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The importance of the close integration of NiKenms&a&ch's extensive range of ADME/toxicology and
PK protocols with our highly experienced medicirdlemists in driving successful lead optimization
programmes will be discussed.
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Novel potent and selective ORL-1 antagonists withffecacy in animal models of Parkinson's disease
and neuropathic pain

NOVEL POTENT AND SELECTIVE ORL-1 ANTAGONISTS WITH E FFICACY
IN ANIMAL MODELS OF PARKINSON’S DISEASE AND NEUROPA THIC PAIN

Silvano Ronzoni
NiKem Research srl, Via Zambeletti 25, 20021 BaatgMl), Italy.

Abstract

Since the discovery of the NOP/ORL-1 receptor i84,9many research groups have devoted a considegéblt
in the identification of selective non-peptide lgis to better elucidate the biological role of tdseptor. ORL-1
antagonists in particular have been suggested taséfil, amongst other therapeutic applicationsjeéaropathic
pain, depression, Parkinson’s disease, food iritdkbition and learning and memory.

During the course of our previous studies we idiectia novel ORL-1 antagonist, SB-612111/NiK-1000)
which, notwithstanding a promising preliminary pl®f(2), was endowed with significant liabilitiem&inly high
hERG binding affinity and low oral bioavailabilityihich hampered its potential as a preclinical adate. A
medicinal chemistry programme focused at the ifieation of novel chemical scaffolds was therefarelertaken,
resulting in the discovery of indole derivativespessing high affinity and selectivity for the ORIlceceptor.

Detailed structure-activity relationship studiesad at the optimisation of this new chemical clagth particular
focus on early ADME parameters, will be presenfluis investigation led to the identification of NiKL273, a
potent and selective ORL-1 antagonist with efficacgnimal models of neuropathic pain and Parkitsdisease.
These results confirmed that ORL-1 antagonistsdcdugl of clinical relevance for the treatment ofractable
neuropathic pain and for the symptomatic therapyaskinsonism.
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EFFECT OF PHASE TRANSFER CHEMISTRY, SEGMENTED FLUID FLOW
AND SONICATION ON THE SYNTHESIS OF CINNAMIC ESTERS

Mauro Riccaboni, Elena La Porta, Andrea Martorana, Roberta Attanasi
Department of Medicinal Chemistry, NiKem Researdh S
Via Zambeletti 25, 20021 Baranzate, Milan, Italy
mauro.riccaboni@nikemresearch.com

Abstract

Phase-Transfer Catalyst (PTC) technology is useddrcommercial manufacture of more than $10 llfier year
of chemicals, including pharmaceuticals a bi-phasic system the width of the contactasier plays a crucial role
because the reaction either occurs at the intedatiee phase transfer catalyst has a catalytite dyetween the two
phases. For this reason, the scale-up of the omactiuld be difficult and reaction time could grlmager because of
the inefficiency of the mixing. Moreover, phasenster catalysts, usually employed in PTC to spegetha reaction,
are often toxic, expensive and are eliminated wdifficulty from the reaction mixture. In this comte flow
chemistry can be an alternative choice becausdoiva reaching a high surface-to-volume ratio iraations
involving a fluidic biphasic systefmA further increase of the interface area can liéeaed by the combination of
flow chemistry and sonochemistry.

We studied a Wittig olefin-formation as a modelaté&n, focusing on the cinnamic ester synthesisthay are
broadly employed in the chemical industries.

We developed a simple, mild and fast protocol fier s$ynthesis of cinnamic ester derivatives, combisiegmented
flow chemistry and sonication. It was proved thhaé tprotocol can be applied to different aldehydakyl
phosponium salts and bases affording stereosedbctiircinnamic esters in moderate to excellentdgigin absence
of any phase transfer catalyst and in a reallytsfeaction time (16 compounds exemplified). Moreoes the flow
system works in a continuous way, the reactiontmeasily scaled up to provide virtually any amaoafnproduct,
simply running the system for the required time.
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Interfacing Chemical Biology and Drug Discovery

SYNTHESIS OF 3,3-DISUBSTITUTED OXETANE CONTAINING B UILDING
BLOCKS

Daniele Vigo* and Stefania Gagliardi
NiKem Research S.r.l., Via Zambeletti 25, 20021aBzate, Milan, Italy
*corresponding author: daniele.vigo@nikemresearomc

Abstract

The optimization of physicochemical and pharmacetiproperties of compounds is often investigateparallel
with target affinity and selectivity in a Multipareetric Lead Optimization approatfihis strategy can be addressed
in different ways and the introduction of specifesidues that can modulate properties in a prdd&taay is
frequently used.

