-}
4

NAGWI Grazm !Eg!
raz Graz University of Technology -

R

M.Sc. Nicole Mayer

Studies towards the inhibition of

Adipose Triglyceride Lipase
(ATGL)

DISSERTATION

zur Erlangung des akademischen Grades
DOKTOR RERUM NATURALIUM

(Dr. rer. nat.)

an der

Technischen Universitat Graz

unter der Betreuung von

Univ.-Prof. Dipl.-Ing. Dr.rer.nat. R. Breinbauer

27.01.2012



TU

Grazm
Graz University of Technology

Senat

Deutsche Fassung:
Beschluss der Curricula-Kommission fiir Bachelor-, Master- und Diplomstudien vom 10.11.2008
Genehmigung des Senates am 1.12.2008

EIDESSTATTLICHE ERKLARUNG

Ich erklare an Eides statt, dass ich die vorliegende Arbeit selbststandig verfasst, andere als die
angegebenen Quellen/Hilfsmittel nicht benutzt, und die den benutzten Quellen wortlich und
inhaltlich entnommene Stellen als solche kenntlich gemacht habe.

(Unterschrift)

Englische Fassung:

STATUTORY DECLARATION

| declare that | have authored this thesis independently, that | have not used other than the
declared sources / resources, and that | have explicitty marked all material which has been

guoted either literally or by content from the used sources.

date (signature)



Meiner Familie



Table of Content

AB S T R A T et e e e e e e e e rrnnn 1
KURZFASSUNG ...ttt e e e et et e e e e e e e eenmsaa e e e e eeenaa e eeeas 2
1. INTRODUCTION ...t emm e e e e e e ee e e e s eeenmmnnn s neeeeenes 3
2. THEORETICAL BACKGROUND .....couuiiiiiiiii e S.
2.1, TriacyIgIYCErOl (TAG)....oiiiiiiiiiiiiieee ettt ettt mee e s seesssssennnnennnnne 5
2.2, LIPIA ArOPIetS. ... o 5
2 T 0 1o T Y= L 6
2.3.1. Monoglyceride lIpase (MGL) ...t 7
2.3.2. Hormone-sensitive PASE (HSL) ... urrrriiiiiaeiiiiiiiee e 8
2.3.2.1.  HSL KNOCKOUL MICE.....eeuiiiiiiiiiiieeeee ettt 9
2.3.3. Adipose Triglyceride Lipase (ATGL)..ccccuueiiiiiiiieeeee e, 11
2.3.3.1.  ATGL @CHVALION ....iiiiiiiiiiiiee ettt e e eeaaeas 12
2.3.4. Molecular mechanisms regulating liPOIYSIiS. ... ..uuurruuiiiriiiiiee e 15
P T St R == 1 1T o I 15
2.3.4.2. Molecular mechanism of liPOIYSIS ....ceeeeeiieiiiiiiiieee 15
2.3.5.  ATGL KNOCKOUL IMICE ...ttt e e a e e e e e et eee s 16
2.3.6. Diseases related to ATGL-AEfICIENCY aeeiiiiiiiiiiiiieeieeeeeeeeeeeeee e 17
S U To N 1= o | o PPN 20
2.4.1. Lead Structure OPLtIMIZALION .........coooieeiiiiiiiieieiieeieeeeeeeeeeeeeeeee e nmmmeeeeeeeeseeenenenennnnne 21
2.4.1.1. Functional group modification ......ccccecoooiiiriiiii 22
Nt A =110 =10 1S3 (=] 1 1 o PP 22
2.4.1.3.  Water SOIUDILY ... 24
2.4.1.4. Combinatorial CREMISTIIY ........ueie e 24
2.4.1.5. Diversity-oriented SYNthesiS (DOS) .cceeemviiiiiiiiiiiiiiiiiiiee e 25
g L T o {0 T [ (1T L 26
2.5.  Small molecule inhibitors in lipid metabolism...............oooveiiiii e 27
2.5.1. Monoglyceride lipase (MGL) INNIDItOrS ...oc....uniiei e 27
2.5.2. Hormone-sensitive lipase (HSL) iNhibitOrS............uuuuvviiiiiiiiiiiiice e 28

2.5.3. Diacylglycerol lipase andp (DAGLo and DAGLB) inhibitors................ccccciiiinvie 28



3. AIMS OF THE DISSERTATION ....uuuiiiiiiiiiiieeiii ittt 30

4. RESULTS AND DISCUSSION......ccuuiiiiiiieiiii s eeeeena e e eeennnn e e e eeeennns 33
R - To IR (B o1 (1] £ TSR SPOPPPPPRPPPP 33
4.1.1. Synthesis of different hydrazones usingsdadehydes ............ccooiiiiiiiiiiiiicccceeeee, 33
4.1.1.1. Screening results and diSCUSSION .cceeeeeeiriiriiiieeiiiiiiiiieie e e e smeeeee e 37
4.1.2. Replacement of the hydrazone functionality..................eeueeemmeemmeemmeeeeeieeeneees 42
4.1.2.1. Screening results and diSCUSSION .cceeeeeeiiiiiiiiieeiiiiiiiiiiie e e e emneeee e 45
4.1.3. Replacement of the piperazine ring SYSEM...........cooiiiiiiiiiiiiiiiiiiee e 47
4.1.3.1. Screening results and diSCUSSION .cceeeeeeiririiiiieeiiiiiiiiiiie it e e emmeeee e 49
4.1.4. Diversification of building block D usingftéirent arylpiperazines...............ccccoeeeeee.. 51
4.1.4.1. Screening results and diSCUSSION .cceeeeeeiriiriiieeeiiiiiiiiieie et e e emneeee e 52
4.1.5. Summary of the improvement efforts of le@dcture 1 ..........cccoooviiiiiiiiiiieiee s 54
4.2, LA SITUCTUIE 2 ...ttt ettt e e ettt e e e e e e s e e e e ee s s e ettt e e eeeeeeeeeaanns 56
4.2.1. Synthesis of different 4-hydroxypyrazolemgglifferent arene substituted systems ........ 56
4.2.1.1. Screening results and diSCUSSION eceeeeeeiiiiiiiieiiiiiiiieceieeeeeeeieeeee v ereeer e e e eeeees 58
4.2.2. Variation of the eSter Side CNAIN...ccuueeiiiiii i 59
4.2.2.1. Screening results and diSCUSSION .eceeeeeeiiiiiiiieiiiiiiiieeieeeeeeeeeevvee v eeeeer e e e e eeeees 60
4.2.3. Synthesis of different arylpyrazoles repigdihe hydroxy group ..........cccccvvvvvvvvneeenn.. 61
4.2.3.1. Screening results and diSCUSSION eceeeeeeiiiiviiieiiiiiiiieeeeeeeeeeveeevev v eeeeer e e e e e eeees 62
4.2.4. Synthesis of various arylpyrazoles withodroXy group ...........ccccvvvvvvvviiiniiiiimmenneens.. 63
4.2.4.1. Screening results and diSCUSSION .eceeeeeeiiiiviiieiiiiiiiieeieeeeeeeeeeevevveeeree e e e eeeees 67
4.2.5. Replacement of the pyrazole ring keepingethglester functionality ................cccee.. 70
4.2.5.1. Screening results and diSCUSSION .cceeeeeeiiriiiiiieeiiiiiiiiiiee e e emree e 77
4.2.6. Synthesis of several biarylic systems witfeent electronic effects.............c.oeeeeens 81
4.2.6.1. Screening and AISCUSSION .........occcccmurrriiiiieeaeas st re e e e e e e s s smnnee e e e e e sannnnneees 91
4.2.7. Diversification of the ethylester functiomgaht the biphenylic system................c..... 97
4.2.7.1. Screening results and diSCUSSION ..ccrreeeiiiiiiiiiiieeiiiiiiiiiiiee e rmnree e 102
4.2.8. Synthesis and screening results of the agohinhibitor compound ..............c.oooeme 104
4.2.9. Summary of the improvement of lead StruCRUIe..............ooooiiiiiiiiiiie e 107
5. SUMMARY AND FUTURE W ORK ... e 111
5.1.  Structure-Activity RelationShip (SAR)........oiiiiiiiiiiiiiee e 113
LS U1 U] =Y 1o PP 114

6. EXPERIMENTAL SECTION ....ooiiiiiiiiiiiiiiiime s 118



6.1. General aspects, materials and Methods .........ccc.uuiiiiiiiiiiii s 118
00 Ot O O =0 S 1 VA= o 1o ) o PP 118
B.1.1.1.  SOIVENTIS ..ot 118
B.1.1.2. REAGENES ..ttt ettt e e e e e ne e et e e e e e araaa s 120
6.1.1.3.  Analytical MEthOUS.........oiiii e 121
6.1.2.  BiOlOgY SECHON ...ttt e e e e e e e e e e e e e e e e 124
6.2. Experimental procedures and analytical data for led structure 1 optimization........... 126
6.2.1. Hydrazone synthesis | (building BIOCK A) ..o 126
6.2.2. Replacement of the hydrazone functionalitylding block B) .................ccc oo, 161
6.2.3. Replacement of the piperazine ring (bUIldIEEK C) ......oooviiiiiiiiiiiiiiieeieee e 166
6.2.4. Hydrazone synthesis Il (building bIOCK®EY...........oovivieiee e 174
6.3. Experimental procedures and analytical data for led structure 2 optimization........... 194
6.3.1. Synthesis of 4-hydroxy-Htpyrazole-3-carboxylates 52 .............oovvceceeceveviieviveeiieee, 194
6.3.2. Esterification of 4-hydroxyH-pyrazole-3-carboxylic acid 53..............coeeevrrvrrrennn. 227
6.3.3. Alkylation of 4-hydroxy-H-pyrazole-3-carboxylate................coooieeeeeeiic, 230
6.3.4. Synthesis of aryl substituted ethillgyrazolecarboxylates .................ooo v 233
6.3.5. Synthesis of different biaryls replacing pyeazole ring ..........ccccceeeeeeeeiieeeviimmmmeeeennn. 253
6.3.6. Synthesis of different biaryls keeping theykester substituted phenyl ring............... 274
6.3.7. Diversification of the ethylester functia\al..................oo oo, 313
LR TN 0 T = (= £ ST PPPTPPPTTR 313
B.3.7.2.  AMUAES .. .eeiiiie ettt mmree e e e e e e et e e e sttt e e e e e e e nnnne e e a e e e e annnraaeeeannes 321
6.3.7.3.  SUIFONAMIAES ... e 325
6.3.7.4. Non-esterified DIPhENYIS ... 331
6.3.7.5.  ACELAMITE. .. ..o 335
TG T A T U (- T USSR 336
6.3.8. Synthesis of the optimized inhibitor COMPILNL.........ooviiiiiiiii e 337
7. REFERENGQGCES ... ettt e e e e eaan s 341
8. ABBREVIATIONS ...t e et et e e e e e e ena e e eaans 349
9. DANKSAGUNG ...t re e et e et e e e e e e e e e e eeeeaaeaees 355



Abstract 1

Abstract

The biochemical pathway lipolysis is responsibletfee catabolism of triacylglycerol (TAG)
stored in cellular lipid droplets. Three enzymeayph major role. Thé&dipose Triglyceride
Lipase(ATGL) cleaves triglycerides (TG) and generatagyaierides (DG) which in turn get
hydrolyzed by theHormone-sensitive Lipas@HSL). The Monoglyceride Lipas€MGL) is
responsible for the hydrolysis of the resulting wglgcerides (MG). During this process,
fatty acids (FA) are released and glycerol (G)asayated (Fig. 1).

ATGL HSL MGL
TG f DG ﬁ» MG f G
FA FA FA

Fig. 1: Scheme of the lipolytic cascade

Lipolysis is dependent on the presence of ATGLvégti The absence of ATGL, i.e. reduced
release of fatty acids, exhibit increased insudinsstivity and resistance to cachexia.

In this thesis studies towards the inhibition of @O are presented. Two lead structures were
identified and optimized regarding binding affinity the enzyme and inhibition effean (
vitro screening).

A great number of compounds were successfully gitled, which inhibit ATGL- one of
them with 100 % selectivity towards ATGL. Anothesngpound reached full inhibition of
ATGL in vitro applying at a considerably decreased inhibitorceatration. By “scaffold
hopping” cell toxicity could be removed completédading to firstin vivo studies in mice.
Two compounds achieved inhibition of lipolysis idigose tissue comparable to ATGL
knockout mice. Additionally, it was possible toastsh first structure-activity-relationships

for the studied chemotypes.
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Kurzfassung

Der “biochemische Reaktionsweg“ Lipolyse ist fimd&bbau von Triacylglycerol (TAG),
welches in Lipid Droplets gespeichert wird, veramiich. Dabei spielen drei Enzyme eine
wichtige Rolle. Die“Adipose Triglyceride Lipase“(ATGL) spaltet Triglyceride (TG) und
generiert Diglyceride (DG), welche wiederum von tdormon-sensitiven Lipase{HSL)
hydrolysiert werden. DiéMonoglycerideLipase“(MGL) ist veranwortlich fur die Hydrolyse
der dabei entstehenden Monoglyceride (MG). WahossdProzesses werden Fettsauren (FA)
freigesetzt und Glycerol (G) wird generiert (Fig. 2

ATGL HSL MGL
TG f DG f MG f G
FA FA FA

Fig. 2: Schematische Darstellung des lipolytischen Prezess

Lipolyse ist abhangig vom Vorhandensein der ATGLikat. ATGL-Mangel, d.h.
verringerte Freisetzung von Fettsauren, ruft emdhisulinsensitivitdt und Resistenz
gegenuber Kachexie hervor.

In dieser Arbeit werden erste Untersuchungen zhiblarung der ATGL vorgestellt. Zwei
Leitstrukturen wurden identifiziert und hinsichtlicder inhibitorischen Wirkung und
Bindungsaffinitdt zum Enzymr( vitro Screeening) optimiert.

Eine Vielzahl von Verbindungen konnte erfolgreigmthetisiert werden, welche die ATGL
inhibieren- eine sogar mit 100 %iger ATGL-Selek&wti Eine andere Verbindung erreiaht
vitro vollstandige Inhibierung des Enzyms bei wesentietringerter Inhibitorkonzentration.
Die Zelltoxizitat konnte vollstandig entfernt wergevas zu erstem vivo Experimenten in
Mausen fuhrte. Zwei Verbindungen erreichten eirf@blierung der Lipolyse in Fettgewebe
vergleichbar zu ATGL-knockout Mausen. Zusatzlichrwes mdglich erste Struktur-

Aktivitats-Beziehungen fir die untersuchten Chermetyaufzustellen.
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1. Introduction

The development abrganic synthesis methodology during the last years has beetruly
impressive. Tiere are practicly no limits on what carbe synthesized in a laborato
Presently, radicinal chemists ha an incredible portfolio of reactions and analyti
apparatus at their dispogaldesign ew drugs to meet society's demaHéis.

Medicinal chemistry ishe science that deals with the discovery and desfigiew therapeuti
chemicals and their develognt into useful pharaceuticals.lt may involve isolation o
compounds from nature ¢he synthesis of new molecu, followed by the investigatic of
the relationships between the structure of natarad/or synthetic compounds and tf
biological activities.

Medicinal cheristry, in its crudest sense, has been practicedsdéoeral thousand yeéd?
However, over the lagivo decade, the drug discovery process hasmtjed dramatically
making use of different technologies such as -throughput screening and combinato
chemistry (Fig. 3} These new technologies and the continuous increBeerest in nev

and improved drugs hawhange pharmaceutical research.

) _ _ computational combinatorial
synthetic biochemistry chemistry chemistry
organic high-throughput
chemistry

screening

2000
pharmacology
physical IT_IO lecular property-
organic biology, ba:
chemigry genomics ;

Fig. 3: Historical develoment of medicinal chemistr§! (Picture taken from re!*)

For a candidate therapeutic drug to be of clinbeaiefit, its metabolism and pharmacokin:
properties must be undeost to ensure that it has a reliable acti®

About one century ago organic compounds were alreadyhsgizier and optimized
systematically tdulfill the requirements wit a new pharmaceutichl.As a starting point fo
such chemical modifications of a chemical struciarerder to improve potency, selectiv

or pharmacokinetic parameters, compcs with pharmacological and biological activiare
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taken which are called lead compounds. Today threyadten found in high-throughput
screenings or are secondary metabolites from rlasotaces. A lead compound may have
undesireable side effects, characteristics thait lits bioavailability, or structural features

which adversely influence its metaboli§h.

For many years, the discovery of new drugs waseaeki by starting from a lead structure
and derive in iterating cycles of new compound lsgais with biological testing of these
compounds and a structure-activity relationshipatesl to some measure of therapeutic
efficacy!® If the structure of the target protein is availalale alternative approach is possible:
“Structure-based screening” integrates several Hyisipal techniques for the identification
and optimization of small molecules based on ldagctires with the goal to identify tool
compounds with improved drug profilEs.But with the improvements in experimental
techniques of X-ray crystallography and NMR, theoant of information concerning 3-D
structures of biomolecular targets has increasednatically*” By utilizing the essential
structural properties of the target macromolecw@eyariety of methods now exist for
suggesting potential ligand molecules either byeeging large chemical databases or by

assembling molecular fragments inside the binditeg’s!

Due to the still unsolved and unpublished 3-D dtriecof the enzyme Adipose Triglyceride
Lipase (ATGL), the goal of this thesis is to syrdize a large number of small molecular
compounds to create a small compound library atebksh a structure-activity relationship
(SAR). The synthesized compounds will be screepedbiblogical activity at thénstitute of

Molecular Biosciences, University of Graz, AustiTde first step is am-vitro screening to

determine the inhibition effect and binding affiniio the enzyme, followed by testing the
promising compounds in aex-vivo assay in isolated fat pads for selectivity and cel

permeability and at last, investigating thevivo effect of selected compounds in mice.
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2. Theoretical background

Metabolic pathways organize chemical reactions tiegipen in living organisms. In this
process one chemical is transformed through asseffiesteps into another chemical, by a
sequence of enzymes, which often require dietanyerals, vitamins and other cofactors.
Metabolism is usually divided into two categori€atabolism consumes organic substances
to produce energy, anabolism uses energy to bpldamponents of cells such as proteins
and nucleic acid$?

Glycolysis was the first discovered metabolic patfiwvhich results in the breakdown of
glucose, but a lot of reactions in the glycolysihpvay are reversible and participate in the
re-synthesis of glucose (gluconeogenésts).Lipolysis describes the hydrolysis of

triglycerides, esterification of the generatedyfattids with glycerol is called lipogeneSis.
15]

2.1. Triacylglycerol (TAG)

Triacylglycerols are triesters of fatty acids wgtycerol and function as the most important
energy storage in human organisifisDuring food intake, excess of dietary non-esteifi
fatty acids (NEFAs) are esterified to the relatwathemical inert TAGs which are
subsequently stored in cytosolic lipid droplets §)f adipocyte§” Adipocytes are cells
that primarily compose adipose tissue which camlisBnguished into two types, the white
adipose tissue (WAT) and brown adipose tissue (BATg fat stored in WAT is released as
energy while BAT combust fatty acids (FAS) by ifsel generate heat - a process known as

adaptive thermogenedté! BAT is darkly colored due to the high density dfeuhondria.

2.2. Lipid droplets

Lipid droplets are ubiquitous triglyceride and etegster storage organelles found in most
eukaryotic cells required for energy storage honesis and biosynthesiS?® Free

cholesterol and retinol ester, and xenobiotic hgtobic compounds such as polycyclic
aromatic hydrocarbons, are also found in the dtomee'*”! The stored lipids can also be

used as substrates for the synthesis of other taapocellular molecules, such as membrane
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phospholipids and eicosanoi@d.LDs vary greatly in size (diameter < 1-100 pm)d @ach
consists of a phospholipid monolayer that surrouma®re of neutral lipids, such as sterol
esters or triacylglycerols. On the bottom of Fghe structural features of a LD are shown.
Polar surface lipids of the monolayer (e.g. pho$iplus and sterols), the nonpolar lipids of
the core (e.qg. sterol esters and triacylglycerats) a variety of proteins decorating the surface
of the droplet are visible. One protein is perilipvhich plays an important role in lipolysis.
> | Under basal, non-hormone stimulated conditions,
perilipin protects the LD from lipolysis, whereas i
stimulated cells phosphorylated perilipin facikst
lipid degradatior?®

There are diseases of excess triacylglycerol storag
where LDs play an important role like obesity,
diabetes, fatty liver disease and atherosclerafiis,
characterized by accumulation of excessive LDs in
different types of cells and tissues. The
concentration of LDs can be a sign for cell
degradatior”!

Fig. 4: (Top) An electron micrograph of a lipid
droplet in a cultured hepatoma cell.
(Bottom) The structural features of a lipid
droplet. (Picture taken from rét)

2.3. Lipolysis

The definition of lipolysis is deduced from the gkewordslipos (= fat) andlysis (=
dissolving) and it describes the biochemical pathwesponsible for the catabolism of
triacylglycerol stored in cellular lipid dropl€fs! The hydrolytic cleavage of TAG generates
non-esterified fatty acids and glycerol (Fig. 5).

ATGL HSL MGL
TG f DG f’ MG f’ G
FFA FFA FFA

Fig. 5: Scheme of the lipolytic cascade.
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Three enzymes play a major role. The Adipose Tcgligle Lipase (ATGL) cleaves
triglycerides (TG) and generates diglycerides (D@ich in turn get hydrolyzed by the
Hormone-sensitive Lipase (HSL). The Monoglyceridpase (MGL) is responsible for the
hydrolysis of the resulting monoglycerides (M&).

2.3.1. Monoglyceride lipase (MGL)

In the year 1976, two scientists, H. TORNQVIST &1dBELFRAGE?"! from the University
of Lund in Sweden described the enzyme for the tiimse. They describe it as the “monoacyl-
glyceride-hydrolysing” enzyme which could be isethin 85 % purity from the fat tissue of
rats. Additionally, they determined that the enzyhgalrolyses 1(3)- and 2-monooleoyl —
glycerol at equal rates (Fig. 6), but it did nottatgze the hydrolysis of triacyl- and
diacylglycerole.

