or benzyl,

and subsequently with formamide to give 5-L-benzofuran-
2-carboxamide (II), in which L is Cl, Br, I or a

reactively esterified OH group,

(IT) is then reacted in a transition metal-catalysed
amination with R?*-piperazine, in which R? is H or an
amino protecting group, to give the compound of the
formula IIT

N\ i
O  NH,

in which R? is H or an amino protecting group,



R4 and R5 are each, independently of one another, ORS, ORB, SRS or SRB, 15
R4 and R5 together are alternatively carbonyl, =S, =N-C (R) 2, =N-C (RB)
2, =N-OH, =NORS;, =N-N (R~)2l , =N-N (RB)2] O -O (CH2)n-0-, R6 i s CN,
COOH, COCRS or CONH2 , R~ is alkyl having 1-6 carbon atons, 20 RB i s phenyl
which is unsubstituted or nono- or disubdt+tuted by R~, ORS, SRS or Hal, n
is 2 or 3, isreacted in a transition netal-catal ysed ami nation 25 with
R2- pi per azi néng sulisiegvertlivs HforR’ar Hmi RO s otbeaved gEbup, to give a
conmpound of the formula V v OR3 in which R2 is H or an am no protecting
group, 5 RBi s Hor CH2ZR6 , R4 and R5 are each, independently of one
another, OR P*ORB, SR or SRB, R4 and R5 together are alternatively
carbonyl, =S, =N-C (R) 2, =NC (RB) 2, =N-OH, =N-OR, 10 =N-N[ (R) 2z ] ,

=N-N (@) %)] Ora _c%_mp(o%lHQ or%_q{he’ f%GrniluSlaCI\IIV CCOH, COCR' or CONH2,

RA
H
L
RS v
OR3
in which
10 L is Cl, Br, I or a reactively esterified OH
group,
R3 is H or CH,R®,

R* and R® are each, independently of one another, OR’,
OR®, SR’ or SRS,
15 R? and R® together are alternatively carbonyl, =S,
=N-C(R"),, =N-C(R®),, =N-OH, =N-OR’,
=N-N[(R");], =N-N[(R®),] or -0O-(CHz),-O-,

R® is CN, COOH, COOR’ or CONHg,
R’ is alkyl having 1-6 carbon atoms,
20 RS is phenyl which is unsubstituted or mono- or
disubstituted by R’, OR’, SR’ or Hal,
n is 2 or 3,

is reacted in a transition metal-catalysed amination
25 with R®*-piperazine, in which R?® is H or an amino

protecting group,

to give a compound of the formula V



R is alkyl

having 1-6 carbon atons, RB is phenyl which is unsubstituted or

.hono- or disubstituted by R, OR, SR or Hal, 15 nis 2 or 3, which is
subsequent |y reacted in a one-pot reaction firstly with a conpound of the

formul a |

L-CH2-COOR | 20 in which L is Cl, Br, |I or a reactively

esterified OH group, and 25 Rl is al kyt having 1-6 carbon atons or benzyl,
‘and subsequently with formam de to give a conpound of the formula 11l 1]

in which R2 is Hor an aﬁLgo protecting grgyp, 5 and subsequently, if R2 ~
10 o

H Rz is cleaved off,
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ch\awconpound thhe formula V

N \"
RS
OR3
in which
R? is H or an amino protecting group,
R? is H or CH3RS,

R* and R® are each, independently of one another, OR’,
orR®?, SR’ or srS,

R? and R® together are alternatively carbonyl, =8,
=N-C(R");, =N-C(R®),, =N-OH, =N-OR’,

=N-N[(R")2], =N-N[(R%);] or -O-(CHz)a-O-,

R® is CN, COOH, COOR’ or CONHj,

R’ is alkyl having 1-6 carbon atoms,

R® is phenyl which is unsubstituted or mono- or
disubstituted by R’, OR’, SR’ or Hal,

n is 2 or 3,

which 1is subsequently reacted in a one-pot reaction

firstly with a compound of the formula I

L-CH>-COOR! |

in which

L is Cl, Br, I or a reactively esterified OH group,
and

R? is alkyl having 1-6 carbon atoms or benzyl,

and subsequently with formamide to give a compound of
the formula III



in which Rz R3is an amno protecting group, is Hor CH2R6, R4 and R5are
.each, independently of one another, OR, R4 and RS R6CRB, SR or SRe,
together are alternatively carbonyl, =S, =NNC (R) 2, =N-C (RB) 2, =N-OH,

=NOR', =NN[ (R) 2] , =N-NN[ (RB) 2] O -O (CH2) n-O , i s CN, COOH,
COOR or CONHZ , R is alkyl having 1-6-carbon atons,
R2
L\V/N ')
A\ i
0 NH,

in which R? is H or an amino protecting group,

5 and subsequently, if R? # H, R? is cleaved off,

or
c) a compound of the formula V
10

in which

R? is an amino protecting group,

R’ is H or CHyRS,

R? and R® are each, independently of one another, OR’,

15 OR®, SR’ or sr®,

R' and R® together are alternatively carbonyl, =S,
=N-C(R7),, =N-C(R?®);, =N-OH, =N-OR’,
=N-N[(R7)2], =N-N[(R%)2] or -O-(CH;),-0-,

R® is CN, COOH, COOR’ or CONH,

20 R’ is alkyl having 1-6 carbon atoms,

R® is phenyl which is unsubstituted or mono- or
disubstituted by R’, OR’, SR’ or Hal,

n is 2 or 3,

25 is reacted with chloroacetamide to give a compound of

the formula III
in which R? is an amino protecting group,
30 and R? is subsequently cleaved off,
and/or 1in that ©5-(l-piperazinyl)benzofuran-2-carbox-

amide is converted into one of its acid-addition salts

by treatment with an acid.



RBi s phenyl _ _
SR or Hal, is 2 or 3, 25 is reacted with chloroacetam de to give a
conmpound of & he formula Il in which RZ is an am no protecting group,
and RZ is subsequently cleaved off, and/or in that _ _

5- (1- pi perazi nyl ) benzof ur an- 2- car boxantde +s converted into one of its
‘acid-addition salts by treatnent with an acid. - 5 The invention al so

whi ch is unsubstituted or nono- or ndisubstituted by R,

relates to the conpounds of the fornula VR4 V5 OR3 in which
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The invention also relates to the compounds of the

formula v

2
AANY R4
/’“\1 y
L\V/N \%
RS
OR?

in which
R? is H or an amino protecting group,
R3 is H or CH,R®,

R* and R’ are each, independently of one another, OR’,
OR®, SR’ or SRS,

R* and R’ are each, independently of one another, OR’,
OR®, SR’ or SR®, [sic]

R* and R® together are alternatively carbonyl, =S,
=N-C(R’);, =N-C(R®),, =N-OH, =N-OR’,
=N-N[(R7)2], =N-N[(R®),] or -O-(CH;)n-O-,

R® is CN, COOH, COOR’ or CONH,,
R’ is alkyl having 1-6 carbon atoms,
R® is phenyl which is unsubstituted or mono- or

disubstituted by R’, OR’, SR’ or Hal,

n is 2 or 3,
and salts and solvates thereof.

5-(l-piperazinyl)benzofuran-2-carboxamide is an impor-
tant intermediate for pharmaceutical active ingredi-
ents. This is described, for example, in DE 19730989,
WO 9857953, EP 738722, EP 736525, DE 4414113,
DE 4333254 or DE 4101686.

Benzofuran derivatives as precursors are also des-
cribed, for example, in DE 19514567.

Processes are known for the preparation of heterocyclic

aromatic amines or arylamines, for example from

R,
30



R2 is Hor an amno protecting group, R3i s Hor CH2R6 , 10 R4 and R5 are
OR, ORB, SR or SRe, R4 and RS are

.each, independently of one another, .
each, indepandently of one another, OR, ORB, SR or SRe, [sic] R4 and R5

together are alternatively carbonyl, =S, 15 20 =N-C (R) z, =N-C (RB)
=N-OH, =NOR, =N-N[ (R) 2] , =N-Nf €RB) 2 ] or -0- (CH2) n-0- :
CN, COOH, COOR or CONH2 , R is alkyl having 1-6 carbon atons, RBis

phenyl whi chEPs Ou8dgbdt7idtut &d ehisbnoa sragisdyboni-metted bgaRalyeR 1sSR  or

Hal, nis 2

5- (1- pi per azi nyl ) benzof ur an- 2- car boxam de i s an inportant

Qked,., and salts and sol vates thereof. 25

2,
R6 i

i nternedi ate for

phar maceuti cal active ingredients. This is described, for exanple, in DE
19730989, WOce8e7833,afdtha8BiR2reBRt136%2% rdEqd4dA1b3d B 48334 & DE

4101686. 30
exanple, 1n

REV163¥, 20y S o bored B3R MR CHRSREr BRG oy ady orf 0

het er ocycl i c2868ratQthelni peeocessasy|fam neke forepexanylon fobmtertiary
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arylamines using a catalyst composed of a trialkyl-
phosphine and palladium are disclosed in JP 10-310561
(Kokai application), Appl. No. 9-119477 or JP 11-80346
(Kokai application), Appl. No. 9-245218.

A process for the preparation of arylamines with
transition-metal catalysis has ©been described by
S.L. Buchwald et al. in US 5,576,460. Another process
for the preparation of aromatic amines from chlorinated
aromatic compounds in the presence of a palladium
catalyst is described in EP 0 846 676, by J.F. Hartwig
et al. in J. Org. Chem. 1999, pp. 5575-5580, or S.L.
Buchwald et al. in J.A.C.S. 1999, 121, 9550-9561.

In Tetrahedron Letters 39 (1998) 617-620, M. Nishiyama
describes the synthesis of N-arylpiperazines from aryl

halides and piperazine with transition-metal catalysis.

Surprisingly, studies in the course of the synthesis of
medicaments which are described, for example, in
DE 43 33 254 (EP 0 648 767) have shown that 5-(1-
piperazinyl)benzofuran-2-carboxamide can be cbtained in
at least comparable or higher overall yield compared
with the prior art, crucial advantages which may be
mentioned here being the fact that the reaction is
simple to carry out and product isolation is con-
sequently simple.

Another consequence of this is the low solvent and

energy consumption.

