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10  Thus, amongst other proteins, HDM2 binds to the tumor suppressor protein p53 and
targets this protein for ubiquitination and degradation; facilitate translocation of p53
from the nucleus to cytosole and further translocation to the proteosomes. Thereby,
HDM2 prevents transactivation of p53 target genes that are implicated in the regulation
of cell cycle and apoptosis. The p53 protein is a potent cell cycle inhibitor that prevents

15  propagation of permanently damaged cell clones by the induction of growth arrest or
apoptosis, resulting in the protection against development of cancer by guarding cellular

and genomic integrity.

Both p53 as well as HDM2 can be associated with cancer: about 50% of all human

20  tumors harbor a mutation or deletion in the p53 gene that impairs normal p53 function.
In many cancers with wild-type p53, HDM2 is overexpressed, disabling the normal p53
function (Momand et al. Nucleic Acids Res. 1998, 26, 3453-3459).

The HDM2 gene has a p53-responsive promoter element and elevated levels of p53 that
25 translocate to the nucleus induce expression of HDM2. Induction of HDM2 by p53
forms an autoregulatory feedback loop, ensuring low levels of both HDM?2 and p53 in
normally proliferating cells (Vousden and Lu Nature Reviews Cancer 2002, 2, 594-
604). However, in many cancers this normal ratio of HDM2 to p53 is changed and
misregulated.
30
Inhibiting the interaction of HDM2 with p53 in cells with wild-type p53 should lead to

an increase of p53 levels in the nucleus, facilitating cell cycle arrest and/or apoptosis



Al zhei ner's di sease is becomng a great health and social econom cal
problem all over the world. There are great efforts being nade to devel op

t echni quesoanth/azegskods for the early detection and effe®CirER200000doment of
the disease. Currently, diagnosis of ADin an acadenic setting of

menor y-di sorder clinics is approximately,85-90% accurate (Petrella JR et

al. Radi ol ogy. 2003 226:315-36). It is %ased on the excl usion of a variety
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10  Clinical Cancer Research 1999, 5, 2242-2250).

E2F-1 is a transcription factor that regulates S phase entry and has been shown to cause

apoptosis in some cell types when overexpressed. HDM2 binds to E2F through a

conserved binding region at p53, activating E2F-dependent transcription of cyclin A,
15 and suggesting that HDM2 small molecule ligands or antagonists might have also anti-

tumor effects in cells independent of their role of restoring p53 function.

HDM2 can associate in vitro and in vivo with the mammalian Numb protein. The
association occurs through the N-terminal domain of HDM2, which is the region also

20 involved in p53 binding. The Numb protein is involved in the regulation of cell fate and
in a variety of developmental processes, most notably in the nervous system. Through
its interaction with Numb, HDM2 may influence processes such as differentiation and
survival. This could also contribute to the altered properties of tumor cells, which
overexpress HDM2 (Juven-Gershon et al. Mol. Cell. Biol. 1998, 18, 3974-3982).

25
Similarly, small molecules that block the HDM2 interaction with p53 also block the
interaction of HDM2 with hypoxia inducible factor 1a (HIF-1a), a protein that induces
vascular endothelial growth factor (VEGF) under normoxic or hypoxic conditions. As
VEGEF is proangiogenic, inhibition of HDM2 by small molecules will also prevent

30  blood vessel formation to cancer metastases and primary tumors (G.A. LaRusch et al.

Cancer Res. 2007, 67, 450-454).
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180-the 298 amino acids region of the HDM?2 protein (Zhang et al. J. Biol. Chem. 2004,
279, 16000~-16006).

There is also evidence for a malfunctioning HDM2 regulation having effect on a proper
p53 function and causing cancer, beyond mutated p53 or overexpression of HDM2.
Thus, when E2F signals the growth of a cancer, P14ARF is dispatched to break down
HDM2, freeing p53 to kill the cancer cell. In certain cancers P14ARF is lacking (Moule
et al. Proc. Natl. Acad. Sci. U.S.A. 2004, 101, 14063-6). P14ARF binds to HDM2 and
promotes the rapid degradation of HDM2. ARF-mediated HDM2 degradation is

associated with HDM2 modification and concurrent p53 stabilization and accumulation.

Small molecule HDM2 inhibitors also induce senescence dependent on the presence of
functional p53, whereas cells lacking p53 were completely insensitive (A. Efeyan, A.
Ortega-Molina, S. Velasco-Miguel, D. Herranz, L.T. Vassilev, M. Serrano, Cancer Res.
2007, 67, 7350-7357).

The validity of inhibiting HDM?2 as a therapeutic concept has been first demonstrated
by antisense HDM2 inhibitors that exhibit significant antitumor activity in multiple
human cancer models with various p53 statuses (Zhang et al. Proc. Natl. Acad. Sci.

US.A. 2003, 100, 11636-11641).

Small molecule antagonists of the HDM2 protein interactions may therefore offer a
viable approach towards cancer therapy, either as single agents or in combination with a

broad variety of other anti-tumour therapies.



for detecting anyloid deposits in patients with anyloid-rel ated di seases
with high specificity at an early stage of the di sease. The present

i nvent i ortvOab10&R886RI s probl em by provi di ng novel tracer #CREPROIOGFSTRS i nity
for anyloid b and rapid elimnation of non-specific signals fromthe brain.
Description of the invention The preseniginvention is directed to conpounds
that bind to anyl oid deposits and are ab?e to pass through the bl ood-brain
barrier, and are therefore useful in diagnosing Al zheiner's dis ease and
anyloidoses in a patient, preferably at an early stage of the disease.
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Second, HDM2 directly interacts with viral proteins, for example HDM2 is a target of
simian virus 40 in cellular transformation and during lytic infection (Henning et al. J.
Virol. 1997, 71, 7609-7618). Furthermore, the HDM2 protein, like p53, becomes

10 metabolically stabilized in SV40-transformed cells. This suggests the possibility that the
specific targeting of HDM2 by SV40 is aimed at preventing HDM2-directed
proteasomal degradation of p53 in SV40-infected and -transformed cells, thereby
leading to metabolic stabilization of p53 in these cells. A trimeric LT-p53-HDM2
complex is formed with simian virus 40 large tumour antigen (LT) in SV40-transformed

15  cells.

The human immunodeficiency virus type 1 (HIV-1) encodes a potent transactivator,
Tat. HDM2 has been shown to interact with Tat and mediating its ubiquitination in
vitro and in vivo. In addition, HDM2 is a positive regulator of Tat-mediated

20 transactivation, indicating that the transcriptional properties of Tat are stimulated by

ubiquitination (Bres et al. Nat Cell Biol. 2003, 5, 754-61).

Small molecule inhibitors of the HDM2 interaction have been reported and show pro-
apoptotic effects in in vitro models and an antitumor effect in animal models of cancer.

25  Thus, benzodiazepines have been used as a chemical scaffold to achieve HDM2
inhibitory activity (Grasberger et al. J. Med. Chem. 2005, 48, 909-912; Parks et al.
Bioorganic & Medicinal Chemistry Letters 2005, 15, 765-770). Similarly, imidazolines
(Vassilev et al. Science 2004, 303, 844-848), isoindolones (Hardcastle et al. Bioorganic
& Medicinal Chemistry Letters 2005, 15, 1515-1520), norbornanes (Zhao et al. Cancer

30  Letters 2002, 183, 69-77) and sulfonamides (Galatin and Abraham J. Med. Chem. 2004,
47, 4163-4165) have been reported as small molecule HDM2 inhibitors.



| eavi ng groups, such as tosyl, brosyl, nosyl, triflate, sulfonate,
substituted sul fonate, nesylate, and nonaflate; and if directly bound to an
aronmat i ¢ Wwoanwmm2sssdoni umraryl | +- aryl, trial kyl anmoni urCTmEPR§0R006A0
trimet hyl ammoni um and NO2; Ar is selected fromthe group consisting of:
nono-, bi- or tricyclic aromatic or hetpggaronatic ring systens, optionally
substituted by one or two al kyl, alkylen] al kynesubstituents and/or

al koxysubstituents, wherein the al kyl, alkylen, alkynesubstituents_and/ or

al koxysubstihagakodesprsnsrsa that &I«Mﬁwﬁ%f&&@a,cm@sﬁww cubhys fRME i s
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1 - 5 oxygertedtoons;targBCellongaiféd tRe hamifupeffects eff chemlbtherdpeetis agdrnitt. Ut s ar e

pol yet hyl engl ycol -nmi eti es,. and wherein further the alkyl, alkylen,

al kynesubst u@m@%ﬁwﬁmﬁ@w%gw qstsu@hfgefﬁwc hfp?l?%{@é%@%té@cfp@m kyl
oi eti eg, R ST BilAnfoift ARNARA to Mg c@épogfdsfsy(ﬁo'bﬁs}%toﬂawwﬁ%625,

het eroaromatic ring systems nay Obe ?urth r substituted by electron

wi t hdr awi nMETHORSFORr €€ TOPRESUBAT QN JHRO GG HOM2 AN HibE2dNHIBIEI@Ny ed
el ectron wizbgfl_rl?yo?g groups are -CN or -CF3;

Pyrrolidin-2-ones have already been described as therapeutically useful compounds to

10 treat viral infections (US 6509359, PYRROLIDIN-2-ONE COMPOUNDS AND
THEIR USE AS NEURAMINIDASE INHIBITORS, 1999-03-25), to inhibit factor Xa
for the treatment of cardiovascular disorders (US 7226929, Pyrrolidin-2-one derivatives
as inhibitors of factor Xa, 2006-03-17; Watson et al., Design and Synthesis of Orally
Active Pyrrolidin-2-one-Based Factor Xa Inhibitors, Bioorganic & Medicinal Chemistry

15  Letters 2006, 16, 3784-3788), as inhibitors of 11BHSD1 for the treatment of diabetes
(W0/2005/108360, PYRROLIDIN-2-ONE AND PIPERIDIN-2-ONE DERIVATIVES
AS 11-BETA HYDROXYSTEROID DEHYDROGENASE INHIBITORS, 2005-04-
29). Pyrrolidin-2-ones are scaffolds for established therapeutic compounds such as
rolipram, an antidepressant agent and oxiracetam, piracetam or nebracetam, being

20  nootropic drugs for the Alzheimer’s disease. These compounds have low toxicity, good

~ pharmaco-kinetic properties and render the chemical class of pyrrolidin-2-ones an

interesting scaffold for new drug candidates.

MDMX (also known as MDM4 or HDMX) is a relative of MDM2 that was identified
25 on the basis of its ability to physically interact with p53. An increasing body of
evidence, including recent genetic studies, suggests that MDMX also acts as a key
negative, independent regulator of p53. Aberrant expression of MDMX may contribute
to tumor formation and is observed for example in gliomas, breast cancers,
retinoblastomas and in a large subset of cervical and ovarian cancer cell lines. A
30 systemic analysis of 500 human tumors (Danovi et al, MCB, 2004) of HDMX
expression in primary tumors of different origins revealed a broad spectrum of human

cancers with HDMX overexpression such as breast cancer, colon cancer, lung cancer,



Ar is preferably selected fromthe group consisting of: phenyl, 2, 3, or 4
pyridyl, pyrimdyl, pyrazyl, propyl pyrimdin-2-yl, ethoxyphenyl,
(CH2CH20) w8 phermizgssal kyl phenyl , al koxyphenyl, N-al kyl i nd®@C¥IEP2@9806670

al kyl pyridyl, and is in an even nore preferred enbodinent- B is selected
fromthe group consisting of: direct bond, a branched or non-branched al kyl
or al kyl enchain conprised of 1-10 Catons wherein the al kylen chain may
conprise 1 or 2 unsaturated bonds, and wherein the alkyl or alkylenchain is
opt i onal | yPrastas Fafjseb Ftagpack cagCerglgstSeCER, 1Eyny GANGRLMMERUS CARCeTa @Po’é‘ﬁa

al kyl enchaifj ksc8Rhi onal 'y substituted by oxo or -OH, Preferably, Bis

sel ected from t%e group consisting of direct bond, CONH CH2CO, CO (CH2)2CQO,
(CH2)nCO, Q(CH2)nCO with n=1 to 10, and (CH=CH)CO and is even nore
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Although MDMX is highly homologous to MDM2, it does not possess ubiquitin ligase
capability and its expression level is not p53 dependent. It was shown that MDMX
could inhibit p53 transcriptional activity even stronger than MDM2 and both proteins
10 cooperate in the inactivation of p53. Therefore, to achieve full activation of p53 in
tumor cells, compounds that exhibit dual specificity for MDMX and MDM?2 may be
superior over MDM?2 or MDMX specific binders alone.

The 3-dimensional structure of human MDMX protein bound to optimized p53 peptides
15 have been solved by Kallen et al., JBC, 2009, 284, 8812-8821. The crystal structure of
humanized zebra fish MDMX to p53 peptide by Popowicz et al., Cell Cycle 6:19, 2386-
2392, 1 October 2007 reveals that the principle features of the p53 and MDM2
interaction are preserved in the pS3/MDMX complex and that “hybrid” MDM2/MDMX
inhibitors could be developed. Thus, the structures of p53/MDMX and p53/MDM?2
20  complexes show that both MDMX and MDM2 utilize the same p53-binding motif and
many of the same residues for binding to p53. The overall shape of the binding sites is
similar in terms of general shape and orientation of hydrophobic binding pockets, but
the exact sizes respectively depths of these pockets are somewhat different. Thus, in
MDMX, the hydrophobic cleft on which the p53 peptide binds appears slightly more
25 flexible than in MDM?2.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, novel small molecules are described that
30 bind to HDM2 and/or MDMX, are inhibitors of HDM2 and/or MDMX mediated
biology and can be used as novel therapeutic agents, especially for the treatment of

cancer and/or viral infections.



one or two al kyl, alkylen, alkynesubstituents and/or al koxysubstituents,
wherein the al kyl, al kylen, al kynesubstituents and/or al koxysubstituents
opti onal IWO20®/0288%3t i t ut ed, wherein the substituent is BCEEPLVIY6EE] ect ed
fromoxo or hydroxyl, and wherein further the al kyl, alkylen,

al kynesubstituents and/or al koxysubstitugnts may be interrupted by 1 - 5
oxygen atons, preferably the subtituents are pol yet hyl engl ycol - noieties,
and wherein further the al kyl, al kylen, alkynesubstituents and/or

al koxysubstituents may conprise C3-C6 cycloal kyl moieties; Ar' is

preferablyrgg h\?éé&ﬁ%fzé 19ECH Re s PO &Eﬂﬁ%&n@%ele&@@ fbkm fo%mu@a (IR,
pyridyl, pyri , razyl, propylpyrimdin-2-yl, ethoxyphenyl
(CH2 CHZO) Spllob i), (Ia] dq([ib laecrhpharrrmlckluwbh ecneptabie- @lltkyhd nsteisythereqf Snslh a

{rom the.orompopRerlerily G e i B0 BEPFUIID ARt ind il | < even

nore pref eaﬁkﬁtamé\and inmﬁmg bﬂbh&’ér@tfuﬁf @.ﬁ&ihmﬁ@meraﬁeuﬁc a€ligGheender @iBrigie group
consisting of: a direct nd o

and preventlon ThlS therapeutlc effect can be achieved by using one or more

compounds of formula (I), (Ia), (Ic), (Id), (Ie) or (If) alone or in combination with other

agents that are used to treat or prevent cancer.

10  One or more compounds of formula (1), (Ia), (Ic), (Id), (Ie) or (If) can also be used to
treat or prevent cancer e.g. by protecting non-cancer cells from the deleterious effects of
cytotoxic cancer treating drugs or radiotherapy. In such a treatment, a combination of
either an antineoplastic agent or radiotherapy and a cytoprotective amount of at least
one compound of formula (I), (Ia), (Ic), (Id), (Ie) or (If), and preferably one or more

15 pharmaceutically acceptable excipients are used. Preferably, the compound of formula
(D), (1a), (Ic), (Id), (Ie) or (If) (also called HDM2 and/or MDMX ligand herein) is
administered prior to, concurrently or after administration of the antineoplastic agent.
Additionally, the HDM2 and/or MDMX inhibitor can be administered continuously or
at repeated regular intervals.

20
A compound selected from compounds of formula (1), (Ia), (Ic), (Id), (Ie) or (If) can e.g.
be used as a therapeutic agent in methods of treating stroke, myocardial infarction,
ischemia, multi-organ failure, spinal cord injury, Alzheimer's Disease, injury from
ischemic events, heart valvular degenerative disease or decreasing the side effects from

25  cytotoxic agents, such as hair loss or cardio toxicity induced by doxorubicin or

paclitaxel.

A compound selected from compounds of formula (I), (Ia), (Ic), (Id), (Ie) or (If) of the
present invention can further be used to treat viral infections, especially in a

30 pharmaceutical combination comprising a known antiviral compound.



a Cl1-C3 al kyl chain, optionally substituted by 1 or 2 substituents that are
preferably but not limted to oxo or thio, and wherein the al kyl chain my
be interrVp28/a3§862 to 2 O N S, SO or SO2 groups; Pref 8ABPR09K0G630
selected fromthe group consisting of direct bond, OCH2, NHCO CH20O, CONH,
NHCS, or CSNH, Ar" is selected fromthe group consisting of: nono-, or

bi -cyclic aronmati c or heteroaromat Ic ring systens, optionally substituted
by one or nes bstituents and/ or al kKoxysubstituents,
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al koxy sgibst4didRnt st aBYot6RORNtiAcpladticd @Iy'cl oal kyl noieties. Mre preferably.
Ar" is selected fromthe group consi S%I ng of

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides one or more compounds of formula (I), (Ia), (Ic), (Id),
10  (Ie) or (If) that are preferably small molecule ligands of the HDM2 and/or MDMX
protein and prevent or reduce binding of other proteins to HDM2 and/or MDMX.

In in vitro cell-based assays, one or more compounds of the present invention inhibit the
interaction of the HDM2 and/or MDMX protein with the p53 protein. In such cell-

15  based assays, such compounds demonstrate mechanistic activity such as induction of
apoptosis and inhibition of proliferation. Incubation of cancer cells with one or more
compounds of formula (1), (Ia), (Ic), (Id), (Ie) or (If) leads to an accumulation of p53
protein, induction of p53-regulated p21 gene, and cell cycle arrest in G1 and G2 phase,
resulting in potent antiproliferative activity against wild-type p53 cells in vitro. In

20  contrast, these activities were not observed in cancer cells with missing p53 at
comparable compound concentrations. Therefore, the activity of HDM2 and/or MDMX
antagonists is likely linked to its mechanism of action. These compounds are therefore

potent and selective anticancer agents.

25  The present invention provides one or more compounds of formula (I)

5
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phenyl, 1-phenyl, 1-naphthyl, 2-naphthyl, and all respective heterocyles
thereof, and is even nore preferably Ar as well as Ar" can optionally al so
be substiworew@§ser, Cl, Br, | , H detectable | abels, $GFAPAINBI70 19F
76Br, 1231, 125 1, 11C, 3H, 13N, 1501 eaving groups, such as tosyl, brosyl,
nosyl, triflate, sulfonate, substituted gulfonate, nesylate, and nonaflate;
and if directly bound to an aromatic C-atom i odoniumaryl “-aryl,

trial kyla niym preferred trinethylanmmonium and NO2 For diagnostic
purposes,nngFﬁ“?n vitro and in vivo, those conpound of fornula | are
preferred that conprise or contain a detectable |abel, such as a

radi oactive nuclide or a fluorescent la bel. For in vitro use, histological
sections sl GO,fCeSbr CHofespecalpCe®)pr paraffin sanpl es can be anal yzed.
Preferred enbodi mnents of the conpounds of fornmula | are given bel ow and are
desi gnat ed conpounds 1d/e, 2d/e, 3g/h, 4f/g, 5b/c, 6f, 7d, 8g, 9d/e, 10,

11, 12,513 ﬂs‘kulp@ﬁr eﬁ%r aléodﬂ%f ferthul2 CH,2 Q‘R‘"ﬁg" ﬁhem“brm%&rﬂ or a

embodi nent s al so exenpl |fy th fferent groups which can be represented by
the letterbond; Ar, B, A Ar', X, and Ar" of formula |l . "Akyl" refers to a
straight or branched chain group consisting solely of carbon and hydrogen,

contai ni ng no unsaturation and having fromone to eight carbon atons, e.g.,

met hyl, etlylis anpfoapybf formula CONRS, CH,NR®, CO, COO, CH,0, SO.NR®, NR®CO,
NR®SO,, NR*CONR®, NR®COO, OCONRS, CONR*NR®, CONR*OR® CH,CO
10 CH,CONRS, CH,COO, COCR*R® or a bond,

nisl,2,30r0;

R'is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
15 cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;

R? is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
20  aralkyl radical,

R’ is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;

25
R* is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical,

30 R™ is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;



1-net hyl et hyl (iso-propyl), n-butyl, n-pentyl, 1,1-dinethylethyl (t-butyl),
n-heptyl, and the |ike. "Al koxy" refers to a group of the formula -Qal kyl
wher e al KD 200/@886def i ned above. In the context of the PCESPAWI0N6HENE I ON,
preferred salts are pharmaceutically acceptable salts of the conpounds
according to the invention. The inventiqg_also conprises salts which for
their part are not suitable for pharmaceutical applications, but which can
be used, for example, for isolating or purifying the conpounds according
to the inventicon. Pharmaceutically acceptable salts of the conpounds

accordi ng e I i i nelud i it S ngﬂ@r 1.4,
car boxyl i ckamiﬂg lyr%g%&l %ﬁ%inpg a:'ra&ciﬁggp a?lf){i‘l gx%lﬁgl%’ ggt}efosaﬂéo}%l, hy ’dﬁ‘lgg%ﬁt)}?’l c
aci d, hydr oyxloatkyl, atlkiyityckallphuhéteroakkiytyclphlicyh Hetdracyaboadk yl ratabionh @s tlefshoni c
aci d, ethanegul phgni c acid, toluenesul phonic acid, benzenesul phonic acid,
napht hal ené&" 3§%Fgﬁﬂnic acid, acetic acid, trifluoroacetic acid, propionic
acid, lactic acid, tartaric acid, malic acid, citric acid, fumaric acid,
mal ei ¢ aci d_and benzoic acid. Pharmaceutically acceptable salts of the
conpounds REdsralihydrogen tdtemi ow entalioyl, alleoyi, rdkygd, betetoaliof, enydt beteroprybases,

such as, b f exanpl nd by way..o efere al kal.i metal. salts
(for exarrp%%cvl\@%ﬁ}%u maﬁw@yg?ogﬂgqpot{gggoﬁwcgghabyﬁ, gﬁﬁgloﬂﬁ o?-*.lkylt’ h 3R Yarts
(for exanphgeefatdkytadioht s and nagnesi um sal ts) and ammoni um salts, derived
from amoni a or organic
10 R is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or

heteroaralkyl radical;

R® is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
15 cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;

the residues R’ are independently from each other a hydrogen atom or an alkyl, alkenyl,
alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl,
20  heterocycloalkyl, aralkyl or heteroaralkyl radical;

the residues R® are independently from each other a hydrogen atom or an alkyl, alkenyl,
alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl,
heterocycloalkyl, aralkyl or heteroaralkyl radical;

25
or two of the radicals R', Rz, R3, R4, R4b, R4°, R R>® R6, R’ and R® together are part of
an optionally substituted cycloalkyl, heterocycloalkyl, alkylcycloalkyl, heteroalkyl-
cycloalkyl, heteroaryl, aralkyl or heteroarylalkyl ring system,;

30 or a pharmaceutically acceptable salt, ester, solvate or hydrate or a pharmaceutically

acceptable formulation thereof.



am nes having 1 to 16 carbon atons, such as, by way of exanple and by way
of preference, ethylam ne, diethylamne, triethylam ne,

et hyl di i sspropyd28sszne, nonoet hanol am ne, di et hanol am ne PCTPRAANGIEM ne,
di cycl ohexyl am ne, di net hyl am noet hanol, procai ne, dibenzyl am ne,

N- et hyl mor phol i ne, arginine, lysine, ethylenediam ne and

N- et hyl pi peri di ne. Moreover, the present invention also conprises prodrugs
of the compounds according to the invention. The term "prodrugs” includes
conpounds "hF ExprESon #kyhrefeas to mure@dbwm@gr%am %r%@t%%gmrogwae{l BlPhut
whi ch, duri iﬂrgﬁj othst DRFRAY otk € 16 PP e iddal 0 com
pounds accg@gfﬁgﬁ'{lg t eE Ftﬁ%%gﬁgﬁaﬂ(oﬁjsf f’llgxagrrﬁgtye or?r.(liet aﬁo?i cal l g/ltdé{r%’

hydr ol yt i casdegially fronpérté 6¢ellgat,,2, Blroe 4p cabemttonsy rtexempld smethyhmthydes

hydrol yzabl e ester derjvatives qf the carhoxylic acids of. the formula (1).
These are PWPY ‘%H@PQI{’B tﬂslsﬁg%uﬁﬂ’ i&?ﬁ%’r“@ wﬁwﬁylea-rpeﬁtﬁﬂwpawgﬁqxa{h
physi ol ©9i 63l_4iRAEH AL NoP3 togy! ar in vivo by enzymatical or chem cal
means to give 11E.{|]?|:e y?Rr)eg carto)%lgy%ﬂiocyaci ds. Such esters are preferably
straight-chain or branched (Cl-C6)- alkyl esters in which the al kyl group

may be substituted.b dr ox %ﬂ 4) -al ko .am no, . nmong-(C.r .
G} - ol Kyl anPHENEIRH T 0T 4 ST 2FTer (LS Lrt oD g A, REHN-<BFne hy)
esters of bPBragEeHBAAHRARSCafont 8upsChiitdotdin From Dtd FEcHBO S¥nsOprefdisblpr esent
i nvention, unless specified otherw se, the substituents have the follow ng
meani ngs: from 2 to 12 carbon atoms, especially from 2 to 6 (e.g. 2, 3 or 4) carbon atoms, for
10 example an ethenyl (vinyl), propenyl (allyl), iso-propenyl, butenyl, ethinyl, propinyl,
butinyl, acetylenyl, propargyl, isoprenyl or hex-2-enyl group. Preferably, alkenyl groups
have one or two (especially preferably one) double bond(s), and alkynyl groups have

one or two (especially preferably one) triple bond(s).

15  Furthermore, the terms alkyl, alkenyl and alkynyl refer to groups in which one or more
hydrogen atoms have been replaced by a halogen atom (preferably F or Cl) such as, for

example, a 2,2,2-trichloroethyl or a trifluoromethyl group.

The expression heteroalkyl refers to an alkyl, alkenyl or alkynyl group in which one or
20  more (preferably 1, 2 or 3) carbon atoms have been replaced by an oxygen, nitrogen,
phosphorus, boron, selenium, silicon or sulfur atom (preferably by an oxygen, sulfur or
nitrogen atom). The expression heteroalkyl furthermore refers to a carboxylic acid or to
a group derived from a carboxylic acid, such as, for example, acyl, acylalkyl, alkoxy-
carbonyl, acyloxy, acyloxyalkyl, carboxyalkylamide or alkoxycarbonyloxy.
25
Preferably, a heteroalkyl group contains from 1 to 12 carbon atoms and from 1 to 4
hetero atoms selected from oxygen, nitrogen and sulphur (especially oxygen and
nitrogen). Especially preferably, a heteroalkyl group contains from 1 to 6 (e.g. 1, 2, 3 or
4) carbon atoms and 1, 2 or 3 (especially 1 or 2) hetero atoms selected from oxygen,
30 nitrogen and sulphur (especially oxygen and nitrogen). The term C,-Cs heteroalkyl
refers to a heteroalkyl group containing from 1 to 6 carbon atoms and 1,2 or 3

heteroatoms selected from O, S and/or N (especially O and/or N). The term C;-C4



In the context of the invention, alkyl represents a straight-chain or
branched al kyl radical hav ing the nunber of carbon atons stated in each
case. ThewPapP109eBsed r adi cal s nmay be nen tioned by way oPCEXRAPOBIHAY by way
of preference: nethyl, ethyl, n-propyl, isopropyl, nbutyl, isobutyl,
1-met hyl propyl, tert-butyl, n-pentyl, isepentyl, 1-ethylpropyl,
1-met hyl butyl, 2- nethyl butyl, 3-nethylbutyl, n-hexyl, 1-nethylpentyl,

2- et hyl tyl, . 3- hyl |, - t hyl t ,.3-di t hyl but
! bt Deteroandi Pt Bittefoscdt el ChmBRMlrom 113 <SR AP BE AN 1 261
1,4, 4-tri metRydpR6hY keledtBd Hlagh 009 hLBd or Nf(eﬁﬂ'é%iaillp‘@ BRd/BFN). BiheAhé! the

represents a nonocyclic saturated alkyl radical hav ing"3 to 7 carbon
at ons. The tdrol heteroallyy) reflire td gronpy/inbehick ené onwgrdlyydragencitoms hayd keeand by way

of preference: cl apropyl . cycl obyt | opentyl, cycl ohexyl and

cycl oheptyIre.p??cﬁ(&%gpfeaqg%?é)e\éﬁo%Xprteﬁeéﬂflﬁ?e‘?{féf/lg‘n, al koxy represents a
straight-chain or branched al koxy radical having 1 to 4 carbon atons. The
foll ow ng radicals may be mentioned by way of exanple and by way of

preferenceEXM@PR@ﬁﬁhmﬁﬂﬁg%Qgﬂwwﬁﬂﬁﬂawyps¢é®§ﬁ@@@ﬂ&;OiY%eR%§F%Woppxy,
nal ogen’ | nd1 T Fi a8 G 2k QY BRI R A E S ence 1 s
gi ven to fRANMRIRCO-Y?-, R*-0-CO-N(R®)-Y*-, R*-N(R®)-CO-0-Y*, R*N(R")-CO-N(R°)-Y*-,
R*-0-CO-0-Y?-, R:-N(R®)-C(=NR%-N(R°)-Y?*, R>-CS-Y*, R*0O-CS-Y*-,
10 R*CS-0-Y*-, R*-CS-N(R")-Y*-, R>-N(R")-CS-Y*, R*-0O-CS-N(R")-Y*,
R*-N(R®)-CS-0-Y*-, R*-N(R®)-CS-N(R%)-Y?-, R*-O-CS-0O-Y?-, R*-S-CO-Y*,
R*-CO-S-Y*, R*-S-CO-N(R®)-Y?*, R>N(R")-CO-S-Y*-, R*-S-CO-O-Y*-,
R*-0-CO-S-Y*, R*-8-CO-S-Y*, R*-S-CS-Y*-, R*-CS-S-Y*, R%-S-CS-N(R")-Y*,
R®-N(R®)-CS-S-Y?*-, R*-S-CS-O-Y?-, R%-0-CS-S-Y?-, wherein R® being a hydrogen
15 atom, a C;-Cg alkyl, a C,-Cg alkenyl or a C,-C¢ alkynyl group; R® being a hydrogen
atom, a C,-Cs alkyl, a C,-Cs alkenyl or a C,-Cs alkynyl group; R° being a hydrogen
atom, a C;-Cs alkyl, a C,-Cs alkenyl or a C,-Cg alkynyl group; R? being a hydrogen
atom, a C;-Cs alkyl, a C,.Cg alkenyl or a C,-Cg alkynyl group and Y* being a direct
bond, a C,.C¢ alkylene, a C,-Cg alkenylene or a C,-Cg alkynylene group, wherein each

20  heteroalkyl group contains at least one carbon atom and one or more hydrogen atoms

may be replaced by fluorine or chlorine atoms.

Specific examples of heteroalkyl groups are methoxy, trifluoromethoxy, ethoxy, n-pro-
pyloxy, isopropyloxy, butoxy, terz-butyloxy, methoxymethyl, ethoxymethyl,

25 -CH,CH,O0H, -CH,0H, methoxyethyl, 1-methoxyethyl, 1-ethoxyethyl, 2-methoxyethyl

~or 2-ethoxyethyl, methylamino, ethylamino, propylamino, isopropylamino, dimethyl-

amino, diethylamino, isopropylethylamino, methylamino methyl, ethylamino methyl,
diisopropylamino ethyl, methylthio, ethylthio, isopropylthio, enol ether, dimethylamino
methyl, dimethylamino ethyl, acetyl, propionyl, butyryloxy, acetyloxy,

30 methoxycarbonyl, ethoxycarbonyl, propionyloxy, acetylamino or propionylamino,

carboxymethyl, carboxyethyl or carboxypropyl, N-ethyl-N-methylcarbamoyl or N-



If radicals in the conpounds according to the invention are substituted,
the radicals can, unless specified otherw se, be nono- or polysubstituted.

I n the coMOeRrto/@8862he present invention, the nmeani ngs ofPCAIEP208H&®a! s whi ch
occur nore than once are independent of one another. Substitution with one,
two or three identical or different subsgituents is preferred. Very
particul ar preference is gi ven to substitution with one substituent. The

conmpounds of the inve t|o or thei har utically.acceptabl e sal s, ma
have asymBtHca cxamplkepFhepipalky [ienpiive il ARG €34 ’

I nvention ﬁpgcrgahﬁbr1s@é}@.ﬁat@ﬂ@@tﬂdc?ﬂété’aﬁﬁﬁﬁhﬁﬁi@gﬁﬁﬂﬁ5 may therefore exist

as single enantioners, di astereoi soners, racemates, and m xtures of
enantionmers and di astereoners. Al such single enantioners, d i

ast ereoi so racenmat nd. m xture h f
Thi s’ | nventRoRPPTLORTIRS RS Haseirntt Shasrel ot hip el (ol BudfpR s
pref erred 8%@?9&1%@1‘?&&3) w@ld dry@that &shtalﬁs)y;%iort@o@rm@@ @%@érh@l‘? 1 d¥ ! her
aspect of the invéntion is the use of a compound of formula | as déscri bed

above and hedt eintaihefroni Zitpnbbiingcarhadi afonts; preferaly]y Aronh 8iterd 0 (espacisdnded.and/ or
anyl oi dose

oyl of oS o) BB e RS R el ER. B B5: B T
]pr ef er abl y wiagchRsiefd? e h gﬁﬁdge@ aoR VB Be @ replaged By B0bIAY) cAkeReIbothih®
ornmula | that does not bear a ra

or iodine atoms or by OH, =0, SH, =S, NH,, =NH, N3 or NO, groups, thus, for

10 example, cyclic ketones such as, for example, cyclohexanone, 2-cyclohexenone or
cyclopentanone. Further specific examples of cycloalkyl groups are a cyclopropyl,
cyclobutyl, cyclopentyl, spiro[4,5]decany], norbornyl, cyclohexyl, cyclopentenyl,
cyclohexadienyl, decalinyl, bicyclo[4.3.0]nonyl, tetraline, cyclopentylcyclohexyl,
fluorocyclohexyl or cyclohex-2-enyl group.

15
The expression heterocycloalkyl refers to a cycloalkyl group as defined above in which
one or more (preferably 1, 2 or 3) ring carbon atoms have been replaced by an oxygen,
nitrogen, silicon, selenium, phosphorus or sulfur atom (preferably by an oxygen, sulfur
or nitrogen atom). A heterocycloalkyl group has preferably 1 or 2 ring(s) containing

20  from 3 to 10 (especially 3, 4, 5, 6 or 7) ring atoms (preferably secected from C, O, N
and S). The expression heterocycloalkyl refers furthermore to groups in which one or
more hydrogen atoms have been replaced by fluorine, chlorine, bromine or iodine atoms
or by OH, =0, SH, =S, NH,, =NH, N; or NO; groups. Examples are a piperidyl,
prolinyl, imidazolidinyl, piperazinyl, morpholinyl, urotropinyl, pyrrolidinyl, tetrahydro-

25  thiophenyl, tetrahydropyranyl, tetrahydrofuryl or 2-pyrazolinyl group and also lactames,

lactones, cyclic imides and cyclic anhydrides.

The expression alkylcycloalkyl refers to groups that contain both cycloalkyl and also

alkyl, alkenyl or alkynyl groups in accordance with the above definitions, for example
30 alkylcycloalkyl, cycloalkylalkyl, alkylcycloalkenyl, alkenylcycloalkyl and alkynyl-

cycloalkyl groups. An alkylcycloalkyl group preferably contains a cycloalkyl group that

contains one or two ring systems having from 3 to 10 (especially 3, 4, 5, 6 or 7) ring



di oactive label, but in which Y is e.g. hydrogen. Preferably, the use of a
conpound of the invention in the diagnosis is performed using posi tron

em ssi on worrogvegssy ( PET), single photon em ssion conpuP€l/FPRINOYo&phy
(SPECT), magnetic resonance (MR)-spectoscropy or tonography. Another aspect
of the invention is directed to a method,of imaging anyloid deposits. Such
a method conprises a) admnistering to a nannal a conpound as descri bed

above and herein containing a det ect det si gnal
stemi ng f FYRPE ALMSHARGORMEF BiRlkylsa @5@3.@? V&grsbem@ﬁvt% 55?39%5

deposits. The,sSpecific binding is a result of the high b|nd|ng affinity of
t he conpounds of the present invention to the anyloid deposits. In a
further aspect, the invention is directed to a nethod of diagnosing a

ti t wi Al h th
D ni st or 1Hg cxes o pFrop ko Frogtrabe! ek arlhocioaly! EulBoc teromeys -
invention w ik ReledRe (elcditRy 1f2>5r Sedafdd AOmb B@v&@é&%ﬂgcédb}l fie human

as descri bed above and herein, and b) neasuring the signal from'he
det ect abl e okyges| nidmoigen, rsglldomosnltmernaplmsnh@us at swfur@fom I(mefm)arhiy)bmdnmy{ he

(PET). or  Bovaniitr & iReea el rek e B R e P her
ﬁ rertlj?g: ggln‘é g?g syfiemb AxERE iR 3 BE 1 0/ Rpecdaltl RANGSE bE 7)BAN AMnTsQEndéXEST two
alkyl, alkenyl, alkynyl or heteroalkyl groups having from 1 or 2 to 6 carbon atoms.
10  Examples of such groups are alkylheterocycloalkyl, alkylheterocycloalkenyl, alkenyl-
heterocycloalkyl, alkynylheterocycloalkyl, heteroalkylcycloalkyl, heteroalkylhetero-
cycloalkyl and heteroalkylheterocycloalkenyl, the cyclic groups being saturated or

mono-, di- or tri-unsaturated.

15  The expression aryl refers to an aromatic group that contains one or more rings
containing from 6 to 14 ring carbon atoms, preferably from 6 to 10 (especially 6) ring
carbon atoms. The expression aryl refers furthermore to groups in which one or more
hydrogen atoms have been replaced by fluorine, chlorine, bromine or iodine atoms or by
OH, SH, NH;, N3 or NO, groups. Examples are the phenyl, naphthyl, biphenyl,

20  2-fluorophenyl, anilinyl, 3-nitrophenyl or 4-hydroxypheny! group.

The expression heteroaryl refers to an aromatic group that contains one or more rings
containing from 5 to 14 ring atoms, preferably from 5 to 10 (especially S or 6) ring
atoms, and contains one or more (preferably 1, 2, 3 or 4) oxygen, nitrogen, phosphorus

25  or sulfur ring atoms (preferably O, S or N). The expression heteroaryl refers fur-
thermore to groups in which one or more hydrogen atoms have been replaced by fluo-
rine, chlorine, bromine or iodine atoms or by OH, SH, N3, NH; or NO, groups.
Examples are pyridyl (e.g. 4-pyridyl), imidazolyl (e.g. 2-imidazolyl), phenylpyrrolyl
(e.g. 3-phenylpyrrolyl), thiazolyl, isothiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl,

30 oxadiazolyl,thiadiazolyl, indolyl, indazolyl, tetrazolyl, pyrazinyl, pyrimidinyl,
pyridazinyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, isoxazolyl, indazolyl, indolyl,

benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzthiazolyl, pyridazinyl, quinolinyl,



di sorders as Al zheiner's di sease conprising the exclusion of Al zheiner's
disease in a pa tient, that nethod conprising adm ni stering a conpound of
t he i nverwDaniwasss2pat i ent and ap plying an i nagi ng net ROWU/EPROVINE6670
i nvention. A further aspect of the invention refers to a diagnostic
conposi tion for imaging anyloid depositgs _conprising a radiol abel ed
conpound according to formula |I. The di agnostic nmethods of the invention

can al so be used _.as post-portemdi ggnostic.neth ods.  Furthernore, th

i agnost i o SRAVAGHEY oPTHL B O R A BnKD PYSBUE of S TBP D IFEFHe

t her apy of(é%§ﬁ§¥ﬁghz§agh§§ﬁ@§mhﬁyﬂﬁgmggegenerative di sorder or an
urtherfore,

anyl oi doses. t he di agnostic nethods of the invention can al so
be used in diagnosing neuro |ogical disorders other than Al zheiner's

di sease by _excluding Al zheiner's disease.. ln .a furthe spec f the
i nventi on, TR ExpRvE _%raﬁwg BitS 80URS AAAIBEOth AR FP‘iﬂgBrgﬁ%’ﬁ’é?l&Wtyni ng
any|l oi dgsegQhy R Felbalky k2888 f é‘c@?ﬂ?ﬁ%itﬁ% M09t QEAiMBohe scHayBT | N

need of such’a treatnént a conpound o ormula | as described herein. A
further aspgeanplefarylakyilrargatkieonl, pefldkwnyl crglcptiaalist el ysddalkenyhadhtlaryh

] o TP Sk A TR0 olflenl VG5 Specific SERRHLPSFARLR! B iRbleon 1Y
xylene, mesitylene, styrene, benzyl chloride, o-fluorotoluene, 1H-indene, tetraline,
dihydronaphthalene, indanone, phenylcyclopentyl, cumene, cyclohexylphenyl, fluorene

10 and indane. An aralkyl group preferably contains one or two aromatic ring systems (1 or
2 rings) containing from 6 to 10 carbon atoms and one or two alkyl, alkenyl and/or
alkynyl groups containing from 1 or 2 to 6 carbon atoms and/or a cycloalkyl group

containing 5 or 6 ring carbon atoms.

15 The expression heteroaralkyl refers to an aralkyl group as defined above in which one or
more (preferably 1, 2, 3 or 4) carbon atoms have been replaced by an oxygen, nitrogen,
silicon, selenium, phosphorus, boron or sulfur atom (preferably oxygen, sulfur or
nitrogen), that is to say to groups containing both aryl or heteroaryl, respectively, and
also alkyl, alkenyl, alkynyl and/or heteroalkyl and/or cycloalkyl and/or heterocycloalkyl

20  groups in accordance with the above definitions. A heteroaralkyl group preferably
contains one or two aromatic ring systems (1 or 2 rings) containing from 5 or 6 to 10
ring carbon atoms and one or two alkyl, alkenyl and/or alkynyl groups containing 1 or 2
to 6 carbon atoms and/or a cycloalkyl group containing 5 or 6 ring carbon atoms,
wherein 1, 2, 3 or 4 of these carbon atoms have been replaced by oxygen, sulfur or

25  nitrogen atoms.

Examples are arylheteroalkyl, arylheterocycloalkyl, arylheterocycloalkenyl, arylalkyl-
heterocycloalkyl, arylalkenylheterocycloalkyl, arylalkynylheterocycloalkyl, arylalkyl-
heterocycloalkenyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, heteroaryl-
30 heteroalkyl, heteroarylcycloalkyl, heteroarylcycloalkenyl, heteroarylheterocycloalkyl,
heteroarylheterocycloalkenyl, heteroarylalkylcycloalkyl, heteroarylalkylheterocyclo-
alkenyl, heteroarylheteroalkylcycloalkyl, heteroarylheteroalkylcycloalkenyl and hetero-



and/or additive. Furthernore, the conpounds of the invention can al so be
used as tools in screening, for exanple high throughput screening nethods
and in viwpaoesessss. The invention also refers to a net irot/EPRE0ISYGTNES] Zi Ng
a conpound of the invention according to fornmula | as described herein. The
general synthetic nethods of the conmpoungs of the in vention are as
follows. F-18 radiol abelingA further aspect of the invention refers to a

met hod of radjoflugrination of a conpound of formula | for the manufgacture
of radiol aﬁ@ﬁ%ﬁerea&y HAoQCIqadehgronps, @sﬁﬁﬁicsgrﬂ\jpst sratyat or IO Y- a

conpound ofy, {rﬂhﬁ%&aﬂed%é)&%@e&%&%& E?{ifaggﬁfbﬁsoqh’ﬁl%iiﬁ%rl, Blé’lﬂiogf, hugfgnati on

nmet hods are wel nown t on s I n the ar preferred
enbodi nment ethyhedélyldrmethyipyndage B4, 3i or 4nctiSXybpber, 4-2thokigplenyh 21, 3- 1D

di azabi cycl o] 8.8.8]-h cosane K18F (crownether salt Kryptofix K18 F),
K18F, HI18F, 'mg‘%ﬂy@@ﬂ%&yl ammoni um salt of 18F. Morre preferably,

fluorination agent is K18F, H18F, or KH18F2. The solvents used can be
Di met hyl f or mam de, DMF, Di net hyl sul foxyde, DVBO, Acetonitrile, MCN,
Di met hy| acdtsaakicddy stmigh aborthectxpressione tyaledikyl, BBOcydedkyb rlkpidycloatkeyl,sol

vents can %letségoalﬁ(eylgycma)fﬁy ,r aeryﬁfhetsé%)cla\rl}?l?grsélkay? alilcfl Hétgr%tarea ﬁ l:2)1f)s\(l)er'efer to groups in
which one or more hydrogen atoms of such groups have been replaced by fluorine,
chlorine, bromine or iodine atoms or by OH, =0, SH, =S, NH,, =NH, N3 or NO;
10  groups.

The expression “optionally substituted” especially refers to groups in which one, two,
three or more hydrogen atoms have been replaced by fluorine, chlorine, bromine or
iodine atoms or by OH, =0, SH, =S, NH,, =NH, N3 or NO; groups. This expression

15  refers furthermore to groups that are substituted by one, two, three or more |
unsubstituted C;-Cg¢ alkyl, C,-Cs alkenyl, C,-Cg alkynyl, C;-Cg heteroalkyl, C3-Cio
cycloalkyl, C,-Cs heterocycloalkyl, C¢-C)g aryl, C;-Co heteroaryl, C;-C,; aralkyl or
C,-Cy; heteroaralkyl groups.

20  Preferred substituents are F, Cl, Br, Me, OMe, CN or CF;.

Preferably, all alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, aralkyl and heteroaralkyl
groups described herein may optionally be substituted.