OH

\/W\/\)?\OLOH

MGL

O
\/\/\/\/:\/\/\/\)J\OH + HO/\(\OH

OH

Fig. 6: Hydrolysis of monooleoylglycerol to oleic acid agigcerol

MGL codes for a protein of 303 residues with a roolar weight of ~33 kDa and in January
2010 LAMBERT et al. presented the 3-D crystal structure of the huma&sLMs a dimer

(Fig. 7)1®
hydrophaobic helix

active site access active site access

hydrophobic helix

Fig. 7: 3-D structure of MGL. (Picture taken from F&f)
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They describe the/p-hydrolase fold, which consists of a cenfedheet, already mentioned

by KARLSSONet al.’” surrounded by a variable numbershielices. The catalytic triade is

composed by Serl22, Asp239 and His269.

The investigation of the role of MGL in endocanaiih metabolism and regulation of

appetite, pain sensation and mood control is ctlgraetively studied by using mouse models

that lack or overexpress MGL, and by MGL-selectueall molecule inhibitors.?

2.3.2. Hormone-sensitive lipase (HSL)

For more than four decades the HSL was considerée the only and consequently the rate
limiting enzyme for lipolytic catabolisfi® It was assumed to be the enzyme responsible for
the hydrolysis of triacylglycerol from the lipid @plet of adipocytes into glycerol and non-
esterified fatty acid§°>%

BELFRAGE et al*? could show that the HSL is a multifunctional enzymith a mass of 84
kDa that in addition to its activity against trighrides also shows significant activity against
diacylglycerol, monoacylglycerol and against lofgio esters of cholesterol. Fourteen years
later they could demonstrate a ~10-fold higher gigeactivity of the enzyme for DG
compared with TG, MG or CE when analyzednrvitro assay systems, suggesting a specific
role of the enzyme in DG catabolist.

HSL activation occurs by phosphorylation of the yene. YEAMAN et al®*

presented in
1994 two possibilities for HSL polypeptide phosphation in vitro andin vivo. Site 1, the
regulatory site, is responsible for the activatadrHSL which occurs in response to lipolytic
stimuli by hormones or adrenaline. At the secomel ai the basal site phosphorylation takes
place within adipocytes under basal conditions ipblysis. The cyclic-GMP-dependent
protein kinase and the cyclic-cAMP-dependent protéiimase (PKA) phosphorylate
exclusively the regulatory site, while the AMP-aated protein kinase is the most likely and
physiologically most important kinase phosphorylgtsite 2. Phosphorylation at site 2 has no
direct effect on the HSL activity. But due to irdetions between the kinases themselves site

2 phosphorylation prevents activation at sit&$®
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2.3.2.1. HSL knockout mice

YAMADA et al®’ generated HSL knockout mice by homologous recoatitn in

embryonic stem cells to clarify the precise roleHBL in the development of different

diseases like obesity and steroidogenesis. Inpitusess they determined by examination of

snl.2

snl.3
DG

FC

WAT
+H+ -

BAT

++

——

®
-

weight and morphology of BAT and WAT that these HSL

knockout mice were not obese and as cold sens#s/e

wild-type mice. Based on this knowledge ZECHNER

al.®® studied HSL-deficient mice in detail by takingitip

extracts from BAT and WAT from fasted control an8IH

ko mice to investigate whether HSL deficiency affeihe

lipid composition in adipose tissua vivo and analyzed
them by TLC (Fig. 8).

Fig. 8: Lipid analysis of WAT and BAT by TLC. (Picture &k

from ref®)

Strong signals at {Rvalues typical for 1.2-DG and 1.3-DG were detedtedHSL-deficient
WAT and BAT which are not present in WAT and BATwaifd-type mice.

These results were confirmed by analysis of WATdlipxtracts by ESI mass spectroscopy

% DG of total TG
O MW MDD OO

% DG of total TG

R U TR A

miz

TG 2

% relaive abundance
g
&
H
g
&
H
g
H
8

GO 20 E40  BOO BF B40 a0 BEO 200 #20

B4

(Fig. 9). Compared with WAT from control

mice that essentially lacked DG in relation to
the TG content (less than 1 %), WAT from

HSL-ko mice exhibits 8 % DG of the total fat

mass. These two observations provided
evidence that there is DG accumulation in
adipose tissue suggesting that HSL is not
essential for TG mobilization but rather is the
rate-limiting enzyme for DG catabolism and
consequently at least one additional TG

hydrolase must exis¥!

Fig. 9: Lipid and fatty acid analysis by mass
spectrometry. (Picture taken from F&f)
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In addition,in vitro lipolysis experiments were performed using isalaféAT fat pads from
control and HSL-deficient mice to specify furthetdefect of hydrolysis in HSL-deficient
adipose tissue (Fig. 10).

Gly cerol-release g - Glycerol-release
R WAT wt . WAT ko
74 J
w o e
551 Z &
&5 4 = 5
= 4 4 = 4
53 1 E 31
2 4 2
' _’a_/i,/-ﬂ'/-n 14
u} o T +
0 1 hours 2 3 o 1 hours 2 3
FFA-release FFA-release
77 WAT wt 7 WAT ko
5 51 [oko e koiiso
@ 5 @ 51
8 4 8 4
m {-2]
N N
= = :L?..
i 'l e
0 ) 0 : s
o 1 hours 2 3 0 ' hours 2 3

Fig. 10: In vitro analysis from isolated epididymal WAT of wt-micedadSL-ko mice (Picture taken
from ref®®)

Fig. 10 demonstrates that 3 h after stimulatiomsbproterenol the release of glycerol from
HSL-ko WAT was only marginally enhanced, in contttasthe release of glycerol from wild-
type WAT which was increased 4.3-fold. The net asée of free fatty acids (FFA) was
reduced relative to control. In addition, it wasedmined that hormone stimulation caused an
additional 88 % increase in the tissue DG contemt$L-deficient fat pads®

In summary, all these results show that there rexist at least one alternative or additional
TG hydrolase to HSL to compensate for the breakdofatored TG in the absence of HSL.
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2.3.3. Adipose Triglyceride Lipase (ATGL)

In 2004, three groups independently reported a eemyme able to hydrolyze TG, named
adipose triglyceride lipas&”’ desnutrif® or calcium-independent phospholipase: K242

The murine gene for ATGL encodes a 486-amino aocodem with a calculated molecular
mass of 54 kDa, the human ATGL gene encodes a Bdeaacid protein with 86 % amino
acid identity to the mouse enzyme. The 3-D stractfrATGL is not available to date but by
studying sequence similarities of the human andrthene ATGL it can be predicted that the
N-terminal half of ATGL is anu/p-fold protein which belongs to the superfamily aftqtin-
like phospholipases and it is assumed that thereaajso acts through a catalytic dyad (Fig.
11). TheC-terminal region contains a putative lipid-bindidgmain rich in hydrophobic

amino acidg”!

Fig. 11: 3-D structure of Pat17 depicting sequence sintidgsriwith human ATGL.
The insert shows the catalytiadiof Pat17 with the catalytic residues Ser77
and Asp215 which correspond to Ser4l Agpl166 in human ATGL (Picture taken
from ref!*")

As described above it is known that HSL hydrolyZé€&s and DGs even though its specific
activity against DGs is 10 times than for TGs. amparison, ATGL exhibits a very strong
activity against a radiolabeled TG substrate intizsmt to the DG substrate (Fig. 12A).
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Fig. 12: Role of ATGL within the TG hydrolysis cascade. (R GL activity against TG- and DG-
substrate. (B) Accumulation of reaction produitring ATGL- and HSL-mediated
lipolysis. (Picture taken from r&f?)

By measuring the relative abundance of lipolytiacteon products (Fig. 12B) the low DG-
hydrolase activity was confirmed. The acyl-hydrelasctivity of extracts from ATGL and
HSL-transfected cells is higher compared to cordgxdtacts of LacZ-transfected COS-7 cells.
The accumulation of DGs was increased 21-fold englesence of ATGL which indicates its
predominant hydrolysis effect to TGs, in contrasttte lipolysis assay from HSL-transfected
cells which shows no DG accumulation. It was calted that ~90 % of the FA molecules
released by the action of ATGL originate from thyelfolysis of TGs in the first ester bond, in
comparison to HSL, where most of the FA originataf all three ester bonds leading to
glycerol formation. These observations support desumption that ATGL and HSL have
different substrate-specificities, which hypothesizheir coordinate action in the catabolism
of TGsP

2.3.3.1. ATGL activation

In 2006, ZIMMERMANN et al*¥ predicted that ATGL is no target for activation by
phosphorylation and accordingly not activated bgnstocation to the lipid substrate as
described for HSL. Instead, ATGL activity is regeld by an activator protein annotated as
a/B-fold domain-containing protein 5 (ABHD5), also kmo as comparative gene
identification 58 (CGI-58).
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Fig. 13: 3-D structure and domain organization of CGI-58ct{e taken from ref”)

As displayed in Fig. 13 the model of mouse CGI-B8ves that the compact core provides a
three-layer ¢Bo) sandwich containing th&p-hydrolase core. The human CGI-58 consists of
349 amino acids, the murine CGI-58 is establishe@31 amino acids and both display 94 %
sequence identity. ATGL activation by CGI-58 isnmce ten-fold higher as in humans (Fig.
14).

120 - activation of mATGL by CGI-58 25 - activation of hATGL by CGI-58
100 T 20 n
80 -
15 -
60 -
10 -+
40 -
20 - 3
0 T 1 0 T 1
mATGL MATGL/mCGI hATGL hATGL/hCGI

Fig. 14: ATGL activation in mATGL and hATGL by CGI-58.

That suggests that activation of ATGL by CGI-58 elggs on the amino acid sequence
present within the patatin domain in tReerminal half of ATGL which could be confirmed
by mutation studie%/!

Analysis by northern blotting revealed that ATGL MR levels are highest in adipose tissue
followed by testis, cardiac muscle and skeletal aleysn comparison to CGI-58 which is

most abundant in testis followed by adipose tisbuer, and muscle (Fig. 15}"
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Fig. 15: Expression of ATGL and CGI-58 in different tisswemlyzed by Northern blotting.
(Picture taken from réf)

In an experiment where CGI-58 was added to wileetyytosol, it was determined that
endogenously produced CGI-58 is not sufficient btaon maximum ATGL activity because
the addition increased TG hydrolase activity inoseddependent manner up to ~100 % (Fig.

16A).
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Fig. 16: ATGL is the major target enzyme for CGI-58-medib&etivation of lipolysis in WAT.
(A) Dose-dependent effect of CGI-58 on TG hydrolasiities. (B) TG hydrolase
activities in WAT of wt, HSL-ko and ATGL-ko micéPicture taken from réf?))

Fig. 16B demonstrates that CGI-58 increased TGdigde activity in wild-type and HSL-ko
mice by 1.7- and 2.1-fold, respectively, but was atale to stimulate the activity in ATGL-ko
WAT. These results confirm the assumption that ATGLthe sole target for CGI-58-

mediated activation of adipose lipoly&i.
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2.3.4. Molecular mechanisms regulating lipolysis

2.3.4.1. Perilipin

The PAT family includes 5 members of proteins, aneerilipin. The sequence of all PAT
proteins is similar and they are able to bind icetlar lipid droplets. Perilipin is closely
associated with the periphery of lipid storage tbtsp in cultured adipocytes and
phosphorylated/activated by PKA or in response igmads that stimulate breakdown of
triacylglycerol. It interacts with other proteinge CGI-58 and ATGL, via protein-protein

interactions and functions to control both basal stimulated lipolysi&'>*!

2.3.4.2. Molecular mechanism of lipolysis

Perilipin regulates the ATGL and HSL activity bynding CGI-58. As pictured in Fig. 17, in
the basal state CGI-58 is bound to perilipin whacttects the LD from lipolysis and HSL is
predominantly cytosolic resulting in low ATGL (pesg in the cytosol and on LD) and HSL
basal activity. In the activated state phosphorylation

of perilipin leads to the release of CGI-58

Cytosol

which becomes available for ATGL activation
leading to diglyceride generation. HSL is
phosphorylated by PKA and perilipin promotes
the translocatidff! of the enzyme from the

cytoplasm to the surface of lipid droplets
leading to diglyceride hydrolysis. The last step
is the hydrolysis of the monoglycerides by

cytosolic MGL generating glycerol and free

(& 2
3FA . 7 Loy, :
" \ ng % fatty acids?44"
AN
pPP pE “Pp

Fig. 17: Molecular mechanism of lipolysis. (Picture
taken from ref?”)

Lipid droplet
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2.3.5. ATGL knockout mice

For analyzing the parameters of lipid and energtabmismin vivo the ATGL gene in mice
was inactivated by replacing the first exon resgltin so called ATGL-ko mice. It was
observed that ATGL-ko mice, in contrast to HSL-kacen are extremely cold-sensitive
because upon fasting they reduce their oxygen copson and drop their body temperature.
Additionally, they show a twofold increase in whdledy fat mass, exhibit enlarged adipose
fat depots and the TG hydrolase activity was redune~80 % (Fig. 18).
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Fig. 18: (A) Body mass analysis from wt- and ATGL-ko micB) Fat depot analysis from wt- and
ATGL-ko mice. (C) TG-hydrolase activities in WAhd BAT. (Picture taken from réf))

In response to isoproterenol treatment the reledideA from ATGL-deficient WAT was
decreased by ~70 % and the release of glycerot#® % which accordingly resulted in
reduced plasma FA levels in ATGL-ko mice (Fig. 19).
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Fig. 19: Basal and isoproterenol-stimulated increase of BRé glycerol release in gonadal
WAT from female wt- and ATGL-ko mice. (Pictutaken from ref)
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2.3.6. Diseases related to ATGL-deficiency

The absence of ATGL causes not only TG accumulati@diose tissue but also in almost all
tissues of the body, such as cardiac and skeletatle, testis, kidney and pancr&4sAt the
age of 12 weeks, the TG content in cardiac mudcheT&GL-ko mice was more than 20 times
higher than in wild-type mice, leading to a 1.4dfatcrease in heart weight (Fig. 20).

Wi Adghl /- )

Fig. 20: Photographs of hearts from 14-week-old wt- and ATKeLmice.
(Picture taken from réf})

The first ATGL-ko mice died 12 weeks after birtld, % of the male mice died after 16 weeks
and 50 % of the female mice died after 20 wé&ks.

In humans, ATGL deficiency and mutation in the géoreCGI-58 are associated with a rare
inherited disorder annotated aeeutral lipid storage disease (NLSD}” where TGs
accumulate in leukocytes, originally observed byRID®ANS et al. and named Jordans’
anomaly® In the 1970's, DORFMANt al®? and CHANARINet al®® reported additional
cases of NLSD with ichthyosis and lipid accumulatio leukocytes which was subsequently
named Chanarin-Dorfman syndrome (CDS). In 1997, @A al'® published examination
results from 44 patients with NLSD, where they diemated between two groups. 26
patients were affected with ichthyosis and 18 pdsievere not. And they could show that all
patients without ichthyosis suffered from cardiopathy, whereas this condition was
uncommon in NLSD patients with ichthyosis, whichade to the suggestion that the
underlying mutations might affect two different gen LEFEVREet al’®®! examined 150
proteins and identified mutations in one of thes@, the CGI-58, as causative for NLSD with
ichthyosis. In 2007, FISCHERt al®® reported a NLSD subgroup characterized by mild
myopathy, absence of ichthyosis, mutations in ATisit without mutations in CGI-58. The
demonstrated mutations do not alter the N-termiaglon of ATGL containing the patatin
domain and the catalytic site, whereas the C-taamiegion is altered and deleted by
mutations. This could explain the low activity dietLD-associated lipase and the defect in
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TG catabolism. They propos&l.SDI as a name for NLSD with ichthyosis due to mutation
in CGI-58 andNLSDM as a name for NLSD with myopathy due to mutationrSTGL.

signaling molecules
membrane lipids

anergy

~

symptoms

always prasant
Jordans” anamaly
sysbemic TG accumulation
ichihyosis cardiac myopathy

frequent

hepatomegaly, liver steatosts
skedatal myopathy
neurological disonders

less frequent

hepalomegaly, Iver sleaboss
skalelal myopathy
reduwced insulin Secretion

Fig. 21: Scheme of the lypolytic pathway and the cliniesdttires observed in NLSDM and
NLSDI. (Picture taken from r&f})

In a review ZECHNERet al®”! summarized several symptoms, observed in patserftsring
from NLSDM and NLSDI, which vary in frequency (Figl). Surprisingly, patients with
NLSDI and NLSDM are not obese, in contrast to ATKELimice which develop obesity.
These observations in species-specific differemeag suggest that ATGL is more important
as TG hydrolase in murine adipose tissue than mamuadipose tissue.

One third of the patients suffering from NLSDM aldevelop diabetes suggesting an
interesting connection between lipid and carbohydmnmetabolism because the reduced
availability of FA, which are normaly generated idgrlipolysis, for energy production is
accompanied by an increased usage of carbohydestesnergy source which leads to

improved glucose tolerance and insulin sensitivity.
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Fig. 22: Resultsof a glucos tolerance test from wand ATGL ko mic.

In glucosetolerance tests fasted AT-ko mice exhibited significantly lower basal glucc
values and displayed a markedly improved glucoss&rance compared to w-type mice
(Fig. 22)*! Therefore the inhibition of ATGL couldoffer the opportunity to tre Type 2

diabeteswhich is characterized by irlin resistance and high insulin levé®®

In 2011, HOEFLERet al® published investigations about the relationship lafases ir
adipose tissue arfdancer-associated (achexia The uncontrolled loss of body weight due
depletion of adipose tissue and skeletal muscleacterizes thewasting disorder mo:

common in patients withamcer, known as cache (Fig. 23).
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Fig. 23: Average weight change after injemn of LLC and B16 tumor cells. (, B, C) Wt mice
gnificantly lost weight with tumor progressi compared to ATGLor HSL-ko mice.
(Picture taken from re®)
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The researchers studied the cachexia effect of é@nginoma (LLC) or melanoma (B16) in
mice and observed that in wild-type mice the groeftthese tumors caused increased rates of
lipolysis, loss of fat mass and reduction of skalatuscle volume.
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Fig. 24: (A, B, C) Normalized gonadal and epididymal WATs~aduced by 55 % in wt mice
compared to ATGL- or HSL-ko mice. (Picttag&en from ref>")
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In contrast, ATGL or HSL deficient mice were reargtto the cachexia effects of the tumors,
in which the protective effect was strongest in AFKd mice (Fig. 24). They also observed
upregulated lipase activity in adipose tissue aohln cachexia patients. It was suggested that
there could be a correlation with the increasedutating concentrations of fatty acids and
glycerol observed in patients which leads to thecafation if drugs or small molecules

inhibiting the lipases could represent a powerftategy to prevent cancer cachexia and its
devastating effects.

2.4. Drug Design

Modern drug discovery research requires the coatiapplication of strategies to increase
efficiency, implement new technologies and increeaedidate quality. For a long time the
most consistently successful source of drug leadsewiatural products. But with the
evolution of new technologies such as high-throughgcreening (HTS), combinatorial
chemistry and technologies based on genomicspthenatural products have historically had
in lead generation, has started to dimidi&hCurrent strategies view discovery in terms of

four stages: "hit" selection, lead selection, leptimization and development selection (Fig.
25) 64
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Fig. 25: Stages of the drug discovery process and theicided chemical synthesis (brown)
and biological testing (red) activities. (Pictta&en from ref®)

Advances in molecular biology have had a dramatipact on the drug discovery process
because the ability to produce significant quasgitiof pure protein has facilitated the
possibility to determine the structure of many loéde biologically relevant targets which
provides a new tool in the drug design pro¢&ss.

There are two major types of drug design, the feseferred to as ligand-based drug design.
The second, structure-based drug design, relieh@rknowledge of the three dimensional
structure of the biological target obtained througéthods such as x-ray crystallography or
NMR spectroscop¥> By knowing the structure of the biological targandidate drugs that
are predicted to bind with high affinity and seieity to the target may be designed using the
knowledge of medicinal chemists, interactive graphior automated computational
procedures to suggest new drug candidates.

The ligand-based drug design relies on the knovdeafgead structures or lead compounds
which already exhibits a desired biological effect lack several properties important for
usage in therapeutic application. These molecubeglme analyzed to derive a pharmacophore
model which defines the minimum necessary structararacteristics a molecule must
possess in order to bind to the taf§8tThe chemical variation of such pharmacophores is
terminated by the introduction of additional sulosints can effect increased affinity and
biological activity. In addition, improved hydropikity of the molecule can have a positive

influence on the bioavailability in a biologicalssgm!®®

2.4.1. Lead structure optimization

In the last centuries different approaches wersymd to search for a lead structure. At the
beginning the therapeutic potential of a drug vessetd undein vivo conditions with human

patients, which was not ethical. In addition, lesiclictures were obtained by isolation of
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herbal natural products, animal toxins and ingmetdieand microorganisms. Also dyes and
intermediates could lead to pharmaceuti®8lsToday, with new technologies (HTS,
combinatorial chemistry) lead structures are idiatiand can be modified in order to

improve the desired pharmacological propertiesguapproaches described below.

2.4.1.1. Functional group modification

In 1868, Crum-Brown and Fraser recognized a relatigp between the molecular structure of
a compound and its physiological action which todayeflected in so called structure-
activity relationships (SARS).

Almost all drugs act at specific sites, such asa@ptor or an enzyme, and their activity and
potency are very susceptible to small changes @matal structure. Molecules with common
structural features tend to have similar biologieativities!®” Often molecules exhibit
undesirable side effects and characteristics whigfiuence the metabolism. Small
modifications of these compounds can lead to safdrmore clinically effective agents, e.g.
by introduction or removal of heteroatoms, chandhegring size or chain length, variation of
substituents at the aromatic- or heteroaromatig tinchange the hydrophilicity or electronic

effects or introducing chiral centéfs.

2.4.1.2. Bioisosterism

Bioisosterism is understood as the variation of Iteel structure to get more effective or
better compatible drugs by replacing an atom amamof atoms with other atoms or groups
of atoms having similar steric and electronic prtps. The most important aims of
bioisosterism are less side effects, decreasecityxigreater selectivity and increased
stability which should be achieved by optimizingpesally the physicochemical parameters
such as polarity, electron density distribution antlibility 8!

Many pharmaceutical examples illustrate the pokis#s of bioisosteric exchange. One

example is the benzene/thiophene-bioisosterism gy
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Fig. 26: Benzene/thiophene-bioisosterism.