If L in the compounds of the formulae I, II or IV is a
reactively esterified OH group, this is preferably
alkylsulfonyloxy having 1-6 carbon atoms (preferably

for

S



a- 6 EPO 802 173, in which a transition-netal catalyst is used. General
,amnation reactions are described in a review5 article by J.F. Martinez in
Angew, Ch. I.nt. 37, 2046 2062. Ot her processes for the preparation of
tertiary arylam nes using a catal yst conposed of a trial kyl phosphi ne and
pal | adi um are di sclosed in JP 10-3105641 {Kekai application), Appl. No.
9-119477 or JP 11-80346 10 (Kokai application), Appl. No. 9-245218. A
process for TeERHEE APl @r ytanfheeranehhyiandfonyhomsd al agatlal ysi s

has been desguilBRabxe L. hBYER J(%jﬁoalc?ggogsE%gg@g463pfgﬁgﬁﬁﬁdprocess

15 for the preparation of aromatic amnes from chlorinated aromatic
conpounds i nP{EYgreserffe of Patuy syl tonvhenyyst fyrgbssmored | @1ER 0 846

676, by J.F. 2Haepuhg lenedul iohyl.oxg. @em 4988rnBRivady5- 5F80or@- S. L.
Buchwal d §t al A C S, 1999, 121, 9550-9561. 20 In Tetrahedron Letters

in
39 (1998)° 6179830 PYNC N 'shi yama descri bes the synthesis of
N-aryl pi perazines fromaryl halides and piperazine with transition-netal

catal ysis. 2R%1SugptiisiAgl |es | e r of, t synt hesi.s of

nedi canent s \%hi gﬁ gﬁzcbges%%i%éeﬂ@fbé%x%?rp?%?gi ?II%E Y3 %3 %544(E 6 648

767) have sh8wfanRan 52{aps pePasfayRPBynZof U an32-cgarbosanbde edomse

obt ai ned in phrkeastl a6QPaAN & M10] JBSE %&%@ﬂe,ﬂrﬁ‘é&&?ﬁmﬁf %@hﬁﬁ,‘”th
e

t he pri;[oar%i1 ggucial advant ages, whi ch nmay be nenti one ere t he
fact that’ t h& FEEEETONS PPt e +8CREPPYLoutt htdismanstalsel butyd i s
consequent | yisbbpkgl , Agech®ntgansequerte Rftyiinis is the | ow solvent and 35
energy consunption. If L in the conpounds of the formulae I, Il or IVis a

reactively esterified OH group, this is preferably al kyl sul fonyl oxy havi ng
1-6 carbon alontheprefimgrabids ¢f the formula I, L is preferably C1,

furthermore also Br.
15
R?> is H or an amino protecting group. R? is particularly
preferably an amino protecting group.
The term “amino protecting group” is known in general
terms and refers to groups which are suitable for
20 protecting (blocking) an amino group against chemical
reactions, but which are easy to remove after the
desired chemical reaction has been carried out else-
‘where in the molecule. Typical such groups are, in
particular, unsubstituted acyl, aryl, aralkoxymethyl or
25 aralkyl groups. Since the amino protecting groups are
removed after the desired reaction (or reaction
sequence), their type and size are furthermore not
crucial; however, preference is given to those having
1-20, in particular 1-8, carbon atoms. The term “acyl
30 group” in connection with the present process and the
present compounds should be understood in the broadest
sense. It covers acyl groups derived from aliphatic,
araliphatic, aromatic or heterocyclic carboxylic acids
or sulfonic acids and, in particular, alkoxycarbonyl,
35 aryloxycarbonyl and especially aralkoxycarbonyl groups.
Examples of acyl groups of this type are alkanoyl, such
as acetyl, propionyl, butyryl; aralkanoyl, such as
phenylacetyl; aroyl, such as benzoyl or tolyl; aryl-
oxyalkanoyl, such as phenoxyacetyl; alkoxycarbonyl,



- 7 nmethylsul fonyloxy or trifluoronethylsul fonyloxy), arylsulfonyl oxy
shaving 6-10 carbon atons (preferably phenyl- or p-tolylsul fonyl oxy,
furthernore ,al so.2-napt hal enesul fonyl oxy) or alternatively fluoro5

sul fonyloxy. Rl i s alkyl or benzyl . Alkyl here has 1, 2, 3, 4, 5 or 6
carbon atons, preferably 1, 2, 3 or 4 €a8ben atons, particularly
preferably, for exanpl e, nethyl or ethyl, 10 furthernnre propyl, |§opropyl,
furthernore &4€§ b@syl m¢%hﬁ%ugarb@ezlbut9thoxycerbebuiyl 21,2 Qharaenpounds

of the fornu f C1, t her I H or an
am no proteckﬁﬁbzghtﬁzxgggﬁﬁgﬁggt|cuIEPFX@Xrg?EErE Eﬂt@& %%%ygé ot écting

group. The t@r ﬁMQ§ﬁ99ﬂyﬁg gPEapKY] Kﬁéﬁhonﬁ gen%u@h tﬁ#rnEB@nd

refers to grqua&bwbe&ho&&@aﬁwdh@hje fog129 pggtgggbag {td ockknghzan anLno
group ag nst chegé rea tions, but which are to renpve after the

desired chenicXf YHLXYIEEER O i e ot e shhEPESY LM hesvecul e.
Typi cal suchcgrbopylareamyﬂsuﬂfomyﬂﬁusuuhsuﬁﬁtmﬁﬂt@d meyhongmla 6-

ar al koxynmet h I Since the am no protecting groups are
renmoved afte¥k%ﬁgt§§1? é§¥§§gtl%&%(or reacti on sequence), their type and

size are furBﬁer%ﬁr%rho@attU@uéﬁrlhomeeéerapigfbeenyé bg @OCen to those_
having 1-20, in particular 1-8, carbon atons. The term"acyl 30 group"” in
connection with the present prqcess and the present conmpounds shoul d be

under st 0t i it hEMBRBadBEPLESHIRT | IR Rer LTty | bYr ouprsodedi vEdomr om

al i phatic, acehmbpbadi 6f &henddrendla MlerﬂCd(@érﬁdﬁ?%b@PW{:hé BTbdecer
sul fonic aC|ds and, in par&icular al koxycar bonyl 5 aryloxycarbonyl and

especi al |y af &P k oKy group§ingxa SRS Df 2CARS t ype
are aIkanoylads@nhaasoaséyylpspmgpramw rnﬁgﬁgudrdﬁ¢é$ﬁ@oygc1apcho@s

phenylacetyl zgrlgugglgs Q%isgr gnénegﬁg%yo§¥alkanoxokgg%gg as

phenoxyacet oxycar bonyl , 2Uch
et hoxycaP bon?‘Fld% 2,5ueh| @ oﬁ@&ﬁ@@m%nyﬂlu@wmteuﬂfhwu@xyaadﬂonyl },

2-i odoet hOXY§@f&Q@y|or§’é@id‘y|&?MybPﬂyl ac?ﬁéfsh" a%ugﬁz as trichloro-
(car bobenzox carbony E al so referred to as. "2")
4- et hoxyben% yl OTEMERL QR F¢ uGcdsi rreﬁH@hyc%ﬁf b&@pzene- or

aryl sul f onylp- Em&ﬁeismdfoﬁﬂcnekhﬁxy Phé, Pridseidy | pheny syhé0rYbhal
inert solvent is possible, but is not always necessary.
20 Suitable inert solvents are preferably organic
solvents, for example carboxylic acids, such as acetic
acid, ethers, such as tetrahydrofuran or dioxane,
amides, such as dimethylformamide, halogenated hydro-
carbons, such as dichloromethane, furthermore also
25 alcohols, such as methanol, ethanol or isopropanol, and
water. Also suitable are mixtures of the above-
mentioned solvents. TFA is preferably used in excess
without addition of a further solvent, and perchloric
acid is preferably used in the form of a mixture of
30 acetic acid and 70% perchloric acid in the ratio 9:1.
The reaction temperatures are advantageously between
about 0 and about 50°, preferably between 15 and 30°.
The BOC group is preferably cleaved off using TFA in
dichloromethane or using approximately 3 to 5N hydro-
35 chloric acid in dioxane at 15-30°.
Protecting groups which can be removed hydrogeno-
lytically (for example CBZ or benzyl) can be cleaved
off, for example, by treatment with hydrogen in the

presence of a catalyst (for example a noble-metal



Rz is very particularly preferably benzyl or BOC. 10 An ami no protecting
.group can be renoved froma conpound of the fornmula Il - depending on the
protecting group.used - using, for exanple, strong acids, advantageously
using TFA (trifluoroacetic acid) or perchloric acid, but al so using other
strong inorganic 15 acids, such as hydroBhtoric acid or sulfuric acid,
strong organi ¢ carboxylic acids, such as trichloroacetic acid, or sulfonic
aci ds, such &rtEiRhe- 8wvch-t ebuemsslilddinit, acadvaibagpoesenceonf an

addi tional i nefidocal VeBlichS APSSERLER) DU s S 001 o AIMAYNGCCRSBLY 5,20

Sui tabl e i ner %@}O' vents are preferably organic solvents, for exarrpa} e
carboxylic aditRe® sMENHEONRDt iBPWEd, idt @k tiwlpms thay argpamarle.an or

di oxane, ami dassormile), asuch MBS hylekBpABT d8; dehHesat 8¢ Bydeear keps, such

as dichl ogon%ltshad}&, :‘Ag%t hgr ggre al ﬁo 25 al cohaol s,%fﬁgh as et hanol, et hanol
or isopropandl®, And wat'€r YAFSTEER ¥ E0Fe & IS eprrhedapFeddnt i oned
sol vents. TFAempeyredfusresh| petiwedn nakaaess) Watikoul 0addi 4h®@n pestdnyd her

sol vent, and ri id i r rably used in.the formo m xt ure of
30 acetic acﬁ%ﬁrgoéﬁ%%cgl g?lldg %@fdgigﬁ’t %é‘“e?faetria(?]@: 18t Tﬁb'%@gcﬁ’ﬁ]

t enper at ur es lad® & ¥ant ageousl y bet ween about 0 and about 50, preferably
between 15 and 30. The BOC group is preferably cleaved off using TFA in

di chl or et hgape, or _usi_n proximately 3 to 5N hydro 35 chloric acid in

di oxane & 1%‘- 35° ?’Fﬁﬂf@g?gﬁ@' Hroups whi ch can be renpved hydrogenol ytical |y

(for exanpl erEBamt hénaple) saarbeaslgaved ohiy, f@q:hg&?.r,rpllgzro s T @At ment
wth hydrogeg iego'gche presence of a catalyst (for exanple a noble-netal - 9
catal yst, su B as b’dl | adi um advant ageously on a support, such as carbon).
Sui t abl e sol Rénard hBt exxe eint hosset i@t aonedgatioye, carbpaylicul ar, for

exanpl e, al cehol sg&pp t han or I r 1 des, such 5.3s DW.
The hydro eng?ys‘f?]se i'S geﬁ%?%l ?q’*cgrhrel efd&%)ﬁ?f%t Ttvgrrﬁ'gaﬁat f]?e?rﬁgﬂx’é‘ Yabout 0
and 100 d BFessures between about 1 and 200 bar, preferably at 20-30 and

1-10 bar. 10TR8 icomyRirRIabdby BheR¥F SR RY ave Rpefer akhy CPOBS%’ i?‘{[ hoxy,
pr opoxy or pgenox¥. Eilﬁ and R5 are in Flgrtl cul ar together carbonyl. I'n the
conpounds of “tHE*#&r mh%™ v, iEFR| s Chref &bl §leaved, back to” the

corresponding salicylaldehydes, in which L and R? have
the meanings indicated:
20

0

© L

@]
N\ O Z
| N  N-R2
Z o \__/

R’ is alkyl. Alkyl here has 1, 2, 3, 4, 5 or 6 carbon
atoms, preferably 1, 2, 3 or 4 carbon atoms, particular

25 preference being given, for example, to methyl or
ethyl, furthermore propyl, isopropyl, furthermore also
butyl, isobutyl, sec-butyl or tert-butyl.

