WO 2009/112529PCT/EP2009/052870 Novel Method for the Production of Sulphonylpyrroles as
HDAC inhibitors 5Field of application of the invention The invention relates to a novel production
method of N-sulphonylpyrrole derivatives and salts thereof, which are used in the pharmaceutical
industry for H€ P& of pharmaceutical compositions. 10 Technica%&%@gﬂazﬁ'%nscriptional
regulation in cells is a complex biological process. One basic 15 principle is regulation by
posttranslational modification of histone proteins, namely histone proteins H2A/B, H3 and H4 forming
the octameric histone core complex. These complex N-terminal modifications at lysine residues by
acetylation or methylation and at serine residues by phosphorylation constitute part of the so called
"histone code" (Strahl & Ellis, Nature 403, 41-45, 2000). In a simple model, 20acetylation of positively
charged lysine residues decreases affinity to negatively charged DNA, which now becomes accessible
for the entry of transcription factors. Histone acetylation and deacetylation is catalysed by histone
acetyltransfeased itAfic) dndths®Brmideticetydi SadthiDAQGe)rid2A@s BB AGsatitiddwith 25
transcriptional repressor complexes, switching chromatin to a transcriptionally inactive, silent structure
(Marks et al. Nature Cancer Rev 1, 194-202, 2001). The opposite holds true for HATs which are
associated with transcriptional activator complexes. Three different classes of HDACs have been

describeg S%@Ea%gﬁ;ﬁaﬁéﬁ GG dv8n8byith Mr = 42-55 kDa primarily located in the nucleus
and 30sensitive towards innibition by Irichostatin A (TSA), class Il (HDAC 4-7, 9, 10) with WO
2009/112529PCT/EP2009/052870 - 2 -
The invention relaies to a novel production method of N-suiphonyipyrrole
derivatives and salts thereof, which are used in the pharmaceutical industry for the

production of pharmaceautical compositions.
10

Technical backaround

Transcriptional regulation in cells is a compiex biological process. One basic
15 principle is regulation by posttranslational modification of histone proteins, namely
histonz proteins H2A/B, H3 and H4 forming the octameric histone core compiex.
These complex N-terminal modifications at lysine residues by acetylation or
methylation and at serine residues by phospharylation constitute part of the so
called "histone cede” (Strahl & Eliis, Nature 403, 41-45, 2000). In a simple model,
20 acetylation of positively charged lysine residues decreases affinity to negatively

charged DNA, which now becomes accessible for the entry of transcription factors.

Histone acetylation and deacetylation is catalysed by histone acetyltransferases
{HATs) and histone deacetylases (HDACs). HDACs are associated with
25 transcriptional repressor complexes, swiltching chromatin o a transcriptionally
inactive, silent structure (Marks et al. Nature Cancer Rev 1, 194-202, 2001). The
opposite holds true for HATs which are associated with transcriptional activator
complexes. Three different classes of HDACs have been described so far, namely
class | (HDAC 1-3, 8) with Mr = 42-55 kDa primarily located in the nucleus and
30  sensitive towards inhibition by Trichostatin A (TSA), class Hl (HDAC 4-7, 8, 10} with



Mr = 120-130kDa and TSA sensitivity and class Il (S1r2 homologues) which are quite distinct by their
NAD. dependency and TSA insensitivity. Cancer chemotherapy was established based on the concept

that cancer cells 5 with uncontrolled proliferation and a high proportion of cells in mitosis are killed
preferehtially SUEACancer chemotherapeutic drugs finally kill cancerpgérﬂg}?@rﬂ‘gﬁu?ﬁﬁ{ffction of

programmed cell death (“apoptosis") by targeting bésic cellular processes and molecules, namely
RNA/DNA (alkylating and carbamylating agents, platin analogs and topoisomerase inhibitors),
metabolism (drugs of this 10 class are named anti-metabolites) as well as the mitotic spindle

apparatus (stabffizl4§-dR8la@pdiZing Eeuml iniendrsiRssribitSirorpmrelreisshvdighsss (HDIs)
constitute a peMeciBsmef BRtheaneARDAgsSawiBrifareNtiaiiopaak@p@ptosis inducing activity. By

targeting histone deacetylases, HDIs effect histone (protein) acetylation and chromatin structure,
inducing a complex transcriptional 15 reprogramming, exemplified by reactivation of tumor suppressor

genes and refaessionhefestbegsme svBesideivifrctingzaeetydatidnof dhdepnimal ysinesresifiges in core
histone protejns, -histan important fqr.cancer cell biol ike heat-shock-protein 90
(Hsp90)%or tmsgﬂ %Orﬂl[gé(ﬂs%sp rg%i%?#p&&t&%%)%@?éﬁh@%%ﬁ%ﬁ Hgé%%lh—llﬂlgn aﬁt Act B@Iq stricted to
cancer therapigfemmogalificAdgrida20ntstely fohiflathenapenwytidistage sfinatiyinkitoidsatritisliand

neurodegengrationwasisRow bsti VK | r cribed in
the public Iiter;g%ur;e as I—iDAC-riE?:‘hi it(f‘?gf4 eﬁé@[ié{é@fg f()grg’rjégg%g%y)o th%%%@%%ggﬁs%a@% position 2

or 3 of the pyiefEsaEfaMd(VIRlaCHieSoaPMe REALMIA oGk YRliNg7 aue. Sarbesviaile or Ragno
et al., Journaiddag, GRam- @%&@/%%B&séﬂ%hﬁﬁﬁﬁecﬁgﬂhﬁ@%éﬂ%st&?ﬁ%%wfoxamic

acid derivatives are described in US4960787 as lipoxygenase inhibitors or in US6432999 as
cyclooxifenS8SnAtsidreBrth BRsTE R leniofehr RaItGRovRtiote spydie apparatus

2009/112529p6Hilzing U0SRE0IMEy 208 HPBHHIEBRY. WRiZRE/ 03 94 e gerbetylases
WO 200703030 Vo0 B Rcrbctiin 3 SFT o LELES e LAY S
N-hydroxy-aepdainile iderivaty estilityis By dparetion prtecessieangiyiasad) e dasitete pidhesynthesis of
N-hydroxy- aeRmiFe AekabNes IR I Rz SoresPANding A piG A5z Renssas
15 reprogramming, exemplified by reactivation of tumor suppressor genes and
repression of oncogenes. Beside effecting acetylation of N-terminal lysine residues
in core histone proteins, non-hisione fargets important for cancer celi biclogy like
heat-shock-protein 90 (Hsp90) or the p53 tumor suppressor protein exist. The
medical use of HDIs might not be restricted to cancer therapy, since efficacy in
20  models for inflammatory diseases, rheumatoid arthritis and neurodegeneration
was shown.

Benzoyl or acetyl substituted pyrrolyl propenamides are described in the public
literature as HDACG-inhibitors, whereas the connectivity of the acyl-group is at
25  position 2 or 3 of the pyrrole scaffold. (Mai et.al., Journal Med.Chem. 2004, Vol.
47, No. 5, 1098-1108; or Ragno et al., Journal Med. Chem. 2004, Vol. 47, No. 5,
1351-1358). Further pyrroly! substituted hydroxamic acid derivatives are described
in US4860787 as lipoxygenase inhibifors or in US6432889 as cyclooxygenase
inhibitors or in EP570584 as inhibitors of cell growth.
30
Addressing the remaining need in the art for novel, well-tolerated and more
efficacious inhibitors of HDACSs, the international applications WO 2005/087724,



synthesis, the corresponding acrylic acid derivative is coupled with O-(tetrahydro- 10
2H-pyran-2-yl)hydroxylamine by the reaction with an amide linking reagent (EDCxHCI and
HOBtxH20). After removal of the protecting group by stirring with an acid ion exchange resin, the
respective WM%Q;};&&?ylamide derivative is obtained: The use of PCT/ER2009/052870
O-(tetrahydro-2H-pyran-2-yphydroxylamine and EDEXHCI is, however, a disadvantage not only under
cost aspects but also because these reagents are 20 not available in large quantities. Furthermore,
O-(tetrahydro-2H-p ran-Zénghydrox lamine is ?i?)losive and it is_necessaﬁ/ to remove the byproducts

an additionaY rifeSRGII348 e GNGbIUT cHrBAYSSAshy SRASHR ot SF MY VRIS R fore is to

provide a cogmerpialyAtactiveotsas/Zaiespansivadutiabienst equally effective process for preparing
N-hydroxyacrylamide derivatives of N-sulphonylpyrrole compounds, which derivatives have HDAC
inhibitory activity, which allows obtaining the reaction product in fewer steps and with high yield and
purity. 3a SUWINaR0ACANTIMY i ONLEBPECO 408 eaisdp MM 208 108048 farishe fissiration of a

compoupd of, flormuia & RONRINLR $RABNIGRTky-acryiamide derivatives.

This praeparation process comprises in the last step the synthesis of N-hydroxy-
acrylamide derivatives starting from the corresponding acrylic acids. During said
synthesis, the comresponding acrylic acid derivative is coupled with O-(tetrahydro-
10 2H-pyran-2-yDhydroxylamine by the reaction with an amide linking reagent
(EDCxHCI and HOBtxH20). After removal of the protecting group by stirring with

an acid ion exchange resin, the respective N-hydroxy-acrylamide derivative Is

obfained:
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The use of O-{tetrahydro-2H-pyran-2-ylihydroxylamine and EDCxHCI is, however,
a disadvantage not only under cost aspects but also because these reagents are

20 not available in large quantities. Furthermore, O-{tetrahydro-2H-pyran-2-
yhhydroxylamine is explosive and it is necessary to remove the byproducts an
additional purification step, e.g. column chmmaiography.

An object of the invention therefore is to provide a commercially attractive, less

25 expensive but at least equally effective process for preparing N-hydroxy-
acrylamide derivatives of N-sulphonylpyrrole compounds, which derivatives have
HDAC inhibitory activity, which allows obtaining the reaction product in fewer sieps
and with high yield and purity.