25
Preferred are compounds of formula (I) wherein the radicals R’ and R® together are part
of an optionally substituted heterocycloalkyl, heteroalkylcycloalkyl, heteroaryl or
heteroarylalkyl ring system, and/or wherein R? and R together are part of an optionally
substituted cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl

30 or heteroaralkyl ring system.



[ F-18] radi ol abeling procedures are well known to the person skilled in the
art. For exanple, radiolabeling can be preforned as described in the

f ol | ow ngWO[2ptolBgeR uor i de can be produced by proton bonB&TEPRINO/0DG7@
cyclotron using a silver target ( 1 nL) filled with [0-18] water for the
180 (p, n) 18F reaction. The aqueous [F-48]fluoride can be passed through a

cartridge (e.g. QVA- resin cartridge vaters, Sep Pak Light QVA Part. No.
WAT023525 The. trapped can hen be el uted
oottt dgo Byetach i Brpoubdsebipimiit ORISR 15 ugcﬂxys%#ﬁ@b?ﬁ?,. ‘s

4,7, 13,1 g les géal Bmﬁ-l 10- drazabrcyclo[8 8. 8] -hexacosane). The
nucleophrlrc su strtutron of the precursor works pref erably in the
presence of a base such as NBu4OH, (NBu 4 2C03, K2CO3 etc. and at el evated
tenperatures., The addi.tion of crown et h rypt of i K2.2.2) can
o wence FREnTaReRg et bar Y oRelE TR SenT ik Bt *iobos as
t he base. thﬁqmbtassruntfluorrde Kryptofix conplex is preferably dried by
repeated azeotropic distilla tion with sequential addition of acetonitrile.
Sol vents such as acetonitrile, DVF, DVBO etc. can be used as a reaction

dsi ng car t ¢ HEDRETelsRER B TosRF pRoRYA &) LB TR drcP RN | e

(Waters, VAT020515) The cartridge can be rinsed with water and the

conmpound can be eluted with
Further preferred are compounds of formula (I) wherein R’ is hydrogen.

10
Moreover preferred are compounds of formula (I) wherein R® is hydrogen.
Especially preferred are compounds of formula (Ia)
0O
R!
Rz
R 5 N-R°
PU
15 R R
(Ia)

" wherein

R' is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
20 cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;

R? is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
25  aralkyl radical;



acetonitrile. The eluted conpound can be diluted with water and can then be
subjected to preparative HPLC purification. Preferred HPLC colums are
rever sed whasw/esdeamrms such as Gemini 5 mC 18 110 A, 2BOT/EP2@94MG670
(Phenomenex, 00G 4435-N0). M xtures of buffer so lution, acids, water etc.
w th organic solvents such as acetonltrlg >, net hanol, ethanol etc. can be
used as nobile. The solution can then be diluted with e. g wat er to be

passed thrqQygh a rtrl dge for co an ol ve chang ral
synt hesi s & e 3 o O%IaRy‘? Léfw,aﬁwm eew#,sg?tg Y.

al kyl - F- 18, n a fidpr )ner§- € 9.
t osyl at es, g@%@gﬁag g(g@é nos;q}ggt féest&%ﬁ?glc?gllogsfy t%ré‘é}tcédéylﬁﬂogrgp( yz]i?jegs eetrc
(formul a | amikyiradicalj eavi ng group) Whl ch can be synthesized fromthe

respective hydroxy conpounds according to nethods known in the art (J.
March, Advanced Organic Chem stry, 4th ed. 1992, John Wley & Sons, pp

352f1). 5 ANRAGd1 § i19AR)geBitORdo! Bn CARA 'ah@eﬁ l rhl h@t@ro%ikyl‘lﬁrﬂnﬁetéﬁ)_lq?id com

prises the syntheSis by suitable bis{ tosy and the I'i ke g

2) n- OTs. Ocy:éoalhyle@uqyéqylck)aﬂgﬂ hﬁtmhkyky&oe&wbdwmgcmoagbﬁemﬂkwmrm¢teai04
(formula | t 18F) are e.g. iodides and brom des and the |ike whose
conversion%ﬁ%ﬁWﬁg?%Spectlve fluorides is also known in the art (J. March
see above).

R® is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
10 cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or

heteroaralkyl radical;

R® is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
15  aralkyl radical;

or the radicals R® and R® together are part of an optionally substituted heterocycloalkyl,

heteroalkylcycloalkyl, heteroaryl or heteroarylalkyl ring system, and/or R? and R’

together are part of an optionally substituted cycloalkyl, alkylcycloalkyl,
20  heterocycloalkyl, heteroalkylcycloalkyl, aralkyl or heteroaralkyl ring system;

or a pharmaceutically acceptable salt, ester, solvate or hydrate or a pharmaceutically

acceptable formulation thereof.

25  Further preferred are compounds of formula (I) or (Ia), wherein R'isa cycloalkyl,
alkylcycloalkyl, heterocycloalkyl, heteroalkylcycloalkyl, aryl, heteroaryl, aralkyl or

heteroaralkyl radical.

Further preferred are compounds of formula (I) or (Ia), wherein R' is an aryl, heteroaryl,

30  aralkyl or heteroaralkyl radical.



Precursors for aryl-F-18 conpounds of general forrmula | are e.g. aryl or
het eroaryl brom des, nitro conmpounds, trial kyl anmoni um aryliodoni um whi ch
can be com0Oentoddssed t he respective F-18 conmpounds of t hiPSTIRRQ@I0D@M by

met hods known in the art (L. Cai, S. Lu, V. Pike, Eur. J. Og. Chem 2008,
2853-2873). Starting materials for thesq precursors are comercially

avai l abl e or can be synthesized by net hogs known in the art (R C Larock,

Conpr ehensi ve O T f t I 89 Th t
oy dr oxy FUBRGURTE o4 8 OMRAUE: AEREHE b Fg1a); RO Bois 247808 DA 1S et s
nosyl at es, A&/b@t& Iyo(%gieuaﬂ €%y OAgp\gﬁéﬂe&t&%s §B§nd QI®J AR es rptegfall

deprotectlon ctin As one of the very ve ati

prot ect i ngbgid) (I, ofi @H(CHQ) meﬁt O@lhétérdaﬂi@la@@gt@H((bHQﬂ(éﬁﬁ)ﬂg oy mdhigpein Mz
others are known in the art, see eég Greene and P.GM Wit s,
Prot ect i ve gqugidormln-GRR ¢ aaein |ssa@r-§séater09§gégr%€m %9})@9@&1&{5 pp

L) A B SXOTRUER 0B g} oA S0 B,
-Ar" with Hehtamiy fromastodeseg atbad and ADisambptsorlallly sabutittbd (e.g. by 1,2 or 3
substituents) phenyl ring or an optionally substituted (e.g. by 1, 2 or 3 substituents)
heteroaryl ring containing S or 6 ring atoms (especially including from 1 to 3
heteroatoms selected from O, S and N), especially preferably Ar is an optionally
10  substituted phenyl or an optionally substituted pyridyl residue (e.g. a 4-bromobenzyl
residue). Preferred substituents are F, Cl, Br, CN, CH3;, OCH; and CFs;.

Further preferred are compounds of formula (I) or (Ia), wherein R' is a group of formula
—A-Ar wherein A is a bond or C;-C4 alkyl (especially a bond, CH; or CHCH3) and Ar is

15  an optionally substituted (e.g. by 1, 2 or 3 substituents) phenyl ring or an optionally
substituted (e.g. by 1, 2 or 3 substituents) heteroaryl ring containing 5 or 6 ring atoms
(especially containing from 1 to 3 heteroatoms selected from O, S and N), especially
preferably Ar is an optionally substituted phenyl or an optionally substituted pyridyl
residue (e.g. a 4-bromobenzyl residue).

20
Especially preferably, R' is a group of formula —A-phenyl (especially -CH,-phenyl)
which is optionally substituted, preferably by one or two halogen atoms selected from F,
Cl and Br and wherein A is preferrably a group of formula -CHR'*- wherein R"™isaC;-
Cs heteroalkyl group (e.g. COOH, CH,COOH)

25
Further preferred, R' is cyclopropylmethyl, picolyl, phenylbenzyl or phenoxybenzyl, all
of which may optionally be substituted.

Further preferred are compounds of formula (I) or (Ia), wherein R? is hydrogen.
30
Further preferred are compounds of formula (I) or (Ia), wherein R? is C;-Cg alkyl, an

aryl (especially phenyl), heteroaryl, aralkyl or heteroaralkyl residue, all of which may



or as in Exanple 6d, where the hydroxy conpound HO Ar-B' with the meaning
of B as CO (CH 2)n-COOH can be synthesized by Friedel Crafts Acyl ation.
Conmpoundswof2otonmessgeneral forrmula | with Y = Br, | HO ProT&pRéimagodroup- O
can be synthesized by an ami de coupling to establish -CO NH groups in any
position and sequence order or optionally by reaction of a piperazine
derivative with a suitable am no conponent by use of phosgene or an

equi val ent  to phosgene to build a urea hond (:NH CO-NH) as described in
Exanpl es | b§subpituied er-gubypli,aé}rézsuh&rua}tg- Ea?m'\ie/ipaﬁﬁepabgoé?u%vepwn An be

synt hesi ze : ' e, : ' : s et al,
Jour nal of g?l%glﬁ%%(gtlﬁ%%gr&lgmadcﬁtﬁ%gg?é‘?oftlgjégizbé%ggéggg%iwgghan ryI Iterature
ci t ed her esubstifutédih¢tbiemnryd sepidite haivirtghleon hriege andnfrorafSetosl Otringpatliink conpri si ng
a non-radi ol abel ed_conpoupd of. the.inventjon, the gogpoynd optionally being
'na dry cOTRFUHN2 BREHaM hipiEkPoEIE SIOPRLICNE |- daf 1 JACIESPAEBF o car i er
and/ or sol ygaite@BBHLO, §4xd N @Eﬁec%ﬁ?%&r@cﬂﬂ%titukﬂts%@ﬁ%ﬁBrr,e@ -epbodi ment

the kit conprises one or nore seal éd contai ners which conprise t]he com
alkyl groups (e.g. CH3) and C;-C¢ heteroalkyl groups (e.g. CH,SOs5’, (CH;)sNHo).

Further preferred are compounds of formula (I) or (Ia), wherein R? has the following

structure

Raal
wherein E is N or CH, R* is H, C;-Cs alkyl or C;-Cg heteroalkyl (especially H or CH3),
R* is H, F, Cl, Br, CH;, OCH; or CF; and R* is H, F, Cl, Br, CH3, OCH; or CF;
(especially preferably, E is CH, R* is H, R*® is Cland R* is H).

10

15  Further preferred are compounds of formula (I) or (Ia), wherein R? is an aryl (especially
phenyl), heteroaryl, aralkyl or heteroaralkyl residue, all of which may be substituted
(e.g. by 1, 2 or 3 substituents); especially preferably, R? is an optionally substituted
heteroaryl residue having 1 or 2 rings and from 5 to 10 ring atoms (especially 2 rings
and a total of 9 ring atoms) including 1, 2, 3 or 4 heteroatoms selected from O, S and N

20  (especially N).

Further preferred are compounds of formula (I) or (Ia), wherein R? has the following

structure




pounds of the kit. In a preferred enbodi nent the kit conprises a conpound
of fornmula | as described herein, in which Y is a |eaving group, such as
tosyl, braweyblo/nsssgl , triflate, sul fonate, substitutedPSUlEPRINA0EG670

mesyl ate, nonaflate, iodoniumaryl T-aryl, trialkylanmmoni um

trinethyl ammoni um or NO2. Yet another aspect of the invention refers to a
nmet hod of inhibiting the formation of anyloid or nodul ating the

pat hogenicity of anyloid in,a manmmal . This t hod conprises m ni ster ing
a conpound “GEreREs é’rICIésR%ié%Hrqr@éP’ﬁer’éiFnEﬁrgﬁa&‘grBunlﬁ H’H:a% PEBEf f ecti ve
to inhibit : | -sa@%ql Ribad REO; A dil ae; pat hogenicity of
anyl oi d. Pﬁégpgﬁlélgdﬁ%gé%ﬁ’g%é 0 ’theS ﬁvenltsi on %ﬁit SeIJj!)sari ous aspects of the
i nvention, certain conpounds of fornmula | are preferred. Such preferred
conpounds are, gi ven bel ow, rein those c ounds are naneq with a
figuret _oge? H’é?‘g“\ﬂr? “&g’!%t %%‘Herra&@?“f’ggg Rtnallyspbtitiieden pel ow
descr i bg NOEBRCHYILRTEYmALIRSPHREMSHAYS: SYRRCH R PR ONSHASald

LI GANDS BACK ND THE | NVENTI MOM2 (al'so known as H pl ays a
central robg£agmupdguingtthefplivdng stikaeneci ng i nportant cel | -signalling

pat hways. HDM2 is known to interact with a range of different proteins that
control cell cycle progression, ceIoI ul/ar-‘gpopt osi s, proliferation and

Cl

Further preferred are compounds of formula (I) or (Ia), wherein R* is C,-Cs alkyl, C,-Cs

10 alkenyl, optionally substituted C,-C4 alkyl-C;-C; cycloalkyl, an optionally substituted
phenyl ring, an optionally substituted benzyl group or an optionally substituted
heteroaryl ring having 5 or 6 ring atoms including from 1 to 3 heteroatoms selected
from O, S and N (e.g. pyridyl). Especially preferably, R* is a phenyl ring which is
substituted by 1 or 2 substituents, preferably selected from F, Br, Cl, I, NO,, methyl or

15 cyanide (e.g. 4-methylphenyl), or an unsubstituted phenyl ring. Moreover preferably, R*
is phenyl or 4-methylphenyl.

Further preferred are compounds of formula (I) or (Ia), wherein R* is C,-Cs alkyl or an
optionally substituted phenyl ring or an optionally substituted heteroaryl ring having 5
20  or 6 ring atoms and containing from 1 to 3 heteroatoms selected from O, S and N.
Especially preferably, R* is a phenyl ring which is substituted by 1 or 2 substituents,
preferably selected from F, Br, Cl, I, methyl or cyanide (e.g. 4-methylphenyl).

Further preferred are compounds of formula (I) or (Ia), wherein R’ is an alkyl, hetero-
25  alkyl, heterocycloalkyl, heteroalkylcycloalkyl or heteroaralkyl group, all of which
groups may be substituted.

Further preferred are compounds of formula (I) or (Ia), wherein R® is selected from the
following groups: C;-Cs alkyl; heteroalkyl containing 1-6 carbon atoms and 1, 2 or 3
30  heteroatoms selected from O, S and N; heteroalkylcycloalkyl comprising a C;-Cy4 alkyl



survival. Thus, anongst other proteins, HDM2 binds to the tunor suppressor
protein p53 and targets this protein for ubiquitination and degradati on;
facilitat\wopueBeseati on of p53 fromthe nucleus to cyt @EHIER260A0046G¢ t her
transl ocation to the proteosones. Thereby, HDW2 prevents transactivation of
p53 target genes that are inplicated insbhe regulation of cell cycle and
apoptosis. The p53 protein is a potent cell cycle inhibitor that prevents

ropagati on of per ent | a ed cell cl.on by the i nducti f wt h
B Fost or *Bistmba &-Cr Bueabefial Btib and ap oBl S s e o B o
cancer by gb&ﬂﬁﬁir%% 6£6 bink aforf5hIE DAH Lhdt &b 8BHisis¥tecBAFOR O3 Samhdwel | as HDW2

can be associated wth cancer: about 50% of all hunan tunors harbor a
mut at i on ohetdrdaedlk dreomprising 63 Cgelky] groap or pfai-Cshetenontklyl gioBpfandeni on. | n

many cancers.w th w |l d-type p53, HDVP is .overexpressed, disahling,th

nor el - p3 CPUTRA SHP B RG ERA 4 ONG eor B BRG] S0 Tk siomsgncTigne B it 3545)
The HDM? g@BRrdadsin@sddévied RSRADSS Miel RE pfimlly Shissnktd ﬁé‘t@rcﬁhﬂ\é@h@%ih yoks of
p53 that translocate to the nucleus induce expression of HDM2. |nduction of
HDMV2 by p58 ringratemainciusieg bglipad betgroptnsainetdetadoogm Grisand Ngandowptioaglly s of
both HDM2 gt%jstipu‘rfg’d hé}erocycloalkyl containing 5 or 6 ring atoms and 1, 2 or 3 heteroatoms

selected from O, S and N.

10  Further preferred are dimers of compounds of formulas (I) and/or (Ia) that are linked via

a heteroalkyl, heteroalkylcycloalkyl or a heteroaralkyl group, preferably via R’.

Further preferred are compounds of formula (I) or (Ia), wherein R’ is C;-Cs alkyl;
heteroalkyl containing 1-6 carbon atoms and 1, 2 or 3 heteroatoms selected from O, S,
15 N; heteroalkylcycloalkyl comprising a C;-Cy4 alkyl group and an optionally substituted
heterocycloalkyl group containing 5 or 6 ring atoms and 1, 2 or 3 heteroatoms selected
from O, S and N; heteroaralkyl comprising a C;-C4 alkyl group and an optionally
substituted heteroaryl group containing 5 or 6 ring atoms and 1, 2 or 3 heteroatoms
selected from O, S and N.
20
Further preferred are compounds of formula (I) or (Ia), wherein RCis hydrogen or Ci-C4

alkyl, especially hydrogen.

Further preferred are compounds of formula (I) or (Ia), wherein R’ and RS together with
25  the nitrogen atom to which they are bound form an optionally substituted (e.g. by 1, 2 or
3 substituents) heterocycloalkyl ring containing 4, 5, 6 or 7 ring atoms and 1, 2 or 3

heteroatoms selected from O, S and N.

Moreover preferred, R and R® together with the nitrogen atom to which they are bound

30 form the following group:



normal ly proliferating cells (Vousden and Lu Nature Reviews Cancer 2002, 2,
594- 604). However, in many cancers this normal ratio of HDVM2 to p53 is
changed oW 261041288%21 at ed. I nhibiting the interaction of PEDVP2M0H0M66EH3 i n
cells with wild-type p53 should lead to an increase of p53 levels in the
nucl eus, facilitating cell cycle arrest ,gnd/or apoptosisand restoring the
tunor suppressor role of p53. The feaS|b|I|ty of this strategy has been
shown by the use of different macronol ecul,ar, tools for inhibition of

HDMR- p53 interaction (e.g. antibodies, ﬂﬁﬁ?gmnse ol i gonucl eot i des,

pepti des). Besides p53, a nunber of prNtei nQhave been found to interact
with HDM2, performng either affectors RLQQQIatlng HDM2 functions) or
effectors (regul ated by HDMR). Totally about °20 interacting with HDWR

prot ei ns h%@reﬁ??fﬁs@ﬁ‘iﬁ@’@qs ()Cﬁ&gﬂthe ?tﬂﬂoy\ﬁﬁéﬂ(ﬁfé(ls pYRferabR 681 0 Be§€@'i§h
2003, v.l, 1027-1 2009, 35, 316-32 rmng

: '] ) -
t hem HDIVIZNaR?i‘dQRt@éR % We=®,w@ﬂ I\Bl?pprl‘éﬁ xdEOﬁIﬂ@,y ,a§0wé‘lR6xasSQ£11fR% flvang et al .
dinical ear,ch .1 2 250 transcri,pti on
factor thaf ﬁ%ﬁ\ﬁg@eé’v}@ ’Pn @ r’lﬁgeﬁ’ggaedlélé(ﬁ%:ogﬂ(%ﬁ %8 %ﬁ%glyggo(?ﬁ{lo& s
i n somes cehdont MSNHE"ESH ay@ﬁ @1& I an&ﬁyll aldohA, hétbrbalklyd, arAFhétbroargh a
conserved blndlng region a P , activating E2F-dependent transcription of
cyclin A cycloalkyl, alkylcycloalky heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-

aralkyl radical.

Preferably, Q is N-CO-R®, NR® or CHR® wherein R% is C;-Cg alkyl, C;-Cg

10 heteroalkyl, NH;, optionally substituted phenyl or hydrogen; R® is optionally
substituted phenyl or optionally substituted heteroaryl containing 5 or 6 ring atoms
including one or two heteroatoms selected from O, S or N; R% is C;-Cg heteroalkyl,

NH; or OH.

15  Further preferred, Q is N-CO-NHR®, N-COOR®, N-SO,R®", N-SO,NHR®, N-
NHCOR®, CH-NH,, CH-OH, CH-SH, CH-NH-COR®, CO, CONH, NHCONH,
SO,NH, OCONH, CH-COOH, CH-COOR¥, CH-COR®* or CH-SO,R®, wherein R%,
R% R® R% R RS RY R and R® independently from each other are a hydrogen
atom, OH, NH,, SH or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,

20  cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical, especially hydrogen or a C;-Cg alkyl group or a C;-Cg¢ heteroalkyl group.

Preferably, Q is N-CO-R* wherein R® is preferably NH,, C;-Cg alkyl, NH-C;-Cs alkyl
or N(C,-Cg alkyl),.

25
Further preferrably, group Q contains a hydrogen bond acceptor (especially an atom or
group having a lone electron pair like e.g. an electronegative atom such as fluorine,

oxygen, or nitrogen).

30  Further preferred,0is 1 and mis 1.



and suggesting that HDM2 small nol ecul e |igands or antagonists m ght have

al so anti tunor effects in cells independent of their role of restoring p53
functi on.WBDMR/@288e2associ ate in vitro and in vivo w th PR&EPaNEDG6EN Nunb
protein. The association occurs through the N-term nal domain of HDWZ,

which is the region also involved in p534bi nding. The Nunb protein is
involved in the regulation of cell fate and in a variety of devel opnental
processes, nost notably in the nervous system Through its interaction with
Nunb, HDM2 may influence processes such as differentiation and survival.

This coul d t r b fRé ich
overexpresg%H%%éwﬁ%gw q?géj%)n&gtlaégh‘iﬁ %CNW(W@ .T}%?eg? R %f&ﬁh&a o
3974-3982) alkgl o NHrCy-Ca ahiod (e. grcﬂfécml‘éﬁcﬂaﬁﬁsbl ock the HDMR interaction with
p53 al so bl ock the interaction of HDM2 wi th hypoxia inducible factor la
(HF- la), a protein that induces vascul ar endothelial growh factor (VEGF)
under nor rr%&uﬁry ﬂ}&‘ﬁ%ﬂ GrE QM dun@s £ folmulEEor (Fa)PivaaiRe RIS RS tdgeibepi ti on
of HDM2 by shall "nol ecules will al so prevent” blood vessel formation to
cancer net astmste aarptionalivasubstitwask (s.g( &y A, 2 baResbstitesntslike €are@r Res. 2007,
67, 450-454).There.is also evidence that HDM2 has a direct role in the

regul ati onPBFEIE ME v el i ndependent ki nase i nhibitor. The inhibition of
HDMR2 with anti-HDW2 antisense

Further preferred are compounds of formula (I) or (Ia), wherein R’ and R® together are
10  part of an optionally substituted (e.g. by 1, 2 or 3 substituents) heterocycloalkyl ring

containing 5 or 6 ring atoms and 1, 2 or 3 heteroatoms selected from O, S and N

Further preferred are compounds of formula (Ic):

15
(Ic)
wherein W is an optionally substituted phenyl ring or an optionally substituted
heteroaryl group having 5 or 6 ring atoms including 1 or 2 heteroatoms selected from O,
S and N; and wherein Rl, RB", R4, R5, R7, Rg, E, X, Y and n are defined as above.
20

Especially preferred are compounds of formula (Ic) wherein W is an optionally
substituted phenyl ring (preferably substituted by 1, 2 or 3 halogen atoms selected from
F, Cl and Br); R' is an optionally substituted benzyl group (preferably substituted by 1,
2 or 3 halogen atoms selected from F, Cl and Br); X is S; Y is CONRS%; nis 1; R*is

25  hydrogen; R* is an optionally substituted phenyl group (preferably unsubstituted or
substituted by a methyl group, especially in the para position); R’ and R® are hydrogen;



ol i gonucl eotide or Short Interference RNA targeting HDVR significantly

el evates p21 protein levels in p53 null PC3 cells. In contrast,

over expr e80i2019/886RIDM2 di m ni shes p2l1 | evel s by short eniPad/FPR@9026670
half-1ife, an effect reversed by HDM2 anti sense inhibition. HDW
facilitates p21 degradation independent ,gf. ubiquitination and the E3 |igase
function of HDM2. |Instead, HDM2 pronotes p2l degradation by facilitating

Chrough 1880E e 08 At qis demedgeanovs ctnreialismpeisrbbe X, cponorigeeheta 3.
Bi ol . Che%r@n&%fay ioﬁ?l%ogu‘bjsﬁﬁ.\(?@piggﬁﬁhg ring (&peQiafy ho8oERd Bove).

mal f uncti oning HDM2 regul a1 on having effect “on a proper p53 function and
causi ng cancer, beyond nutated p53 or overexpression of HDM2. Thus, when

E2F signal s the growh of a canger,_.Pl 4 i s dispatched to break down
HDMVR, free%ﬂﬁﬂﬁégaggeiqchﬂﬁnP ﬁSQ@“PE@RﬁHi certain cancers P14ARF is

| acking (Moule et al. Proc. Natl. Acad. goci. U.S. A. 2004, 101, 14063-6).
P14ARF binds to HDM2 and pronotes the rapi d degradati on of HDWR.

ARF- medi at ed HDVMR2 degradation is associ gresyw HDMV2 nodi fication and
concurrent p53 stabilization and acRemMNat i Snal kS nol ecul e HDMWR

(1d)

wherein R!, R*%, R*® R**, R* R’ RS, E and X are defined as above.

10  Especially preferred are compounds of formula (Id) wherein R' is an optionally
substituted benzyl group (preferably substituted by 1, 2 or 3 halogen atoms selected
from F, Cl and Br); X is S; R* is hydrogen; R* is Cl; R* is hydrogen, R* is an
optionally substituted phenyl group (preferably unsubstituted or substituted by a methyl
group, especially in the para position); E is CH; and R? and R® are defined as above;

15  especially preferably, R and R° together are part of an optionally substituted piperazine

ring (especially as defined above).

Further preferred are compounds of formula (Ie):

20



functional p53, whereas cells |acking p53 were conpletely insensitive (A
Ef eyan, A. Otega-Mdlina, S. Velasco-Mguel, D. Herranz, L. T. Vassilev, M
Serrano, Varewvo2Bss. 2007, 67, 7350-7357). The validityPofi/EPadioodderong HDWVR
as a therapeutic concept has been first denonstrated by anti sense HDW
inhibitors that exhibit significant antisfunor activity in nultiple human
cancer nodels with various p53 statuses (Zhang et al. Proc. Natl. Acad.
Sci. U S A 2003, 100, 11636-1 1641). Small nol ecul e antagoni sts of the
HDWV2 protein interactions nmay therefore offer a viable approach towards

cancer therapyein R IRCIRASRE RYIE RIEY X akd\GRRRIE bR Wi th a broad
vari ety of other anti-tuhour therapl es. There is also grow ng evidence that

HDMR2 plays an inportant role in viral infections. Flrst it is known that

PR T Rt R MR e
4262- T3. SpssaRfed bR Qﬂoﬁﬁ%x‘eﬁrhﬁlg‘éﬁﬁs@ﬁlﬁe%%m Y of than@ﬁ Bions sefe@tedexanpl e
HDM2 is a target of sintan vir in cel ransf ormati on and during

lytic infeétonoR, CHadBNgXds SaR> ig hydroger; R 897; R7lis hydogemR sy an
Fur t her mor %ptlon Ffly sD{yQtltﬁ)tegt %enyl glrcl)ukp (ppe%3 fabgl 3B ituted or substituted by a methyl
group, especially in the para position); E is CH; Q is N-CO-R® wherein R* is
preferably C,-Cg alkyl, NH-C;-Cs alkyl or N(C,-Cs alkyl);; mis 0, 1 or 2; 0is 0, 1 or 2;
10 and the sum of m and o is preferably from 0 to 3. Especially preferably, mis 1, 01is 1
and Q is N-CO-R®, wherein R® is preferably C,-Cy4 alkyl or NH-C,-Cj alkyl (e.g. CH;
or NHCH,CH3).

Further preferred are compounds of formula (If)

15

I

wherein A, Ar, R*, R*® R* E, X, R* and R® are defined as above.

20  Especially preferred are compounds of formula (If) wherein X is S; R* is hydrogen; R*®
is Cl; R* is hydrogen, R* is hydrogen or a methyl group; E is CH; A is CHy; Ar is
phenyl which is substituted by one or two halogen atoms selected from F, Cl and Br;

and R® is C;-C4 alkyl or NH-C;-Cy alkyl (e.g. CH3 or NHCH,CHs).



metabolically stabilized in SV40-transfornmed cells. This suggests the
possibility that the specific targeting of HDM2 by SV40 is ai ned at
prevent i NYORDNRO28R62Zect ed pr ot easonmal degradati on of p53PCH/ESUNIYODGéect ed
and -transforned cells, thereby |eading to netabolic stabilization of p53
in these cells. Atrineric LT-p53-HDV _egnplex is formed with siman virus
40 | arge tumour antigen (LT) in SV40 transforned cells. The hunman

i mrunodef i us t encodes a nt transactivator, Tat.
LB has. baeliCHoRHE S Bt {19 PRERERE SRRl SRARoIc SRABIEA AL | nat f on
in vitro a%ﬂu‘l‘aM}MPﬁIaﬂ WhRelghtion, HDM2 is a positive regul ator of

Tat - nmedi ated transactivation, i nd| cating that the transcriptional

properti esRofis aal, hateéoasyll, anflalkdr bpterdsrgaliol, métaforhi¢iBmey betsubgtitutrd by Ee| |

Bi ol . 2003 Smal.l nol ecule inhibitors of the HDM2 interaction
have been P@’pS%IZ tg%l)aorscl%{}vdﬁ’r oapoptotic effects in in vitro nodels and an

antitunpr Rﬁﬁﬁn)tdrd)gbnanl mal nodel s of cancer. Thus, benzodi azepi nes have
been used as a chemical scaffold to achi eve HDVP2 i nhi bitory activi

(G asber geR ég aryl, het!:roalvﬂdar}@i]éﬁor@9@5)3641811(}'!9@@—Osfl@lcbmab(é’eé’slbféltute@bbjé:s gani c
& Medi ci nabrc@l‘?mrﬁétﬁ%&r %ledg 2005, 15, 765-770). Simlarly, imdazolines

R* is aryl, heteroaryl, arylalkyl or heteroarylalkyl,

R’ and R® are independently selected from hydrogen, alkyl, heteroalkyl, aryl, alkenyl,
10 akinyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl,

or wherein R® and R® may be part of one heteroaryl, heterocycloalkyl,

heteroalkylcycloalkyl or heteroarylalkyl ring system,

and wherein the other residues and groups are defined as above.

15 A further preferred embodiment of the present invention relates to compounds of
formula (I) or (Ia), wherein
R! is aryl, heteroaryl, arylalkyl or heteroarylalkyl, all of which may be substituted by F,
Br, Cl, I, methyl or cyanide,

R? and R’ together are part of a heteroaryl, heteroaralkyl, heterocycloalkyl or

20  heteroalkylcycloalkyl ring system such as but not restricted to 1,3-dihydroindole, 1,3-
dihydro-indol-2-one, 2,3-dihydro-1H-indazole, tetrahydro-quinoline, tetrahydro-
quinoline-2-one, 3,4-dihydro-1H-quinolin-2-one, 3,4-dihydro-1H-quinazolin-2-one, all
of which may be substituted by F, Br, Cl, I, methyl or cyanide,

R* is selected from aryl, heteroaryl, arylalkyl or heteroarylalkyl,

25 R®and R® are independently selected from hydrogen, alkyl, heteroalkyl, aryl, alkenyl,
akinyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl, or
wherein R® and R® may also be part of one heteroaryl, heterocycloalkyl,
heteroalkylcycloalkyl or heteroarylalkyl ring system,
and wherein the other residues and groups are defined as above.

30



(Vassilev et al. Science 2004, 303, 844-848), isoindolones (Hardcastle et

al . Bioorganic &wedicinal Chem stry Letters 2005, 15, 1515-1520),

nor bor nar¥ 20HRgs86dt al . Cancer Letters 2002, 183, 69- 7PLT&RA08OPGGham des

(Gal atin and Abraham J. Med. Chem 2004, 47, 4163-4165) have been reported

as small nolecule HDM2 inhibitors.It hasggal so been reported that HDW2

| i gands have a cytoprotective effect. Thus, HDM2 inhibitors can be enpl oyed

i t hod i nduci t tect. d ful t t -t t
col s, aga; AStrbREP I A BRR BT TR efib (HEPUEI e BeBRPESSds Arount of
HDMV2 i nhi bigdfuld MR @Mbgﬂg QUrsr @), RhéremiRCAM the s@Paiyl ﬁ1%u§><zi.ét.bﬁélgro%9 fol d
| ower than the anbunt needed to i nduce apoptosis (Koblish et al.

W003095625 carilig iR be@in e GERIFGCAIe O cifiREItIGH (4pk@ia AN DR is KiY BI TI ON,
2003-1 1-20). Pyrrolidin-2-ones have already been described as

t herapeutically useful compounds to treat viral infections (US 6509359,
PYRROLI HI N, %Qﬁ@@f&@ﬁeﬁw NELRAM | Bled ARa

1999- 03?25)[5‘,% to iln ibit factor d;(rgg#t(%é?ﬁgﬁ?tpeat nentlh‘gg&ﬁg?gl?&gvogggul ar

di sorders (US1a)2d6R2RI), Bg)rardIf).di n- 2- one derivatives as inhibitors of factor
Xa, 2006-03-17; Watson et al., Design and Synthesis of Orally Active
Pyrrolidin-2-one-Based Factor Xa Inhibitors, Bioorganic & Medicinal

Chemi stry Further preferred is the following compound:

Br

4-[1-(4-Bromo-benzyl})-2-(6-chloro-1H-indol-3-yl)-5-0x0-3-p-tolylsulfanyl-
pyrrolidine-3-carbonyl]-piperazine-1-carboxylic acid ethylamide

10




Letters 2006, 16, 3784-3788), as inhibitors of 1l bHSD for the treatnent of
di abetes (WO 2005/ 1 08360, PYRROLI D G\-2- ONE AND PI PERTD GN\- 2- ONE
DERTVATI \W¥6 208/02836BETA HYDROXYSTERO D DEHYDROGENASE | NHPBITERRBI/02@06- 04-
29). Pyrrolidin-2-ones are scaffolds for established therapeutic conpounds
such as rolipram an antidepressant agenjgand oxiracetam piracetam or
nebracetam being nootropic drugs for the Al zheiner's di sease. These
conmpounds have | ow toxicity, good pharnmaco-kinetic properties and render
the chem cal class of pyrrolidin-2-ones an interesting scaffold for new
drug Candbﬁﬁkﬁﬁ o S@aktbRYmenrs MDMA or HDMX) is a relative of NMDM2
that was identi |ed on the basis of its ability to physically interact with
p53. An increafing body of evidence, including recent genetic studies,
suggest s t hat MX al so acts as a key negative, independent regul ator of
p53. Aberrant ssion of MDMX may contribute to tunor fornation and is
observed for e

lefin glionmas, byeast b‘ér%ﬂffgg %'.n'aq 3l (X5 -:ggﬁﬁlfah u a.
| arge subset of cervicab and ova%hﬂnmg%&s 1]- zin HB&&mw aéyé
of 500 human tumor S ( et al, MCB, of HDMX expression in prlnary
tunmors of dif ent or:glﬁ\// vealed a broad spectrum of human
cl \ \f9
N HN

’ A

5  Further preferred is the following compound:
Cl

4-(4-Acetyl-piperazine-1-carbonyl)-
1-(4-chloro-3-fluoro-benzyl)-5-(6-chloro-1H-indol-3-yl)-4-phenyisulfanyl-pyrrolidin-z

S
iy

i.e. the following diastereomers:



cancers wi th HDMX over expressi on such as breast cancer, colon cancer, |ung
cancer, prostate cancer, stonmach cancer, testis cancer, |arynx cancer,

ut erus camoeplo/azedeanoma, and sarcoma. Specific MDMX ant RGDHAiP209/08¢eGu| d

t herefore be devel oped as a pharnaceutical product to ensure activation of
"dormant’ p53 activity in tunors that rgpain wld-type p53. Although MDMX
is highly honol ogous to MDM2, it does not possess ubiquitin |Iigase
capability and its expression level is not p53 dependent. It was shown that
MDMX coul d inhibiy pb3 transcriptional activity even stronger than MDM2 and
bot h proteins cog ate in the inactivati of p53. Therefore, to achieve
full activation p58 in tunor cells, co nds that exhibit dual
specificity for b MDM2 may be supe gver MDMR2 or MDMX specific

bi nders al one. The 3\di nskﬁral structure .gﬁn MDMX protein bound to

optim zed p53 i des thave eeQ)soIved by Kallg ﬁf\ﬁl., JBC, 2009, 284,
8812-8821. Th stial Btr of hu @ zgbra fnshoVDMX to p53
peptide by Popow cX'e ., Cell Cycl¥ 6229, Y23d6- 2 9§f;1 Cct ober 2007
reveals that the prin e features of the ESB d MDMR interaction are

preserved in the p53/ MDMX conpl ex and that "hybxid" NMDMR2/ MDMX i nhibitors
coul d be devel oped.. Thus, the structures opf @53/NDNK and p53/ NDV2

O
O

VO,

especially the following diastereomer:

Cl

éfkﬁ
N % 5 k/NYo

N
H

Further preferred is the following compound:



conpl exes show that both MDMX and MDM2 utilize the sane p53-binding notif
and many of the sane residues for binding to p53. The overall shape of the
bi ndi ng swoesivess2m |l ar in terns of general shape and ecrare@viooss7of

hydr ophobi ¢ bi ndi ng pockets, but the exact sizes respectively depths of

t hese pockets are sonewhat different. TDFFL in MDMX, the hydrophobic cleft
on which the p53 peptide binds appears sTightly nore flexible than in NMDM2.
SUMVARY OF THE | NVENTI ON hi one enbodi nent of the present invention, novel
smal | nol ecul es aye @escribed that bind to HDM2 and/ or MDMX, are inhibitors
of HDM2 and/ or nedi at ed bj Ql Q8RR GBMRS-lSRD-ASndaeMBl therapeutic
agents, especi al oQ)the t r esdxeBPhenPulfHApEeIdinad darbdnyiMdigeAkind- 1ida@6ilyicRBiS etyRtride
present invention proVjdes at |east one conpound selected fromformula (1),
(ra), (lc), (1d), ey ~off (1f) and pharnaceutically acceptable salts and
esters thereof. Such\a ‘-~qauﬁd preferably is a |ligand binding to HDW
and/ or NMDMX pr T el innucmggﬂgpoptosis and inhibiting proliferation, and
havi ng t her@pe ity ™ c cér/therapy and prevention. This

t herapeutic effect;pagiffﬁachieved by using one or nore conpounds of

formula (1), (la), (I Id), (le) or (If) alone or in conmbination with

ot her

i.e. the following diastereomers.

Cl Cl

especially the following diastereomer:

Cl
F

0

i VF NN
AL

Preferably, the compounds described in:



agents that are used to treat or prevent cancer. One or nore conpounds of
formula (1), (la), (lc), (Id), (le) or (If) can also be used to treat or
prevent cs0eer/esty2 by protecting non-cancer cells fromPCREPISOOI®IE ous
effects of cytotoxic cancer treating drugs or radiotherapy. In such a
treatnment, a combination of either an anyineoplastic agent or radiotherapy
and a cytoprotective anount of at |east 'one conpound of fornula (1), (la),

I , I d), I | f d | h ti |1
Coobnt bl bR aomngew, Chaot - 2B 55 A T bomd of formia (1),
(la), (lc)g fqg%} al. ﬁrganiete&éré)zoéalm gald.ad, 58IR4GNVaRE s ihd gand herein)
is adm ni ster pI’IO tO,

concurrently or after admnistration of the
ant i neopl astformatgartheredfjcire exarhaddyfrom tiee debp@ o bithe posseMDighdlicatiindndter can be
adm ni stered continuously or at repeated regular intervals. A conpound
sel ected fP8fMconpounds of fornmula (1), (la), (lc), (1d), (le) or (If) can
e.g. begused as a therapeutic agent in methods of treating stroke,
nyocardi al infarction, ischema, nulti-organ failure, spinal cord injury,
Al zhei ner' SFubhegasterred nineror niere wf theclolowngapemospdhazekchded fioar the

degenerative disea e 2l dﬁfr ea%i gg the side effects fromcytotoxic agents,
such as haPFeSPYLRPEFaURAGAQTPEEAL It v i nduced by doxor ubicin or

N
(o]
N HN
|
(o)
HN :
OMe

10
Further preferred, also the following compounds are excluded from the present

application and/or patent:



paclitaxel. A conpound sel ected from conmpounds of fornmula (1), (la), (lc),
(1d), (le) or (If) of the present invention can further be used to treat
viral infwotowmesseespeci ally in a pharmaceuti cal conbi n®RCITER2Q0/pGTESI Ng a
known antiviral conpound. Further, the present invention is directed to a
phar maceuti cal conposition conprising asgytoprotective amunt of a conmpound
of formula (1), (la), (lc), (Id), (le) or (If), and one or nore

phar maceutical |y _acce i bef or e

table excipients that is. applied -
conconi t antMbgresnl bsfp-g?aﬁsﬂlé'dz@ﬁt(owg%rh\@ﬂw sRehigh 1s opad it Hie spfid phase

cytotoxic : LAtH40 0 i Ta] | astic
agent . DET%?@%%E%S%%F%??%\F\H éé%ﬁ%h({nmﬂéﬁdo%o%g@bf%sge%ﬁ?,ﬁl\{/’gﬁis?gﬁ@gr ovi des
one or nor éoootipdoliagingfgréugpsmul a (1), (la), (lc), (1d), (le) or (If) that
are preferably small nol ecul e |igands of the HDW and/pr MDMX protein and

prevent or regduce bindgg of oth roteins t o-HRDMVR2~and/ or MAVX. Sin
vitro cel | -Based™assays, %&ne or MOM g t he’ presg hventi on
inhibit the interaction of the HDM2 and/or MQW puotein w }
protein. In such cell based assays, such conpounds o st ratemecypni sti c
activity such as induction of apoptosis and inhibition of proliferation.

| ncubation of cancer cells with one or nore

OMe \©/\ \Q/:co/@/\
CF, F 3
5
@\/ ‘ | : , H3C\(ﬁ\
\‘\ | | _— K
N

R* is para-C¢HsCH; and R’ is selected from the following groups:

Ph/\/'\ iPr\l< %\ @E\ ©f\
CF, cl
CF:;\@A : :
CF,

10

All those compounds are described in Ng et al. Angew. Chem. Int. Ed. 2007, 46, 5352-
5355.



conpounds of formula (1), (la), (lc), (1d), (le) or (If) leads to an
accunul ati on of p53 protein, induction of p53-regul ated p21 gene, and cell
cycl e arreetoion2&s2and G2 phase, resulting in potent anPCpEPRIPBIGTI ve
activity against wild-type p53 cells in vitro. In contrast, these
activities were not observed in cancer gglls with mssing p53 at conparable
conpound concentrations. Therefore, the activity of HDM2 and/or NDMX

antagonists is likely linked to jts chani sm of actjaon. Thesg .conpounds
are t her ef 5pEhesgrelsred rompouads ?{/}é’nggﬁi( M) %@?&“ﬁedwrﬁp&éﬁis Bnventi on
provi des o £psTollh 21 ' = =S or
CH2 (espec?ﬁﬁ%H%q?lc?( 'S EISIFE) u(;djf(\’%ﬂ);{%%ntfolg%x dgé g}rgc}g{)l&gp a%éodrsqrriﬁ z;@(e:lqgl_
CR4bR4c, NNg MREANgS®. GChemlOMtoEd. 200048, 5352-8385)gr oup of fornmul a CONRG,

CH2NRG6, CO, COO, CH2O, SC2NR6, NR6CO, NR6SO2, NRS CONR6, NR6COO, OCONRG,
CONR5 NR6, CONRS530R6, CH2CO CH2CONR6, CH2COO, COCR5 R6 or a bond; nis 1,

2, 3 0rs O Further preferred, also the following compounds are excluded from the present

application and/or patent (X = H, I):

The present invention further provides pharmaceutical compositions comprising a
10 compound of formula (1), (Ia), (Ic), (Id), (Ie) or (If) as defined herein or a
pharmaceutically acceptable ester, prodrug, hydrate, solvate or salt thereof, optionally in

combination with a pharmaceutically acceptable carrier.