The benzene ring in Clozapine is substituted byeghgithiophene in Olanzapine, which led
to a reduced risk of death by agranulozytose. Agrotxample is the nitrogen/methane-

bioisosterism (Fig. 27).

CHy CHj
H,C-N_  CHy H3C§\_<CH3
o/l;i‘\cH3 0= N CH,
Aminophenazone Propyphenazone

Fig. 27: Nitrogen/methane-bioisosterism.

Both compounds act analgetic and antipyretic, buiirphenazone is carcinogenic because
the reaction with NaN©leads to the formation of nitrosoamin®s.

The replacement of a trichloromethyl moiety witheat-butyl group results in diminished
persistence of the pesticide DDT (Fig. 28). DDTd®to accumulate for long periods of time
in adipose tissue whereas the methyl substituerdsiqe a site which is susceptible to

metabolic degradatidi’

O e

Ccl—C—Cl HyC~C—CHg
Cl CHs
DDT

Fig. 28: Replacement of a trichloromethyl moiety btea-butyl group.
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2.4.1.3. Water solubility

The conversion of water-insoluble drugs into wateltible ones can be realized by attaching

covalently an appropriate solubilizing side chaithaut losing its potency (Fig. 28!
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Fig. 29: Functional groups which are known to mediate wsddubility in small molecules.

The solubility and permeability of drug compounds strongly influencing their

bioavailability. Bioavailable compounds are defireslithe part which is freely available to
cross an organism's cellular membrane from the unedhe cell inhabits at a given time.
Once transfer across the membrane has occurredgsiatransformation, assimilation, or
degradation can take place within the orgariéhiPoor oral bioavailability can result in
variable exposure to active drugs. Lipingkiall”>"¥ defined a set of rules relating to the
importance of lipophilicity (octanol-water partitin molecular weight and the number of

hydrogen bond donors and accept6ts.

2.4.1.4. Combinatorial chemistry

Combinatorial chemistry is not only used for idéaéition of lead compounds but also for
lead optimization. It is defined by techniques tnthesize in parallel more than one
compound. To be correct, one should perform at k@@ combinatorial step in the synthesis;
one step in which the number of processed compattesaction vessels) is lower than the

number of prepared compounds (Fig. 88).
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Fig. 30: (A) Conventional synthesis. (B) General schema cbmbinatorial synthesis. (Picture
taken from ref.")

In a combinatorial synthesis different building dke A are treated simultaneously with
different building blocks B according to combinaabiprinciples resulting in a combinatorial
library which can be analyzed by various technigtessearch for biologically potent
compounds.

2.4.1.5. Diversity-oriented synthesis (DOS)

According to BURKE and SCHREIBER®! DOS describes an efficient and three-to five step
approach to a collective of small molecules witghhstereochemical diversity and diversity
of the molecular scaffold. In comparison to TOSrd#t-oriented synthesis) which
characterizes the synthesis of one proposed steugtith common or predicted properties
and combinatorial chemistry which describes thetmagis of a collective of analogues of a
proposed structure with common or predicted progertDOS aims at the synthesis of
complex and diverse structures with unidentifiedperties in the unknown area of the

chemical space (Fig. 31).
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Fig. 31: C?r?parison of TOS (A), combinatorial chemistry &) DOS (C). (Picture taken from
ref 8



2. Theoretical background 26

With DOS, branched and divergent ways of synthasespursued which have to be planned
in the direction of the synthesis aim. One discnameés between three components of
diversity: substituents-, stereochemical- and mdbcscaffold diversity.

2.4.1.6. Prodrugs

The “carrier-prodrug principle” consists of thetaahment of a carrier group to the active
drug to alter its physiochemical properties andhttiee subsequent enzyme attack to release
the active drug moiety*” Taxol e.g. is a potent microtubule-stabilizing @migerhich is used

in cancer treatment. But its aqueous insolubilignipers its clinical application which led

NICOLAOU et al®8Y to design and synthesis of taxol prodrugs with riomp water
solubility (Fig. 32).

Water-solubility
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Fig. 32: Taxol and its prodrugs mediating water solubil{iicture taken from réf?)

After absorption the carbonate ester decompasesvo spontaneously after abstraction of
one of the activated protons or of an acidic prapm the case of the pyridinium prodrug the

release of taxol is presumed to be the result afticeophilic attack by water or another
nucleophile.
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2.5. Small molecule inhibitors in lipid metabolism

Naturally occurring small molecules such as neuiattly acid esters, phospholipids, lipid
amides, fat-soluble vitamins, triglycerides andlebteryl esters are substrates for metabolic
serine hydrolases (SHs) which consist of >200 emzyim humans characterized by the
presence of an active site serine. Intracellulghytrerides in adipose tissue are hydrolyzed by
SHs, including ATGL, HSL, MGL and diacylglycerolphse a and p (DAGLa and
DAGLP).®? The development of inhibitors for these enzymes open the door to the
treatment of several diseases as inhibitors caulget a human enzyme and aim to correct a

pathological condition.
2.5.1. Monoglyceride lipase (MGL) inhibitors
As described above MGL is an enzyme which is capéblhydrolyze monoglycerides into

free fatty acids and glycerol. One monoglycerideghie endocannabinoid 2-arachidonoyl-
glycerol (2-AG), a ligand for the cannabinoid retwep CB1 and CB2 (Fig. 33).
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Fig. 33: (A) Hydrolysis of endocannabinoid 2-AG by MGL geating arachidonic acid and glycerol.
(B) Structure of the MGL-selective inhibitor JZ184. (Picture taken from ré&f))

In 2009, CRAVATTet al’®®* reported a piperidine carbamate, JZL 184, thabitthMGL

with high potency and selectivity. It binds covdlgrio MGL and inactivates the enzyme by
carbamoylation of the enzyme's catalytic serineleuphile leading to decreased MG
hydrolysis activity, reduced intracellular fatty id& and reduced pathogenicity when

aggressive cancer cells are treated with JZL 184.
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2.5.2. Hormone-sensitive lipase (HSL) inhibitors

HSL hydrolyzes TGs, DGs and MGs with ~10-fold higlaetivity for DGs over TGs and
MGs. Elevated levels of free fatty acids, which famened during lipolysis, have been shown
to be associated with increased insulin resistanceincreased risk for type 2 diabetes. There
are several chemical classes of HSL inhibitors maet in the literature. A few examples are
depicted in Fig. 34, such as a series of 3-pheralkbxy-1,3,4-oxadiazol-2-ones (general
formula 1) which are described by SCHOENAFINGER al®® or (3,4-dihydro-H-
isoquinolin-2-yl)-carbamates (general formula 2plshed by BELTRANDELRIOet al'®®

In 2003, SLEEet al'®”] reported a novel series of pyrrolopyrazinediorgenéral formula 3)

that demonstrate submicromolar activity against HSL
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Fig. 34: Literature known HSL inhibitors.

2.5.3. Diacylglycerol lipasea and p (DAGL a and DAGL) inhibitors

DAGLa/p are two key enzymes which play an important roleegulating 2-AG biosynthesis
in neurons. Two small molecule inhibitors are knowetrahydrolipstatin (THL, also called
orlistat or Xenical, which is produced by ROCHE®JaRHC80267, which inhibit the two
enzymes nonselectively (Fig. 35). In 2008, sel@gtistudies of both inhibitors were

performed by CRAVATTet al. applying activity-based protein profilin’
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O
: o, L)
i (\)_J(/\/\/ O//N\OJ\N/\/\/\/N\H/O\N/
H
N I
NHCHO

THL RHC80267
ICSO =60nM |C50 =10-70 H.M

Fig. 35: Nonselective inhibitors oDAGLa/B.

The inhibition of the enzymes suggest that the DA&Izymes regulate different forms of
endocannabinoid-mediated retrograde signallingémtervous systefft’
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3. Aims of the dissertation

Medicinal Chemistry attempts to correlate molecsgkauncture with biological activity with a
focus on the relationships of chemistry to bioladiactivity. In the past most drugs have been
discovered either by identifying the active ingesdi from traditional remedies or by
serendipitous discovery - the so called randomaaagr to drug discovery. More recently, a
new approach tries to understand how disease dadtion are controlled at the molecular
and physiological level and to target specific tiegibased on this knowlede.

Adipose Triglyceride Lipase (ATGL) is known to plap important role in lipolysis and it is
one of the major acylglycerol hydrolases in adipiosgue. ATGL removes the first fatty acid
from the triglyceride molecule and generates digiges. In experiments with mutant mice
and observations in humans, increased adiposeetiggolysis has been identified to be
responsible for at least two unfavorable metabodinditions: (i) insulin resistance and (ii)
cachexia. Mice lacking ATGL exhibit increased insudensitivity and are resistant to tumor
induced cachexia. Thus, inhibition of ATGL couldprave systemic insulin sensitivity and
counteract tumor-induced cachexia.

To date there are no selective inhibitors of ATGdsctibed in literature. But in preliminary
studies, several small-molecule compounds weretifthcapable of inhibiting ATGL (Fig.
36). These compounds originate from a high-througispgreen performed kyovo Nordisk
(Denmark)with the intention to identify HSL inhibitofé

120 -

100 -

80 4

60 4

40 -

ATGL activity (% of control)

Fig. 36: Compounds inhibiting ATGL activitin vitro. (Picture taken from réf®))
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This screening effort resulted in two promising gaunds as lead compounds to find more
potent inhibitors of the enzyme, compound 0875-066639-1A and compound 0875-0003-
7092-1A (Fig. 37). As no 3-D structure of the eneyis available until now it was necessary
to use a classic Medicinal Chemistry structure-bagmroach to establish a structure-activity
relationship (SAR).

b
O
a HO, O/\
o\
HO N\ N
WO
HO 72—
|Cso =110 lJ,M
|200 =69 % Oj
|Cso =120 uM
|200 =67 %

Fig. 37:(a) Lead compound 1. (b) Lead compound 2.

These two compounds provide a good starting poistyhthesize structural analogues which
on the one hand should show higher potency iniogldab affinity and inhibition effecti
vitro) and on the other hand show all the propertiesiredjfiorin vivo use such as selectivity,
no cell toxicity, bioavailability, metabolic staibyl, and solubility.

The two compounds are composed of four differenhraauctural elements in lead structure

1 and three main structural features for struc2ufieig. 38).

unfavourable hydrazone and pyrrole moieties introduction of
hydroxy groups, due to cause cell toxicity diversity

oxidizability and Phase I \
metabolism
HO ‘
\
Z/ N’\N
HO 2\ ]
NN N
o U »

_/

introduction of more hydrophilic
and bioavailable ring systems

Fig. 38: Structural properties and design considerationddtin lead compounds.
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The biological screenings, determination of blood @lasma parameters and glucose and
insulin tolerance tests were performed by the grouprof. Dr. Rudolf Zechner and Priv.-
Doz. Dr. Robert Zimmermann from tHastitute of Molecular Biosciences, University of
Graz, Austria This screening process will be performed at thiifferent levels of increasing

complexity (Fig. 39). An exact description can barfd in chapter 6.1.2.

In vitro assay Ex vivo assay In vivo assay

overexpressed ATGL :> incubation of living cells or :>
in cell lysates or organs and determination

cell tissues of FA release

injection of the inhibitor
in living animals

Fig. 39: Flow chart of the biological screening

In the first step all synthesized compounds wildergo anin vitro screening in a TG
hydrolase assay, in which triolein is used as tBestibstrate. Cell lysates (COS7 cells — a cell
line derived from kidney cells of the African gresmonkey) are incubated with radiolabeled
triolein in the presence or in the absence of inhib and the FFA release is determined by
radioactivity measurements. On the second levaeh@iog compounds with high biological
activity (inhibition effect and binding affinity)ra tested for cell permeability and selectivity
in anex vivoassay. Therefore, tissue pieces of gonatal faihatdated either in the presence
or absence of inhibitors. Lipolysis is activated hiyrmones (isoproterenol or forskolin) and
FFA release is determined. Enzyme selective comgmyuwnrhich inhibit lipolysis with high
affinity and show no cell toxicity, will finally bénjected in mice to determine the influence

on plasma fat cells in adipose tissue of a livingaoism.
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4. Results and discussion

4.1. Lead structure 1

L
HO@——//N N N @

L

Lead structure 1 resulting from the HTS can be #llyndescribed as a composition of four
main building blocks. The structure is charactetiby a hydrophobic side chain (building
block D), a probably water-solubility mediating prpzine ring, a hydrophilic ring system
(building block A) and the hydrazine function asking element which is known to introduce
high toxicity in a molecule. The kgvalue of lead structure 1 is 110 uM and it intslite

enzyme using a concentration of 200 M inhibitol6By%6.
4.1.1. Synthesis of different hydrazones using several athydes

The first step was to synthesize the lead compaarize sure that the data known from the
HTS-screening can be reproduced. In addition, esef compounds was synthesized in
which building block A was replaced because it isllvknown that phenols are easy to
oxidize and to transform into water soluble deinxed in human metabolism. Therefore,
different aromatic and aliphatic aldehydes wereubed to combine them in a hydrazone
formation reaction. It was necessary to synthesif@cient quantities of hydrazing In the
first reaction 1-nitroso-4-phenylpiperazi(® could be isolated in quantitative yields by using
an excess dert.-butylnitrite*® For the reduction of the nitroso to an amine graepapplied
the method by ENDERSt al’® (DIBAL-H as reducing agent) and FRANZBLA&t al®!
(zinc and conc. HCL), but both approaches led wappointingly low yields (insert of
Scheme 1). Fortunately, with 2.2 eq LiAIPF] refluxing for 2 h, hydrolysis by n,n,3n-method
and a short silica filtration 74 % pure 4-phenygggrin-1-aming3) could be isolated. In the
last step, structurally different aldehydes4ahhad to undergo a reaction with the hydrazine
3 in toluene at 100 °C according to a procedure iphbtl by HITCHCOCKet al’®! to
furnish the hydrazone compounis-5ah(Table of Scheme 1).
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HN N@ N 1.55eq><,N\ _THF, reflux o=n-N N
_/ 0" 0 )

over night
1 2
quant. Y
Reduction conditions | Temperature| Time [h] | Y [%]
conc. HCI, 25.0 eq Zn, t 1 o5 2.2 eq LiAlH,
H,O, MeOH dry THF
3.0 eq DIBAL-H, DCM,, reflux 168 14 reflux, 3 h
o)
s Y

R — /\
VY N@ - 4a-4ah HoN-N N@
N __/

toluene, 100 °C
5a-5ah

sc | . @é 9 | so C'ﬁ}g 90 | saa Ay 99

HO
5d | G% >99 | sp °'Q§ o5 | 5ab as 87

5e ”;@5 68 | 5q {Q}E 95 | sac { 99
5 HO%}E 50 | s &g 94 | s5ad ‘O 99
59 Q§ 99 5s j—\Lg >99 | sae | ne— ) 92
sh | wod Y | 00 | st | Iy | % | s ) 94

5i ”OQg >99 | su HOQE 71 | sag o= 98
—0
5j Qg 97 | sv /on 83 | sah % 98
NO,
5k ng 94 | sw /0%}5 44
O\
HO\_\
s | — Y | 99 | sx W 4

Scheme 1Hydrazone formation and yields depending on thel asdehyde.
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Not every hydrazone could be synthesized by peifagra simple condensation reaction. It
was planned to synthesize 3,4-dihydroyy-phenylpiperazin-1-yl)benzamid&) (Scheme

2) by an amide coupling using DCC and DMAP in diyil® combining the procedures of
IGUCHI et all®! and ORTIZ DE MONTELLANOet al®!. DMF was chosen as solvent

because of solubility issues.

0

HO
I\ HO 1.2 eq DCC, 1.2 eq DMAP, 0
H,N-N N@ + 129eq OH HO —\
p— HN-N N@
7/

HO DMF 4y, 11, over night
3 6 7

Scheme 2:Planned synthesis of compound X containing an arahd instead of the hydrazone.

Against expectations not the desired product waemed but the hydrazortai could be
isolated in 50 % vyield (Fig. 40). DMF seemed todtimn as aldehyde species leading to
imine formation catalyzed by the 3,4-dihydroxybenzxid(6).

/ N\
OO
N

/ 5ai
Y =50%

Fig. 40: Dimethylamine substituted hydrazobai.
The compound could be characterized by GC-MS aisadysl NMR-spectroscopy.

One further hydrazine was synthesized using 5-bbempofl][1,3]dioxole (8) as starting
material. According to a procedure published by $BR et al®® lithiation by n-BuLi and
formylation by reaction with DMF led to the desiraldiehyded in 92 % yield. Condensation
reaction with hydrazin8 in toluene at 100 %! gave the produdaj in 87 % vyield (Scheme
3).

/~ N\
<0:©/Br 1)1 eq n-BuLi <OI>)‘\H 3 o@_\\ S
o 78°C—=1t,15h O N-N N
8

toluene, 100 °C, 30 h __/
2)1.2eqDMF, rt,5h 9 5aj
Y=92% Y=87%

Scheme 3Two-step synthesis of hydrazobaj starting from 5-bromobenzdj[1,3]dioxole 8.
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With another interesting hydrazone compound we &dmd introduce an urea functionality
especially to improve or keeping perhaps the hyhitimity of the hydroxy groups. For this
reaction a lot of optimization work was done by Naela Melcher (bachelor student, August
2009). The big challenge was to synthesize thehghike speciesl2 by starting from
commercially available material. The direct brontioa of 2-hydroxybenzimidazol€10)

followed by formylation with DMF was not successf8cheme).

0]
H Br,, glacial acid Br H n-BuLi, DMF H H
@[ =0 \CE y=0 T - =0
10 11 12

Scheme 4:Failed attempt to synthesize aldehyi@dby bromination and formylation.

The failure of the bromination dfO could be explained by the electron deficiency of 2
hydroxybenzimidazol€10). The electrophilic aromatic substitution is knownwork better
with electron rich systems. Therefore, we decided tty a reaction published by
LIPCZYNSKA-KOCHANY et al(Scheme 5%" Methyl 2-amino-5-bromobenzoate3) was
converted with hydroxylamine in a substitution teat to the hydroxamic acid4 in 48 %
isolated yield. Unfortunately, the following Lossexarrangement stirring in hot (13® 150

°C) formamide led only to the recovery of startmgteriall3.

o)
Br\@ﬁL _ OH-NH, Br\ij\ OH  H,N" H
0 N
H
NH,

NH,
13 14 11

Y=48%

=
IZIZI

Scheme 5:Failed synthesis of the bromine derivathdetrying to use Lossen rearrangement.

Following the procedure published by LAVOkE al®® we finally produced the desired
aldehyde specieR2 directly via a ring closing reaction between 3idrtinobenzonitrilg15)
with urea in DMF obtaining 5-cyano-2-hydroxybenaiazole(16) in 68 % yield, which was
subsequently reduced by Ni-Al-alloy in formic acitb yield 65 % 5-formyl-2-
hydroxybenzimidazolg12) after basic work up in adequate purity (SchemeTk final

hydrazone formation worked in quantitative yi€f.
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N
FaN Z 0 DMF Z
d
+  2.89eq )J\ = O_J\
H,N HoN™ NH,
16

150 °C, 46 h
Y =68 %

Iz 2ZT

Formic acid, H,O
Ni-Al-alloy,
95°C, 18 h

H H,N-N N@
O-__N 20N
o)

(@)
N A N H
HNQ_\\ /N :<N
H
12

N—N N °
toluene, 100 °C, 8 h

5ak
Y>99 %
Scheme 6:Successfulhree-step synthesis yielding the desired hydrasake

Y =65%

4.1.1.1. Screening results and discussion

All synthesized hydrazones were screemedvitro to determine the l§g-value and the
inhibition effect in a dose-dependent manner. Tésults are summarized in Table 1. The
ICso-values (half maximal inhibitory concentration osabstance) and the inhibition of the

enzyme using an inhibitor concentration of 200 pr#llested.

N—N N
R—/ —/

Table 1:ICs-values andn vitro inhibition of the enzyme using an inhibitor congatibn of

200 pM
Entry No. R IC 50 [UM] | 20 [%0]
HO
1 o2 H04<\ >7§ 110 69
—0
2 5b o C ; 100 65
/
F
3 5¢ . C ; T 67
HO

5d 56
) /OGE %0
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The biological data of the lead substance (entrgol)d compared to the results of the high-
throughput screening performed Ngvo Nordisk, Denmar&nd confirmed the identity of the
compound of the original assay. Because phenol&rayen to oxidize and metabolize very
fast in human organisms, the first idea was toa@plthe hydroxy groups. Either both
hydroxy groups were replaced by methoxy groupsye?jt or fluorines (entry 3) or only one
hydroxy group was replaced by a methoxy group &4 and 5). In three other cases the
phenyl ring was substituted with only one hydroxgup in different positions (entries 6 - 8),
which resulted in an improvement of thes¢@alue (50 uM) and inhibition effect (85 %) in
the case of entry 8. With these compounds the dicdb activity concerning affinity and
inhibition effect could be slightly increased or re&econsistent compared to the lead
compound. But the best result was achieved withy@azone substituted with the 2,4-
dihydroxyphenylic system (entry 9) instead of thé-@hydroxy substitution (entry 1). The
ICso-value could be increased by one order of magnitadd® uM with 94 % inhibition. The

results of the best compounds are depicted infig.

ATGL/CGI Cos Lysate

100 -

90 A

80 -

70 4

60 -

50 4

% FFA/h*mg

40

30

20 4

10 4

0 uM 10 uM 100 pM 200 pM

Fig. 41: Dose-dependent inhibition of ATGL activity vitro.

Sterically more challenging (entries 11, 17, 25, 3% and 37) or aliphatic substituents (entry
18 and 19) led to the loss of biological activityst as chlorine substituents (entries 15 and
16), which are normally known to be promising igos$ for hydroxy groups.

Lead compoundsa and compoundbi were tested for ATGL- and HSL-selectivity by
incubating fat pads of wild-type, ATGL-ko and HSb-kmice with different inhibitor

concentrations (Fig. 42).
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5i

Bwt

OATGL-ko

BHSL-ko

5a
700 700
mwt
600 — — 600 -]
OATGL-ko
=200 7 BHSL-ko =200
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L 300 L 300
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MM Inhibitor

10 100 200
MM Inhibitor

Fig. 42: Slectivity test oba andbi.

Both compounds are not selective to ATGL or HSL thé selectivity could be improved

using compoundi, in which5i shows a slightly higher selectivity towards HSL.