R6 Formula | wherein R1is hydrogen, 1-4C-alkyl, halogen, or 1-40-alkoxy, R2is hydrogen or
1-4C-alkyl, R3is hydrogen or 1-4C-alkyl, R4is hydrogen, 1-4C-alkyl, halogen, or 1-40-alkoxy, R5is
hydrogen, 1-4C-alkyl, halogen, or 1-40-alkoxy, R6is -T1-01, wherein Tiis a bond, 01is Art, Pal, NM, or
Ahl , wherein Anis phenyl, or R61- and/or R62-substiftted phenyl, wherein R61 is 1-40-alkyl, or
-T2-N(R611)R612, wherein either T2is a bond, and R611 is 1-4C-alkyl, 1-40-alkoxy-2-40-alkyl, or
phenyl-1-4C-alkyl,

Summary

According to one aspect, there is provided a process for the preparation of a
compound of formula I

0 JOH
R2 NH
R4, —
i F
R5 I?, R4
D-—-"?wo

RE

Formuta |
wherain

R1 is hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy,
R2  is hydrogen or 1-4C-alkyl,
R3 s hydrogen or 1-4C-alkyl,
R4  is hydrogen, 1-4C-aikyl, halogen, or 1-4C-alkoxy,
R5  is hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy,

R6  is-T1-Q1, wherein

T4 is & bond,

Q1  is Arl, Aat, Hht, or Ahtl, wherein

Arl s phenyl, or R61- and/or R82-substituted phenyl, wherein
R8% s 1-4C-alkyl, or -T2-N(R611)R612, wherein

-gither
T2  isabond, and
RB11 is 1-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl, or phenyl-1-4C-alkyl,



3h R612 1-4C-aikyl, or 1-4C-alkoxy-2-4C-alkyl, or R611 and R612 together and with inclusion of the
nitrogen atom, to which they are bonded, form a heterocyclic ring Heti, wherein Heti is morpholino,
thiomorpholino, S--oxo-thiomorphofino, S,S-dioxothiomorpholino, piperidino, or pyrrotidino, Or T2is
1-4C-alkylene, or 2-4C-alkylene interrupted by oxy%En, and R611 is 1-4C-alkyl, 1-40-alkoxy-2-40-alkyl,
or phenyl-1-40-alkyl, R612 is 1-4C-alkyl, or 1-4C-&ikoxy-2-40-alkyl, or R611 and R612 together and
with inclusion of the nitrogen atom, to which they are bonded, form a heterocyclic ring Heti, wherein
Heti is morpholino, thiomorpholino, S-oxo-thiomarpholino, S,S-dioxothiomorpholino, piperidino,

pyrrolidino, iftfitZolo™pyRkerb BF pyiaRie e 4 ylaMyl, 1-40-alkoxy, halogen, cyano,

1-40-alkoxy- ke €Cralky Rb-ACallearkepwamineiendndd-alkyisuipentamine whah ihayisaryl radical
made up of two aréll %rou s, which ar? seleci_?q#nd pendently from a group consisting of phenyl and
naphthyl, andPWHIER: AP ABERYRHE: U 2 Erg B8R Hh is a bisheteroaryl radical made up of

two heteroarygrouipsnudpicbliace sedecteghoilenahdeotyitiomorarging Edheikiing of monocyclic 5- or

&- membere hetero%r l radicals,gomprisirﬁlr?fg icﬁ or two heteroatoms, each of which is selected from
su

the group co ]%WHEJO Hﬂ?oé’é%?”o%e%ré’ lrt]cr),’and which are linked together via a single bond,

or

T2 s 1-4C-alkylene, or 2-4C-alkyiene interrupted by oxygen, and

R811 is 1-4C-alkyl, 1-4C-alkoxy-2-4C-alkyi, or phenyl-1-4C-alkyl,

RB12 is 1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkyl, or

R611 and R612 together and with inclusion of the nifrogen atom, ic which they are
bonded, form a heferocyclic ring Het1, wherein

Het1 is morpheling, thiomorpholino, S-oxo-thiomorpholing, S,S-dioxo-

thiomorpholino, piperidine, pyrroliding, imidazolo, pyrrole or pyrazolo,

RB2 s 1-4C-alkyl, 1-4C-alkoxy, halogen, cyanc, 1-4C-alkoxy-1-4C-alkyl, 1-4C-
alkvicarbonylamino, or 1-4C-alkyisulphonylaming,

Aal is a bisaryl radical made up of two aryl groups,
which are seiected independently from a group consisting of phenyl and naphthy!,
and

which are linked together via a single bond,

Hh1 is a bishetercaryl radical made up of two heteroaryl groups,

which are selected independently from a group consisting of monocyclic 5- or 8-
membered heteroary! radicals comprising one or two hetercatoms, each of which
is selected from the group consisting of nitrogen, oxygen and sulfur, and

which are linked fogether viza a single band,

Ah1 is a& heteroarylaryl radical or an aryl-heteroaryl radical made up of 2
heteroary! group selected from a group consisting of monocyciic 5- or 6-membered

heteroaryl radicels comprising one or two helercatoms, each of which is selected



Ahl is a heteroaryl-aryl radical or an aryl-heteroaryl radical made up of a heteroaryl group selected

from a group consisting of monocyclic 5- or 6-membered heteroaryl radicals comprising one or two

heteroatoms, each of which is selected 3c from the group consisting of nitrogen, oxygen and sulfur,
and an aryl group selected from a group consisting of phenyl and naphthyl, whereby said heteroaryl
and aryl groups are linked together via a single bo d, wherein Aal , Hh1 and Ahl may be optionally

substituted by R63 and/or R64, wherein R63 is 1-4C-alkyl, phenyl-1-4C-alkyl, 1-4C-alkoxy,

trifluoromethyl, cyan, halogen, completely redomlnant fluorlne bst tuted 1- 40 kox 1-40- alko
11 -4C-alkyl, TOR kBRI GHTSITHA, 51y RATRainy PIARD, BREN SN GRSTarng Y Grodt
1-AC-alkylcaepsiadingn @ﬁ@@ﬂ@&bd@l@ﬁ@g of ghirdCatle/inaphibgarbmaybimaaid oeteroaryl

di-1-4C- aIkyIa 0S [, or -T3-NI(R631)R632, Wh reln T3is a bond, 1-4C-alkylene, or
2-40-alkyien& é\fﬁtréﬁé’ %%r%/ﬁg’r‘?d SS4E 7 50, 40-alkoxy-2-4C-alkyl, or
phenyl-1-4C-alkyl, R632 1-4C-alkyl, or 1-4C-alkoxy-2-4C- aIkyI or R631 and R632 together and with

inclusion of th nltrog ic.fi , Wherein Het2
is morphollno |(§§r¥?orphbtfq %oxoﬂ@rphﬁ%ﬁg J@?ﬁ%?&?%l%@%ﬁ ino, pyrrolidino,

imidazolo, pywindoadn pyrazolo, and R64 is 1-4C-alkyl, 1-40-ataxy or halogen, comprising the step of
reacting an acrylic acid chloride compound of formula IV: 3d

RE63  is 1-4C-alkyl, phenyl-1-4C-alkyl, 1-4C-alkoxy, trifluoromethyl, cyane,
halogen, completely or predominantly fluorine-substituted 1-4C-alkoxy, 1-4C-
alkoxy-1-4C-alkyl, 1-4C-alkyisuiphonylamino, tolylsulphonylamine,
phenylsulphonylamino, 1-4C-alkylcarbonylamine, carbamoyl, mono- or di-1-4C-
alkylaminocarbonyl, mono- or di-1-4C-alkylaminosulphonyl, or -T3-N(R631)RE32,
wherein

T3 iz a bond, 1-4C-alkyleng, or 2-4C-alkylens interrupied by oxygen, and
RB31 is 1-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl, or phenyl-1-4C-alkyl,

R632 1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkyl, or

RE31 and R632 together and with inclusion of the nitrogen atom, to which they are
honded, form a heterocyclic ring Het2, wharem

Het2 is morpholino, thlomorphaimo S- oxo-thlomorphoi no, S,5-dioxo-

thiomarphelina, piperidino, pyrroiidino, imidazole, pyrrolo or pyrazolo, and
RE4 is 1-4C-alkyl, 1-4C-alkoxy or halogen,

comprising the step of reacting an acrylic acid chloride compound of formula I



Formula 11' wherein R1, R2, R3, R4, R5 and R6 have the meanings as defined above, with aqueous
hydroxylamine and optionally converting the resulting compound into an acid addition salt thereof.
According to another aspect, there is provided a process for preparing a pharmaceutical composition
containing a compound of formula | or a pharmacguqtically acceptable acid addition salt thereof,
comprising synthesizing the compound of formulaTor its acid addition salt as defined above and
formulating the resulting compound with customary pharmaceutical excipients. WO
2009/112529PCT/EP2009/052870 - 4 - Description of the invention In accordance with a first aspect of
the present invention a novg| pr(%cess for the 5 preparation of N-hydroxy-acrylamide derivatives of
N-suiphonylpyr&le oyndstiaving HDAC inhibitory activity has now been developed, which is
described in mor , comprising a step of transforming an acrylic acid chloride intermediate
into the correspongding N-hydroxy acrylamide derivative. Surprisingly, this reaction can be conducted
with aqueousydroxylamine without the formation 10 of acrylic acid by-products and leads to the
formation of the free! base of the corresponding N-hydroxy-acrylamide N-sulphonylpyrrole or its
respective hydrochlgride. Said finding is especially surprising, as acid chlorides like the above
Intermediates 15 ar&Gn general very susceptible towards hydrolysis upon contact with water. In this
regard, the well-known textbook of Jerry March, Advanced Organic Chemistry 14th edition, 1992,
p.377] states the folldwimgiz My! halides are so reactive that hydrolysis is easily carried out. In fact,
most simple acy/ halides must be stored under anhydrous conditions lest they react with water in the
air. Consequently, 20water is usually a strong enough nucleophile for the reaction, though in difficult
cases hydroxweetein midy B&.rEquiRdd. Bicrndié S@siegyeatnasoreatBinef R Eeyih
hydroxylamingq%mgl}ﬁ,m%@;ﬁm@cess led to the formation of significant quantities of acrylic acid
by-products. ‘

and optionally converting the resulting compound info an acid addition salt thereof.

According fo another aspect, there is provided a process for preparing a
pharmaceutical composition containing a compound of formula | or a
pharmaceutically acceptable acid addition salt thereof, comprising synthesizing
the compound of formula | or its acid addition salt as defined above and

formulating the resulting compound with customary pharmaceutical excipients.



25 Thus, the newly developed preparation process of N-hydroxy-acrylamide derivatives of
N-sulphonylpyrrole compounds having HDAC inhibitory activity according to the present invention
provides the advantages of being much more cost effective than the process known form the prior art
and of enabl§ #48°8#&2P 30 formation of N-hydroxy-acrylamides without &' FELEEEIEY the
additional steps of de-protection and purification. \A4#-2009/112529PCT/EP2009/052870 - 5 - The
present invention thus reiates in a first general aspect to a novel process for the preparation of a
compound of formula I, which is an N-hydroxy-acrylamide derivative of an N-sulphonylpyrrole
compound and has HDAC inhibitory activity: 5Formula | wherein R1is hydrogen, 1-4C-alkyl, halogen,
or 1-4C-alkoxye. 215 9081k AhdapbeikYl, 10R3is hydrogen or 1-4C-alkyl, R4is hydrogen,
1-4C-alkyl, hatogen, or I-40-alkoXy, R5IS hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy, R6is -T1-01,
wherein 15 Tiis a bond,

In accordance with a first aspect of the present invention a novel process for the

5 preparation of N-hydroxy-acrylamide derivatives of N-sulphonylpyrrole compounds
having HDAC inhibitory activity has now been developed, which is described in
more detail below, comprising a step of transforming an acrylic acid chioride
intermediate into the corresponding N-hydroxy acrylamide derivative. Surprisingly,
this reaction can be conducted with agueous hydroxylamine without the formation

10  of acrylic acid by-products and leads to the formation of the free base of the
corresponding  N-hydroxy-acrylamide N-sulphonylpyrrole  or  its  respective
hydrochioride.