A further preferred embodiment of the present invention relates to pharmaceutical

15 compositions comprising one or more compounds of formula (1), (Ia), (Ic), (Id), (Ie) or
(If) as defined herein or a pharmaceutically acceptable ester, prodrug, hydrate, solvate
or salt thereof, optionally in combination with a pharmaceutically acceptable carrier,
further comprising one or more other anti-tumor agents, wherein the anti-tumor agent is
especially selected from 16-Aza-epothilone B, Aldesleukin, Amifostine, Aranose,

20  Bevacizumab, Bleocin, Bleomycin, BMS-184476, Bortezomib, Calcitriol, Carmustine,
Canertinib, Canfosfamide, Capecitabine, Carboplatin, Carmustine, Cefixime,
Ceftriaxone, Celecoxib, Celmoleukin, Cetuximab, Ciclosporin, Cisplatin, Clodronate,
Cyclophosphamide, Cytarabine, Deoxorubicin, Desoxyepothilone B, Diethylstilbestrol,
Diflomotecan, Docetaxel, Doxorubicin, Edatrexate, Efaproxiral, EKB-569, Epirubicin,

25  Epratuzumab, Erlotinib, Etoposide, ET-18-OCH3, Exatecan, Fludarabine, Fluorouracil,

Folinic acid, Galarubicin, Gefinitib, Gemcitabine, Gemtuzumab, Gimatecan,



Rl is a hydrogen atomor an al kyl, al kenyl, alkynyl, heteroal kyl, aryl,

het eroaryl, cycl oal kyl, al kyl cycl oal kyl, heteroal kyl cycl oal kyl

het er ocycWwoabioyi2gsear al kyl or heteroaral kyl radical; R2 ipsTaEPRydnOGEN at om
or an al kyl, alkenyl, alkynyl, heteroal kyl, aryl, heteroaryl, cycloal kyl,
al kyl cycl oal kyl heteroalkylcycloalkylu3gqterocycloalkyl, aral kyl or

het eroaral kyl radical; R3 is a hydrogen atom or an al kyl, al kenyl, al kynyl,
het er oal kyl het er oar yl

git er oal Ey Q‘}/@E’élml% IGraWé?té?erQ%{&Wg&%?aaﬂﬁlhg%gal%lé-{ ig"ld‘élf%aﬁrl radi cal ;
is a y%ﬁ%ﬁﬁﬁ% boﬂ}ﬁﬁmﬁ}y?ﬂn r} L&%P&Lalf@ hlft)é on ahﬁtfar m&l’féﬁjon afhy!

het er oar yl et éroa kylcyc oal kyl,
het er ocycl @b/ Ikmbtecau dbdfldvone, Itmreemoar btdbyplldeewcpna%ln i[zapanmly,dr ogen atom

| kyl, .al k | | k het | | oal kyl ,
2l k?lncscl Xiﬁﬂ?@orrelﬁ’ét Lo e b oo Lenbionnel sty Fomtreraly s or
hetero :E,ﬁl'tofe@]@l QAENTIEsY, M@th&)‘é;{a%gmuﬁﬁm Werﬁﬂoﬁdtgmmlle%{ﬂf@@W aI kynyl,

het er oal ky ary heteroaryl, cycloal kyl,” al’kyl cycl oal k
het er oal kyNityeglgedriay 06- szptglmymeo@hicptqzobr @itiataixelp Oxiabp bata Padlitgxel,

Patupilone, Pegfilgrastim, PEG-filgrastim, Pelitinib, Pemetrexed, Pentostatin,

Perifosine, Plevitrexed, Polyprenoic acid, Quinupristin, Raloxifene, Raltitrexed,
Ramosetron, Retinoic acid, Risedroante, Rituximab, Rofecoxib, Rubitecan, S-9788,

10  Sabarubicin, Sargramostim, Satraplatin, SN-38, Sorafenib, Suberanilohydroxamic acid,
Sutent, Tamoxifen, Taxotere, Tazarotene, Tegafur, Temozolamide, Tesmilifene,
Tetrodotoxin, Thalidomide, Tipifarnib, Topotecan, Trabectedin, Trastuzumab,
Traszutumab, Tretinoin, Vatalanib, Vincristine, Vinorelbine, Vinscristine, ZD-6474,

Zoledronate or Zosuquidar.

15
In a preferred embodiment, the compounds of the present invention sensibilize cancer
cells for radio and/or chemotherapy whereas they display chemoprotective and/or
radioprotective activity on healthy cells. Thereby the dosage of these therapies can be
better adjusted.

20

A further preferred embodiment of the present invention relates to a pharmaceutical
composition comprising one or more compounds of formula (1), (Ia), (Ic), (Id), (Ie) or
(If) as defined herein or one or more pharmaceutically acceptable esters, prodrugs,
hydrates, solvates or salts thereof, optionally in combination with a pharmaceutically

25  acceptable carrier. The pharmaceutical composition optionally comprises one or more
antiviral agents. Preferably, the antiviral agent is selected from 3TC, Abacavir, Adefovir
Dipivoxil, Acyclovir, Amprenavir, Amantadine, Amoxovir, AZT, Clevudine,
Delavirdine, d4T, Emtricitabine, Entecavir, Famciclovir, Ganciclovir, Indinavir,
Lamivudine, Nelfinavir, Nevirapine, Oseltamavir, Rimantadine, Ritonavir, Saquinavir,

30 Septrin, Telbivudine, Tenofovir, Valacyclovir, Valtorcitabine, Valopicitabine or

Zanamivir.



radical; R5 is a hydrogen atom or an al kyl, al kenyl, al kynyl, heteroal kyl,
aryl, heteroaryl, cycloal kyl, alkyl cycl oal kyl, heteroal kyl cycl oal kyl ,

het er ocycWwoabioyi2gsear al kyl or het eroaral kyl radical; R5aPCI/ER200WH0@FGEN at om
or an al kyl, alkenyl, alkynyl, heteroal kyl, aryl, heteroaryl, cycloal kyl,
al kyl cycl oal kyl , heteroal kyl cycl oal kyl,_shet erocycl oal kyl, aral kyl or

het eroaral kyl radical; R6 is a hydrogen atom or an al kyl, al kenyl, al kynyl,

het er oal kyl ,. aryl, heteroaryl, cycloal kyl, al kyl cycl oal kyl,
het er oal kytdy & feraliqepblechet bF pESsenigAYRfION 1o PEAVYA 2 epmpRingras farmlp (D). (akii cal ;

t he residu ' dexddl : : or an

al kyl, al k ngl’:??d) gﬁrI@ydr{;}Fﬁgﬁgt er oa lE{/lfl%%?9%%%%&%%2?@?%@%%0&5@% ,

al kyl cycl ohtdein for bet reparhtion ofycmedickmbent foethertmatnedo af kyricer amdibkyikalor

het er oar al k radi cal; the residues R8 are independently from each other a
hydrogen afBffSan al kyl, al kenyl, alkynyl, heteroal kyl, aryl, heteroaryl,
cycl oalkyl, al kyl cycl oal kyl, heteroal kyl cycl oal kyl, heterocycl oal kyl ,

aral kyl or heteroaral kyl radical;
The compounds selected from formula (1), (Ia), (Ic), (Id), (Ie) or (If) of the present

invention are e.g. HDM2 and/or MDMX ligands and show binding affinities from about
1 nM to about 100 uM to HDM2 and/or MDMX, preferably from about 1 nM to about
10 uM, especially to about 1 pM, preventing binding of p53 and other proteins,

10 inhibition of proliferation and induction of apoptosis in cell based assays, especially in

the assays described herein.

The compounds of the present invention are useful in the treatment or control of cell
proliferative disorders, in particular oncological disorders. These compounds and

15 formulations containing said compounds are useful in the treatment or control of solid
tumors, such as, for example, breast, colon, lung and prostate tumors, as well as
osteosarcoma, acute myeloid leukaemia, sporadic endometrial cancer, melanoma,
malignant melanoma, soft tissue Sarcoma, B-cell chronic lymphocytic leukaemia,
gastric cancers, cervical cancer, hepatocellular carcinoma, and colorectal cancer.

20
The compounds described herein are especially useful for the treatment and/or

prevention of cancers associated with overexpression of HDM2 and/or MDMX.

Accordingly the compounds of the present invention are especially useful for the
25 treatment and/or prevention of the following cancers associated with MDM?2 and/or

MDMX:

MDM2 is amplified in 7% of all human cancers. Gene amplification was observed in 19
tumor types, with the highest frequency observed in soft tissue tumors (20%),
30 osteosarcomas (16%) and esophageal carcinomas (13%). Tumors which showed a
higher incidence of MDM?2 amplification than p53 mutation were soft tissue tumors,

testicular germ cell cancers and neuro-blastomas (Momand et al, NAR, 1998). Naturally



or two of the radicals Rl, R2, R3, R4, R4b, R4c, R5, R5a, R6, R7 and R8
together are part of an optionally substituted cycl oal kyl,

het er ocycwoabioyi2gseal kyl cycl oal kyl , het er oal kyl cycl oal kPCT/ER208{00@678/ | |
aral kyl or heteroarylal kyl ring system or a pharnaceutically acceptable
salt, ester, solvate or hydrate or a pharnaceutically acceptable

formul ati on thereof The expression al kyI refers to a saturated,

straight-chain.or anched h bon u tht tains from1l to 20
carbon at oPr%C“”EJ‘F%P%YElﬂ 1?%‘#?‘@%%5 @P&ﬁﬁg@éﬁw %’irpf?dérﬁolanto 6
(e.9. 1, 2ZincRaQf i) MENIDAParREGHFon fcn‘i’d t%@l%bl? fhdRfveMll fRhivdcy & MRYM2

| So- propyl n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl,

i so-pentyl amphﬁeatgoln InZhQsedhlumthwnmm Wasoi%nltostayctorgnompvemhe m@gglﬁ@hs

al kenyl and al kynyl refer .to at st tial unsaturated,. stra chaln
or bt anchot e A BF csers WE oyl e NS EnE B8 Fakidh e

pref er abl yighikitor? 1ﬁ<§lud¢% BeEPrCBL onﬁﬁﬂ)ﬁﬁplﬂic?t{c fle@Bndia} Qcéu(mumr o€, al3 or
4) carbon atons, exan&e an ethenyl (vin propenyl (allyl),

t

Lo pr openplaodb 086y IAMbt (o cheloBilegd e .mwlplea@mn@r@hmtpmpear@w
SopLenY! | Bigheta Pl SARUR, ELSORIRLL cCk B0, SOHRTL A il 0
two (especttwdll YOR, ef0B7qbbsteddbpniar irdl ﬁrob@fwézﬁl)cer (Vassilev et al, Scwnce 2004),
Kaposi’s sarcoma (Sarek, J. Clinic. Invest., 2007), rhabdomyosarcoma (Miyachi et al,
10 CCR, 2009), RCC (renal cell carcinoma) (Roberts et al, CR, 2009), squamous cell
carcinoma and esophageal cancers (Cescon et al, CCR, 2009), cutaneous melanoma
(Firoz et al, CCR, 2009), retinoblastoma (Laurie et al, Nature, 2006). There are
evidences that pancreatic cancer with wild type p53 gene could be sensitive to MDM?2
inhibitors as well (submitted for publication).
15
Table 1. Summary of MDM2 gene amplification frequencies from 28 human tumors
(Momand et al, NAR, 1998).

[Tumor type MDM2 ampliﬁcation§ References
| (") (%) |

%Brain tumors 6.7 (239) 57-60
Astrocytomas 8.1 (377) | 57,60

[ Glioblastomas 6.8 (191) 57,58,60
% Medulloblastomas 0(8) 59
Other 0(3) 60
;Breast carcinomas 5.9 (1774) | 61-65 |
?Cer\‘r-imé»;lwcarcinomas T 1.1 (88) 19,66
gEsophageal carcinomas 13 (96) T | 14,67
[Leukemias/lymphomas [0 (304) 68-70




Furthernore, the terns al kyl, al kenyl and al kynyl refer to groups in which
one or nore hydrogen atons have been replaced by a hal ogen atom (preferably
F or ) WOch1gess6Ror exanple, a 2,2,2-trichloroethyl oPCI/EPRIPIONSTONEL hyl
group. The expression heteroal kyl refers to an al kyl, al kenyl or al kynyl
group in which one or nore (preferably _%g 2 or 3) carbon atoms have been
repl aced by an oxygen, nitrogen, phosphorus, boron, selenium silicon or

sul fur atom (preferably hy an Wnr nitrogen-atom. The
expreSS|othemebbabny$ furt her refers to~51carboxyllc atid or to a
group derived--from.a._car hny\il-l g=aei-gd—suech-as —f-or-exanple- -\ acy|
acyl al kyl , [Lahgoxycar bonyl , acy56X§$)acyloxyaNR%ﬂﬂ car boxyal | yl ani de or
alkoxycarbﬁnwmw prpfP¥ﬂhLV'*ﬂ"hPPP#ﬂﬂka*“gﬁﬂﬂ$=ﬁﬁﬁtatﬂ$‘fr0ﬁ11 to 12
car bon at ond-uag¢ancesn{NSCLC) heOdB3) at ons sel[@2f78d from oxygen, nitrogen
and sul phuk and-ni t-r ogen) il -Espeei-ally: an:f erably, a
het er oal ky| Lgmg(potspetified)s f rgi(® to 6 (e.qg. 1’3 2, 3 or 4) ¢arbon atons and
1, 2 or 3 ;(pc;npm ally 1 or 2) 'hetero atomrs— chl ect pd frem-oxygen, nitrogen
and sul phu'NaeqépamgaaIIO}r@xgrgmﬂér(%hi trogen) .|7The term C - G het er oal kyl
refers to a-hetereal-kyl group!containing-ferom-t-t-0-6-carben|atons and 1, 2
or 3 het erjpetmblastenact ed fron20,(5H and/ or N|féJ8ecially O and/or N). The
term G - CAheteroaldyl—refers-t o—a-heteroallyl —group—contakning from1l to 4
carbon at o’@teasajcqrpaQ or 16 (207) 3,79-82
EOvarian carcinomas 3 1 (190) 64,83
;EPancreatlc éarcmorhas O (25) 84
|
Soft tissue tumors 20 (479) 3,36,76,79,80,85-90
| Ewing's sarcomas 10 (30) 85
E Leiomyosafcomas 0 (46) 79,86,88
[ Lipomas (benign) Bo@3) 80,86
' Liposarcomas 29 (87) 3,79,80,87,89
| Malignant fibrous;|21 (163) 3,79,80,86,90
| histiocytomas
Malignant Schwannomas ;|19 (16) 79
Sarcomas (non- spec1ﬁc) 13 (85) 36,76
Vanous 33 9 76,79,86
| Testicular tumors 4.6 (64) 91,92
;Thyroid carcinomas 0(22) 93
i‘Urothelial carcinomas 2.2 (137) 94,95
|Wilms' tumors 0 (40) 76

Total number of tumor samples analyzed was 3889 and the average MDM?2 gene
amplification frequency was 7.2%.

*Number of samples analyzed.



3 heteroatons selected fromO S and/or N (especially O and/or N).

Furthernore, the termheteroal kyl refers to groups in which one or nore

hydr ogen wOeny/28862 been repl aced by a hal ogen at om ( pr @C&mExRog/opecor Cl ) .

Exanpl es of heteroal kyl groups are groups of fornulae: Ra-0-Y a-, Ra-S-Ya-,

Ra- N(Rb) - Ya-, Ra-CO-Y a-, Ra-O CO Ya-, Rgy C0-0-Y a-, Ra-CO N(Rb)-Ya-,

Ra- N(Rb) - CO Ya-, Ra-O CO N(Rb)-Ya-, Ra-N(Rb)- COOYa-

Ra- N( Rb) - N(Rc) Ya-, Ra- 0 CO O Ya-, Ra- N( ( NRd) N(Rc) - Ya-,

Ra- CS- Ya- CQ&&YS@*@SOM tiggye engin. thal. Wef%ot%es?ﬁs) Ya-, Ra( N( )Rb) CS- Ya-,

Ra- O CS- N( B@an% g‘sS‘,,QS Ya-,

Ra- S- CO Yal-Q§ g%‘?s&i @Vgg %Eg%‘ggﬂ( e RﬁngﬂgtB@)ﬁg%%sggﬁg huPﬁ%er Ya :

Ra- S- CO- O Yess thdRafi®@ B@ng-ivdividubbel®sCO- S- Ya-, Ra- S- CS- Ya-, Ra Cs- S Ya-,

Ra- S- CS- N( Rb) - Ya-, Ra- N(Rb) - CS- S- Ya-, Ra-S—CS—OYa-, Ra-OCS—S—Ya-, wherein

Ra being a hydrogen atom a CpC 6 al kyl, a C2-C6 al kenyl or a C2-C6 al kynyl

group; RO hfifsh RIOMK Q&fer}n%soimch?orﬁ%s‘o%l ?ééfélﬂ K:Y %@ﬁlsaﬁrgl@ﬁﬂy ﬁﬁ@@ 6
al kynyl group; Rc being a hydrogen atom a G- al kyl, or

a C2-C6 al iy rlyaknagrwp¢rsRIt Hoassi bﬁgnaddwmentgénnaﬁ%mf ﬁlomnasc@laﬂnkmchnadm

al kenyl or 139532 a%g g‘LA)k ré/ast s & an\o(el be 'cﬂ,g I\QIC%, ' ?(%4). Recently, ~60% of
retinoblastomas (Laurie, Nature 2006) have been found to bear HDMX overexpression.

Moreover, HDMX gene was found overexpressed in a large subset of cervical and

10 ovarian cancer cell lines (Ramos, CR 2001). A systemic analysis of HDMX expression

in primary tumors of different origins revealed broad spectrum of human cancers with

HDMX overexpression

Table 1. Summary of HDMX gene amplification frequencies from 500 human tumors

15 (Danovi et al, MCB, 2004).

ETumor type  |Total HDMX overexpressed

Breast cancer 218 41

éColon cancer |27 15

Lung cancer 7;88 |16

i|Prostate cancer 25 |0

|Stomach cancer |14 16

|Testis cancer |11 |3

;Larynx cancer (13 |3

?Uterus cancer |13 2

| Melanoma 114 12

|Sarcoma {10 40

A therapeutically effective amount of a compound in accordance with this invention

means an amount of compound that is effective to prevent, alleviate or ameliorate



bond, a G -C6 al kyl ene, a C2-C6 al kenyl ene or a C2-C6 al kynyl ene group,
wherei n each heteroal kyl group contains at |east one carbon atom and one or
nor e hydrw@enioAresse nay be repl aced by fluorine or chl oPCh&EP2M09I8Be67Epeci fic
exanpl es of heteroal kyl groups are nethoxy, trifluoromethoxy, ethoxy,

n- propyl oxy, isopropyl oxy, butoxy, ert-iyyloxy, methoxynethyl,

et hoxynet hyl , -CH2CH2OH, -CH2OH, net hoxyet hyl, 1-nethoxyet hyl,

Lo Ll o ot b AT SR

| sopropyl e I t hyl ,
di i sopr opyfog#tﬁégh@ﬁl)c/m %‘%%% oﬁﬁf %&tqlf?myoékﬁmggg?ggyl t h| o, enol ether,

di met hyl am no net hyl, di et hyl am no et hyl , acetyl propi onyl, butyryl oxy,

acet yl ox?/, | t ox car Q@M l,i%tehox ﬁ%ﬁ] %t %%‘l ox%/%sac:geg%lugm no or
propi onyl a é‘r‘-‘ﬁ‘& 9&‘815
N-et hyl 5N Hﬁ&eﬁﬁbﬁ éﬁrpmwlttﬁﬁ v&@@hﬂﬂt&%ﬁ& %W'dete%%ir{e'a% a%ﬁ{ﬂe{ RSovh in the

heteroal kyl groups are"nitrile, isonitrilé, cyanate, thiocyanate,
i socyanat e arti Seichidosage maeyebeaarjusiedipl the mdwléuaj reqpementeingrph particalar case

| oal kyl .ref turat ed, or. tial t |
O o eengiifiBg g e B et Biink Sibhfupte BR T S afukl Sl & @
(pref er abl yoddifibn Biing dedtedOst wENas ﬁlre?ane?mtb@lnlgdudatdag car bon atons,
preferably from3 to 10 (espeC| ally

10 Examples of pharmacologically acceptable salts of sufficiently basic compounds of
formula (I), (Ia), (Ic), (Id), (Ie) or (If) are salts of physiologically acceptable mineral
acids like hydrochloric, hydrobromic, sulfuric and phosphoric acid; or salts of organic
acids like methanesulfonic, p-toluenesulfonic, lactic, acetic, trifluoroacetic, citric,
succinic, fumaric, maleic and salicylic acid. Further, a sufficiently acidic compound of

15  formula (I), (Ia), (Ic), (Id), (Ie) or (If) may form alkali or earth alkali metal salts, for
example sodium, potassium, lithium, calcium or magnesium salts; ammonium salts; or
organic base salts, for example methylamine, dimethylamine, trimethylamine,
triethylamine, ethylenediamine, ethanolamine, choline hydroxide, meglumin,
piperidine, morpholine, tris-(2-hydroxyethyl)amine, lysine or arginine salts; all of which

20  are also further examples of salts of formula (I), (Ia), (Ic), (Id), (Ie) or (If). Compounds
of formula (I), (Ia), (Ic), (Id), (Ie) or (If) may be solvated, especially hydrated. The
hydratization/hydration may occur during the process of production or as a consequence
of the hygroscopic nature of the initially water free compounds of formula (1), (Ia), (Ic),
(Id), (Ie) or (If). The solvates and/or hydrates may e.g. be present in solid or liquid form.

25
It should be appreciated that certain compounds of formula (1), (Ia), (Ic), (Id), (Ie) or (If)
may have tautomeric forms from which only one might be specifically mentioned or
depicted in the following description, different geometrical isomers (which are usually
denoted as cis/trans isomers or more generally as (E) and (Z) isomers) or different

30  optical isomers as a result of one or more chiral carbon atoms (which are usually
nomenclatured under the Cahn-Ingold-Prelog or R/S system). All these tautomeric

forms, geometrical or optical isomers (as well as racemates and diastereomers) and



6 or 7) ring carbon atons. The expression cycloal kyl refers furthernore to
groups in which one or nore hydrogen atons have been replaced by fluorine,
chl ori ne,wbrorwmsseer i odi ne atons or by OH, =0, SH, =S, PNHXP2608066NB or NO2
groups, thus, for exanple, cyclic ketones such as, for exanple,

cycl ohexanone, 2-cycl ohexenone or cycl opgntanone. Further specific exanples
of cycl oal kyl groups are a cycl opropyl, cyclobutyl, cyclopentyl,

O e P LI W SRR D U RS 6
f1 uorocycl ehexyd) Q) 5 bPRBKN27 E5Mhin 95 ARt TN aRRY, 8RS By BEpREARYRhER! KY!
bl

refers to cyclo as defined above in which one or nore
(pr ef er abl ys dchial oomByurndsmixtench ofidiasteresnivasy mibeess afephrtoeverbpr an oxygen,

nitrogen, sil.icon, seleniu hosphor or. | fur ato f ly b
oxyge%_, s uPPﬁ?‘ﬁ]drpuﬁ? BRI t’g}fﬁf?sljg?fnﬁ g’cs"g?tb%‘;gqlﬁé?ﬁli’og’]r% : eﬁgég‘gw)é’?eé%/aglny 1
or 2 riag(ghd S0PLA Rhdetebherd snd Qsc;-@le(lﬁNigtgﬁgé t%%af'eﬁf i arfy mBindrafio. 7) ring

atons (preferably secected fromC, O The éxpression
het er ocycl oal kyl refers furthernore to groups in which one or nore hydrogen

ARG S T N AR T G R A

their pharmacologically acceptable salts, solvates and hydrates, respectively, as well as

formulations and pharmaceutical compositions also lie within the scope of the present

10 invention.

The pharmaceutical compositions according to the present invention comprise at least
one compound of formula (I), (Ia), (Ic), (Id), (Ie) or (If) as an active ingredient and,
optionally, carrier substances and/or adjuvants.

15
The present invention also relates to pro-drugs which are composed of a compound of
formula (1), (Ia), (Ic), (Id), (Ie) or (If) and at least one pharmacologically acceptable
protective group which will be cleaved off under physiological conditions, such as an
alkoxy-, arylalkyloxy-, acyl-, acyloxymethyl group (e.g. pivaloyloxymethyl), an 2-

20  alkyl-, 2-aryl- or 2-arylalkyl-oxycarbonyl-2-alkylidene ethyl group or an acyloxy group
as defined herein, e.g. ethoxy, benzyloxy, acetyl or acetyloxy or, especially for a
compound of formula (I), (Ia), (Ic), (Id), (Ie) or (If), carrying a hydroxy group (-OH): a
sulfate, a phosphate (-OPO; or -OCH,0POs) or an ester of an amino acid. Especially
preferred are pro-drugs of the hydroxy group of a compound of formula (I), (Ia), (Ic),

25  (Id), (Ie) or (If).

As mentioned above, therapeutically useful agents that contain compounds of formula

(D), (1a), (Ic), (Id), (Ie) or (If), their solvates, salts or formulations are also comprised in

the scope of the present invention. In general, compounds of formula (I), (Ia), (Ic), (Id),
30 (Ie) or (If) will be administered by using the known and acceptable modes known in the

art, either alone or in combination with any other therapeutic agent.



prolinyl, imdazolidinyl, piperazinyl, norpholinyl, urotropinyl,
pyrrolidinyl, tetrahydrothiophenyl, tetrahydropyranyl, tetrahydrofuryl or
2- pyrazolwoebiog2etép and al so | act anes, | actones, cycli cPCRIER@IANSTECYCI i C
anhydri des. The expression al kyl cycl oal kyl refers to groups that contain
both cycl oal kyl and al so al kyl, alkenyl_gr_al kynyl groups in accordance
with the above definitions for exanple al kyl cycl oal kyl , cycloalkylalkyl,

al kyl cycl oa) kenyl , al.ken Kyl al

oIyl o ke B K el Rl S SLY el SRl fo T oupy e
one or twod f%ﬁloﬁf){ﬁél%‘iﬁesh@ﬁél %, fa§ PdE‘le'fs ldfa Qs , 85028 ¢dtAts Ypifls, sémiselid§ s8ft 7)

ri ngcarbon atons, and one or two al kyl’, al kényl or al kynyl groups haV|ng 1

or 2 to 6 eahborcapswes foerxenerkqmé%mddmrdig@lemmapyiﬂcwiqumuswr oilyfselugions

| kyl | def i d b f bl
DY oy oy Buon” aRaRE i SR pERRRL e el HRRRuGRIE T con,

sel eni ugl @h&ﬁi@ﬁ{ébwmﬁcn@ﬂ'é Fas&hQiﬁbétﬁbl@fssru@Bhbr Byspefsi6, re@@has sul fur or
nitrogen atom. A heteroal ky cycl oal kyl group preferably contains 1 or 2

ring syst essppesitpnes, by arhabation OI@ns(Uéféﬁpw@i el 35 quomdergonmﬂ@qaonz)asr. ng atoms,
and one or HEIC]'bO89|S§¥O?rBaaS| akéepgr% ee% ¥%yaer SOl hgg Srdglqnhy %lﬁg% \PQXIJI ng f rom 1

or 2to 6 Cca Hita oups “are’ ar erocycloalkyl
al kyl het er eeysdcanhkéshivkry SiskeanylihS) aepay @bﬁi@ﬂekyd)ntamlng the active ingredient or
intranasal. For the production of such tablets, pills, semisolids, coated tablets, dragees

10 and hard, e.g. gelatine, capsules the therapeutically useful product may be mixed with
pharmaceutically inert, inorganic or organic excipients as are e.g. lactose, sucrose,
glucose, gelatine, malt, silica gel, starch or derivatives thereof, talc, stearinic acid or
their salts, dried skim milk, and the like. For the production of soft capsules one may
use excipients as are e.g. vegetable, petroleum, animal or synthetic oils, wax, fat,

15 polyols. For the production of liquid solutions, emulsions or suspensions or syrups one
may use as excipients e.g. water, alcohols, aqueous saline, aqueous dextrose, polyols,
glycerin, lipids, phospholipids, cyclodextrins, vegetable, petroleum, animal or synthetic
oils. Especially preferred are lipids and more preferred are phospholipids (preferred of
natural origin; especially preferred with a particle size between 300 to 350 nm)

20 preferred in phosphate buffered saline (pH = 7 to 8, preferred 7.4). For suppositories
one may use excipients as are e.g. vegetable, petroleum, animal or synthetic oils, wax,
fat and polyols. For aerosol formulations one may use compressed gases suitable for
this purpose, as are e.g. oxygen, nitrogen and carbon dioxide. The pharmaceutically
useful agents may also contain additives for conservation, stabilization, e.g. UV

25  stabilizers, emulsifiers, sweetener, aromatizers, salts to change the osmotic pressure,

buffers, coating additives and antioxidants.

In general, in the case of oral or parenteral administration to adult humans weighing
approximately 80 kg, a daily dosage of about 10 mg to about 10,000 mg, preferably
30 from about 20 mg to about 1,000 mg, should be appropriate, although the upper limit

may be exceeded when indicated. The daily dosage can be administered as a single



al kynyl het erocycl oal kyl, heteroal kyl cycl oal kyl, heteroal kyl het erocycl oal kyl
and het eroal kyl het erocycl oal kenyl, the cyclic groups being saturated or
nono-, diwogp1ym2B36@ansat ur at ed. The expressi on aryl ref ePSTER2e8/08G6G0at i C
group that contains one or nore rings containing from6 to 14 ring carbon
atons, preferably from6 to 10 (especialjsy. 6) ring carbon atoms. The
expression aryl refers furthernore to groups I n which one or nore hydrogen
atonms have peen r b | uori ne, orine,. bromn i odi ne_.atons or
by Or, ot CREbOr Yoo, o5 Eb B A PTG PRt B BV SR ERY oL
bi phenyl,  Z5fLidA0e R MY dneo@ injdcli¥h., 3-ni trophenyl or 4-hydroxyphenyl group.
The expression heteroaryl refers to an aromatic group that contains one or
nore rings containing from5 to 14 ring atons, preferably from5 to 10
(especially,5 or i at ons, .and.cont aj ns one,or r abl 1 2
§or ) ox B sommpL g B SRASE P Frspaies Aot iaes s
or N) . dhe yexea@esi on heteroaryl refers fur thernore to groups |n mhlch one

nor e hygrogen atons have been replaced by fluo rine, chlorine, brom ne
or i odine atons or by OH SH, N3, NH2 or NO2 groups. Exanples are pyridyl
(e. 0. 4-pyridyI)F,{1 inidazolyb (aog.cg-inidazolyl), phenyl pyrrol yl

~ o o

NH
2 I = v Toluene OH
+ —————— R-N
Osz s -SH 150°C, 24h §
R3 R v R2 R3 R4 Vi
m

EDCI, pentafluorophenol
ethyl acetate

0°C to25°C, 1h

0 0
/RG THF, 1, 1h
1 N
R—N S l\:{s R5
R OR R
3
| Vil

The synthesis of the 4-sulfanyl-pyrrolidin-2-one scaffold is based on a four-component

10 reaction (4CR) between a primary amine (II), an aldehyde or ketone (III) with maleic
anhydride (IV), and a thiol (V). The reaction is preferably performed in toluene at
reflux with a stoichiometric amount of the starting materials, according to J. Wei, J. T.
Shaw Org. Lett. 2007, 9, 4077. The resulting 4-sulfanyl-pyrrolidin-2-one (VI) is formed
in acceptable to good yields as a diastereoisomeric mixture. Generally, the two

15  diastereoisomers are separated and isolated by preparative HPLC-chromatography. The
final 4-sulfanyl-pyrrolidin-2-one amide of formula (I), (Ia), (Ic), (Id), (Ie) or (If) was
obtained via aminolysis using amine (VIII) of the corresponding pentafluorophenyl
esters of formula (VII) that were synthesized according to M. Bodanszky, A.
Bodanszky, The practice of Peptide Synthesis 2nd Edition, p 102, Springer-Verlag

20  Berlin Heidelberg New York (1994). These compounds of formula (I), (Ia), (Ic), (1d),
(Ie) or (If) can be further modified such as the conversion into esters or salts from acids,

salts from amines or by cleaving off protecting groups found in substituents R' to R®.



(e.g. 3-phenylpyrrolyl), thiazolyl, isothiazolyl, 1,2, 3-triazolyl,

1,2,4-triazolyl, oxadiazolyl,thiadiazolyl, indolyl, indazolyl, tetrazolyl,
pyrazi nylwopgroags2nyl , pyri dazi nyl, oxazolyl, isoxazol PCT/EPRQDG6T0
tetrazolyl, isoxazolyl, indazolyl, indolyl, benzimdazolyl, benzoxazolyl,

benzi soxazol yl , benzt hi azol yl, pyrlda2|qyl qui nol i nyl , i soqui nol i nyl,
pyrrolyl, purinyl, carbazolyl acridinyl, pyr|n1dyl 2,3 '"-bifuryl,

pyrazol yl e 3-pyra d |s u1noI| ups. expr.essi on
aral kyl ref é‘ of ?P"@?%‘E}é g%%’["é‘? S’c“h“ &r(%ané% %FFaéﬁd gfllgwmé) tekenyl |
al kynyl angﬁ&%d&%ghgﬁﬁﬁ¥glgroups |n accordance with the above definitions,
such as, exanpl e, arylal kyl, aryl al kenyl, arylal kynyl, aryl cycl oal kyl,

gr yl _C]Y_cl oallpdmR., LlaiciéryJ.é’ltogkdle(chcﬂ)@hicy]],etamﬂQﬂlkYIohr3yI\by(1:1_Z,de&|4Qelr$)5ll; groups.
bonzyl | oht oy paeodiesty MG ditGeh el Ghethang: 4. B73FRE Ui hydr onapht hal ene,

i ndanong, BYenyéay N OPSHeY Dol&idMEaLaheldm IXMRIYAD(2O0Y) 70doL pi@nene and i ndane.
An aral kyl group preferably contains one or two aromatic ring systems ( 1

or 2 rlngs) contalnlng from6 to 10 carbon atons and one or two al kyl,
al kenyl al k carbon_ at

andror a oyl dEasgt Bnestyes BheckBi AR dp BRP PR gReP AR e R

\%pr ﬁSSI on chrhlefa@aystliky .ol Bfaing- deﬁva@caam@btkyés &8 Qeperiseddef i ned above in
IcCh ohe or
www.organic-chemistry.org/Highlights/2007/25March.shtm) in order to obtain the

10 corresponding enantiomerically pure compounds.
EXAMPLES

The present invention encompasses the following Examples:
15
Example 1
General procedure for the synthesis of 5-oxo-3-sulfanyl-pyrrolidin-3-carboxamides
@:
Maleic anhydride (IV, 1 mmol), a thiol (V, 1 mmol), aldehyde or ketone (III, 1 mmol)
20  and amine (II, 1 mmol) in toluene (8 mL) were heated to 150°C in a sealed tube for 24
hours. After cooled to room temperature, the solution was concentrated in vacuo.
Purification on silica gel using an eluent (ethyl acetate: methanol = 9:1 to 1:1) yielded
compounds of formula (VI) as a diastereoisomeric mixture. Afterwards, the two
diastereoisomers were separated by preparative HPLC chromatography. Preparative
25  separations were usually performed with an acetonitrile-water eluent (+0.1 % formic
acid) on a RP Polaris C18 column (length: 250 mm, diameter: 21 mm; particle size: 5
um). Generally, good separations were observed (retention times of the two cis/trans
diasteroisomers differed by 1 to 2 minutes) by using isocratic systems (70 %
acetonitrile: 30 % water).
30
To a suspension of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
EDCI (1.5 mmol) in 8 mL ethyl acetate was added pentafluorophenol (3 mmol) at 0°C.



nore (preferably 1, 2, 3 or 4) carbon atons have been replaced by an
oxygen, nitrogen, silicon, selenium phosphorus, boron or sulfur atom
(preferabvg20Kyg8ss2 sul fur or nitrogen), that is to sayPCH/ERR@I86670
containing both aryl or heteroaryl, respectively, and al so al kyl, al kenyl,
al kynyl and/or heteroal kyl and/or cycloakkyl and/or heterocycloal kyl groups
I n accordance wth the above definitions A heteroaral kyl group preferably

cont ai ns one_or tWQ aronatic r| SY. ste 0 rin |n| fromb5
or 6 to 10 MisrglOmiygss: éioéﬁﬁ’yéfﬁ B‘ﬁé sfir lceﬂCié{/Y?( Wa%i ﬁgﬁ%ynyi

groups Contefi‘i'drihé‘ﬂaaéuc‘}}{ m%(r[u% WasGlinRE rfmaf A& aft‘%UrH Eerﬁ%&é{tﬁié)%ﬁé’xj er G’Eéﬁon

containing 5 or ring carbon atons, wherein 1, of these carbon
at ons have dfehaenscrleqﬂt,abednidy poo@lgtawas pulilﬂicdby)chmmataggmhyanmﬂma @kéﬂtbj/les are

e o et A 155 ST Bt BEMTEL 8 SENEL AL M gyt aci
aryl al kgnyl&g{@m@m@mle@é} legsyd aikyddetar ocycl oal kenyl het er oaryl al kyl ,
het er oaryl al kenyl , "het’eroaryl al kynyl heteroarylheteroalkyl

heteroarylcycloalkyl heteroarylcycloalkenyl het er o arylheterocycloalkyl,

e oo e 0B RS SR LRl b ronper v 5
het er oaryl hﬁﬁ@[)qglzliﬁmyyairﬂqd wayaddeat degired @mmel‘hm @.9ainkol) bia*oafrpcycl oal kyl

groups, the cyclic groups being saturated or nono-, dior
temperature. The reaction mixture was stirred for 1 hour at room temperature.

10  Afterwards, 20 mL methylene chloride were added. The resulting organic layer was
washed with 20 mL of a saturated aqueous solution of sodium hydrogencarbonate, dried
over magnesium sulfate and the solvent was removed in vacuo. Finally, the crude
product was purified by chromatography on silica gel with a suitable eluent to afford the
desired 5-oxo-pyrrolidine-3-carboxamide I as a white solid.

15
Example 2
According to the general procedure in example 1, the following compounds were

prepared:

20 2.1 cis-2-(6-chloro-1-methyl-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-
methylphenyl)sulfanyl]-5-oxo-N-(pyridin-2-ylmethyl)pyrrolidine-3-carboxamide.
Molecular Formula = C34H30CI2N402S. Molecular Weight = 629.599. [M+H]"
observed = 629.1. Isolated yield 34.08 %.

25 2.2 trans-2-(6-chloro-1-methyl-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-
methylphenyl)sulfanyl]-5-oxo-N-(pyridin-2-ylmethyl)pyrrolidine-3-carboxamide.
Molecular Formula = C34H30C12N402S. Molecular Weight = 629.599. [M+H]"
observed = 629.1. Isolated yield 3.78 %.

30 2.3 trans-2-(6-chloro-1-methyl-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-
methylphenyl)sulfanyl]-5-oxo-N-(thiophen-2-ylmethyl)pyrrolidine-3-carboxamide.



tri-unsaturated. Specific exanples are a tetrahydroi soquinolinyl, benzoyl,
2- or 3- ethylindolyl, 4-nmethylpyridino, 2-, 3- or 4-nethoxyphenyl,

4- et hoxypwiorzglo/028862 3- or 4-car boxyphenyl al kyl group. ACalRPe@dposvat ed
above, the expressions cycloal kyl, heterocycl oal kyl, al kyl cycl oal kyl,

het er oal kyl cycl oal kyl , aryl, heteroarqusqralkyl and heteroaral kyl al so
refer to groups in which one or nore hydrogen atons of such groups have

been replaced by fluorine, chlorine, brom ne qr jiodine ato r . OH, =0,
SH, =S, NAMolenylar Regmyla REBIFRIGHAN3 G232 Moleenlan Wigight 5193403 Iﬁ\’%ﬁﬁst i tuted"

especiallyo%g%g&§= 6%rQHﬁﬁﬁhgkaE@ﬁ99”e’ two, three or nore hydrogen atons
, C

have been replaced by fluorin l'orine, bromine or iodine atons or by OH,
=0, SH, =S, NH2, =NH, N3 or NO2 groups. This expression refers furthernore

to groups that are substjtute . on . three or re tituted
Cl- C6 al kyI2:4 eis-2c§-chlpranlymet :lglréipﬁ-giﬁw,)-[&%Oﬁgﬁw%?t@ﬁ@- - C1

cycl oal kyl , - I ck oal ky i = CH0 180 ~yhetse qLC7-Cl12
ar al kyl gor mcgﬁyégge 1@%@5@%?%&%@&% pgl?é&%feglry ng& ggttl)lgtg ifﬂégﬁ(g)bsélrrggg F, d,
Br, M, OvBMoledilar F@R8ila = C33H29CI2N302S2. Molecular Weight = 634.638. [M+Na]"

observed = 656.0. Isolated yield 27.34 %.

2.5 trans-2-(6-chloro-1-methyl-1H-indol-3-yl)-1-(4-chlorophenyl)-3-[(4-

10  methylphenyl)sulfanyl]-5-oxo-N-(pyridin-2-ylmethyl)pyrrolidine-3-carboxamide.
Molecular Formula = C33H28CI2N402S. Molecular Weight = 615.572. [M+H]"
observed = 615.1. Isolated yield 2.78 %.

2.6 cis-2-(6-chloro-1-methyl-1H-indol-3-y1)-1-(4-chlorophenyl)-3-[(4-

15 methylphenyl)sulfanyl]-5-oxo-N-(pyridin-2-ylmethyl)pyrrolidine-3-carboxamide.
Molecular Formula = C33H28CI2N402S. Molecular Weight = 615.572. [M+H]"
observed = 615.1. Isolated yield 25.06 %.

2.7 cis-2-(6-chloro-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-

20  methylphenyl)sulfanyl]-5-oxo-N-(pyridin-2-ylmethyl)pyrrolidine-3-carboxamide.
Molecular Formula = C33H28CI2N402S. Molecular Weight = 615.572. [M+H]"
observed = 615.2. Isolated yield 12.50 %.

2.8 trans-2-(6-chloro-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-

25  methylphenyl)sulfanyl]-5-oxo-N-(pyridin-2-ylmethyl)pyrrolidine-3-carboxamide.
Molecular Formula = C33H28CI2N402S. Molecular Weight = 615.572. [M+H]"
observed = 615.2. Isolated yield 4.56 %.

2.9 trans-2-(6-chloro-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-N-[3-(morpholin-4-

30  yl)propyl]-5-0x0-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =
C33H34CI12N403S. Molecular Weight = 637.619. [M+H]" observed = 637.2. Isolated
yield 7.30 %. '



Preferably, all alkyl, alkenyl, alkynyl, heteroal kyl, aryl, heteroaryl,
cycl oal kyl, heterocycl oal kyl, al kyl cycl oal kyl, heteroal kyl cycl oal kyl ,

aral kyl awe 2peveesssar al kyl groups descri bed herein may opCIrgR2009504520
substituted. Preferred are conpounds of fornula (1) wherein the radicals RS
and R6 together are part of an optionalljpy substituted heterocycl oal kyl,

het er oal kyl cycl oal kyl , heteroaryl or heteroarylal kyl ring system and/or
wherein R2 and R3 together are part of an optionally substituted
cycl oal kyl, al kyl cycl oal kyl, heteroal kyl cycl oal kyl, heterocycl oal kyl,

aral kyl or _Zhﬁié?E.—Qa(%?éh'f&b-1@1—'&910%%5}1%'1_"1}f’i—%ﬁé@fdgggnﬁﬁﬁetﬁﬂ!m@- %oﬁihoiiﬁfm| a (1)

wherein X is sul phur, oxygen, . especial I'y ‘sul phur. Further
preferred abprapyhipbones-@henydsui{anal)pyryolidies-gicarbexamide. depilofFdrmuiart a

cspoci al 1y S PRIFTHGIO RS ool HRr LS, 00 4136 B B bt O ST ey 1

hydr oges. govgry,preferred are conpounds of formula (1) wherein Ris
hydrogen. Especially preferred are conpounds of fornula (la) (la)

2.11 trans-2-(6-chloro-1H-indol-3-yl)-1-[(4-chloro-2-methylphenyl)methyl]-N-[3-

(morpholin-4-yl)propyl]-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide.

Molecular Formula = C34H36CI12N403S. Molecular Weight = 651.646. [M+H]"
10 observed =651.2. Isolated yield 5.18 %.

2.12 cis-2-(6-chloro-1H-indol-3-yl)-1-[(4-chloro-2-methylphenyl)methyl]-N-[3-

(morpholin-4-yl)propyl]-5-ox0-3-(phenylsulfanyl)pyrrolidine-3-carboxamide.

Molecular Formula = C34H36CI2N403S. Molecular Weight = 651.646. [M+H]"
15 observed = 651.2. Isolated yield 7.74 %.

2.13 trans-2-(6-chloro-1H-indol-3-yl)-1-[(3-chlorophenyl)methyl]-N-[3-(morpholin-4-

yDpropyl]-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =

C33H34CI2N403S. Molecular Weight = 637.619. [M+H]" observed = 637.2. Isolated
20  yield 2.82 %.

2.14 cis-2-(6-chloro-1H-indol-3-yl)-1-[(3-chlorophenyl)methyl]-N-[3-(morpholin-4-

yD)propyl]-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =

C33H34CI12N403S. Molecular Weight = 637.619. [M+H]" observed = 637.2. Isolated
25 yield 3.81 %.

2.15 trans-2-(6-chloro-1H-indol-3-yl)-1-[(1R)-1-(4-chlorophenyl)ethyl]-N-[ 3-

(morpholin-4-yl)propyl]-5-o0x0-3-(phenylsulfanyl)pyrrolidine-3-carboxamide.

Molecular Formula = C34H36CI12N403S. Molecular Weight = 651.646. [M+H]"
30 observed =651.2. Isolated yield 2.65 %.



wherein R1 is a hydrogen atomor an al kyl, al kenyl, al kynyl, heteroal kyl,
aryl, heteroaryl, cycloal kyl, alkyl cycl oal kyl, heteroal kyl cycl oal kyl ,
het er ocycWoabioyi2gsear al kyl or heteroaral kyl radical; R2 PSTEPRYOGOOGEN at om
or an al kyl, alkenyl, alkynyl, heteroal kyl, aryl, heteroaryl, cycloal kyl,
al kyl cycl oal kyl, heteroal kyl cycl oal kyl ,_fget erocycl oal kyl, aral kyl or
het eroaral kyl radical;R3 is a hydrogen atomor an al kyl, al kenyl, alkynyl,

et or oal ky Y FE2HEISRARE ey oY ag %0 LiGelpronbn e Yy B-epprebatinca
R4 is a hydLogen ?lﬁ G06:-3 e?ﬁlyl‘sﬁlfan)fl?(ﬂ‘ﬁl@’lhmeaj -KarBY¥kamiagt MoRRLIeY Forrdid =

het eroaryl, tycl oalkyl, a | Cycl oa het er oal kyl cycl oal kyl,
het er ocycl dé34H/36Cl&NéORSIMotectlbt @Ve)glnt&f a¥1.64G Ml ]; oREryes =a65|$/ar dspdatedit om

or an al kyl lkfd;w al kynyl, heteroal kyl, aryl, heteroaryl, cycloal kyl,
al kyl cycl o ?J?I @ er oal kyl cycI oal kyl , het erocycl oal kyl , ar aI kyl or

het eroakal kyl radical; R6 is a hydrogen atom or an al kyl, al kenyl, al kynyl,

het er oal kyl, aryl, het er oar XI ,
2.17 trans-2- -(6-chloro-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-

chlorophenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C33H33C13N403S. Molecular Weight = 672.064. [M+H]"
observed = 671.1. Isolated yield 6.65 %.

10
2.18 cis-2-(6-chloro-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[ (4-
chlorophenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C33H33CI3N403S. Molecular Weight = 672.064. [M+H]"
observed = 673.1. Isolated yield 19.04 %.

15

2.19 trans-1-benzyl-2-(6-chloro-1H-indol-3-yl)-N-[3-(morpholin-4-yl)propyl]-5-oxo-3-
(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula = C33H35CIN4O3S.
Molecular Weight = 603.174. [M+H]" observed = 603.0. Isolated yield 4.31 %.

20  2.20 cis-1-benzyl-2-(6-chloro-1H-indol-3-yl)-N-[3-(morpholin-4-yl)propyl]-5-oxo-3-
(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula = C33H35CIN4O3S.
Molecular Weight = 603.174. [M+H]" observed = 603.0. Isolated yield 4.59 %.