In the compounds of the formulae IV and V,
30 =N-C(R’); is preferably =N-C (CHs),,
=N-C(R®), is preferably =N-C (phenyl).,,



The conpounds of the formula IV and V can also be in dineric formwhich can
vbe cl eaved back to the correspondi ng salicyl al dehydes, in which L and RZ
have the neanings indicated: 20 R2-NN~J R i s alkyl . A kyl here has 1,
2, 3, 4, 5o0r 6 carbon atons, preferably 1, 2, 3 or 4 carbon atons,
particular 25 preference being given, f&0 exanple, to nethyl or ethyl,
furthernore propyg | sopropyl, furthernore also butyl, isobutyl, sec- butyl
or tert-butyFN-OR't ha E@ﬁﬁ@HQBQYOFNFWQH%prnuIae IV and V, 30 =N-C (R) ais

f bl , ny =N-C (phenyl) 2, Lt -
E(r)e ?rl\l_amy |§INC%\](eferaf)]lz l§§&£5€3b% :gpg 6} I s preferably N-N [

(Chs) a | , =N-NI(R(ke) 125]P31’e%e3|3ﬁ]%¥3ér [ﬂshwlyllqdhenyn a] . 5 The

conpounds of the fornmulae | and |V are either knomnhorlare othermﬁfe
el o i t HBos CARRA Ao s, e FOHE: HERIbErewby U REEhSAReTeRrown
organischen Grerire [ dEhéodssof pPeparicd Ghenethydls kﬁo@ﬂﬂﬁbﬂhﬁﬁgﬁﬁMﬁggag,
sui tabi ¢ for PS5 PERC: 3o Uik TAECERES Be TGS P BB oar fHnt SRR ch
are known pefetsadapdt amogksot remth onesl hépebém-Geeht er Mdehaidlen 1Ger
organischen Chemie [Methods of Organic Chemistry],

10 Georg-Thieme Verlag, Stuttgart), to be precise under
reaction conditions which are known and suitable for
said reactions. Use can also be made here of variants
which are known per se, but are not mentioned here in
greater detail.

15
Process variant a)

The reaction of 5-bromosalicylaldehyde with a compound
of the formula I and subsequently with formamide is
20 carried out as a one-pot reaction in a suitable inert

solvent with addition of a base.

Examples of suitable inert solvents are hydrocarbons,
such as hexane, petroleum ether, benzene, toluene or
25 xylene; chlorinated hydrocarbons, such as trichloro-
ethylene, 1,2-dichloroethane, tetrachloromethane,
chloroform or dichloromethane, ethers, such as diethyl
ether, diisopropyl ether, tetrahydrofuran (THF) or
dioxane; glycol ethers, such as ethylene glycol mono-
30 methyl or monoethyl ether, ethylene glycol dimethyl
ether (diglyme); ketones, such as acetone or butanone;
nitriles, such as acetonitrile; sulfoxides, such as
dimethyl sulfoxide (DMSO); carbon disulfide; nitro
compounds, such as nitromethane or nitrobenzene:;
35 optionally also mixtures of said solvents with one
another.
The reaction time, depending on the conditions used, is
between a few minutes and 14 days, and the reaction



Process variant a) The reaction of 5-bronosalicylaldehyde with a conpound
.of the fornula | and subsequently with formamde is 20 carried out as a
one-pot reaction.in a suitable inert solvent with addition of a base.
Exanpl es of suitable inert solvents are hydrocarbons, such as hexane,
petrol eum et her, benzene, toluene or 25liylene; chlorinated hydrocarbons,
such as trichloroethyl ene, 1,2-dichloroethane, tetrachloronethane,

chl or of or m o CHPERRGUGIRet handetatamsy sabguth % dindt hy0 et here fairiaddpr opy|

et her, tetrabgdivelu &y Ed 190 di oxaﬂe; glycr:]o: et helrs, isugh a;shelt hyltﬁne
| ycol nono met hyl aor_nonoet hyl , et her, ethyl ene yco i met hyl et her
?diygl yNe) ; kgq?‘Sneéf,ey s oM gn’eS orV%{ll’anBﬂéFlﬁPgﬁiflléfs, ryedieradly
acetoni tril epesuiekoxidesndsaoh resurd nehdy kheul femg slea {fdNEDerwaehon o
disul fide ni}Eo,4QrPOUNds, such as nitronethane or nitrobenzene; 35
optional I'y al'so m Xtures of said sol vents with one another. The reaction
time, dependfugteblehdasmaliareonsompedndss shehwearn afédewerbnples mad 14

days, and th agli lonatbl tenperature is between about 0 and 150,
prgf erably bgt \%\’gegTSG%ggr?gnfE%f The reaction tinme is very particularly

preferably between 4 and 20 hours and the tenperature between 90 5 and 115.
Suitable basss sne-sompounile iieh i8S, shBEequaiPle, Mrriear L cafgnate. A

T the AEeehRERaPidR. ortRrCLBALE, 1 ofBFabPYCRRNGPKEPE R aPtaPRaRi do,
such as, forbasenpbeefRaablyt abutadkiadd, rastchl t#lleok1@posdindaal cehel . to
gi ve 5-Hal - bepzpfuran- Jrear payamde (Ll In(41) . fal s preferably Br.
alcohol, to give 5-Hal-benzofuran-2-carboxamide (IT).
In (II), Hal is preferably Br.
15 The reaction is preferably carried out at from 0 to
60°.
Other processes to give (II) are described, for
example, in Bull. Soc. Chim. Fr., 1971; 4329, and by 0.
Dann et al. in Justus Liebigs Ann. Chem. 1975; 160-194.
20 The one-pot reaction described above proceeds in better

yield than said reactions.

The reaction of (II) with Rz—piperazine to give the
compound of the formula III is carried out in a suit-

25 able inert solvent, a base and in the presence of a
transition-metal catalyst.

Transition metals which can be employed include PdC1,
or Pd(OAc), or other Pd* derivatives, which are pre-
30 reduced, for example using NaBH, or rhosphines (the
step can be omitted in the case of an excess of ligand
R3P) or Pd(0) species, such as, for example, PAd(DBA), or
Pd;(DBA)3; (DBA = dibenzylideneacetone).
To this range of Pd complexes can be added corres-
35 ponding ligand complexes of nickel or copper.
Furthermore, ligands which can be employed are N, N-
diarylimidazolium salts analogously to J. Huang et al.,
Org. Lett. 1, 1999, 1307-13009.



15 The reaction is preferably carried out at fromO to 60. O her processes
Lo give (Il) are described, for exanple, in Bull. Soc. Chim Fr., 1971,
4329, and by O Dann et al. in Justus Liebigs Ann. Chem 1975; 160-194. 20
The one-pot reaction described above proceeds in better yield than said
reactions. The reaction of (11) with RZ}% perazine to give the conpound of
the formula Il is carried out in a suit 25 able inert solvent, a base and
in the presefffe sghosphimesiad aravinlaslatre yistgaridsnsnn 1l ovedet adébudbdi ch can
be enpl oyed inalduds HPdCha 195 %?ﬁﬁgéﬁgr ot her Pdz+ derivatives, which are
pre 30 reduced,, for exanple dsin or phosphines (the step can be
omtted in t K& icasdabrex | i gand R3P) or Pd(0) species, such as,

for exarrple M(zD%)p%e@fyllstJm)ﬁoilD%ﬁﬂ NZyd ddenepesd opgynAp) thi s

range of gpgp&@xes .ca aqgf gﬁﬁéhﬁﬁgkﬁﬁgndlgg Ilg?nd gonplexes of

ni ckel or~co an be enpl oyed are

N, Ndiaryllnld&EﬁPrGHisBPmszanalogously to J. Huang et al., Og. Lett. 1,

1999, 1307-1309 pho | i gands enpl oyed
3% rtljcl%la-gh%l PP Y ta%lgxgyl—p%g %

i nclude tris- or phosphi ne |cy61

1-(2- dlphenyﬂpﬂds@hﬁd phﬁnﬂﬁnhﬂﬂnhanpmﬁﬂﬁnquﬁdélﬂIWHBFESas complex
1, 8- bi s(di nepp Qg% papht hal ene Phe2P- CHz- PPhe2 in particular also
P(t

P(tert-butyl 3 = 1, 1' - bi s(di phenyl phosphano) ferrocene (DPPF as
conpl ex PPPFEPECIPLS ﬁepélezly @(Sm(lm'éﬁy*llp HospHinaphthw! - 6F BPRRY| (=

BINAP) (S)-di(gytgh®stPhos = 1-(2-di-tert-butylphosphanylphenyl)-
1-(2-di-tert- 3E§ﬁ§pho%%hﬁnﬁ\ nyl}ethyldlnethylanln

1-(N,N—dinetﬁ gvhlohexylphosphlno)blphenyl 15

1-(di-t- butyﬂthSthmmpbhpﬂanyhom—l i (cdicoHuMdwIl g ) bi phenyl

(t Bu)2P—(CH%%Bhgg§1Bu)2 n =123 (t-Bu)2P-(CH2) m X-(CH2) n-P(t-Bu)2 mn

1-'(di-t~ ~butylphosphino)biphenyl
1,1’-bis(di-t-butylphosphino)biphenyl
(t-Bu)2P-(CH;)p-P(t-Bu), n = 1,2,3

(t-Bu) 2P- (CHz) n-X~ (CH2)n-P(t-Bu); m,n = 1, 2, 3; X = O,

20 or alternatively

DB'PF = 1,1’-bis(di-tert-butylphosphino)ferrocene.