Said finding Is espacially surprising, as acid chlorides like the above intermediates

15  are in general very susceptible towards hydrolysis upon contact with water. In this
regard, the well-known textbook of Jerry March, Advanced Organic Chemistry [4"
edition, 10892, p.377] states the following: Acyl halides are so reaciive fthat
hydrolysis is easily carried out. In fact, most simple acyl halides must be sicred
under anhydrous conditions fest they react with water in the air. Consequently,

20 waler is usually a strong enough nucleophife for the reaction, though in difficult
cases hydroxide fon may be required.

Even more surprisingly, the application of protected hydroxylamine as in the prior
art process led to the formation of significant quantities of acrylic acid by-products.
25
Thus, the newly developed preparation process of N-hydroxy-acrylamide
derivatives of N-sulphonvipyrrole compounds having HDAC inhibitory activity
according to the present invention provides the advantages of being much more
cost sffective than the process known form the prior art and of enabling the direct
3o formation of N-hydroxy-acrylamides without the necessity of the additional steps of
de-protection and purification.



Q1lis An, Aal , Hh1, or Ahl, wherein Anis phenyl, or R61- and/or R62-substituted phenyl, wherein R61
is 1-4C-alkyl, or -T2-N(R611)R612, wherein 20 either T2is a bond, and R611 is 1-4C-alkyl, . .
1-40-alkoxy-2-4C-alkyl, or phenyl-1-4C-alkyl, R612 1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkyl, or 25R611
and R612 tof&@AEP4hEHith inclusion of the nitrogen atom, to which they Zr& BBHEEE X a
heterocyclic ring Hetl , wherein WO 2009/112529RCGT/EP2009/052870 - 6 - Heti is morpholino,
thiomorpholino, S-oxo-thiomorpholino, S,S-dioxothiornorpholino, piperidino, or pyrrolidino, or 5 T2is
1-4C-alkylene, or 2-4C-alkylene interrupted by oxygen, and R611 is 1-4C-alkyl,

1-4C-alkoxyTha eragst srvsmdan ugcreladps in a tirst general aspect to a novel process for

the preparation of a compound of formula |, which is an N-hydroxy-acrylamide
derivative of an N-sulphonylpyrrole compound and has HDAC Inhibitory activity:

0 JOH
R2 MNH
R4, S
I
R5 !\EJ 1
OE&EEO
£45]
5 Formula |

wherein
R1 s hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy,
R2 is hydrogen or 1-4C-alkyl,
10 R3 Is hydrogen or 1-4C-alkyl,
| R4  is hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy,
R5 s hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy,

R8s  is-T1-Q1, wherein

15
T1 is a bond,
Q1  is Arl, Aatl, Hh1, or Aht, wherein
Arl  is phenyl, or R61- and/or R62-substituted phenyl, wherein
R61 is 1-4C-alkyl, or -T2-N(R611)R612, wherein
20

gither
T2 is a bond, and
R611 is 1-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl, or phenyi-1-4C-alkyl,
R612 1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkyl, or
25 R611 and R612 together and with inclusion of the nitrogen atom, o which they are
bonded, form a heterocyclic ring Het1, whersin



R612 is 1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkyl, or R611 and R612 together and with inclusion of the
nitrogen atom, to which they are bonded, form a heterocyclic ring Heti, wherein 10Heti is morpholino,
thiomorpholino, S-oxo-thiomorpholino, S,S-dioxo- thiomorpholino, piperidino, pyrrolidino, imidazolo,
pyrrolo or py¥42 &8 RBeP9s 1-4C-alkyl, 1-4C-alkoxy, halogen, cyano,1-40 RRFER20ME28TRy |,
1-4Calkylcarbonylamino, or 1-4C-alkyisulphonylami®o, IS Aal is a bisaryl radical made up of two aryl
groups, which are selected independently from a group consisting of phenyl and naphthyl, and which
are Linked together via a single bond, 20 Hhl is a bisheteroaryi radical made up of two heteroaryl
groups, whidieiie $elBefehaiaeSHIERtR aHR Swsepiemnssi)ied foRsifétc 5- or 6- membered
heteroary! raghgale GHBRISIRH ORI, M heiRraatoms, each of which is selected from the group
consisting of nitrogen, oxygen and sulfur, and 25 which are linked together via a single bond, Ahi is a
heteroaryl-aryl radical or an aryl-heteroaryl radical made up of a heteroaryl group selected from a
group consisging of monocyclic 5- or 6-membered heteroaryl radicals comprising one or two
heteroatoms,.each.of which,is.selecte frgm the group consisting of nitrogen, oxygen and sulfur,
and an aé;yl Sg?;gup §%Ig’c!{§aa #r(g}ﬁnaeg%gﬁﬁgzdﬁsfs’heﬁge (%‘%Fl%ﬁ)% %Srb\ %%%%Hyﬁ@%iereby said heteroaryl
and aryl grodfi! dréslitkdt atgbthetCialeosingld Geaticlyl, or phenyl-1-4C-alkyl,

R612 is 1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkvi, or
R611 and R612 together and with inclusion of the nitrogen atom, to which they are
bonded, form a heterocyclic ring Het1, wherain

10 Met1 is morpholino, thiomorphelino, S-oxo-thiomorpholino, S,S-dioxo-

thiomarpholinag, piperidino, pyrrolidine, imidazolo, pyrrolo or pyrazolo,

R62 is 1-4C-alkyl, 1-4C-alkoxy, halogen, cyano, 1-4C-alkoxy-1-4C-alkyi, 1-4C-
alkylcarbonylamino, or 1-4C-alkylsulphonylamine,

15
Aal is a bisaryl radical made up of two aryl groups,
which are selected independently from a group consisting of phenyi and naphthyl,
and
which are linked together via a single bond,
20

Hh1 s a bisheteroary! radical made up of two heteroaryl groups,
which are selected independently from a group consisting of monocyclic 5- or 6-
membered hetercaryl radicals comprising one or two heteroatoms, each of which
iz selected from the group consisting of nitrogen, oxygen and sulfur, and

25  which are linked fogether via a single bond,

Aht s a heteroaryl-aryl radical or an aryl-heteroaryl radical made up of a
heteroaryl group selecied from a group consisting of monocyclic 5- or 6-membered
heteroaryl radicals comprising one or two heteroatoms, each of which is selected
30 from the group consisting of nitrogen, oxygen and sulfur, and an aryl group
selected from a group consisting of phenyl and naphthyl, whereby said hetercaryl

and aryi groups are linked iogether via a single bond,



WO 2009/112529PCT/EP2009/052870 wherein Aal Hh1 and Ahl may be optionally substituted by
R63 and/or R64, wherein 5R63 is 1-4C-alkyl,-phenyl-1-4C-alkyl, 1-4C-alkoxy, trifluoromethyl, cyano,
halogen, completely or predominantly fluorine-substituted 1-4C-alkoxy, 1-4Calll,<%>{§ /b%-g%-alkyl,
1-4C-alkylsﬁ7§1%9ﬂ§’)l/gﬁﬁ%o, tolylsulphonylamino, phenylsulphonylamino, fﬁ%@aﬁ(y cdﬁoonylamino,
carbamoyl, mono- or di-1-4Calkylaminocarbonyl, monho- or di-1-4C-alkylaminosulphonyl, or
-T3-N(R631)R632, rn wherein T3is a bond, 1-4C-alkylene, or 2-40-alkylene interrupted by oxygen, and
R631 is 1-4C-alkyl,1-4C-alkoxy-2-40-alkyl, or phenyl-1-4C-alkyl, R632 1 -4C-alkyl, or
1-4C-alkoxy-2-4C-alkyl, or 15 R631 and R632 together and with inclusion of the nitrogen atom, to

which they aigdiendadq feim ahetaraoyelictingotieta/iwaebstittet HisRaaGrphdlordr8diomorpholino,
5-oxo-thiomorpholino, S,S-dioxothiomorpholino, piperidino, pyrrolidino, imidazolo, pyrrolo or pyrazolo,
and 20R64 4" alkyl, 1-4C-alkoxy or halogen, comprising the step of reacting an acrylic acid
chloride compound of formula II': Formula II' WO 2009/112529PCT/EP2009/052870

5 R63 is 1-4C-alkyl, phenyl-1-4C-alkyl, 1-4C-alkaxy, triftucromethyl, cyano,
halogen, completely or predeminantly fluorine-substituted 1-4C-alkoxy, 1-4C-
alkoxy-1-4C-alkyl, 1-4C-alkylsulphonylamino, tolylsuiphonyiaming,
phenylsulphonylamino, 1-4C-alkylcarbonylamino, carbamoyl, mono- or di-1-4C-
alkylaminocarbanyl, mono- or di-1-4C-alkylaminosulphonyl, or -T3-N(R631)R632,

10 wherein

T3  is a bond, 1-4C-alkylene, or 2-4C-alkyiene interrupted by oxygen, and
R631 is 1-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl, or phenyl-1-4C-alkyl,
R632 1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkyl, or
15  RB631 and R632 together and with inclusion of the nitrogen atom, to which they are
bonded, form a heterocyclic ring Het2, wherein
Het2 is morpholino, thiomorpholine, S-oxo-thiomorpholine, 8,5-dioxo-

thiomorpholinoe, piperiding, pyrroliding, imidazolo, pyrrole or pyrazolo, and
20 R64is 1-4C-alkyl, 1-4C-alkoxy or halogen,
comptising the step of reacting an acrylic acid chloride compound of formuta iI"

G
R2 Ci
R4 m

R3
[\
N ORI
0=5=0
R6

R&

Formula I

25



wherein R1, R2, R3, R4, R5 and R6 have the meanings as defined above, with aqueous
hydroxylamine and optionally converting the resulting compound into an acid addition salt thereof. 5 In

a further as%(lag(t% B@% e&esent invention relates to a novel process for the p{;ﬁ[}ﬂgﬁ&gg}@&%&pompound of
eps of 101) providi

formula | according to ?ﬁge first general aspect, further comprising the st providing a
compound of formula Il: Formula Il wherein Ri, %2?, R3, R4, R5 and R6 and have the meanings as
defined above, 15 and ii) transforming the compound of formula Il into its acid chloride of formula II'.

zoln a third aspect the present jnyentigp relates. to a process wherein the above step fi) is,carried out
with thionyl B 10ﬁyl%#r’lﬁ§elgg |ﬁ”§ %%r&aggp%& ’t.‘ﬁ%aﬁ‘rlggt%nﬁsln%eﬁ %G(ra] ‘?’tref)atee’sV’E“'(’)!E I%; process
wherein the adnmistiepdioisytariee out by synthesizing the compound of formula Il according to a
25process comprising the following steps: WO 2009/112529PC'f/EP2009/052870 - 9 - lengthening the

carbon chain of a compound of formula V:
and optionally converting the resulting compound into an acid addition salt thereof.