2.21 trans-2-(6-chloro-1H-indol-3-yl)-1-[(1S)-1-(4-chlorophenyl)ethyl]-N-[3-

25  (morpholin-4-yl)propyl]-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide.
Molecular Formula = C34H36CI12N403S. Molecular Weight = 651.646. [M+H]"
observed = 650.9. Isolated yield 4.91 %.

2.22 cis-2-(6-chloro-1H-indol-3-yl)-1-[(1S)-1-(4-chlorophenyl)ethyl]-N-[3-(morpholin-

30  4-yl)propyl]-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =
C34H36CI2N403S. Molecular Weight = 651.646. [M+H]" observed = 651.0. Isolated
yield 4.86 %.



cycl oal kyl, al kyl cycl oal kyl, heteroal kyl cycl oal kyl, heterocycl oal kyl,

aral kyl or heteroaral kyl radical; or the radicals R5 and R6 together are
part of aMOaepto/assskl y substituted heterocycl oal kyl, het @CdaPRyOOYSTOal kyl ,
het eroaryl or heteroarylal kyl ring system and/or R and R together are part
of an optionally substituted cycloal kyl, 4l kyl cycl oal kyl, heterocycl oal kyl,
het er oal kyl cycl oal kyl, aral kyl or heteroaral kyl ring system or a
pharmaceutically acceptable salt, ester, solvate or hydrate or a
pharmaceutically acceptable fornulation thereof. Further preferred are

conpounds of 73 RBIEHJQ-%-HQm@-rIH(-an))HWf-ﬂ4%k&ro?ﬁe@lﬁ1¥&l‘lﬁ?hkﬁ .

al kyl cycl oal kyl', heterocycl oal kyl, "het eroal kyl cycl'oal Kyl, “aryl, heteroaryl,
aral kyl or thethgipbemyd)skifenylhti-[Ba(morpboliréryprefyd)- 5 oaopyreolsbing dwwathoxatide.

het er oar sl YPler el Esmar i Rt RRaRs Rrater B ine s ity o
(1a), waer ejydeiRdd =92, 10" 188MRtcATyidI@0MbA - A-Ar or -A-Cy (especially -A-Ar)

wherein Ais a bond, C-C4 al Kyl (especially a bond, CH2 or CH(CH3)) or
Cl-C6 heteroal kyl (e.g. CH(CH2N(CH3)2)), or wherein Ais a group of fornula

- OHR 1a- whps 210 R6-Brobid- i ShadS-IF U A2hisYoprdhtRemY] -3 fa2n optionally
methylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C34H36BrCIN403S. Molecular Weight = 696.097. [M+H]"
10 observed = 697.0. Isolated yield 11.14%.

2.25 trans-2-(5-bromo-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-N-[3-(morpholin-4-

yl)propyl]-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =

C33H34BrCIN403S. Molecular Weight = 682.07. [M+H]" observed = 682.9. Isolated
15  vyield 3.71 %.

2.26 cis-2-(5-bromo-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-N-[3-(morpholin-4-

yl)propyl]-5-oxo0-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =

C33H34BrCIN403S. Molecular Weight = 682.07. [M+H]" observed = 682.8. Isolated
20  yield 4.65 %.

2.27 cis-2-(6-chloro-1H-indol-3-yl)-1-[(6-chloropyridin-3-yl)methyl]-N-[3-(morpholin-

4-yl)propyl]-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =

C32H33CI2N503S. Molecular Weight = 638.607. [M+H]" observed = 638.0. Isolated
25  yield 3.76 %.

2.28 trans-2-(6-chloro-1H-indol-3-yl)-1-[(6-chloropyridin-3-yl)methyl]-N-[3-

(morpholin-4-yl)propyl]-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide.

Molecular Formula = C32H33CI2N503S. Molecular Weight = 638.607. Isolated yield
30 1.46 %.



substituted C3-C7 cycl oal kyl group or an optionally substituted

het erocycl oal kyl group containing from3 to 7 ring atons and Ar is an
opt i onal IWyoo0tsggeat ed (e.g. by 1, 2 or 3 substituents) POEERII0DGHEF or an
optional Iy substituted (e.g. by 1, 2 or 3 substituents) heteroaryl ring
containing 5 or 6 ring atons (espeC| al Iyqncl uding from1l to 3 heteroatons
selected fromQ S and N), especially preferably Ar is an optionally

ik Bl LB I R R,
CF3. F
I

IS a group al kyl (especially

a bond, mz:nﬂ{zaetmsyoasmmcummlgma 607a5 3. | Vs pbsarvedti= 667 8. Ijated 2 or

3 substltuent henyl ring or an optionally substituted (e.g. by 1, 2 or 3
substi tuentyé ef’oaryl ring containing 5 or 6 ring atons (especi al | y

cont ai ngng from 1 to 3 heteroatons selected fromO S and N), especially
preferably Ar is an optionally substituted phenyl or an optionally

subst i t ut e®.}yeisdy{[2r(@sihihre-1einglol-3-w)- bﬂ@rﬁiﬂefﬂz@llomhc@dwhyl]zémorhl |y
DL 20T 80 R S b B 2SRRGBl paraat )
sel ected fr@MH38CI2N403S. Molecular Weight = 607.55. [M+H]" observed = 607.2. Isolated
yield 4.09 %.
10
2.31 trans-4- {[2-(6-chloro-1H-indol-3-yl)-1-[(1R)-1-(4-chlorophenyl)ethyl]-5-0x0-3-
(phenylsulfanyl)pyrrolidin-3-yl]carbonyl} piperazin-2-one. Molecular Formula =
C31H28CI12N403S. Molecular Weight = 607.55. [M+H]" observed = 608.8. Isolated
yield 2.62 %.
15
2.32 cis-4-{[2-(6-chloro-1H-indol-3-yl)-1-[(1R)-1-(4-chlorophenyl)ethyl]-5-0x0-3-
(phenylsulfanyl)pyrrolidin-3-yl]carbonyl} piperazin-2-one. Molecular Formula =
C31H28CI2N4038S. Molecular Weight = 607.55. [M+H]" observed = 606.9. Isolated
yield 1.89 %.
20
2.33 trans-1-[(4-chlorophenyl)methyl]-2-(6-fluoro-1H-indol-3-yl)-N-[3-(morpholin-4-
yl)propyl]-5-oxo0-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =
C33H34CIFN403S. Molecular Weight = 621.164. [M+H]" observed = 621.0. Isolated
yield 2.98 %.
25
2.34 cis-1-[(4-chlorophenyl)methyl]-2-(6-fluoro-1H-indol-3-yl)-N-[3-(morpholin-4-
yl)propyl}-5-oxo-3-(phenylsulfanyl)pyrrolidine-3-carboxamide. Molecular Formula =
C33H34CIFN403S. Molecular Weight = 621.164. [M+H]" observed = 621.0. Isolated
yield 4.72 %.
30
2.35 cis-4-{[2-(6-bromo-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-
methylphenyl)sulfanyl]-5-oxopyrrolidin-3-yl]carbonyl} piperazin-2-one. Molecular



C and Br and wherein Ais preferrably a group of fornula -CHR la- wherein
Rais a Cl- C6 heteroal kyl group (e.g. COOH, CH2COOH) Further preferred,
R1 i s cycwopnmesseet hyl , picolyl, phenyl benzyl or pheno®gibar209/00&70 of
whi ch may optionally be substituted. Further preferred are conpounds of
formula (1) or (la), wherein R2 is hydrogen. Further preferred are
conpounds of formula (1) or (la), wherein R3is C-C6 al kyI an aryl

(especi al | y, phenpyl r r r roar al £5i due, all of
whi ch maybedmpa Tt BBt Rlets. Mloctr eishbs o R ek cRutgr )
preferably,gsff3 i go@Rkd yélh%’b’ﬁ dyy substituted phenyl group, an optionally
substituted benzy? up or an optionally substituted heteroaryl residue

having 1 or 2 rings and from5 to 10 ring atons (especially 2 rings and a

t ot al f 9 1] t | ud h | df @]
o N (et omprnarghrgmaZ s Le e d uhRhel BV TR °G S8 Ll vl
groups (e. qnet%}le@nﬁu@anﬁﬁmgteﬁ&ghm 4@1}@%@1}%9@ 0Be-3- c@l@d&hm&)

Further preferred are conpounds of fo (1a), wherein . has t he
fol | owi ng sMmetlla: Eommala él@ﬁ@fi@rﬂll‘d‘#oﬁfbi Mmaulmsmlglm @96a@9<7y[M0LH G -cs

het er oal kyl ci is H F, d, Br, CH3, OCH3 or CF3
and R3c ig Q&‘ 6@7!%3'/ ﬁ%d%w

2.37 trans-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-3-[(4-

10 methylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C34H36BrCIN403S. Molecular Weight = 696.097. [M+H]"
observed = 697.1. Isolated yield 3.45 %.

2.38 cis-2-(6-bromo-1H-indol-3-y1)-1-[(4-bromophenyl)methyl]-3-[(4-

15 methylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C34H36Br2N403S. Molecular Weight = 740.548. [M+H]"
observed = 740.5. Isolated yield 10.00 %.

2.39 cis-2-(6-chloro-1H-indol-3-yl)-1-[(4-chloro-3-fluorophenyl)methyl]-3-[(4-

20  methylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C34H35CI2FN403S. Molecular Weight = 669.636. [M+H]"
observed = 669.1. Isolated yield 14.85 %.

2.40 trans-2-(6-chloro-1H-indol-3-yl)-1-[(4-chloro-3-fluorophenyl)methyl]-3-[(4-

25  methylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C34H35CI2FN403S. Molecular Weight = 669.636. [M+H]"
observed = 669.0. Isolated yield 4.48 %.

2.41 cis-2-(6-chloro-5-fluoro-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-

30 methylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C34H35CI2FN403S. Molecular Weight = 669.636. [M+H]"
observed = 669.1. Isolated yield 4.88 %.



(especially preferably, Eis CH R3a is H R3bis O and R3c is H). Further
preferred are conpounds of formula (1) or (la), wherein R3 is an aryl
(especi alWQ 2pén2§862, het eroaryl, aral kyl or het eroar al kPCTHEPZ0O667@AI | oOf
whi ch may be substituted (e.g. by 1, 2 or 3 substituents); especially
preferably, R3 is an optionally substituted heteroaryl residue having 1 or
2 rings and from5 to 10 ring atons (especially 2 rings and a total of 9
ring atonms) including 1, 2, 3 or 4 heteroatons selected fromO S and N
(especially N). Further preferred are conpounds of formula (1) or (la),

wherein R3 i h [(s- H or
CH3, R3b Isfﬁft%ﬁk‘i? QQ'CMB% B%lﬁééﬁ?i{{d%m%(f JP(4ECHrl§rogislf)i{a}I(1:ﬁ%tl {??%r eferably, E

is CH R3a mstthhEi&t})sulfaxcyl -dhB-@3arphelitHf-yl ooyl §-opppyreslidine- 3 RartmxdmiE:.

heter oar ai RJPIEHHG FomBRotet Hoa i Redss et ler Falet el St or

group havi r&séﬁedf:C(JequIB&la&i hurgg oFurther preferred are conpounds of
formula (1) or (la), wherein R4 is Cl-C6 al kyl, C2-C6 al kenyl, optionally

substituted Cl1-C4 al kyl -C3-C7 cycloal kyl, an optionally substituted phenyl
ring, an Opi.jlfglglg %-altfgr%t -méaoq 3b}‘73’1r5'21y[l(4 ShRYE henyl?met%‘})'] Apr{‘l_alll &Zy substitut ed
hydroxyethyl)piperazin-1-yl]carbonyl}-4-[(4-methylphenyl)sulfanyl]pyrrolidin-2-one.
Molecular Formula = C33H34C12N4038S. Molecular Weight = 637.619. [M+H]"
10 observed =637.0. Isolated yield 7.67 %.

2.44 cis-2-(6-chloro-1H-indazol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-
methylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C33H35C12N503S. Molecular Weight = 652.634. [M+H]"

15  observed = 652.0. Isolated yield 6.04 %.

2.45 cis-2-(6-chloro-1H-indol-3-yl)-1-[(4-chlorophenyl)methyl]-3-[(4-
methylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C34H36C12N403S. Molecular Weight = 651.646. [M+H]"

20 observed = 651.1. Isolated yield 7.97 %.

2.46 cis-1-[(4-bromophenyl)methyl]-5-(6-chloro-1H-indol-3-yl)-4- {[4-(2-
hydroxyethyl)piperazin-1-yl]carbonyl} -4-[(4-methylphenyl)sulfanyl]pyrrolidin-2-one.
Molecular Formula = C33H34BrCIN403S. Molecular Weight = 682.07. [M+H]"

25  observed = 683.0. Isolated yield 5.35 %.

2.47 cis-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-N-(2,3-

dihydroxypropyl)-3-[(4-methylphenyl)sulfanyl]-5-oxopyrrolidine-3-carboxamide.

Molecular Formula = C30H29BrCIN304S. Molecular Weight = 642.991. [M+Na]"
30 observed = 668.1. Isolated yield 6.92 %.



heteroaryl ring having 5 or 6 ring atons including from1l to 3 heteroatons
selected fromQO S and N (e.g. pyridyl). Especially preferably, R4 is a
phenyl riWQ 20AW@B862s substituted by 1 or 2 substituent s PChHEPREAN6FO
selected fromF, Br, O, I, NO2, nethyl or cyanide (e.g. 4-nethylphenyl),
or an unsubstituted phenyl ring. Mreoveyy preferably, R4 is phenyl or
4-met hyl phenyl . Further preferred are corrpounds of formul a (I) or (la),

opt | anal |y Z0hGE e (1 6 HoramuanyPorhA neMerost S Ry e ang
contai ni ng xﬁétﬂﬁpﬂeﬁg@)pﬁlfé’@ﬁlﬁﬁ %%Bﬁ?olﬁﬁﬁ Qg}lﬁirﬁdix?%ﬁerélﬁﬁ%d}! l\ﬁ&%ﬁrm Iy

preferably, R4 ring Which i s substituted by
subst i t uentBormplaet €8 AHR§BLANSE3Sd Maleomids Welight €652.001 rfMi‘H] O(bser&whﬁl de

(1) uner Gy TRETPN L ot % o8 £, B R T8I Ol o ey o )

het er oakkyl cycl oal kyl or heteroaral kyl group, all of which groups may be

substituted. Further preferred are co:g)ounds of fornula é(l) or (la),
wher ei n R5 249 giellelé4-dprmephenyhaethyl -2 nlglombﬂpgdold -y0S-Hhkyl ; het er oal kyl

containin t 0 d 1 at ons l ec [0 S

Contal M N0 L RO B AN By RSB BB R s Sl

het er oal kyIM@lkeupr Pétenad=@B33HBAB CINADLS: IV bletdar Wl ghit &mzlaya[MyH group
observed = 683.1. Isolated yield 7.30 %. '

10
2.50 cis-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-3-[(4-
methylphenyl)sulfanyl]-N-[4-(morpholin-4-yl)butyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C35H38BrCIN403S. Molecular Weight = 710.123. [M+H]"
observed = 711.0. Isolated yield 7.08 %.

15
2.50 cis-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl1)-N-(4-hydroxybutyl)-3-
[(4-methylphenyl)sulfanyl]-5-oxopyrrolidine-3-carboxamide. Molecular Formula =
C31H31BrCIN303S. Molecular Weight = 641.018. [M+Na]" observed = 664.2.
Isolated yield 7.32 %.

20
2.51 cis-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-3-[(4-
methylphenyl)sulfanyl]-N-(1-methylpiperidin-4-yl)-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C33H34BrCIN402S. Molecular Weight = 666.071. [M+H]"
observed = 668.2. Isolated yield 7.51 %.

25
2.52 cis-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-3-[(4-
ethylphenyl)sulfanyl]-N-[ 3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C35H38BrCIN403S. Molecular Weight = 710.123. [M+H]"
observed = 711.1. Isolated yield 17.16 %.

30

2.53 cis-1-[(4-bromophenyl)methyl}-2-(6-chloro-1H-indol-3-y1)-3-[(3,4-
dimethylphenyl)sulfanyl]-N-[3-(morpholin-4-yl)propyl]-5-oxopyrrolidine-3-



containing 5 or 6 ring atons and 1, 2 or 3 heteroatons selected fromQ, S
and N, heteroaral kyl conprising a Cl1-C4 al kyl group or a G -C heteroal kyl
group andwerrompessspal | y substituted heteroaryl group comRCRIEPR2009/086606 6 ri ng
atonms including 1, 2 or 3 heteroatons selected fromQO, S and N, optionally
substituted heteroaryl containing 5 or 6;4ing atons including 1, 2 or 3

het eroatons selected fromO, S and N, and optionally substituted

Sel et { OOl MpIRGUIk ForRels o 87 Ep e DS Mateeudir Wik tag g
formul as (IM@F}]gal r(,é@,l_ 7t1m@ttlgélgt§§;fy£§?7w% a heteroal kyl,

het er oal kylcyc a he group, preferably via R5. Further
preferred are corrpounds of formJIa (I) or (Ia) wherein R5 is G -C6 al kyl;

het er oal kyl ont or, 3 rpat oms sel ect ed
fromO, S, "h‘é’[ 6;9?9%"9?&? gg%ﬁﬁlpgq h’){'lad@i3¢‘9h§ (;y‘ll group and an
optionakly &M@ﬁﬁylﬁh%ﬁgsumhﬂq%yﬁkraaipmmgtﬁ%ﬁoﬁﬁptsamb oRdife-36 ring atons
and 1, 2 or hét'er cat ons Sél ected from Q N; er oar al kyl

y
conpri sing C:arlﬁxalﬁ«tldival\/kql43cugzl:rdiqmnzelhﬂd= @ﬁ5H§8BrﬁiN4IQﬁSs Widedulant Wdighe =&l 8dR2y)

grogpaﬁgnt a[erﬁl]go%sewec? 1T% El tedyle(iid%BS%A, het eroat ons sel ected from

2.53 trans-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-N-[3-(morpholin-4-

10  yl)propyl]-3-[(4-nitrophenyl)sulfanyl]-5-oxopyrrolidine-3-carboxamide. Molecular
Formula = C33H33BrCIN505S. Molecular Weight = 727.068. [M+H]" observed =
726.0. Isolated yield 3.00 %.

2.54 cis-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-N-[3-(morpholin-4-

15  yl)propyl]-3-[(4-nitrophenyl)sulfanyl]-5-oxopyrrolidine-3-carboxamide. Molecular
Formula = C33H33BrCIN505S. Molecular Weight = 727.068. [M+H]" observed =
727.9. Isolated yield 0.41 %.

2.55 cis-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-N-[(2R)-1-

20  hydroxypropan-2-yl]-3-[(4-methylphenyl)sulfanyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C30H29BrCIN303S. Molecular Weight = 626.992. [M+Na]"
observed = 650.6. Isolated yield 8.24 %.

2.56 cis-1-[(4-bromophenyl)methyl]-2-(6-chloro-1H-indol-3-yl)-N-[(2S)-1-

25  hydroxypropan-2-yl]-3-[(4-methylphenyl)sulfanyl]-5-oxopyrrolidine-3-carboxamide.
Molecular Formula = C30H29BrCIN303S. Molecular Weight = 626.992. [M+Na]"
observed = 650.2. Isolated yield 8.04 %.

Example 3
30

1) Synthesis of 4-[5-oxo-pyrrolidine-3-carbonvl]-piperazine-1-carboxvylic

acid ethylamide compounds




Further preferred are conpounds of formula (I) or (la), wherein R6 is

hydr ogen or CpC4 al kyl, especially hydrogen. Further preferred are
conmpoundswof2ofogrgiéka (1) or (la), wherein R5 and R6 tog@ChaP2e09hserhe
nitrogen atomto which they are bound forman optionally substituted (e.g.
by 1, 2 or 3 substituents) heterocycloal&yl ring containing 4, 5 6 or 7
ring atons and 1, 2 or 3 heteroatons selected fromQO S and N Mor eover
preferred, R5 and R6 together with the nitrogen atomto which they are
bound formthe follow ng group:-N Q Therein, mis 0, 1 or 2; ois 0, 1 or
2; the sum d i _ HEr- ) yR6z, C=

- CO- NR6X-, gﬁl%%%?w opRéas)Q‘i (ﬁ %Zﬁm%o Béﬂ?ggi gG&lo(% 1_%101}%('35@ )léngg;;g@ V\/nerel n
R6x, R6y amd{o%p-tplydmi&mdbpyh;oltﬂlm-eadtom'ﬂ]hmpemmﬁncal-rcydbmgém 5 atom OH,
NH2, SH or ap, a al | kynyl, heteroal kyl, aryl, heteroaryl,
cycloalkyl‘w5¥?§V§Vﬁ Jﬁgﬁﬁb7ﬁgueroalkyIcycIoaIkyI, het er ocycl oal kyl ,

aral kyl sor heteroaral kyl radical. Preferably, Qis N-CO R6a, NR6b or CHRG6C
wherein Réa is C C6 al kyl, Cl C6 0 heteroal kyI NH2, optionally substituted

phenyl or hydr ; NRGQ i onal | y
Diastereoisomer
separation
Toluene preparative HPLC
——— -
150 C, 24h N 336 %
0 j
H
Br
F
(o} o) 0 o
EDCl, HNTY
N OH Pentafluorophenol O k/
S
d1 (cis) \ Ethyt acetate \ THF t, 20h
N 0°C to25°C, 1h N 84.2 %
H 92.5% H

d1 (50%) /d2 (50%)
F

THF, -30°C, 1h e

\ o,
N 905 % u PXN 727-d1
H 8 cl

Cl

Multicomponent reaction (step 1):
Maleic anhydride 2 (6 mmol), thiol 4 (6 mmol), aldehyde 3 (6 mmol) and
10 amine 1 (6 mmol) in toluene (50 mL) were heated to 150 °C under Dean-
Stark conditions for 24 hours. After being cooled to room temperature, the
solution was concentrated in vacuo. Purification on silica gel (ethyl acetate:
methanol = 9:1 to 1:1) yielded 5 as a diastereoisomeric mixture (1.48 g, 46
%).
15  Literature: J. Wei, J. T. Shaw Org. Lett. 2007, 9, 4077.

Separation of the diastereoisomeric mixture:



substituted phenyl or optionally substituted heteroaryl containing 5 or 6

ring atons including one or two heteroatons selected fromQO S or N, R6c is
C -C6 hetwocalokoeB§62NH2 or OH. 5 Further preferred, Q i sPRIGER2NORGE®;0

N COOR6e, N- SO2R6f, N SO2NHR6g, NNHCOR6h, CH NH2, CH OH, CH SH,

CH NH COR6i, CQ, CO\IH NHCONH, SO2NH, OCENH, CH COOH, CH COOR6j) , CH COR6k
or CH SO2R6 1, wherein R6d, R6e, R6f, R6h, R6i, R6j , R6k and R6 1

i ndependent|y from each ot her. are a h dr n atom , NH2, SH or an al kyl,
al kenyl alwrabpve Hetcaibed reagtion a?%en%w&%gémdla%?rewlaalisw and’

al kyl cycloqizkylh (f;g@a}d%lc Fgawéy ,Seggltagerdoc%pl Cb L a;@ILI@/I or

het eroaral kyl radical, especia hydr ogen or a "Cl- group or a Cl-C6
het er oal kylchgmoatpgraphiyetdengtieyfollQving d‘clndiﬁoﬁ’ﬁa wherein R6a is preferably NH2,
C-C6 al kyl, NHC - CGaIkI Or N(C1-C6 al kyl)2. 5 Further preferrably,
group Q contGalwen RERelanyehs Klspethamin (I (ZFspat Particle Hae 2t Wi-or group

having a | ong el gt R&opayo ik Sobiofhuitl 8 9 WARRIT. 1% HEODEBLCN 2
uori ne OXYygen, nitrogen).
21mL/min, Rt=7.62min.

The separation can also be performed with methanol/water mixtures.

Concentration of the solution in vacuo yielded the desired pure

10 diastereoisomer 6 (cis, d1) as a light yellow solid (528.9 mg, 33.6 %).

Overall yield for the preparation of 6: 15.47 % (MCR and isolation of the cis-

isomer d1)

15 Pentafluorophenyl ester formation:
To a suspension of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride EDCI (267 mg, 1.4 mmol) in 8 mL ethyl acetate was added
pentafluorophenol (512 mg, 2.8 mmol) at 0 °C. After 10 minutes, compound
6 (528.9 mg, 0.9 mmol) was added at 0 °C and the reaction mixture was

20  stirred for 1 hour at room temperature. After evaporation of the solvent, the
crude product was purified by chromatography on silica gel (ethyl
acetate:hexane = 1:2 > 1:1) to yield the corresponding pentafluorophenyl
ester 7 as a colourless oil (632.0 mg, 92.5%).

25  Literature:
M. Bodanszky, A. Bodanszky, The practice of Peptide Synthesis 2nd Edition,
p 102, Springer-Verlag Berlin Heidelberg New York (1994).

Amide coupling:
30 To a suspension of pentafluorophenyl ester 7 (1.3 g, 1.8 mmol) in 16 mL dry
THF was added piperazine (7.2 mmol) at room temperature. The reaction

mixture was stirred for 20 hours at room temperature. Afterwards, 20 mL



O Further preferred, ois 1 and mis 1.Especially preferably, mis 1, ois
1 and Qis NCO-R 6a. Thereby R6a is preferably CG-C4 alkyl or NHC -C4

al kyl (e.\§yO 2cH@28862NHCH2CH3) . Especially preferred arePChFPeUaMH86666
formula (1) or (la), wherein R5 and R6 together are part of an optionally
substituted (e.g. by 1, 2 or 3 substituesfs |ike e.g. =0) piperazine ring.
Further preferred are conpounds of formula (1) or (Ia) wherein R5 and R6
t oget her are substituted

rt of ti | | r 3
oBet 't Lentesthane Penar SRracgter; Tod Bonbne e CEud Wil Waedngi and 1, 2
or 3 het e o AR SPLASHRA 1505l M hBbeiRhRiohSd axi& conpounds

of formula (lc): erein Wis an optionally substituted phenyl ring or an
opt i onal | y cvebstaghesiwd shifheradrthe sgiventowhawnmayed inrvabue.iligalit, dhes i ncl udi ng

1 or 2 heteroatons,selected f o] and N nd wherein Rl R4 R5,
rr o e e, TR S Rl o ha et apap gl nelign a6t LEPUL ar
cormounds QlcetaRF bthandll 1 Bhengid amcﬁt&nd&afeawrwn@ldﬁﬁaé Buises phenyl

ring (preferably substituted by 1, or 3 hal ogen atons selected fromF, C
and Br); Rwhite sohiddp77.8mg, B¢ 29%)5t i t uted benzyl group (preferably
substituted by 1, 2 or 3 hal ogen atons selected fromF, C and Br); Xis S
Yis CONRG; nis 1; R3ais
Reaction with ethyl isocyanate:
To a solution of compound 8 (848.3 mg, 1.3 mmol) in 15 mL THF extra dry
10 was added ethyl isocyanate (283.6 mg, 4 mmol) at -30°C. After 1h of stirring
at -30°C, 20 mL methylene chloride were added. The resulting organic layer
was washed with 20 mL of a saturated aqueous solution of sodium
hydrogenocarbonate, dried over magnesium sulfate and the solvent was
removed in vacuo. Finally, the crude product was purified by
15 chromatography on silica gel with the system ethyl acetate:methanol 19:1 to

yield PXN727-d1 as a white solid (853.4 mg, 90.5 %).

mp = 263.7-267.2 °C

'H-NMR (400 MHz, DMSO) & 11.57 (s, 1H), 7.57 (s, 1H), 7.50 (s, 1H), 7.44
20 (d,2H,J=6.70 Hz), 7.25 (d, 1 H,J =7.39 Hz), 7.09 (m, 5 H), 6.90 (d, 2H, J

=17.39 Hz), 6.53 (s, 1 H), 4.93 (s, 1H), 4.74 (d, 1H, J = 15.29 Hz), 3.84 (s, 2

H), 3.60-3.20 (m, 4H), 3.45 (d, 1H, J = 15.29), 3.15-2.80 (m, 4H), 3.09-3.06

(m, 2 H), 2.25 (s, 3H), 1.03 (t, 3H, J = 7.05 Hz).

IR: 3397, 3174, 2923, 1674, 1625, 1535, 1487, 1401, 1361, 1241, 1174,
25 1118, 1002, 794.

MS (+ESI): m/z = 709.9 [M+H], 730.2 [M+Na].

Overall yield (four preparative steps and diastereoisomer separation): 10.91

Y

30 Example 4
2) Replacement of the sulfur S (gsroup X) by methylene CH,




hydrogen; R4 is an optionally substituted phenyl group (preferably
unsubstituted or substituted by a nethyl group, especially in the para

posi ti on)wOR@10an886R8 ar e hydrogen; E is CH and R5 and RecameP2aeiided as
above; especially preferably, R5 and R6 together are part of an optionally
substituted piperazine ring (especially gs defined above). Further
preferred are conpounds of formula (1d):  wherein R1, R3a, R3b, R3c, R4, R5,
R6, E and X are defined as above. EspeC|aI%% preferred are conpounds of

formul a (1 Bynthesisei af R(cipd-[3rBengyl- Jn{éwhiprg Bpoxorberpybatriorchlprayp

(preferabl ed I Hﬁﬁ]s romF, d and
Br); Xis éff@&ll sylf)]%go %%rroﬁgﬁf %I%;OB%QL}"?% ycfrgégﬁ;&ngtl s an
optionally 8iﬁ)6tﬂllyla.lﬂﬂd [BKWI) -dIjoup (preferably unsubstituted or
substituted by a nmethyl group, especially in the para position); E is CH
and R5 and R6 are defined as above; especially preferably, R5 and R6

t oget her arerpa of an optionally substituwed plgera2|ne ring (especially
as defined abo FUFt her preferred are congoupds\a Y ornul a (le):

(1 e)wherein dr FBa R3b, 0 0_aiid XX _@He defined as
above. EspeC|aIIy grefefre:Eéif;conpoﬁﬁﬂﬁqo f formulfa (le) wherein R1 is

an optionally substiWtuit ed bénzyl groUE?C(mefera N tuZted by 1, 2 or

9,20 %
F
F
e
N
F

THF, rt, 10h

3 hal ogen at ons cted

Ci
0 o]
EDCI,
F N OH Pentafluorophenol
Ethyl acetate
O S Q 0°C t025°C, 1h
Cl
12

57,55 %

” 28,90 % d1 (cis)

Cl

~>Neo N NT) K

———e

THF, -30°C, 1h

R 62,24 % u PXN 790-d1
H 14 i

Synthesis of alpha-benzylsuccinic anhydride 10

0x9~ 0
9 TFAA
OH —_—
HO reflux
9 O

The commercially available alpha-benzylsuccinic acid 9 (1g, 4,8 mmol) was

10

refluxed for 1h in 30 mL trifluoroacetic anhydride. Afterwards, the solvent
was removed in vacuo. The crude residue was washed with cold hexane to

15  yield alpha-benzylsuccinic anhydride 10 as a white solid (858.2mg, 93.95 %).



fromF , O and Br); Xis S; R3a is hydrogen; R3b is C; R3c is hydrogen,
R4 is an optionally substituted phenyl group (preferably unsubstituted or
substi t ut\Ee 2B10j028862et hyl group, especially in the para B6IEPRGAPIOH | s CH,
Qi s NCOR 6a wherein R6a is preferably C 1-C6 al kyl, NHC 1-C6 al kyl or
N(G-C6 alkyl) 2, mis O, 1 or 2; 0i_§0, 1 or 2; and the sumo f m
and o i s preferably fromO to 3 . Especially preferably, mis 1, ois 1
and Qis NNCOR 6a, wherein Réa is preferably G-C 4 alkyl or NH G -C 4

al kyl (e.g. CH3 or NHCH 2CH3) . Further preferred are compounds of formula
(1) (I'f) WiRiGddmpbneht redttion - ¢ R>3b, t R>3c, E, X R44aa and R>6oaa are
defi ned as above. Especially preferred are conpounds o f formula (If)

wher ei n X iAlpBa-bemgdsucsiniyy @nbydside RBH85G na,; 4 R3mniod) hyaddabyde,3 Ria i s

hyd thyl . - Eis.CH Alis CH: Ar.i ohi ch i
oubst 't ut edniop B ThAT b b iotdr Pl vish e Reb e oS B and
R6a is G Chsealelt thbeofor Ma-HourC Afielckiled (6 rébm €idperhatubd @it Sthidon wAs f ur t her

preferred enbodi nent of the present invention relates to conpounds of
concentrated in vacuo. Purification on silica gel (ethyl acetate: methanol =

9:1 to 1:1) yielded MCR-product 12 as a diastereoisomeric mixture (210.3
mg, 9.20 %).

10 Pentafluorophenyl ester formation
To a suspension of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride EDCI (118.2 mg, 0.617 mmol) in 5 mL ethyl acetate was
added pentafluorophenol (227.1 mg, 1.23 mmol) at 0 °C. After 10 minutes, 5-
oxo-pyrrolidine-3-carboxylic acid 12 (210.3 mg, 0.411 mmol) was added at O

15  °C and the reaction mixture was stirred for 1 hour at room temperature. After
evaporation of the solvent, the crude product was purified by
chromatography on silica gel (ethyl acetate:hexane = 1:2 2 1:1) to yield the
corresponding (cis)-5-oxo-pyrrolidine-3-carboxylic acid pentafluorophenyl
ester 13 as a colourless oil (78.2 mg, 28.9 %).

20
Amide coupling
To a suspension of  (cis)-5-oxo-pyrrolidine-3-carboxylic  acid
pentafluorophenyl ester 13 (78.2 mg, 0.1154 mmol) in 2 mL THF extra dry
was added piperazine (39.8 mg, 0.4616 mmol) at room temperature. The

25  reaction mixture was stirred for 10 hours at room temperature. Afterwards,
20 mL methylene chloride were added. The resulting organic layer was
washed with 20 mL of a saturated aqueous solution of sodium
hydrogenocarbonate, dried over magnesium sulfate and the solvent was
removed in vacuo. Finally, the crude product was purified by

30 chromatography on silica gel (ethyl acetate:methanol 9:1 > 1:1) to afford the
desired (cis)-4-(piperazine-1-carbonyl)-pyrrolidin-2-one 14 as a white solid
(38.5 mg, 57.55 %).



formula (1) or (la), wherein RL is aryl, heteroaryl, arylalkyl or

het eroaryl al kyl , all of which nay be substituted by F, Br, d, I, nethyl or
cyani de, WO 208/R2§8%2ogen, R3 is aryl, heteroaryl, aryl al REI/EFR009/006670
het eroaryl al kyl, all of which may be substituted by F, Br, C, |, nethyl or

cyanide, R4 is aryl, heteroaryl, arylalkyj.or heteroarylalkyl, R5 and R6
are independently sel ected from hydrogen, al kyl, heteroal kyl, aryl,

al kenyl , akinyl, cycloal kyl, heterocycl oal kyl, aryl, heteroaryl, arylalkyl
or heteroaryl al kyl, or wherein R5 and R6 may be part of one heteroaryl,

het er ocycl qeddeyion With BfqRiso¥)p4té 0al kyl or heteroarylal kyl ring system and
wherein the other residies and groups are defined as above. A further

preferred efbosilnteon obfompreindrid@As mgukehG mmalking ed. TBFeatradonds of
ERA W IEINE G TIRN TN Y 4 AT R N,
cyani deg  stirring at -30°C, 20 mL methylene chloride were added. The resulting

organic layer was washed with 20 mL of a saturated aqueous solution of

sodium hydrogenocarbonate, dried over magnesium sulfate and the solvent

was removed in vacuo. Finally, the crude product was crystallized from ethyl

acetate:methanol 19:1 to yield PXN790-d1 as a white solid (26.9 mg, 62.24

10 %).

"H-NMR (400 MHz, DMSO) § 11.57 (s, 1H), 7.58-7.43 (m, 3H), 7.28-7.11
| (m, SH), 6.95-6.83 (m, 4H), 6.55 (s, 1H), 4.97-4.91 (m, 1H), 4.71 (d, 1H, J =
15.24 Hz), 3.63-3.57 (m, 5H), 3.10-3.08 (m, 3H), 2.91-2.85 (m, 3H), 2.69-
15  2.65 (m, 1H), 1.03 (t, 3H, J = 7.02 Hz).
IR: 3043, 3165, 3033, 2964, 2930, 1677, 1615, 1538, 1449, 1401, 1262,
1240, 1207, 1119, 796, 698.
MS (+ESI): m/z = 650.1 [M+H], 672.1 [M+Na].
Overall yield (four preparative steps): 0.93 %
20
Example §
Replacement of the sulfur S (group X) by oxygene O
Synthesis of (cis)-4-[1-(4-Chloro-3-fluoro-benzyl)-2-(6-chloro-1H-indol-3-

yl)-5-0x0-3-p-tolyloxy-pyrrolidine-3-carbonyl}-piperazine-1-carboxylic
25 acid ethylamide [PXIN789-d1]



R2 and R3 together are part of a heteroaryl, heteroaralkyl,

het erocycl oal kyl or heteroal kyl cycl oal kyl ring system such as but not
restrict edOt2010102886di hydr oi ndol e, 1, 3- di hydro-i ndol - 2- oR€T/EP2009/006670

2, 3-di hydro-| Hi ndazol e, tetrahydro-quinoline, tetrahydroquinoline- 2-one,
3, 4-di hydro-| H qui nol i n-2-one, 3, 4-di hydgp-| H qui nazolin-2-one, all of

whi ch may be substituted by F, Br, d, I, nethyl or cyanide, R4 is selected
fromaryl, heteroaryl, arylalkyl or heteroagyl alkyl, RS and R6 are
i ndependently % -ct@ﬂ from hydr ogen, alkyl;ézfz\/ , aryl, al kenyl,

heteroarylalkyl or whegei n R5/and R6Tavery al so be part Qf one heteroaryl,

Ret gr oal kyl cycl oal kigd-c, e het er gar y | +¢ing system and
resi dues gngd d¥oups aggeydefing . A further
preferred enbod nd of the gsent invention rerafed t conmpounds of
formula (1), q f1g), (1dyK (le) or (If), wierein R3 and the sul fanyl
group (i.e. the group carrylng X) bearl ng the R4 grqup are in cis position
(espeC|aIIy when R2 is H). An especiall -referre gdi rent are
enantioneri & p@re gonpounds of fo#n ol), o(| Ic)wkaQ) (le) or
(rf). Furthg |sthaac'iollovmn

Pentafluorophenol

aki nyl, cyclga ﬂ1h6tero'§§gfﬁgkyl aryl I og ~au Yl al kyl or

heterocycloalkyl
wherein the ot he

Ethyl acetate THF, rt, 10h
0°C t025°C, 1h

28,90 %

57,55 ¢
d1 (cis) %

16 17

THF, -30°C, 1h N o)
A\ \ N
N 62,24 % N PXN 789-d1
H 18

Cl

Synthesis of the oxo-substituted anhydride
5  The oxo-substituted anhydride was obtained via a three-step synthesis:

(0] fo) ]
7 N
— HCI 379 H H o
Toluene NEt, t}o Cl 3 A: CO0 j\;‘/'g
— __—)

100°C, 6h

0
: o T oc.an 100°C, 6h /©/
15

21 22

10  1-Phenyl-2,5-dihydro-1H-pyrrole-2,5-dione 19 (5.19 g, 3 mmol), p-cresol 20
(3.24 g, 3 mmol), and triethylamine (3.03 g, 3 mmol) were added in 20 ml
toluene extra dry and heated at 100°C for 6h. Afterwards, the mixture was

cooled to 0°C. The precipitated solid was filtered and washed with cold



I.e. the follow ng diastereoners:especially the follow ng diastereoner:
Further preferred is the follow ng conpound: i.e. the foll ow ng

di ast er eONOr281042BR621 al |y t he fol |l owi ng di astereoner: FuPCHEP2{080@7¢ ed | s
the follow ng compound: acid ethylam de i.e. the foll ow ng di astereoners.
especially the follow ng diastereoner: Fggferably, the conpounds described
in:1l. Ng et al. Angew. Chem Int. Ed. 2007, 46, 5352-5355 and 2. Ng et al.
Organic Letters 2 Vol No. 18, 99- 4002 ortj i nformati on
t hereof) art eluéﬁ%ﬁﬂgge"w&&xlﬁl@ Csogﬁ’ﬁé‘n%ﬁtaﬁea B‘r“@%ee %aét)% |c%ft$‘€%0 and/ or
patent. Furgtier preferred, one or nore of the follow ng conpounds are
excluded fromthe present application and/or patent: Further preferred,

al so the foll ow ng conpounds are excluded fromthe present application

and/ or patent:where H5CH2OH (or a derivative thereof which is
bound to t HE(S ‘%’%?fﬁlﬁo%o B2l bed i n Ng et al. Angew. Chem Int. Ed.

2007, 46, SPORMIBIDMSMHRI39%583 8MIeHt 2D 6f (5O}, lpegd-olokqwd, NET)IB BUBS46
(m,1H), 5.44-5.47 (m, 1H), 6.97 (d, 2H, J=8,4 Hz), 7.14 (d, 2H, J=7.6 Hz),
7.33 (d, 2H, J=7,2 Hz), 7.44-7.53 (m, 3H).
MS (+ESI): m/z= 282 [M+H].

10 Compound 21 (610.3 mg, 2.17 mmol) was dissolved in 30 ml of a mixture of
aqueous HCI 37%:HCOOH 1:1. The mixture was heated for 3h at 110°C.
Afterwards, the mixture was cooled to room temperature and the aqueous
phase was washed 3 times with DCM and then evaporated. The resulting
solid was washed 3 times with cold ether and the resulting ether phase

15 evaporated to yield the succinic acid 22 as a white solid. Finally, the succinic
acid 22 was solved in 10ml of trifluoroacetic anhydride (TFAA) and heated
for 6h at 100°C. Then TFAA was evaporated and the resulting solid was
washed with cold hexane to yield the corresponding succinic anhydride 15 as

a white solid (170.4 mg, 95.56 %).

20
Analytic data for compound 15 :
'"H NMR (DMSO, 399.43 MHz): 2.25 (s,3H), 3.21-3.27 (m, 1H), 3.52-3.59
(m, 1H), 5.57-5.61 (m, 1H), 6.92 (d, 2H, J=8.26 Hz), 7.14 (d, 2H, J=8.22
Hz).

25 IR: 3001, 2920, 1865, 1781, 1608, 1508, 1396, 1213, 1178, 1086, 1021, 903,
806.

MS (+ESI): m/z=207[M+H].

Multicomponent reaction
30 First, aldehyde 3 (646.6 mg, 3.6 mmol) and amine 11 (478.8 mg, 3 mmol)
were condensed in 3 mL trimethylorthoformiate for 10 hours at room

temperature. Then, the solvent was removed in vacuo and the residue was



R, 4 is para-CéH CH3 and Ris selected fromthe follow ng groups:
conpounds are described in Ng et al.
5355. Fur tWeropvessser ed,

Al |

t hose

Angew. Chem Int. Ed. 2007, 46, 5352-
conmpounds of fornmula (1) or (IapCamr2eobasded

wherein R3 is is p- C6HSCH2OH (or a derivative thereof which is bound to

the solid phase as described in Ng et algs

5352-5355).

fromthe present, application an

Further preferred, also the

The present

i nvention fSAMEAdR 25r B eyl eﬁﬁa‘?‘%ﬁor ?tcgggélﬁ’ﬁr?ﬁ’é‘&i’{“il%aé P8 &g a
conpound ofy, f,af) 'Wé.sazrcfdle)i andl !tRd )(tluFQ waé h&ted ng £30 f(nl 54 ndarsdgfdeped herein

or a phar maceut’i cal

(1), (la),

10

15

20

25

30

y accepta e ester, pro

I nv

ug, hydrate, solvate or
t her eof , opdé¢anrRthikycamditomsh At icooledito hoemptampemteat tmadolhytlomcwespt abl e
carrier. A further preferre

phar maceut i CRFIEBHFTOL YaHRs

Angew. Chem Int. Ed. 2007, 46,
?ol | om ng conpounds are excl uded

sal t

ntion relates to

epbodi nent...of t resent
PR ertioe! S ciif 6] (oY e e: SO or mal o

91>, 1:4) @)elde!d' RICRprédui 193asd£tiia@f%9'ed"§fn?éri“c RiixtareP{mgraceutical ly

accept abl e ester, prodrug, hydrate, solvate or salt thereof, optionally in
conbi nat i ormgvllhl @)phar maceutically acceptable carrier,

Pentafluorophenyl ester formation

To a suspension of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride EDCI (18.5 mg, 0.096 mmol) in 2 mL ethyl acetate was added
pentafluorophenol (35.6 mg, 0.193 mmol) at 0 °C. After 10 minutes, 5-oxo-
pyrrolidine-3-carboxylic acid 16 (33.9 mg, 0.064 mmol) was added at 0 °C
and the reaction mixture was stirred for 1 hour at room temperature. After
evaporation of the solvent, the crude product was purified by
chromatography on silica gel (ethyl acetate:hexane = 1:2) to yield the
corresponding 5-oxo-pyrrolidine-3-carboxylic acid pentafluorophenyl ester

17 as a colourless oil (40.1 mg, 89.80 %).

Amide coupling

To a suspension of 5-oxo-pyrrolidine-3-carboxylic acid pentafluorophenyl
ester 17 (40.1 mg, 0.0578 mmol) in 2 mL THF extra dry was added
piperazine (19.9 mg, 0.231 mmol) at room temperature. The reaction mixture
was stirred for 10 hours at room temperature. Afterwards, 20 mL methylene
chloride were added. The resulting organic layer was washed with 20 mL of a
saturated aqueous solution of sodium hydrogenocarbonate, dried over
magnesium sulfate and the solvent was removed in vacuo. Finally, the crude
product was purified by chromatography on silica gel (ethyl acetate:methanol
9:1 = 1:1) to afford the desired 4-(piperazine-1-carbonyl)-pyrrolidin-2-one
18 as a white solid (12.2 mg, 45.91 %).