In further tests it was determined that compo&naloes not inhibit MGL, phospholipase

(PLP) and lipoprotein lipase (LPL) (both enzymes eommercially available). But a great

disadvantage was determined by performing a tgxiest (Tox 4-test). Therefore, living cells

were incubated with the inhibitor. After additioha detection reagent (neutral red solution)

living cells showed red color, death cells wereodeks. The optic density was measured

photometrically at 540 nm and the higher the ogéinsity the less cell toxic is the inhibitor.

08 - Toxicity test

0,7
0,6 -
0,5 -
0,4 -
0,3 -
0,2 -

OD 540

DMSO 1 10 100
MM Inhibitor

200

Fig. 43Foxicity test of inhibitorsi.

Fig. 43 shows the decrease of the optic density with asirg inhibitor concentration which

can be explained by rising cell death pointingugh cell toxicity of5i.
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4.1.2. Replacement of the hydrazone functionality

Because of the known cell toxicity of the hydrazdimkage system the next goal was to
replace it by other functionalities such as amameide, urea or carbamate. The hydoxygroups
of our best compound can be troublesome underréiftereaction conditions. In order to
compare the biological data of new compounds witlady known ones it was necessary to
maintain the building block A with known and unriéae substitution patterns like
methoxygroups and fluorine substituents. For th& tompound it was possible to keep the
two hydroxygroups. To synthesize the 1,2.di@lwith the amino functionality as bridging
element a reductive amination could be applied @icg to the procedure of ABDEL-

MAGID et al®® (Scheme 7).
(0]

HO /—\ 1.4 eq NaBH(OAC); HO N/\
H ‘\/
1.0 eq AcOH, DCE, HO N
HO rt, over night 17

4a 1 Y =26 %

Scheme 7Replacement of the hydrazone functionality by @ma moiety applying reductive
amination.

Sodium triacetoxyborohydride was used as reducgamtain excess in the presence of acetic
acid. The yield is very low which could be explaingy the aqueous work up where some of
the product could be retained in the water phase.

In our effort to replace the hydrazone moiety wanted to test an analogue with a hydrazide

function to eliminate the toxicity and possiblyroduce higher hydrophilicity in the molecule.

12 eq
o 9 0 HoN-N N@
- OH  3.33eqSOCI 0 cl
- ﬁ q 2, -
0 cat DMF, reflux, O 10 % NaOH,
18 35h 19 DCM, rt, 30 min

Y= 53%

Scheme 8:Replacement of the hydrazone functionality by dragide moiety leading to compound
20.

In Scheme 8 the synthesis of 3,4-dimethdi{4-phenylpiperazin-1-yl)benzamid@0) is

depicted, where the two hydroxy groups are repldnedhethoxy groups because these are
not so troublesome under the chosen reaction gongditvhich were performed according to a
procedure published by NARASIMHANt al*® The synthesis of the acid chloride was
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performed in an excess of thionylchloritie using one drop of DMF as catalyst to accelerate

the conversioft®" The amide formation was accomblished in DCM aslzesit.

As a third possible alternative to the hydrazoneussa functionality should be introduced
(Scheme 9).

/OD/NH2 >‘\ (0] O )<
~ ' 15eq O)J\O)J\O

(@)
21
EtOH,
rt,2.5h
/N
1.1eq HN N H
_/ 0 N

1 SORE

1.2 eq n-Buli, 0°C -rt

dry THF 22
quant. Y

e ] dry THF

Li —0 o /\

o OO
ﬁ/—\N@ 0 NH
N/ flux, 5 h
reflux, 24

i 23 1 Y=25%

Scheme 9Replacement of the hydrazone functionality by seaumoiety applying substitution
reaction.

For this purpose, 3,4-dimethoxyanili{2l) was reacted with 1.5 eq Boc-anhydride in EtOH
to produce carbamag? in full conversior°? The removal of excess Boc-anhydride was not
trivial, perhaps for repetition its sufficient tgeaistoichiometric amounts of it. In the next step
1-phenylpiperazin€l) was deprotonated byBuLi in THF at 0 °C according to LAMOTHE

et all’® The carbamat@2 was dissolved in THF and added slowly to the smiubf
deprotonated phenylpiperazi2@ at rt undergoing a condensation reaction resultnthe
desired ure@4. There are two important issues which could exptae low product yield.
The first one is the difficult reaction control eeding the deprotonation rate, and the second
explaination could be the possibility for carbamdéprotonation applying the deprotonated

phenylpiperazin@3.
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The last interesting linking functionality replaginthe hydrazone and introducing
hydrophilicity was the carbamate with two fluorisebstituents. The reaction was done
according to IWASAKIet al** by preparingn situ the alkyloxycarbonylimidazd6 using
3,4-difluorophenok5 andN,N™-carbonyldiimidazole (CDI) (Scheme 10).

0
F oA L F 0N
+197eq /N7 NN DCM, rt, 22 h jr

25 CDI 26

1.04eq HN N@ rt,3h
_/

1

R o
)
F o
27

Y=20%

Scheme 10Replacement of the hydrazone functionality by doamate moiety applying CDI
activation.

In the last step 1-phenylpiperazi(i® was added in a slight excess to thesitu prepared
solution to obtain the final carbamat@ in 20 % vyield after silica gel filtration and wast
with 2 M NaOH solution. To improve the yield it |gerhaps necessary to isolate the
alkyloxycarbonylimidazol26 by washing with water to remove the imidazole whis

released upon the activation reaction.
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4.1.2.1. Screening results and discussion

All four compounds were screengedvitro and the results are listed in Table 2 assignieg th
new synthesized compounds to the analogous hydgazon

Table 2: ICsp-values andn vitro inhibition of the enzyme using an inhibitor congatibn of
200 uM
Entry No. Compound 1Gso [UM] | 20 [%0]

)
N—N N
HO@J __/

5

a

HO
OO0
1 17 HO N > 200 20
L U
—0 /\
OO
/o 7 \__/

b

5
2 20 O@QN‘NMN@ > 200 38
@]

/

—0O (0] 7\
3 24 OONHHu” > 200 40
/

j )
N—N N
I

Sc¢
F ) /\
1 27 N 110 57

The biological activity of all compounds could rmé¢ improved, only compoun#7 could
show comparable data toc. 17, 20 and 24 showed no significant Kgvalues and the
inhibition is strongly decreased, which is alsahles in the three diagrams depicted in Fig.
44,
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ATGL/CGI Cos Lysate ATGL/CGI Cos Lysate ATGL/CGI Cos Lysate
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Fig. 44: Dose-dependent inhibition of ATGL activity vitro.

In conclusion, the hydrazorte is still the best compound. Although it is celkibwe used
the optimized moieties of the compound to improlwe biological activityin vitro as the

convenient hydrazone formation could give us fasteas to series of derivatives for SAR-

studies
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4.1.3. Replacement of the piperazine ring system

In the next part we put our focus on the piperafingction by replacing the piperazine
through a piperidine, homopiperazine and an eloogdietween the building block C and
building block D (Scheme 11). The to date best switi®n pattern of building block A
containing the 2,4.dihydroxyphenylic system wastlkogmstant in these studies.

-0
H

28

X THF, reflux
155¢eq (0} N\\o overnight

ND_Q
32
33

29
— 090 2.2 eq LiAIH, uant. Y
Y=92% dry THF, q .
reflux, 2-2.5 h
30 34
Y=73% Y=56 %

(0]

toluene, 10e

100 °C a /@f‘\H

HO OH
4i
HO 7% N—N
HOQ—//
OH 35

OH 31
Y=57% Y=95%

Scheme 11Synthesis of piperidine containing compoudsand35 with a CH-elongation in35.
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According to the publications [90,92-93] describkxt the reactions in Scheme 11, 4-
phenylpiperiding28) and 4-benzylpiperidiné32) were nitrosylated in 92 % and quantitative
yield, respectively. After reduction with LiAlHthe obtained hydrazine30 and 34 were
reacted with the 2,4-dihydroxybenzaldehydg obtaining the desired hydrazone compounds
in 57 % and 95 % vyield, respectively.

To introduce the homopiperazine moiety it was ne@gsto synthesize the starting material
based on a Pd(0)-catalyzed Buchwald-Hartwig prdtepplied to theN-arylation of Boc-
protected homopiperazind6 with bromobenzend37). SCHOEN et al*®! described a
procedure exactly for our desired molecule usingORa), as Pd-species and X-Phos as
ligand. Additionally, Na@Bu was applied as base in a mixture of degasse@nel and-
BuOH. For the subsequent synthetic step it was ssacg to have the Boc-deprotected

homopiperazine isolated as a hydrochloride3&lh 29 % yield (Scheme 12).

1) 0.05 eq X-Phos, 0.05 eq
Pd(OAc),, 1.2 eq NaOtBu,
toluene/tBuOH (5:1, dry,
degassed), reflux, 24 h

Q Vam\ Br c
ﬁ\ >\N NH + 12eq ©/ Hﬁ/ \N/@
(0] 2
2) toluene, conc. HCI v

36 37

38
Y=29%

5.0 eq NEt3,
3.1eq >< _N_ | THF, reflux,
0" ~O| over night

o Dm0 O

THF, reflux, 2 h
40 39
Y=24% quant. Y

100 °C, toluene
over night

)

0
41
Y=97%

0
o
HO OH
4i
HO‘Q—//
OH

Scheme 12Four-step synthesis of the homopiperazine comtgioompoundtl .
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To nitrosylate the 1-phenylhomopiperazine hydrogti salt (38) addition of 5.0 eq
triethylamine was required. The conversion by réidnf? and condensatiti with 2,4-
dihydroxybenzaldehydg@ti) led to the desired produét in 97 % vyield.

4.1.3.1. Screening results and discussion

The results of thén vitro screening of all three compounds, which are maetian Table 3,

asats
HO 4
OH

Table 3: ICsp-values andn vitro inhibition of the enzyme using an inhibitor congatibn of
200 uM
Entry No. R 1C 50 [UM] | 20 [%0]

1 31 %@ 40 81
2 35 §p > 200 26

Entry No. Compound 1Go [UM] | 20c [%0]

)

N_
3 41 HOQ—// u“@ > 200 87

OH

were very surprising.

By replacing the piperazine ring with a piperidineg (entry 1) the IGy-value could be
improved from 50 uM to 40 uM but the inhibition wslgyhtly worse, which is also depicted
in Fig. 45. The elongation by a Gigroup (entry 2) showed no improvement of the lgalal
activity. The homopiperazine (entry 3), that metimesincrease of the ring size by one carbon,
indeed inhibits the enzyme with 87 % but theptalue is >200uM.
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% FFA/h*mg

100 ~
90 1
80 -
70 A
60 -
50 4
40 -
30 1
20 A
10

ATGL/CGI Cos Lysate

—a—5j
—e—231

oM 10 uM 100 pM 200 pM

Fig. 45:Dose-dependent inhibition of ATGL activity vitro.

Similar to5i compound31 does also not inhibit PLP. Surprisingly, we coulderve less cell

toxicity of 31 compared t&®i, which is depicted in Fig. 46.

0,9 -
0,8 -
0,7 -
0,6 -
0,5 -
0,4 -
0,3 -
0,2 -
0,1 -

OD 540

Toxicity test

——31

DMSO

1 10
UM Inhibitor

100 200

Fig. 4@ oxicity test of31 compared witlbi.

The decrease of the optic density after incubatvdh inhibitor 31 is less compared withi,

but the compound is still cell toxic and cannotused in living organisms.
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4.1.4. Diversification of building block D using different arylpiperazines

In this section we focused on the variation of dind) block D. We wanted to investigate the
hydrophobic influence of the benzene ring by repigat with a pyridine or saturated ring
systems. In addition, we wanted to explore the s steric requirements and limitations.
Almost all arylpiperazines which we planned to cemiwere commercially available. Only
the two piperazines which are extended betweehnbeingsystems had to be synthesized by
a substitution reaction following procedures puisig by CAPUANOet al*®! and PIKEet
al.’%! (Scheme 13). Piperazin@4) was used in excess because on the one hand it
additionally functions as a base to quench HBr H@l, respectively, which are formed
during the reactions, and on the other hand diatiyh can occur. However, the two desired
arylpiperazines45a and 45b could be obtained in moderate yields after puatfan by
vacuum distillation and column chromatography, eesipely.

H
Br N toluene, /7 N\
+ 40eq > HN N
" N 85°C, 3.5h — 45a
Y=69%
44
N
Cl toluene, / \
+ 40eq - HN N
43 N 85°C, 1.5h ~
H 45b
44 Y =62 %

Scheme 13Synthesis of the starting materidsaand45b with bond elongation.

The commercially available arylpiperazingsc-gand the two ones synthesized by ourselves

underwent than the well known reaction steps deg@iat Scheme 14, showing the results for

the nitrosylation, reduction and hydrazone fornmati®>°%
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52

—\ >< N THF, reflux /\
HN N-R + 1.55 eq o o ] ’ O=N-N N-R
/ over night __/
45a-g 46a-g
quant. Y
2.2 eq LiAIH,
(0] dry THF
: JI§ reflux, 2-3 h
H
HO OH
— 4 /N
HO A\ _ HoN—N N-R
N—N N-R
OH — toluene, 100 °C
47a-g
48a-g Y = 28-95 %
Y =25-95%

Y [%] (NH) : Y [%] (C=N)

EJ_Q 47a 56 48a 95

gp 47b 73 48b 95
=N 47c 95 48¢ 74

g@ 47d 28 48d 58

%OF 47e 45 48e 25
§{> 47f 46 48f 66
—) 479 65 489 76

Scheme 14Yields for hydrazine formation and subsequent agdne condensation for the various
piperazine substrates.

4.1.4.1. Screening results and discussion

The screening results of the diversification oriding block D are listed in Table 4.
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Table 4: ICsp-values andn vitro inhibition of the enzyme using an inhibitor congatibn of
200 uM
Entry No. R 1Cs0 [LM] | 20c [%0]

1 48a ;I@ > 200 14

2 48b p > 200 48
3 48¢ %@N > 200 19

4 48d g@ > 200 44
5 48e EOF 50 78

6 48f %@ > 200 25
7 489 §4<j > 200 36

The phenylring was replaced by pyridine (entry3) aaturated ring systems (entries 6 and 7)
and the chain between the piperazine and the pmegylvas extended (entries 1 and 2). But
all synthesized compounds did not show improvedbgioal activity. The data direct to the

following insights regarding SAR:

» The space in the binding pocket seems to be lim#edoy introduction of non-
planarity in the case of cyclohexyl and cyclopemigf systems the activity gets lost
and the hydrophobig-n-interaction of an aromatic ring is required.

» Electron poor aromatic rings (fluorine substituamtiry 5) are better than electron rich
ones (entry 4), but the ¥gvalue and inhibition effect of the fluorine sulbsted ring

are not improved compared to the non-substitutechatic ring. (Fig. 47)

ATGL/CGI Cos Lysate

——48e

100 ~

50 +

% FFA/h*mg

OpM  10uM  100uM 200 puM

Fig. 47:Dose-dependent inhibition of ATGL activilry vitro.

» Chain elongation between the rings increased theibility of the residue but

decreased the biological activity in a great manner
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4.1.5. Summary of the improvement efforts of lead structue 1
A
\ B D
HO / /\
JOHO
el

Lead structure 1 is a composition of four main diad blocks, which were synthetically
varied in this thesis. The ¥gvalue of lead structure 1 is 110 uM and it intslthe enzyme
using a concentration of 200 uM inhibitor by 69 %.the first chapter we reacted 4-
phenylpiperazin-1-aming) with different aldehyde§4a-4ah)to hydrazone¢ba-5ah) (Fig.
48)

O /\ toluene, 100 °C /N
)J\ + H,N-N N@ _ > N—N N
R™ "H _/ R—/

4a-4ah 3 5a-5ah

Fig. 48: General scheme for the hydrazone synthesis regléciilding block A.

It was planned to replace the hydroxygroups becalsnols are easy to oxidize and
metabolize. By introducing methoxy groups or flmerthe biological activity indeed could be
improved but by substituting the phenyl ring witlgdhoxyl groups in 2- and 4-position
instead of 3- and 4- position the biological a¢yiviould be dramatically improved (#¢= 10
MM, 94 % inhibition). (Fig. 49)

OH

Fig. 49:Improved compounéi.

The selectivity could also be improved towards AT@it it is still activity towards HSL
observable. A big throwback was the still maintdin®xicity, which is introduced by
hydrazones. We tried to replace the hydrazone bwitld other functionalities, such as a
amine, amide, urea or carbamate but their bioldgictivity was disappointing. Only the
carbamate could function as a competetive replactiioe the hydrazine linkage. Also the

replacement of the piperazine ring by piperidinel &lomopiperazine or chain elongation
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between the piperidine and phenyl ring did not ioverthe biological activity. By introducing
the piperidine ring at least the toxicity couldreduced. (Fig. 50)

09 - Toxicity test
0.8 1 -
B
' *—-—.t -
HO \ o 0,5 . \‘_\
N—N & 04+ \\\
] -
OH o 03 e a1 n
0,2 4 —m5
a1 4
0
DM 50 1 10 100 200
Hid Inhibitor

Fig. 50: Compound31 and the reduced toxicity.

The diversification of building block D with pyride-, cyclohexyl- or cyclopentyl rings while
keeping the piperazine ring showed almost no biolgactivity. Elongation of the chain
between the piperazine and phenyl ring led to #meeseffect. Only the fluorine substituent in
4-position of the phenyl ring resulted in a simibaut slightly worse biological activity.

To summarize the optimization of lead structure & were successful in improving the
biological activity (10 pM vs. 110 uM, 94 % inhiloh vs. 69 % inhibition) impressively. We
could improve the selectivity towards ATGL but aduhot reach a 100 % selectivity.
Unfortunately, we did not succeed in removing tak toxicity but we decreased the toxicity.
Because of this results and the limited possiedifior further optimization steps we decided

to explore a second lead structure.



4. Results and discussion 56

4.2. Lead structure 2

B

c\ /
O

Ho| M=o
D/@N
A/C‘E

Lead structure 2 also results from the HTS perfarrbg Novo Nordisk Denmarkit is
formally composed of four main building blocks. Téteucture is characterized by a relativly
hydrophobic side chain surely depending on thetguben (building block A), a pyrazole
function (building block D), which is hydroxy-sulisted (building block C) plus an ethyl
ester functionality as a side chain (building bl@&)k The IGq-value of lead structure 2 is 120

KM and it inhibits the enzyme using a concentratibR00 LM inhibitor by 67 %.

4.2.1. Synthesis of different 4-hydroxypyrazoles using diérent arene substituted

systems

For the synthesis of the lead compound and otheazples differing in the substitution on
building block A a patent published by &t all*®® was used. Starting from different anilines
49a-p diazonium salts were synthesized by using coa8dand NaNQ. The salt was then
reacted with 4-chloro-3-oxobutanodf&0) to obtain compoundSla-p ascis-/transisomers

in a JAAP-KLINGEMANN:-reaction (Scheme 15).
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o)
NH 0O O o/\
A 2 Cl
104 eq O/ 1) conc. H,SOy, 1.06 eq NaNO,, \)SI/U\O/\ 1.2 eq KOAc, y \N
/ AcOH, 10°C, 1 h N., EtOH, { ,1h N’
R NH
=
o O 50 |
49a-p 2) =
1.0 eq | X
o I~ Q <
AcOH/H,0 (1:2), 0 °C, 15 min 51a_pR 52a-p

3) 11 eq NaOAc, H,O0,0°C—>rt

51 [%]

52 [%]

51 [%]

52 [%]

h | & <} ‘| 86 03

P

NO,

77

41

Scheme 15Synthesis of different 4-hydroxypyrazol@Ra-p) and the yields of the isolated

oxobutanoateé 1) and pyrazolegs?2).

The cis-/trans¥atio depends on the substitution at the aniling thie product is isolated as a

mixture of both isomers. It was not possible toigrsshe signals in théH- and *C-NMR

using NOE-spectroscopy or HSQC and HMBC. HoweVes,question of the isomeric purity

is probably of little relevance, since for the ariduced cyclization reaction using KOAc the

isomeric mixture was converted to the desired miesb2a-pin good yields. Pyrazolg2p

had to be purified by column chromatography.
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4.2.1.1. Screening results and discussion

All synthesized 4-hydroxypyrazoléRa-p were screeneih vitro and the results are listed in
Table 5.

Table 5: ICse-values andn vitro inhibition of the enzyme using an inhibitor congatibn of
200 uM
Entry No. IC 50 [UM] | 20c [%0]

R
1 52a JOQé i 67
2 52b Qé 200 51
3 52c /OQ§ 200 49
4 52d Bf@% 120 60

Cl
52e 44
> m@—g > 200
F
6 52 Q—% > 200 30
F
Cl
7 529 Qg > 200 19
Cl
8 52h Br % 31
: > 200
F
9 52i 7 < \> : 30
> 200
Cl
\
O

10 52] :< % » 200 23
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52k 29
1 |@§ > 200
12 52) |4©—§ 120 61

13 52m o C : > 200 38
52 16
14 " @g > 200

F
15 520 @2 > 200 25
Cl
16 52p Qé > 200 30
NO,

The biological data of the resynthesized lead sulast (entry 1) confirmed the results of the
high-throughput screening performed lWgvo Nordisk, DenmarkThe diversification of the
phenyl ring by introduction of different electronorthting and electron withdrawing
substituents did not lead to the improvement ofitimdogical activity. Only the replacement
of the ethoxy group ipara position by halogens (entries 4 and 12) inducetsistent 1Go-
values and inhibition effects. Once substituentsewetroduced irortho or metaposition on
the ring (entries 5-11 and entries 13-16) the steimdrance seemed to be too high and the

biologcal activity decreased.
4.2.2. Variation of the ester side chain

By changing the ester functionality we wanted talfout how important the ethyl ester is for
the binding affinity to the enzyme and if it plagsspecial role in the inhibition effect.
Therefore, the hydrolysis of the pyrazd2a was attempted under the conditions oféil
al.*% with 53 in hand it was possible to synthesize the methgiirabutyl ester by a simple
acid-catalyzed esterification working either in Me@@©r n-BuOH applying the conditions of
BUNZLI et al(Scheme 16Y)%%!
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o}
HO o/
\
! b
MeOH, 6 h N 54a
o) O
HO, o/\ HO OH Y=14%
/ \N / ,\N 0
N’ 1) 5 M NaOH, EtOH, N 3.0eq j
60 °C, 30 min conc. HyS0y, §|
2) H,0, conc. H,SO,4 HO 2 O/\/\
o) O
\
) ) I\
54b
52a

N
53 n-BUOH, 25 h
Y=41% Y=5%

Scheme 16Variation of the ethyl ester by synthesizing thleutyl-and methylester substituted
pyrazoleS4aand54b.