in a further aspect the present invention relates to a novel process for the
preparation of a compound of formula | according o the first general aspect,

further corréprisiﬂg the steps of

10 1) providing a compound of formula It:

Formula i

wherein R1, R2, R3, R4, RS and R6 and have the meanings as defined above,
15 and

if) transforming the compound of formula |l into its acid chioride of formula (1",

20 In a third aspect the present invention relates to a process wherein the above step
it} is carried ouf with thionyl chioride or oxaly! chioride.
In a fourth aspect the present invention relates to a process wherein the above

step i) is carried out by synthesizing the compound of formula 1l according fo a

25 process comprising the following steps:



Formula V wherein R1, R2, R4 and R5 have the meanings as defined above, to obtain a compound of
formula IV: Formula IV wherein R1, R2, R3, R4 and R5 have the meanings as defined above and PG1
stands for a suitable temporary protective group for the carboxyl group, . reacting the compound of
formula IV With g’%%%ﬁ&f{)nd of formula R6-302- 5 X, wherein R6 is as dehifEFSRVERRA X is a
suitable leaving group, to give the corresponding C(ﬁﬂpound of formula Ill: WO
2009/112529PCT/EP2009/052870 - 10 - Formula HI wherein R1, R2, R3, R4, R5 and R6 have the
meanings as defined above and PG1 stands for a suitable temporary protective group for the carboxyl
group, and 5 removing the protective group PG1 to afford a compound of formula Il.  In a fifth aspect
the present inventipmgeiatatdata ReaeesschenPtlinadsmaomed Hiepregeding aspects, wherein the
compound of formula | is obtained in the form of 10the free base. In a sixth aspect the present
invention relates to a process according to any of the aspects one to four, wherein the compound of
formula | is directly obtained in the form of its hydrogi2|oride salt by reaction of a compound of formula

II' with aqueous R4 0
A Nl =¥
H
Formula V
5

wherein R1, R2, R4 and RS have the meanings as defined above, {o obtain a

compound of formula [V:

§!
R2 OP
R4 S—
I
RS™ S R
H
Formuda IV

10
wherein R1, R2, R3, R4 and R5 have the meanings as defined above and PG1

stands for a suitable temporary protective group for the carboxy! group,

reacting the compound of formuia 1V with a2 compound of formula R6-S0,-
15 X, wherein R6 is as defined above and X is a suitable leaving group, io give the

carresponding compound of formula i



15hydroxylamine, In a seventh aspect the present invention relates to a process according to any of
the aspects one to four for the preparation of other salts of the compounds of formula | than the -
hydrochloride, comprising 20 reacting the free base of a compound of formula | with a suitable acid
or acid deriv‘gt%%mfg'? ¥ the corresponding acid addition salt, or WO PCT/EP2009/052870
2009/112529PCT/EP2009/052870 - ii - In an eigh‘tﬁ‘%spect the present invention relates to a process
according to the seventh aspect, wherein the acid addition salt of the compounds of formula | other
than the hydrochloride is the methanesulfonate. 5 In a ninth aspect the present invention relates to a
process for preparing a pharmaceutical composition cegtaining a compound of formula | or a
pharmaceutically acceptable acid addition.salt eof, om%ﬁ% g synthesizing the compound of
formula | or its acid addition salt according tOan : e 10preceding aspects and formulating the
resulting compound with customary pharmacgutital excipients. In a tenth aspect the present invention
relates to a process according to the niftfas ) rein the pharmaceutical composition is for
treating, preventing or 15 ameliorating benign and/or malignant neoplasia, such as e.g. cancer,
hyperproliferative diseases of benign or mai?g”“ Ficbehaviour and/or disorders responsive to induction
of apoptosis. Especially preferred is the preparfafion of the methanesulfonate salt of the 20 compounds
of formula | according to a process as described in any of the above aspects, in particular of

Formula il

wherein R1, R2, R3, R4, R5 and Ré have the meanings as defined above and
PG1 stands for a suitable temporary protective group for the carboxy! group, and

removing the protective group PG1 fo afford a compound of formula 1l

in a fifth aspect the present invention relates to a process according fo any of the
preceding aspects, wherein the compound of formula | is obtained in the form of
10 the free base.

In a sixth aspect the present invention relates to a process according to any of the
aspects one to four, wherein the compound of formula | is directly obtained in the
form of its hydrochloride salt by reaction of a compound of formula Il with agueous

15 hydroxylamine,

in a seventh aspect the present invention relates to a process according fo any of
the aspsacis one to four for the preparation of other salts of the compounds of
formula | than the hydrochloride, comprising
20
reacling the free base of a compound of formula | with a suitable acid or
acid derivative to form the correspending acld addition salt, or

converting the acid addition salf of 2 compound of formula | into another

25 scoid addition salt.



(E)-341-(4-dimethylaminomethyl-benzenesulfony1)4H-pyrrol-3-A-N-hydroxyacrylamide,
(E)-N-Hydroxy-3-0-(5-pyridin-2-yl-thiophene-2-sulfony1)-1H-pyrrol-3-yli-acrylamide 25 and
(E)-N-Hydr%&-g-&;/-l(ﬁ-s(z’b-methyl-lH-pyraZoI:4-y1)-benzenesulfonyl]-1H1{b/ﬂ@j,ﬁng%}ﬂ§f@rylamide.
Preferably, the chlorinating agent in a process ac_c;%)gd_ing to the above aspects one 30to eight is
utilized in a 2- to 3-fold molar excess related to the’compound of formula WO
2009/112529PCT/EP2009/052870 - 2 - The temperature of the chlorinating reaction is preferably in
the range between 40 and 60C. Even more preferably, aqueous hydroxylamine is utilized in a 10- to
30-fold molar 5excess related to the compound of formula II'. The temperature of the amide forming
step is in préfemblyigrihasaagetbetwemetidiaveni0C relespreferatipensasgrtdinperatlife. 10In

another prefeyted rbadipc. {0t RclER BMHER SCABIAAIOLABORMIH A A0 qompleton of the

addition of the compo ormula 1" to the aqueous hydroxylamine containing solution. In a most
preferred entibanlifrehysfagdardensdie e hrthamédiaiBnate salt of any 15 of the above listed three
preferred compounds is prepared according to a process using the preferred reaction conditions as

described in the preceding five Paragraphs. 20 Best mode for carrying}é)ut thfe invention The
compounds BF rrilil 138RHe [Brepirsa cEtg Mo RIS dNiRgRDRERR: for preparing a

pharmaceutical composition containing a compound of formula | or a
pharmaceutically acceptable acid addition salt thereof, comprising synthesizing the
compound of formula | or its acid addition salt according to any one of the
10 preceding aspects and formulating the resulting compound with customary

pharmaceutical excipients.

in a tenth aspect the present invention relates to a process according fo the ninth
aspect, wherein the pharmaceutical composition is for treating, preventing or
15 ameliorating benign and/or malignant neoplasia, such as e.g. cancer,
hyperproliferative diseases of benign or malignant behaviour and/or disorders

responsive to induction of apoptosis.

Especially preferred is the preparation of the methanesulfonate salt of the
20 compounds of formula | according to a process as described in any of the above
aspects, in particular of
(E)-3-[1-(4-dimethylaminomethyl-benzenesulfonyl)-1H-pyrrobk-3-yl}-—N-hydroxy-
acrylamide,
(E)-N-Hydroxy-3-[1-(5-pyridin-2-yi-thiophene-2-sutfonyl)-1H-pyrrol-3-ylj-acrylamide
25 and
(E)-N-Hydroxy-3-{1-[4-(1-methyl-1H-pyrazol-4-yl)-benzenesulfony}-1H-pyrrol-3-yl}-

acrylamide.

Preferably, the chlorinating agent in a process according to the above aspecis one
30 to eight is utilized in & 2- to 3-fold molar excess related to the compound of formula
ik.



by reacting the hydrochloride salt of the corresponding acrylic acid compounds of formula 1l with a
chlorinating agent and adding the obtained acid-chloride of 25formula II to a solution of aqueous
hydroxylamine and, preferably, THF: Formula lIFormula II'Formula | W
2009/1125288CHEB3530/052870 of ri - I- Thereby, the compounds of fdrwqﬁﬁ%'éﬁﬁ%te either
directly as free base or as hydrochloride salt, both 62which can be easily isolated by filtration in high
purity. If desired, the free base can be converted into its hydrochloride by reaction with hydrogen
chloride. Similar procedures exist to prepare other acid addition salts 5and are well known to a skilled
person. Preféire deexpenpiess of tihe ciillorinating repstiiom ituereferabaréndbeliranee ketaean 4hd (C0002.
to The comeH@% ngormula Il can be prepared according to the following reaction scheme: In the
reaction scheme the carbon chain of a compound of formula V, wherein R1, R2, R4 and R5 have the
meanings as defined above, is lengthened, for example, by a condensation reaction (with a malonic

add derivative)&{ Riba: \WitigrapulizieactonaroRatifinaNY inithedcasa when RB-silysdmaen, by a
Homer-Wadsworth-
5 excess related to the compound of formula I,

The temperature of the amide forming step is in preferably in the range between
10 and 30°C, most preferably at room femperature.

10 In another preferred embodiment, the reaction mixture is stirred for 20-90 min after
the completion of the addition of the compound of formula II' to the aqueous

hydroxylamine containing solution.

In a most preferred embodiment of the invention, the methanesulfonate salt of any
15  of the above listed three preferred compounds is prepared according fo a process
using the preferred reaction conditions as described in the preceding five

paragraphs.