Reaction with ethyl isocyanate



further conprising one or nore other anti-tunor agents, wherein the
anti-tunor agent is especially selected from 16- Aza-epot hil one B,

Al desl eukwo,20fwi28ss3t i ne, Aranose, Bevaci zumab, Bl eoci n, PBIr&prRg0i0nG670

BMS- 184476, Bortezomi b, Calcitriol, Carnustine, Canertinib, Canfosfam de,
Capeci t abi ne, Carboplatin, Car rrustl ne 4| xi me, Ceftriaxone, Cel ecoxib,
Cel nol euki n, Cetuxi mab, C cl osporin, atin, C odronate,

Cycl ophospham de, Cytarabine, Deoxorub| CI n soxyepot hi | gne B,
Di et hyl st i | Bxaspiitionstroogmorad 48, (1548802204 %&‘éy%ﬁd’f‘% TH skrexat e,

Ef apr oxi r al t Pligaib i de,
ET- 5)8- OCH3, dréx%‘é@?eagggd © ”g?%ag}a{r%e@@ O?ggggﬂﬁlﬂ Eo j|0n{|:cA£t(§f ?Gal ar ubi ci n,

Gefinitib, sGermgtaabB0¥C, B@nmlzmettylens ctdbedawde: uddsd. aThderpsx(Bmgn setron,
Honmohar ri ngt oni.n Hyal uroni c ac andronate, 1brituno | fosfam de

| matini b, [HE¥NE 2?36?5 WS yaﬁ}eﬂt wrt’fle?rooﬂltiapg 4_spiprated aqueens, qa'il%of 2b,

| ri not egan, solaRf Y g Enodaftfinafl IdRRH BHvel ﬁﬁ%ﬁ&lﬁﬁ%lfaﬁeirﬂc%%w&t Lapati ni b,
Lefl unonm de, Lenograstim Leucovorin, Lexidronam Linezolid, Lometrexol,
Lurt ot ecan wasEN&mwﬁd ivketvaaia. eEataHy, th&: oayldc nproiacti dvasn@tmﬁedl\ll besul i de,

Nitrogl ycerl n, 06-Be zyI ani n z O<al ip,latin,
Pacl | Laxel  CHEMAGERBNG Crpalier 15} LopvenpralaidegreBhialy o el ie M,
Pemet rexed,PfN%%ﬁ%'a%HE’@rdth@ Beng, Po®0i %y.exed, Pol yprenOI c acid,
Qui nupristin, Raloxifene, Raltitrexed,
10 MS (+ESI): m/z=666.1[M-+H].
Overall yield (four preparative steps): 0.61 %

Further examples

Further examples which have been prepared according to one of the procedures
15 described above: All products were obtained and tested as racemates. The cellular

activity was measured on p53 wild type ovarian teratocarcinoma cells (PA-1) and

measured ICsq are given in micromolar. CCA is the abbreviation of Cell Cycle Arrest.

PXN610
o}
e
_o0 S
N\
N o cl
20 cl C23H,3CILN,03S; MW: 543.52; found (HPLC MS):

[M+H"] = 543.0; Yield: 47 %; IC5=15

PXN611



Ranpbsetron, Retinoic acid, R sedroante, Rituxinmab, Rofecoxib, Rubitecan,
S-9788, Sabarubicin, Sargranostim Satraplatin, SN 38, Sorafenib,

Suber ani Iwbydrooesssec aci d, Sutent, Tanoxifen, Taxotere, PCAXER2@YONES]0
Tegafur, Tenpzol am de, Tesm lifene, Tetrodotoxin, Thalidom de, Tipifarnib,
Topot ecan, Trabectedin, Trastuzumab, Tragszutumab, Tretinoin, Vatalanib,
Vincristine, Vinorel bine, Vinscristine, 6474, Zol edronate or Zosuqui dar.
In a preferred enbodi nent, the conpounds of the present invention

sensi bilize cancer\cells for radi o and/ or chenot herapy whereas they display
chenoprotective ap :‘~. g adi oprotective activity on healthy cells. Thereby

t he dosage of thes gl api es can be better adjusted. A further preferred
enbodi nent of tVle priesen tion relates to a pharmaceutical conposition
conpri si ng one- rm? of formula (1), (la), (lc), (1d), (le) or
(I'f) as defined ,more pharmaceutically acceptable esters,
prodrugs, hydrat es, Hs 0l 4 or salts thereof, optionally in conbination

opt i onal |y Conpri See. one o Rore GV RSIOSSMME SSbret haGPLERISY "

antiviral agent is selected from 3T§M+ﬁb]a.c§y6_q, YRAS RV 1C5,=8.3

PXN612
o] /O/Cl
N
_0 S
N\
N
H O
5 cl C27H6C1LN,03S; MW: 529.49; found (HPLC MS):
[M+H"] = 529.0; Yield: 17 %; IC5,=10.3
PXNG613
(0] /O/Cl
N
/N/ s
N
H O
cl CysH29CLN30,S; MW: 542.53; found (HPLC MS):
10 [M+H"] = 542.0; Yield: 13 %; ICs,=8

PXN617



D pi voxil, Acyclovir, Anprenavir, Amantadi ne, Anoxovir, AZT, C evudi ne,

Del avi rdi ne, d4T, Entricitabine, Entecavir, Fanticlovir, Ganciclovir,

I ndi navi ryvoRamvozsgszne, Nel finavir, Nevirapine, OseltamPCT/EPRINNGEUI ne,

Ri tonavir, Saquinavir, Septrin, Telbivudine, Tenofovir, Valacyclovir,
Valtorcitabine, Valopicitabine or Zanamyir.It is a further object of the
present invention to provide a conmpound of formula (1), (la), (lc), (1d),
(le) or (If) as defined heggin or a pharnaceutical conposition as defined
herein for the preparationfof a nedicament for the treatnent of cancer
and/or viral infactions Jh&conpounds selected fromformula (1), (la),

(le), (Id), (le)/c the present invention are e.g. HDVR and/or MDMX
| i gands and sho di
and/ or MDMX, prefefapl
1 mM preventbng bPrgling of p53 and other proteins, inhibition of
proliferation éﬂﬂ\&-ouc»;an of apoptosis in cell based assays, especially
in the assays desafi bed{ hewei n. The conpounds of the present invention are
useful in the treatne r control of cell proliferative disorders, in
parti cul ar oncol ogi calN# sorders. These conpounds and

c C3oH20C1LN305S; MW: 582.55; found (HPLC MS): [M+H'] =
582.1; [M+Na'] = 604.0; Yield: 32 %; ICs,=3.1

PXN618
Cl
(0]
N
A s
\/\N _
H O NH
5 cl C31H3,CLLN40,S; MW: 595.60; found (HPLC MS): [M+H'] =
595.1; Yield: 35 %; IC5o=4.2
PXN619
Cl
0O
N
_0 S
\/\N _
H O N
ci C31H;3;C1LN303S; MW: 596.58; found (HPLC MS): [M+Na']
10 =618.1; Yield: 40 %; IC50=28.7

PXN620



formul ati ons contai ning said conpounds are useful in the treatnment or
control of solid tunors, such as, for exanple, breast, colon, |ung and
prost at e WOr0104028%2 wel | as osteosarconm, acute mnyel oi dPCEXP29I006676por adi C
endonetrial cancer, nelanoma, malignant nel anoma, soft tissue Sarcona,
B-cel | chronic |ynphocytic |eukaeni a, gagtric cancers, cervical cancer,
hepat ocel | ul ar carcinoma, and col orectal cancer. The conpounds descri bed
herein are especially useful for the treatnent and/or prevention of cancers
associated with ov-rexpreSS|on of HDM2 and/or MDMX. Accordingly the
conpounds of the p end |nv-! ign are especially useful for the treatnent

and/ or prevention \Q Nng cancers associated with MDM2 and/ or
MDMX: NMDMR is anplif R%-0f all human cancers. CGene anplification was
observed in 19-@unor °Typ&s, with the highest frequency observed in soft
tissue tunors (ZUV\N.\teo arconmas (169 and esophageal carcinomas (13%.
Tunors whi ch showed Ha aEiFP*anidence of MDMR2 anplification than p53

mut ati on were soft tiss unors, testicular germcell cancers and
neur o- bl astomas (Momand "¢t al, NAR 1998). Naturallyoccurring pol ymorphi sm

(SNP309) occurring withi@ the ﬁngepf\@%g B3R 589 ﬁnfdlﬁﬁrgﬁ@i% %) MOME

transcription and transl ation. The overa requency
[M+H'] = 581 9; Y1e1d 15 %; ICs0=15.3

PXN623

o

~0-

o

ZI
g%

)

C,

5 V' CayHaeCLNLO,S; MW: 611.64; found (HPLC MS): [M+H"]
=611.1; Yield: 49 %; IC5,=7.8

PXNG624
Cl
Cl
N0
Oy
(@] N =
\_/
N~ C3H7CLLN;30,S; MW: 576.55; found (HPLC MS): [M+H']
10 =576.0; Yield: 41 %; ICs5=22.4

PXN625



anplification in these human tunors was 7% It is a comon event in

hemat ol ogi cal malignancies. A list of cancers with a wld type of p53 gene
that is swosptoozssseo MDM2 inhibitors includes: B-cell CPCT(EPRO0OMOIEG®70

| ynphocytic | eukema) (Coll-Miler et al, Blood, 2006), AM. (Kojina et al,
Bl ood, 2005), multiple nyel oma (Shr uhrre_r689_t al, Bl ood, 2005), neurobl astona
(Cattelani et al, CCR, 2008), Hodgkin |ynphoma (Drakos et al, CCR, 2007),
osteosarconma and prostate cagcer (Vassilev et al, Science, 2004), Kaposi's
sarcoma (Sarek, J . di nvest., 2007), rhabdonyosarcoma (M yachi et
al, CCR, 2009), RCC (r cell carcinom) (Roberts et al, CR 2009),
squanous celc gi NO and esophageal cancers (Cescon et al, CCR, 2009),
cut aneous nel anong-(FVxoo et al, CCR, 2009), retinoblastoma (Laurie et al,
Nat ure, 2006). are evidences that pancreatic cancer with wild type
p53 gene couly sitive to MDM2 inhibitors as well (submtted for
publication). of N%y of MDMR2 gene anplification frequencies from

28 human tunors (Momand~etZa}, NAR, 1998). Total nunber of tunor sanpl es

anal yzed was 3889 and the eb%g%%gg%%gﬁgﬁwnpé1i.§9';c}g&ﬁ(pgﬂ£ﬁ@%§)nﬁ«ft PR

7.2% aNunber of sanples analy s of “soft’ tissue origi at “were
not specified. = 581.1; Yield: 37 %; ICso>60
PXN626
cl
Q

ot W
5 C31H34,C1LN4O,S; MW: 597.61; found (HPLC MS):

[M+H'] =597.1; Yield: 21 %; IC5,=7.4

PXN627
Cl
cl
o)
<:> S N

(0] H —
\_/
N C30H25CIbN30,S; MW: 562.52; found (HPLC MS): [M+H+]

10 =562.0; Yield: 17 %; IC50=10.2

PXN628



cSoft tissue tunors that did not fall into the listed classes. The nunber
of sanples was less than five in any individual class. Human MDMX gene maps
i n chronosormaio/mesgzon 132, which is frequently anplifi @edTiER200908687€ ancer s.
It has been docunented in 4% of gliomas (R enenschneider, CR 1999) and 5%
breast cancers (Danovi et al, MB, 2004).,Recently, -60% of retinoblastomas
(Laurie, Nature 2006) have been found to bear HDMX over expression.

Mor eover, HDMX gene M?F found overexpressed in a |l arge subset of cervical
and ovari an cancer ce | i nes (Ranbs, CR 2001). A system c anal ysis of HDWX
expression in prinmar nors of different origins reveal ed broad spectrum
of human cancers wt overexpression Table 1. Summary of HDMX gene
anplificati gpfpequengl es from500 human tunors (Danovi et al, MCB, 2004).
ef I8¢t igye amount of a compound in accordance with this

i nvention neans_a@n akoynt of conpound that is effective to prevent,

all eviate or | ogat esynpt ons of disease or prolong the survival of the

subj ect being at ed’ term nation of a therapeutically effective anount
is wthin the skill in 7apt. The therapeutically effective amunt or
dosage of a compound accorglihg to ESo,s,; MW: 567.56; found (HPLC MS): [M+H']

= 567.0; Yield: 20 %; IC5p>60

PXN629
cl
0
H_/—N/‘\N_
N N \__/
cl N
N
I
5 C35H39C12N502$; MW: 66470, found (HPLC
MS): [M+H'] = 664.2; Yield: 40 %; ICso=7.2
PXN630-d1

c
Qu P
G’”<::2:T§ S 0

N

\
C34H30C1LN40,S; MW: 629.61; found (HPLC MS):
10 [M+H'] = 629.1; Yield: 38 %; ICs¢>60

PXN631-d1



invention can vary within wwde limts and may be determ ned in a manner
known in the art. Such dosage nay be adjusted to the individual

requi r emenO2010/288eh particul ar case includi ng the speciPCITEPC@IPOSAU bei ng
adm ni stered, the route of adm nistration, the condition being treated, as
wel | as the patient being treated. Exanp5€§ of pharmacol ogi cally acceptabl e
salts of sufficiently basic conpounds of fornmula (1), (la), (lc), (1d),

(le) or (If) are Its of physiol ogically acceptable m neral acids like

hydrochl ori c, hydr bronlc sul furic and phosphoric acid; or salts of
organi c acids Iikﬁ%?ijhanesulfonlc p-t ol uenesul f oni c, Iactic, acetic,

trifluoroacetic I Co Succi , fumaric, maleic and salicylic acid.
Further, a sufficientlylacidi npound of formula (1), (la), (lc), (l1d),
(le) or (If) may for r earth alkali netal salts, for exanple

sodi um pota55|u lit) cal cium or magnesium salts; ammonium salts; or
organi ¢ base sal ar egxaopl e net hyl am ne, di nethyl am ne, trimethyl am ne,
trlethylamne‘:I epedi m ne, ethanol am ne, choline hydroxide, meglunin,
pi peri di ne, nnrphollﬂ S- (2- hydroxyet hyl )am ne, |ysine or arginine

salts; all of which areyafso further exanples of salts of formula (1),

(ta), (lc), (1d), (le) or (I1f). %l;i@d SI%WJ'@4(6|5)fm&1thPL@M)S) (1d),
(le) or (I1f) may be sol vated, especla Y, drat ed
[M+Na'] 6560 Y1eld 30 %; 1C50>60

PXN632
C|\©\ "
N ',I,"/_N N—
cl \ P o
N
|
5 Ci4H37,CLNsO,S; MW: 650.68; found (HPLC
MS): [M+H"] = 650.2; Yield: 36 %; ICs=5.2
PXNG633-d1

Ci3H23CLIN40,S; MW: 615.59; found (HPLC MS):
10 [M+H'] = 615.1; Yield: 17 %; IC5,=23.3

PXN633-d2



hydrati zati on/ hydrati on may occur during the process of production or as a
consequence of the hygroscopic nature of the initially water free conpounds
of formul\&O@2po/028862), (Ic), (1d), (le) or (If). The sol PETEP2ANIEGT0
hydrates may e.g. be present in solid or liquid form It should be

appreci ated that certain conpounds of f%fryla (ry, (ra), (lc), (1d), (le)
or (If) may have tautoneric fornms fromwhich only one m ght be specifically
menti oned or depicted in the fagllow ng description, different geonetrical

i somers (which are_usuaply den6t&d as cis/trans isomers or nore generally
as (E) and (Z)C'Forv\ﬁlif ffent optical isonmers as a result of one or
0

nore chiral carbosr.d 5 )( h are usual ly nonencl atured under the

Cahn- I ngol d- Prel R-&qystem). Al these tautoneric forns, geonetrical
or optical iso x¢ wesloas racemat es and di ast ereomers) andpol ynor phous
forms are i ncf'U inSt hel i nvention. Since the conpounds of formula (1),
(ra), (lc), (1d), (I'é-) (If) may contain asymetric C atons, they may be
present either as achi rg~ conpounds, m xtures of diastereoners, m xtures of

enantioners or as optically pure cegppUOER,OIMW:@I83Y; founa HPLT MSHPr i ses
both all pure enantioners and all pure diastereonmers, and also the m xtures

thereof in any mixing ratio. The tHMABdm6ls.Liskielk 1¢ 8w -2accor ding to
formula (1), (la), (lc), (Id), (le) or (If), their pharmacol ogically
acceptabl e salts, solvates and hydrates, respectively, as well as

PXNG634

Q
z
o]
pdn s
=
»

s O
cl \
N
|
5 C32H27C12N30282; MW: 62062, found (HPLC MS)
[M+H"] = 620.0; Yield: 27 %; ICs5x>60
PXNG635
Cl
(0] O/
N R
<S 0]
Cl C23H26C12N203S; MW: 481.45

10
PXN636



formul ati ons and pharnmaceutical conpositions also lie within the scope of
the present invention. The pharmaceutical conpositions according to the
present iW0OaAty/@s8egonpri se at | east one conpound of for RGTAPLIOP/00GErd) ,

(le), (1d), (le) or (If) as an active ingredient and, optionally, carrier
substances and/or adjuvants. The present,jnvention also relates to
pro-drugs which are conposed of a conmpound of fornmula (1), (la), (lc),

(Id), (le) o (If) and at |east one pharmacol ogically acceptable protective

group which Will be cleaved off under physi ol ogical conditions, such as an
al koxy-, ar kyl oxy-, acyl-, acyl oxynethyl group (e.g.
pi val oyl oxy | b, an 2- alkyl-, 2-aryl- or

-2-af kyl i dene ethyl group or an acyl oxy group as
defined herein, oxy, benzyl oxy, acetyl or acetyloxy or, especially
for a conpound of la (1), (la), (lc), (Id), (le) or (If), carrying a
hydr oxy group OH) s @ sulfate, a phosphate (-OPO3 or -OCH2OPCB3) or an
ester of an aki d. Especially preferred are pro-drugs of the hydroxy
group of a cg @u formula (1), (la), (lc), (Id), (le) or (If). As
ment i oned alfbve, therapeutically useful agents that contain conpounds of

2-aryl al kyl - oxyca bonéi

formul a cl Ca7HysClsN,05S; MW: 563.93; found (HPLC MS): [M+H'] =
563.0; Yield: 26 %; ICs¢>60
PXNG637
Cl
(0}
N N
N
s 0o ¢ N
Cl
5 cl C30H24C13N30,S; MW: 596.97; found (HPLC MS): [M+H'] =
596.0; Yield: 24 %; IC5¢>60
PXNG638

cl C30H29C1bN305S; MW: 614.55; found (HPLC MS):
10 [M+H*] = 614.1; Yield: 11 %; ICsy=60.4

PXN639



(r)y, (ra), (tc), (1d), (le) or (If), their solvates, salts or formul ations
are also conprised in the scope of the present invention. In general,
conpoundswof2ofoarssska (1), (la), (lc), (I1d), (le) or (If)PCHREPR0WM6670
adm ni stered by using the known and acceptabl e nodes known in the art,
either alone or in conbination with any_9? her therapeutic agent. For oral
adm ni stration such therapeutically useful agents can be adm ni stered by
one of the follow ng routes: oral, e.g. as tablets, dragees, coated
tablets, pills, sem s}gl ids, soft or hard capsules, for exanple soft and
hard gel ati ne éa es, anueous or oily solutions, emulsions, suspensions
or syrups, pare' ACGl ugi ng i ntravenous, intranuscul ar and subcut aneous
injection, e.g. an j / e solution or suspension, rectal as
suppositories, ,f’ ha I\{nsufflati on, e.g. as a powder fornulation,
as mcrocrystgls 3 pPa (e2g. liquid aerosol), transdermal, for
exanpl e via an transs del ivery system (TDS) such as a plaster
contai ning the acti vl | edi ent or intranasal. For the production of such
tablets, pills, sem soli/ds, coated tablets, dragees and hard, e.g.
gel ati ne, capsul es theCt her apeuti c@bﬁﬁg(ulsldiﬁus MW 647. Sﬁai;ouhé(HPkéJdvIﬁ/bt h
pharmaceutically inert, inorganic o organi X i e
| act ose, sucrose, glucose, gelatine!l ﬁ%‘lf 657? ?éﬁeje{]% g&%ﬁ?r 8%6}
derivatives thereof, talc, stearinic acid or their salts, dried skimmlKk,
and the |like. For the production of soft capsules one may

PXN640-d1

s‘N
m% 5
N
5 H Ci33H,3CLN4O,S; MW: 615.59; found (HPLC MS):
[M+H"] = 615.2; Yield: 13 %; IC50=18.7

PXN640-d2
Cl
(0]
N
Rt S N
z 2 \
C|/% Oy\t‘l =~
N
H C13H23CLN40,S; MW: 615.59; found (HPLC MS):
10 [M+H'] = 615.2; Yield: 5 %; IC5p=24.5

PXN641



use excipients as are e.g. vegetable, petroleum aninmal or synthetic oils,
wax, fat, polyols. For the production of liquid solutions, enulsions or
SuUsSpensi ONO 2010/2§$62PS ONe my use as excipients e.g. walPemr/EPad000hshe,
aqueous saline, aqueous dextrose, polyols, glycerin, lipids, phospholi pids,
cycl odextrins, vegetable, petroleum aniggpl or synthetic oils. Especially
preferred are lipids and nore preferred are phosphol i pids (preferred of
natural origin; §§pe0|ally preferred with a particle size between 300 to
350 nm) preferred\in phosphate buffered saline (pH =7 to 8, preferred
7.4). For supposj i es one nmay use excipients as are e.g. vegetable,

petrol eum ani ma synthetic oils, wax, fat and polyols. For aerosol
formul ati ons one y uge conpressed gases suitable for this purpose, as are
e.g. oxygen, nitrogen”“and garbon di oxi de. The pharnmaceutically usefu
agents may al so 1 ditives for conservation, stabilization, e.g. W
stabilizers, etener, aromatizers, salts to change the
osnotic pre He {ng additives and antioxidants. hi general,
in the case of orallor Nt er al—adm ni stration to adult humans wei ghi ng
approximately 80 kg, a y dogage of about 10 ng to about 10, 000 ng,

preferably from about 20 m) to a tCHHOLY, NI, S Sw! 6 1066; IBRRPEPIAL 84S):
al t hough the upper limt .
[M+H'] = 651.2; Yield: 9 %; IC50=9.4

PXN642
Cl

5 CaoH,7CLN30,S; MW: 552.53; found (HPLC MS): [M+H'] =
552.1; [M+Na'] = 574.1; Yield: 8 %; IC5p=5.7

cl \

C31H5CLN4O3S; MW: 607.56; found (HPLC MS):
10 [M+H'] = 607.2; Yield: 4 %; IC5,=3.9

PXN644



may be exceeded when indicated. The daily dosage can be adm nistered as a
singl edose or in divided doses, or for parenteral admnistration, it may be
gi ven as worviomasses i nf usi on or subcut aneous i njecti on. PCHEPC@IPOAES of
the present invention can be prepared according to the foll ow ng procedure:
The synthesis of the 4-sul fanyl-pyrrolidyp-2-one scaffold is based on a
four-conponent reaction (4CR) between a primary amne (I11), an al dehyde or
ketone (111) vvitrbmal ei ¢ anhydride (1V), and a thiol (V). The reaction is
preferably perforid inotol uene at reflux with a stoichionetric anount of

the starting mat al s, jaccording to J. Wei, J. T. Shaw Org. Lett. 2007, 9,
4077. The resul ti 43 apyl -pyrrolidin-2-one (VI) is formed in
acceptabl e to good yiehdg a5 a diastereoisoneric m xture. Generally, the
two di ast ereoi soffers—ar e ' separated and i sol ated by preparative

HPLC- chr omat ograRg heS i fal osul fanyl - pyrrolidin-2-one am de of fornula
. (Ir (1Y) was obtained via aminolysis using am ne

(r)y, (ra), (tec), (1dM
VI f th di s t af . . . t hat
( ) o e correspondi pent a tg&;z(;@%?wg,%{;&ﬁrsygg, fo%%ﬁ‘éﬁ?L@ﬂ/Ib}. a

wer e synt hesi zed according to M Bodansz .’ Bodanszky, e practice of
Peptide Synthesis 2nd Edition, p 10®I-+Ngpl+6d6d; Yerd:a) BeiCionl3ei del berg New
York (1994). These conpounds of formula (I), (la), (lc), (1d),

PXN645

5 C,7H3,ChN303S; MW: 548.54; found (HPLC MS):
[M+Na'] =570.2; Yield: 1 %

C26H24CLN,0,S; MW: 515.46; found (HPLC MS):
10 [M+H'] = 515.0; Yield: 11 %; ICso=14.6

PXN647

Cl
)
N 0
S ”_\—o
? \
Cl

C25H30C12N203S; MW: 509.50



(le) or (If) can be further nodified such as the conversion into esters or
salts fromacids, salts fromam nes or by cleaving off protecting groups
found i n WORgtoVmsssAt s RL t o R6. Furt her conpounds of f or RGITEPRI0P/0MEEr ei N N
is 0 can be prepared follow ng the procedures described in: 1) M R
Linder, J . Podlech, Oganic Letters 2003, _Vol. 3, No. 12, 1849-1851; 2) J
. Podlech, M R Linder, J . Og. Chem 1997, 62, 5873-5883; 3) J . Cesar,
M Sol I ner Dol enc, Tetrahedron Letters 42 (2001) 7099-7102. The reaction
procedures described herein may al so be carried out in the presence of a
chiral catapyRksdi ke e.g. proline-derived catalysts (as e.g. described in
www. or gani c- chem stry. or g/ Hi ghli ghts/ 2007/ 25Mar ch. shtm) in order to obtain
t he cor r espopdi ng enantionerically pure conpounds. EXAMPLES The present
invention e Jpasses the follow ng Exanpl es: Exanple 1 General procedure
9Poxo- 3-sul fanyl - pyrrolidin-3-carboxam des (1): Mleic

anhydri de (IVU 1 (V, 1 mol), aldehyde or ketone (IIl, 1
nmol )
c Ca6H24CLLN;05S; MW: 515.46
5
CasHy5CLN3O3S; MW: 554.50; found (HPLC MS):
[M+Na'] = 576.1; Yield: 8 %; ICs=17.1
10 o C3,H3,C1LN4Os3S; MW: 623.61; found (HPLC MS):

[M+H"] = 623.2; Yield: 9 %; IC5,=9.2

PXN652



and amne (11, 21 mol) in toluene (8 nm.) were heated to 150C in a seal ed
tube for 24 hours. After cooled to roomtenperature, the solution was
concent r veadoion2¢8euo. Purification on silica gel usingPai/EPRMO66(Et hyl
acetate: methanol 9:1 to 1:1) yielded conmpounds of fornula (VI) as a

di astereoi soneric mxture. Afterwards, the two diastereoisonmers were
separated by preparative HPLC chronmat ography. Preparative separations were
usual ly perfogped with an acetonitrile-water eluent (+0. 1% formc acid) on
a RP Polaris O 8 coé)urm (length: 250 mm dianeter: 2 1 nm particle size:
5 m). Genera gopd separations were observed (retention tines of the
two cis/trans rgi spners differed by 1 to 2 mnutes) by using

i socratic systens (YQ/%acetonitrile: 30 % water). To a suspension of

| - (3-di met hyl am agpr opyl - et hyl carbodi i m de hydrochl oride EDCI (1.5 nmol)
in 8 nL ethyl ate was added pentafl uorophenol (3 mml) at OC After 10
m nutes, S-oxo- A ol#dR\ne- S- ¢ T‘b})xylic acid VI ( 1 mmol) was added at 0C
and the reacti®@n m xtwr e was irfed for 1 hour at roomtenperature. After

evaporation of the solvent, the &r Gadlfcotie@S; MW: §8#i5f| faangdyHPLC MS):

chromat ography on silica gel (ethyl hat & hexane. 503, .2 ta-yjeld the
correspondi ng 5- oxo- pyrrolidine- 3- (,[g?%%)lyl$8c4'§)éﬁgﬁipg%t/&’lelb&%ﬂgp enyl ester

VII as a colourless oil.

PXN653

5 cl C31H3,C1;N404S; MW: 625.58; found (HPLC MS)Z
[M+H'] = 625.1; Yield: 2 %

PXN654

Cl

Cl C31H30C1LN404S; MW: 625.58; found (HPLC MS):
10 [M+H'] = 625.1; Yield: 3 %; IC5,=29.9

PXN655



To a suspensi on of 5-o0xo-pyrrolidine-3-carboxylic acid pentafl uorophenyl
ester VII (0.5 mmol) in 2 nL dry THF was added the desired amne VIII (0.5
nmol ) at woamomesgser at ure. The reaction m xture was sti Pce&mdre@w/odschour at
roomtenperature. Afterwards, 20 nL nethylene chloride were added. The
resulting organic |ayer was washed with 20 nL of a saturated aqueous

sol ution of sodi um hydrogencarbonate, dried over nagnesium sul fate and the
sol vent was renoved in vacuo. Finally, the crude product was purified by
chromat ography on silica gef” Woth a suitable eluent to afford the desired
5-oxo-pyrrolidine-3-ca;gyxﬂqldé | as a white solid. Exanple 2 According to

the general procedure in/exanple 1, the foll ow ng conpounds were prepared:
2.1 o]

Ci s-2- (6-chl orq-1 -qORYA- | B i ndol - 3-yl ) -1 -[ (4- chl or ophenyl ) net hyl ] - 3- [ ( 4-
met hyl phenyl ) su yT1 o- OF 0xo- N- (pyri di n-2-yl net hyl ) pyrrolidine-3
-carboxam d dar Fornula = C34H30C12NA2S. Mol ecul ar Wi ght =

629. 599. | oserved = 629.1. Isolated yield 34.08 % 2.2

trans-2-(6-chl or
o]

cl C29H34C12N4O4S; MW: 605.59
PXN656
Cl 0
@ Q Q
N n_
cl R
N
H
C51H35C1LN4O5S; MW: 617.64; found (HPLC MS):
5 [M+H"] = 617.2; Yield: 1 %; IC5=17.8
PXN657

CasH26CIN30,S; MW: 536.05; found (HPLC MS):
[M+H'] = 536.1; Yield: 11 %
10
PXNG658



met hyl phenyl ) sul fanyl ] -5-oxo- N- (pyri di n-2-yl net hyl ) pyrrol i di ne-3-carboxam d
e. Mol ecular Formula = C34H30C12NA2S. Mol ecul ar Wei ght = 629.599. [ M+H| +
obser ved W0@2D)/02886Rksol ated yield 3.78 % 2.3 PCT/EP2009/006670
trans-2-(6-chloro-1-nethyl-IHindol-3-yl)-1-[(4-chlorophenyl)nethyl]-3-[(4-
met hyl phenyl ) sul f anyl ] - 5- oxo- N- (t hi ophens@-yl met hyl ) pyrrol i di ne- 3-car boxam
de. Mol ecul ar Formul a = C33H29C12N3(2S2. | ecul ar Wi ght = 634.638. [ MtH +
observed = 656.0. Isolated yield 3.04 % 2.4
cis-2-(6-chloro-I-nethyl-IHindole3-yl)-1-[(4-chlorophenyl)nethyl]-3-[(4-
net hyl phenyl ) sul f anyl ] - 5- oxg=N< (thi ophen- 2- yl met hyl ) pyrrol i di ne- 3- car boxami
de. Mol ecular Fornula = 933ﬂ£9c12hBC282. Mol ecul ar Wei ght = 634. 638.

[ MEFNa] + observed = 656, 0

-methyl - | Hindol 5 3-
met hyl phenyl ) sul fa
e. Mol ecul ar For
observed = 615,

Ci s-2- (6-chéi

met hyl phenyl ) s any

nyl sol ated yield 27.34 % 2.5 trans-2-(6-chloro-|
rlchl or ophenyl ) - 3- [ ( 4-

o- N (pyridin-2-yl methyl)pyrrolidine-3-carboxamd
3H28C12NA2S. Mbl ecul ar Wei ght = 615.572. [ M+H| +
M yield 2.78 % 2.6
| -1 Hindol -3-yl)-1-(4-chl orophenyl)-3-[(4-
-5-0x0-N-(pyridin-2-ylmethyl)pyrrolidi ne-3-carboxam d

e. c C3,H3,CLN,O,S; MW: 639.61
PXN659-d1
Cl
0 (o]
Q ()
\ N ™
H
C33H34C1;N4O3S; MW: 637.63; found (HPLC
5 MS): [M+H"] = 637.2; Yield: 7 %; IC5p=6.8
PXN659-d2
Cl

C33H34CLLN,058; MW: 637.63; found (HPLC
MS): [M+H'] = 637.2; Yield: 7 %; ICs;=12
10

PXNG660-d1



Mol ecul ar Fornul a = C33H28C12N4AO2S. Mol ecul ar Weight = 615.572. [ MH +
observed = 615.1. Isolated yield 25.06 % 2.7

ci s- 2- ( 6-\wWhI20r04288421 ndol - 3-yl ) -1 -[ (4- chl or ophenyl ) met hy PLTZPRE042/006670

met hyl phenyl ) sul f anyl ] - 5- oxo- N- (pyri di n-2-yl net hyl ) pyrrol i di ne- 3- car boxam d
e. Mol ecular Formula = C33H28C12NAO2S. My ecul ar Wei ght = 615.572. [ MtH| +
observed = 615.2. Isolated yield 12.50 % 2.8

trans-2-(6-chlorod Hindol-3-yl)-I-[(4- chlorophenyl)nethyl] 3-[(4-
nethylphenyl)sulfav I] 5- oxo- N- (pyri di n- 2- ylnethyl)pyrrolldlne 3-carboxam d
e. Mol ecul ar For C33H28C12hMC28 Nblecular Vi ght 615.572. [ MtH| +
observed = 615. 2. olaéed yield 4

trans-2-(6-chl or i ndol -3-yl) -1 [( chlorophenyl)nethyl] N-[ 3- (nor phol i n
-4- yl)propyl]-5-0x0=3¢( phenyl I)pyrrolldlne 3- car boxam de. Ml ecul ar
Formul a = C33H34 BSH cular Wi ght 637.619. [ MtH] + observed =
637.2. Isol ated 7. 304% 2. 10

ci s-2- (6-chl &fo- ingdol - yI)-I-[(4 chl orophenyl ) met hyl ] - N-[ 3- (nor phol i n-4
- yl)propyl]-5-o0xo- 3H(pgai\lsulfanyl)pyrrol|d|ne 3- carboxam de. Mbl ecul ar
Formul a = C33H34C12N4(3 | ecul ar W + =
Formila = C33H3 01, R385 N ¥l rRagEEE =

MS): [M+H ] =651.2; Yield: 8 %; ICsp=13

PXN660-d2
Cl
o (0]
()
H
5 C34H36C1;N4O3S; MW: 651.66; found (HPLC
MS): [M+H"] = 651.2; Yield: 5 %; IC5,=8.3
PXN661-d1
Cl
o (o]
()
N N ™
H
C33H34C1,N405S; MW: 637.63; found (HPLC
10 MS): [M+H+] =637.2; Yield: 4 %; IC50=13.8

PXN661-d2



yield 7.18 % 2.11

trans-2-(6-chloro-1 Hindol-3-yl)-1-[(4-chloro-2-nethyl phenyl)nethyl]-N[3-
(mof hol iIWO201/028%63py| | - 5- oxo- 3- (phenyl sul f anyl ) pyrr ol i @CREP002QPEHEKkam de.
Mol ecul ar Fornul a = C34H36C12N4A03S. Mol ecul ar Wei ght = 651.646. [ MH +
observed = 651.2. Isolated yield 5.18 %gp.12
cis-2-(6-chloro-IHindol-3-yl)-I-[(4-chloro-2-nethyl phenyl)nethyl]-N]3-
(mor phol i n-4-yl ) pragpyl]-5-o0xo0-3-(phenyl sul fanyl ) pyrrolidi ne-3-carboxam de.
Mol ecul ar For m¥-a §34H36C12N408S. Mol ecul ar Wei ght = 651.646. [ M+H] +
observed 651.2. |sqlated yield 7. (Fﬁ 2.13
trans-2-(6-chloro-1Rindol-3-yl)-1} -chl orophenyl ) net hyl ] - N-[ 3- (nor phol i n
-4- yl)propyl]-5- oxo-' ( hemyL;uLfanyl)pyrrolldlne 3- car boxam de. Mbl ecul ar
Formul a = C33H34L] fron Iecular Wei ght 637.619. [ M+tH] + observed =
637.2. |solatge @@ N9 2.14 cis-2-(6-chloro- 1Hindol-3-yl)-

1-1(3- chloroﬁhen e hy -N-[ 3- (nor phol i n-4-

yl ) propyl ] - 5- oxo- 3- (phe ul fanyl ) pyrrolidi ne- 3-carboxam de. Mol ecul ar
Formul a = C33H34C12N4ABS: l'ecul ar Veicght, 61,R38,$ NMw:[dlds* rahagived =

637. 2. Isol ated
MS): [M+H"] = 637.2; Yield: 3 %; IC5,=10.2

PXN662-d1
Cl

0 3
0 i

5 Ci4H36C1LN4O3S; MW: 651.66; found (HPLC
MS): [M+H"]=651.2; Yield: 1 %; ICsp=17.2

Iz

PXN662-d2

C33H36C1,N4O3S; MW: 651.66; found (HPLC
10 MS): [M+H"] = 651.2; Yield: 3 %; ICs5=11.5

PXN663-d1



yield 3.81 % 2.15
trans-2-(6-chloro-1Hindol-3-yl)-1-[(IR)-I-(4-chlorophenyl)ethyl]-N[3-
(mor phol iWO201/2B%63py| | - 5- oxo- 3- (phenyl sul fanyl ) pyrrol i @CREPI00IQGSGKam de.
Mol ecul ar Fornul a = C34H36C12N4A03S. Mol ecul ar Wei ght = 651.646. [ MH +
observed = 651.2. Isolated yield 2.65 %g 16
cis-2-(6-chloro-IHindol-3-yl)-I-[(IR)-1-(4-chl orophenyl)ethyl]-N[3-(norph
olin- 4-yl)propyl }y; 5-oxo- 3- (phenyl sul fanyl ) pyrrolidi ne- 3- car boxam de.

Mol ecul ar Formul a £ C34H36C12N4AC3S. Mol ecul ar Wi ght 651. 646. [ M+H| +

observed = 651. 2. | ated yield 1.36 % 2.17

trans-2-(6-chloro i ngol -3-yl) -1 - chl or ophenyl ) net hyl ] - 3-[ ( 4-

chl orophenyl )sul fanyl ] -IN[3-(nD f \3)

hol i n- 4-yl ) propyl ] - 5=axopvr Hol i dine=3- car boxam de. Ml ecul ar Fornula =

C33H33C13N(3S.
| sol ated yield 6
ci s- 2- (6- chl &10-R2H|

chl or ophenyl ) sul fanyl] -
oxam de. Mol ecul ar For
[ MFH] + observed 673. 1.

rght = 672. 064. [ M+rH + observed = 671. 1.

- (nmor phol i n-4-yl ) propyl ] -5-oxopyrrolidine-3-carb
= C33H33C13N4O3S. Mbl ecul ar Wi ght = 672. 064.

olated yield 19.04 %
! C33H33C13N403S; MW: 67208, found (HPLC

MS): [M+H'] = 673.1; Yield: 19 %; IC5p=9.2

PXN663-d2
Cl

5 cl C33H;33C1N4O3S; MW: 672.08; found (HPLC
MS): [M+H] = 671.1; Yield: 7 %; ICs¢=11.2

PXN666-d1

Q
o]

N
H C30H29C12N303S; MW: 582.55; PXN617-

10 enantiomerl; ICs5=2.9

PXN667-d1



2.19

trans-1-benzyl -2-(6-chl oro-1 Hindol -3-yl)-N[3-(norpholin-4-yl)propyl]-5-o0x
0- 3- (phengl281i288621 ) pyrr ol i di ne- 3- car boxam de. Mol ecul RCTERRINQI066670
C33H35C1INAC3S. Mol ecul ar Wei ght = 603.174. [ M+H] + observed = 603. 0.

| sol ated yield 4.31 % 2.20 @1

ci s-1-benzyl -2-(6-chl oro-| Hindol - 3-yl )-?\i[3-(m)rphol i n-4-yl)propyl]-5-oxo-
3- (phenyl sul fan}é )pyrrolidine-3-carboxam de. Ml ecul ar Fornula =
C33H35C1N4A(3S. Mok ecul ar Wi ght = 603.174. [ M+tH] + observed = 603. 0.

| sol ated yield 4 % 2.2

trans-2-(6-chl or afe -yl )-1-[(1S)-1-(4-chl orophenyl)ethyl]-N[3-
(moi phol i n*-y~prop o] - henyl sul f anyt ypyrrol i di ne-S-car boxam de.

Mol ecul ar Formul a = 12NAC3S. Mbl ecul ar Wei ght = 651. 646. [ M+H] +
yiepd 4.91 % 2.22

observed = 650. | so

cis-2-(6-chl o@—g %fyﬂ’l -[(1'S)-1-(4-chl orophenyl)ethyl]-N|[3-(norph
olin- 4-yl)&op :NS 0R0- 8- (phenyl sul f anyl ) pyrrol i di ne- 3- car boxam de.

Mol ecul ar Fornul a 37 C34H36C12N4AC3S. [ i = [MEH] 4
observed = 651.0. I_Hsol ated yield 53%}?5%’ 1\/}%' 9%'55’ %6?ﬂ%nm{tlom@ri
trans-2-(6-brono-| Hindol -3-yl)-I-[(4-nhe3ophenyl)nethyl]-3-[(4-

met hyl phenyl ) sul fanyl ] -N- [ 3- (nor phol i n-4-yl)propyl] -5-oxopyrrolidine-3

- carboxam de. Mol ecul ar Fornmul a = C34H36Br Cl NMAC3S. Mol ecul ar Wei ght =

696.097. [ Nielides-ar

Q@Jﬂ

H

5 C33H35CIN4O5S; MW: 603.19; found (HPLC
MS): [M+H+] =603.0; Yield: 5 %; IC5p=18.3
PXN668-d2
0 (@]
H
C33H35CIN,OsS; MW: 603.19; found (HPLC
10 MS): [M+H+] =603.0; Yield: 4 %; IC5¢=26.9

PXN669-d1



observed = 697.1. Isolated yield 9.27% 2.24

ci s-2-(6-brono-1Hindol-3-yl)-1-[(4-chl orophenyl)nethyl]-3-[(4-

met hyl phewol2psui28say| |- N-[ 3- (o f PCT/EP2009/006670

hol i n-4-yl ) propyl ] -5-oxopyrrolidi ne 3-car boxam de. Mol ecul ar Fornmul a =

C34H36Br Cl NMdO3S. Mbl ecul ar Wi ght 6964097. [MrH + observed = 697.0.

| solated yield 11.14% 2.25 trans- 2 (5 -brono- 1Hindol-3 -yl)-

1-[ (4-chl orophenyl )nmethyl] -N-[3-(nof holin-4-

yl ) propyl ] - 5- oxo-3- (phenyl sul fanyl ) pyrrolidi ne- 3-car boxam de. Mol ecul ar
Formul a C33H34Bf ThNA(3S. Mol ecul ar Wi ght = 682.07. [ MtH] + observed =

682.9. Isol ated 3.71 % 2. 2&‘@&5-2-(5-brorm- 1Hi ndol -3

-yl )-1-[(4-chl oropRenyl]) mret hyl] - 7\%@ (rmor phol i n-4-

yl ) propyl ] - 5- oxo- 3/¢piteny| sul fanyMygyrrol i di ne- 3- car boxani de. Ml ecul ar
Formul a = C33H34B[ O N Al ecul ar Wi ght = 682.07. [ M+H] + observed =
682.8. 1sol at $I % 2.27

Ci s-2-(6-chlOroNLK i ~-yl)-1-[(6-chloropyridin-3-yl)nethyl]-N/[3-(norph
olin- 4-yl)propyl]-%-o0 - (phenyl sul f anyl ) pyrrol i di ne- 3- car boxam de.

Mol ecul ar _Fgggﬂ)é = C3 Cl2No@BS. M&ﬁ%‘é‘bgf%&;%b\’::&q%% ?ound (hli{ltlal] *

observed = | sol at ed
MS): [M+H'] = 651.0; Yield: 5 %; IC5,=16.1

PXN669-d2
Cl
fo} (0]
(
H
5 C34H36CLLN4O5S; MW: 651.66; found (HPLC
MS): [M+H'] = 650.9; Yield: 5 %; IC5p=10.6
PXN671-d1
Cl
o (o]
()
\ N
N
H
C34H36BrCIN,0;S; MW: 696.11; found (HPLC
10 MS): [M+H"] = 697.0; Yield: 11 %; ICs¢=8.7

PXN671-d2



yield 3.76 % 2.28
trans-2-(6-chloro-1Hindol-3-yl)-1-[(6-chloropyridin-3-yl)nmethyl]-N[3-
(rmof hol iWO201/2B%63py| | - 5- oxo- 3- (phenyl sul fanyl ) pyrrol i @CREPI00IQGSG%Xam de.
Mol ecul ar Fornula = C32H33C12N5(3S. Mbl ecul ar Wi ght = 638. 607. [|sol ated
yield 1.46 % 2. 29 -85-
trans-4-{[2-(6-chloro-IHindol-3-yl)-1-[(IS)-1-(4-chl orophenyl)ethyl]-5-0x0
-3- (phenyl sul fagyl)pyrrolidin-3-yl]carbonyl}pi perazin-2-one. Ml ecul ar
Forrmul a = C31H28C12N4AC3S. Mol ecul ar Weight = 607.55. [ MtH] + observed =
607.2. Isol ated d 4.44 % 2.30

cis-4-{[2-(6-chl | H5i ndol - 3-yl o[(IED-I-(4 chl or ophenyl ) et hyl ] - 5- oxo-3
- (phenyl sul fanyl ) pyrr I|d|n 3- yli bonyl } pi perazi n- 2- one. Mol ecul ar

Formula = C31H28C12 Nb Wei ght = 607.55. [ MtH] + observed =
607.2. Isol ated eId .31

trans-4-{[2-(6 0- I@- ndoI 3 yl)-1-T(I R -1-(4-chl orophenyl)ethyl]-5-0x0
-3- (pheny! &l fany yrrolldln 3-yl ] carbonyl } pi perazi n-2-one. Mol ecul ar
Formula = C31H28C1 Mol ecul ar Weight = 607.55. [ M+tH] + observed =
608.8. Isolated yield %

C34H36BrCIN,O3S; MW: 696.11; found (HPLC
MS): [M+H'] = 697.1; Yield: 9 %; IC5,=8.5

PXN672-d1
Ci

5 C33H34BrCIN4O3S; MW: 682.08; found (HPLC
MS): [M+H'] = 682.8; Yield: 5 %; IC5,=29.5

PXN672-d2
Cl

C33H34BrC1N4038; MW: 68208, found (HPLC
10 MS): [M+H"] = 682.9; Yield: 4 %; IC5,=8.8

PXN673-d2



2. 32

cis-4-{[2-(6-chloro-IHindol-3-yl)-1-[(IR)-I-(4-chl orophenyl)ethyl]-5-0x0-3
- (pheny SQI20¥2B86Ryr r ol i di n- 3-yl ] car bonyl } pi per azi n- 2- @86&/EPRENOSGGST & r

Formul a = C31H28C12N4A(C3S. Mol ecul ar Weight = 607.55. [ MtH] + observed =
606.9. Isolated yield 1.89 % 2.33 - 86 -

trans-1-[ (4-chl orophenyl)nethyl]-2-(6-fluoro-l1Hindol-3-yl)-N[3-(nD f

hol i n-4- yl)propyd] - 5- oxo- 3- (phenyl sul fanyl ) pyrrol i di ne- 3- car boxami de.