Examples of suitable solvents are hydrocarbons, such as
benzene, toluene, xylene; chlorinated hydrocarbons,

25 such as, for example, dichloromethane; ketones, such as
acetone, butanone; ethers, such as tetrahydrofuran
(THF) or dioxane; nitriles, such as acetonitrile,
optionally also mixtures of these solvents with one
another.

30
The reaction time, depending on the conditions used, is
between a few minutes and 14 days, and the reaction
temperature is between 0° and 180°, normally between
30° and 130°.

35 Examples of suitable bases are alkali metal alkoxides,
such as, for example, Na tert-butoxide.




20 or alternatively DBtPF = 1,1'-bis(di-tert-butyl phosphi no)ferrocene.
,Exanpl es of suitable solvents are hydrocarbons, such as benzene, tol uene,
xyl ene; chl qrinated hydrocarbons, 25 such as, for exanple, dichloronethane;
ket ones, such as acetone, butanone; ethers, such as tetrahydrofuran (THF)
or dioxane; nitriles, such as acetonit+il3e,- optionally al so m xtures of
+ hese solvents with one another. 30 The reaction tinme, depending on the
condi ti ons udapcass betwissrt ¥ ew m nutes and 14 days, and the reaction
tenperature is between 0 and 180, nornmally between 30 and 130. 35 Exanpl es
of suitable bases are alkali netal al koxides, such as, for exanple, Na
tert-but oxi dEhe -re3ctpppcexs YamPawnds) ofhetheadiomomlst E8mutIsRD t he
formula I'V wigdih 220 RS aZd Neai 5161 bii€0uREErUBERH1¢9R%s t'a%%@s%b %S{d' bed 5
under var}] ant R4 and R5 are optionally converted into a carbon group.
The subse%ueHF -+ Ha@ i on of the conpound of the fornula V'mnth t he
conpound of ®e éﬁdnum%i br@ndopubaﬁameptI&omvéhté@rnﬁﬂtae 4 s ddksaMple
carried out 10 under condl ions ag escrlggd above. i mnation of R2,
e

R oo T R TR o el e A Ciar W RS
the fornul a loforthsf ﬂdnmﬂkﬁrﬁﬂwu&hcahebeoﬂﬁoundveftehelEb&nmh@.aS&ﬁﬁiated
aci d-addi Ui 0B BaldoundIRANS, 0k A8kl abOT s EXAPLE, Do SRELLO0 Oge

eqU|vaIent anount s idTnaniner
et hanol ,1¢ ol MaWed PG idpinTe | d%. d?%?tib@da&b?VQU|Eh§I@Lymum§GMQntdﬁs

reaction arerfhose WA @hrQi Ve 20 Ay 04 0o caht YuRReePald @ oifliliSionkhus, it
is possible to use |gﬁrgan|c acids, for exanple sulfuric acid, nitric acid,
hydr ohal i ¢ agl§§ as hydrochlorlc acid or hydrobromc aC|d, phosphori c
aci ds, such as orthophosphoric acid, sulfamc acid, furthernore

A base of the formula I or of the formula V can be
15 converted into the associated acid-addition salt by
means of an acid, for example by reaction of equivalent
amounts of the base and the acid in an inert solvent,
such as ethanol, followed by evaporation. Particularly
suitable acids for this reaction are those which give
20 physiologically acceptable salts. Thus, it is possible
to use inorganic acids, for example sulfuric acid,
nitric acid, hydrohalic acids, such as hydrochloric
acid or hydrobromic acid, phosphoric acids, such as

orthophosphoric acid, sulfamic acid, furthermore
25 organic acids, in particular aliphatic, alicyclic,
araliphatic, aromatic or heterocyclic monobasic or

polybasic carboxylic, sulfonic or sulfuric acids, for
example formic acid, acetic acid, propionic acid,
pivalic acid, diethylacetic acid, malonic acid,
30 succinic acid, pimelic acid, fumaric acid, maleic acid,
lactic acid, tartaric acid, malic acid, citric acid,
gluconic acid, ascorbic acid, nicotinic acid,
isonicotinic acid, methane- or ethanesulfonic acid,
ethanedisulfonic acid, 2-hydroxyethanesulfonic acid,
35  Dbenzenesulfonic acid, p-toluenesulfonic acid, naphth-
alenemono- and -disulfonic acids, laurylsulfuric acids.
Salts with physiologically unacceptable acids, for
example picrates, can be used for the isolation and/or

purification of the compounds of the formula I.



25 organic acids, in particular aliphatic, alicyclic, araliphatic, aromatic
,or heterocyclic nonobasic or polybasic carboxylic, sulfonic or sulfuric
acids, for exanmple formc acid, acetic acid, propionic acid, pivalic acid,
di et hyl acetic acid, malonic acid, 30 succinic acid, pinelic acid, funaric
acid, malefic acid, lactic acid, tartarild acid, malic acid, citric acid,

gl uconi c acid, ascorbic acid, nicotinic acid, isonicotinic acid, nethane-
or ethanesul fonic acid, ethanedisulfonic acid, 2-hydroxyethanesul fonic

acid, 35 benzspesuldadi sedsld, A1t Adignesstingl Caatl %}J@th%%ﬁ‘erﬂ{‘o' and
-di sul foni c agi ds, Iauigls [ furic acids. Salts wth physiologically
unaccept abl e B& dAFR ERx RFHOW pi CFERBINL EaRabe Wyt Wdr mABNEsdiEt on

gnfj/ or pluri I'm&teironief atdwe@o_rmoun_daegfsaf_fbet Lﬂﬁ@uﬁ : is baclif'us@@@VQ:d’ﬂmd
el ow, a ur re. given j . _In_the exanpl es _bel ow,
"conventi%naﬁgﬁg%%%hpﬁfnggﬁ% Hﬁgt hﬁte?ngsﬁaH¥d iggHQEQ§§5ryPnthéﬂﬁH is
adj usted to Bobettidartiznancdfl0 theneeessamyrodirpendi tige onprbaue@nstiig ut i on
of the end p h d i tracted with ethyl acetate or
di chl or omet h%%g?%{cﬁeehpﬁggég ;bféeh%gpgl;ééatt%&e t fie oc{rhgcg}#%r PhaEETE driR& over
sodi um sul f aPB2&RS Aihosaparatadd tthe peogamici phagepurs f dedelly over
chromat ogr apepdennsi klagagel ang/ 0"ev‘3¥30‘¥a}6§§:ﬁ:3| 'a?ﬁ' Ve Egjgfgtﬁ#ectl 15 1)

e 'Per i on

Synt hesi_s, of 5-br.omabenzof ur an- 2- car boxam rformance e Teac

with etifd bPHrodiefat BY 28N59BaograBhyr ofB- 25 hliraxdrshz Antbinrie bar e

di ssol ved i nc2¢8Baniliattliyl. Wi th stirring, and 144 g of potassium carbonate
and 175 g of ethyl bronpacetate are added. The m xture is stirred at 105
under nitrogen for 15 hours. The resultant orange solution dotted with crys
25 tals is cBspmRleol25, 135 g of formamide are added, and the mixture is
stirred for a further 30 m nutes. 557 m of sodi um nmet hoxi de (30~ in MOH)
are then allowed to run in _over the course of 15 m nutes w thout cooling.
Af t er 3qﬁbur§? SYBEB&AL8hoSoPabromobenzef uranT 3@ axhosnamisle s present. |t
is poured into 6 litres of dem neralized water (10), and the m xture is
stirred for a further 30 yminutes. The crystals are filtered off with

suction, washed with 1 Vyitre of denineralizeq?mat= re-suspended in 4
litres of den®imepalR water, 35 filtered of 5T Ion and re-washed
with 1 litre of || —— 0

= 0 r/

OH
NH,

Performance of the reaction with ethyl bromoacetate:

20 200 g of 5-bromo-2-hydroxybenzaldehyde are dissolved in
2000 ml of NMP with stirring, and 144 g of potassium
carbonate and 175 g of ethyl bromoacetate are added.
The mixture is stirred at 105° under nitrogen for 15
hours. The resultant orange solution dotted with crys-

25 tals is cooled to 25°, 135 g of formamide are added,
and the mixture is stirred for a further 30 minutes.
557 ml of sodium methoxide (30% in MeOH) are then
allowed to run in over the course of 15 minutes without
cooling. After 3 hours, a brownish solution dotted with

30 crystals is present. It is poured into 6 1litres of
demineralized water (10°), and the mixture is stirred
for a further 30 minutes. The crystals are filtered off
with suction, washed with 1 1litre of demineralized
water, re-suspended in 4 litres of demineralized water,

35 filtered off with suction and re-washed with 1 litre of



- 15 demneralized water. The crystals are dried overnight to constant
\wei ght under reduced pressure at 60C (product weight: 113 g of pal e beige
crystals; m,p. 210-213; CAS 35351-21-4). 5 The physical and spectroscopic
data correspond to the data published in: Rene; Royer; BSCFAS; Bull. Soc.
Chim Fr.; 1971; 4329, and Dann, 0. et aPb. - JLACBF, Justus Liebigs Ann.
Chem ; GE; 1975;, 160-194. 10 5- Chl or obenzof uran-2-car boxam de (m p.