20 Best mode for carrying out the invention

The compounds of formula | can be prepared according o the following schems

by reacting the hydrochloride salt of the corresponding acrylic acid compounds of

formula I with a chlorinating agent and adding the obtained acid chicride of
25 formula Il to a solution of aqusous hydroxylamine and, preferably, THF:

" o R2 ¢ R2 N
R4 - R4 -
- R4 o
/ R3 Cl" Denar / \ R3 aq. HoNOH R3
R5 [;1 - NME RS [;2 R R5 N RY
0=$=0 HCI Oz‘?zo Hel o=§=c:~ free basel
Ré RE & HCI

Forrula i Forresda [ Farragla |



WO 2009/112529PCT/EP2009/052870 - 14 - Emmons reaction (with a p-(alkoxycarbonyl)-phosphonic
acid dialkyl ester) to obtain a compound of formula IV, wherein R1, R2, R3, R4 and R5 have the
meanings ags defined above and P01 stands for a suitable temporary protecti the carboxyl
group, for e>‘{7¥at?r12polﬂe9 jgelrzt%gutyl or one of those art-known protective groupsfn&ehfégéggg g|)r21£('?lﬁ>rotective
Groups in Organic Synthesis" by T. Greene and P.Wuts (John Wiley & Sons, Inc. 1999, 3rd Ed.) or in
"Protecting Groups" (Thieme Foundations Organic Chemistry Series N Group" by P. Kocienski

(Thieme Medical Publishers, 2000). 10 Compounds of formula V are known, or can be prepared

according to S8R G eREIGHE i pER hRireia iRtR bR BIRRIY SR drRRRR%E, 3bPhe case
that R2 is hyeyaasihidreepaHNEs R0 Adndbe kasiyisiiaisianearriien halgrop@imanner. A
compound of formyla, |V ¢an be reacted with a co und of formula R6- Ogﬁ(, wherein R6 has the
reanings o BRMb BB EHA (630 SHRAEVERE g URo DAL SE AHORAE D the
correspondirydagpo wiitbatitor@iatii pnduedineR kxR2, 18 3)rBdaik SHtRér ardddPadditare $hlsmeanings
as defined ahgve, S0 R6-S02-X are known or can be prepared in a known
manner.g f%ﬁégrégy(%?e%%%tgé@%%%{gﬁ?\‘/e group P01 of a compound of formula 11l 25 can be
removed according to an art-known manner to yield a compound of formula A compound of formula EI
can be obtaipegrhydeacting a.comprund eifaimy b witibirndahicdde onaxalytehiaside. The
reaction can optionally be carried out 30 as an in-situ process without isolating the compound of
formula ThatRd l@g}fg%pound of formula II' can without isolation be reacted with aqueous
hydroxylamine to form a compound of formula I. WO 2009/112529PCT/EP2009/052870 - 15 - The
present invention is meant to include bg[ih varjants, i.e, the in-sitéji formation of a compound of formula |

from a égmp'gnﬁd:mmg ﬂ%?%é&? mﬁﬁda[rﬁgared according fo the following reaction

scheme:
0
+ 7 R2 ‘ R2 OPGH
R4 WN\ R4 o R4 ==
- R3
Rsm | for R=H [\ R5 [}
N R O RSN Ry N Rt
H H H
vl (V)
o0 R6-505-X (V)
0 0
R2 OH OPG1
na _ e R2,
/ \ Ra / \ R3
R W R RSN S Ri
0=5=0 O=8=0
RS Ra

(n (i
15

in the reaction scheme the carbon chain of a compound of formula V, wherein R1,
RZ, R4 and RS have the meanings as defined above, is lengthaned, for example,
by a condensation reaction (with a malonic acid derivative) or by a Wittig or Julia

reaction or, particularly in the case when R2 is hydrogen, by a Hormner-Wadsworth-



non-isolated intermediate of formula II' with aqueous hydroxylamine and the 5reaction of the isolated
intermediate of formula II' with agueous hydroxylamine to form a compound of formula I. The in-situ
process is preferred. Optionally, the free base form of a compound of formula | can be converted into
one of its actihtlitibi¢aits. Furthermore, the hydrochloride of a compodfFGEIHUIAEBIA | or any '
other acid addition salt thereof can be converted i@ its free base form. Salts can be obtained by
dissolving the free base form of the compounds of formula | in a suitable solvent (e.g. a ketone, such
as acetone, methyl ethyl ketone 15 or methyl isobutyl ketone, an ether, such as diethyl ether,
tetrahydrofummpdioxaaetjencibtmate 8-(aibloayazbom dichapnetivyledd ofikide axtet)ldoform, or a

low molecul ight alj ic.al or-4sopsapanel) mhi i esired acid

or base, or t?j{?/v G[?Jcl:hgth@é!}’élﬁ%)tiir?a1§ ﬁiﬁ%@ﬁé?ﬁﬁ%’dﬁﬁﬁ%sa ts gﬁ"afn tﬁgcnqgéao te?n%’ by filtering,

reprecipitatifgeprétapiasi e Do taoHe ssiveRtitang sadieito v diable (enveprspaietestivtone or

acetonitrile) grdoy, %@Rﬂ@%%&?yﬁ% : fothexde® Ragsem LbingomPeds o finBwia | can be
y a

obtained from its hydrochloride salt kalization and can then be further converted into other salts
25 as descriBESBGIIAYRT RETRRRInACHIBERAINS derimranie SYsaRisnBERISEihelY The following

examples septedadlldatiate hedsvyaaiamniushes wheutirestrioiog & W) or in “Protecting
2009/112529 roCJ;r{Eﬁ%g%%%Slgggr?d_agign_s Organic Chemistry Series N Group” by P. Kocienski

(Thieme Medical Publishers, 2000).
10 Compounds of formula V are known, or can be prepared according 1o ari-known
procedures, or can be obiained from compounds of formuia VI, for the case that

R2 is hydrogen.

Compounds of formula VI are known or are accessible in a known manner.

15
A compound of formula IV can be reacted with a compound of formula R6-S0s-X,
wherein R6 has the meanings as defined above and X is a suitable leaving group,
such as e.g. chiorine, to give the carresponding compound of formula HI, wherein
R1, RZ, R3, R4, R5, Rg and PG1 have the meanings as defined above.

20

Compounds of formula R6-50,-X are known or can be prepared in a known

manner.

In the next reaction siep, the protective group PG1 of a compound of formula Kl
25  can be removed according to an ari-known manner 1o vield a compound of formula
IL

A compound of formula [ can be obtained by reacting a compound of formula i
with thionyl chioride or oxalyl chioride. The reaction can optionally be carried out

3¢ as an in-sifu process without isolaiing the compound of formuda I, That is, the
compound of formula II' can without isolation be reacied with aqueous
hydroxylamine to form a compound of formula 1.



Examples (E)-311-(4-dimethylaminomethyl-benzenesulfonyl)-1H-pyrrol-3-yll-N-hydroxy5
acrylamide hydrochloride A reaction vessel was charged with (E)-3-[1-(4-dimethylaminomethyl-

benzenesuIfo%)leu%-glHig%rrol-:%-yl]-acrylic acid hydrochloride (20.0 kg, 53%?@]9]9%&7% ) Aow (10.0 kg)

and l-methf‘/"?E pyrﬁo Idone (130.0 L). The suspension was heated to 60- ) Ktirred for 15-45 min and

filtered. The filter cake was washed with 1- methyT—if’p”yrroIidone (10.0 L) and the filtrate was
transferred into a reaction vessel. The solution was heated to 40-50C and thionyl chloride (19.0 kg,
159.94 mol) was added over a period of 1-1.5 h. After stirring for 20-45 min, the acid chloride
15solution was cooled to 18-28C. A second reaction vessel was charged with aqueous hydroxylamine
(50%, 42.8 Kih®4breawal) mveridh @tednt Dhackiny egirepaiadisoistidheointEi8itrnidiion of
dimethylaminomethyl-benzepesulfo -1H-pyrral-3-ylkacryloyl chl ige t&)édgo hloride was added at
18300 over's SUMLIR20: KK Lireiy Fop J0sa o AT Th P DAL TR B e o
17-25C withinoaSisgletaih. iNfesmesision afidamauwadistivdd irsemwinadhagaonsgiles7the L) was

added oyer ageriad of #:2 IoFherH7RRRSIAnWaS RiifFRskAl ViP5 [RIcRs AshxarRpieio 5-13C

and stirred for 1-2 h. The solid was centrifuged and was used without further’drying in the subsequent

free basing P! 25oWeP 0B gffometa bATHEPDZIboposESEo'S Breferred.

Optionally, the fres base form of a compound of formula | can be converted into
one of its acid addition salts. Furthermore, the hydrochloride of a compound of

10 formuida | or any other acid addition salt thereof can be converted into its free base
form.

Salts can be obtained by dissolving the free base form of the compounds of
formula | in a suitable solvent (e.g. a ketone, such as acetone, methy! ethyl ketone

15 or methyl isobutyl ketone, an ether, such as diethyl ether, tetrahydrofuran or
dioxane, a chiorinated hydrocarbon, such as methylene chloride or chioroform, or
a low molecular weight aliphatic alcohol such as ethanol or isopropancl} which
contains the desired acid or base, or to which the desired acid or base is then
added. The salts can then be obfained by fitering, reprecipitating, precipitating

20  with a nonsolvent for the addition salt {(a.g. isopropanol, acetone or acetonitrile} or
by evaporating the solvent.

The free base form of the compounds of formula | can be obtained from its
hydrochloride salt by alkalization and can then be further converted into other saits
25 as described above.

in this way, pharmacologically acceptable salts can be obtained.

The following examples serve to illusirate the invention further without restricting it.
30



(E)-341-(5-Pyridin-2-yl-thiophene-2-sulfonyl1)-1H-pyrrol-3-01-acrylicacid hydrochloride (30.0 g, 75.6
mmol) was suspended in acetonitrile (540 mL) and 5 thionyl chloride (12,1 mL,-166.3 mmol) was
added over a period of 10 min. The suspension was heated to 60C and stirred for 2 h. The above
prepared so 3?10%’F](2E5)2-%11-(5-Pyridin-2-y|-thiophéne-2-suIfonyl)-lH- p§ﬁ5f!’:§’?§) 93%:8&'10yl chloride
hydrochloride was added to an aqueous hydroxylaitfine solution (50%, 150 g, 2.27 mol) at 20-25C
over a period of 45 min. 1D After stirring for 65 min, water (300 mL) was added and cooled to OC. The
suspension was filtered and the filter cake was washed with water (150 mL). The title compound was
obtained as beige solid (17.3 ).

(E)-N-Hydropy 3rkkiad-(1-methyl-1H-pyrazol-4-y1)-benzenesuffonylPH-Pyrrol-311}- 15 acrylamide
WO 2009/171 EP2009/052870 - 18 - oxalyl chloride (31.5 mL, 355.4 mmol) was added within
5 min* The suspension was heated to 55C and stirred for 1 h. The above preparedsolution of
(E)-3-{144-(Iistinyled HipymairAiydmdibzeessissiyibid - pyrotdnaperaytabigride
hydrochloride was added to an 5 agqueous hydroxylamine solution (50%, 105 mL, 1.78 mol) at 10-20C
over a pgriofgwm%h ?ﬁgf@@ﬁ for 90 min, the suspension was filtered and dried. The crude
product (48.4 g) was suspended in a mixture of isopropanol (480 mL) and water (480 mL) and stirred
at reflux for 1 h. After cooling to room temperature, thg suspension was filtered ang,dried. The title

compound was obtaineglas beige 10solid (28.1 g). Commpercial utility L PO
H
/ \ S0CH, ’f \ ag. H,NOH / \
N e M e N
o NMP 0s{ O