Mol ecul ar Fornul a \= C33H34C1FNAQG3S. Mol ecul ar Weight = 621.164. [ MH +
observed = 621.0N"TSpl ated yield 2.98 % 2.34

cis-l-[(4-chloro | yret hyl ] - 2- (6=61 uoro-1 Hindol -3-yl)-N[3-(norpholin-4
- yl)propyl]-5-oxo- henyl sul f ahyl Ppyrrol i di ne- 3- car boxam de. Mol ecul ar
Forrmul a = C33H34ClF Nbl € dr~vei ght = 621.164. [ M+H] + observed =
621.0. Isol ated yiel d\4{72%2. 35

cis-4-{[2-(6-br i nglol -3-yl)-1-[(4-chl orophenyl)nethyl]-3-[(4-

net hyl phenyl ¥suNtahyly - 5L oxopyrrol i di n-3-yl ] car bonyl } pi per azi n- 2- one.
Mol ecul ar Formul a = {31 rC1 NACBS. Mol ecul ar Wi ght = 652.001. [M+H] +
observed = 651.3. Isol aked yield 8.00 %2 . . .

Ci s- 1 - [ (4-bronophenyl ) met hyl ] - 2- (6- ohI BN Qa8 MV{638.62; foypd (HPLC

MS): [M+H'] = 637.9; Yield: 1 %; IC5,=163.4

PXN673-d1
cl
N I
\ Y fo)
O
‘ N ™
H
5 C3,H33C1LNsO3S; MW: 638.62; found (HPLC
MS): [M+H'] = 638.0; Yield: 4 %; IC50=9.3
PXN674-d1
Cl
o H
N
2@\( °
N
H
C31H23CIhN4,O3S; MW: 607.56; found (HPLC MS):
10 [M+H'] = 607.2; Yield: 4 %; IC50=17.5

PXN674-d2



met hyl pheny”sul f any”™- N-f S-~or phol i n*-y~propyl J- S- oxopyrrolidi ne-S-carboxam

de. Mol ecul ar

Formul a C34H36Br G NAC3S. Mol ecul ar Wei ght = 696. 097. [ M+H| +

obser ved W0@910/2886ksol ated yield 8.39 % 2.37 PCT/EP2009/006670
trans-I|-[ (4-bronophenyl)nethyl]-2-(6-chloro-IHindol-3-yl)-3-[(4-

met hyl phenyl j sul fanyl J- N-f S-or phol nt*- y%pr opyl | - S- oxopyrrol i di ne- S-car boxam
i de. Mbl ecul ar Formula = C34H36Br C NMdG3S. Mol ecul ar Wi ght = 696. 097.

[ MiH] + observed =.,697.1. Isolated yield 3.45 % 2.38

Ci s-2-(6-brono-1 Hindol-3-yl)-I-[(4-bronophenyl)nmethyl]-3-[(4-

met hyl phenyl ) sul f a
oxam de. Mol ecul a
[ MFH] + observed = 73
ci s-2-(6-chloro-| Hn

]-N-[3-(norpholin-4-yl)propyl]-5-oxopyrrolidine-3-carb
rmgil a = C34H36Br 2NAC3S. Mol ecul ar Wi ght = 740. 548.
1)

ed yield 10.00 % 2.39
tﬁ%LP[(4-chloro-3-fluorophenyl)nethyl]-3-[(4-

met hyl phenyl ) sul fanyl [N [ 3-
hol i n- 4-yl ) pr opy oxogy¥rol i di ne-3-carboxam de. Ml ecular Formula =
C34H35C12FNACGBS X Mg| exul ar “Wei ght = 669. 636. [ M+tH] + observed = 669. 1.

| sol ated yield 14. 8% % 0

trans-2-(6-chl

oro-1Hi 3Y1) -l L tc B R8I MW 6892 R A s 3- L (4-

[M+H'] = 607.2; Yield: 4 %; ICs;=28.9

PXN675-d1

Cl

Cl

H
N

A
@%ﬁf

N
H

C31H2sCLN,O03S; MW: 607.56; found (HPLC MS):
[M+H'] = 606.9; Yield: 2 %; IC5¢=25.5

PXN675-d2

10

C31H3CIbN4O3S; MW: 607.56; found (HPLC MS):
[M+H'] = 608.8; Yield: 3 %; IC5=17.8

PXN676-d1



met hyl pheny”sul f anyl J- N-f S-~or phol i n*-y”~propyl J- S- oxopyrrol i di ne-S-car boxam
i de. Mbl ecul ar Formula = C34H35C12FNAC3S. Mol ecul ar Wi ght = 669. 636.

[ MEH] + obwerzowd2886869. 0. |solated yield 4.48 % 2.41 PCT/EP2009/006670
cis-2-(6-chloro-5-fluoro-IHindol-3-yl)-I-[(4-chlorophenyl)nmethyl]-3-[(4-
met hyl phenyl ) sul fanyl ] - N-[ 3- (nor phol i n-4<yl ) propyl ] - 5- oxopyrrolidi ne-3-carb
oxam de. Mbl ecul ar Formul a = C34H35C12FNACBS. Mol ecul ar Wi ght = 669. 636.

[ MbFH] + observed = 669.1. Isolated yield 4.88 % 2.42 trans-2-(6-chloro-5
“fluoro- 1Hindof}3 - -yl)-1-[(4-chl orophenyl )nethyl] -3-[(4-

met hyl phenyl ) sul Yyl ]-N-[3-(nmo f holin-4-yl)propyl]-5-oxopy

pd i di ne- 3- car bok d Mol ecul ar mul a = C34H35C12FN4A(O3S. Mol ecul ar

Wi ght = 669. 636. + observed = 669. 1. Isolated yield 1.08 % 2.43

ci s-5-(6-chl oro-| H-' RAOH- 3nyl )<l N<4- chl or ophenyl ) et hyl ] - 4- {[ 4- ( 2-

hydr oxyet hyl ) pi per azi) carbonyl} -4-[(4-nethyl phenyl)sul fanyl] py
pd i di n- 2 one @
637.619. ...,

il a or mul a = C33H34C12N4Q03S. Mbl ecul ar Wi ght =
cis-2-(6- chloro | H-N nd

S
veg 6370 | solated yield 7.67 % 2.44
net hyl phenyl ) sul fanyl ]

yl)-1-[(4-chl orophenyl) et hyl]-3-[(4-

'3 (m’rpho' ' 85 R, O Nrw (¥ RY R e 3-carb

oxam de.
MS): [M+H"] = 621.0; Yield: 5 %; ICs5=15.6
PXN676-d2
Cl
fo) (0]
(L
A (H\/\/
H
5 C33H3,CIFN4O5S; MW: 621.18; found (HPLC
MS): [M+H'] = 621.0; Yield: 3 %; IC5p=18.5
PXN677-d1
Cl
9 H
N
() (=
N
H
C31H,sBrCIN4O;S; MW: 652.01; found (HPLC MS):
10 [M+H'] = 651.3; Yield: 8 %; IC50=5.45

PXN678-d1



Mol ecul ar Fornul a = C33H35C12N503S. Mol ecul ar Wei ght = 652.634. [ M+H +
observed = 652.0. Isolated yield 6.04 % 2.45

ci s- 2- ( 6-whl20rom2B842i ndol - 3-yl ) -1 -[ (4- chl or ophenyl ) met hy PLT3:PR§04/006670

met hyl phenyl ) sul fanyl ] - N-[ 3- (nor phol i n-4-yl ) propyl ] - 5- oxopyrrolidi ne-3-carb
oxam de. Nblecular Formul a = C34H36C12N4Q38S. Mol ecul ar Wei ght = 651. 646.

[ MrH] + observed = 651.1. Isolated yield 7.97 % 2.46
cis-1-[(4-bromophenyl)methyl]-5-(6-chloro-IHindol-3-yl)-4-{[4-(2-

hydr oxyet hyl ) pi per\azi n- 1-yl]carbonyl}

-4-[ (4- met hyl phe sul fanyl ] pyrrolidin-2-one. Mlecular Fornmula =
C33H34Br d NAGCBS. cgl ar Weight = 682.07. [M+H + observed = 683.0.

| sol ated yield 5.35 % ||2. 47

cis-1-[(4-bronophen hyl ]-2-(6-chloro-1 Hindol-3-yl)-N (2, 3-

di hydr oxypr opyl A | fanyl ] - 5- oxopyrrol i di ne- 3-car boxam d
e. Mol ecul ar_Fq 9Br d . Mol ecul ar Weight = 642.991. [ M+Na] +

observed = 688. ) yield 6.92 % 2. 48
cis-4-{[I-[(4- bronDHhe met hyl ] - 2- (6-chl oro-1 Hindol -3-yl)-3-[(4-

met hyl phenyl ) sul f anyl ] oxopyrrolidin-3 -yl]carbonyl} piperazin 2- one
Mol ecul ar Fornula = C31H28Br Gl NAC3S. Mol ecul ar Vél%d = 652. 00 éP
observed = C33H33C13N405S W: 704 08 found (

MS): [M+H] = 702.9; Yield: 5 %; IC5,=49.3

PXN679-d2
Br
O
é O
\ ?“/4
N/\/\N/\
<% H k\/o
Cl \
N
H
5 C34H36BrCIN;0;S; MW: 696.11; found (HPLC
MS): [M+H'] = 697.1; Yield: 3 %; IC5,=9.3
PXN679-d1

C34H36BI'C1N4O3S; MW: 696.1 1; found (HPLC
10 MS): [M+H"] = 697.2; Yield: 8 %; ICs,=7.7

PXN680-d1



653. 1. [ MtNa] + observed = 675.3. Isolated yield 3.39 % 2.49
cis-I-[(4-bronnpheny|)nethy|] 2-(6-chloro-IHindol-3-yl)-3-[(4-

met hyl pheM@I2YE128%Ry| | - N-[ 2- (nor phol i n-4-yl ) et hyl ] - 5- ox@ﬁVﬂM@MD&D«@DS car bo
xam de. Mol ecul ar Forrnmul a = C33H34Br Cl NMdG3S. Ml ecul ar Wi ght 682. 07.

[ MrH] + observed = 683.1. Isolated yieldg§.30 % 2.50
cis-1-[(4-bronmophenyl)nnethyl]-2-(6-chloro-1Hindol-3-yl)-3-[(4-

met hyl phenyl ) sul fanyl ]-N-[4- (o f
hol i n- 4-yl ) but yl ] -\5- oxopyrrol i di ne- 3-carboxan de. Ml ecul ar Fornula =
C35H38Br O Nd3S. Abhecul ar Wei ght = 710.123. [ MtH + observed = 7 11.0.

| sol ated yield 7.\Q
gyl] 2-(6-chloro-1 Hindol-3-yl)-N(4-hydroxybutyl)
u nyl ] - 5 oxopyrrolldlne 3- car boxam de. Ml ecul ar

cis-1-[(4-bronmophe
- 3- [(4-nethy|pheny
Né?\yélght 641.018. [ M+Na] + observed =
4 7.82 % 251

Formula = C31H3

664. 2. |sol ated

ci s-1-[(4-brBrop ) met_hyl ] -2-(6- chIoro-IF+indoI-3-yI)-3-[(4-

met hyl phenyl ) sul f an{l ] ( 1- met hyl pi peri din-4-yl)-5 -oxopyrrolidine-3
- car boxam de. Mol ecul a dgrmul a = C33H34Br G NdO2S. Mbl ecul ar Wei ght =

666. 071. [MeH + C3HisBrsN4O3S; MW: 740.56; found (HPLC
MS): [M+H'] = 740.5; Yield: 10 %; ICs,=8.2

PXN681-d2
Cl

5 C34H35CLFN,O5S; MW: 669.65; found (HPLC
MS): [M+H"] = 669.0; Yield: 4 %; ICso=11.8

PXN681-d1

C34H35CI,FN4O5S; MW: 669.65; found (HPLC
10 MS): [M+H"'] = 669.1; Yield: 15 %; IC5¢=9.5

PXN682-d2



observed = 668.2. Isolated yield 7.51 % 2.52
cis-1-[(4-bronmophenyl)nethyl]-2-(6-chloro-IHindol-3-yl)-3-[(4-

et hyl pher®yD28 1 W/m2886¢1 | - N-[ 3- (nor phol i n-4-yl) propyl ] -5 - 8<&#HPLISIDSThe- 3

- car boxam de. Mol ecul ar Fornmul a = C35H38Br Cl NMAC3S. Mol ecul ar Wei ght =
710.123. [M+H] + observed = 7 11.1. Isolajed yield 17.16 % 2.53
cis-I-[(4-bronmophenyl)nethyl]-2-(6-chloro-IHindol-3-yl)-3-[(3, 4-

di met hyl phenyl ) sy| fanyl ] - N-[ 3- (nor phol i n-4-yl ) propyl ] -5-oxopyrrolidine-3-ca
rboxam de. Ml ecuhar Formula = C35H38Br Gl NMdC3S. Mbl ecul ar Wei ght = 710. 123.
[ MtH] + observed ( .0. Isolated yield 9.74 % 2.52

cis-I-[(4-bronophenyl )get hyl]-2-(6-chloro-1Hindol-3-yl)-3-[(2, 4-

di et hyl phenyl ) sul f |-+ [3-(nmo f holin-4-yl)propyl]-5-oxopyrrolidine-3-
car boxam de. W\bl ecula quruI a = C35H38Br Cl N\dO3S. Mol ecul ar Wi ght =
710.123. [ MrHI % _obser red >N7T1-O NTSul ated yield 6.38 % 2.53
trans-1-[(4-brg yI )smef"hyl]-z 6-cchl oro-1 H i ndol -3-yl)-N-[3-(norpholin-
4- yl)propyl9= 4- pi t rlophenyl ) sul T anyl ] - 5- oxopyrrol i di ne- 3- car boxam de.
Mol ecul ar Formul a = C3 Br C N5OBS. Mol ecul ar Wei ght = 727.068. [ M+H] +
observed = 726.0. Isol yield 3.00 %

C34H35CLFN4O;S; MW: 669.65; found (HPLC
MS): [M+H'] = 669.1; Yield: 1 %; ICs=16.2

PXN682-d1
Cl

5 C34H35C1L,FN4O3S; MW: 669.65; found (HPLC
MS): [M+H'] = 669.1; Yield: 5 %; IC5,=8.6
PXN683-d1
Cl
o}
0
N
N
H
C33H3,C1,N405S; MW: 637.63; found (HPLC
10 MS): [M+H'] = 637.0; Yield: 8 %; IC5,=6.0

PXN684



2.54 cis- 1-[(4-bronophenyl) et hyl]-2-(6-chloro-

| H i ndol - 3-yl)-N-[3-(norpholin-4-

yl) propylWO2010(0288e2t r ophenyl ) sul f anyl ] - 5- oxopyrr ol i di ne PSTEFERRII8H8G6T¢e.

Mol ecul ar Formul a = C33H33Br G N5C6S. Ml ecul ar Wei ght = 727.068. [ M+H] +
observed = 727.9. Isolated yield 0.41 %gy2. 55
cis-I-[(4-bronmophenyl)nmethyl]-2-(6-chloro-1Hindol-3-yl)-N[(2R) -1 hydroxypr
opan- 2-yl]-3-[(4-nethyl phenyl)sul fanyl]-5- oxopyrrolldlne 3- car boxam de.

Mol ecul ar Fornul @y C30H29Br Cl N3G3S. Mol ecul ar Wi ght 626. 992. [ MtNa] +
observed = 650. § sol ated yield 8.24 % 2.56

cis-1-[(4-bronop Ikﬁethyl] 2-(6-chloro-IHindol-3-yl)-N[(2S)-1 hydroxypr
opan- 2-yl]-3-[(4- henyl ) sul f anyl ] - 5- oxopyrrolldlne 3- car boxam de.

Mol ecul ar Fornula = 9Br G N3G3S. Mbl ecul ar Wi ght 626. 992. [ MtNa] +

observed 650. 2. _lsol iy g4t % Exanple 3 1) Synthe5|s of

4-[ 5- oxo- pyrro < 3-kar'bon Hp- pi perazi ne-|-carboxylic acid ethylam de
conmpounds Syh

(cis)-4-11-(4- Bronﬂ-b | )-2-(6-chloro-1Hindol -3-yl)-5-

0x0- B- p-tol yl sul fanyl - ol i di ne- S- car bonyl J- pi perazi ne-|-carboxylic
C30H29CIpN30,S; MW: 598.55; found (HPLC MS):
[M+H"] =598.2; Yield: 7 %; ICs5=5.7

PXN686-d1

5 C33H35C1,N50sS; MW: 652.65; found (HPLC
MS): [M+H'] = 652.0; Yield: 6 %; ICs0=6.8

PXN687

cl V §o

C28H24C12N203S; MW: 53949, found (HPLC MS)
10 [M+H'] =539.1

PXN688



acid ethylam de [PXN727-dl] Milticonponent reaction (step 1): Maleic
anhydride 2 (6 mmol), thiol 4 (6 mpl), aldehyde 3 (6 mmpl) and amne 1 (6
nmol ) i n Wol2oeesge30 nL) were heated to 150 C under DealCTSParoR/0e@nei ti ons
for 24 hours. After being cooled to roomtenperature, the solution was
concentrated in vacuo. Purification on gjlica gel (ethyl acetate: methanol
= 9:1to 1:1) yielded 5 as a diastereoisoneric mxture (1.48 g, 46 9.
Literature: J . Wi, J . T. Shaw Org. Lett. 2007, P, 4077. Separation of

t he di astereoi somgric m xture: The above described reaction sequence yi el ded
two di astereoi so dl and d2 in a 50:50 ratio. They were separated by
preparative HPLC mgt ogr aphy using the follow ng conditions: - Colum RP
Polaris C18 (lengthy 230 gm 0 : 2 1 mm particle size: 5 M. - Isocratic

elution (70 % acetomTryg: 30 %water, 0.1% HCOOH), 21nl/mn, R =7.62m n.
The separation ca ) e r i th met hanol /wat er m xtures.
sZ 0
cl S0

Ci4H36C1:N405S; MW: 683.66; found (HPLC
MS): [M+H'] = 683.1; Yield: 5 %; ICs5c>60

PXN689-d1
Cl

5 o C34H36CILN4O3S; MW: 651.66; found (HPLC MS):
[M+H"] =651.1; Yield: 8 %; IC5,=8.6
PXN690
Ci
C33H33C12N307S; MW: 68662, found (HPLC
10 MS): [M+Na'] = 710.1; Yield: 9 %; IC50=33.8

PXN691



Concentration of the solution in vacuo yielded the desired pure

di astereoi soner 6 (cis, dl) as a light yellow solid (528.9 ng, 33.6 %.
Overal | wwel2diofmsgssthe preparation of 6 : 15.47 % ( MCR amdTiepedawieno of t he
ci sisonmer dl) Pentafl uorophenyl ester formation: To a suspension of

| - (3-di net hyl am nopropyl ) - 3- et hyl car bodigyni de hydrochl oride EDCl (267 ny,
1.4 mol) in 8 nL ethyl acetate was addeé pent af | uor ophenol (512 ngy, 2.8
mol ) at 0 0C. After 10 minutes, conpound 6 (528.9 ng, 0.9 mmol) was added
at 0 C and the reaction mxture was stirred for 1 hour at roomtenperature.

After evaporati f the solvent, the crude product was purified by

chr omat ogr aphy ilhca gel (ethyl acetate:hexane = 1:2 -> 1:1) to yield
t he correspondi ng\penf af uoroprb(;'ny(g ester 7 as a colourless oil (632.0 ng,
92.5% . Literaturem™n danszKy, danszky, The practice of Peptide

Synt hesi s 2nd
(1994).

2, r-Verlag Berlin Heidel berg New York

N
H
C14H37CLN304S; MW: 702.66; found (HPLC
MS): [M+H'] = 702.3; [M+Na'] = 724.1;
Yield: 4 %; IC50=17.6
5  PXN693-d1

5
@,

C34H3BrCIN,OsS; MW: 728.11; found (HPLC
MS): [M+H"] =729.1; Yield: 4 %

PXN694-d1

2\

o)

Q& !

10 C34H35C1L,FN4OsS; MW: 701.65; found (HPLC
MS): [M+H'] = 703.1; Yield: 7%



Am de coupling: To a suspension of pentafluorophenyl ester 7 (1.3 g, 1.8
nmmol) in 16 nL dry THF was added piperazine (7.2 mmol) at room tenperature.
The reactWOrR0WoRBséee was stirred for 20 hours at room t ERjhaIP2ae09/0e6670
Afterwards, 20 ninet hylene chloride were added. The resulting organic |ayer
was washed with 20 nL of a saturated agugaqus sol ution of sodium

hydr ogenocar bonate, dried over magnesium sul fate and the sol vent was
renoved in .. Finally, the crude product was purified by chromatography
on silica Jéﬁ\&%gf | acetate:nmethanol 9:1 - 1:1) to afford the desired

pi perazine amde 8 as a white solid (977.8 ng, 84.20 % . Reaction with

et hyl isocyanate: a solution of conpound 8 (848.3 ng, 1.3 mmol) in 15 nL
THF extra dry was ed ethyl isocyanate (283.6 ng, 4 mmol) at -30C After
lh of stirring at 0C, 020 nL nethyl ene chloride were added. The resulting

organi c | ayer was wash iXh 20 nL of a saturated aqueous sol ution of
sodi um hydr ogenocar bofat dried over magnesium sul fate and the sol vent was

renoved in vac , f“@ rude product was purified by

cl O
N
H ©

5 PXN696-d1

Br
0
N
N/\/\OH
s M oow
cl \

N
H

NI
OH
C33H34BI‘C1N403S; MW: 68208, found (HPLC
MS): [M+H"] = 683.0; Yield: 5 %; IC5p=5.4

C30H20BrCIN;0,4S; MW: 643.00; found (HPLC MS):
[M+H'] = 668.1; Yield: 7 %; IC5p=4.1

PXN697-d1

10 C31HsBrCIN4O3S; MW: 652.01; found (HPLC MS):
[M+H'] = 653.1; [M+Na'] = 675.3; Yield: 3 %; IC5=3.6



chromat ography on silica gel with the systemethyl acetate:nethanol 19:1 to
yield PXN727-dl as a white solid (853.4 ng, 90.5 %9. np = 263.7-267.2 C
1H NVR ( MO 2002888050 d 11.57 (s, IH), 7.57 (s, |H, 7PSUEP09{0p§670 7. 44
(d, 2H, J =6.70 Hz), 7.25 (d 1H J=7T17. 39 Hz), 7.09 (m 5 H), 6.90 (d,
2H, J = 7.39 Hz), 6.53 (s, 1 H), 4.93 ( 4.74 (d, IH J = 15.29 Hz),
3 84 (s 2 H), 3.60-3. 20 (m 4H), 3.45 ?g IH J = 15.29), 3.15-2.80 (m
%X%é?%nal , 2.25 (s, 3H), 1.03 (t, 3H, J =7.05 Hz). IR 3397,
3174 2923 1625 1535, 1487, 1401, 1361, 1241, 1174, 1118, 1002,
794. MS (+ESI): mgrz = 709.9 [MtH], 730.2 [M+Na]. Overall yield (four
preparative steps d di astereoi soner separation): 10.91 % Exanple 4 2)
Repl acenment of t | fur S (group X) by nethyl ene CHSynt hesis of
(cis)4-[3-Benzyl - 4- €hl or o- 3-fl uor o- benzyl )-2-(6-ch! orol H
i ndol - S-y"- S- ox0- py ro | di pe- S—c@@nyl | - pi perazi ne-1|-carboxylic

N
N/\/

H

Cs3H;34BrCIN,O3S; MW: 682.08; found (HPLC
MS): [M+H"] = 683.1; Yield: 7 %; ICso=6.3

5 PXN699-d1
Br

C35H38BI'C1N403S; MW: 71014, found
(HPLC MS): [M+H"] = 711.0; Yield: 7 %; ICso=4.2

PXN700-d1
Br

0]
0]
N OH
\ N NN
H
S
oIS

10 Ci1H3,BrCIN;0;S; MW: 641.03; found (HPLC
MS): [M+Na'] = 664.2; Yield: 7 %; ICso=4.3

Iz



acid ethylam de [PXN790-dl] Synthesis of al pha-benzyl succinic anhydride 10
The comercially avail abl e al pha-benzyl succinic acid 9 (lg, 4,8 mmvpl) was
refl uxed Wor010/28%6230 ni trifl uoroacetic anhydride. Aft ®@CRAEPA®WI/004$20 sol vent
was renoved in vacuo. The crude residue was washed with cold hexane to
yi el d al pha-benzyl succinic anhydride 1Qggs a white solid (858.2ng, 93.95
@@.Nhlticonponent reacti on Al pha-benzyl succi nic anhydride 10 (850 ng, 4.5
mrol ) %%3¥%ﬁ ( L1 mol) and amine 11 ( 1 mml) in toluene (16 nlL) were
heated to a sealed tube for 24 hours. After cooled to room
tenperature, thersolution was concentrated in vacuo. Purification on silica
gel (ethyl acetat)e:. nethanol = 9:1 to 1:1) yielded MCR-product 12 as a

di ast ereoi soneri { Xxture (210.3 ny, 9.20 % . Pentafl uorophenyl ester
formation To a s en$ on of |- (3-dinethylam nopropyl)-3-ethyl carbodiim de
hydr ochl ori de EDCI . ™07617 mol) in 5 mL ethyl acetate was added
pent af | uor ophenol ( 1.23 mol) at 0 C After 10 m nutes, 5-

C33H34BrCIN4O,S; MW: 666.09; found (HPLC MS):
[M+H'] = 668.2; Yield: 8 %; ICsp=4.1

5 PXN702-d1
Br

N
H
C3sH3sBrCIN,O3S; MW: 710.14; found (HPLC
MS): [M+H'] = 711.1; Yield: 17 %; ICs,=18.6
PXN703-d1

Qmﬁ
oo
P

10 C35H3sBrCIN4O3S; MW: 710.14; found (HPLC

MS): [M+H"] = 711.0; Yield: 10 %; IC5¢=9.5



oxo-pyrrolidine-3-carboxylic acid 12 (210.3 ng, 0.41 1 mmol) was added at O
C and the reaction mxture was stirred for 1 hour at roomtenperature.
After evaporatomssedf the sol vent, the crude product wasPOUHEPRISMHGETO
chromat ography on silica gel (ethyl acetate:hexane = 1:2 ->1:1) to yield
the corresponding (cis)-5-oxo-pyrroliding- 3-carboxylic acid

pent af | uor ophenyl ester 13 as a colourless oil (78.2 ng, 28.9 % . Am de
coupling Tg.a susgensi on of (cis)-5-o0xo-pyrrolidine-3-carboxylic acid

pent af | uor@Bﬂ‘&% kster 13 (78.2 ng, 0.1154 mmol) in 2 nL THF extra dry was
added pi perazines(39.8 ng, 0.4616 nmol) at roomtenperature. The reaction
m xture was stirrgd for 10 hours at roomtenperature. Afterwards, 20 nL

met hyl ene chl ori ‘@- added. The resulting organic |ayer was washed with
20 nL of a sat ur ated ueous sol ution of sodi um hydrogenocarbonate, dried
over magnesi um sul f t he solvent was renoved in vacuo. Finally, the
crude product was puljfi by c rop%ography on silica gel (ethyl

acet at e: net haEU_) (1N to af”& t he
S 0
cl \
N
H

C35H33BrCIN;O;S; MW: 710.14; found (HPLC
MS): [M+H*] = 711.0; Yield: 6 %; ICs;=11.7

5  PXN705-d1
Br

o "o C33H33BrCINsOsS; MW: 727.08; found (HPLC
MS): [M+H] = 727.9; Yield: 1 %; IC5=16.4

PXN706-d1

10 C31H9BrCIN;03S; MW: 639.02; found (HPLC MS):
[M+H'] = 640.3; [M+Na'] = 662.3; Yield: 8 %; ICsc=4.7



desired (cis)-4-(piperazine-|-carbonyl)-pyrrolidin-2-one 14 as a white
solid (38.5 ng, 57.55 % .Reaction with ethyl isocyanate To a sol ution of
conmpound WO 208328862y, 0,066 mml) in 3 nL THF extra dryPaagEracdeocezs hyl

i socyanate (14.2 ng, 0.199 muol) at -300C. After Ih of stirring at -300C,
20 nL net hyl ene chl ori de were added. Theggr_esul ting organic |ayer was washed
with 20 nL of a saturated aqueous sol uti’on of sodi um hydr ogenocar bonat e,
dried over magnesi um sul fate and the sol vent was renoved in vacuo. Finally,
the crude B tdas crystallized fromethyl acetate:methanol 19:1 to
yield PXN790-dl @s a white solid (26.9 ng, 62.24 %. 1H NVR (400 MHz, DMSO
d 11.57 (s, IH), X 58-7.43 (m 3H), 7.28-7.11 (m 5H), 6.95-6.83 (m 4H),
6.55 (s, IH, 4.6 IH, 4.71 (d, IH J = 15.24 Hz), 3.63-3.57 (m
5H), 3.10-3.08 (M 91-2.85 (m 3H), 2.69- 2.65 (m IH, 1.03 (t, 3H,
J=7.02 H). IR 65, 3033, 2964, 2930, 1677, 1615, 1538, 1449,

1401, 1262, 1240, 120%, 1 , 196, 698.
N OH

C31H,BrCIN;05S; MW: 639.02; found (HPLC MS):
[M+H'] = 640.3; [M+Na'] = 662.3; Yield: 11 %; IC5=5.4

5  PXN708-d1
Br

C30H20BrCIN;03S; MW: 627.00; found (HPLC MS):
[M+Na'] = 650.6; Yield: 8 %; ICs5p=6.1

PXN709-d1

10 C30H29BrCIN;05S; MW: 627.00; found (HPLC MS):
[M+Na'] = 650.2; Yield: 8 %; ICs5y=7.4



M5 (+ESI): mz = 650.1 [MrH], 672.1 [MtNa]. Overall yield (four preparative
steps): 0.93 % Exanple 5 Replacenent of the sulfur S (group X ) by oxygene
O Synt heswe 20£0/028862 PCT/EP2009/006670
(ris)-4-[1-(4-Chloro-3-fluoro-benzyl)-2-(6-chloro-IHindol-3-
yty-S-oxo- S-p-tol yl oxy-pyrrolidine-B-cajgonyl | - pi perazi ne-1I-carboxylic acid
et hyl am de [PXN789 dl ]Synthesis of the oxo-substituted anhydride The
0XO0- subst i tpgé\z ydri de was obtained via a three-step synthesis:
| - Phenyl - o-1Hpyrrole-2,5-dione 19 (5.19 g, 3 mvl), p-cresol 20
(3.24 g, 3 mol pr and triethylamne (3.03 g, 3 mol) were added in 20 m
tol uene extra dry.and heated at 100C for 6h. Afterwards, the m xture was
cooled to OC. T yrecipitated solid was filtered and washed with
col dt ol uene and “he to yield conmpound 21 as a purple solid (2.895 g,
34.30 % . Anal yticd_dafafoor Conmpound 21: 1H NMR (DIVBO 399.83 MHz): 2.26 (s,
3H), 2.89-2.94 (m NH), 3;1&3/46/(\mll—|) 5.44-5.47 (m IH), 6.97 (d, 2H,
J=8,4 Hz), 7. d, SJFJ 6

cl

NO, _ C3H3yBrCINsOsS; MW: 727.08; found (HPLC
MS): [M+H"] = 726.0; Yield: 3 %; IC5=9.5

5 PXN710
Br

X
N

C3sH4oBrCIN,O,S; MW: 696.16; found (HPLC
MS): [M+H'] = 697.3; Yield: 6 %

PXN711-d1

10 F Cs3H33BrCIFN4O3S; MW: 700.08; found (HPLC
MS): [M+H"] = 701.2; Yield: 3 %; IC5,=7.3



7.33 (d, 2H, J=7,2 Hz), 7.44-7.53 (m 3H). MS (+ESl): mz= 282 [ MtH].
Compound 21 (610.3 ng, 2.17 nmmol) was dissolved in 30 mM of a m xture of
aqueous PO 28170928%6Q00H 1: 1. The m xture was heated for 3RCAEP2H000670
Afterwards, the m xture was cooled to roomtenperature and the aqueous
phase was washed 3 tinmes with DCM and t j@n. evaporated. The resulting solid
was washed 3 tines with cold ether and the resulting ether phase evaporated
to yield t@g&?ﬂ%c nic acid 22 as a white solid. Finally, the succinic acid
22 was sol Ha¢lom of trifluoroacetic anhydride (TFAA) and heated for 6h
at 100C. Then TFMA was evaporated and the resulting solid was washed with
col d hexane to yieg the correspondi ng succinic anhydride 15 as a white
solid (170.4 ny, 6 %9. Analytic datafor conpound 15 : 1H NMR ( DMSO,
399.43 MHz): 2.25(£ , 3.21-3.27 (m IH), 3.52-3.59 (m IH), 5.57-5.61
(m IH), 6.92 (d, 24, J<8026 Hz)ﬁ.om (d, 2H, J=8.22 Hz). :

N
H/\/N
N S
s
N
H
C33H34BrCIN,OsS; MW: 682.08; found (HPLC
MS): [M+H'] = 683.1; Yield: 6 %
5 PXN713-d1
Br
(o]
N e}
\ /\/\N
cl \ 5\
N
H
C3,H4oBrCIN4O3S; MW: 676.12; found (HPLC
MS): [M+H'] = 677.2; Yield: 4 %; ICso=8.1
PXN714-d1
Br
(0]
N (0]
\ /\/\N
cl \
N
H
10 C34H36BrCIN4O3S; MW: 696.11; found (HPLC

MS): [M+H'] = 697.2; Yield: 2 %; IC5,=6.8

PXN715-d1



| R 3001, 2920, 1865, 1781, 1608, 1508, 1396, 1213, 1178, 1086, 1021, 903,
806. Mul ticonponent reaction First, aldehyde 3 (646.6 ng, 3.6 nmmol) and

am ne 11 WO28100288%2 3 mmol ) were condensed in 3 ni tri mBCHEPROVIOF6EE M at e
for 10 hours at roomtenperature. Then, the solvent was renoved in vacuo
and the residue wassolved in 25 nL o-xyhgpne. Afterwards, succinic anhydride
15 (850 ng, 4.5 mmol) was added and the m xture was heated to 150 C for 24
hours under Deap:-Stark conditions. After cooled to roomtenperature, the
solution was congentrated in vacuo. Purification on silica gel (ethyl

acetate: methan 9:1 - 1:1) yielded MCR-product 16 as a
di ast er eoi soner i i xpure (33.9 ng, 2.11 % . Pentafluorophenyl ester
formati on To a suspengi of |-(3-dinethylam nopropyl)-3-ethyl carbodiimn de
hydr ochl ori de EDCI N5 mg, 0.096 nmmol) in 2 nL ethyl acetate was added
pent af | uor ophepnol (35~ o198 ) at 0 C. After 10 m nutes,
5- oxopyrrol | di \ lic adJ\d/dG (33.9 ng, 0.064 mmol) was added at 0
0C N
H
F
F C13H3,BrCIF,N,0;S; MW: 718.07; found (HPLC
MS): [M+H'] = 719.2; Yield: 4 %; ICs5,=7.9
PXN716-d1

Br

5 C31H28BI'C1N4O3S; MW: 65201, found (HPLC MS)
[M+H'] = 653.1; [M+Na'] = 675.3; Yield: 4 %
PXN717-d1
Br
(0]
o)
N
N7
LU 3 N
N
H
C31H,9BrCIN;0;S; MW: 639.02; found (HPLC MS):
10 [M+H'] = 640.2; [M+Na"] = 662.1; Yield: 10 %; ICs¢=8.9

PXN718-d1



and the reaction mxture was stirred for 1 hour at roomtenperature. After
evaporation of the solvent, the crude product was purified by
chr omat ogveabw/assedi | i ca gel (ethyl acetate: hexane = 1: PLTER28008D@78 he
correspondi ng 5-oxo-pyrrolidine-3-carboxylic acid pentafl uorophenyl ester
17 as a colourless oil (40.1 ny, 89.80_%f3_Anm de coupling To a suspension
of S-oxo-pyrrolidine-S-carboxylic acid pentafluorophenyl ester 17 (40.1 ny,
0.0578 mmol) in 2, THF extra dry was added piperazine (19.9 ng, 0.231
mol ) at roon1tenp rature. The reaction mxture was stirred for 10 hours at
roomtenperature. erwards, 20 nL nethyl ene chloride were added. The
resul ting organic erowas washed with 20 nL of a saturated aqueous
sol ution of sodi um hydrjpgegocar bonate, dried over magnesi um sul fate and the
sol vent was renoved TRV o. Finally, the crude product was purified by
chr omat ogr aphy on_sil i) /Tﬁthyl acetate:nethanol 9:1 - 1:1) to afford
aZi n -Iigginpnyl) pyrrolidin-2-one 18 as a white solid

C31H;30BrCIN4O,S; MW: 638.03; found (HPLC MS):
[M+H"] = 639.2; Yield: 9 %; IC50=3.5

PXN719-d1

5 C33H;34BrCIN,O,S; MW: 666.09; found (HPLC MS):
[M+H"] = 665.4; Yield: 8 %; IC5,=8.2

PXN720-d1
Br

SevSESN

C34H36BrC1N4O3S; MW: 696.11; found (HPLC MS):
10 [M+H"] = 695.4; Yield: 5 %; IC5,=6.6

PXN721-d1



Reaction with ethyl isocyanateTo a solution of conpound 18 (12.2 ng, 0.0204
mml) in 3 niL THF extra dry was added ethyl isocyanate (4.4 ng, 0.0612
nmol ) at weQ0W/n2gdseer | h of stirring at -30C, 20 ni net kRgrarecciod@ré de wer e
added. The resulting organic |ayer was washed with 20 nL of a saturated
aqueous sol ution of sodi um hydrogenocar ate, dried over nmagnesium sul fate
and the solvent was renoved in vacuo. Finally, the crude product was
purified by chrogFt ography on silica gel (nethylene chloride: methanol 95:5)
to yield PXN789- as a yellow solid (9.6 ng, 70.60 %9. MS (+ESI):

W z=666. 1[ MtH] . allyield (four preparative steps): 0.61 % Further
exanpl es Further bes whi ch have been prepared according to one of the
procedures describgd afjovegs Al products were obtained and tested as
racemates. The cell r tivity was nmeasured on p53 wild type ovarian

- N)/\aI}ld measured I C5 are given in mcronolar. CCA
11 Oykle Arrest. PXN610

teratocarci nonma_cel | s)
is the abbr egf

N
H

C3,H;3,BrCIN,O,S; MW: 652.06; found (HPLC MS):
[M+H"] = 651.4; Yield: 5 %; IC5o=7.2

PXN722-d1
(\o
/\/N\)

Br
O
N
3%
H
N
H ©

C33H36BrCIN,;O,S; MW: 668.10; found (HPLC

5
MS): [M+H'] = 667.3; Yield: 2 %; IC5p=13.2
PXN725-d1
Br
O
O
N
U~
U 3 N
N (0]
H
C3,H3;BrCIN,O4S;; MW: 716.12; found (HPLC MS):
10 [M+Na'] = 737.2; Yield: 5 %; IC5,>60

PXN726-d1



C28H28C 2N2CBS; MA 543.52; found (HPLC MS): [MH+] = 543.0; Yield: 47 %

| C50=15 PXN61 1C29H3 10 2N3CRS; MW 556.56; found (HPLC MS): [MrH+] =

556. 1; YiWPQ0102@s$® | C50=8. 3 PXN612 C27H26CI 2N2CBS; MW PSTEPAW/00@ihd ( HPLC
MB): [MrH+] = 529.0; Yield: 17 9% 1C50=10.3 PXN613 C28H29CI 2N3CRS; MW/
542.53; found (HPLC MB): [MtH+] = 542. OjgsYield: 13 % |C50=8

PXN617C30H29C] 2N3C8S; MN 582.55; found (HPLC MS): [M+H+] 582.1; [MNa+] =
604.0; Yield: 32 % |C50=3.1 PXN618 C3 1H32CI 2N4RS; MW 595. 60; found
(HPLC MB): [M+H+) 595.1; Yield: 35 % |C50=4.2 PXN619

N
H

Ci3H3,BrCIN,O;S; MW: 680.07; found (HPLC MS):
[M+H'] = 681.1; [M+Na'] = 703.2; Yield: 9 %; ICs5=2.1

PXN727-d1
Br

5 C34H;35BrCIN;sO;3S; MW: 709.11; found (HPLC MS):
[M+H"] = 710.0; [M+Na'] = 732.2; Yield: 11 %; IC5p=1.4

PXN728-d1
Br

C31H3,BrCIN;O;S; MW: 656.05; found (HPLC
10 MS): [M+H"] = 657.2; Yield: 4 %

PXN729



C3 1H3I 0 2N3CBS; MA 596.58; found (HPLC MS): [M+Na+] = 618.1; Yield: 40 %
| C50=28. 7 PXN620C30H29C 2N3CBS; MW 582.55; found (HPLC MS): [MrH+] =
581.9; YiWD@0101B88® | C50=15. 3 PXN623 C32H36C 2NACRS; MAPCE/EP200949667@und
(HPLC MB): [M+H+] = 611.1; Yield: 49 % |C50=7.8 PXN624 C3| H270 2N3CRS; MW/
576.55; found (HPLC MB): [MrH+] = 576.0jpcYiel d: 4 1 % |C50=22. 4
PXNB25C30H26C1 2N2C2S2; . M 581. 59 found (HPLC MS): [MrHs] = 581.1; Yiel d:
37 9% 1C50>60 C3 1H34C 2NAOR2S; MA/ 597.61; found (HPLC MB): [M+H+] = 597.1;
Yield: 2 1 % 1C50=7.4 PXN627 C30H25J 2N3ORS; MN 562.52; found (HPLC MB):

[ MtH+]
Qs
(0] (o] 0}
/\/O\/\H
N N
N sH — @Br
HN
N
N
H
cl C58H52BI'2C12N605SZ; MW:

1207.94; found (HPLC MS): [M+Na'] = 1229.5; Yield: 10 %

Br

Cl

PXN730-d1
Br

5 C32H30BrCIN4O3S; MW: 666.04; found (HPLC MS):
[M+H'] = 666.9; [M+Na'] = 689.0; Yield: 6 %; ICs5,=4.8

PXN731-d1
Br

C34H34BrCIN,;O4S; MW: 710.10; found (HPLC MS):
10 [M+H']=711.5; [M+Na'] = 733.5; Yield: 4 %; ICs5=118.7

PXN732-d1



= 562.0; Yield: 17 % 1C50 10.2 PXN628C29H24C 2N202S2; MA 567.56; found
(HPLC MB): [M+H+] = 567.0; Yield: 20 % |C50>60 PXN629 C35H39CI 2NSQ2S; MAY
664. 70; TWORAINUZRE6T NVB): [ MrHH] = 664.2; Yield: 40 % | @STEP2®IPHGBO- dl
C34H30CI 2NAORS; MW 629. 61; found (HPLC MB): [MrH+] = 629.1; Yield: 38 %
| C50>60 PXN631-dl C33H29CI 2N3CR2S2; MN 63#..65; found (HPLC MS): [MeNa +] =
656.0; Yield: 30 % 1C50>60 C34H37CI 2N5O2S; MA/ 650.68: found (HPLC MB):
[MH +] = 650. 2 Yield: 36 % |C50=5.2 C33H28CI 2NARS; MW 615.59; found

(HPLC MS): [ M+ = 615.1; Yield: 17 % |C50=23.3 PXN633- d2C33H28C 2NACRS;
MA 615.59; foupgd\HPLC MB):
O

C33H32BI‘C1N404S; MW: 696.07; found (HPLC MS)Z
[M+H'] = 697.4; [M+Na'] = 719.4; Yield: 4 %; IC5p=2.1

PXN733-dl
Br

P
” BN
5 C36H3sBrCIN4O4S; MW: 738.15; found (HPLC

MS): [M+H"] =739.1; [M+Na'] = 759.5; Yield: 4 %

PXN734-d1

C32H30BI'C1N403S; MW: 666.04
10
PXN735-d1



[ MFHH] = 615.1; Yield: 11% 1C50=22.2 PXN634 C32H27C 2N3O2S2; MN 620. 62;
found (HPLC MS): [M+H+] = 620.0; Yield: 27 % |1C50>60 PXN635

C23H26CI 2NR28H/028862 481. 45 PXN636C27H25C 3N2GBS; MAN 56 BCIZP26080Meb7¢ HPLC
MB): [MrH+] 563.0; Yield: 26 % |1C50>60 C30H24C 3N3O2S; MW 596. 97; found
(HPLC MS): [MHHH] 596.0; Yield: 24 % I|1{R0>60 C30H29C 2N3C6S; MW 614. 55;
found (HPLC MB): [MrH+] = 614.1; Yield: 11% I|C50=60.4

PXN639C33H28CI 2NA4S; MN 647.59; found (HPLC MS): [MrH+] = 647.1; Yield: 5
% 1C50=65.7 C33K28C 2NAO2S; MW 615.59; found (HPLC M5): [ MtH+] = 615. 2;
Yield: 13 % | 8.7

O
(0]
N

U
N
H

C35H36BrCIN,O3S; MW: 708.12; found (HPLC MS):

[M+H"] =711.0; [M+Na'] = 731.0; Yield: 8 %; IC5=3.4

PXN736-d1
Br

5 C36H3gBrCIN,O3S; MW: 722.15; found (HPLC
MS): [M+H'] = 723.4; [M+Na'] = 745.4; Yield: 7 %; ICs5o>60

PXN737-d1
Br

(0]
(0]
N
N
H
C36H3sBrCIN,O;S; MW: 722.15; found (HPLC MS):
10 [M+H'] = 721.4; [M+Na'] = 743.5; Yield: 7 %; IC5=15.6

PXN738-d1



C33H28CI 2N4CRS; MW 615.59; found (HPLC MS): [M+H+] 615.2; Yield: 5 %

| C50=24. 5 PXN641C34H36CI 2NACBS; MW 651.66; found (HPLC MS): [MrH+] =
651.2; YiwDan1o®284621 C50=9. 4 C29H27C 2N3CRS; MA 552. 53; PLEERA0OIHRISD) V) :

[ MtHH] 552.1; [M:Na+] = 574.1; Yield: 8 % |C50=5.7 PXN643 C3| H28CI 2N4CBS;
MA 607.56; found (HPLC MS): [ MrH+] :_69(?9_2; Yield: 4 9% 1C50=3.9
PXN644C28H25C1 2N3CBS; MA 554. 50; found (HPLC MB): [MtNa+] 576.1; Yield: 10
% |C50=13.5 PXN645 C27H3I O 2N3O8S; MN 548.54; found (HPLC MB): [MNa+] =
570.2; Yield: 1% C26H24C 2N2O8S; MW 515.46; found (HPLC MB): [MrH+] =

515.0; Yield: | C50=14. 6

C33H33BI‘C1N503S; MW: 695.08

PXN739-d1

R N_ _O
o~ N
N AN

C34H35BrCINsO;S; MW: 709.11; found (HPLC MS):
5 [M+H"] = 710.2; Yield: 2 %; IC5,=2.0

PXN740-d1
Br

C35H37BI‘C1N503S; MW: 723.14

10 PXN741-d1



C25H300 2N2CBS; MA 509. 50C26H24C 12N2CBS; MA 515. 46 PXN650

C28H25C 2N3CB8S: MA 554.50; found (HPLC MS): [M:Na+] = 576.1; Yield: 8 %
| C50=1 7.WOCBBHMBE®22NACBS; MA 623.61; found (HPLC MS): PENVER200940@2B. 2;
Yield: 9 % 1C50=9.2 PXN652C30H3 10 2N3CBS; MA' 584.57; found (HPLC MS):
[MiH+] = 584.1; Yield: 29 % |C50=] 7. 4ﬁxN653 C3 H3 10 2N4O4S. MN 625. 58:
found (HPLC MS): [MrHH] = 625.1; Yield: 2 % PXN654 C3 1H30Q 2NAOAS;, MA
625.58; found (HBLC I\/B) [ MFH+] = 625. 1; Yleld 3 % 1C50=29.9
PXN655C29H34C] 2N2 S. MA 605.59 C3I H38C 2N4OBS; MW 617.64: found (HPLC

VB) :
o)
N@L
A N
0 1O,

Iz

C33H33BI‘C1N3O3S; MW: 667.07; found (HPLC MS)
[M+H'] = 668.5; [M+Na'] = 690.4; Yield: 5 %; ICs5¢=7.0

PXN742-d1
Cl

LAY 3 e
H HNW
5 C34H35CIhNsO3S; MW: 664.66; found (HPLC MS):

[M+H"] = 664.2; [M+Na'] = 686.1; Yield: 6 %; ICso=1.1

PXN743-d1
Cl

C34H34CLFN505S; MW: 682.65; found (HPLC MS):
10 [M+H'] = 682.7; [M+Na'] = 704.2; Yield: 6 %; IC5=1.5

PXN744-d1



[ MFH+] = 617.2; Yield: 1% 1C50=17.8 PXN657 C28H26CI N3O4S; MA 536. 05;
found (HPLC MB): [M+H+] = 536.1; Yield: 11% PXN658C32H32CI 2NAOAS; MW
639. 61 PANOZ9LA1288623H34CI 2NAOBS; M 637. 63; found ( HPLECWEP2000/M4T) =
637.2; Yield: 7 % 1C50=6.8 PXN659-d2 C33H34C 2NAC8S; MA 637.63; .found
(HPLC MB): [MrHH] = 637.2; Yield: 7 %_{G50=12 PXN660-dl C34H36C1 2N4CBS; MA!
651. 66; found (HPLC MS): [M+H+] = 651.2; Yield: 8 % |C50=I3 PXN660-d2

C34H36C 2NAC3S; MW 651.66; found (HPLC MS): [MrH+] = 651.2; Yield: 5 %
| C50=8. 3

C35H33C1N503S; MW: 64424, found (HPLC MS)
[M+H'] = 644.4; [M+Na'] = 666.3; Yield: 5 %; IC5=107.1

PXN745
(0] /Q/CI
N
S
\/H)/N/\/J\ NN
5 © Cl C31H3,CLN4O;S; MW: 611.60; found (HPLC MS):
[M+H'] =611.3; [M+Na'] = 633.2; Yield: 2 %
PXN746

» o
3
\/HZrNON .