4.2.2.1. Screening results and discussion

The variation of the ethyl ester functionality dretpyrazole ring led to the results listed in
Table 6

Table 6: ICsp-values andn vitro inhibition of the enzyme using an inhibitor congatibn of

200 M
Entry No. R 1C 50 [UM] | 50c [%]
1 53 H > 200 15
2 54a Methyl 130 64

3 54b n-Butyl 100 74
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The free carboxylic acid group of compous@(entry 1) decreased the biological activity of

the lead compound dramatically, which is also deplian Fig. 51.

ATGL/CGI Cos Lysate

100 ~
90 -
80 4
70 1

g 60 -
X
ﬁ 50 4
& 40 1 —&—52a
S 30 ——53
20 | —®—54a
10 4 —e—54b
0 T \ \ )
0uM 10 uM 100 uM 200 pM

Fig. 51Dose-dependent inhibition of ATGL activiiy vitro.

Almost no inhibition of the enzyme could be obselvimm contrast to the methyl and butyl
esters (entries 2 and 3). They showed data compai@lthe methyl ester functionality and
slightly improved biological activity for the butgster concerning both, thesiSralue and

the inhibition effect. The butyl ester indeed detied a slightly improved inhibitor compound
but because of the limited number of suitable concralty available building blocks, we

maintained the ethyl ester side chain for furtleed| structure optimization.

4.2.3. Synthesis of different arylpyrazoles replacing théaydroxy group

To resolve the question if the hydroxy group iseesal for the inhibtition of the enzyme, we

decided to alkylate it to produce perhaps a mor@abodic stable compound.

o (@)
—
HO o/\ —0, o
\

4 ,\N /N’N
N 1.46 eq K,CO3, 1.2 eq Mel, 55a: R = OEt Y =93%
DMF, rt, over night 656c:R=0MeY =37 %

52a: R = OFEt
R 52c: R = OMe R

Scheme 17Alkylation of the hydroxy group using methyl iodid
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The methylation could be realized in good to acaieletyields according to ldt all**® using
potassium carbonate as base and methyl iodide kytatedn reagent (Scheme 17). The
alkylation of hydroxypyrazol®2c using 1-chloro-2-methoxyethane as alkylating sgpeeias

also done to explore the available space in théignpocket (Scheme 18).

HO o @) 0
/ \ 1.1.5 eq KQCO3, / \
N 1.2 eq CH3;0CH,CH,CI _N
N DMF, rt, over night N
2.1.5 eq K2CvO3,
1.2 eq CH30CH20H20|
DMF, 60 °C, over night
(ONG O
52¢ 56
Y=40%

Scheme 18Alkylation of the hydroxy group using 1-chloro-2ethoxyethane.

After stirring at rt over night no conversion ofetlstarting material could be monitored by
TLC and GC-MS. But the increase of the temperataré0 °C led to full conversion and

successful isolation of the pyraz&e.

4.2.3.1. Screening results and discussion

All three synthesized alkylated pyrazoles were exteelin vitro obtaining results, which are
listed in Table 7.

Table 7: 1Cso-values andn vitro inhibition of the enzyme using an inhibitor congatibn of
200 uM

Entry No. IC 50 [UM] | 20 [%0]

R
1 55a o©—§ 90 63
_J
/O < > g 140 58

2 55¢
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Entry No. Compound |Cs¢ [UM] | 20 [%0]
N o)
/ N’\N
3 56 » 200 37
O\

The methylation of the hydroxy group of compolbsh led to the improvement of the J&
value from 120 uM to 90 uM by a consistent inhdntieffect (entry 1). Similar results were
obtained for the methoxy substituted 1-phenylpyi@entry 2). The results are also shown in

Fig. 52.

ATGL/CGI Cos Lysate ATGL/CGI Cos Lysate
100 - 100 -
90 90 -
80 - 80 -
70 | 70 -
o 60 o 60 -
E s £ 50 \
< 0 | § 40 1 —&—52¢
E 30 | [ —m—52a g | |7
& 20 —e—55a 8 0 5%
10 10 -
0 : : . . 0 : . : ‘
OuM  10uM 100 pM 200 uM OuM  10pM 100 pM 200 pM

Fig. 52: Dose-dependent inhibition of ATGL activily vitro.

In contrast, by introducing a longer alkyl chaimt(g 3) the biological activity was
immediately decreased, probably pointing out th&cepin the binding pocket of the target

protein.

4.2.4. Synthesis of various arylpyrazoles without hydroxygroup

As the alkylated hydroxy group of the pyrazole seérto improve the biological properties
of our substances we were interested if there iemgdly a substitution necessary at this
position of the pyrazole ring. For the synthesisha&f pyrazoles without the hydroxy group a
very interesting procedure was published in a patgr8OHNet al.in 199017
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o (0]
rt, over night
CI)H(O\/ v 20eq o /\O/VJ\I(O\/
o) (0]
57 58 59
quant. Y
0] —
(0] H ©
N.® \ \
/\OWO\/ /©/ NH3 glacial acetic acid, -0 /N,N /N'N
+
S)
Y R cl fh.2n 0
59 60a-h
60a: R = H— free amine R R
61

R=H 61a;:Y=39% 61a,: Y =44%
R =OMe 61b4: Y =20 % 61b,: Y =52 %
R=Br 61c;:Y=14% 61c:Y=34%
R=Cl 61d;:Y=21% 61d,: Y =33 %
R=F 61le:Y=15% 61e,: Y =34 %
R=Me 61f;: Y=29% 61f: Y=5%
R=tBu 619::Y=22% 619,:Y=22%
R=CN 61h;:Y=37% 61h,:Y=5%

Scheme 19Synthesis of pyrazolesl without hydroxy group yielding 3-and 5-substitufgdducts.

With this procedure it was possible to synthesizt the pyruvat&9 in quantitative yield at a
bigger scale and convert it then in a ring closiegction in glacial acetic acid by attaching
different phenylhydrazine hydrochloridé®b-h or the free phenylhydrazing0a (Scheme
19). In this pyrazole formation two different isormeare formed. The ester group can be
oriented in 3- or 5-position of the pyrazole rifigne product ratio depends on the substitution
at the phenyl ring. We were successful in sepagatioth compounds from each other via
column chromatography. Both products exhibit ddfar retention times in GC-MS and
different NMR-spectra. The structure of both isosneould be unambiguously assigned by
NOE-spectroscopy (Nuclear Overhauser-Effect) (BR). In the bottom spectra there is not
only a NOE-effect of the phenylic protons visiblgt lalso an additional effect between the 2°-

phenylic proton and the proton in 5-position at plgeazole ring.
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4-Ethoxyphenylhydrazine was not commercially aydéa As this compound would have
been essential for comparing the biological datéhefcorresponding pyrazoi, with the
lead structure 2, an alternative synthesis rou&lipwas developed (Scheme 20). According
to BUNZLI et all’® the pyrazole-3-carboxylic aci62) was converted to ethyl 3-

pyrazolecarboxylaté63) by a simple acid-catalyzed esterification in EtOH.

OH o/\
\ 3.0 eq H2804, EtOH, \
/ N / N
N N
H §sh H
62 63
Y=93%
0 —
o o
Ve Br
o /N
\ 1) 0.2 eq Cul, 2.0 eq Cs,CO3, N’
1.4 eq / N +
” ACNgyy, 82 °C, 7 h
o}
63 j 2) DMFgyy, 120 °C, 65 h [
64 j
61i,
Y=8%

Scheme 20Alternative synthesis of pyrazofi,.

For the Cul-catalyzedll-arylation of 3-pyrazolecarboxyla(®3) and p-bromophenetol€64)
two different procedures were combined. In thet fose by TAILLEFERet al™*¥ the
reaction takes place in acetonitrile but becauseodibility issues it was necessary to add
DMF as was mentioned in a procedure by Y®Ual™?. Full conversion of the starting
material was achieved but the low isolated yielnams unexplainable. After full conversion
of the pyrazoleé3 a lot of bromophenetol@4 was remaining. However, the prodédti, was

98 % pure and the most important objective wa®sb it in biological screenings, for which

we had sufficient material.
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4.2.4.1. Screening results and discussion

As described in the reaction discussion the sultstit of the ester group can take place in 3-
or 5-position of the pyrazole ring. It was our mien to analyze which isomer exhibit the
higher biological activity in thén vitro screening. Both isomers of compousith and61b

were tested and the results are listed in Tabled8Table 9 (entries 1 and 2).

Table 8:1Cso-values andn vitro inhibition of the enzyme using an inhibitor coneatibn of
200 uM
Entry No. R 1C 50 [UM] | 50c [%0]

1 6la Qg > 200 24
2 61by /o@—é 170 56

In both cases the pyrazole with the ethylester tfanality oriented in 3-position of the

pyrazole ring showed higher biological activity nhine pyrazole with the ester in 5-position,

which is also depicted in Fig. 54.

ATGL/CGI Cos Lysate ATGL/CGI Cos Lysate
100 100 -
90 - 90
80 80
> 70 = 70
E 60 E 60 -
5 e
< 50 - 2 50 -
L LL
L 40 - L 40 -
NS S
30 1 —®—6lal S 301 [—m—e61bl
20 —e—61a2 20 1 | —o—61b2
10 - 10 -
0 w w ‘ ‘ 0 : : : .
OuMm  10uM 100 uM 200 pM OpM  10pM 100 uM 200 pM

Fig. 54: Dose-dependent inhibition of ATGL activity vitro.

As a consequence of these results only the 3-sutestiisomers of the newly synthesized

pyrazoles were screenetvitro and the results are listed in Table 9.
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\
/N

R

Table 9: ICso-values andn vitro inhibition of the enzyme using an inhibitor congatibn of
200 uM
Entry No. R 1Cs0 [LM] | 20c [%0]

1 61a Qg > 200 42
2 61k /o©»§ 80 76
3 61 Br©—§ 120 65
4 61ch CI4©—§ 100 66
5 6le FQ% 200 48
6 61f @; 80 72
7 61g %—@% 100 64

8 61h NC@i > 200 31
9 61i, Jo@% 40 89

The so far best compounds wér2a (ICso = 120 uM, 67 % inhibition) an85a (ICso = 90
MM, 63 % inhibition) (Fig. 55). By removing the hgaty group from the pyrazole ring (entry

9) the IGo-value could be improved to 40

e} 0 . e
HO e o/ e UM with 89 % inhibition of the enzyme. Also
I\ Y the methoxy- (entry 2) and methyl- (entry 6)
N’ N’ substituents exhibit enhanced biological

activity.

52a 552 Fig. 55: Structures o62aand55a
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The dose-dependent curves of thevitro screenings of lead structure 2 and the optimized

compounds are depicted graphically in Fig. 56.

ATGL/CGI Cos Lysate
100 -
90 | —8—52a
80 - —a—61i2
70 1 —=—61b2
g 60
g —o—6112
ey 50 -
&
L 40
X 30 A
20 |
10
0 ; ; .
0 pM 10 pM 100 UM 200 pMm

Fig. 56:Dose-dependent inhibition of ATGL activity vitro.

Unfortunately, compouné1li, is not ATGL selective as demonstrated in Fig. B&hows

also high MGL activity.

05 5 Monoglyceride lipase activity
0,4 -
0,4 -
0,3 -
0,3 - T
0,2 -
0,2 - * %
0,1 -

MGH activity [umol/h/mg protein]

oM 5uM 50 uM 100 pM

Fig. 57:MGL activity test of compoun@1li,.

To summarize the results of the last four chapierscan say that the methylation of the 4-
hydroxypyrazole2a and 52c increased the biological activity slightly but fonately, the
elimination of the hydroxy substituent improved tlgy- value and inhibition effect towards

ATGL even more.
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4.2.5. Replacement of the pyrazole ring keeping the ethys¢er functionality

As it was discussed in the chapters before theogichl activity could be improved
impressively but the optimized compound showedthetdesired specificity towards ATGL.
Additionally, we were aiming for an enzyme affinity a nanomolar range. Therefore, we
wanted to replace the pyrazole fragment by othelicgtructures. The Pd-catalyzed Suzuki
crosscoupling reaction pointed out to be an attradiype of reaction, which connects two
aromatic systems by reacting organoboron compouwwitis arylhalides using palladium

catalysts. These reactions can be described byalytiacycle shown in Fig. 58

R1-R2
R'-Br
0
REDUCTIVE — | Pd
ELIMINATION OXIDATIVE ADDITION
R'-Pd'-R? R'-Pd"-Br
(')CS' CsF
F-B=F
OH Cs R1-Pd'-F
CsBr
OH OH
RZBf 2 > g2 IO
\ R _B_F @
OH '
OH Cs
TRANSMETALATION

Fig. 58: Catalytic cycle of the Suzuki coupling reaction.

In our case we used arylboronic acids and arylbdeswhich add to the Pd(0)-complex by
an oxidative addition resulting in an organo-Pdsbahide. The next step is the
transmetalation for which a base is essential esiben the Suzuki coupling. As depicted
one equivalent is needed for activating the bommdiere boron acts as a Lewis acid and a
tetravalent boron is generated. The second equivdbase is used to facilitate the
transmetalation because of improving the electtagtyi of the Pd-complex. By a reductive
elimination of the diorgano-Pd-complex the biarypecoduct is released and the Pd(0)-
complex is recycleft*

A few arylbromides7Oe-gwere commercially available. In case of the pyrdderivatives

70a-d the pyridine acid$9a-d first had to be esterified by the acid-catalyzedction in
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EtOH according to BUNZLEt al. (Scheme 22)/°°! The bromopicolinic acig69a) even had
to be synthesized by the reaction sequence sho®sohame 21.

1) H,0, 60 °C

9 o 2) 30 % NaOHgq, 0

H Cl Q ﬂ , over N
| NS 5MNaOH, | NN 1.3eqmCPBA | Ny  20eqNEt, | N _-CN night NS o
Q H,0, tt, 10 min Q Et,0, 1, 17 h Q 3.0 eq TMSCN, @ 330 % HClaa N7

B Br Br ACNay 4 ,35h g 20 min Br

4) EtOH, 75 °C,
65 66 67 68 45h 69a
quant. Y Y=73% Y =95 % Y =20%

Scheme 21Four-step synthesis of bromopicolinic acid (X).

The first four steps were done according to a pabgn CLEMENTS et all*™® The 4-
bromopyridine hydrochloridé65) was stirred in aqueous NaOH solution to obtainftee
pyridine 66 which was then oxidized hy-chloroperbenzoic acid in g from which theN-
oxide 67 precipitates. The carbonitriB8 was generated by adding trimethylsilyl cyanide to
the solution of thdN-oxide 67 in acetonitrile. The basic work up has to be daith caution
because HCN can be generated. In the last stepathenitrile 68 underwent hydrolysis in
agueous NaOH solution to obtain the free &9a which could be esterified similar to the

other pyridine acidé9a-d (Scheme 22).

O o)
N
dOH (e
— Y=40%
=
69a 70a
Br Br
o) o)
| Xy “OH | X0
Y =889
=N =N 70p °
69b
Br 3.0 eq H,SO,, EtOH Br
o) > o)
§ 335h
[~ TOH 0T Y=79%
N__~ N__~
69c 70c
Br Br
O o}
I\Q)‘\OH N 07
| Y =80 %
= P
69d 70d
Br Br

Scheme 22Esterification of four pyridine acidd9a-dto the ethylestergOa-d
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These synthesized arylbromides X-Y and the comrakycavailable ones (listed in the table
of Scheme23) were then coupled with 4-ethoxyphenylboroniicl §X) in a Suzuki coupling
reaction using CsF as base, P4dppf)*DCM as catalyst and DME as solvent applymg
procedure which is based on the first experiment publications from HACet al. and

which was improved in our laboratorie¥!

B(OH), Ar
0.05 eq PdCl,(dppf) * DCM,
Ar-Br +
2.1 eq CsF, DMEgy, 80 °C
e} 0]
70a-g j W
4l 72a-g

t[h] Y [%]

d N 4.5 92

Scheme 23Suzuki coupling of different aryloromid@®a-gand the reaction times and yields.

The low yields for compound&f and72g can be explained by the initial unexperience ef th
student, but they could be improved during theigh@mthesizing other biarylic systems.
Afterwards we destroyed the planarity in the uppey by hydrogenating the aromatic system
of the biphenyl72b to a piperidine ring applying Pt@nd hydrogen according to a procedure
by STARK et al. (Scheme 24" A mistake was made in the calculation of the amain

catalyst and it is likely that catalytic amountdlwe sufficient for this transformation.
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1.6 eq Pt02 / H2, EtOHdry

DCMgyy, 1, 27 h

73
0 72b

w Oj Y=59%

Scheme 24Hydrogenation of the pyridine ring into a pipenidiring.

Triazoles are a well known structural element irugdrcompounds to improve the
hydrophilicity of a molecule because biphenyls aeharacterized by high hydrophobicity,
whose hydrophilicity can only be improved by intothg various water-mediating
substituents. As depicted in Scher@d the azide74 was obtained by generating the
diazonium salt with NaN&@in conc. HCI and afterwards applying a Sandmeype-tyeaction
using NaN according to a procedure by PHILLIRSal**® The synthesized azid, which
could be obtained in good yield, underwent the Wwethwn “Click reaction”. For this Cu(l)-
catalyzed azide-alkyne 1,3-dipolar cycloadditiore thzide 74 was reacted with ethyl
propiolate(75) in presence of sodium ascorbate and Cpi8Q@cetonitrile and water. Stirring

at rt and in air resulted in the formation of tressided triazol&’6 also in good yield-*!

0] S
N (0]
NH N, 1.0 eq /LO
/©/ 2 1) 1.5 eq NaNO,, H,0, @/ 75 N\
N
-0 conc. HCI,0°C, 1h -0 0.2 eq sodium ascorbate,
0.07 eq CuSO, * 5 H,0,

2) 2.0 eq NaNj, H,0, 0 °C, H,0, ACN, rt, 15.5 h
49a 30min—rt,1h 74
Y =84 % oT
76
Y =79%

Scheme 25Two-step synthesis of the triazole containingBide.

In the last synthesis of this chapter the pyraaoh should be replaced by a pyrrole
functionality. The bromopyrrol&8a which is necessary to establish the biarylic sysby
Suzuki-coupling could not be purchased commercidg brominated ethylH-pyrrole-2-
carboxylatg(77) with NBS™2% Unfortunately, GC-MS analysis indicated the foriomiof
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three products, the two pyrrol&@8a and 78b shown in Scheme 26 and the dibrominated

pyrrole.
o)
) Van
§ 9 THF gy, MeOHyy o A~
o> + Br—N = HN o
\_/ 0°C—~1t,8h o NH \
77 © B N
;
78a 78b

Y =47% Y=44%

Scheme 26Bromination of H-pyrrole2-carboxylat€77) yielding 3 different products in varying
yields.

Pyrroles78a and78b could be isolated in good yields by column chraygesaphy but it was
not possible to assign their structure at thisestagCOSY, NOESY, HSQC and HMBC. We
decided to run two Suzuki reactions in parallek anth the pyrrolé’8aand one with pyrrole
78b, and attempted the assignment at the biaryl stagethis Suzuki reaction the previous
conditions were not suited because nitrogen hegeltes represent a challenge for Pd-
coupling reactions as they can coordinate compelyti to palladium and pyrroles are
electron-rich substrates. BUCHWALEt al™*?**23 published highly active catalytic systems
which allow a smooth reaction of heteroaryl comptgjrwith the S-Phos/Pd(OA€3ystem as
one of the best. In our case, potassium phosphaseused instead of CsF, S-Phos as ligand
and Pd(OAg) as Pd-source. The catalyst was fornmesitu while the reaction was running in
toluene and at 100 °C (Scheme 27). These conditregre already used and improved
successfully in our laboratory for the Suzuki-caongl with electron-rich indole

compound$*¥
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0] O/\
O e B(OH), —
_ 2.0 eq K4POy, 0.02 eq S-Phos, X NH 79
~_NH r 15e Y =63%
0.01 eq Pd(OAc),, tolueneyy,
Br Oj 100 °C, over night
78a 0}
71 b
NH
o) . — B(OH), / A0
HN . 156 2.0 eq K3PQOy4, 0.02 eq S-Phos, o 79b
o wed \\ Y =46 %
Br 0.01 eq Pd(OAC),, tolueneyy, 0
e 100 °C, over night
78b j 5
71 j

Scheme 27Suzuki coupling of the two monobrominated substra@aand78b using the S-
Phos/Pd(OAgatalyst system.

In the two reactions depicted in Scheme 27 theylsi@®aand79b are formed over night and

could be isolated by simple filtration through dicai pad and purification by column

chromatography starting from the two electron rmjrroles. Thankfully, at this time an

assignment of the two isomers was possible applM@d&-spectroscopy (Fig. 59). For both
compounds there are the same NOE effects for fie @rotons visible as expected but only
in the spectra for compourtPa a NOE effect between the protons from the loweg &and

the NH from the pyrrazole ring was detectable.
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4.2.5.1. Screening results and discussion

The pyrazole ring was replaced by several differgng systems in an attempt to improve the
selectivity. The biological data of the vitro screening is mentioned in Table 10.

R

0]

]

Table 10:ICse-values andn vitro inhibition of the enzyme using an inhibitor conaetibn of

200 UM
Entry No. R 1C 50 [UM] | 20c [%0]
N Ao
1 72a L 105 72
o
N
2 72b n° 60 79
™0
A o
3 72¢ [ 80 87
P
™o
N
4 72d N O 130 70
=
(0]
N
5 72e © 50 87
(@] O/\
6 72f = 70 81
S
(@) O/\
7 729 = 50 93

o™
8 73 T > 200 48
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(0] —
(0]
9 76 NN&L > 200 43
°N
o
(@] —
(e}
10 79a Q¥ > 200 44
| N 0
11 79b 7 > 200 30

M

The results were remarkable. Replacing the pyrazmodewith a phenyl ring (entry 5) resulted
in a similar IGy-value (50 uM) and inhibition effect (87 %). Alset pyridine ring with the
nitrogen in 2-position (entry 2) and the furan rif@ntry 7) showed comparably impressive

results, which are also summarized in Fig. 60.