) =
O‘,;S HCI o HCI 0{, HCH
NMe, Nha, NMe,

A reaction vesssl was charged with (E)-3-{1-{4-dimethylaminomethyl-
benzenesulfony)-1H-pyrrol-3-yil-acrylic acid hydrochloride (20.0 kg, 53.82 mol),
10 hyflow {10.0 kg) and 1-methyl-2-pyrrolidone (130.0 L). The suspension was heated
to 60-688°C, stirred for 15-45 min and filtered. The filter cake was washed with 1-
methyl-2-pyrrolidone (10.0 L} and the filirate was transferred into a reaction vessel,
The solution was heated to 40-50°C and thionyl chicride (19.0 kg, 159.84 mol) was
added over a period of 1-1.5 h. After stiring for 20-45 min, the acid chioride
15 solution was cooled o 18-28°C.
A second reaction vessel was charged with aqueous hydroxylamine (50%, 42.8
kg, 647 mol) and THF (40.0 L). The above prepared solution of (E)-3-{1-{4-
dimethylaminomethyl-benzenesulfonyl)-1H-pyrrol-3-yll-acryloyl chioride
hydrochloride was added at 18-30°C over a period of 2-4 h. After stirring for 20-40
20 min, acetone (47.6 L, 647 mmol) was added at 17-25°C within 45-80 min. The
reaction mixture was stirred for 30 min and acetonitrile (570.0 L) was added over a
periocd of 1-2 h. The suspensicon was stirred at 17-25°C for at least 4 h, cooled to
5-13°C and stirred for 1-2 h. The solid was centrifuged and was used without
further drying in the subsequent free basing step.
25
(E)-N-Hydroxy-3-[1-(5-pyridin-2-yl-thicphene-2-sulfonyl)-1H-pyrrof-3-yll-acryfamide



15 The compounds as prepared according to this invention have valuable pharmacological properties
by inhibiting histone deacetylase activity and function.-They cause hyperacetylation of certain
substrate proteins and as functional consequence for example the induction or re{Pression of gene
expression,%%ﬁ%%éﬁ?é?%rotein degration, cell cycle arrest, induction of difrdfERtiator and/or
20induction of apoptosis. The term "induction of apbptosis" and analogous terms are used to identify a
compound which excecutes programmed cell death in cells contacted with that 25 compound.
Apoptosis is defined by complex biochemical events within the contacted cell, s%ch as the activation of

cystein specific proteinases ("caspases"”) and the it gmentation of chromatin. Inguctjom of apoptosis in
cells contacted wi goé%mpound might not sdfily be coupled with inhiiton bf cell proliferation
or cell differe@gﬁireferably, the inhibiffor, of proliferation, induction gt 80differentiation and/or
induction of apgptosis is speeftieeFtiells with-aberrant cell rdRit wWo ~w
2009/1125291%@T/ 2009/052870 - 19 - Bgeluction of differentiation” isc’d/é ined as a process of cellular
reprogrammiﬁa Igad| g to a reversible or ftrev rsible cell cycle arrest in“GO an re-expression of a
subset of genes tf)pl al faca certain specializeS il cell type or tissue (e?g. e-expression of milk
fat proteins and fat iN/m mary carcinoma cells).#S The invention further relatg® tya process for
preparing a pharmaceutical composition for inhibitirg/, treating, ameliorating or enting cellular
neoplasia. A "neoplasia” is defined by cells displaying aberrant cell proliferation and/or survival and/or
a block in differentiation. The term neoplasia includes "benign neoplasia” lo which is described by
hyperprolifergtios-pt geissritieapabitiobiernery saufagdrdssiverotdadkasiniliy tumor in viedidand, in
contrast, "malignant negplasia” which is d {bed b IS, with mulgi I [ ical
TURTRSGE farn R & Snell ey gl MUl eridacant A0Gie

abnormalitie 'a'systemic disease, Tor example forming tumor metastasis in distant

organs. §5 Tiéophaomaddatidd. tamposffbhsprephves suddedingeo thegieddnt IRvaltioh@re
preferably us&%é%glq&t(ﬁggrngg{eqf {@@I&g%@gﬂﬁ@i@r algo described as cancer, characterized by
S : j .

tumor cells fi metastasizing into distinct organs or tissues. Examples of malignant nec})%lasia

treated with (ReeNabaNsh ORSRsyRGIeatieR Or e preiesr yhiaiarbR e ctasidiesit-2
hematologica)garsnSRigidymosnRFfiexerylitiedigidaimarssf thederasts blagidendirraisbrain,
central and peripheral nervus system, colon, endocrine glands (geég thyroid andoiﬂr? | cortex),
esophagus, Mi&ﬁé’ﬁfﬂiﬁ?@@%%l@pﬁ(@a«@&% %@é’kﬂﬂ%ﬁ&?% r,(}lﬁ%‘:rlﬁr?ﬁﬂ & AV dPharynx,
mesothefjomasey PR eseaEs PrAsiaiRieeqBOn, rbplas added and cooled fo 0°C. The
suspension was filtered and the filter cake was washed with water (150 mL). The

titte compeund was obtained as beige solid (17.3 g).

(E)-N-Hydroxy-3-{1-{4-(1-methyl-1H-pyrazcl-4-yi)-benzenesulfonyl]-1H-pyrrol-3-y(}-

15 acrylamide
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(E)}-3-{1-[4-(1-Methyl-1H-pyrazol-4-yl)-benzenesulfonyl]-1H-pyrrol-3-yl}-acrylic acid
20 hydrochloride (70.0 g, 177.7 mmol) was suspended in acetonitrile (525 ml.) and



25 small intestine, soft tissue, testis, stomach, skin, ureter, vagina and vulva. Malignant neoplasia
include inherited cancers exemplified by Retinoblastoma and Wilms tumor. In addition, malignant
“neoplasia include E)rima@/ tumors in said organs and corresponding sec IS, distant

" 2000112529 . . " RZ09/05
organs ( tumor Metastases ). Hematological tumors are exemplified by aggressive and indolent 30
forms of leukemia and lymphoma, namely non-Hadgkins disease, chronic and acute myeloid leukemia
(CML / AML), acute lymphoblastic leukemia (ALL), Hodgkins disease, multiple myeloma and T-cell
lymphoma. Also included are WO 2009/112529PCT/EP2009/052870 - 20 - myelodysplastic

syndrome, pfaéih SRR fish MHardRedpEER g GRRRY FRIBrS dRlnKHSRVEUSRATS Site as well
as AIDS relajess madigincaiesC el ipvestigorfunther provides a method for preparing pharmaceutical 5
compositions.for treating a mammal, in particular a hu bearin isease different to cellular
neoplasia, szr tivea%&}%stoﬁéeagé%%tylggéu bitd¥ th "9"@%5@%5%%1?“ TRHEEREEEYS include
arthropathiebantkostedipatlipidtioarobhdiians oyl shistkshetirashibddmnatadd sattterdtis; esteoarthrtis,
gout, polyarthrjtj At rthrtj ) immune dis s li SteMEJHP rythematosus
and tran%/pIagggeéj%%%?ﬁs(?%%@r%%o%é%ﬁvwe @%Ase@iﬁgg'a@aﬁo@ %S@gcﬁe#pggﬁfe%aﬂon
including vaseiias sroBfermiive’diso alisisgaite Bbs ottotiie shdnresernsies1Bignhentt dirtichronic

inflammatoryreanditigns, y fiseases 8nd,dermabenndiions sHehAs WcRESSallia 'S disease,

allergic rhinitis, allergic dermatitis, cystic fibrosis, chronic obstructive bronchitis and asthma, (v)

endometriosRA¥EHEE MSOS) andaiertRrhiRibRpIasiA Bndfissfgaling to room temperature,

the suspension was filtered and dried. The fitle compound was obtained as beige
10 solid (28.1 g).

Commercial utility

15 The compounds as prepared according to this invention have valuable
pharmacologicat properties by inhibiting histone deacetylase activity and function.
They cause hyperacetylation of certain substrate protsins and as functional
consequence for example the induction or repression of gene expression,
induction of protein degration, cell cycle arrest, induction of differentiation andfor

20  induction of apopiosis.

The term “induction of apoptosis” and analogous terms are used fo identify a
compound which excecutes programmed cell death in cells contacted with that

25 compound. Apopiosis is defined by complex biochemical events within the
contacted cell, such as the activation of cystein specific proleinases (“caspases”}
and the fragmentation of chromatin. Induction of apoptosis in ceils contacted with
the compound might not necessarily be coupled with inhibition of ¢ell proliferation
or cell differeniiation. Preferably, the inhibition of proliferation, induction of

30 differentiation and/or induction of apoptosis is specific to cells with aberrant cell
growth.



20prostate hyperplasia, (vi) cardiac dysfunction, (vii) inhibiting immunosuppressive conditions like HIV
infections, (viii) neuropathological disorders like Parkinson's disease, Alzheimer disease or
polyglutamine related disorders, and 25(ix)pathological conditions amenable to treatment by

potentiating BPNA¥YBABUS gene expression as well as enhancing transgéne axPresdion in gene

therapy. The process of the present invention prolMides compounds in purified or 30substantially pure
form, such as e.g. greater than about 50%, more preferably about 60%, more preferably about 70%,
more preferably about 80%, more WO 2009/112529PCT/EP2009/052870 - 21 - preferably about 90%,
more preferalhgiadiurt @5%‘;}‘11@@@@%&9@@&)@@5@& 9398, pronepsetdrabliiah oePIRYEINEOgty as

determined WY AHNBMY Vel o NF-OBRITIBCACAUC ARRGE HOsh BIRPAISAAGRRIGNGr g e

present invention are 5 in soli form particularly solid oral dosage forms, such as tablets and

capsules, asawéﬁew‘égsﬁaguwﬁlé@léﬁﬁ%%&aﬁhaﬁﬁa@&%ﬁr&mw&g@iw@@ orfiisg U Riid&-one or

more of the %@%Wfﬂﬂkm'@rb%%ﬂhﬁﬁp@%ﬁﬁ%@mémﬁ gxgient. Optionally, a further
active mgredlent particularly, a further anti-cancer drug, can be present. 10 The pharmaceutical

compositions prepared according to this invention can have histone deacetylases inhibitory activity,
apoptosis indu@ingnesHHty:, auﬁiwmlﬁgmﬁyeteff@ptﬁmadéy del-diftgrentigtien jsichraiageaadively. 15
Pharmaceutical comgosu ions c Elaln g%a% compo fformula I E% f i[11)arecfl l?]ccordln% thAs invention

are formulatéd W%‘T‘ ggsgéé CH%E A6 pné ora HePrantiiar persgr'; EE?I% i

In'the art. As
pharmaceutita¢cpigiesitaledjribe bpr@@dﬁgiaﬁhmmbmﬂa@ﬁ activeaarptonds)dase sundieyed in

combination i) sultle PhatpRsEHASAL AU IB e RIS RIRIIS o€ 90005 TosBpRkiablets,

10 which is described by hyperproliferation of cells, incapable of forming an
aggressive, metastasizing tumor in vivo, and, in contrast, “malignant neopiasia”
which is described by cells with multiple cellular and biochemical abnormalities,
capable of forming a systemic disease, for example forming tumor metastasis in
distant organs.