200- 202), 5- FEHGPEEENZGRG afepetar Boeansiestals are dried overnight

5-i odobenzof goan2ogathexamiee gtan hedebt airaedckl CopHeakle Wiel ggoysi ng
t he sanme nethod. .15 2) Synt hesis of .
5-(4-benzy|-IPﬁPS&F&ziW?¥?BEhz&ﬂd?aﬂ-2%%r56}5n19%1%9 tErsfaion m.p.

met al - cat al ygéd-anidRat icais af5351b2arahenzof ur an- 2- car boxam de usi ng

oyot o PO OALS) AP 590 PRI RACRS aats gogreanond "o The V!
5- br onbbenzoflatan- pehl bekedi dén: 4. Reme pf Ryerezyd piBSSRAS ;ne Band. 5. @og .of Na

25 t-OBu arecadfed g0, a 3uspeENsiPig of Q. 085,9,0f Pd(LL) et ate .in_150 n
of xylene after the_latter has been’ stirred fof fg n#%ufggl’an AF%g’nixture

i s warmed at J$85ESt biePI o8 ARgur §hgRder GBre 1976tie t60rd %fas nitrogen. After
cooling, the mxture is added to 500 ml 30 of 2N hydrochloric acid, and the

aqueous asg js.extracted 3 tines with 200 ml of ethyl acetate. The
aqueous]gﬂasg ?@186P5§P68%P6aaﬂ 1634 SPKg G Feous MAGH (20~%O0R2R28M. and

t enperat ure Hehluorbphgng2luzab)2-aadboxakddet hand 5-iodobenzofuran-
5- (4- benzyl - r oduc as a salid is

- pi | nyl) benzof - 2. car bgxami d
filtered of fﬁa%’%"-)%?gé{“%?ﬁ%? i T R S
wei ght: ~4. Ougingeihe/ samg. merhod79) . 5

15 2) Synthesis of 5-(4-benzyl-l-piperazinyl)benzofuran-2-

carboxamide by transition metal-catalysed amination of

5-bromobenzofuran-2-carboxamide using benzylpiperazine

Br

20
Illustrative performance wusing the catalyst system
Pd (OAc),/P(t-Bu)js:
0.30 g of P(t-Bu)s, 4.5 g of 5-bromobenzofuran-2-
carboxamide, 4.9 g of benzylpiperazine and 5.0 g of Na

25 t-OBu are added to a suspension of 0.085 g of PA(II)
acetate in 150 ml of xylene after the latter has been
stirred for 15 minutes, and the mixture is warmed at
125°C  for 12-18 hours under the protective gas
nitrogen. After cooling, the mixture is added to 500 ml

30 of 2N hydrochloric acid, and the aqueous phase 1is
extracted 3 times with 200 ml of ethyl acetate. The
aqueous phase is adjusted to pH 10 using aqueous NaOH
(20%) with pH and temperature monitoring (20-25°C), and



3) Synthesis of 5-(1-piperazinyl)benzofuran-2-carboxam de from
,5-(4-Dbenzyl -1 -pi perazi nyl ) benzof uran- 2car boxam de 10 ydrogenol ysi s
procedure: .0 g of 5-(4-benzyl-I-piperazinyl)benzofuran-2-carboxm de are
added to 300 m of ethanol, and, after 9 g of 15 alladium on activated
carbon (5~) and 5 g of HOAc 100) have-bédén-added, the product is
*debenzyl ated to onpletion at_ 20-30C using hydrogen After filtration nd
renoval of tﬁé‘esolngeﬁf‘ -heaeaylrédotearpr syl benndfnysnalt-caabiomanticdem

al cohol or W@&@Hu@@i¢ﬁ§“ﬂ§s@ﬁ1@@:ﬂ§ EﬂﬂeéréédQﬁﬁﬁ £ﬁ§s§§§ﬁ aﬁﬁ%z@?pduft
a entil Ca

can be isolt d (3.1 g /.85~ . i Eectrosco I C

with the nat Plral TFEpRt ed b)frﬁl"gw 8haane bHateyesciirrdict nt énelahta in DE
4101686 / | akdOoger B3%7./9%. pDE243332%#)/. | ai d open 6.4.95; 25 E 0648767 /
published; 19. 4. 95; EP 0738722 / publi shed 2 . 10. 96). - 17 Exanple 2 1)

Synt hesi s of
5- (4-tert-buBd-Santhesis - | ofi pefatlryidperazbhvl iheRzofubanali-darbosn

5- br onobenzof ur c ang d Dk%n

5- br ombenzofurﬁ%ca?ﬁ%mﬁeﬂ %% 98&%89;?%3 a Pﬁ’e‘zsﬁ%}rf g g of Na
t-OBu are addefaPuraidfnsion of 0.06 g of Pd(DBA)2 and 0.25 g of
P(t-Bu)3 in 40 m of diethylene glycol dinethyl ether, and the mxture is
war med at 120-130C for 16 hours under a protective gas. After cooling, the
m xture i s addgd 0 15 water, and the organic phase is diluted with 100 m
of MIBE and was with 3 x 50 mM of water. The solvent is evaporated, and
the product forn”e asga solidis filtered off and Ul’lfled by

crystallization froPh_epMs@z(_pJ\(;uct wei-ght—w 0. N g/ 5@/\—-9—‘”[) 210-213).

NH,
10

Hydrogenolysis procedure:
5.0 g of 5-(4-benzyl-l-piperazinyl)benzofuran-2-carbox-
amide are added to 300 ml of ethanol, and, after 9 g of
15 palladium on activated carbon (5%) and 5 g of HOAc
(100%) have been added, the product is debenzylated to
completion at 20-30°C using hydrogen. After filtration
and removal of the solvent under reduced pressure and
crystallization from alcohol or water and drying at
20 60°C under reduced pressure, the product can be isol-
ated (3.1 g / 85% / m.p. 252-2550°, spectroscopically
identical with the material prepared by previous
methods; described, inter alia, in DE 4101686 / laid
open 23.7.92; DE 4333254 / laid open 6.4.95;
25 EP 0648767 / published 19.4.95; EP 0738722 / published
23.10.96).



20 The subsequent renoval of the BCC protecting group using hydrochloric
acid and formati on of 5-(1-piperazinyl)benzofuran-2-carboxam de, which are

"shown bel ow,only.as a reaction equation, can be carried out, for 25
exanpl e, as described in GREENE T.W and WJUTS P. G M, PROTECTI VE GROUPS | N

ORGANI C SYNTHESIS. NHS O ~.~ NN \~l= A7 = ~/> o'~ H N\ I~ _! o 0~ NHz
»- 18 :Exanple 3 Synthesis of 5-(1-piperazinyl)benzofuran-2-carboxam de
f r om 5- br onoBEAPRLEr n- 2- car boxani de

1) Synthesis of 5-(4-tert-butoxycarbonyl-l-piperazinyl)-
benzofuran-2-carboxamide from 5-bromobenzofuran-2-

5 carboxamide

o) .
| (&) >—N N
o) —* >?o \—/ 1 o
NH, 0
NH,

0.9 g of 5-bromobenzofuran-2-carboxamide, 1.1 g of BOC-

Br

10 piperazine and 1.45 g of Na t-OBu are added to a
suspension of 0.06 g of PAd(DBA), and 0.25 g of P(t-Bu);
in 40 ml of diethylene glycol dimethyl ether, and the
mixture is warmed at 120-130°C for 16 hours under a
protective gas. After cooling, the mixture is added to

15 water, and the organic phase is diluted with 100 ml of
MTBE and washed with 3 x 50 ml of water. The solvent is
evaporated, and the product formed as a solid is
filtered off and purified by crystallization from
ethanol (product weight: 0.7 g / 55% / m.p. 210-213°).

20
The subsequent removal of the BOC protecting group
using hydrochloric acid and formation of 5-(1l-piper-
azinyl)benzofuran-2-carboxamide, which are shown below
only as a reaction equation, can be carried out, for

25 example, as described in GREENE T.W. and WUTS P.G.M.,
PROTECTIVE GROUPS IN ORGANIC SYNTHESIS.

]
>X<;>_NC:3N\//Q§——7 H‘ﬂi:jh N



5 NHZ HN NHZ 0.9 g of 5-bronobenzofuran-2-carboxam de, 0.97 g of
.piperazine and 2.20 g of Na t-OBu are added to a 10 suspension of 0.06 g of
Pd(DBA) 2 and 0.07 g of

1- (N, Ndi et hyl am no) - 1' - (di cycl ohexyl phosphi no) bi phenyl in 50 m of

tol uene, and the mxture is warned at -12@ 330 for 16 hours under a
sprotective gas. After cooling, the reaction mxture is added to a m xture
of 50 m of Examdle® 3and 10 ml of 37~ hydrochloric acid, 100 ml of ethyl
acetate are added, and the m xture is stirred for 20 mnutes. Alittle

undi ssol ved product .is then_renoved, and the organic phase is separated
of f. The aqu 3&%&% PE \AshiaPaBerAZaRYdnRenze tnrem -20 oarheramids hy |
acetate and fresd S-brontberrstf ured-Jiafarsigimigsluced pressure, clarified
usi ng chﬁgcoal and filtered. The product is precipitated in crystalline
formfromthe filtrate at 20-22 using 20 - 25 m of 32~ sodi um hydroxi de
solution. The product is filtered 25 off and dried (product weight: 0.65 g
[ 70~/ mp. 2582& = 19 Exanple 4 1) Synthesjs of

5- (4- benzyl pi per azg -yH;-2<hydroxybenzaIdehypg(S 0.6 g_of

bi s(di benzyl i denea neY P adi urimand™. 16 g of \trj Ty
are added under nitrogen tqQ,10 200 m of toluene, and
dark-red solution is stirredz2at 20 for 20 mnutes. 10 g of

5- br onp- 2hydr oxybenzal dehyde, 9.7 g of 1-benzyl pi perazi ne and 7NQ,9 of
sodiumtert-butoxide are then added. The mi xture is stirred at 60" for 24
hours and cool ed, 800 n

0.9 g of 5-bromobenzofuran-2-carboxamide, 0.97 g of

ml ph

7,

osphi ne
Q)

piperazine and 2.20 g of Na t-OBu are added to a
10 suspension of 0.06 g of PA(DBA); and 0.07 g of 1-(N,N-
dimethylamino)-1’~(dicyclohexylphosphino)biphenyl in
50 ml of toluene, and the mixture is warmed at 120-130°
for 16 hours under a protective gas. After cooling, the
reaction mixture is added to a mixture of 50 ml of
15 water and 10 ml of 37% hydrochloric acid, 100 ml of
ethyl acetate are added, and the mixture is stirred for
20 minutes. A 1little wundissolved product is then
removed, and the organic phase is separated off. The
aqueous phase is washed again by shaking with 50 ml of
20 ethyl acetate and freed from solvent residues under
reduced pressure, clarified using charcoal and
filtered. The product is precipitated in crystalline
form from the filtrate at 20-22° using 20 - 25 ml of
32% sodium hydroxide solution. The product is filtered
25 off and dried (product weight: 0.65 g / 70% / m.p. 252-
25509} .