ATGL/CGI Cos Lysate

—8—61i2
—&—72e
—u— 72f
—=—72g
—e—72b
——72cC

100 ~
90 H
80 -
70 -
60 -
50
40 +
30 +
20 -
10 -

% FFA/h*mg

0 uM 10 pM 100 pM 200 pM

Fig. 60Dose-dependent inhibition of ATGL activity vitro.

As we assumed before inhibitor compoure exhibited no cell toxicity compared to the
hydrazone compounds because in the Tox 4-toxi@say the optic density increased with

increasing inhibitor concentration. (Fig. 61)
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0,5 - Toxicity test
0,45 -

0,4 -
0,35 -
0,3 -
$0,25 -
502 —e—100% DMSO
0,15 -
0,1 -
0,05 -

——72e

10 5 2,5 0,5 0
pl

Fig. 61T oxicity test of compound2e

A selectivity test for compound2e and 72f was performed in aex vivoassay by taking
tissue pieces of gonatal fat and incubate them thighinhibitor compounds. As depicted in
Fig. 62 both compounds show no decrease in FFAasele the ATGL-ko mice compared to
the basal conditions which indicates good cell gaipility and 100 % selectivity towards
ATGL.

800
700
600 I
500
400
300
200 I
100 1

Selectivity test

B wt

atgl ko

nmol FFA/mg protein

basal + 72e + 72f

Fig. 65electivity test o72eand72f.

These promising results of non—toxicity and ATGlessvity of inhibitor compound’2eled
to the first experiments in mice. Therefore, intobi72e was injected in different
concentrations in mice and 24 h after injectioriat sample was taken and fat was isolated

to measure lipolysis in the fat pads of the mice.
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As pictured in Fig. 63 the mice with inhibitor shedva decreased release of FFA in blood

compared to the mice without inhibitor, which susjgé reduced lipolysis in fat tissue.

0,6
FFA release in blood plasma

0,5
©
£0,4
K] T *
£0,3 I .
<
0,2
g

0,1

O T T T 1
200 40 8 0
UM 72e

Fig. 63FA release in blood plasma after injectiorv@gin mice.

After taking blood samples from the mice fat wadased to determine the FA release, which
was decreased by 27 % with the injection of thébitdr 72e ( Fig.64)

Ex vivo study of WAT release plasma
12000 values
10000 T
e -27 %
S 8000
8 il
3 6000
LL
=
g 4000 —
<
2000 —
0 .
w/o Inh with Inh

Fig. 64: FA release in isolated fat pads after injectioi2éin mice.

This were excellent results for the finstvivo studies. But the reduction of the FA release was
not in the range we expected after thevitro screening related to the presumably decreased
bioavailability of the biphenylic system comparedhe pyrazole.
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4.2.6. Synthesis of several biarylic systems with differdrelectronic effects

These successful and surprising results with tleeylic systems showed almost similar
biological activity as pyrazole6li, but increased the selectivity towards ATGL.
Unfortunately, the hydrophilicity was reduced calesably, which might result in a poor
bioavailability. We decided to synthesize differbmrylic systems by employing once more
the Suzuki cross coupling reaction and vary theelowing by keeping the ethylester
functionality constant. As reported above for diéfiet Suzuki reactions CsF was used as base,
PdCL(dppf)*DCM as catalyst and DME as solvent at 80(SCheme 28).

O O

o
0.05 eq PdCl,(dppf) * DCM,

+ R-B(OH),

L 2.1 eq CsF, DMEgy, 80 °C

80 81a4

a HOQ% 5 22 f OZNQE 4 73

b B@—g 5.5 66 g NC\>—§ 24 87

c { 4.5 50 | n ) 5 90
\ . N

d /N©»§ 26 77 i Q% 8.5 85

o—/ N -
0
e - ¢l 5 51 j { >»§ 4 84

Scheme 28Suzuki coupling and yields for different arylboiwacids8la-j.

In dependence of the different electronic effeatpased by the ring substituents the reactions
worked in acceptable time ranges and with full @eiwons. The biaryl82a-j could be
isolated in good vyields and high purity after &lion through a silica pad and column
chromatography.

In Medicinal Chemistry several groups are known althimprove the water-solubility of
compounds. One representative group are amineshwifiien increase the polarity to a great
extent. In the next reactions the water-solubibtyhe biphenylic system should be improved
by attaching different cyclic or aliphatic amines.

At the beginning biphenyls, which are directly lgtkto the amine functionality should be

synthesized using the Buchwald-Hartwig amination.whs necessary to synthesize a
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sufficient amount of ethyl 4'-bromophenyl-3-carblatg (82k) which could be realized by an
acid-catalyzed esterification of 3-iodobenzoic a@ad)**® generating ethyl 3-iodobenzoate
(84) in good vyield followed by Suzuki reaction usingogbmophenylboronic acid81k),
Pd[PPh], as catalyst and 4 M aqueous,8@; solution in toluene and EtOH according to
WHITEHOUSE et al*?® yielding the pure brominated bipher82k in good yield (Scheme
29).

HO.,.OH
O
o O N
81k O °
OH  30eq. conc. H,SO, o Br
14.0 eq. EtOH, |} ,4n 0.05 eq PA[PPhl,,
I | toluene, EtOH, 80°C O
4M Na,CO3, 3d
83 84 82k
Como Br
Y=86% Y=72%

Scheme 29Synthesis of bipheny2k using Pd[PP§ as catalyst.

This successfully synthesized 4 -bromophenyl-3-@aylate (82k) underwent Buchwald-
Hartwig amination using pyrrolidine and piperidiag amine species. The Buchwald-Hartwig
amination describes the coupling of arylboromideshwamines in a catalytic cycle (Fig.
65)l[126]

Pd,(dba)z + (+) BINAP

() (BINAP)Pd(dba)

AN(R)R' ArBr

/* BINAP)Pd N

(£) (BINAP)PA(AN[N(R)R'] ) (BINAP)Pd(Ar)(Br)

NaBr /%\ R)R' )
BINAP)Pd Ar)(Br)

NaOtBu

Fig. 65: Catalytic cycle of the Buchwald-Hartwig amination.
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Eveline Brodl (Bachelor student, February 2011) alitbt of optimization work. She tested
Pd(dba) and Pd(OAcg) as Pd-species and (x)-BINAP, S-Phos and XantPhdgyands in
different combinations. Additionally, the solvenaswaried (toluene, DME, 1,4-dioxane) and
different bases were applied (N#&BD, CsCOs;, CsF) because the strong base NBaOis
known to be problematic in reactions with compoundsying sensitive groups like ethyl
ester functionality. Cesium carbonate is a wealasehbwvhich should be compatible with the
estet*?”! However, the best results and successful isokatafrthe products were achieved
according to BUCHWALDet al'*?® using 1.2 eq of the amine, 0.5 mol % of(@ta), 0.75
mol % (x)-BINAP as ligand and 1.4 eq N&D in toluene (Schem&0).

0}
0]
N
ShA (J°
0.5 mol % Pdy(dba); 0.75 mol % (+) BINAP,
+ 1.2eq amine
O 1.4 eq. NaOtBu, toluene O
a: pyrrolidine>= 80°C, 21.5h N
Br b: piperidine> 80°C, 23 h; 125°C,17.5h LY

82k 85a:Y=13%
85b:Y= 6%

Scheme 300ptimized Buchwald-Hartwig amination using the(@da)/(+) BINAP catalyst system.

The reactions proceeded very slowly and afterdativersion of the starting material, work-
up and purification both bipheny&ba and 85b were obtained only in low yields. Because
there are so much possibilities to influence tlggetof reaction a lot of more optimization
work is necessary to get this reaction runningsgatigly.

As the direct coupling of the biphenyl and amines\ga problematic, a linkage between the
biaryl and the amine seemed to be an alternativealthough we were fully aware that this
change might lead to different screening data. dmmgarison to the fixed amine-coupled
biphenyl the new compounds are more flexible bexafishe rotation around the Gigroup.
Nevertheless the strategy sounded very promisidghapefully the compounds should give
us more information about the binding effects ® ¢hzyme.

In the first step the previously synthesized ethymethylbiphenyl-3-carboxylaté82]) was
brominated using NBS in C£hnd DBPO as activator according to CUSHMANal!*?%!
After 4 h at reflux ethyl 4°-(bromomethyl)bipher8dearboxylateg(86) could be obtained by

simple filtration and purification by column chrotography (Scheme 31).
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0] 0

O O/\ O O/\
1.1 eq NBS, 0.06 eq DBPO,
ccl, ¥ an 86
Y =80 %

Br

82j

Scheme 31Bromination of 4 -methylbiphenyl-3-carboxylgi®2j) using NBS and DBPO.

Afterwards, the bipheny86 could be converted according to HORIUGC#t1al**% obtaining
the desired product87a-eusing 2 eq of the amine species, 1 eq for catctiieggenerated

HBr (Scheme 32).

O N
(0] O O/\

THFgry, 0 °C =t

+ 2.0 eqamine
J 4 @

Br IT]/‘%

YV,

86 87a-e
No. amine Y [%]

87a 28

H
O
N
87b [v] 53

87c No 26
87d HN  N— 61
/
~— O
87e HN  N-S— 48
\ / 6

Scheme 32Substitution reaction and yields using differemirzes.

Column chromatography should be done using EtOHeaus of MeOH because a

transesterification can occur due to the acidippres of the silica gel.
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We were also interested to introduce an indoletfanality into the compound to create more
electron rich aryl systems. As already explainedorige indoles are electron-riciiN-
heterocycles which can be converted in a Suzukploogiusing the S-Phos/Pd(OAatalyst
system. The reaction of 5-bromoindd@8) and 3-ethoxycarbonylphenylboronic adigd)
yielded after 17.5 h stirring at 100 °C the coupiedble 90 in 90 % isolated yield (Scheme
33).

In literature it has been reported that small \temies in the structure quite often can lead to an
extreme improvement in the biological propertieslidwing this rationale, we planned to
reduce the douple bond of the indole and methylegdree amine. According to GRIBBL&E
al.* the reduction of the indo®0 to indoline91 occurs by using sodium cyanoborohydride
in glacial acetic acid over night and 46 % indel@l could be isolated after column
chromatography. As discussed in literature, typyctile reduction is complete in less than
five minutes but the reaction time increases wiglerdased basicity. GRIBBLEt al. also
observed air-sensitivity of some indoles, revertuagt of the product to the starting material
which also happened in our case.

0]
o ™
1.5 eq NaCNBH;,
glacial acetic acid,
0 °C~>rt, over night i
O
Br 0 HN
o™
o 91
+ 15eq 2.0 eq K3PO,, 0.02 eq S-Phos, Y = 46 %
/
HN B(OH), 0.01 eq Pd (OAC),, toluenegy,
100°C,17.5h
88 89 HN—
90
Y=90% 0]

o™
1.4.0 eq NaH, THF 4,
it 45 °C, 3 d

2.2.0 eq Mel, 45 °C,
e

N—’/

/

92
Y=25%

Scheme 33Synthesis of indol containing biphergd with subsequent reduction ® and
methylationto 92.

The N-methylation was considerably more complicated thexpected and a lot of

optimization was done by Michael Tuechler (bachstodent, February 2011). According to
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ZHENG et al!**? the deprotonation was first carried out in DMFngsL.5 eq sodium hydride
and stirring at rt for 1 h. This was done two tim&ke first time with a 60 % dispersion in
mineral oil and the second time with hexane-wastedium hydride. Afterwards, 2.0 eq
iodomethane were added and the mixture was stvednight at rt. But on the next day GC-
MS analysis showed only the indd® in both cases. That means the deprotonation did no
take place. In further approaches DMF was repldoed’HF according to LISKAMPet
al.*3¥ pecause DMF sometimes can be problematic wherm istngether with amines. The
reaction temperature was also increased to 45 fGth&r problem is the deprotonation with
sodium hydride. Normally it is sufficiently reactiwising it as a dispersion in mineral oil but
because of the failed deprotonation it was alsohe@sn hexane to increase the reactivity.
But the bigger problem is thought to be the congpéid reaction control. There is no
possibility to monitor the deprotonation by TLC GC-MS. We decided one time after 3 d
deprotonation with 4.0 eq sodium hydride at 453@ivide the reaction mixture and added to
one half the calculated amount of iodomethane. rAfteh methylation GC-MS analysis
indicated 98 % conversion to the methylind@2 Because of this success we added
iodomethane to the other half but after 2 h styrBC-MS analysis indicated no product
formation and no starting material. In conclusiomwere one time successful in isolating the
desired produc®?2 after purification by column chromatography bug teproducibility is not
yet achieved.

To investigate the steric effect of the inhibitoniro group should be introduced in the lower
ring at the positiorortho to the ethoxy group. Therefore, it was necessaryitrate the
previously synthesized ethyl 4 -ethoxybiphenyl-8bcylate (72e) according to TIETZEet

al. (Scheme 34§34

O 0 0
o Sae sas
HNO,/H,SO,4, EtOH 5 % Pt/C/H,, EtOHdry
O 0°C=35°C, 4d ‘ EtOACy, It, over night O
NO, NH,
O\| o\| Oj
72e 93 04
Y=67% Y 52 %

Scheme 34Nitration of ethyl 4" -ethoxybiphenyl-3-carboxyldf&e)and reduction to the amir®d.
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In their procedure they used nitric acid in excassreagent and solvent at 15 °C. Tf
conditions semed to be too harsh our case athe starting material decomposed. Chan
the conditions by using EtOH as solvent, nitricdaonly as reagent and increasirhe
temperature to 35 °C resul in the full conversion of thetarting material to the nated
biphenyl93in 67 % yield aftr purification by column chromatography. The reductof the
nitro group to the amino group using 5 % Pt/C aypdrbgen stream at rt over nicled to the
formation of the amino substituted biphe94 in 52 % yield.

We felt confident that the nitratiocould only take place at the loweng because of the
deactivation ofthe upper rin by the ethylester substituent. N®@pgectroscopy of the amir
substituted bipheny®4 corfirmed that the amino functionality is placed ortho-position to
the ethoxy grop because a NC-effect between the isolated aromagiroton signals of bot
rings could be detected (Fig6).

rl364
1355
1350
1241

_4___4_,§

1300

~3 077
—7 797
7 EEE
FES1
7535

A

9

!

&

&

&

&

=l

&3

2

il

o

o

a
3316
2503
2500

u
}
J
!
Y
.{[

1200

1100
1000

300
800

0T
=700
= [ He0n
= TH3 500

7 Lo

300

200

LJ LAL T T LJJL

--100

100—
102

D0 —=c
207 —

T T T T T
a0 #5 4.0 75 7.0 6.5 6.0 ] 5.0
Fi (ppm )

Fig. 66: NOEspectra of ethyl :-amino-4"-ethoxybiphenyl-8arboxylat: (94).

The next syntheses should prce compounds which introduce hyphilicity in the
molecule, ontie one side by replacing the loy phenyl ring with a furane and on the ot
hand by making once more use of the ,-bridged amines. According

DEVASAGAYARAJ et all**¥ 5-bromofuran-2-carbaldehyd®5) had to be converted to t

amines 96a-c by redudve amination. Wit 2.0 eq amine and 2.0 eq dium
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triacetoxyborohydride in the first approaches weeththe problem to remove the excess
amine in the purification. Consequently, the amaframine was decreased to 1 eq reaching
also full conversion of the starting material adein. The three aminé&Sa-cwere isolated in
good to excellent yields and used in the next reacstep without further purification
(Scheme 35).

0
e
1.5eq B 89 O
HO ~"OH O/\
M\N 0.02 eq S-Phos,
F\  u amine. 2.0 eq NaBH(OAC), /@\/N\j 0.01 eq Pd(OAC),,
Br (e}
0
Br™ ™o L acetic acid, DCEgy, 4 h 2-0188 fépc%te’rt?]'izift‘edw' _
95 96a-c E/N\
o
97a-c
amine No. Y [%] | No. Y [%]
N 96a 75 97a 68
HN  N— 96b 92 97b 44
. 0
HN  N-S§— 96¢ 97 97c 74
\ / 6

Scheme 35Suzuki coupling of different furanes X-Y synthexizoy reductive amination of 5-bromo-
2-carbaldehyde (X) using different amines.

The Suzuki coupling between the arylbromid&a-c and 3-ethoxycarbonylphenylboronic
acid(89) with the already known S-Phos/Pd(OAcatalyst system led to the formation of the
desired biarylic compounds97a-c in good vyields after purification by column

chromatography.

The following product could be formed by a 4-stepation sequence (ScheB®&. In the first
step 4-bromostyren@8) was converted in a hydroxyhalogenation reactiaoitng to DAS
et al**! using NBS as brominating agent and ammonium acétatatalytic amounts. The
reaction works in short times because NBS and armunomcetate are known to produce
AcOH and HBr which can polarize the N-Br bond of SIBnd facilitate the bromination

reaction of olefins.
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0.1eq NH,0Ac, 1.0 q NaBrO; 0 0
11 6q NBS, OH  0.25eqNaBr, 5 N ,l,\
acetone, H,0, /@)VBr conc. HySO4. /@)& ' 20eq H
THF, 0°>rt, Br
e Br 0?85?2’5 . 25h 102
99 T 101 quant. Y
Y=92% Y=98%

2.0 eq K3POy, 15eq O

1.02 eq S-Phos
1.0 eq NaBrO;, ' o™
0.25 eq NaBr, 0.01 eq Pd(OAc),,

o 89
X conc. H,SO,, tolgsgf%w'l?o ¢l 2
DCE, H,0, 0 °C 9 HO ™ OH
Br

Scheme 36four-step reaction sequence yielding biphdid

The bromohydrin®9 could be obtained in 92 % yield and should beatlyeconverted to 4-
bromophenylacetaldehydd00) according to GHOSHet al™®*” using NaBr@, NaBr and
conc. BSQO, at 0 °C. The goal was to elongate the chain betwee biphenylic system and
the water-mediating amine. Unfortunately, the neactvas not performed at 0 °C but at rt
and it was not possible to isolate the desired yrbt00. Also after repetition of the reaction
at 0 °C phenylacetaldehyde formation could not bseoved which perhaps can be caused
from the instability of the aldehyde. Nevertheledg reaction performed at rt led to the
oxidation of the bromohydrin®9 obtaining 98 % of isolated phenylethanat@l As we
were substrate interested in different types ofcfimmalities and structures, we took
advantage of this and converted the etharidiieinto dimethylamino-1-phenylethanoi@2
according to HORIUCHIet al*® The product102 was contaminated with BHT, the
stabilizer of the THF, which was used for the wagk-It did not disrupt the next reaction and
could be removed making a column chromatographgefinal biphenylic systerh03 which
could be achieved by Suzuki coupling reaction apglyhe S-Phos/Pd(OAgkatalyst system
obtaining 13 % vyield of biphenyl03

With the last type of structure in this optimizatieection once more the steric effect of an
additional methyl group should be tested. Therefibve reductive amination of a ketone is the
reaction of choice. For our planned synthesis tiveire two possible pathways to achieve the
product formation. Either first the Suzuki-couplingtween the arylbromide and boronic acid
and afterwards the reductive amination or the otleer around (Scheme 37).
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(0]
1.5¢eq Q)L o~ o~
89

.B. \N/' 'E
HO™OH 20eq . 106a
2.0 eq K3POy4, 1.02 eq S-Phos, ‘ 1.0 eq NaCNBHj3, O Y=23%
0.01 eq Pd(OAc),, tolueneyy, acetic acid,
100°C, 3.5h THF g4y, 65°C, 4d P
Br O wj
105
104 Y=82%
0]
HN/\ Br 1.5eq 5 N
20eq L _N_ L O
HO ~"OH
1.0 eq NaCNBHs;, acesic acid, 2.0 eq KsPOy, 106b
THFdry, rt, 10d = 65°C, 24 h N/ﬁ 1.02 eq S-Phos, Y =59 %
K/N 0.01 eq Pd(OAc)s,
~ tolueneyy, 100 °C, 4 h
N

107 k/N
~

Y=71%

Scheme 37Synthesis of two biphenylk06aand106b applying two different approaches.

To construct first the biphenylic system and cotvethen with different amines is more
flexible and saves time making more reactions awstef synthesizing first the 1-
phenylethanamines and convert each product tarthediphenyl.

Nevertheless with both strategies it was possibledhieve product formation with two
different amines. The biphenyl06a was formed by coupling first 4-bromoacetophenone
(104) with 3-ethoxycarbonylphenylboronic aci@9) by Suzuki reaction applying the S-
Phos/Pd(OAg)catalyst system and performing afterwards the ol amination using 2.0
eq dimethylamine and 1.0 eq sodium cyanoborohydadeording to AMSTUTZet all**®
Using sodium triacetoxyborohydride as reducing agfes reaction did not work and also the
addition of acetic acid is essential to activate Ketone. The second bipheriyd6b was
synthesized the other way around. First, 4-bromoabenone(104) was converted in a
reductive amination using 2.0 eq 1-methylpiperazind 1.0 eq sodium cyanoborohydride to
obtain 71 % 1-(1-(4-bromophenyl)ethyl)-4-methylpgmne (107) which was directly
coupled in the Suzuki reaction applying once mbee $-Phos/Pd(OAgkatalyst system to
deliver 59 % biphenyl06h.
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4.2.6.1. Screening and discussion

In this part of the thesis we especially wantethtioduce increased hydrophilicity combined
with improved bioavailability compared to the biplge 72e In addition, we wanted to
analyze the electronic effects at the ring systenearn more about the SAR. The behaviour
of the synthesized compounds in theritro screening is listed in Table 11. In comparison to
the screenings done prior to this chapter, in soases Cos7 cell lysates were replaced by
Coli lysates (signed with *), in which 90 % ATGL @verexpressed. The motivation is to
switch completely to Coli lysates during our invgations because there are several
advantages regarding to purity, reproducability a@edreased costs compared to the Cos7

lysates.