15
The pharmaceutical compositions prepared according to the present invention are
preferably used for the treatment of malignant neoplasia, also described as
cancer, characterized by tumar cells finally metastasizing into distinct organs or
tissues, Examples of malignant neoplasia treated with the N-sulphonyipyrrole

20 derivatives of the present invention include solid and hematological tumors. Solid
tumors are exemplified by tumors of the breast, bladder, bone, brain, central and
peripheral nervus system, colon, endocrine glands {e.g. thyroid and adrenai
cortex), esophagus, endomefrium, germ cells, head and neck, kidney, liver, lung, |
larynx and hypopharynx, mesothelioma, ovary, pancreas, prostate, recium, renal,

25 small intestine, soft tissue, festis, stomach, skin, ureter, vagina and wvulva.
Malignant neoplasia include inherited cancers exemplified by Retinoblastoma and
Wilms tumor. In addition, malignant neoplasia include primary tumors in said
organs and corresponding secondary tumors in distant organs ({"fumor
metastases”). Hematological tumors are exemplified by aggressive and indolent

30 forms of leukemia- and iymphoma, namely non-Hodgkins disease, chronic and
acute myeloid leukemia (CML / AML), acute lymphobiastic leukemia (ALL),
Hodgkins disease, multiple myeloma and T-cell lymphoma. Also Inciuded are



20 coated tablets, capsules, caplets, suppositories, patches (e.g. as US), emulsions, suspensions,
gels or solutions, the active compound content advantageously being between 0.1 and 95% and
where, by the appropriate choice of the auxiliaries and/or excipients, a pharmaceutical administration
form (e.g. aﬁéﬁggg’éﬂ@éﬁse form or an enteric form) exactly suited to the® gg{ﬁ}?‘@gfﬁﬁg%d and/or to
25 the desired onset of action can be achieved. Thédperson skilled in the art is familiar with excipients
(i.e. auxiliaries, vehicles, diluents, carriers or adjuvants) which are suitable for the desired
pharmaceutical formulations, preparations or compositions on account of his/her expert 30

knowledge. MMYRISRIES ED FYRESONS fRRBRE oRstn BRPBISSES JIREANSRRIASHES, SHTURMFBIe
antioxidants .gisReEsaisuRBMSHiRFarP aeRAlNE BsRIDS it Falarien GiegIPlexing agents or
permeation promoters, can be used. WO 2009/112529PCT/EP2009/052870 - 22 - The person skilled
in the art is aware on the base of his/her expert knowledge of the kind, total daily dosage(s) and
administratiorhformsaciidhe pompeundwiidermula Imethedy additipspktirerapsthaicagentics)
coadministered. Saig. total daily 5.dosage(s) can, vary withi id e. syi mbinations
for co-aémin?ﬁ%q%sﬁ%%%gare %&W n%, rré]% fgg%éﬁtg? |%Q%%ggar@%%%ﬁimbér%:rigglbpgc@a%%ggmethods of
treatment etdiftéreninjpouaiiidacoemtingity fensiifad, returione seanaldasaVan20oT/8940M, the

lodisclosure %g%?%@%g@?%pgg@ggg&qﬂé&gg entirety, particularly to pages 86- 96. The
t n

administration of the compounds prepared according to this invention, the
(i) arthropathies and osteopathological conditions or diseases such as

rheumatoid arthritis, osteoarthrtis, gout, polyarthritis, and psoriatic

10 : arthrtis,
(i) autoimmune diseases like systemic lupus erythematosus and transplant
rejection,
(i) hyperproliferative diseases such as smooth muscle cell proliferation

including vascular proliferative disorders, atherosclerosis and restenosis,
15 (iv) acute and chronic inflammatory conditions or diseases and dermal
conditions such as ulcerafive colitis, Crohn's disease, allergic rhinitis,

allergic dermatifis, cystic fibrosis, chronic obstructive bronchitis and

asthma,
(v) endometriosis, uterine fibroids, endometrial hyperplasia and benign
20 prostate hyperplasia,
{vi) cardiac dysfunction,
{vii) inhibiting immunosuppressive conditions like HIV infections,
{viii) neuropathological disorders like Parkinson’s disease, Alzheimer disease

or polyglutamine related disorders, and

25 (i) pathological conditions amenable fo treatment by potentiating of
endogenous gene expression as well as enhancing fransgene
axpression in gene therapy.

The process of the present invention provides compounds in purified or
30 substanfially pure form, such as e.g. greater than about 50%, more preferabiy

about B80%, more preferably about 70%, more preferably about 80%, more



combinations and pharmaceutical compositions prepared according to the 15 invention may be
performed in any of the generally accepted modes of administration available in the att. IHustrative
examples of suitable modes of administration include intravenous, oral, nasal, parenteral, topical,
transdermal"&AdYEEE3livery. Oral and intravenous delivery is preferreﬂ E@f%ﬁ??ﬁ’e‘?%&all reference
is made to WO 2007/039404, particularly to page-87, penultimate 20 paragraph. - 23 - CLAIMS
1.Process for the preparation of a compound of formula |I:  Formula wherein R1is hydrogen,
1-4C-alkyl, halogen, or 1-4C-alkoxy, 10R2is hydrogen or 1-4C-alkyl, R3is hydrogen or 1-4C-alkyl, R4is
hydrogen, 1eieikbly reiiogbR06r, 1nageaNsigrably about 85%, more preferably about 97%,

more preferably about 99% wt purity as determined by art-known methods.

The pharmaceutical compositions prepared according o the present invention ars
5 in solid or liguid form, particularly solid oral dosage forms, such as tablets and
capsules, as well as suppositories and other pharmaceuticat dosage forms. They
comprise one or more of the compounds of formula | and a pharmaceutically
acceptable excipient. Optionally, a further active ingredient, particularly, a further
anti-cancer drug, can be present.
10
The pharmaceutical compositions prepared according fo this invention can have
histone deacetylases inhibitory activity, apoptosis inducing activity, anti-
proliferative effects and/or cell-differentiation inducing activity.

15 Pharmaceutical compositions containing a compound of formula | prepared
according to this invention are formulated by processes which are known per se
and familiar fo the person skilled in the art. As pharmaceutical compositions, the
compounds of formula | (= active compounds) are employed in combination with
suitable pharmaceutical auxiliaries and/or excipients, e.g. in the form of tablets,

20  coated tablets, capsules, caplets, suppositories, patches (e.g. as TT8), emuisions,
suspensions, gels or solutions, the active compound content advantageously
being between 0.1 and 95% and where, by the appropriaie choice of the
auxiliaries and/or excipients, a pharmaceutical administration form (e.g. a delayed
release form or an enteric form) exactly suited fo the active compound and/or to

25 the desired onset of action can be achieved.

The person skilled in the art is familiar with excipients (L.e. auxiliaries, vehicies,
diluents, carriers or adjuvants) which are suitable for the desired pharmaceutical
formulations, preparations or compositions on account of his/fher expert
30 knowledge. In addition to solvents, gel formers, ointment bases other excipients,
for example antioxidants, dispersants, emulsifiers, preservatives, solubilizers,

coloranis, compiexing agents or permeation promoters, can be used.



R5is hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy, 15R6is -T1-01, wherein Tiis a bond, Q1is An, Aal
, Hhl, or Ah1, wherein Anis phenyl, or R61- and/or R62-substituted phenyl, wherein 20R61 is
1-4C-alkyl, or -12-N(R611)R612, wherein either T2is a bond, and R611 ig 1-4C-alkyl,
1-4C-alkoxy 2 32H1312r phenyl-1-4C-alkyl, WO 2009/112529PCT/EPﬁé@%@é}%%‘}mz
1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkyl, or R611 ardPR612 together and with inclusion of the nitrogen
atom, to which they are bonded, form a heterocyclic ring Heti , wherein  Hetl1 is morpholino,
thiomorpholino, S-oxo-thiomorpholino, S,S-dioxo5thiomorpholino, piperidino, or pyrrolidino, Or T2is
1-4C-alkylene, or 2-4C-alkylene interrupted by oxygen, and R611 is 1-4C-alkyl,
1-4C-alkoxy£néGettion, skiphenylfeddtalkgware on the base of his/her expert knowledge of

the kind, fotal daily dosage(s) and administration form(s) of the compound of
formula | and any additional therapeutic agent{s) coadministered. Said total daily
5 dosage(s) can vary within a wide range.

As for suitable combinations for co-administration, dosage regimens,
medicaments, kits-of-parts, commercial packages, msthods of treatment efc. of
compounds according to formula |, reference is made to WO 2007/036404, the

10 disclosure of which is hereby incorporated in its entirety, particularly to pages 88-
96.

The administration of the compounds prepared according to this invention, the

combinations and pharmaceutical compositions prepared according to the
15 invention may be petformed in any of the generally accepted modes of

administration available in the art. lllustrative examples of suitable modes of

administration include intravenous, oral, nasal, parenteral, topical, transdermal and

rectal delivery. Oral and intravenous delivery is preferred. For further detall,

reference is made to WO 2007/039404, particularly to page 87, penuifimate
20 paragraph.



loR612 is 1-4C-alkyl, or 1-4C-atkoxy-2-4C-alkyl, or R611 and R612 together and with inclusion of the
nitrogen atom, to which they are bonded, form a heterocyclic ring Hetl1, wherein Heti is morpholino,
thiomorpholino, S-oxo-thiomorpholino, S,S-dioxothiomorpholino, piperidino, pyrrolidino, imidazolo,
pyrrolo or pyPE2M891BRE2 is 1-4C-alkyl, 1-4C-alkoxy, halogen, cyano, 1% E(f §W§ 3912 3y, alkyl,
1-4Calkylcarbonylamino, or 1-4C-alkylsulphonylamino, Aal is a bisaryl radical made up of two aryl
groups, 20 which are selected independently from a group consisting of phenyl and naphthyl, and
which are linked together via a single bond, Hh1 is a bisheteroaryl radical made up of two heteroaryl
groups, 25 which are selected independently from g group consisting of monocyclic 5- or 6- membered
heteroaryl radicals comprising one or two heteroatdMs, each of which is selected from the group
consisting of nitrogen, oxygen and sulfur, and which are linked together via a single bond, 30Ahl is a
heteroaryl-aryl radical or an aryl-heteroaryl radical made up of a heteroaryl group selected from a
group consisgipgughgnonocyclic 5- or 6-membered heteroaryl radicals comprising one or two
heteroatoms, each of which is selected WO 2009/112529PCT/EP2009/052870 - 25 -

1. Process for the preparation of a compound of formula &
5
O, JOH
¥ NH
R4 —
/ \ R3
Rb 2\1 R1
0=$=0

R6

Formula |
wherein

R1 s hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy,
10 R2 s hydrogen or 1-4C-alkyl,