One of the most interesting residues in this fisldxetane as it is well known that oxetanes cflnénce metabolic
and physicochemical properties of molecular scdff@cnd therefore it is well represented in an sireg number
of publications and patents.

Oxetane group is known as an efficient surrogatgenidimethyl group’ but in recent years it gained interest as
replacement of the carbonyl gréignd, when inclosed in spiro-bicyclic structuresthe morpholine unit.

The present comunication describes the synthesitwof different sets of 3-benzyl and 3-aryloxymett8A4
substituted oxetanes, as useful building blocksifbead Optimization program.
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Starting from commercially available reagents ifp@ssible to synthesize with good yields the ddsseaffolds
bearing different functional groupseg. hydroxymethyl, carboxylic acid and amine) that banefficiently exploited
for the functionalization of the scaffolds of irget.
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SYNTHESIS AND PRECLINICAL PROFILING OF NOVEL HYDROX AMIC
ACIDS AS HISTONE DEACETYLASE INHIBITORS

Stefania Gagliardi*, Andrea Colombt) Florian Thaler', Antonello Mai, Raffaella Amici’, Chiara
Bigognd, Roberto Boggiy Anna Cappd, Simone CarrafaTiziana CataudelfaFulvia Fusdt Eleonora
Gianti T, Maurizio Moronf, Davide Muna# Gilles PaitY’, Nickolas Regali Luca Sartorill, Stefania
Vultaggid', Giulio Dondid, Saverio Minucéi , Ciro Mercurid, Mario Varasi'

*NiKem Research srl, Via Zambeletti 25, 20021 BaatnZMI), ltaly; 'Genextra Group, Congenia srl, Via
Adamello 16, 20139 Milan, ltaly;Dipartimento di Studi Farmaceuticistituto Pasteur—Fondazione Cenci
Bolognetti, Universita degli Studi di Roma “La Sapza”, P.le A. Moro 5, 00185 Roma, ltaly; at@enextra
Group, DAC srl, Via Adamello 16, 20139 Milan, ItalfEuropean Institute of Oncology, Via Adamello 16129
Milan, Italy and Department of Biomolecular Sciences and Biotechgiek) University of Milan, Via Celoria, 26,
20133 Milan, ltaly.Present addressEuropean Institute of Oncology, Via Ripamonti 428141 Milan Italy;
‘Sigma-Tau Industrie Farmaceutiche Riunite S.p.&.18&3 Pontina km 30400, Pomezia, Italy

The histone deacetylases (HDACS) are able to reggkne expression and histone deacetylase intslfitibACI)
emerged as a new class of agents in the treatmlemiarcer as well as other human disorders such as
neurodegenerative diseaséAHA (Suberoylanilide hydroxamic acid), one of #arly HDAC inhibitor discovered
by Breslow and colleaguésyas approved by FDA in October 2006 for the tremthof patients with cutaneous T-
cell Lymphoma (CTCLY. Dozens of other inhibitors with different struetarare now in various stages of clinical
trial.
In the present investigation, we describe the ®gifl) the biological evaluation and preclinical filirg of
compounds derived from the expansion of N-hydropgearylamide scaffold:
N-Hydroxy-3-phenyl-2-propenamide anN-hydroxy-3-(pyridin-2-yl)-2-propenamide as core stuwes
containing a phenyloxopropenyl moiety, either urssibed or substituted by a 4-methylpiperazin-by#-
methylpiperazin-1-ylmethyl group;
N-Hydroxyacrylamide-propenylamido derivatives.
The compounds were evaluated for their ability ribibit nuclear extract HDACs as well as for theirvitro
antiproliferative activity. Moreover, their metaboktability in human and mouse microsomes andbsiah was
studied. Selected compounds were further charaetktbyin vivo pharmacokinetic experiments. The compounds
showed a remarkable stability vivo, also compared to hydroxamic acid HDAC inhibitalseady entered in
clinical trials. One representative compourijl vas submitted to aim vivo efficacy experiment and showed a
significant antitumor activity in a human colon @aoma xenograft model.
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INDENO-PYRAZINE-DICARBONITRILE DERIVATIVES AS INHIB  ITORS OF
DEUBIQUITINATING ENZYMES

Colland, FY, Colombo, M.*®, Delansorne, R, Guedat, B, Jacq, X, Peretto, (%, Rain, J.-C?,
Vallese, §?