Table 11:1Csq-values andn vitro inhibition of the enzyme using an inhibitor conaetibn of
200 pM

Entry No. R ICsq [UM] | 20c [%0]

1 82a HOOg 100 77

2 82b B@g 80 77

3 82c @g 200 52
\

4 82d /N@% 40 87

5 82e o—\ )% 130 68

6 82f 02N©~§ 95 63

7 829 NC/>—§ > 200 40
8 82h ) 75 67
9 82i QF% 90 55

10 82] 4®~§ 140 63
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

82k

85a

85b

86

87a

87b

87c

87d

87d*

87e

87e*

90

91

92

93

Sy P

O

BrL@g 40

Q:% »> 200

:§ 75

0 <:> ; 150
N
&_5 > 200

Qx > 200

Qw 100

Qx 200

H@*§ 120

»> 200

34

45

76

99

33

68

67

26

32

68

54

80

66

84

44
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0
26 94 _ g 140 59
H,N
/
27 97a N N ; 190 53
O
\N/w
28 97b L 120 67
N/
\/Q\éé
0
s

29 97¢ @ N() 100 66

(@)
30 103a \ >—< }% > 200 20
/
(o)
31 103* \ >—< >*§ > 200 4
/

o)
32 105 ) > 200 36

0
33 105+ ) > 200 17
34 106a _N>_< ) > 200 50

35 106a* _N> < > : > 200 9

36 106b ( J 90 69

37 106b* (‘ 4) »> 200 30

* values meassured with Coli-lysate

Thein vitro screening offered valueable clues to the eleatrpnoperties which are desired

for the inhibitor compound. With improved knowledgeout improved inhibitor strutures the
number of negative screening results could be dserkand specific optimizations could be
done. As can be concluded from Table 11 and Figarhy electron-rich biarylic systems with

electron donating substituents, such as dimethylanfentry 4), piperidine (entry 13) and
indoles (entries 22 and 24) showed high biologicailvity.
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ATGL/CGI Cos Lysate

100 +
90 A
80 -
70 A
60 -
50 -
40 -
30 A
20 A
10 -

% FFA/h*mg

0 uM 10 uM 100 uM 200 pM

Fig. 67:Dose-dependent inhibition of ATGL activily vitro.

By introducing substituents bridged with a £g¢toup to the biphenyl (entries 15, 16, 17, 18,
and 20) or keto- (entries 30 and 32) and methineties (entries 34 and 36) the biological
activity was decreased suggesting the flexibilgypossible rotation as one reason. The best
results were achieved [82d (entry 4),85b (entry 13) and0 (entry 22) with IGs-values
from 8-60 UM and good to acceptable inhibition etfe Also entry 14 seems to show
significant biological activity but we fear sever@valent side reactions when applying this
compound due to its high electrophilicity. For fgt biological tests the synthesis of bigger
amounts of the substances was necessary. As dasdydiore the synthesis 85b did not
work out in good vyields because of the still nottimgzed reaction conditions. We
concentrated on compourgPd and determined their ATGL and HSL activity by gsin
isolated fat pads from mice. As it is depicted ig. B8 the inhibition of ATGL is higher than
for HSL, concluding that although no ATGL specificiof 100 % is reached improved

selectivity compared t61i, was achieved.
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900 ATGL/HSL activity
400 W ATGL/LZ
OATGL/CGI
700
OHSL
2 600
X
3 500
LL
L 400 -
o
E 300 -
200 - —
m INer-nis
0 = T T 1
0 100 200
UM 82d

Fig. 68ATGL- and HSL activity of inhibitor compoungld.

A further experiment was an inhibitor study wBBd and72e in cell cultures (3T3 cells).
The 3T3 cells were incubated with the respectivehitors in a concentration of 200 uM to
determine the FA release (Fig. 69).

Inhibition of FA release in 3T3 cells (200 uM)
3500
3000 T
E 2500
< 2000
LL
E 1500
" 1000 1%
500 87%
0 ; | l
w/o Inhibitor 82d 72e

Fig. 6%ell culture experiment in 3T3 cells.

Fortunately, both compounds inhibited the lipolysigygesting a very good cell permeability
for both, 82d even more thary2e connected with desired and improved bioavailghili
Almost full inhibition of the lipolysis in cell ctires and non-toxicity of both compounds
mediated their use in an insulin tolerance tegy.(F0).
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200,0 ]
Insulin Tolerance test
150,0 .
|
RS A
£
o 100,0
(2]
(o)
(8]
a —o—control /
© 500
—— +72e
—t— + 82d
0,0
0 15 30 60 120 180
time (min)

Fig. 70nsuline tolerance test 82d and72e

Therefore, the inhibitors (200 uM) were injectednmce. On the next day the mice were
fasted for 4 h and 0.75 international Units/kg bodsight insulin were injected
intraperitoneal. Blood was taken after 0, 15, 30, 20 and 180 min and the glucose levels
(mg/dL) were determined. Fig. 71 shows that alleriiad the same blood glucose values at
the beginning. By the use of insulin the glucosell@lecreased rapidly and increased slowly
back into the blood when insulin stopped to functimsulin seemed to appear longer in the
mice with 82d which means they would be more insulin sensithantcontrol mice or mice

injected with72e

0.8 FFA release in plasma after injection

H Control
O +82d

0,7
0,6 -|-

0,5

-40 %

Joak
L

0,4

0,3 -

mM FFA in plasma

0,2 -
0,1 -

2h 4h 8h

Fig. 71FA release in isolated fat pads after injectio®2d in mice.

As done for compound2e 82d was also injected in mice and mice fat was isdlatiter 2, 4
and 8 h to determine the release of FA, which wasahsed by 40 % 8 h after inhibitor

injection. In summary, the inhibition of lipolysiyy the use 082d could be increased from 27
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to 40 % in mice, which is a phenomenal result aberang the maximum inhibition of

lipolysis by ~60 % applying ATGL-ko mice.

4.2.7. Diversification of the ethylester functionality atthe biphenylic system

In the final part concerning optimization of leattusture we were interested how the
diversification of the ethyl ester functionality tite biphenylic system would influence the
biological activity. This work was done by threechalor students (Eveline Brodl and
Michael Tuechler, February 2011, Bettina Grumm, #sid2011). At first 4 -ethoxybiphenyl-
3-carboxylic acid109) had to be synthesized by Suzuki coupling reaatiod+bromobenzoic
acid (108) and 4-ethoxyphenylboronic acfdl) applying the PdG{dppf)*DCM catalyst and
CsF as base which led to the isolation of 96 % pebd09 after column chromatography
(Scheme 38).

o
o B(OH), O OH
Br\©)LOH ) 3.1 eq CsF, 0.05 eq 100
b, mEmes () e

108 j 0]
. )

Scheme 38Suzuki coupling of 3-bromobenzoic a¢ith8) and 4-ethoxyphenylboronic adidl).

The pure 4 -ethoxybiphenyl-3-carboxylic ac{d09) was then converted with different
alcohols in an acid-catalyzed esterification accaydo BUNZLI et al. (Scheme 39

0 0

i S84
3.0 eq conc. HySO,4
O + 140eq R-OH I asn O 110a: R = n-butyl, Y=86%

110b: R = n-hexyl, Y=33%
0 o)
W W 110¢: R = CH,CH,OCH3 Y =50 %
110d: R = trifluoroethyl, Y =51%
109

Scheme 39Esterification of 4 -ethoxybiphenyl-3-carboxylicid (109).
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n-BuOH, n-hexanol, 2-methoxyethanol and trifluoroethanol evesed as reagent and solvent
and product formation occurred in 3-5 h. In theecafsthe esterification with-hexanol it was
difficult to remove the excess solvent even at higbuum because of the high boiling point.
Consequently, in the future approaches it wouldbbtder to decrease the amount ref
hexanol.

The two following products were synthesized on ¢ine hand to replace the aliphatic side
chains by an aromatic one applyipgnitrophenol and on the other hand to increase the
hydrophilicity of the molecule by attaching a PE®up. The nitrophenol was chosen
because it is already known to be a reactive shincin the JZL 184 inhibitor of the
monoglyceride lipad® ¥ and it would be interesting if the aromatic systeffuences the
binding properties.

For the synthesis of both compounds it was necg$saronvert the acid09in situinto an
acid chloridel11 using thionylchloride in excess and catalytic antswof DMF according to
ZHAO et all**¥ After full conversion the excess thionylchloridesvremoved and the acid

chloride111was directly used in the second step without &rrffurification (Scheme 40).

0 0 0
Shy e el
e} 2 drops DMF gy, 2.0 eq pyridine,
+ 15.0eq 'S'
CI”7>Cl  75°C,23h 1.0 eq R-OH, DCMyy,
45°C, 16 h (24 h)
R a a
109 111 110e: R = p-NO,-CqHs,
Y=9%
quant. Y 110f: R = (CH,CH,0),0CHs,

Y=22%

Scheme 40Synthesis of two ester functionalities reactingdbiel 109in situto the acid chloridé11

The acid chloridd.11was then converted using 2.0 eq pyridine, DCM &gesb and eithep-

nitrophenol or 2-(2-methoxyethoxy)ethanol for thsteeification™® In both cases full
conversion of the acid chloridel1 could be achieved as monitored by TLC analysisaftet
column chromatography only very low yields of bdiial biphenyls110e and 110f were

obtained.
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For the amide coupling EDC was used as it allovesrédmoval of the urea side product by
simple washing with water. To replace the ethylestactionality 4 -ethoxybiphenyl-3-
carboxylic acid(109) was converted to the biphenylic amidegl2a-cusing 1.5 eq of amine
and 1.2 eq of EDC in THF instead of DCM (solubilisgues) according to HAMMOCI&t
al.** In the case of methylamine addition of 1.5 eqgige was necessary to react the free
amine(Scheme 41).

0]
OH
> "
1.2 eq EDC, THF 4y,

+ 1.5 eq amine
O 0°C~rt, 20-24 h O 112a: R = pyrrolidyl, Y =63 %

a: pyrrolidine 112b: R=NHMe, Y=12%

(0] b: methylamine hydrochloride
j (addition of 1.5 eq pyridine) 0 112c:R=NHEt Y=6%
c¢: ethylamine T
109

Scheme 41Amide formation to biphenyl$12g 112bandl112cusing the EDC coupling method.

After 20-24 h stirring at rt full conversion wastelenined but the amidekl2a-112ccould

only be obtained in strongly varying yields afterification by column chromatography.

Sulfonamides are also well known to mediate wabtdubslity into a molecule. In addition,
they are transition state analoga for ester andl@armydrolysis. The synthesis of biphenyls
carrying a sulfonamide side chain seemed to be \atgresting tool compounds.
Commercially available 3-bromobenzenesulfonylcldefil13) was reacted with amines in a

substitution reaction to obtain the three bromokeaezulfonamide$l4a-c(Schemel2).

P
THFgy, 0 °C>n, S\H/\ 114a
+ 5.0 eq NHCH,CH3 20h Y =56 %
Br
\\S// - O\\ //o
~Cl 5.0 eq pyridine, S\N/ 114b
Q + 1.5 eq NH(CHj), * HCI DCMgy, 0 °C 1t I Y =43%
By 16.5h

Br
113 ¥
5.0 eq pyridine, g

S\N/
+ 1.7 eqNH,CH; * HCI
e DCMgry, 24 h H 114c
0°C >80°C Y=15%

Br

Scheme 42Synthesis of the substrate4a-ccontaining a sulfonamide functionality.
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Sulfonamidel14awas synthesized according to RIEBtal,**? the other two sulfonamides

114b and 114caccording to BARROWet al**®! using additionally 5.0 eq pyridine to react
the free amines. These 3 sulfonamides were firiywerted to the biphenylic sulfonamides
115a-115cwvia Suzuki reaction with Pdetippf)*DCM catalyst (Schem#3).

N

.
O\\ /,O 1 B(OH)Z \N R
SsyR 0.05 eq PdCl,(dppf) * DCM, R2
R2 +
I DMEgyy, 80 °C O 115a; R' =ethyl, R2=H, Y =80%
r 0
a:3.1eqCsF, 17 h o1 B2 _
» j b 2.1 eq GF 20 ! 115b: R', R2=methyl, Y =86%
a-C c:3.1eqCsF,22h
7 j 115¢c: R" = methyl, R = H, Y = 86 %

Scheme 43Conversion of the sulfonamide substréttéda-114dn a Suzuki coupling reaction.

With the same conditions of the coupling reactiomas possible to synthesize two additional
biphenylsl17aand117bin good isolated yields (Schemé).

:R=H, 17h
:R=Me, 20 h 0 117b: R=Me, Y =84 %

" 1

Scheme 44 Suzuki coupling of two different arylbromidéd6aand116bwith 4-
ethoxyphenylboronic acir 1).

B(OH), O R
QR © 0.05 eq PdCl,(dppf) * DCM,
.
DME,.., 80 °
ary: 80 °C O 117a:R=H Y=93%
Br oW

116a-b

The last two interesting compounds synthesizedis optimization part are an acetanilide
and an urea derivative well known to mediate hybiapty in a molecule without
introducing cell toxicity. 3-Nitrophenylboronic aki (118) was converted withp-
bromophenetolg(64) in a Suzuki coupling reaction using the S-PhosIPd),-catalyst
system to generate 4 -ethoxy-3-nitrobiphe(19) which could be isolated in 68 % yield.
The nitro group was reduced by catalytic hydrogenawith 10 % Pd/C and hydrogen stream
according to HALBERTet al. over night furnishing 85 % 4 -ethoxybiphenyl-3-amii20)
(Schemet5) 44!



4. Results and discussion 101
H
SRy
1.2eq )L JJ\
DCMgy, 1t, 2 h O
NH
Br O NO. O ? 121
NO: 2.0 eq K3POy, 10 % Pd/C/Hj, Y=74%
N
0.01 eq Pd(OAc),, EtOACqy, t,
B(OH)2 o 0.02 eq S-Phos, over night
toluenegy, 100 °C, |
over night (e} H
118 0 j N__N_
64 j O i
119 120 0o
Y =68% Y=8%
1.0 eq NEt3 O
1.2eq )J\ _ j
EtOACqyy, °C >, 122

5h>40 °C over night

— |, over night Y=21%

Scheme 45Synthesis of two different biphenyl21 and122containing an acetanilide and urea

moiety

The aminel20 was used in the final steps without further paoation. One half of it was

transformed to the acetanilid21 using 1.2 eq acetanhydride in DCM according to SRU

et al**! After 2 h stirring at rt and purification by colunthromatography 74 % acetanilide

121 could be obtained. The second half of the aming ezverted to an urea using 1.2 eq

dimethylcarbamoyl chloride in EtOAc with additiori ©.0 eq triethylamine according to

KUHN et al**® In accordance with the literature the reaction firas stirred at rt for 5 h but

no conversion of the starting material could beeobsd. Therefore, the temperature was

increased to 40 °C for one night. At the next dagversion to the product was detectable but

to reach full conversion the temperature was onoeenncreased to reflux. After a further
night the conversion was completed and 27 % 1,%thgh3-biphenylureal22 could be
isolated after column chromatography.
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4.2.7.1. Screening results and discussion

All synthesized compounds underwentiawvitro screening and the results are listed in Table

12.
Oy

)

]

Table 12:1Cs¢-values andn vitro inhibition of the enzyme using an inhibitor conaetibn of

200 UM
Entry No. R IC 50 [UM] I 50c [%]
0]
1 109 ”y)l\OH » 200 23
0]
2 110a g )ko/\/\ 100 61
O
3 110b > 200 48
z&)ko/\/\/\
0]
4 110c g M o~o 80 89
B
5 110d a 120 71
o NO,
6 110e O 150 56
%)k o
O
7 110f M B~ > 200 43
e o)
O

8 112a E)J\I\D 160 53

O
9 112b %L)LN/ > 200 40
H
(0]
10 112¢ E)LN/\ 90 62
H
11 115a ‘i/\\S/iN/\ 200 46
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12 115b N 110 63
|
13 115¢ g/\\s//\N/ 200 47
H
14 117a 3 > 200 35
15 117b W 70 54
16 119 5 NO2 > 200 35
17 120 3 N2 100 65
N
18 121 e 200 52
0
H |
19 122 WS 70 68
O
H |
* N__N
20 122 By 9 83
O

* values meassured with Coli-lysate

A large number of compounds was synthesized wighitkention to replace the ethyl ester
functionality to improve the hydrophilicity and laeailability of the biphenylic system. The
biological activities of the amides (entries 8,1dl0) and sulfonamides (entries 11, 12 and
13) did not meet our expectations, in comparisondiferent ester functionalities. By
introducing ethyloxy groups (entries 4 and 7) wpeasted increased water solubility. But as it
is shown in Table 12 only the shorter methoxyethsixie chain (entry 4) with an §gvalue

of 80 uM and 89 % inhibition shows similar biologli@activity compared to the compounds
discussed in the chapters before. The longer PHE chhain seemed to be sterically too
challenging. Surprisingly, the urea moiety (enti®sand 20) produced very good results with
an IGgvalue of 9 uM and 83 % enzyme inhibition. Unfortely, the results of entry 19,
using Cos7 lysates, and Entry 20, using Coli satried strongly from each other, which
can be explained by the initial unexperience with experiments. The results of the best

compounds are also depicted in Fig. 72.
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ATGL/CGI Cos Lysate

100 ~
90 -
80 1
70 1
60 -
50 -
40 -
30 1
20 A
10 A

%FFA/h*mg

0 10uM 100pM 200pM

Fig. 72:Dose-dependent inhibition of ATGL activity vitro.

Although we could not be sure which result we stidadlieve (entries 19 and 20) we notified
the positive trend in the polarity combined wittcneased bioavailability of the inhibitor

compound. This motivated us to synthesize a finalhitor structure combining the best

optimized features.

4.2.8. Synthesis and screening results of the optimizedhibitor compound

At the end the combination of the best functiomegitreceived from all optimization steps led
us to the structure pictured in Schenmd®, 3-(4-dimethylamino)biphenyl-3-yl)-1,1-
dimethylurea (126) The structure is composed of a biphenylic scdffalith an urea

functionality instead of the ethylester and a dimgktmine substituent in contrast to the

former ethoxygroup.

; NO,
118 N02 NH2 H IL
° 2 T
HO™ = OH A

PdCly(dppf) * DCM, 10% Pd/C/H,, 1.5eq |

.
CsF, DME, 80 °C, O EtOH, EtOAc, O NEt, DCM, O
Br over night rt, over night 50°C, 3d

@ N N N
123 124 125 126
Y =54 %

_N Y =90% Y=95%

~

Scheme 46Three-step synthesis of the optimized inhibitmmpound X.

The synthesis of this final compound starts with khown Suzuki coupling reaction between

3-nitrophenylboronic  acid (118) and 4-bromadN,N-dimethylaniline (123) wusing



4. Results and discussion 105

PdCL(dppf)*DCM catalyst and CsF in DME. After one nigtite biphenyl124 could be
isolated in 90 % yield after purification by colunchromatography. The nitro group was
reduced by hydrogenation with 10 % Pd/C and hydraggeeam according to HALBER@t
al.** over night furnishing 95 % 4°-(1,1-dimethylaminipjrenyl-3-aming125). The amine
125was directly converted to the urea without furtperification. It was reacted with 1.5 eq
dimethylcarbamoy! chloride and 1.0 eq triethylaminddCM according to KUHNet al**!
at 50 °C for 5 d. After reaching full conversiore tfinal inhibitor compound could be isolated

and purified by column chromatography yielding 54iééal26.

The results of thén vitro screnning of compount26 were amazing and comparable in both
lysates, Cos7-and Coli-lysates. (Table 13) WithGys-value of 5 uM we could achieve up to
98 % inhibition of the enzyme by applying an inkdbbiconcentration of 100 uM instead of

200 uM as for all compounds before.

Table 13:1Csq-values andln vitro inhibition of the enzyme using an inhibitor concatibn of
200 pM (Cos- and Coli-liega

compound No. I (Coli) ICsq (Coli) I (Cos) ICsq (Cos)
H |
N.__N_
O jor 98 92
O 126 I 96 (100 um) > 90 (100 M) >
/N\

summarized and illustrated in Fig. 73.

100 ~
90 -
80 -
70 A
60 -
50 -
40 -
30 A
20 A
10 +

% FFA/h*mg

ATGL/CGI

—

Cos Lysate

—m—72e
—o—82d
—A&— 122
—m— 122*
—u—126
—o—126*

i~ ——

0 uM 10 uM

100 pM

200 puM

The in vitro behavior of the best inhibitor compounds by opting lead structure 2 are

Fig. 73: Dose-dependent inhibition of ATGL activily vitro. (* values
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Because of the fantastic biological activity deterd for 126 it was tested in aex vivo
screening isolating the gonatal fat of normal wvijde mice and incubate them with different

concentrations of the inhibitor. (Fig. 74)

Ex vivo study-FFA release
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Fig. 74Results of thex vivoscreening ofl26 with and without hormone stimulated
lipolysis.

The black bar represent the fat pads, which weneutdted by forskolin and isoproterenol
and the grey bar stands for the basal lipolysisickvimeans the normal degradation of
triglycerides and release of FFA without hormonenstation. The inhibitor exhibited the
capability to reduce the lipolysis as a functiortte concentration in both cases, basal (40 %
inhibition) as well as hormone stimulated lipoly&$ % inhibition).

Inhibitor 126 (200 uM) was also injected in mice and mice fas vgalated after 8 h. (Fig. 75)
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Fig. 75FA release in isolated fat pads after injectiod28in mice.

The release of FFA was determined, which was deetedy 43 % after injection of the

inhibitor indicating a slight improvement compated2d.



4. Results and discussion 107

4.2.9. Summary of the improvement of lead structure 2

Ho| 3o
L\
D — N/
A— Oj

Lead structure 2 is structurally composed of fowirmbuilding blocks, which should be
diverisified during the thesis. The J&value of lead structure 2 is 120 uM and it inlslihe
enzyme using a concentration of 200 pM inhibitol6i@y%o.

By removing the hydroxy group the affinity could imeproved to 40 uM and the inhibition
effect to 89 %. Unfortunately the compound inhikatso the MGL in a great manner. By
introducing a phenyl ring instead the pyrazole rihg biological activity differed only
marginal (50 uM, 87 % inhibition) but with this cpound we reached 100 % selectivity
towards ATGL and in first experiments in mice atibition of lipolysis by 27 % was
observed. (Fig. 76)
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Fig. 76: Toxicity test andn vivodata of compoun@2e

A big problem was the increased hydrophobicity,clilis mediated by the biphenylic system
directing us to the the idea to introduce more palad water soluble substituents at the
biphenylic system. By replacing the ethoxy groupayimethylamino moiety the affinity
could be improved to 40 uM with the same inhibiteffect. In addition, we could determine
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enhanced cell permeability compared7@e connected with increased vivo inhibition of
lipolysis by 40 %. First studies checking the imsublerance of both compounds indicated a
higher insulin sensitivity for compour8Pd compared té’2e Unfortunately, the selectivity

towards ATGL was degraded marginally and it aldokins MGL slightly. (Fig. 77)
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Fig. 77: Summary of the screening results for compo82d (A) insulin tolerance test, (B) test for
cell permeability, (C) inhibition of lipolysig vivoin mice.