‘R3 I8 hydrogen or 1-4C-alkyl,

R4  is hydrogen, 1-4G-alkyl, halogen, or 1-4C-alkoxy,

R5  is hydrogen, 1-4C-alkyl, halogen, or 1-4C-alkoxy,

i5  R6 is-T1-Q1, wherein

T1 is a bond,

Q1 is Art, Aat, Hhi, or A, wherein

Arl  is phenyl, or R61- andfor R62-substituted phenyl, wherein
20 R61 is 1-4C-alkyl, or -T2-N{R611)R612, wherein

gither
T2 isabond, and
R611 Is 1-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl, or phenyl-1-4C-alkyl,



from the group consisting of nitrogen, oxygen and sulfur, and an aryl group selected from a group
consisting of phenyl and naphthyl, whereby said heteroaryl and aryl groups are linked together via a
single bond, 5 wherein Aal , Hh1l and Ahl may be optionally substituted by R63 and/or R64, wherein
R63 is 1-4C-HiRABHEMR 1-4C-alkyl, 1-4C-alkoxy, trifluoromethyl, cyano, Haldfeii¥6iistetely or
predominantly fluorine-substituted 1-4C-alkoxy, 1-4@4*0alkoxy-1-4C-alkyl, 1-4C-alkylsulphonylamino,
tolylsulphonylamino, phenylsulphonylamino, 1-4C-alkylcarbonylamino, carbamoyl, mono- or
di-1-4Calkylaminocarbonyl, mono- or di-1-4C-alkylaminosulphonyl, or -T3-N(R631)R632, wherein 15
T3is a bond, Ra@rZatkgeridr o-4 A GHalken-Eeraptdddiy oxygen, and R631 is 1-4C-alkyl,

1-4C-alkoxy-Zz4£ralky 'R%%E@Sé‘&%ﬁ?e‘r“é%&% RRR&LGHHEM kA ABIOXY Wit flkylafy RE31 and

R632 together and with inclusion of the nitrogen atom, to which they are bonded, form a heterocyclic
ring Het2, wheearedoiaenadaisrprsHifor feisHRbrpHBRRINS-oxo-thiomorpholino, S,S-dioxo-

thiomorpholinQe RIP g HRAVHEIEhRanBRIdBEAI. SHSIR RHHNIRe 20 GRfdkis. 1-4C-alkyl,
1-4C-alkoxy or halogen, 25comprising the step of reacting an acrylic acid chloride compound of

formula IP: WEICHREPHPE 2 BISEAUES 2 8HBITEDIEH

or
T2  is 1-4C-alkyiene, or 2-4C-alkylene interrupted by oxygen, and
R611 is 1-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl, or phenyl-1-4C-alkyl,

10 R612 is 1-4C-alkyl, or 1-4C-atkoxy-2-4C-alkyi, or
R611 and R612 together and with inclusion of the nitrogen atom, to which they are
bonded, form a heterocyclic ring Het1, wherein
Het1 is morpholino, thiomorpholino, S-oxo-thiomorpholino, 8,S-dioxo-
thiomorpholino, piperidino, pyrrofidino, imidazolo, pyrroio or pyrazole,

15
R62 s 1-4C-alkyl, 1-4C-alkoxy, halogen, cyanc, 1-4C-alkoxy-1-4C-alkyl, 1-4C-
alkylcarbonylamine, or 1-4C-alkylsulphenylamino,

Aa1l s a bisaryl radical made up of two aryl groups,
20  which are selected independently from a group consisting of phenyl and naphthyl,
and

which are linked together via a single bond,

Hh1 is a bisheteroaryl radical made up of two heteroaryl| groups,

25  which are sslected independently from a group consisting of monocyclic 5- or 6-
membered heteroaryl radicals comprising one or two hetercatoms, each of which
is selected from the group consisting of nitrogen, oxygen and suifur, and
which are linked together via a single band,

30  Ah1 is a heteroaryl-aryl radical or an aryl-heteroaryl radical made up of a
hetercary! group selected from a group consisting of monocyclic 5- or 6-membered
heteroaryl radicals comprising one or two heteroatoms, each of which is selecied



-26 - Formula II'wherein R1, R2, R3, R4, R5 and R6 have the meanings as defined above, with
aqueous hydroxylamine 5 and optionally converting the resulting compound into an acid addition salt
thereof. 2.Process according to claim 1, further comprising the steps of 10i) providing a compound of
formula I1: FORMPM1252%herein R1, R2, R3, R4, R5 and R6 and have tH&EHEBH#YSESdefined in
claim 1, isand WO 2009/112529PCT/EP2009/0528@®~ 27 - 3.Process according to claim 2 wherein
step ii) is carried out with thionyl

from the group consisting of nitrogen, oxygen and sulfur, and an aryl group

selected from a group consisting of phenyl and naphthy!, whereby said heteroary!

and aryl groups are linked together via a single bond,

5 wherein Aat, Hh1 and Ah1 may be optionally substituted by R63 and/or R64,
wherein

R63  is 1-4C-alkyl, phenyl-1-4C-alkyl, 1-4C-alkoxy, frifluoromethyi, cyano,
halogen, completely or predominantly fivorine-substituted 1-4C-alkoxy, 1-4C-

10 alkoxy-1-4C-alkyl, 1-4C-alkylsulphonylamino, tolylsulphonylamino,
phenyisulphonylamino, 1-4C-alkylcarbonylamino, carbamoyl, mono- or di-1-4C-
alkylaminocarbonyl, mono- or di-1-4C-alkylaminosuiphonyl, or -T3-N{(R631)R632,
wherein

15 T3  is & bond, 1-4C-alkylene, or 2-4C-alkylene interrupted by oxygen, and
R631 is 1-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl, or phenyl-1-4C-alkyl,
R632 1-4C-alkyl, or 1-4C-alkoxy-2-4C-alkyl, or
R631 and R632 together and with inclusion of the nitrogen atom, io which they are
bonded, form a heterocyclic ring Het2, wherein
20 Het2 is morpholino, thiomorpholino, S-oxo-thiomorpholino, S,S-dioxo-

thiomorpholino, piperiding, pyrrolidino, imidazolo, pyrrolo or pyrazolo, and
R64 is 1-4C-alkyl, 1-4C-alkoxy or halogen,

25  comprising the step of reacting an acrylic acid chloride compound of formula Ii".



chloride or oxalyl chloride. 5 4.Process according to claim 2 wherein step i) is carried out by
synthesizing the compound of formula Il according to a process comprising the following steps:
lengthening the carbon chain of a compound of formula V: R2 R4 Formula V wherein R1, R2, R4
and R5 haveYRePidaHRTds as defined in claim 1, to obtain a compound of fdfA¥ 1> R¥oPG1 R4 R3
R1 Formula IV wherein R1, R2, R3, R4 and R5 havé&fhe meanings as defined in claim 1 and PG1
stands for a suitable temporary protective group for the carboxyl group,

Q
R2 Cl
R4 S

R3
[\
N ORI
0=5=0
R6

Formula I¥

wherein R1, R2, R3, R4, R5 and R6 have the meanings as defined above, with
“agueous hydroxylamine '

and optionally converting the resulting compound into an acid addition salt thereof.
2. Process according o claim 1, further comprising the steps of
10 1) providing a compound of formula li:

Q
R2 OH

Formula |l

wherein R1, R2, R3, R4, R5 and RE and have the meanings as defined in claim 1,
15 and

i} transforming the compound of formula Il info its acid chloride of formula if'.



WO 2009/112529PCT/EP2009/052870 -28 - reacting the compound of formula IV with a
compound of formula R6-802- X, wherein R6 is as defined in claim 1 and X is a suitable leaving group,
to give the corresponding compound of formula Ill: 5Formula Ill wherein R1, R2, R3, R4, R5 and R6
have the me¥fif§&°44%tined in claim 1 and PG1 stands for a suitable tefigdrar)'f6t&&ive group for
the carboxyl group, and ioremoving the protective gégup PG1 to afford a compound of formula Il. 5.A
process according to any of the preceding claims wherein the compound of formula | is obtained in the
form of the free base. 15 6.A process according to any of claims 1-4 wherein the compound of formula
| is directly obtained’fPgssForarerdigthyereeioriievsaneby rerRtDniSf@EHApRinwiEt fbrianva 11" with
agueous hydw}ﬁd@ig(eozalf’wqg%ﬁcpeqcording to any of claims 1-4 for the preparation of other salts of
20 the compounds of formula | than the hydrochloride, comprising reacting the free base of a
compound of formula | with a suitable acid or acid derivative to form the corresponding acid addition
salt, or WO 2009/112529PCT/EP2009/052870

5 4 Frocess according o claim 2 wherein step i) is carried out by synthesizing

the compound of formula I according to a process comprising the following steps:

lengthening the carbon chain of a compound of formula V:

R2
R4 -0
RS ™ R1
H
10 Formula V

wherein R1, R2, R4 and R5 have the meanings as defined in claim 1, to obfain a
compound of formula 1V:

0
R2 OPGt
R4 o
/3. °
RO™ S R
H
15 Formula IV

wherein R1, R2, R3, R4 and R5 have the meanings as defined in claim 1 and PG1

stands for a sultable temporary protective group for the carboxyl group,



-29 - converting the acid addition salt of a compound of formula | into another acid addition salt.

8. Process according to claim 7, wherein the acid addition salt of the 5 compounds of formula | other
than the hydrochloride is the methanesulfonate, 9. A process for preparing a pharmaceutical
composition ¥Ehtei#iig a8 compound of formula | or a pharmaceutically ac‘(’:% "U5EF Wdition salt
thereof, comprising synthesizing the compound of.fggnula | or its acid addition salt 10 according to any
one of the preceding claims and formulating the resulting compound with customary pharmaceutical
excipients. 10. A process according to claim 9 wherein the pharmaceutical composition is for treating,
preventing or ameligratihgyb@ei gaapdiodnsdlignantanboplitia, soieipamticel josankgeR6-S0,-

hyperprolfergive deasey ©'RoSARS! MAISRPTURE LN LR BRI R S nouctor

corresponding compound of formula il

R2 OorPG1
R4 S

R3
[\
fgi R1
0= : =0
R6

RS

I Formula ili

wherein R1, R2, R3, R4, R5 and R6 have the meanings as defined in claim 1 and
PG1 stands for a suitable temporary protective group for the carboxy! group, and

10 removing the protective group PG1 fo afford a compound of formula H.

&, . A process according to any of the preceding claims wherein the compound
of formuia | is obtained in the form of the free base.

15 6. A process according to any of ciaims 1-4 wherein the compound of formula
| is directly obtained in the form of its hydrochloride salt by reaction of a compound
of formula I’ with aqueous hydroxylamine.

7. Process according to any of claims 1-4 for the preparation of other salts of
20 the compounds of formula | than the hydrochloride, comprising

reacting the free base of a compound of formula | with a suitable acid or
acid derivative to form the corresponding acid addition salt, or



10

15

WO 2009/112529 PCT/EP2009/052870
-9G .

converting the acid addition salt of a compound of formula | into another
acid addition salt.

8. Process according fo claim 7, wherein the acid addition sall of the
compounds of formula | other than the hydrochloride is the methanesulfonate,

8. A process for preparing a pharmaceutical composition containing a
compound of formula [ or a pharmaceutically acceptabie acid addifion salt thereof,
comprising synthesizing the compound of formula | or its acid addition sait
according to any one of the preceding claims and formulating the resulting
compound with customary pharmaceutical excipients.

10. A process according to claim 9 whereln the pharmaceutical composition is
for treating, preventing or ameliorating benign and/or malignant neoplasia, such as
e.g. cancer, hyperproliferative diseases of benign or malignant behaviour and/or

disorders responsive to induction of apoptosis.