Cl C3,H34C1N403S; MW: 625.62; found (HPLC MS):
10 [M+H'] = 625.3; [M+Na'] = 649.3; Yield: 22 %; ICso=14.7

PXN747



PXN661-dl C33H34C 2NACBS; MA 637.63; found (HPLC MB): [MrH+] = 637.2;
Yield: 4 % |C50=13.8 PXN661-d2C33H34C 2NAOBS; MN 637.63; found (HPLC MB):
[ MFH+] = WO20my02886e] d: 3 % | C50=10. 2 PXN662-dl C34H36CPERARIHI/OMAT0 651. 66;
found (HPLC MB): [M+H+] = 651.2; Yield: 1% |C50=17.2 PXN662-d2

C34H360 2NAOBS; MW 651. 66; found (HPLclfg [MFH+] = 651.2; Yield: 3 %

| C50=1 1.5 PXN663-dl C33H33Cl 3N4CBS; 2.08; found (HPLC MS): [M+H+] =
673.1; Yield: 19 % |C50=9.2 gi)<N663 d2 C33H33C 3NVAOBS; MN 672.08: found
(HPLC MB): [M+H+] = 671.1; Vi 7 % 1C50=l 1.2

O
N
S
\/H)/NON o
(0]
cl C30H31C12N5O3S; MW: 612.58
PXN748-d1

%

OH C35H34BI‘C1N4O5S MW: 738. 11 found (HPLC MS)
5 [M+H'] = 739.3; [M+Na'] = 762.1; Yield: 5 %; IC5=16.6

PXN749-d1
Br

o

O Na C,H;;BrCIN,NaOsS; MW: 760.09

10 PXN750-d1



PXN666-dl C30H29C]I 2N3(3S; MAN 582.55; PXN617- enantiomerl; |C50=2.9
PXN667-dl C30H29C 2N3038S; MW 582.55; PXN617-enantioner2; | C50=39 PXN668-dl
C33H35C NN QR&10/09W¥62603. 19; found (HPLC MS): [ MrH+] = 60BCU/EPY0Q/00G67& %o

| C50=18. 3 PXN668-d2 C33H35CI NMdO3S; MW 603.19; found (HPLC MS): [ MrH+] =
603.0; Yield: 4 % |1C50=26.9 PXN669-dl C]I]ﬁéSI-B6CI 2NABS; MW 651. 66; found
(HPLC MB): [M+H+] = 651.0; Yield: 5 % 6.1 PXN669-d2 C34H36C 2N4ACBS;
MN 651. 66; fouglrd (HPLC MB): [M+H+] = 650.9; Yield: 5 % |C50=10.6

C34H33BrC1N4NaO6SZ; MW: 796.14

PXN751-d1

§@

Ci,H31C1N503S; MW: 636.61; found (HPLC MS):
5 [M+H"] = 636.3; [M+Na'] = 658.2; Yield: 2 %; ICs¢=5.8

PXN752-d1
Cl

C32H30CLN4O;S; MW: 621.59; found (HPLC MS):
[M+H"] = 621.1; Yield: 6 %; ICsy=2.0
10
PXN753-d1



PXN671-dl C34H36Br G N\4O3S; MA/ 696.11; found (HPLC MB): [M+H+] = 697.0;
Yield: 11% |C50=8.7 PXN671-d2C34H36Br O N4O3S; MA 696.1 1; found (HPLC
VE): [ MWD 26@M28s62Yi el d: 9 % 1C50=8.5 PXN672-dl C33H3#BIEPRAGREBICTMY
682.08; found (HPLC MB): [M+H+] = 682.8; Vi eId: 5 9 |C50=29.5 PXNG72-d2
C33H34Br O NACBS, MW 682.08: found (HF%]gt [MrHe] = 682.9; Yield: 4 %
| C50=8. 8 PXN673- d2C32H330 2N5C8S; found (HPLC MB): [M+H+] =
637.9; Yield: 1% |C50=163.4 PXN673-dl CSZHSSCI 2N5C8S; MW 638. 62; found
(HPLC MB): [ M+H+=1638.0; Yield: 4 % |C50=9. 3

cl \ S K/NH\(O

N N
" N
C34H36CINsO3S; MW: 630.21; found (HPLC MS):
[M+H'] = 630.3; [M+Na+] =652.3; Yield: 5 %; IC50=170.6

PXN754-d1
O
0
N

L@m

N HN

" D

5 C31H36CINsO3S; MW: 594.18; found (HPLC MS):
[M+H"] = 594.3; Yield: 12 %; IC5p=13.6
PXN755-d1
o

oY 3 e
{j HN__

Ci3H33C1LN5O3S; MW: 650.63; found (HPLC MS):
10 [M+H"] =650.1; [M+Na'] = 672.3; Yield: 1 %; ICs5,=3.6

PXN756-d1



PXN674-dl MA' 607.56; found (HPLC MB): [MrH+] = 607.2; Yield: 4 % 1C50
17.5 PXN674- d2C3| H28CI 2N4CBS; MA 607.56; found (HPLC MB): [MrH+] = 607. 2;
Yield: 4 W92pmB0888. 9 PXN675-dl C3I H28CI 2NAOBS; MAN 607 PSBEPREABS6IHPLC
MB): [MrH+] = 606.9; Yield: 2 % |C50=25.5 PXN675-d2 C3 1H28CI 2NACBS; MW/

607. 56;

found (HPLC MS): [M+H+] = 608.8;sYield: 3 % 1C50=I 7.8

PXN676-dl C33H34C FNACG3S; MW 621. 18; found (HPLC M5): [ MtH+] = 621.0;
Yield: 5 % ICS%r:lS.G PXN676- d2 C33H34C FNACG3S; MAN 621.18; found (HPLC

MB): [MrHH] = 6

10

.0; Yield: 3 % 1C50=I 8.5

C34H35sBrCINsOsS; MW: 709.11; found (HPLC MS):
[M+H"] = 710.0; [M+Na'] = 732.2; Yield: 8 %; ICs5=2.6

PXN757-d1

C35H3sBrCIN;O4S; MW: 709.11; found (HPLC MS):
[M+Na'] = 730.4; Yield: 12 %; IC5,=206.1

PXN758-d1
Br

C34H;35BrCIN;sO;S; MW: 709.11; found (HPLC MS):
[M+H] = 710.0; [M+Na'] = 732.2; Yield: 13 %

PXN759-d1



PXN677-dl MA 652.01; found (HPLC MB): [MrH+] = 651.3; Yield: 8 %

| C50=5. 45 PXN678- dl C33H33Cl 3N4C6S; MW 704.08; found (HPLC MS): [MrH+] =
702.9; YiwDQ@010928862| C50=49. 3 PXN679- d2 C34H36Br O NACBS; PRWVEPE®S/046670 f ound
(HPLC MB): [M+H+] 697.1; Yield: 3 % |1C50=9.3 PXN679-dl C34H36Br Cl NACBS;
MA 696.11; found (HPLC MB): [MrH+] = 6% 2; Yield: 8 % 1C50=7.7
PXN680- dl MK 740.56; found (HPLC MB): [MrH+] = 740.5; Yield: 10 % |C50=8. 2
PXN681-d2 MA' 669.65; found (HPLC MB): [MrH+] = 669.0; Yield: 4 % IC50=l
1.8

C34H36CIN503S; MW: 630.21; found (HPLC MS):
[M+H"] = 630.2; [M+Na'] = 652.3; Yield: 6 %; IC5:=182.6

PXN760-d1
Br

: © ™
O
5 M Ca4H3sBrCINSO,S; MW: 725.11; found (HPLC

MS): [M+H] = 726.2; [M+Na'] = 748.0; Yield: 4 %; ICsp=3.2

PXN761-d1

é»

@j e
: IN+ cr

C34H36BrC1hNsO3S; MW: 745.57; found (HPLC
10 MS): [M+H"] = 708.1; Yield: 10 %; IC5=3.1

PXN762-d1



PXN681-dl C34H35CI 2FNAO3S; MA 669.65; found (HPLC MB): [ MrH+] = 669. 1;
Yield: 15 % |C50=9.5 PXN682- d2C34H35CI 2FNAOBS; MW 669. 65; found (HPLC
MB): [ M+PWD 2810888862; Yiel d: 1% |C50=16.2 PXN682-dl MN PEEEPE®Y/0N@AND ( HPLC
MB): [MrH+] = 669.1; Yield: 5 9% |C50=8.6 PXN683-dl C33H34C 2NACBS; MN
637.63; found (HPLC MB): [M+H+] = 637.0j,-Yield: 8 % 1C50=6.0 PXN684MN

598 55. found (HPLC MB): [MrHH] 598.2: Yield: 7 % 1C50=5.7 PXN686-dl MA
652.65; found (HRLC MB): [M+HH] = 652.0; Yield: 6 % I|C50=6.8

o

H

C33H34CI3N503S; MW: 687.09; found (HPLC
MS): [M+H"] = 650.2; Yield: 4 %; ICs;=4.5

PXN763-d1

Cl

O

u HN\H
5 N, C35H33C1LNgO3S; MW: 693.70; found (HPLC MS):
[M+H'] = 693.2; Yield: 2 %
PXN764-d1
/< z \Cﬁ)k N
OH C36H39C12N504S; MW: 70871, found (HPLC
10 MS): [M+H+] =708.2; [M+Na+] =730.2; Yield: 5 %; IC5p=3.3

PXN765-d1



PXN687 C28H24C 2N2O3S; MW 539. 49: found (HPLC MB): [MrH+] = 539.1
PXN688C34H36CI 2NACES; MA 683. 66; found (HPLC MS): [MrH+] 683.1; Yield: 5
% | C50>080RXNGBSs6d| C34H36C 2NAO3S;, MAN 651. 66; found PEPEC2MSNIGEIM-HH] =
651.1; Yield: 8 % |C50=8.6 PXN690 MAN 686.62; found (HPLC MS): [M:Na+] =
710.1; Yield: 9 % |C50=33.8 PXN691C34l 7%0 2N3O7S; MA 702.66; found (HPLC
MS): [MrH+] = 702.3; [MrNa+] = 724.1; d: 4 % 1C50=I 7.6 PXNG93-dl
C34H36Br O N4CBS; AW 728.11; found (HPLC

OH C35H37C12N504S; MW: 69469, found (HPLC
MS): [M+H'] = 694.2; [M+Na'] = 716.3; Yield: 4 %; ICs5=2.6

PXN766-d1

Q‘\A ”f"

5 C33H3,BrCIN,O4S; MW: 696.07; found (HPLC MS):
[M+Na] =717.2; Yield: 6 %; ICsp=3.8

PXN767-d1

@@&* S

C36H33CIhN50,S; MW: 670.67; found (HPLC MS):
10 [M+H"] = 670.2; Yield: 9 %; ICs5c>60

PXN768-d1



M5): [MrH+] = 729.1; Yield: 4 % PXN694-dl C34H35C 2FNAGBS; MW 701. 65;
found (HPLC MS): [MHH+] = 703.1; Yield: 7 %XN695-dl MAN 682.08; found
(HPLC MB)WO[2Mwi23862 683.0; Yield: 5 % | C50=5. 4 PXN696- dCTEPRM420Br6@ N3O4S;
MAN 643.00; found (HPLC M5): [MrH+] = 668.1; Yield: 7 % 1C50=4.1 PXN697-dl
MA 652.01; found (HPLC MS): [ MfH+] gﬁ% ; [MrNa+] = 675.3; Yield: 3 %

| C50=3. 6PXN698-dl MW 682.08; found (H ‘MB): [MrHH] = 683.1; Yield: 7 %
| C50=6. 3 PXN699.dl MA 710.14; found

N
N N

C3sH3,CIhNgO,S; MW: 671.65; found (HPLC MS):
[M+H'] = 671.4; Yield: 6 %; IC5,=118.7

PXN769-d1
Cl

&M

5 C35H3,C1LN6O,S; MW: 671.65; found (HPLC MS)I

[M+H ]=671.1; Yield: 8 %; IC5¢>60

PXN770-d1
cl
0
o)
N
LT 3
N O NH,

C3gH35C1;NsO3S; MW: 712.70; found (HPLC
10 MS): [M+H"] = 712.2; Yield: 5 %; ICs=191.7

PXN771-d1



(HPLC MB): [M+H+] = 711.0; Yield: 7 % 1C50=4.2 PXN700-dl MA 641.03; found
(HPLC MB): [M+Na+] = 664.2; Yield: 7 % |C50-4.3PXN701-dl C33H34Br O NACRS;
MAN 666. 080 20NMER6eHPLC MS): [ MrHH] = 668.2; Yield: 8 Y%PCIEROes2/0066AXN702- dl
MA/ 710.14; found (HPLC MB): [MrH+] = 7 11. 1 Yield: 17 % |C50=18.6
PXN703-dl MA 710.14; found (HPLC MS): {jg+ = 711.0; Yield: 10 %

| C50=9. 5PXN704-dl MA 710.14; found (HP [MtHH] = 7 11.0; Yield: 6 %
| C50=I 1.7 PXN7Q5-dl C33H33Br O N5CBS; MW/ 727 08; found (HPLC

C34H3sBrCINsO3S; MW: 709.11; found (HPLC MS):
[M+H'] = 710.0; [M+Na'] = 732.2; Yield: 10 %

PXN775-d1
Br

5 C35H33BrNsO;3S; MW: 688.69; found (HPLC MS):
[M+H'] = 690.2; Yield: 2 %; CCA

PXN776-d1
Br

C33H33BrCINsO;S; MW: 695.08; found (HPLC MS):
10 [M+Na'] =716.1; Yield: 11 %; ICso=2.1

PXN777-d1



MB): [MrH+] = 727.9; Yield: 1% 1C50=16.4 PXN706-dl C3 1H29Br G N3G3S;, MW
639.02; found (HPLC M5): [ MtH+] = 640.3; [MrNa+] = 662.3; Yield: 8 %

| C50=4. 7PXN2010/03886C3 1H29Br Cl N3G3S; MAN 639. 02; found ( PHPLEPREPOOoRMHT] =
640. 3; [MtNa+] = 662.3; Yield: 1 1 % 1C50=5.4 PXN708-dl C30H29Br d N3(BS;
MAN 627.00; found (HPLC MS): [MtNa+] = £/0.6; Yield: 8 % |C50=6.1
PXN709-dl C30H29Br Cl N3G3S; MW 627.00; found (HPLC MS): [ MtNa+] = 650. 2;
Yield: 8 % |C50%(. 4PXN705-d2 MN 727.08; found (HPLC M5): [MtH+] = 726. 0;
Yield: 3 % 1C50=9.5 PXN710 C35H40Br  NMd2S; MN 696. 16; found (HPLC

o)
N
m% s Lm0
N HN
C3sH37BrCINsOsS; MW: 723.14; found (HPLC

MS): [M+H"] = 722.1; Yield: 10 %; IC5x=5.5

PXN779-d1

5 C33H34BrCINgO;S; MW: 710.10; found (HPLC MS):
[M+H'] = 711.2; Yield: 6 %; IC50=5.0
PXN780-d1
F
F~F
0
o}
N
LIS 3 Ny
ﬁ HN\|
C3sH35CIF3NsO;3S; MW: 698.21; found (HPLC MS):
10 [M+H"] = 698.2; [M+Na'] = 720.2; Yield: 6 %; ICs5,=5.3

PXN781-d1



M5): [MrH+] = 697.3; Yield: 6 % PXN711-dl MA 700.08; found (HPLC MS):
[MtH+] = 701.2; Yield: 3 % |C50=7.3PXN712-dl MW 682.08; found (HPLC M5):
[ MtHH] = WBO30W/028862| d: 6 % PXN713-dl C32H40Br Cl NAC3S; MACTEP300220667®@und
(HPLC MS): [MrH+] = 677.2; Yield: 4 % 1C50=8.1 PXN714-dl C34H36Br Cl NAC3S;
MA 696. 11; found (HPLC M5): [MHH] = 694 2; Yield: 2 % 1C50=6.8
PXN715-dl MW 718.07; found (HPLC M5): [ 2I—|+] = 719.2; Yield: 4 % 1C50=7.9
PXN716-dl MA 652.01; fpund (HPLC M5):

(o]
(0]
N
@LN/\
oI 3 s
X C3,H3,BrCINGO;S; MW: 696.07

PXN782-d1

NH; C36H4oBrCINgO4S; MW: 768.18; found (HPLC
5 MS): [M+H'] =769.2; Yield: 8 %

PXN783-d1
Br

(0]
N
N/\/\N

N
H

C37H44BrCINgO,S; MW: 752.22;
found (HPLC MS): [M+H"] = 753.2; Yield: 9 %
10
PXN784-d1



[ MFH+] = 653.1; [MtNa+] = 675.3; Yield: 4 % PXN717-dl C31 H29Br O N3G3S; MAN
639. 02; found (HPLC M5): [ MtH+] = 640.2; [MrNa+] = 662.1; Yield: 10 %

| C50=8. 9 WiINgd2886€3 1H30Br Cl NAO2S; MAN 638. 03; found (PRLEPRSPOOGoRMHT] =
639.2; Yield: 9 % 1C50=3.5 PXN719-dl C33H34Brd NMAO2S; MN 666.09; found
(HPLC Ms5): [MrH+] = 665.4; Yield: 8 %_ 0=8. 2 PXN720-dl C34H36Br Cl NMACBS;
MAN 696.1 1; found (HPLC I\/B) [ MPH+] = 695.4; Yield: 5 % |C50=6.6
PXN721- dl C32H32 CI NAO2S; MAN 652.06; found (HPLC MS): [ MtH+] = 651. 4;
Yield: 5 % |C50%7.2 PXN722-dl MW 668.10; found (HPLC

3

S

PXN785-d1

C39H46BrCINgOsS; MW: 794.26; found (HPLC MS):
[M+H"] = 795.3; Yield: 5 %

3y

A

5 C39H47BrCINsO;S; MW: 781.26; found (HPLC
MS): [M+H'] =781.6; [M+Na'] = 803.8; Yield: 10 %

PXN787-d1



MB): [MrH+] = 667.3; Yield: 2 9% 1C50=13.2 PXN725-dl C32H32Br Gl NAO4S2; MN
716.12; found (HPLC MB): [MtNa+] = 737.2; Yield: 5 % |C50>60 PXN726-dl M\
680.07; fWOrRAINWB6C MVB): [ MrH+] = 681.1; [M:Na+] = 703. PCTNIPROOS/00670/

| C50=2. 1 PXN727-dl MW 709.1 1; found (HPLC MS): [MrH+] = 710.0; [MtNa+] =
732.2; Yield: 11 % 1C50=I. 4 PXN728-dl %\1 656. 05; found (HPLC MS): [ M+H+]
= 657.2: Yield 4 % PXN729C58H52Br 20 2N60bS2: MW 1207.94: found ( HPLC NB):
[MkNa+] = 1229.5; Yield: 10 % PXN730-dl C32H30Br O N4GSS; MA 666. 04; found
(HPLC MB):

0
NN
Oy b A

Cl

Iz

C35H390BrCINsO,S; MW: 709.15; found
(HPLC MS): [M+H'] = 709.5; Yield: 13 %; IC5,=8.3

PXN791-d1
Br

o
R
\ H
\ N H
o /% S Q’- O}_.N\/
N

I

> Ci34H35BrCINsO3S; MW: 709.11; found (HPLC
MS): [M+H"] = 710.2; [M+Na'] = 732.0; Yield: 1 %; IC5¢=6.6

PXN792-d1
Br

C34H;5BrCINs0;S; MW: 709.11; found (HPLC
10 MS): [M+H'] = 708.0; [M+Na'] = 730.1; Yield: 8 %; IC5o=5.3

PXN793-d1



[ MtHH] = 666.9; [M:Na+] = 689.0; Yield: 6 % |C50=4.8 PXN731-dl

C34H34Br G NAO4S; MW 710.10; found (HPLC MB): [M+H+] 711.5; [MNa+] =
733.5; YiWPQ010028862| C50=] 18.7 PXN732-dl MN 696.07; f ouRET(ERRWSONMEYO [ M-H+]
= 697.4; [MrNa+] = 719.4; Yield: 4 % 1C50=2.1 PXN733-dl C36H38Br O NAO4S:;
MA 738.15; found (HPLC MB): [MrH+] = 731, [MrNa+] = 759.5; Yield: 4 %
PXN734-dl PXN735- dl C35H36Br Ol NAOBS;, MW 708. 12; found (HPLC MB): [M+H+] = 7
11.0; [MeNa+] = 731.0; Yield: 8 % 1C50=3.4 PXN736-dl C36H38Br O NACBS; MW
722.15; found (HPLC MB): [MrH+] = 723.4; [M:Na+] = 745.4; Yield: 7 %

| C50>60 PXN737-dI

o]
N\i)ok
NesPlas
!

Ci33H3,BrCIN4O3S; MW: 680.07; found (HPLC
MS): [M+Na'] = 703.1; Yield: 6 %; ICs=4.7

PXN794-d1

5 C33H;3,BrCIN,O;S; MW: 680.07; found (HPLC
MS): [M+H'] = 679.0; [M+Na'] = 701.0; Yield: 4 %; IC5=6.0

PXN795-d1
Br

O
B
\ H
N N
e Plog e
N

C34H34BI'C1N404S; MW: 710.10; found (HPLC
10 MS): [M+H'] =711.1; [M+Na'] = 733.1; Yield: 3 %; IC5=80.0

PXN796-d1



C36H38Br G N4CBS; MW 722.15; found (HPLC MS): [MrH+] = 721.4; [M#Na+] =
743.5; Yield: 7 % |C50=15.6 PXN738-dl C33H33Br O N5CBS; MA/ 695. 08 PXN739- dl
MA/ 709. IWO: 207043882 ( HPLC MS): [MrH+] = 710.2; Yield: 2 FPCTIRR3@2R0@70
PXN740-dl C35H37Br O N5O8S; MA 723. 14 PXN741-dl MV 667.07; found (HPLC MS):
[ MrH+] 668.5; [MeNa+] = 690.4; Yield: 5(9.1C50=7.0 PXN742-dl MN 664. 66;
found (HPLC MB): [M:H+] = 664.2; [M:Na+] = 686.1; Yield: 6 % |C50=LI
PXN743-dl MN 682.65; found (HPLC MB): [M+H+] = 682.7, [M:Na+] = 704.2;
Yield: 6 % 1C50%l. 5

C34H34BI‘C1N404S; MW: 710.10

PXN797-d1
Br

C34H35BrFNsO3S; MW: 692.66; found (HPLC MS):
5 [M+H'] = 693.5; [M+Na'] = 716.2; Yield: 11 %; CCA

PXN798-d1
Br

C37H4,BrCINgO;S; MW: 766.21

10 PXN799-d1



PXN744-dl - | | | - C35H38CI N5G3S; MW 644.24; found (HPLC MS): [MrH+] =
644.4; [MtNa+] = 666.3; Yield: 5 9% 1C50=107.1 PXN745 C3 1H32C 2NAC3S; MW
6 11.60; wount/2p#eC MS): [ MtH+] = 6 11.3; [ MtNa+] = 63BCZ/EPY00/00G67® %
PXN746 C32H34C 2NAO3S; MW 625.62; found (HPLC MS): [ MrH+] = 625.3; [ MtNa+]
= 649.3; Yield: 22 % 1C50=14.7 PXN747( 13 10 2N5CG8S; MW 612. 58 PXN748-dl
MAN 738.11; found (HPLC M5): [MrH+] = 739.3; [MtNa+] = 762.1; Yield: 5 %

| C50=I 6.6 PXN749-dl Na C35H33Br G NANaCbS; MW 760. 09 PXN750-dl PXN751-dl

o]
(@)
N
\ S
m% OH
N
H
C32H3;BrCIN;03S; MW: 653.04; found (HPLC MS):

[M+H'] = 651.8; [M+Na'] = 675.7; Yield: 13 %; ICso=4.1

PXN800-d1

5 C34H34BrCIN,O4S; MW: 710.10; found (HPLC
MS): [M+H']=711.3; [M+Na'] = 731.2; Yield: 2 %; ICs=11.7

PXN&O01-d1
Br

C35H37BrCINsOzS; MW: 723.14; found
10 (HPLC MS): [M+H+] =724.3; [M+Na'] = 746.3; Yield: 5 %; ICs¢>60

PXN802-d1



MAN 636.61; found (HPLC MB): [MrH+] = 636.3; [MrNa+] = 658.2; Yield: 2 %

| C50=5. 8 PXN752-dl MW 621.59; found (HPLC MS): [MrH+] = 621.1; Yield: 6 %
| C50=2. 0 WEIWBAREIMN 630. 21; found (HPLC MS): [ MrH+] =PEBOP3009[0MENE+] =
652.3; Yield: 5 % |C50=170.6 PXN754-dl C3I H360 N5CBS; MA 594.18; found
(HPLC MB): [MrH+] = 594.3; Yield: 12 % JgC50=I 3.6 PXN755-dl MA 650. 63;
found (HPLC MB): [M+H+] = 650.1; [M:Na+]" = 672.3; Yield: 1% |C50=3.6
PXN756-dl MKW 709..1 1; found (HPLC MS): [MrH+] 710.0; [M-Na+] = 732.2;
Yield: 8 % 1C50=4.6 PXN757-dl

0O
O
N
s 5 A
N H
H

C34H34BrCIN,4O5S; MW: 694.10; found (HPLC
MS): [M+H"] = 695.3; Yield: 6 %; ICs¢=4.5

PXN803-d1

5 C35H36BrCIN,O4S; MW: 724.12

PXN805-d1

C3,H3,BrCIN,O,S; MW: 652.06; found (HPLC MS):
[M+H"] = 653.4; [M+Na'] = 675.4; Yield: 7 %; ICs¢=5.5
10
PXN806-d1



MA' 709.11; found (HPLC MS): [MrNa+] = 730.4; Yield: 12 9% |C50=206.1
PXN758-dl MA/ 709.11; found (HPLC MS): [MrH+] = 710.0; [MtNa+] = 732.2;
Yield: 13WePpess2dl MV 630. 21; found (HPLC MB): [ MrH+PCEER2DIRIGIMENa+] =
652.3; Yield: 6 % |C50=I 82.6 PXN760-dl MAN 725.1 1; found (HPLC MB):

[ MFH+] = 726.2; [MrNa+] = 748.0; Yield: 4 % |C50=3.2 PXN761-dI

C34H36Br O 2N5CBS, MN 745.57; found (HPIG MS): [MiHH] = 708.1: Yield: 10 %
| C50=3. 1 PXN762; dl C33H34C 3N5CBS; MA' 687.09; found (HPLC MB): [MrHH] =
650.2; Yield: 4% |C50=4.5 PXN763-dl

0
ﬁi
N
N™ S0y
cn/% S Q >/«—N\
N o
H

C33H32BI‘C1N4O4S; MW: 696.07

PXN807-d1
Br

(0]
oY
N
N o n
01/% 7 Q’(?/”N\
N

I

C33H32BI'C1N4O4S; MW: 696.07

PXN808-d1
Cl

O

0]
N
Cl/Q_\> S K/N\fo
H
Cy2H9CLFN,058; MW: 639.58; found (HPLC MS):

[M+H'] = 639.2; [M+Na'] = 660.9; Yield: 16 %; ICso=1.3

10 PXNS811-dl



C35H38C 2N6CB8S; MW 693. 70; found (HPLC MB): [MrH+] = 693.2; Yield: 2 %
PXN764- dl C36H39CI 2N5O4S; MA 708. 71; found (HPLC MS): [M+H+] = 708. 2;

[ MiNa+] VQ20102288¢2el d: 5 % | C50=3.3 PXN765- dl HC35H37 CPEREBA®Y/0MAT0 694. 69;
found (HPLC MB): [M+H+] = 694.2; [M:Na+] = 716.3; Yield: 4 % |C50=2.6
PXN766-dl MA 696.07; found (HPLC MB):_ [{¢tNa+] 717.2; Yield: 6 % |C50=3.8
PXN767-dl C36H33CI 2N5CRS; MA 670.67; found (HPLC MS): [MH+] = 670. 2;
Yield: 9 % |C50360 PXN768-dl C35H320 2N6C2S; MW 671.65; found (HPLC M):
[MrH+] = 671.4; Yielg: 6 % 1C50=] 18.7 PXN769-dl

o)

0]
N
NQ—-OH
H
C30H26CLFN30O3S; MW: 598.53; found (HPLC MS):

[M+H"] = 598.1; [M+Na'] = 620.0; Yield: 7 %; ICs¢=5.6

PXN813-d1
Br
(0]
(0]
N
(BN
N
H
5 C30H,7BrCIN;03S; MW: 624.99; found (HPLC MS):
[M+H"] = 624.0; [M+Na'] = 646.0; Yield: 11 %; ICsp=5.4
PXN814-d1

Br

N O

_OH
b
N S
S

N
H

C23H25BI‘C1N3O3S; MW: 598.95
10
PXNS815-d1



C35H32CI 2N6ORS; MW 671.65; found (HPLC MB): [MrH+] = 671.1; Yield: 8 %

| C50>60 PXN770-dl C38H35C 2N5C8S; MA 712. 70; found (HPLC MB): [ MrH+] =
712.2; Yiwbao10m284621 C50=191. 7 PXN771-dl MV 709.1 1; foumdT(HHRM0OMSY0 [ M+H+]
= 710.0; [M+Na+] = 732.2; Yield: 10 % PXN775-dl MW 688.69; found (HPLC
MB): [MrHH] = 690.2; Yield: 2 % CCA PXNZ76-dl MWA 695.08; found (HPLC MB):
[ MiNa+] = 716.1; Yield: 11 % 1C50=2.1 PXN777-dl C35H37Br O N5CBS; MW
723.14; found (HPLC MB): [MrH+] = 722.1; Yield: 10 % |C50=5.5 PXN779-dl

F

0O

(0]
N
U
ALY b e
CO) ™
C33H32C1F2N503S; MW: 652.17; found (HPLC MS)Z

[M+H'] = 652.1; [M+Na'] = 674.2; Yield: 4 %; IC50=5.0

PXN816-d1
F

Cl
O

ﬁ&iNﬁ
Jo s

5 C33H32C12FN503S; MW: 66862, found (HPLC MS)
[M+H'] = 668.2; Yield: 5 %; IC50=3.2
PXN817-d2
NC
0
(o]
N
Y
LU by
O™
C34H3:CINGO;S; MW: 641.20; found (HPLC MS):
10 [M+H'] = 641.1; [M+Na'] = 663.2; Yield: 1 %; IC5y=1.0

PXN820-d1



C33H34Br A N6G3S; MW 710.10; found (HPLC MS): [MrH+] = 7 11.2; Yield: 6 %
| C50=5. 0 PXN780-dl C35H35CI F3N5CG3S; MN 698. 21; found (HPLC MS): [ MrH+] =

698. 2; [ MvDi2#j0/0288620. 2; Yield: 6 % | C50=5.3 PXN781-dl PRNTSZ2elo/0ddsr0 768. 18;
found (HPLC MS): [MrH+] = 769.2; Yield: 8 % PXN783-dl found (HPLC M5):

[ MiH+] = 753.2; Yield: 9 % PXN784-dl M\V3594. 26; found (HPLC M5): [MHHH] =

795. 3; Yi eld: 5 % PXN785-dl MW 781.26; found (HPLC Ms5): [MtH+] = 781. 6;

[ MtNa+] = 803.8;,Yield: 10 % PXN787-dl C35H39Br G NoQ2S; MW 709. 15; found
F

O
(0]
N
T 3 e
C31H23C12FN303S; MW: 61256, found (HPLC MS)

[M+H'] = 612.1; [M+Na'] = 634.1; Yield: 20 %; ICso=3.7

Iz

PXN821-d1

5 C3,H31CLFN4O;S; MW: 641.60; found (HPLC
MS): [M+H™] = 641.2; Yield: 19 %; IC50=8.6
PXN822-d1
! @
C33H32C12FN503S' MW: 668. 62 found (HPLC
10 MS): [M+H'] = 668.2; [M+Na'] = 690.1; Yield: 16 %; ICso=1.2

PXN825-d1



(HPLC MB): [M+H+] = 709.5; Yield: 13 % |C50=8.3 PXN791-dl C34H35Br O N5CBS;
MA 709.1 1; found (HPLC MS): [MrH+] = 710.2; [MrNa+] = 732.0; Yield: 1%

| C50=6. 6 WRIFBA28862 C34H35Br O N5C8S; MW 709.1 1; found PEHPER2MBPO6EIM-H] =
708.0; [MNa+] = 730.1; Yield: 8 9% |C50=5.3 PXN793-dl C33H32Br O N 4CBS; MW
680. 07; found (HPLC MS): [MtNa+] = 703% Vi eId 6 % |C50=4.7 PXN794-dl
C33H32Br O N 4CBS: MN 680.07; found (HPLR MS): [MrHF] = 679.0: [MeNa+] =
701.0; Yield: 4 % 1C50=6.0 PXN795-dl C34H34BrCI N 404S; MA 710.10; found

(HPLC MB): [M+H 4] =7 11.1; [MeNa+] 733.1; Yield: 3 % I|C50-80 O
PXN796- dI C34H34 o4S; M 710. 10
0

C3|H27C12FN403S; MW: 625.55; found (HPLC MS)
[M+H'] = 627.2; [M+Na'] = 647.1; Yield: 23 %; ICs=1.5

PXN826-d1

5 C3,H30CLFN303S; MW: 626.58; found (HPLC MS):
[M+Na'] = 648.1; Yield: 19 %; ICs=3.5
PXN833-d1
/Q_B@k N\/\ A NH
C35H37C12FN6O4S; MW: 72769,
10 found (HPLC MS): [M+H"] = 727.2; Yield: 5 %

PXN834-d1



PXN797-dl MAN 692.66; found (HPLC MB): [MrH+] = 693.5; [MtNa+] = 716. 2;
Yield: 1 1 % CCA PXN798-dl C37H42Br Ol N6O3S; MN'  766. 21 PXN799- dl MA/

653. 04; fWORAINZEIE VB): [ M-H+] = 651.8; [M-Na+] = 675. PCTAP20Y/006530 04

| C50=4. 1 PXN80O-dl C34H34Br Cl NAO4S; MW 710.10; found (HPLC MB): [MrH+] 7
11.3; [MrNa+] = 731.2; Yield: 2 % |C50pj4 1.7 PXNBO1-dl C35H37Br O N5CBS;
MA 723.14; found (HPLC MB): [MH+] = 724.3; [MeNa+] = 746.3; Yield: 5 %
| C50>60 PXNB02- d|C34H34Br O N4CBS; MA 694. 10; found (HPLC MB): [MrH ] =
695.3; Yield: 6 94 |®0=4.5 PXN803-dl

O

(@]

N
o

X\ S N NH
Cl/% o~ 2

s @ T

H

C34H34C12FN504S; MW: 69865, found

(HPLC MS): [M+H'] =698.1; Yield: 23 %

PXN835-d1

Qﬁ»

5 C34H34C12FN503S' MW: 682. 65 found (HPLC
MS): [M+H'] = 684.3; [M+Na'] = 703.9; Yield: 5 %; ICs5=3.4

PXN836-d2

N

N&%~ﬁ
s

s P
S Y
C33H30C1N503S; MW: 61216, found (HPLC MS)

10 [M+H'] =612.5; [M+Na'] = 634.5; Yield: 3 %

PXN849-d1



C35H36Br 0 NAOAS; MA 724. 12 PXN8O05-dl C32H32Br O NACRS; MA 652. 06; found
(HPLC MS): [M+HH] = 653.4: [MtNa+] = 675.4: Yield: 7 % |C50=5.5

PXNS06- di WHIRS 28§62 C33H32Br Ol NAO4S; MA' 696. 07 PXNS0S- dPCRIRP2@300689 f ound
(HPLC MB): [M+H+] 639.2; [M:rNa+] = 660.9; Yield: 16 % 1C50=I. 3 PXN81
1-dl MW 598.53; found (HPLC MB): [MrH+]145598.1; [M:Na+] = 620.0; Yield: 7
% |C50=5.6 PXN813-dl MN 624.99: found (HPLC MB): [MHH = 624.0; [ M-Na+]
= 646.0; Yield &1% 1C50=5.4 PXN814-dl C28H25Br O N3OBS; MW 598. 95

Cs3H3,C1,FN4O3S; MW: 653.61; found (HPLC MS):
[M+H'] = 653.4; [M+Na'] = 677.4; Yield: 6 %

PXN850-d1
Cl

5 C34H34CLFN;03S; MW: 682.65; found (HPLC
MS): [M+H'] = 682.4; Yield: 11 %
PXN670-d1
Cl
o O
\ N ™

N

H C33H34C12N403; MW: 60557, found a‘IPLC MS)
10 [M+H"] = 605.0; Yield: 6 %; ICso=12.5

PXN670-d2



PXN815- dl C33H32C1 F2N508S; MAY 652.17; found (HPLC MB): [ MrH+] = 652. 1;

[ MiNa+] = 674.2; Yield: 4 % 1C50=5.0 C33H32CI 2FN508S; MA 668.62; found

( HPLC MB)WODRMH2psez 668.2; Yield: 5 % |C50=3.2 PXN817- #2TNIAL008AG620; found
(HPLC MB): [M+H+] = 641.1; [M:Na+] = 663.2; Yield: 1% I|C50=LO

PXN820- di C3I H28Cl 2FN308S; MW 612.56; foynd (HPLC MB): [ MrH+] = 612. 1;

[ MiNa+] = 634.1; Yield: 20 9% 1C50=3.7 PXN821-dl MAN 641.60; found (HPLC
MB): [MrHH] = 641.2; Yield: 19 % 1C50=8.6 PXN822-dl C33H32C 2FN5CBS; M
668. 62; found (HPLC MB): [M+H+] = 668.2; [M:Na+] = 690.1; Yield: 16 %

| C50=1. 2 PXN82B-®\C3 1H27CI 2FN4O8S; MA 625.55; found (HPLC MB):

O

C33H34C12N403; MW: 60557, found (HPLC MS)
[M+H'] = 605.0; Yield: 7 %; ICso=11.2

5 C33H33BrCINsOz; MW: 663.02; found (HPLC MS):
[M+H'] = 664.1; Yield: 11 %; ICs¢=8.1

PXN788-d1

Br
S‘N
N

C33H39BrCINsO;; MW: 669.07; found (HPLC MS):
10 [M+H'] =670.3; [M+Na'] = 692.2; Yield: 1 %; IC5,=6.6

PXN790-d1



[ MFH+] 627.2; [MeNa+] = 647.1; Yield: 23 % 1C50=l. 5 PXN826-dl MN 626. 58;
found (HPLC MB): [MNa+] = 648.1; Yield: 19 % |C50=3.5 PXN833-dl
C35H37CI 2FDROIB2SSMY  727. 69; found (HPLC MB): [ MrH+] = PRTEP200¥00846d0 5 %
PXN834- dl C34H34C1 2FN5O4S; MAY 698. 65; found (HPLC MB): [ MrH+] = 698. 1;
Yiel d: 23 % PXN835-dl C34H34C 2FNSCBS; MW 682. 65; found (HPLC MB): [ MrH+]

684.3; [MrNa+] = 703.9; Yield: 5 % |1C50=3.4 PXN836-d2 C33H30C N5CBS;

612.16; found (HPLC MS): [M+H+] = 612.5; [M:rNa+] = 634.5; Yield: 3 %
PXN849- dl C33H3 1C} 2FN4CBS; MA 653. 61; found (HPLC MS):

F

T C34H34CLLFNsO3; MW: 650.59; found (HPLC MS):
[M+H"] = 650.1; [M+Na+] =672.1; Yield: 1 %; IC5,=3.0

PXN804-d1

Br
S‘N
N
H

5 W C30H33BrCINsO3; MW: 626.99; found (HPLC MS):
[M+H'] = 628.2; [M+Na'] = 650.2; Yield: 9 %; IC5,=9.0

PXN809-d1
Cl

H C27H26C12FN303; MW: 530.43
10
PXN810-d1

MN



[ MFH|] = 653.4; [MrNa+] 677.4; Yield: 6 % C34H34C 2FNSO3S; MNA 682. 65;
found (HPLC MB): [M+H+] = 682.4; Yield: 1 1 % PXN670-dl C33H34C 2N4C3: MW
605.57; fWOrRdIER6E MS): [M-H+] = 605.0; Yield: 6 % | CROEFP289/006670
PXN670- d2C33H34C1 2N403; MA  605.57; found (HPLC MB): [M+H+] = 605.0; Yiel d:
7 % 1C50=1 1.2 PXN778-dl C33H33Br G N5O3;c MV 663.02; found (HPLC MB):
[MFH+] = 664.1; Yield: 119% 1C50=8.1 PXN7/88-dl C33H39BrCl N5CB; MA 669. 07;
found (HPLC MB) , [ M+H+] = 670.3; [M+Na+] = 692.2; Yield: 1% I|C50=6.6
PXN790- dl C34H34C} 2F)503; MA 650.59; found (HPLC MB): [ M+H+] = 650. 1;

[ MiNa+] = 672. 1z ¥i(el d: 1% | C50=3.0

o)

o)

N
c:|/< z \\ Q‘OH
N
H

PXN812-d1

ngHngleN303; MW: 544.46

O

C31H28C12FN303; MW: 58049, found (HPLC MS)
5 [M+H'] =580.1; [M+Na'] = 602.1; Yield: 4 %; IC5=11.9