15 of water are added, and the mxture is extracted with 2 x 500 m of
.ethyl acetate. The organic phases are conbi ned and washed with 300 ml of
water, and the solvent is renoved at 30 under reduced pressure. The
dar k-orange oil which remains (9.7 g) is purified by 20 chromat ography (300
g of silica gel; MIB ether/heptane 5:% 18.5 litres). 9.9 g of pal e-yellow
scrystals remain (67~ ) m p. 101-103; MS 296 (M), 205, 119, 91 (1000 . 25
2) Synthe5|s§3E£§EEyL.4 (4- benzyl pi perazi n-1-yl)-2fornyl phenoxyacetate O -
20 0.5 g of 5-(4- benzylplpera2|n I-yI) 2- hydr oxybenzal dehyde are di ssol ved
in5m of gPdg %EC:under nwth_stirring, and_0Q.25 g of potassium
carbonate and’0>Piedt8 et aPEPﬁYép&Pér&aagdl‘gl?H@ﬂhﬁéﬁﬂﬂ¥1s
stirred at 110 Yemzaldalyde and cooled to 15. 30 mM of water and 30 m of
ethyl acetate are added to the m xture, the phases are separated, and the
aqueous phase is extracted with 30 m of ethyl acetate. Conbined organic
phases are washed with 2 x 30 ml of 10 water and freed from sol vent under
The yel l ow oi |l whi remai ns OV g) is chrofatographed
(MTB et her/ hept 5:1) & yi ves 0.45 ¢ @r oduct

3 MS 382 (MH), 263, 19¢ 1497_4%9’ 1000 . 15
Exanpl e 5 1) Synt hes Ofjy et+hy Igr OH N N OH
5- (4- benzyl pi perazi nAl.-¥l ) benzof ur -carboxyl ate 20\H_/

0.6 g of bis(dibenzylideneacetone)palladium and 0.16 g
of tri-tert-butylphosphine are added under nitrogen to
10 200 ml of toluene, and the resultant dark-red solution
is stirred at 20° for 20 minutes. 10 g of 5-bromo-2-
hydroxybenzaldehyde, 9.7 g of 1-benzylpiperazine and
7.2 g of sodium tert-butoxide are then added. The mix-
ture is stirred at 60° for 24 hours and cooled, 800 ml
15 of water are added, and the mixture is extracted with
2 x 500 ml of ethyl acetate. The organic phases are
combined and washed with 300 ml of water, and the
solvent is removed at 30° under reduced pressure. The
dark-orange oil which remains (9.7 g) is purified by
20 chromatography (300 g of silica gel; MTB ether/heptane
5:1; 1.5 litres). 9.9 g of pale-yellow crystals remain
(67%),
m.p. 101-103°; MS 296 (M+), 205, 119, 91 (100%).

25 2) Synthesis of ethyl 4-(4-benzylpiperazin-1-yl)-2-

Q o [ \ Q

N N —— N\_JN H
/ H o
OH oY

formylphenoxyacetate



0.5 g of 5-(4-benzyl pi perazin-I|-yl)-2-hydroxybenzal dehyde is added at 20
Wth stirring to 5 m of NWMP, and 25 0.25 g of potassium carbonate and 0.2
m of ethyl .bronbacetate are added to the solution. The m xture is stirred
at 105 for 15 hours and then cooled to 25. The batch is added to 30 m of
water (10) with stirring, the aqueous piedse is extracted at 10 with 30 3 X
50 mM of ethyl acetate, and the conbi ned organi c phases are washed wth 50
m of water &nhd t@errf r edifbeneydbipetragidel - Nédude@mwnaxyhemzaudéilof

orange oil) LGhr g hy:gn 30
ether/heptan(glc}%%;n&|vesq%’ts(eﬂrveégl 19'a 2- Iq?’Iowcr stal's '#%%é r%ﬁ?gr

105- 107; M5 3841Aden mthzoﬂgl{%ngngan@l ¢! .95 Afsamsit@ssfiuthe
cor r espondi n@a&wﬂﬁmﬂﬂ cahdeo( m pal 2&92%%}13/@3%11?&116325@!&'@@ By ediszglqition in

et hanol , ?ddl ion of a ueous 1N ngHOChl Cld isolation of the

resul tant° sol nbsuﬁ&éF Fedfted p BFé TP EEnpre sopled

Synt hesi s of t& (143Cben2§7I plpefaziatdr ydn)@eezofmf ok Zgamjapxaabdat@ HAd 15 NHz
O 500 ng of {4 engy; I - drox benzaldeh ar ed at
20 under nltrogen mnt#ﬂgrﬁéégﬁflo %ﬂé 5 Sna epazgt ?téiﬁ

car bonat e an@Jd2@o9s2 nHasst %ﬁrﬂﬂtiﬁ@mméceiame3&rmladdeethwltmeendmﬁlon
The m xture 'C%nﬁlh'érdedo ado bAhsd2 Mswégﬂeath% 19 2539 I%% fo

formam de.is then added to the mxture, and stirring Is contlhnue

mi nut es. 29U nivabeTs ordmiessox Faem( Folueitut PBfern TRIteR| pries supvsn

The yellow o0il which remains (0.7 g) is chromatographed
on 10 g of silica gel (MTB ether/heptane 5:1) and gives
0.45 g of product (70%; yellowish oil),
MS 382 (M+), 296, 263, 199, 149, 119, 91 (100%).

15
Example 5

1) synthesis of ethyl 5-(4-benzylpiperazin-1-yl)benzo-
furan-2-carboxylate

E o
) H — \@—]\WOJ
OH >
0

0.5 g of 5-(4-benzylpiperazin-1-yl)-2-hydroxybenzalde-
hyde is added at 20° with stirring to 5 ml of NMP, and
25 0.25 g of potassium carbonate and 0.2 ml of ethyl
bromoacetate are added to the solution. The mixture is
stirred at 105° for 15 hours and then cooled to 25°.
The batch is added to 30 ml of water (10°) with
stirring, the aqueous phase is extracted at 10° with
300 3 x 50 ml of ethyl acetate, and the combined organic
phases are washed with 50 ml of water and then freed
from solvent under reduced pressure (1.2 g of orange

oil). Column chromatography on 30 g of silica gel (MTB



25 added at 25 over the course of 15 m nutes, and the mxture is stirred at
.25-30 for a further 3 hours. The reaction mxture is poured into 30 m of
wat er (10), .the aqueous phase is extracted at 10 with 3 x 50 m of ethyl
acetate, the conbined organic phases are washed 30 with 50 ml of water, and
t he solvent is renoved under reduced prédsure (0.7 g of orange oil). The
«0il is recrystallized from10 m of toluene (375 ng of pal eyell ow crystals;
66~), mp. 2686heggheptazes S:NW) giaes A883 d46f paleipedlow cryztalRenpval
of the protegthng group gives 5-(1piperazinyl)benzofuran-2-carboxam de. 5
Exanple 7 1) Synthesis of
5- (4-tert-buffo ycaf@%ﬁ%&b peltizi ASH- y(¥bl hy dréBeybéRtal dbhfde 1¥P 0. 98 g of
bi s(di benzyl i(den&acet one) pal | adium and 0.16 g of tri-tert-butyl phosphi ne

' 200 m_ of talue t he, resul tant _sol ution,

are added. under__ni t.roge e,.an

whi ch 15 becomEs™ ;rq(gf?éd,&g?sc?ffirlﬁlsé’&nﬁllmﬁoqwﬂr%"gﬂwﬁm%s.(miE' g2df-

5- br ono- 2- hy@ReRyberaal déydembtEliied) dby t edibsd yhtilepi pehaziendeaohoxyl at e
and 7.2 g of Lum.ter ' e ed.. The mxture |s stirred at
60 for 24 hoﬁ?ggggghcggfgggﬂggggn?&opb%ggggqgféca&ﬁgﬁglaﬁﬁogﬁ£%38 fifxt ur e
i s extractedtiPt Kegukteng spléfl enidydradegatedethe cohugmad EyHEmsese ar e
conbi ned and washed with 300 mM of water, and the solvent is renoved at 30

under reduced pressure. The dark-orange oil which remains (11 g) is
purifiegqby %ﬁgﬁﬁiﬁegraphy (300 g of 25 silica gel; MIB ether/heptane 5:1;
1.5 1litres) leaving 7.8 g of pale-yellow crystals (51~), mp. 84-86; M 306

(4. tort - but ryEsease (B8, (4 ORI RAGt Pehoxy sppabEugan-2-

carboxamide

“F“N it Nuaﬂ
/ H mNHZ
OH o

500 mg of 5-(4-benzylpiperazin-1-yl)-2-hydroxybenzalde-

15

hyde are added at 20° under nitrogen with stirring to
5ml of NMP, and 0.25 g of potassium carbonate and

20 0.2 ml of ethyl bromoacetate are added to the solution.
The mixture is stirred at 105° for 15 hours and cooled
to 25°. 0.2 ml of formamide is then added to the
mixture, and stirring is continued for 30 minutes. 1 ml
of sodium methoxide (30% solution in methanol) is then

25 added at 25° over the course of 15 minutes, and the
mixture is stirred at 25-30° for a further 3 hours. The
reaction mixture is poured into 30 ml of water (10°),
the aqueous phase is extracted at 10° with 3 x 50 ml of
ethyl acetate, the combined organic phases are washed