) Hybrigenics Pharma, 3-5 Impasse Reille, 75014sPBrance
@ Nikem Research Srl, via Zambeletti 25, 20021, Baate, Milan, Italy
*corresponding author: matteo.colombo@nikemreseanaim

Abstract

Deubiquitinating enzymes (DUBs), mainly belongimgcl/steine protease family, are enzymes able tdateethe
removal and processing of ubiquitin, a highly-coned protein expressed in eukaryotes cells, whasmipent
function is to address proteins to proteasomal atkgion. Among the subclasses of DUBs, Ubiquitie<Hic
Protease (USP) class is the most represented.dtheit protease activity and their involvemenséveral human
pathologies, USPs are emerging as potential bicdbgargets for pharmacological interference in tiéquitin
regulatory machinery. In particular, USP7 and USR&ved functional connections with essential yirateins and
oncogenic pathways, thus indicating that targetitese enzymes with small-molecule inhibitors maybeful for
the treatment of cancer and viral diseases.

High-throughput screening of a wide collection dfemically diverse compounds identified polycyclicydno-
pyrazine structures as potentially active compoundards USPs. In particular, compouhdhowed inhibition of
deubiquitinating activity with 1g in the micromolar range. Starting from the chetngteucture ofl and with the
aim of increasing potency and selectivity, thre@edent variation points were identified: introdiact of substituents
on the phenyl ring, transformation of cyano groypfsd functionalization of the ketone moiety.

Functionalization of phenyl ring df led to the identification of compourziable to inhibit reversibly USP7 and
USP8 deubiquitinating activity with an 4€in the submicromolar range.

Compounds3, coming from the derivatization of carbonyl moietfyl with O-alkyl hydroxylamines, were totally
inactive on USP7 but showed activity in the subomnmolar range on USP8. This selectivity was confinig
assessing the inhibitory effect of these compowagiEnst an extended panel of cysteine proteaseap@mds3
were further evaluated for their efficacy in cancells and they were found to affect the viabibfyHCT116 colon
and PC-3 prostate cancer cell lines witlgalues from 0.5 to 1.6M.
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FLOW CHEMISTRY: A USEFUL TOOL FOR IMPROVING EFFICIE NCY IN
ORGANIC SYNTHESIS

A. Rencurosf
®NiKem Research Srl, Via Zambeletti 25, 20021 Baasn@Mi), Italy
e-mail; anna.rencurosi@nikemresearch.com

Abstract

In recent years the number of new drug launcheédseasing dramatically and pharmaceutical companie under
a strong pressure to produce innovative, well-tifféiated drugs with a reduced cost. In this cantamtinuous
flow synthesis is emerging as a useful tool in ai&ey programs, being applied both in the hit \atioh and lead
optimization processes. Continuous flow chemistlyamtages include precise control of temperaturessure,
residence time and heat transfer. All these aspggtsficantly affect the reaction outcome imprayigield and
selectivity. Moreover the risks associated withitigi to scale up a process are reduced becausee#tution
conditions set-up on the microreactor can be diré@nsferred to production on larger scale withthie need of re-
optimisation.

In this talk, a series of examples of organic rieast® performed under continuous flow conditions will be
discussed, pointing out benefits and drawbacks wepect to microwave or traditional batch techegy In
addition, the multistep flow synthesis of the natwlkaloid (+)-Dumetorirfewill be presented showing the role of
this technique in the assembly of challenging madkx
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MULTISTEP SYNTHESIS OF (+)-DUMETORINE UNDER CONTINU OUS FLOW
CONDITIONS
E. Riva*®"S. Gagliardi A. RencurogiM. Benagli& A. Casellf D. Passarelfa. Martinelli®
@Universita degli Studi di Milano, Via Venezian 20133 Milano - Italy;

NiKem Research S.r.l., via Zambeletti, 25, 2002MBzate (MI); *e-mail:elena.riva@unimi.it
Abstract

To study the applicability of the flow techniquett® total synthesis of natural products, the railip preparation

of (+)-dumetorine was undertaken under continuéms €onditions. Isolated in 1985 from the tuberdDidscorea
dumetorumPax, (+)-dumetorine shows a notable use in folklimiee and its total batch-synthesis was recently
published by our group.