Cl
)%\ |
N
N
H

PXN823-d1

C32H30C12FN303; MW: 594.52

10 PXNB824-dl



PXN804-dl MN 626.99; found (HPLC MB): [MrH+] 628.2; [M-Na+] = 650. 2;
Yield: 9 % 1C50=9.0 PXNB09-dl C27H26CI 2FN3C3; MAN 530. 43
PXN810- d WR2PRBCRSEEN3CE; MA 544. 46 C3 1H28C 2FN3CB; MAPCEER2019/006630Nnd
(HPLC MS): [M+H+] = 580.1; [M+Na+] = 602.1; Yield: 4 % 1C50= 1.9
PXN823-dl C32H300I 2FN308; MA' 594.52 PXpNgp4- dl C33H3 10 2FN4OB; M 621. 54
PXN827-dl C32H29CI 2FNACB; MN 607.52 PXN828-dl PXN829- dl C33H38CI 2FN5CB;  MNY
642.61; found (HPLC MB): [MrH+] = 642.2; [MrNa+] = 664.2; Yield: 1%

| C50=12. 5 F

C33H31C12FN4O3; MW: 621.54

C32H29C12FN4O3; MW: 607.52

C32H35C12FN4O3; MW: 613.57

PXN829-d1



PXN830-dl C3 1H33C 2FN4O3; MA 599.54; found (HPLC MB): [ M+H+] = 599. 2;
[ MiNa+] 621.2; Yield: 1% 1C50=l 0.2 PXN831-dl C3IH34C 2FN5CB; MN 614. 55;
found (HPNG2WBJ028§6RMH+] = 614.2; [ MrNa+] = 636.2; Yi el dPCTHP2008H06540 9
PXN832- dI C31 H36C1 2FN503; MA 616.57; found (HPLC MB): [ M+H+] = 616. 3;
Yield: 1% 1C50=7.9 PXN789-dl MN 666.594found (HPLC MB): [MrH+] = 666. 1;
Yield: 1% 1C50=I 1.7 PXN723-dl MA 625.03; found (HPLC MB): [MrH+] =
626.2; Yield: 2 % 1C50=I 5.1 PXN724-dl M\ 611.05; found (HPLC MB): [MrH+]
= 612.3; Yield: I% |fC50=20.6

C33H33CLFNsO3; MW: 642.61; found (HPLC MS):
[M+H"] = 642.2; [M+Na"] = 664.2; Yield: 1 %; ICs=12.5

PXN830-d1

Cl
/5( F
N
N
H

5 C;1H33CLFN,O3; MW: 599.54; found (HPLC MS):
[M+H"] = 599.2; [M+Na'] = 621.2; Yield: 1 %; ICs=10.2
PXN831-d1
Cl
F
s
C31H34C1LFN503; MW: 614.55; found (HPLC
10 MS): [M+H'] = 614.2; [M+Na'] = 636.2; Yield: 1 %; IC5;=4.9

PXN832-d1



PXN818-dl MA 555.93; found (HPLC MB): [MrH+] = 556.9; [MtNa+] = 577.1;
Yield: 10 % |C50=8.4 PXN819-dl C34H37Brd N5O2S; MN 695. 13 PXN837-dl =
464.2; Yiwbd10B2886PXNS38-dl MN 496. 43; found (HPLC MB) PCINPRBP/0666406. O;
Yield: 2 % PXN839-dl C34H30Br O NAORS; MN 674.06; found (HPLC MB): [MHH] =
675.4; [MrNa+] = 696.9; Yield: 10 %Px_l\l%g;dl C34H29Br A N3CBS; MA 675. 05;
found (HPLC MB): [M+H*] 676.7: [M:Na+] = 698.3; Yield: 9 % PXNS41-dl

N
N
H

C31H36CI,FNsO3; MW: 616.57; found (HPLC
MS): [M+H'] = 616.3; Yield: 1 %; IC5=7.9

PXN789-d1

{?@
e

ALS

5 C34H34C12FN504; MW: 666.59; found (HPLC MS)
[M+H"] = 666.1; Yield: 1 %; ICso=11.7
PXN723-d1
Br
o
N
LY 3 N
N
H
C31H3,BrCIN;0,S; MW: 625.03; found (HPLC MS):
10 [M+H"] = 626.2; Yield: 2 %; ICso=15.1

PXN724-d1



C29H26Br O N2CBS; MW 597.96; found (HPLC MS): [M+H+] = 599.3; [M:Na+] =
620.9; Yield: 1 1 % PXN842-dl C34H35Br Ol NsO2S2; MW  725.18; found (HPLC
MB) : [ M+FWD 26107R268863; [ MeNa+] = 749.7; Yield: 9 % PXNS43PCIGRAMADNGDRS;, M
454.55; found (HPLC MB): [M+H+] 455.3; [M:Na+] = 477.2; Yield: 22 %
PXN844- dl C27H25N3O4S; MA 487. 58; foug%é_HPLC MB): [MrH+] = 488.2; [ MrNa+]
510.3; Yield: 22 % PXN845-dl MAN 583.94; Tfound (HPLC MS): [ M+H+] = 585.2;
[MtNa+] = 607.4; Yield: 5 % PXN846-dl C25H2 101 3N208; MW 503. 82; found
(HPLC MB): [ M+H+] "§05.2; Yield: 4 % PXN847-dl

C31H3;BrCIN;0S; MW: 611.05; found (HPLC MS):
[M+H'] = 612.3; Yield: 1 %; IC50=20.6

PXN818-d1
Br

(0]
N

N
H

5 C,7H,4BrCIN,O,S; MW: 555.93; found (HPLC MS): [M+H+]
=556.9; [M+Na'] = 577.1; Yield: 10 %; IC5=8.4

PXN819-d1
Br

C34H37BI‘C1N50zS; MW: 695.13
10
PXN837-d1



C29H30Br O N4O3; MN 597.94; found (HPLC MB): [MrH+] = 597.3; Yield: 7 %
PXN848-dl C26H2 1C 2NOBS; MA 530.43; found (HPLC MS): [ MrH+] 530. 2;

[ MFNa+] =wezgiomssizel d: 13 9% PXN 1000C28H29CI NACBS; MA/ PEZTEP2009/0046Mel ( HPLC
MS): [MrHH] = 537.1; Yield: 9 % PXN 1001 C28H30CI N3O3S; MA 524.1; found
(HPLC MB): [MrNa+] = 546.2; Yield: 19 %pXN 1002 C28H30NACBS;, MW 502. 64;
found (HPLC MB): [MtH+] = 503.2, [M:Na+] = 525.2: Yield: 1 1 % PXN 1003
C28H3 N3CBS; 489. 64; found (HPLC MB): [M+H+] = 490.5, [M+Na+] = 512.2;
Yield: 12 %PXN 1004

o
N
OH

/3
C2,H24BrNOsS; MW: 462.41; found (HPLC MS): [M+H+] =464.2;
Yield: 5 %

PXN838-d1
Br

f C25sH2,BrNOsS; MW: 496.43; found (HPLC MS):
5 [M+H"] = 496.9; Yield: 2 %

PXN839-d1

C34H3oBrCIN4O,S; MW: 674.06; found (HPLC
MS): [M+H'] = 675.4; [M+Na'] = 696.9; Yield: 10 %
10
PXN840-d1



C28H29CI N4O3; MA 505.02; found (HPLC MB): [MrH+] 505.2; Yield: 11% PXN
1005 C28H30CI N3CB; MA 492.02; found (HPLC MS): [MrH+] = 492.2; Yield: 13 %
PXN 1006 WRIPBNZB84O4; MAN 535. 05 C26H28CI N3CBS;, MN  49BCUAEP26090@7¢ HPLC
MS): [MrH+] = 498.3; Yield: 5 %C26H29N3C3S; MW 463. 60; found (HPLC MS):
[MrH] = 464.3; Yield: 3 1 % PXN 1009 C34H290 NAGBS; MW 573.12; found
(HPLC MB): [MtH+] = 574.4, [M:Na+] = 595.4: Yield: 1 % PXN 1010 C3
H3ONACBS;, MN 538,67; found (HPLC MB): [MrH+] = 539.4; Yield: 3%

O
Y,
N 0
N

N
H

Cl

C34H;,9BrCIN;03S; MW: 675.05; found (HPLC
MS): [M+H'] = 676.7; [M+Na'] = 698.3; Yield: 9 %

PXN841-d1

5 Cy9H,6BrCIN,O3S; MW: 597.96; found (HPLC MS):
[M+H'] = 599.3; [M+Na'] = 620.9; Yield: 11 %

PXN842-d1

C34H;35BrCINsO,S;; MW: 725.18; found (HPLC
10 MS): [M+H'] = 726.5; [M+Na'] = 749.7; Yield: 9 %

PXNg843-d1



PXN O | C29H28C N3C3S; MAN 534.08; found (HPLC M5): [ MrH+] = 534.3; Yield:
13 % PXN 1012 C29H29N3(3S; MW 499.64; found (HPLC Ms): [MrH ] = 500. 3;
Yield: 3 WOWABK®HICI NMAC3S; MAN 535.07; found (HPLC MS) PCINIPRPP/06663B5. 3;
Yield: 2 %PXN 1014C30H34C N5CG3S; MN 580.2; found (HPLC MS): [ M:Na+] =
602.4; Yield: 14 % PXN 1015 C30H29N5CBSj449W 539. 66; found (HPLC MB):

[ MFH+] = 540.4; Yield: 1 % C28H33CI NMdG3S; MAN 541.12; found (HPLC MS):

[ MtH+] = 541.4; Yield: 4 % PXN 1017C37H37CI NMAO4S; MAN 669. 2; found (HPLC
MB): [MrH+] = 6XL. 7,0 MFNa+] = 691.3; Yield: 3 %

\\N
N

N
g
H

Ca6H2N40,S; MW: 454.55; found (HPLC MS): [M+H'] =
455.3; [M+Na'] = 477.2; Yield: 22 %

PXN844-d1

"N
S
Crg s
N
H

5 Co7H2sN304S; MW: 487.58; found (HPLC MS): [M+H'] =
488.2; [M+Na'] = 510.3; Yield: 22 %

PXN845-d1
Br

C23H,24BrCIN,05S; MW: 583.94; found (HPLC MS):
10 [M+H'] =585.2; [M+Na'] = 607.4; Yield: 5 %

PXN846-d1



PXN 1018 C30H35N5(3S; MW 545.7; found (HPLC MS): [MrH+] = 546.3; Yield: 18
% PXN 1019 C3 1H35N3OM4S; MW 545.7; found (HPLC MS): [ MrH+] = 546. 3,

[ McNa+] VOa810312882el d: 27 % PXN 1020PXN 1021 C3 1H34C RE8DAB2000M966380. 15;
found (HPLC MS): [MrH+] = 580.3; Yield: 20 % PXN 1022 C29H30CI N3O4S; MN
552. 1 PXN 1023C40H40C NsO4S; MW 722. 3;_ %gund (HPLC MB): [MrH+] = 722.6,

[ MENa+] = 744.3; Yield: 4 % PXN 1024 C4A0HA0C Ns(8S; MWN 706. 3; found (HPLC
M5): [MrH+] £,708.2; Yield: 1%

0
(0]
N
OH
dﬁﬁ

ci C25H21C13N203; MW: 503.82; found (HPLC MS)Z [M+H+] =
505.2; Yield: 4 %

PXN847-d1
Br o)
0 fN)\\/\/
N\ N\)
O
N
N
H
5 c C20H30BrCIN;O3; MW: 597.94; found (HPLC
MS): [M+H"] =597.3; Yield: 7 %
PXN848-d1
Cl
O
(0]
N
HO

C26H21CLNOsS; MW: 530.43; found (HPLC MS): [M+H']

10 530.2; [M+Na"] = 552.4; Yield: 13 %

PXN 1000



Further nodifications of the pyrrolidin-2-one scaffold are possible by
using the follow ng procedures: 1 Redox variations: Schene 1 In the presence
of NaBH4,wpDt20i08028888si bl e t o reduce the carboxylic acid PamEr2e/oode7¢ he

MCR- product to the correspondi ng al cohol (see PXN818-dl). The isol ated

al cohol can be further converted to the,gprresponding ether (alkylation
with various hal ogens) or to the corresponding ester (acylation with acyl
chloride) (Schenme 1). Furthernore, the obtained al cohol can be oxidized to
t he correspondi ny/al dghyde (Swern oxidation). Alternatively, this al dehyde
can al so be obtai ned Jpy sel ecti ve reduction of the carboxylic acid. The

al dehyde can be conYerfdd to nunerous further conpounds. Schene 2 As can be

seen from sch arkne /ghe accessi ble via a reductive ani mati on
process. F% ‘ Knd%viqgga%/sondensation is al so possible for
iAg—HAew substli tuted pyrrolidin-2-ones as shown in Schene
at i ons©
CosHyoCIN4O3S; MW: 537.1; found (HPLC MS):

[M+H"] = 537.1; Yield: 9 %

3.Schenme 3 2) Am de

PXN 1001

5 CysH3oCIN3O3S; MW: 524.1; found (HPLC MS):
[M+Na'] = 546.2; Yield: 19 %
PXN 1002
N/ﬁ
N.__H
T
(0]
CagH3oN405S; MW: 502.64; found (HPLC MS):
10 [M+H"]=503.2, [M+Na'] = 525.2; Yield: 11 %

PXN 1003

C23H31N3O3S; MW: 489.64; found (HPLC MS)Z
[M+H"]=490.5, [M+Na'] = 512.2; Yield: 12 %
15



Different am des have been synthesized by am nolysis of the

pent af | uor ophenyl ester using various am nes. O her nucl eophilic conpounds

are al so WOi20e288620 attack the activated carbone of theCpare@bloo@rophenyl

ester, leading to new pyrrolidin-2-one derivatives as shown in Schene 4. R
- NH2 ami des (see PXN822-dl) R 55- NH - Nk 22 hydrazi nam des (see PXN839-d1l)
hydr oxyl am des (see PXN84 0-dl) R 7-OH esters (see PXN841-dl) CH acids

ket ones (see PXN843-dl , PXN844-dl ) different nucl eophiles products Schene
4 3) ReductrOnl¥i* ani de PXN724-d1 PXN717-d1 PXN717-dl has been treated with
BMS (di net hyl sul%deobor ane) yielding a mxture of

O

N
N/\
LT Py
N 0
H CsH,9CIN,O5; MW: 505.02; found (HPLC MS):
[M+H"] =505.2; Yield: 11 %

S PXN 1005

C,sH30CIN;03; MW: 492.02; found (HPLC MS):
[M+H']=492.2; Yield: 13 %

PXN 1006

10 Cy9H31CIN4O4; MW: 535.05

PXN 1007

C,6H25CIN;O5S; MW: 498.05; found (HPLC MS):
[M+H+] =498.3; Yield: 5 %
15



t he two conpounds PXN723-dl and PXN724-dl. 4) Honol ogation of carboxylic
acids (Arndt-Eistert Reaction)l exanple sane derivatisation Under the

condi t i org0a@P10¢18862r Ndt - Ei st ert honol ogati on reaction, POTHFRRIOMM0@ST0t he
desired product has been observed through HPLC- M5 anal ysis (see PXN845-dl).
The obtained carboxylic acid can be furfher nodified as described above.
Usi ng a substituted succinic anhydride in the multiconponent reaction,
conmpounds gég3i§@%Ia (I') can be prepared wherein R and/or R are other than
hydr ogen ( Lett.2007, 9(20), 4077-4080). PXN687 (as a m xture
of diaster oners) 5) Ellnlnatlon PXN736-dl has been treated with 1,1 eq

hag\

of natrium hydri{tle at roomtenperature. Thereby, elimnation product
PXN847- dl o0 9 sol ated and characterized by HPLC-MS. This Product can
be used for funthgs (fications (for exanple M chael addition). 6)

Synt hesi s of _cgnpQg nggj?herein X is N These conpounds nmay be prepared
according t ye f/ol | Hchene: I n addition, conpounds of fornulas (I),
(ra), (lc), le) ang (If) nmay be prepared

Ca6H29N30:S; MW: 463.60; found (HPLC MS):
[M+H'] = 464.3; Yield: 31 %

5 PXN 1009

C31H9CIN,O3S; MW: 573.12; found (HPLC MS):
[M+H'] = 574.4, [M+Na'] = 595.4; Yield: 1 %

PXN 1010

10 C31H30N403S; MW: 538.67; found (HPLC MS):

[M+H'] = 539.4; Yield: 3%

PXN 1011



followi ng the procedures described e.g. in: Synlett, ( 11), 1883-1885,

2002; Organic Letters, 9(20), 4077-4080, 2007; Organic Letters, 8(18),
3999- 4002y020008)288p2t r ahedr on, 50(36), 10701-8, 1994; JoRCHAIP2¢P/00¢6E0

Chem cal Society, Chem cal Conmunications, (5), 386-7, 1987; Journal of the
Cheni cal Society, Chem cal Communicatiofgg_(5), 386-7, 1987; Tetrahedron
Letters, 49(35), 5217-5219, 2008 and Journal of Organic Chem stry, 73(14),
5566- 5569, 2008. Synthesis of the starting nmateri al

-chl oro-| H ¢nddl e- S- car bal dehyde: This Vil sneyer reaction was perforned
according to_B¥ @ O Becker, O gani kum pp. 364-365, Johann Anbrosi us
Barth Verl ag, \Heijdelperg-Leipzig (1996). To 5 nL DMF in a three-necked
flask equi pped™With |a thernoneter, 1.8 nL POCl. was added dropwi se in a

t enper at ure range—fetw 15C and 20C. Then, a solution of Ig (6.6 mwbl) of
6- chl or o- | H i/F ; was added dropwi se in a tenperature range
bet ween 20C § :

37C. Afterward

@? reactin mixture was poured in a mixture of 15g ice in
;

10 mL wat er®unde irring. 30421&12$@gd3g- BV 34069 fo@dr@bieM®en in a
tenmperature range between 20 and 300C. The resul ti Q? m Xture was then
refluxed for 5 mnutes. After [M+H'|=534.3; Yield: 13 %

PXN 1012

5 Ca9H,9N505S; MW: 499.64; found (HPLC MS):
[M+H'] = 500.3; Yield: 31 %
PXN 1013
N T~
\ /2 o
CsH»7CIN,O5S; MW: 535.07; found (HPLC MS):
10 [M+H'] =535.3; Yield: 2 %

PXN 1014



cooling to roomtenperature, the precipitate was filtered off and washed
with 10 nL cold water. Crystallization from ethanol vyielded

- chl or o- I'WOI2000128863- car bal dehyde as a white solid (1. 04PgI/ERS6dp/006670
Proliferation assay: 5000 PA-1 or PA-1/E6 cells were plated in each well of
96-wel | flat bottom plates, and incubat_qglc_)ver night at 370C in 5% CO2. The
grom h of plated cells was neasured by adding 7.5 mcroMl of WST-1 reagent
(Roche Applied Sciences, Germany) to 3 control wells and nmeasuring the
OD650 and OD450 sorpances with a SpectraMax250pl ate reader. If the
OD650- OD450 val ues wefle gbove 0.5, the remainder of the plate was used for
i ncubation with thenNon unds of formula (1), (la), (lc), (Id), (le) or
(If), other pha gi C apent;s or solvent controls for 48 hours. After
this incub V\Sfrﬁl\/aagfnt\)mas added to the wells of the plate and
OD650- OD45 ner ecal cul ated as before. Triplicate wells were assayed
for each condl tions a andartl devi ation was determnined: all experinments
S

were perforned at |ea hree times i QYERENNSDLY; MWABRPLO $hndAMIERE MY and
Tunel assay: Annexin V and BrdU i ncorporation evel§ were determned with

Guava Nexi n and [M+Na'] = 602.4; Yield: 14 %

PXN 1015

\/O

5 C30H290N503S; MW: 539.66; found (HPLC MS):
[M+H"] = 540.4; Yield: 1 %
PXN 1016
Cy3H3;CINSO5S; MW: 541.12; found (HPLC MS):
10 [M+H'] = 541.4; Yield: 4 %

PXN 1017



Guava Tunel kits using a Guava Personal Cell Analysis System (PCAS, Guava
Technol ogi es, Hayward, CA) according to the manufacturer's instruction. 1x1
06 PA-1 awo2Pv/a846@ cells were cultured in BME nedi a supprareemadeensd t h
10%-BS and various concentrations of the conpounds of formula (1) or DMSO
for 24 h. Nutlin-3, racemc (Calbiocheqhsgpche) at 10 mM was applied as
positive control. For the Guava Nexin asSay, cells were trypsinized and
coll ected by centrifuging at 1000 rpmfor 5 mn at 4 C. After washing with
ice-cold | xin buffer, cells were resuspended in the sanme buffer,

| abel ed wit nexin V-PE and 7-am noactinonycin Din the dark on ice for
20 mn, and then anal yged with the PCAS. According to the manufacturer
protocol for Gig ¢l gssay cells were resuspended in 1%

par af or mal dehyd ' je@d on ice for 60 mn, washed in ice-cold PBS
buffer. Than cells wepe xed hn ice-cold 70% et hanol for at |east 16h at
-200C. After incubats sceLL;Nmer | abel ed with BrdU DNA | abeling mx for
60 mn at 370C, co ' by cenfrifugation at 1000 rpmfor 5 mn. Cells
wer e resuspended if dU st@Qining mx and incubated at room
tenperature for he dark, and then analyzed with the PCAS.

Apopt osi s Assays CyHarCINO.S; MW: 669.2; found (HPLC
MS): [M+H"] = 671.7, [M+Na'] = 691.3; Yield: 3 %

PXN 1018

5 C30H35N505S; MW: 545.7; found (HPLC MS):
[M+H"] = 546.3; Yield: 18 %

PXN 1019

C51H3sN304S; MW: 545.7; found (HPLC MS):
10 [M+H'] = 546.3, [M+Na'] = 568.3; Yield: 27 %

PXN 1020



Tenper ature-sensitive H1299 clones were seeded onto 6-well plates at a
density of 50,000 cells/well. Saos2 cells were plated at 1 x 106

cel | s/100womplesss2 Cells were shifted to 32 C and har ve@STa®R2@9/004620 t | mes
i ndi cated after tenperature shift. Control cells were maintained at 39 C
TUNEL and nulti-caspase assays were condygtedusi ng the Guava Personal
Cytoneter (Guava Technol ogi es) using the ava TUNEL and nul ti-caspase
detection kits, using protocols provided by the manufacturer (Guava
Technol ogi es) t hot he conmpounds of formula (1), (la), (lc), (l1d), (le) or
(If).cdains 1. compgund of formula (1): (1) wherein Vis CGO C=S or CHZ;
X is sul phur, ox group of fornmula CH2, CR4bR4c, NH, NR4b, SO SO2
or a bond; Y is oupd of Yformul a CONR6, CH2NR6, CO, COO CH20O, SO2NRS6,
NR6CO, NR6SCO2, ., OCONR6, CONR53NR6, CONR530R6, CH2CO
CH2CONRG, CH2 a bond; nis 1, 2, 3 or O

N=

C29H31N3O4S; MW: 517.7

PXN 1021

N
O\/
o}

C31H34CIN;0,S; MW: 580.15; found (HPLC
5 MS): [M+H'] = 580.3; Yield: 20 %

PXN 1022

C29H30C1N304S; MW: 552.1

10 PXN 1023



Rl is a hydrogen atomor an al kyl, al kenyl, alkynyl, heteroal kyl, aryl,
het eroaryl, cycl oal kyl, al kyl cycl oal kyl, heteroal kyl cycl oal kyl
het er ocycWoabioyi2gsear al kyl or heteroaral kyl radical; R2 PSTEPRYGOOEGEN at om
or an al kyl, alkenyl, alkynyl, heteroal kyl, aryl, heteroaryl, cycloal kyl,
al kyl cycl oal kyl, heteroal kyl cycl oal kyl . {ggterocycl oal kyl, aral kyl or
het eroaral kyl radical;R3 is a hydrogen atomor an al kyl, al kenyl, al kynyl,
het er oal kyl, _aryl, heteroaryl, cycloal kyl, al kyl cycl oal kyl,
het er oal kyl oal kyl, heterocycl oal kyl, aral kyl or heteroaral kyl radical;
R4 is a hyd oatom or an al kyl, al kenyl, alkynyl, heteroal kyl, aryl,
het eroaryl, cyclgal kyl, al kyl cycl oal kyl, heteroal kyl cycl oal kyl,
al kyl or heteroaral kyl radical; R4b is a hydrogen atom
, cal kynyl , heteroal kyl, aryl, heteroaryl, cycloal kyl,
oapkyl cycl oal kyl , heterocycl oal kyl, aral kyl or
, Rac LS a hydrogen atom or an al kyl, al kenyl
ar yIN heterparyl, cycloal kyl, alkylcycloal kyl,
: etELQGyﬁDbakal, aral kyl or heteroaral kyl

o}

or an al kyl, al
al kyl cycl oal kyl ,
het er oar al kyl
al kynyl, heter g
het er oal kyl gyc

CaoH4oCINsO4S; MW: 722.3; found (HPLC
MS): [M+H"] = 722.6, [M+Na+] = 744.3; Yield: 4 %

PXN 1024

5 C40H40CINsO5S; MW: 706.3; found (HPLC MS):
[M+H'] = 708.2; Yield: 1 %

Further modifications of the pyrrolidin-2-one scaffold are possible by using the
following procedures:
10

1) Redox variations:




radical; R5 is a hydrogen atomor an al kyl, al kenyl, al kynyl, heteroal kyl,
aryl, heteroaryl, cycloal kyl, alkyl cycl oal kyl, heteroal kyl cycl oal kyl ,

het er ocycWwoabioyi2gsear al kyl or heteroaral kyl radical; R5aPCI/ER2009@d0o@gen at om
or an al kyl, alkenyl, alkynyl, heteroal kyl, aryl, heteroaryl, cycloal kyl,
al kyl cycl oal kyl, heteroal kyl cycl oal kyl _ ;B terocycloalkyl aral kyl or
heteroaral kyl radical; R6 is a hydrogen atom or an al kyl, al kenyl, al kynyl,
het er oal kyl, aryl, heteroaryl, cycloal kyl, alkybcycloalkyl,

het er oal kyl cycl oal kyl , heterocycloalkyl ar gl kyl hetero aral kyl radical;
t he residues R§ are i ndependengly fr ach ot Ner Jrydr ogen at om or an

al kyl , alkeny al kynyl, h er al kyl , , h@ er a?yl cycl oal kyl
aIkyIcycIoaI (ﬁteﬁﬂﬁLk c cI IkyI heterocyckoalkyl aral kyl or

het er oar al kyl, ical;ther s R8 aF@’rndependently fronreach ot her a
hydr ogen atonron;an aIkyI alkenyl nyl eroaikyl aryl, heteroaryl,
cycl oal kyl alkylcycloalkyl teroalky C cIo§ terocycloalkyl,

aral kyl or heteroaral kyl radlca or 4o *of khe xaglcafs Rl1, R2, R3, R4,

Rdb, R4c, R5, R5a, R6, R7 and RS’ t oget her are’ part of

Scheme 1

In the presence of NaBHy, it is possible to reduce the carboxylic acid function of the

MCR-product to the corresponding alcohol (see PXN818-d1). The isolated alcohol can
5  be further converted to the corresponding ether (alkylation with various halogens) or to

the corresponding ester (acylation with acyl chloride) (Scheme 1).

Furthermore, the obtained alcohol can be oxidized to the corresponding aldehyde
(Swemn oxidation). Alternatively, this aldehyde can also be obtained by selective
10 reduction of the carboxylic acid. The aldehyde can be converted to numerous further

compounds.

o]

R *\;5)1
OH ] o]
0
R X o}
3 ,'? \ o R i~y R i~y
R — 1
3 ~N R 7—NH, SeRe H/R
——e
. R X - ReX

o [0} Rz X z | &
R, 3
i / 5
TN
aldehyde
% OH reductive amination

Scheme 2

15
As can be seen from scheme 2, amines are accessible via a reductive amination process.
Further, a Knoevenagel condensation is also possible for modification yielding new

substituted pyrrolidin-2-ones as shown in Scheme 3.



an optionally substituted cycl oal kyl, heterocycl oal kyl, al kyl cycl oal kyl,
het er oal kyl cycl oal kyl, heteroaryl, aral kyl or heteroarylal kyl ring system
or a pharwaceuwrizgsbkl y acceptable salt, ester, solvate oPCHER@OSIE®I0 a
pharmaceutically acceptable fornulation thereof. 2. A conpound of formula
(la) (la) wherein RL is a hydrogen atoqhsg_an al kyl, al kenyl, al kynyl,

het eroal kyl, aryl, heteroaryl, cycloal kyl'; al kyl cycl oal kyl

het er oal kyl cycl oal kyl , heterocycl oal kyl, aral kyl or hetego ar al kyl radical;
R2 is a hydroggn atom or fanfal kyl, alkenyl, alkynyl, hetgroal kyl, aryl,

het er oaryl ,R+e alky*}o%54$% ar oalky| dyeioal kykeon

ocyel oarky
het er ocycl oal , Waralkyt—or—heterq /Aar Icﬁktradical; R3/1 %! hydr ogen at om
or an al kyl Rzl Kenyl, al kyny#, hetefoallkyl, aryl, het eroaryl, cycloal kyl,

al kyl cycl oal kyl ,%:het er oal cycl oal kyl , “heterocycl oal kyl, aral kyl or hetero
aral kyl radi @M°R4 is a hydrogen atom or an al kyl, al kenyl, al kynyl,

het er oal kylsgchamyl3, heteroaryl,

2) Amide variations

5 Different amides have been synthesized by aminolysis of the pentafluorophenyl ester
using various amines. Other nucleophilic compounds are also suitable to attack the
activated carbone of the pentafluorophenyl ester, leading to new pyrrolidin-2-one

derivatives as shown in Scheme 4.

R —NH, amides (see PXN822-d1)
Rs—N~NH, hydrazinamides (see PXN839-d1)
o)
R T™~N 2 R ;7/—O—NH, hydroxylamides (see PXN840-d1)
_PFP
o)
R X R ;7—OH esters (see PXN841-d1)
I
R 3
CH-acids ketones (see PXN843-d1, PXN844-d1)
10 different nucleophiles .. products
Scheme 4
3) Reduction of amide
Br Br Br

Iz
Iz

0 o} o)
QN Q BMS QN - NCO . 2 K N/\\o

S S
c c "

c
PXN724-d1
PXNT17-d1 PXN723-d1 'XN724-d

15
PXN717-d1 has been treated with BMS (dimethylsulfide borane) yielding a mixture of
the two compounds PXN723-d1 and PXN724-d1.

4) Homologation of carboxylic acids (Amdt-Eistert Reaction)

20



cycl oal kyl, al kyl cycl oal kyl, heteroal kyl cycl oal kyl, heterocycl oal kyl,

aral kyl or heteroaral kyl radical; R5 is a hydrogen atom or an al kyl,

al kenyl , \&DRYNI2886Ret er oal kyl , aryl, heteroaryl, cycl oalPKF¥IEP2009/006670

al kyl cycl oal kyl, heteroal kyl cycl oal kyl, heterocycl oal kyl, aral kyl or
heteroaral kyl radical; R6 is a hydrogeniayomor an al kyl, alkenyl, alkynyl,
het eroal kyl, aryl, heteroaryl, cycloal kyl, alkyl cycl oal kyl,

het er oal kyl cyclyoal kyl , heterocycgoalkyl,aigngyl or hetero aral kyl radical;
or the radigcal 4 RS and R6 togethér are p of an optionally substituted
het er ocycl odl Kyl l_het er oal kyl ¢yXI i, heteroaryl or heteroarylal kyl ring
system and/Q. %hd R3 t ogether \arle part of an_optionally substituted
cycl oal kyl, dl kykcycl 0afRYFf, héterjpcycl oalkyl, hetersal Kyl cycl oal kyl ,

aral kyl or heteroaral kyl ring systeém or a pharnaceutically acceptable
salt, ester, solvate or hydrate or a pharmaceutically acceptable

formul ation_thereof. 3.. A canpound of fornula (1). or (la), accordin 0 any
one of t her{ﬁ‘]"g’E etg? rFé’na’It‘é’flﬁso r eptRiste %@c&éﬁt{onhgggg%hr&matéqrhpgytﬁxe or
het er oar al kpekiréAficaabt has been observed through HPLC-MS analysis (see PXN845-d1). The

5  obtained carboxylic acid can be further modified as described above.

Using a substituted succinic anhydride in the multicomponent reaction, compounds of
formula (I) can be prepared wherein R’ and/or R® are other than hydrogen (see also Org.

Lett.2007, 9(20), 4077-4080).

10
o | o
/@/\NHz Ojifo R OH
Cl —
Toluot PXN687
Oy ¥ SH 150°C CIQT \N @
c }NI Product observed (as a mixture of diastereoisomers)
5) Elimination
NaH
DMSO
Elimination
15 PXN736-d1
PXN736-d1 has been treated with 1,1 eq of natrium hydride at room temperature.
Thereby, elimination product PXN847-d1 has been isolated and characterized by
HPLC-MS. This Product can be used for further modifications (for example Michael-
addition).
20

6) Synthesis of compounds wherein X is N

These compounds may be prepared according to the following scheme:



4. A conmpound of forrmula (I) or (la), according to any one of the preceding
clains wherein RL is a group of fornula -A-Ar or A-Cy wherein Ais a bond,
C -C 4 alWQl20u/028%62C6 het er oal kyl or wherein A is a groRpTaiP2409/0péla - CHR
la- wherein Rrais a G -C6 heteroal kyl group, Cy is an optionally
substituted C3-C7 cycloal kyl group or agggptionally substituted

het erocycl oal kyl group containing from3 to 7 ring atons and Ar is an
optionally substituted phenyl ring £r an optionally substituted heteroaryl
ring containipg 5 or 6 ring atons, e ';,.‘_ preferably Ar is an
optionally u’ted eny or an Optiongkl " subssétut ed pyri dyl

resi due. 5. & ¢onpoung of formu.a (1) or ),\aesording to any one of the
precedi ng cl ai ns grej n R2 iShydrogen. 6.7 A aund of formula (1) or
(la), according t ny one of the precedifg clains wherein R3 is an
optionally subsfituted phenyl group, an optionally substituted benzyl group
or an optionally substituted heteroaryl residue having 1 or 2 rings and
from5 to 10 ring atons including 1, 2, 3 or 4 heteroatons selected fromOQO,
S and N. 7.InAddioppoodpainds arffstraulas XT)p(la), |(@9), (Idkode)damiy(Iflomapbegprepayeéd t he

R RO RN e TN TR
5  Letters, 9(20), 4077-4080, 2007; Organic Letters, 8(18), 3999-4002, 2006; Tetrahedron,
50(36), 10701-8, 1994; Journal of the Chemical Society, Chemical Communications,
(5), 386-7, 1987; Journal of the Chemical Society, Chemical Communications, (5),
386-7, 1987; Tetrahedron Letters, 49(35), 5217-5219, 2008 and Journal of Organic
Chemistry, 73(14), 5566-5569, 2008.

10
Synthesis of the starting material 6-chloro-1H-indole-3-carbaldehyde:
This Vilsmeyer reaction was performed according to H. G. O. Becker, Organikum, pp.
364-365, Johann Ambrosius Barth Verlag, Heidelberg-Leipzig (1996). To 5 mL DMF
in a three-necked flask equipped with a thermometer, 1.8 mL POCI; was added

15 dropwise in a temperature range between 15°C and 20°C. Then, a solution of 1g (6.6
mMol) of 6-chloro-1H-indole in 2 mL DMF was added dropwise in a temperature range
between 20°C and 30°C. The reaction mixture was stirred for 45 minutes at 37°C.
Afterwards, the reaction mixture was poured in a mixture of 15g ice in 10 mL water
under stirring. 3.4g NaOH in 18 mL were added between in a temperature range

20  between 20 and 30°C. The resulting mixture was then refluxed for 5 minutes. After
cooling to room temperature, the precipitate was filtered off and washed with 10 mL
cold water. Crystallization from ethanol yielded 6-chloro-1H-indole-3-carbaldehyde as
a white solid (1.04 g, 88%).

25  Proliferation assay:
5000 PA-1 or PA-1/E6 cells were plated in each well of 96-well flat bottom plates, and
incubated overnight at 37°C in 5% CO,. The growth of plated cells was measured by
adding 7.5 microMol of WST-1 reagent (Roche Applied Sciences, Germany) to 3

control wells and measuring the ODgso and OD4ysp absorbances with a SpectraMax250



CH3, OCH3 or CF3 and R3c is H F, d, Br, CH3, OCH3 or CF3. 8. A conpou
of formula (1) or (la), according to any one of the preceding clains
wher ei n R¥0i2810028%68 al kyl , C2-C6 al kenyl, optionally sulPSTiEPRM0QH0GET6 CA
al kyl - C3-C7 cycl oal kyl, an optionally substituted phenyl ring, an

optionally

ring having 5 or 6 ring atons and inclu
selected fr

to any oneb

substituted benzyl group or gg op;lonahI¥ sgbﬁtltuted het er o
Ing from o et er oat ons
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Apoptosis Annexin V and Tunel assay:

Annexin V and BrdU-incorporation levels were determined with Guava Nexin and
Guava Tunel kits using a Guava Personal Cell Analysis System (PCAS, Guava
Technologies, Hayward, CA) according to the manufacturer's instruction. 1x10° PA-1
and PA-1/E6 cells were cultured in BME media supplemented with 10%FBS and
various concentrations of the compounds of formula (I) or DMSO for 24 h. Nutlin-3,
racemic (Calbiochem, Roche) at 10 uM was applied as positive control. For the Guava
Nexin assay, cells were trypsinized and collected by centrifuging at 1000 rpm for 5 min
at 4 °C. After washing with ice-cold 1x Nexin buffer, cells were resuspended in the
same buffer, labeled with Annexin V-PE and 7-aminoactinomycin D in the dark on ice
for 20 min, and then analyzed with the PCAS. According to the manufacturer protocol
for Guava Tunel assay cells were resuspended in 1% paraformaldehyde, incubated on
ice for 60 min, washed in ice-cold PBS buffer. Than cells were fixed in ice-cold 70%
ethanol for at least 16h at —20°C. After incubation, cells were labeled with BrdU DNA
labeling mix for 60 min at 37°C, collected by centrifugation at 1000 rpm for 5 min.
Cells were resuspended in anti-BrdU staining mix and incubated at room temperature

for 45 min in the dark, and then analyzed with the PCAS.

Apoptosis Assays

Temperature-sensitive H1299 clones were seeded onto 6-well plates at a density of
50,000 cells/well. Saos2 cells were plated at 1 x 106 cells/100-mm plate. Cells were
shifted to 32 °C and harvested at the times indicated after temperature shift. Control

cells were maintained at 39 °C. TUNEL and multi-caspase assays were conducted

ons



substituted heteroaryl containing 5 or 6 ring atons and 1, 2 or 3

het eroatons selected fromO, S and N, and optionally substituted

het er ocycwoabioyi2ssseont ai ning 5 or 6 ring atons and 1, 2 @®CTEPR@OAI@AL OB
selected fromO S and N. 11. A conpound of forrmula (1) or (la), according
to any one of the preceding clains wherggf_ R6 is hydrogen or G -C4 al kyl.
12. A conmpound of fornula (I) or (la), according to any one of clains 1 to
8 wherein R5 an ether art of an_ optionall u tute

het er ocycl &étnlgytg g (?Fﬁ"&? ngete%((?‘{?‘% ?r e?ﬁ?(?lﬂ%‘e%?t %Wég Bt?d }}avaz

het er oat ongyg %lﬁﬁlc‘ﬁ%agé Qgﬂegaorﬁ@%sh{g ﬂrétoc@is‘iﬁ’&ﬂ@éﬁ‘g Phe IARARAL&Rrdr! (Guva
(la), according to one of clains 1 to wherein R5 and R6 together are
part of an "prhmaimgbs)ywﬁuthstcpmpbenﬂqnfpfenaula rﬁE da), pichdid)d(leeonr(fig. 14. A
pharmaceuti cal conposition conprising a conpound according to anyone of the
preceding clains or a pharmaceutically acceptable ester, prodrug, hydrate,
sol vate or salt thereof, optionally in conbination with a pharnmaceutically
acceptable carrier. 15. Use of a conpound or a pharnaceutical conposition

according to anyone of the preceding clains for the preparation of a
medi canment for the treatnent of cancer and/or



viral infections. 16. Conpound or pharmaceutical conposition according to
anyone of clains 1 to 14 for use in the treatnent of cancer and/or viral
i nf ect i or\E0O 2010/028862 PCT/EP2009/006670
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Claims

1. A compound of formula (I):

wherein

V is C=0, C=S or CHy;

10
X is sulphur, oxygen or a group of formula CH,, CR4bR4°, NH, NR4b, SO, SO, or a
bond,;

Y is a group of formula CONR®, CH,NR®, CO, COO, CH,0, SO,NR®, NR°CO,
15 NR°SO,, NR’*CONR®, NR°COO, OCONR®, CONR*NR®, CONR™OR®, CH,CO
CH,CONR®, CH,COO, COCR>*R® or a bond;

nis1,2,3 or0;

20 R' is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;

R’ is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
25  cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;
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R’ is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-

aralkyl radical;

R* is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-

aralkyl radical,

R* is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;

R* is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-

aralkyl radical;

R’ is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or

heteroaralkyl radical;

R* is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or

heteroaralkyl radical;

R® is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-

aralkyl radical;

the residues R’ are independently from each other a hydrogen atom or an alkyl, alkenyl,
alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl,
heterocycloalkyl, aralkyl or heteroaralkyl radical;
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the residues R® are independently from each other a hydrogen atom or an alkyl, alkenyl,
alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl,
heterocycloalkyl, aralkyl or heteroaralkyl radical;

or two of the radicals R, R?, R*, R*, R*, R*, R®, R® R® R’ and R® together are part of
an optionally substituted cycloalkyl, heterocycloalkyl, alkylcycloalkyl, heteroalkyl-
cycloalkyl, heteroaryl, aralkyl or heteroarylalkyl ring system;

or a pharmaceutically acceptable salt, ester, solvate or hydrate or a pharmaceutically

acceptable formulation thereof.

2. A compound of formula (Ia)
O
R~
R2 N O
R” 5 N-R°
R® R°
(la)

wherein

R' is a hydrogen atom. or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical,

R? is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;

R’ is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-

aralkyl radical;
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R* is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-
aralkyl radical;

R’ is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or

heteroaralkyl radical;

R is a hydrogen atom or an alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or hetero-

aralkyl radical;

or the radicals R’ and R® together are part of an optionally substituted heterocycloalkyl,
heteroalkylcycloalkyl, heteroaryl or heteroarylalkyl ring system, and/or R? and R’
together are part of an optionally substituted cycloalkyl, alkylcycloalkyl,
heterocycloalkyl, heteroalkylcycloalkyl, aralkyl or heteroaralkyl ring system;

or a pharmaceutically acceptable salt, ester, solvate or hydrate or a pharmaceutically

acceptable formulation thereof.

3. A compound of formula (I) or (Ia), according to any one of the preceding claims

wherein R' is an aryl, heteroaryl, aralkyl or heteroaralkyl radical.

4. A compound of formula (I) or (Ia), according to any one of the preceding claims
wheréin Rlisa group of formula —A-Ar or A-Cy wherein A is a bond, C;-C4 alkyl or
C1-Cg heteroalkyl or wherein A is a group of formula —CHR'"®- wherein R" is a C;-Cs
heteroalkyl group, Cy is an optionally substituted C3-C; cycloalkyl group or an
optionally substituted heterocycloalkyl group containing from 3 to 7 ring atoms and Ar
is an optionally substituted phenyl ring or an optionally substituted heteroaryl ring
containing 5 or 6 ring atoms, especially preferably Ar is an optionally substituted

phenyl or an optionally substituted pyridyl residue.
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5. A compound of formula (I) or (I1a), according to any one of the preceding claims
wherein R is hydrogen.
6. A compound of formula (I) or (Ia), according to any one of the preceding claims

wherein R® is an optionally substituted phenyl group, an optionally substituted benzyl
group or an optionally substituted heteroaryl residue having 1 or 2 rings and from 5 to

10 ring atoms including 1, 2, 3 or 4 heteroatoms selected from O, S and N.

7. A compound of formula (I) or (Ia), according to any one of the preceding claims

wherein R? has the following structure

R3c
E

/4
\
N R3b
Raa/

wherein E is N or CH, R*is H, C;-Cs alkyl or C;-Cg¢ heteroalkyl, R*®is H, F, Cl, Br,
CHs, OCH; or CF; and R* is H, F, Cl, Br, CH3, OCH; or CF;.

8. A compound of formula (I) or (Ia), according to any one of the preceding claims
wherein R* is C;-Cg alkyl, C,-C¢ alkenyl, optionally substituted C;-C, alkyl-C;3-C;

cycloalkyl, an optionally substituted phenyl ring, an optionally substituted benzyl group
or an optionally substituted heteroaryl ring having 5 or 6 ring atoms and including from

1 to 3 heteroatoms selected from O, S and N.

9. A compound of formula (I) or (Ia), according to any one of the preceding claims
wherein R’ is an alkyl, heteroalkyl, heterocycloalkyl, heteroalkylcycloalkyl or
heteroaralkyl group, all of which groups may be substituted.

10. A compound of formula (I) or (Ia), according to any one of the preceding claims
wherein R’ is selected from the following groups: C;-Cy alkyl; heteroalkyl containing 1-
6 carbon atoms and 1, 2 or 3 heteroatoms selected from O, S and N;
heteroalkylcycloalkyl comprising a C;-C4 alkyl group or a C;-C, heteroalkyl group and

an optionally substituted heterocycloalkyl group containing 5 or 6 ring atoms and 1, 2 or
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3 heteroatoms selected from O, S and N; heteroaralkyl comprising a C,-C;4 alkyl group
or a C;-C4 heteroalkyl group and an optionally substituted heteroaryl group containing 5
or 6 ring atoms and 1, 2 or 3 heteroatoms selected from O, S and N; optionally
substituted heteroaryl containing 5 or 6 ring atoms and 1, 2 or 3 heteroatoms selected
from O, S and N; and optionally substituted heterocycloalkyl containing 5 or 6 ring

atoms and 1, 2 or 3 heteroatoms selected from O, S and N.

11. A compound of formula (I) or (Ia), according to any one of the preceding claims

wherein R° is hydrogen or C,;-C4 alkyl.

12. A compound of formula (I) or (Ia), according to any one of claims 1 to 8
wherein R’ and R® together are part of an optionally substituted heterocycloalkyl ring

containing 4, 5, 6 or 7 ring atoms and 1, 2 or 3 heteroatoms selected from O, S and N.

13. A compound of formula (I) or (Ia), according to any one of claims 1 to 8
wherein R’ and R® together are part of an optionally substituted piperazine or piperidine

ring.

14. A pharmaceutical composition comprising a compound according to anyone of
the preceding claims or a pharmaceutically acceptable ester, prodrug, hydrate, solvate or

salt thereof, optionally in combination with a pharmaceutically acceptable carrier.

15. Use of a compound or a pharmaceutical composition according to anyone of the
preceding claims for the preparation of a medicament for the treatment of cancer and/or

viral infections.

16.  Compound or pharmaceutical composition according to anyone of claims 1 to 14

for use in the treatment of cancer and/or viral infections.