30 with 50 ml of water, and the solvent is removed under
reduced pressure (0.7 g of orange o0il). The o0il is
recrystallized from 10 ml of toluene (375 mg of pale-
vellow crystals; 66%), m.p. 206-208°; MS 335 (M+), 244,
189, 146, 91 (100%).



~~~N~ ~N5 000/ 0.5 g of

5-(4-tert-but oxypi perazin-|-yl)-2-hydroxybenzal dehyde are dissolved in 5 ni
of NMP at 20 under nitrogen with stirring, and 0.25 g of potassium
carbonate and 0.2 m of ethyl bronopacetate are added. The 10 m xture is
stirred at 110 for 30 m nutes and cooled®Z2 o0 25. 30 M of water and 30 m of
et hyl acetate are added to the m xture, the phases are separated, and the
aqueous phase is extracted with 30 m of ethyl acetate. The conbined

organi ¢ phas ﬁgg%jmashgg W i, 3 pL.15,uat e fr 0l vent
under reduced pressure. n$ of t%%oeng §§Bn1bggggb % 1IN HC1
are added toHﬂﬂ??ﬁ%&ﬂ¥ﬂ)Qﬁﬂﬁ?@”%ﬁﬁt%r?Qﬁﬁﬂ*ﬁﬂl@ﬁe toluene phase is renoved
under reduced pressure, and the crystalline precipitate is separated off

and drledSat 0 4Q ungder reduced pressure (0.48 g; 75~), mp. 93-94C, M5
392 (M), SSéﬁﬁﬂﬁgbi-—250/249, 57. Exanple 8 25 1) Synthesis of ethyl

5-(4-tart-butoxycarbonyl pi perazi nl-yl) benzof ur an- 2- car boxylate 0 ~~~N~ ~N O
a/ 1) Synthesis of 5-(4-tert-butoxycarbonylpiperazin-1-yl)-
2-hydroxybenzaldehyde

. S

0.58 g of bis(dibenzylideneacetone)palladium and 0.16 g
of tri-tert-butylphosphine are added under nitrogen to
200 ml of toluene, and the resultant solution, which

15 Dbecomes dark red, is stirred at 20° for 30 minutes.
10 g of 5-bromo-~2-hydroxybenzaldehyde, 10.2 g of tert-
butyl l-piperazinecarboxylate and 7.2 g of sodium tert-
butoxide are then added. The mixture is stirred at 60°
for 24 hours and cooled, 800 ml of water are added, and

20 the mixture is extracted with 2 x 500 ml of ethyl
acetate. The organic phases are combined and washed
with 300 ml of water, and the solvent is removed at 30°
under reduced pressure. The dark-orange o0il which
remains (11 g) is purified by chromatography (300 g of

25 silica gel; MTB ether/heptane 5:1; 1.5 litres) leaving
7.8 g of pale-yellow crystals (51%), m.p. 84-86°; MS
306 (M+), 250 (100%), 233, 176, 1l64.




0 - 24 520 ng of

_5-(4-tert-butoxycarbonyl pi perazin-1-yl)-2hydroxybenzal dehyde are added at
20 under nitrogen with stirring to 5 m of NWP, and 0.25 g of potassium
carbonate and 0.2 m of ethyl bronpacetate are added to 5 the solution. The
m xture is stirred at 105 for 3 hours -a®® then cooled to 25. The batch is
sadded to 30 Ml of water (10) with stirring, the aqueous phase is extracted

at 10 with 32%) f¥Rthesip of ethyl Acddatertabytomyceshomydeinmerarinphases

are washed 10 wit{1$020kceinysphehakodctid@esol ution and with 30 m of water
and then freed from sol vent under reduced pressure (0.6 g of orange oil

with crystal conponents). After chromatography on 30 g of silica gel (MIB
et her/ heptane 5;1)¢ 0.45 g of pal e-yellow crystals{can 15 be isol ated
(70~), mp. 11-§J\10LE;N/M% 374 (M+), 318 (1000 , o)lﬁm Exanmple 9 20 1)

Synt hesi s of (N S
5-(4-tart-butoxycar b%rrﬂ razi n- | - ytyt®nzof ur an- 2- car be° 0] O NH=
25 1.04 g of 5-(4-tert-b ol y&ar bonyl pi perazin-I1-yl)-2hydre beﬁ(? dehyde
are added at 20 under nitrogen with stirring to 10 m of NWP, ard 0.5 g of
pot assi um carbonate and 0.4 m of ethyl bronpacetate are added to the
solution.sThe m xture is stirred at 120 for 5 30 hours and cooled to 25.

For 30 mnut 855 € i Sof S5F b PHEPRYRLEE: L300 Jotn ron TORTROHET ) are
t hen added owddehhyelecoarse difsddlvedutias M ttloubfcMP ngt amdo stirtdemg i S
continued 048 0gen with stirring, and 0.25 g of potassium carbon-
ate and 0.2 ml of ethyl bromoacetate are added. The
10 mixture is stirred at 110° for 30 minutes and cooled to
25°. 30 ml of water and 30 ml of ethyl acetate are
added to the mixture, the phases are separated, and the
aqueous phase is extracted with 30 ml of ethyl acetate.
The combined organic phases are washed with 30 ml of
15 water and freed from solvent under reduced pressure.
30 ml of toluene, 30 ml of water and 5 ml of 1N HCl are
added to the crystal slurry which remains, the toluene
phase 1s removed under reduced pressure, and the
crystalline precipitate is separated off and dried at
20 40° under reduced pressure (0.48 g; 75%), m.p. 93-94°C;
MS 392 (M+), 336 (100%), 250/249, 57.

Example 8

25 1) Synthesis of ethyl 5-(4-tert-butoxycarbonylpiperazin-
l-yl)benzofuran-2-carboxylate



- 25 further hour at 25-30. 30 mM of water and 30 ml of ethyl acetate are
added to the batch, the phases are separated, and the aqueous phase is
extracted with 30 m of ethyl acetate. The conbi ned organi c phases are 5
washed with 30 mM of water, and the solvent is renoved under reduced
pressure (1.1 g of orange crystal slurryy -After crystallization using 20
«m of toluene, 500 ng of pal e-beige crystals remain. The nother liquor is
evapor at ed, 2@ t B oi PL whbch4rEREENBULSXyCesHoNYd Pipena ZHt -1ii-vdf) 201 uene.

After 3 hour iyatrdkyHesaher £bairge sa)ﬂétia'é f (i gdeqptdc he
first crystal g@tr Thee}%gital yi eId § %?4% : %ltgdz&c%& VB

345 (M) | 28@’1(ti‘oo°otrrg’-):‘2’ﬁg 534> F5 obH P15<'=1 %@g@o% |p§tra<ﬁﬁm as
descri bed, gmr&u@n&-t(elrarmar(azz nyl )cbﬁnét)lﬁyll apréméatbeyan dee BRIl acl0 20

1 th f
5) (éslytnar teébuttgl)?ycar ony Bi peraei FrE i hehof Bt c &ithot AR def B m3 of

1- et hyl - 2- porglsi dam@, thehs groiedhltor o252t amhee ]aemtlcﬁ 2,"3 gadfleQottaAs Si um
car bonat e arqpadde t 0 otyh r der en.to
goagded, & ngéeg G 1o ﬁ#%ﬂ 's@ga{rlﬂ £ 1} agus.l.ﬁ)glarﬁg(zt ur e

5- (4tert - but oxycar bony erazi n- - roxXybenza
is stirred atlS60€xF6F'iCiFGdhoéﬁs 1@80I‘éblthnd3 t heimés | tb@ edul amcf t eeehsdl vent

i s renoved ua@@&a&@ducsﬂdpr%urc%mbm(%d esi-gHg ks ﬁﬁg% %45% nay et her,
d f i zed om t ol uene.

re-filt dang e o%t and the residue 1s crystall

The |soﬁaqeedw§ ]é‘l §Ho 4 SfERYed N3Clsphakiqnopnd with 30 ml of

5- (4- benzyl pwpeerazi ra:dd ylﬁlbamzofuéaa 23ropar hoxardsle 1Onakrof reduced

1- met hyl - n f oroac ta e _and of potassi um

car bonat e aréyfégghgg EiOZgCA&{M fﬁ srtc g n]alg CﬁVFFS&eﬁ%P‘Qofe@t& of 5-(4

- 26 benzyl pEpeFazchromatpgrapjdr owberBzChl dehydf. Fheigaxtged | SMIE rred

at 60C for 1lgthavwraepeaaked .and td‘nelpsfbl gl %1@%% glﬁggggl;&sgr enoved
e

under reduced pressure. The residue I1s™take i ltered
and condent rBfedtSRCeRe (i )due™ - cr}éﬁallmfed FBom 14| udhe., TRAS

i solated yiekdoos)0. Z34g £65~).

Example 9

20 1) Synthesgis of 5~ (4-tert-butoxycarbonylpiperazin-1-yl)-
benzofuran-2-carboxamide

25 1.04 g of 5-(4-tert-butoxycarbonylpiperazin-1-yl)-2-
hydroxybenzaldehyde are added at 20° under nitrogen
with stirring to 10 ml of NMP, and 0.5 g of potassium
carbonate and 0.4 ml of ethyl bromoacetate are added to
the solution. The mixture is stirred at 120° for 5

30 hours and cooled to 25°. 0.4 ml of formamide is then
added to the mixture, and stirring is continued for 30
minutes. 1.9 ml of sodium methoxide (30% solution in
methanol) are then added over the course of 15 minutes

without cooling, and stirring is continued for a



Patent Clains 1. Process for the preparation of

S5- (1pi perazi nyl ) benzof uran- 2- car boxam de, characters ized in that a)
"5-bronpsal i cyl al dehyde is reacted in a one-pot reaction firstly with a
conmpound of the formula | H~~-cH2-coon' i 10 in which Hal is C, Br or I,

and 15 R1 is al kyl

having 1-6 carbon at @fs-or benzyl, and subsequently with

-formam de to give 5-Hal benzof uran-2-carboxamde (11), in which Hal is O,

Br or |, 20 ERFFDRE (¥ rekctdrr 307 a BPamdi t PBn vindteal canal pdednhniofat i on
W th Rz-pi peedkine addtavs CArBz ddidd Oko@R HA KR PR Ot 8%ld NGhAEQEP a0 Ji Ve

t he conpound of th

formulg I'l] 25 11l in which RZ1s Hor an am no

protecting gF6RAra369and2BbsElBerrTyeons Phasey iy extaachrst #Efth or

10

15

20

25

30

35

30 ml of ethyl acetate. The combined organic phases are
washed with 30 ml of water, and the solvent is removed
under reduced pressure (1.1 g of orange crystal
slurry). After crystallization using 20 ml of toluene,
500 mg of pale-beige crystals remain. The mother liquor
is evaporated, and the o0il which remains is dissolved
in 10 ml of toluene. After 3 hours at 0°, further pale-
beige crystals form (identical with the first crystals;
70 mg). The total yield (0.57 g) is 49%, m.p. 202-204°;