The planned synthetic route envisaged a flow poedwere all the steps were linked into one contisugequence
to devise a more concise and efficient synthetitipay. All the reactions were performed using a cmrtially
available flow apparatus (Vapourtec®). Packed colsimvere used for immobilized reagents or scaventgers
minimize handling, work-up and purification. Mogttbe reactions were carried out exploiting solva&perheating.
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To synthesize this natural alkaloid, new protocalsre developed for performing classical reactiomslen
continuous flow conditions.
IBX oxidation of primary alcohol, Grignard additiam carbonyl compoundsacylation, ring closing metathesis and
Eschweiler-Clarke reductive amination were optimisgfording products in high yields with limited mazal
handling as solvent evaporation.
Remarkable results were obtained in the
Grignard reaction, performed in an efficient andesmanner at room temperature avoiding cryogenic
temperature;
RCM reaction, carried out with a newly synthesig&tG-supported Hoveyda catalyst;
unprecedented flogschweiler-Clarke reaction that gave concomitanCB@&protection anéll-methylation
in high yield.
Notably, the synthesis required only one columroetatography for the separation of the two diasieoeoers
obtained after Grignard addition.

The flow-based total synthesis of (+)-dumetorinpresents a significant improvement over the exgstiatch-
protocol characterized by lower yield and highember of steps. This synthetic route clearly denrates how
flow chemistry technique is of great advantagehm assembly of challenging molecules, in termsvefall yield,
reaction time reduction and limitation of handlisgd purification.
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CONTINUOUS FLOW REACTION OF GRIGNARD REAGENTS WITH
CARBONYL COMPOUNDS

E. Rivd™® L.F. Raveqglid®; S. Gagliardt; M. Martinelli®; D. PassarelfaD. Vigo”; A. Rencurogt”
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*Corresponding author. Tel. +39-02-35694-7459; a#manna.rencurosi@nikemresearch.com

Abstract

Flow technologies are becoming more and more popataonly for the large scale production of highagtities of
chemicals but also for the small scale synthesisoofpounds utilized in drug discovery. Establisaddantages of
flow chemistry include precise control of temperatand pressure, enhanced safety and easier gcale u

Grignard reagents are broadly applied in organittt®sis and represent an important tool in the &bion of
carbon-carbon bondshowing excellent reactivity towards a wide ranelectrophiles. This reactivity often needs
to be controlled by operating at low temperatudewrsynthesis represents an innovative way to obrguch
reactivity since its homogeneous mixing and heatdfer narrows the temperature distribution andrices the
reaction output to the target product. For thisomawe decided to investigate the addition of Gaigrreagents to
aldehydes and ketones using the commercially @laiMapourte® flow reactor’
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The reaction of (2-methylallyl)magnesium chloridethw 4-isopropylbenzaldehyde was utilized to optieiz
experimental parameters. The solutions of the twagents, stored under nitrogen, were pumped at room
temperature through the flow apparatus; the readioeam was then directly passed into a coluntedfilvith
polymer-supported benzaldehyde to scavenge thesgxoE Grignard reagent. The temperature of theedtor
solutions of Grignard reagent and aldehyde, thebmunof Grignard equivalents and the residence tiveee
optimized. Best conditions employed 1.2 equivaleftSrignard, while the temperature of the reageahttions did

not affect the conversion (96% at -78°C, 98% a}, mhost probably as a consequence of the effigigring and
heat dispersion due to the high surface area tonwelratio in the PTFE tubing. The same reactiordaoted at
room temperature in batch conditions afforded #mirédd product with a conversion of only 29%.

To assess the scope of the procedure the syntifesismall set of secondary and tertiary alcohas wndertaken.
Aromatic, heteroaromatic and aliphatic aldehydes legtons, as well as aromatic and aliphatic Grigmaagents
were successfully employed, isolated yields alwhgig higher than 87%. Moreover, the compatibitfythis
procedure with the presence of the cyano group mwasstigated and resulted in the selective additibrihe
Grignard reagent to the carbonyl moiety with noplbgelucts deriving from addition to the nitrile fuioa.

The optimized protocol was successfully appliedhte synthesis of the analgesic drug Tramadol, fogmitly
improving the yield of the last step which ent#ile addition of a Grignard reagent to a ketone.
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