MS 345 (M+), 289 (100%), 272, 244, 215, 203.

The BOC group is removed as described, giving 5-(1-

piperazinyl)benzofuran-2-carboxamide.

Example 10

1) Synthesis of 5-(4-tert-butoxycarbonylpiperazin-1-yl)-

benzofuran-2-carboxamide

5 ml of 1-methyl-2-pyrrolidone, 0.16 g of chloroacet-
amide and 0.25 g of potassium carbonate are added at
20°C with stirring / under nitrogen to 0.5 g of 5-(4-
tert-butoxycarbonylpiperazin-1-yl)-2-hydroxybenzalde-
hyde. The mixture is stirred at 60°C for 16 hours,
cooled and then filtered, and the solvent is removed
under reduced pressure. The residue is taken up in MTB
ether, re-filtered and concentrated, and the residue is
crystallized from toluene. The isolated yield is 0.34 g
(60%) .

2) Synthesis of 5-(4-benzylpiperazin-1-yl)benzofuran-2-
carboxamide

10 ml of l-methyl-2-pyrrolidone, 0.4 g of chloroacet-
amide and 0.8 g of potassium carbonate are added at
20°C with stirring / under nitrogen to 1.0 g of 5-(4-



- 2 b) a conmpound of the formula IVRA IV 5 in which Lis Cl, Br, |I or a
reactively esterified OH group, R3 is Hor CHZR6, 10 R4 and RS are each,

i ndependently of .one another, OR, ORB, SR or SRe, R4 and R5 together are
alternatively carbonyl, =S5, =NC (R) a, =NNC (RB) a , =NOH, =NOR ,
=N-N[ (R)2] , =N-N[ (RB)2] or -O (CH2ER-6-, 15 R6 is CN, COOH, COCK' or
CONHz, R is_alkyl having 1-6 carbon atons, RB |s(fhen which is
unsubstltuteHeGﬂY#@ﬁ@ﬂnﬂzhﬁT%nx#|1%ﬂh¥ﬁﬂ$%ﬂ@enZ§i elsRleor Fap, 29XT is 2
or 3, is rea@h@@ i3 astt_{@ﬂéathen srmtcalf&lat%yﬁ%%r%m Nl 08qWahl then

RZ- pi perazi ne, _in whjch or an ami no protectin rou 25 to give a
Congognd of Fﬁétﬁ5ﬁﬁulaanR2tpﬁ solvent 1sljremoved§3é%deé) reducedP

pressure. The residue is taken up in MTB ether, re-~
5 filtered and concentrated, and the residue is crystal-
lized from toluene. The isolated vyield is 0.73 g (65%).



VORS in which Rz is Hor an amno protecting group, R3is Hor CHzR6, R4
and RS are each, independently of one another, OR, ORB, SR or SRe, 5 R4
“and RS together are alternatively carbonyl, =S, =NNC (R) z , =N-C (RB) z
=N-OH, =NOR , =NN[ (R) z | , =NNN[ (RB) z | or -O (CHz) n-0- , R6 is
CN, COOH, COOR or CONHz, R is alkyl having 1-6 carbon atons, 10 RBis
.phenyl which is unsubstituted or nono- or disubstituted by R, OR, SR or
Hal, nis 2 or 3, 15 which is subskaftemnt|Glaimeted in a one-pot reaction
firstly wwth a conpound of the fornmula I ~-cH2-coon' ~ 20 in which L is d,
Br, | or areactively esterified OH group, and Rl is al kyl having 1-6
carbon atons tor béF&Ress25 ar#@rsubség‘@entlﬁr\ﬂpﬁﬁaftd%m deft o gidvdla

conpound of the fe@imdrazlinyl)benzofuran-2-carboxamide, character-
5 ized in that

a) 5-bromosalicylaldehyde is reacted in a one-pot
reaction firstly with a compound of the formula I

Hal-CH,-COOR |

10
in which
Hal 1is Cl, Br or I, and
15 R' is alkyl having 1-6 carbon atoms or benzyl,
and subsequently with formamide to give 5-Hal-
benzofuran-2-carboxamide (II), in which Hal is C1,
Br or I,
20
(II) 1is then reacted in a transition metal-
catalysed amination with R®-piperazine, in which R?
is H or an amino protecting group, to give the
compound of the formula III
25
R2
~
N//'\\j
k/N 0
AN il
0O NH2
in which R? is H or an amino protecting group,
30 and subsequently, if R?* # H, R? is cleaved off,

or



NIIl 30 in which Rz is Hor an am no protecting group, and subsequently,
if Rz ~H Rz is cleaved off, or c¢) a conpound of the fornmula V 5 in which
"R2 is an amino protecting group, R3i s Hor CHZR6 , R4 and R5 are each,

i ndependently of one another, 10 OR, ORB, SR or SRB, R4 and R5 together
are alternatively carbonyl, =5, =N-C (R3 2, =N-C (RB) 2, =N-OH, =N-COR',
=EN-N[ (RB) 2] O -O (CH2) n-O , R6i s CN, COOH,

=NNT (R) z ]

COOR or

CONHZ

15 R

is alkyl having 1-6 carbon atonms, RB is phenyl which

is unsubstituted @) RORMPAFurd VHHHL HBd By By OR, SR or Hal, nis 2
or 3, 20 is reacted with chl oroacetam de to give a conmpound of the formula

10

15

20

25

R4
H

RS v

OR3

in which

L is Cl, Br, I or a reactively esterified
OH group,

R’ is H or CH;RS,

R and R®° are each, independently of one another,

or’, OR®, SR’ or SRS,

R? and R® together are alternatively carbonyl, =S,

is

=N-C(R’),, =N-C(R®),, =N-OH, =N-OR’,
=N-N[(R")2], =N-N[(R®)2] or -O-(CHz),-O-,
is CN, COOH, COOR’ or CONH,,

is alkyl having 1-6 carbon atoms,

is phenyl which is unsubstituted or
mono- or disubstituted by R’, OR’, SR’ or
Hal,

is 2 or 3,

reacted in a transition metal-catalysed

amination with R*-piperazine, in which R? is H or

an amino protecting group,

to give a compound of the formula V

RZ\N R4
@ “
RS

OR3

in which



in which R2 is an amino protecting group, 25 and Rz is subsequently cl eaved
off, and/or in that 5-(1-piperazinyl)benzofuran-2carboxam de is converted
“into one of its acid30 addition salts by treatment with an acid. 2. Process
according to Caim1, characterized in that Hal in the conpound of the
formula | is Br. 35 3. Process according@to Claiml1l, characterized in that
«the transition-nmetal catalyst systemused is Pd(Cﬁc)Z/P(tert butyl)3. - 5
4. Process accordRng to O aild X oghanaemémioz @doteatiiatg igraume reaction of
5-bronpsal i cyl al dehyde or a;igompeynémokRsthe fornula V with a conmpound of
the formula I, N-pethylpysrolidone |s used as solvent. 5 5. Conpounds of
the formula V V ORS ?L%d % WhREn SRE 'slﬂdﬁpe&‘ﬁie&ﬁWoopﬁ&r@:ﬁW@%up R3 i
s Hor CHZR6 , R4 and R5 ar eréactHr®, eiependem®ly of one another, OR , ORe

, SR OrE§R8 ' R? and RS together are alternatively carbonyl, =8,
=N-C(R’),, =N-C(R®),, =N-OH, =N-OR’,
=N-N[ (R7);], =N-N[(R®),] or -O-(CHz),-0O-,
R® is CN, COOH, COOR’ or CONH,,
R’ is alkyl having 1-6 carbon atoms,
10 R® is phenyl which is unsubstituted or
mono~ or disubstituted by R’, OR’, SR’ or
Hal,
n is 2 or 3,
15 which 1is subsequently reacted in a one-pot

reaction firstly with a compound of the formula I
1
L-CH,-COOR

20 in which
L is Cl, Br, I or a reactively esterified OH
group, and
R!' is alkyl having 1-6 carbon atoms or benzyl,

25 and subsequently with formamide to give a compound
of the formula III

R2
~
N/ﬁ
L\\/'N O
A\ ]
o NH,
30 in which R? is H or an amino protecting group,

and subsequently, if R® # H, R? is cleaved off,



15 R4 and R5 together are alternatively carbonyl, =S, =NC (R ) 2, =NC
(R8) 2, =N-OH, =NOR, =N-N[ (R) 2] , =NNN[ (R8) z ] O -0- (CH2) n-O-
" R6is CN .COOH, COOR or CONHz, R is alkyl having 1-6 carbon atons, 20
R$ is phenyl which is unsubstituted or nobno- or disubstituted by R, OR
SR or Hal, nis 2 or 3, and salts and-s#élvates thereof.

or

c¢) a compound of the formula V

5

in which

R? is an amino protecting group,

R’ is H or CH.RS,

R' and R° are each, independently of one another,

10 OR’, OR®, SR’ or SRS,

R* and R® together are alternatively carbonyl, =S,
=N-C(R’),, =N-C(R®),, =N-OH, =N-OR’,
=N-N[(R7),], =N-N[(R%).] or -O-(CH;),-O-,

R® is CN, COOH, COOR’ or CONH,,

15 R’ is alkyl having 1-6 carbon atoms,

R® is phenyl which is unsubstituted or
mono- or disubstituted by R’, OR’7, SR’ or
Hal,

n is 2 or 3,

20

is reacted with chloroacetamide to give a compound

of the formula III

in which R? is an amino protecting group,

25

and R? is subsequently cleaved off,

and/or in that 5-(l-piperazinyl)benzofuran-2-

carboxamide 1is converted into one of its acid-

30 addition salts by treatment with an acid.
2. Process according to Claim 1, characterized in
that Hal in the compound of the formula I is Br.
35 3. Process according to Claim 1, characterized in

that the transition-metal catalyst system used is
PAd(OAc),/P(tert-butyl),.
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Process according to Claim 1, characterized in
that in the reaction of 5-bromosalicylaldehyde or
a compound of the formula V with a compound of the

formula I, N-methylpyrrolidone is used as solvent.

Compounds of the formula V

2
R\ /\‘ R4
N H
@ v
RS
OR3
in which
R? is H or an amino protecting group,
R3 is H or CHR®,

R' and R® are each, independently of one another,
or’, or®?, SR’ or SRS,

R?* and R® together are alternatively carbonyl, =S,
=N-C(R7);, =N-C(R®),, =N-OH, =N-OR’,
=N-N[(R")z], =N-N[(R®)2] or -O-(CHz),-O-,

R® is CN, COOH, COOR’ or CONH;,

R’ is alkyl having 1-6 carbon atoms,

R® is phenyl which is unsubstituted or
mono- or disubstituted by R’, OR’, SR’ or
Hal,

n is 2 or 3,

and salts and solvates thereof.