By replacing the ethyl ester functionality by areaimoiety maintaining the dimethylamino
substituent the biological activity could be oncerenenhanced dramatically with ans§C
value of 5 uM and an almost full inhibition effdmtween 92 % and 98 %, depending on the
applied lysates. Inhibitor compouri®6 is able to inhibit the basal lipolysis as well the
hormone stimulated lipolysiex vivQ and after injection in mice lipolysis was inhddit by

43 %. (Fig. 78)
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78: Results of thex vivoandin vivo screening for compouri26.




4. Results and discussion 109

All optimized structures based on lead structurare depicted in Fig. 79 differentiated in

applied lysates.
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Fig. 79: Results of thén vitro screening applying Cos7 lysates and the resuhg @oli lysates.

Although the results vary slightly depending on #pplied lysates the overall trends are
visible in both graphs. The three non-toxic commsuiy2e 82d and 126) with the best
biological activity optimized during this thesis eonce more measured in ianvitro assay
(incubation at 37 °C) applying also smaller intdbitoncentrations to determine more precise
ICso-values. (Fig. 80)
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Fig. 80: Dose-dependent inhibition of ATGL activilly vitro applying smaller inhibitor
concentrations. (Coli lysate)
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This graph shows the impressive optimization wokk succeeded in this thesis and precis
ICs0- values of 900 nM fot26and 10 uM folB2d could be determined.

In summary, we were successful in improving thg-Nalue from 120 uM to 900 nM and the
inhibition effect from 67 % (200 UM inhibitor conueation) to 99 % (50 UM inhibitor
concentration). Additionally, we succeeded in inying the selectivity towards ATGL, in the
case of compound2ewe even reached 100 % selectivity. First studiesmice with inhibitor
compound126 indicated an inhibition of lipolysis by 43 % aftarjection of an inhibitor
concentration of 200 uM, which is an enormous tesasidering the maximum inhibition of

lipolysis by ~60 % applying ATGL-ko mice.
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5. Summary and future work

The aim of this thesis was to synthesize small oueinhibitors for the enzyme Adipose
Triglyceride Lipase (ATGL), which is responsibler fine hydrolysis of TG in the lipolysis
pathway. Increased adipose tissue lipolysis has mEmntified to be responsible for at least
two unfavorable metabolic conditions: (i) insuliesistance and (ii) cachexia. Mice lacking
ATGL exhibit increased insulin sensitivity and aesistant to tumor induced cachexia. Thus,
inhibition of ATGL could improve systemic insulirissitivity and counteract tumor-induced
cachexia. The synthesis of the inhibitors shoulgpérormed based on two lead structures by
applying a classic structure-variation approach ttu¢he unavailable 3-D structure of the

enzyme.

The optimization based on the first lead structwexe not satisfying. Indeed, we were
successful in improving the enzyme affinity from011M to 10 uM and the inhibition effect

from 69 % to 94 % in the case of compousidout we could not replace the hydrazone
functionality to remove the cell toxicity by maimang the biological activity. (Fig. 81)

ICsp = 110 uM
oo = 69 % N-N
HO /
OH 21

|C50 =40 IJM
|200 =81%

Fig. 81: Optimized inhibitor compounds based on lead strectu

By replacing the piperazine ring by a piperidinegriwe could decrease the toxicity but

slightly diminished the biological activity.
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The second chemotype lead structure 2 offered akwpportunities for optimization work.
We were very successful by changing different fiometlities to improve the biological
activity as well as removing cell toxicity complgtéeading us to first experiments in mice.
The synthetical optimization of the inhibitor stiue is shown in Fig. 82.
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Fig. 82: Flow scheme of the synthetic optimization of thieilaitor compound with corresponding
biological activities.

The removal of the hydroxyl group led to highly imaped biological activity and by
replacing the pyrazole ring by a phenyl ring theldugical activity could be nearly maintained
but compound’2ewas 100 % ATGL selective and finst vivo studies in mice resulted in a
27 % inhibition of lipolysis in adipose tissue (2AM inhibitor concentration). By replacing
the ethoxy group by a dimethylamino gro@2d) we wanted to induce higher polarity in the
molecule which resulted in increased enzyme affiniicreased cell permeability and better
inhibition of lipolysis in mice (40 %, 200 uM inhtbr concentration) compared @Re
Unfortunately, 82d is not completely ATGL selective but also inhibikdGL slightly
depending on the inhibitor concentration. The reghaent of the ethyloxy by a
dimethylamino urea functionality in compourd@6 led once more to improvement of the
ICsp-value to 900 nM and an inhibition of the enzyme98 % even at an lower inhibitor
concentration of 50 pM instead of 200 uM, which hadbe normally used to reach
acceptable to almost full enzyme inhibition. ThRiloition of lipolysis inin vivo experiments

could also slightly increased to 43 % using anbitbr concentration of 200 puM.
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5.1. Structure-Activity Relationship (SAR)

The structure-activity relationship plays a keyerol the aspect of drug design and describes
the relationship between a chemical structure wioéecule and its biological activity, which
can be influenced by solubility, permeability oalstity. These parameters can be optimized
towards a special enzyme by changing structurgbgat@s of a presumable drug candidate.
Structure modifications at different moieties i timolecule can affect the biological activity.
[147]

It was a major aim of this thesis to establishrat fstructure-activity relationship by taking
two different lead compounds and optimize themdplacing or changing structural features.
All synthesized compounds were testedvitro to determine a correlation between the
structural properties and biological activity. lretnext two schemes (Scheme 47, Scheme 48)
the SAR for both lead structures is discussed &mdtsral features and their influence on the

biological activity towards the ATGL is specified.

OH

piperazine or piperidine,

aromatic ring system, no aliphatic piperidine decreases cell

residues, hydroxy groups in 2-and toxicity

4-position are better then in 3-,4-

position, but OH-groups are easy to .. )
oxidize which is a disadvantage, phenylic ring system with small

N R? electron-withdrawing substituents,
saturated systems reduced the

/ \ -
r- N—N N ) < S
¢ > oo\ ) affinity and inhibition effect

F, OMe and CN are also accepted
but do not improve the biological

values significantl A
g y because of steric issues

optimal binding length,
elongation by one or two
carbons has negative influence

hydrazone linkage showed best affinity

and enzyme inhibition but introduces cell
toxicity, replacement by urea or amide
function resulted in reduced enzyme affinity
and 40 % reduction in inhibition effect, the
carbamate reduced the biological activity marginal

Scheme 47SAR of lead structure 1.
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by replacing the pyrazole by a phenyl
ring 100 % ATGL selectivity could be
achieved by maintaining the affinity
and inhibition effect, removal of

the hydroxy group led to improved
results in the biological screening,

saturation of the ring reduced the
activity 3

ringsystem with electron withdrawing substituents,
ethylester function is optimal, elongation to butyl
ester is possible without decreasing the important
properties, diversification by amides or sulfonamides
1\\ reduced the affinity, replacement of the ethylester
~ /R function by an urea led to the final desired

| inhibitor compound with increased hydrophilicity
J

|
S

~
-
~

phenylic ring system with 1,4-
substitution, activated by electron bond elongation by one carbon resulted in a rotatable
donating substituents, ortho- or and flexible bond but decreased affinity and inhibition
meta-substitution resulted in loss /
of activity
N

1

\

~ “

2
R//activation of the aromatic ring by electron donating
substituents, dimethylamino functionality is optimal,
mediating polarity, 1-methylpiperazine or sulfonyl-
piperazine are known water solubility increasing

functionalities but introduction of them decreased the
affinity and inhibition

-
~

Scheme 48SAR of lead structure 2.

5.2. Future work

In contrast to ATGL-knockout mice, which completdgck the enzyme ATGL, small
molecule inhibitors are synthesized to have thesipddy for studying inhibition effects and
signalling mechanisms by partial inhibition of tifgase. In this thesis the synthesis of potent
inhibitors for the enzyme ATGL based on lead strtetoptimization was successfully
demonstrated. However, there is definitely stileagr potential concerning the structural
properties and the different biological requirenserfeour possibilities for diversification

based on the optimized inhibitor compout®6 are illustrated in Fig. 83.
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Fig. 83: Diversification possibilities based on the optintizehibitor compound.

The introduction of a thiourea functionality (way #ould be not advisable concerning the
biological application because of its metabolictabdity, but on the other hand we could
explore the steric requirements of the binding pbdecause of the different length of the
C=S bond compared to the C=0 bond. The same miotivég pursued by elongating the
chain length between the carbonyl group and theettighamino group of the urea (way B) to
determine the maximum sterical requirements. Tlea iof introducing a furane ring instead
the upper phenyl ring is no innovation and was ddunéng this thesis. But we expected the
decreased biological activity could be arised fritra changed angles and conformations
introduced by a five-membered ring instead a sixalered ring. Additionally, the furane
was substituted with the amine moiety in the 24pmsi Now it would be interesting to
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synthesize a furane substituted with an amine po<stion (way C) starting from 5-bromo-3-
furancarboxaldehyde and the corresponding aminéomp@ng the reductive amination.
Finally, it would be interesting and very importat@ optimize the Buchwald-Hartwig
amination or to apply a totally other type of réactto synthesize the biaryls directly coupled
to water solubility mediating amines (way D). Ormanidea is to couple aryl O-sulfamates
with amines using a nickel catalyst, which was faifeld by GARGet al. (Scheme 49)%®!

R2
HN
\ 3 R2
R OO0\ [Ni(cod),], SIPF*HCI, =|- RS
O NaOtBu, dioxane, 80 °C R

Scheme 49Nickel-catalyzed amination of aryl sulfamates.

They applied catalytic amounts of [Ni(celd)SIPr*HCI as N-heterocyclic carbene ligand,
NaOBu as base and a great variety of amines, suctogshaline, piperidine, pyrrolidine and

aliphatic amines and reached acceptable to extsfleids.

Besides the structural diversifications of the Iiar compound we have to avoid the
solubility issues for injection in mice. Because tbrganic solvent DMSO is no adequate
solvent for medication of the inhibitor in micewbuld be perfect to assure that the inhibitor
is soluble in water or aqueous buffer systems. dfoeg, in pharmaceutical chemistry a few

possibilities are known to increase the polarity{g. 84).

*HCI
* Fumarate

* Succinate
N * Maleate
* Acetate

Fig. 84:Possible salt formations for inhibitor compoutzb.

By transformation of the synthesized inhibitt6 in a hydrochloride, fumarate, succinate,
maleate or acetate depending on the pKa-value eofctdmpound it would be possible to

increase the polarity and remove the solubilityéssin water.
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Concerning the biological screenings the next stdpbe the performance of glucose and
insulin tolerance testi® vivo in mice. Additionally, the respiratory quotient laiigh-fat diet
mice (insulin resistence is induced) shall be deiteed. The quotient of normal mice is 1.
Diabetic mice exhibit a huge FA and glucose stomage the quotient decreases to 0.7. After
injection of the inhibitor the release of FAs shibbk reduced, which should be accompanied
with an increased usage of carbohydrates as ersagsce leading to an increase of the
respiratory quotient indicating improved glucoseletance and insulin sensitivity.
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6. Experimental section

6.1. General aspects, materials and methods

6.1.1. Chemistry section

Reactions under inert atmosphere were carried dlt standard Schlenk techniques. The
solvents utilized in this thesis were distilled dref use and stored under argon atmosphere.
The syntheses which are sensitive against oxidatiere accomplished under nitrogen or
argon atmosphere and absolute and degassed so(véres its necessary) were applied.
Degassing of reaction mixtures or solvents wasoperéd by subjecting the accordant vessel
to vacuum and refilling with an inert gas. This ggdure was repeated at least five times,
depending on the solvent volume (“vacuum/gas c¥cles

Alternatively, degassing is carried out by passangtream of inert gas through the solvent
using a balloon filled with inert gas which is ptalcon a canula plunged through a septum.
The vessel is then placed in an ultrasonic batrafdeast twenty minutes, depending on the
solvent volume.

Molecular sieves were activated by heating at ZDOn°a heating mantle under high vacuum
for 2 days and stored at rt under argon atmosphere.

Hydrogenation reactions had to be performed ungecial safety precautions. During the
work-up the catalyst was filtrated through an ipeetilter funnel under argon atmosphere and

catalyst storage under wet conditions was necessary

6.1.1.1. Solvents

The solvents listed below were used as absolutest in the reactions carried out in this

thesis.

Acetonitrile: Acetonitrile was purchased from ACROS Organics $199% purity without
any stabilizer and stored over 3 A molecular sigmesbrown 1 L Schlenk bottle under argon

atmosphere.
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tert.-Butanol: Tert-butanol was purchased from Sigma Aldrich as antyslisolvent with>

99.5 % purity and stored under argon in a 1 L Sdtfeask under light exclusion.

1,2-Dichloroethane: 1,2-Dichloroethane was purchased from ACROS Oggaas extra dry
solvent (99.8 %, AcroSeal®) and directly used im ithactions.

Dichloromethane: Dichloromethane was first distilled over phosphopestoxide and then
over calciumhydride under argon atmosphere anedtover 4 A molecular sieves in a brown

1 L Schlenk bottle under argon atmosphere.

1,2-Dimethoxyethane:1,2-Dimethoxyethane was purchased from Sigma Aldag absolute

solvent (HO < 0.005 %) and directly used in the reactions.

N,N-Dimethylformamide: N,N-Dimethylformamidewas purchased from ACROS Organics
as extra dry solvent (99.8 %, over 3 A moleculavss, AcroSeal®) and directly used in the

reactions.

Dimethylsulfoxide: Dimethylsulfoxide was purchased from ACROS Orgaracsl stored
over 4 A molecular sieve in a brown 1 L Schlenktleot

Ethanol: Ethanol was distilled over sodium and stored ovArrBolecular sieves under argon

atmosphere in a brown 1 L Schlenk bottle.

Ethylacetate: Ethylacetate was purchased from ACROS Organicxiaa dry solvent (99.9

%, AcroSeal®, over molecular sieves) and diregtigd in the reactions.

Methanol: Methanol was dried over magnesium turnings andnmddistilled under argon
atmosphere and stored over 3 A molecular sieveskirown 1 L Schlenk bottle under argon

atmosphere.

Tetrachloromethane: Tetrachloromethane was purchased from Riedel de kg#8 %) and
directly used in the reaction.
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Tetrahydrofuran: Tetrahydrofuran was dried at reflux temperatureenratgon atmosphere
over sodium until benzophenone indicated drynesa tgep blue color. The dried THF was
stored over 4 A molecular sieves in a brown 1 Li&uhbottle under argon atmosphere.
Toluene: Toluene was purchased from Sigma Aldrich (99.7 &gd in an aluminium oxide
column under inert conditions and filled in a browr. Schlenk bottle over 4 A molecular

sieves under argon atmosphere.

For reactions which could be performed in air, iark-ups and purification steps different

solvents listed below were applied.

Cyclohexane, dichloromethane, ethylacetate and methol were purchased from Fisher
Scientific as analytical grade (99.99 %) and diyeagsed in the reactions.

Diethylether and tetrahydrofuran were distilled and stored over KOH pellets in avion 1
L bottle.

Ethanol: Ethanol was purchased from Merck (1 % ethylmethgike as stabilizer) and

directly used in the reactions.

Toluene: Toluene was purchased from Sigma Aldrich (99.7 ¥J directly used in the

reactions.

6.1.1.2. Reagents

All used chemicals and reagents were purchased thercompanies Aldrich, Sigma Aldrich,
Fluka, Merck, ABCR, Alfa Aesar, Fisher ScientifitfdhACROS Organics. They were used
without further purification, unless otherwise stht

n-Butyllithium: n-Butyllithium was purchased from ACROS Organicsads5 M solution in
hexane. Before starting a reaction wittiBuLi the exact concentration of the solution was
determined by a titration method from W.G. KOFROM &..M. BACLAWSK %9 A 100
mL Schlenk tube was dried under vacuum, filled wittrogen and charged with 250.0 mg
diphenylacetic acid and 10 mL absolute THF. To slmkitionn-BuLi was added dropwise by

using a syringe until the color of the solutionnted from colorless to yellow. The added



6. Experimental section 121

amount ofn-BuLi corresponds to the weighed amount of diphaoslic acid. This procedure

was repeated twice and the average was used tdatalthe exact concentrationreBulLli.

Thionylchloride: Before using thionylchloride in a reaction it waedshly distilled under

inert conditions and stored in the fridge undeoargtmosphere and light exclusion.

N-Bromosuccinimide: N-Bromosuccinimide was purchased from Merck andystatlized

from water before using it in a reaction (50 g 004mL water).

S-Phos-ligand: The S-Phos ligand was synthesized by a former stabent of our group,
Matthias Mentel (Leipzig, 2007). A procedure pulid by BUCHWALDet al**” was used.

1-(Methylsulfonyl)-piperazine: The piperazine was synthesized by a former baclsaliolent
of our group, Jens Schmidt (Leipzig, 2007), apmyanprocedure published by LEE!

6.1.1.3. Analytical methods

Nuclear magnetic resonance spectroscopy

The described and attached nuclear resonance @psete recorded with the following

equipment:

* Bruker AVANCE lII: 300.36 MHz-1H-NMR, 75.5 MHz-13-NMR

Chemical shifts are referenced to residual protonated solventatsgas internal standard.
Signal multiplicitiesJ are abbreviated as s (singlet), bs (broad singtetjdoublet), dd
(doublet of doublet), t (triplet), g (quadrupletgxt (sextet) and m (multiplet). Additionally,
quarternary carbon atoms are demonstratédyaarylic carbon atoms &Ha, and aromatic
protons as Ar-H. For differentiation of the carbatoms APT spectra were recorded if

necessary.
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Gas chromatography

Analytical gas chromatography was performed ondifferent machines.

» Hewlett Packard GC-system “HP 6890 seriestvith a HP-5MS column (30 m x 250 um X
0.25 um); injection occured by an autosampl&83B injector” used in split mode; carrier
gas: helium 5.0; El ionisation source with a ptitd of E = 70 eV; mass selective detector

Temperature programs:

HS 50 _S2/NM_50_SZ50 °C 1 min, ramp 40 °C/min linear to 300 °C, 5 min
HS_100_L/NM_100 L:100 °C 1 min, ramp 40 °C/min linear to 300 °C,nin

* Agilent Technologies 5975C inert MSD with Triple Axs Detectorwith a HP-5MS
column (30 m x 250 pum x 0.25 pum); injection oeclby an autosampler “7683B injector*
used in split mode; carrier gas: helium 5.0;dglisation source with a potential of E = 70

eV; mass selective detector

Temperature programs:

NM-50-S2/ NM_50_S250 °C 1 min, ramp 40 °C/min linear to 300 °C, 5 min
NM-100-L/ NM_100_L: 100 °C 1 min, ramp 40 °C/min linear to 300 °C,ni

Infrared spectroscopy

IR spectra were recorded orBauker Tensor 37 with ATR analyzer with integrated ATR
support. The background “air* was automaticallytsatted from the recorded spectra of the

products.

Mass spectroscopy

Electron impact (El, 70 eV) HRMS spectra were rdedr with aWaters GCT Premier
equipped with direct insertion (DI) and GC (HP GGU8).
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Thin layer chromatography

Analytical thin layer chromatography was performesing TLC-plates from Merck (TLC
aluminium foll, silica gel 60 f54). Generally, the spots were visualized using al&hip . =

254, 366 nm) or by treatment with different reagdiisted below) followed by heating.

» CAM-solution: 2.0 g cer(lV)-sulfate, 50.0 g ammonium molybdatel 50
mL conc. HSO, in 400 mL water
» Ninhydrin: 250.0 mg ninhydrin, 5 mL pyridine and 95 mL MeOH
» Potassium permanganate3.0 g potassium permanganate, 20.0,G®;, 300
mL of a 5 % aqueous NaOH solution

The used solvent mixtures ang-Ralues are stated in the experimental procedures.

Column chromatography

Preparative column chromatography was performedgusilica gel 60 from ACROS

Organics (35-70 um particle size). The mass ofasitjel used was generally 30-100 x (w/w)
the amount of dry crude product, depending on #paation problem. Appropriatly sized
columns and solvent mixtures were used and thetalata are given in the experimental

procedures.

Determination of the melting point

Melting points are uncorrected and were determinihd the apparatus “Mel-Temp®"* from
Electrothermal with an integrated microscopical support. The terapure was measured

with a mercury-in-glass thermometer.
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6.1.2. Biology section

TG hydrolase assays

For the determination of TG hydrolase activity dg#lates or tissue lysates are incubated with
a radiolabeled triolein substrate in the presenda the absence of inhibitors. Tissues/Cells
are homogenized on ice in lysis buffer (0.25 M eger 1 mM EDTA, 1 mM dithiothreitol, 20
pa/mL leupetine, 2 pug/mL antipain, 1 pg/mL pepstagH 7.0) using an ultra turax (IKA,
Janke & Kunkel, Germany). The TG substrate is pexpdy emulsifying 330 puM triolein
(40,000 cpm/nmol) (GE Healthcare) and 45 pM phosgylaholine/phosphatidylinositol
(3/1) (Sigma) in 100 mM potassium phosphate bujiét 7.0) by sonication (Virsonic 475,
Virtis) and is adjusted to 5% (w/v) fatty acid freevine serum albumine (BSA, Sigma). For
determination of tissue TG hydrolase activity thal triolein concentration is 1.67 mM
(8,000 cpm of [9,10-3H]triolein/nmol). 100 pL césate is incubated with 100 pL substrate
in a water bath for one hour at 37 °C. After indigrg the reaction is terminated by adding
3.25 mL of methanol/chloroform/heptane (10/9/7) dnchL of 0.1 M potassium carbonate,
0.1 M boric acid (pH 10.5). After centrifugation0O@g, 15 min), the radioactivity in 1 mL of
the upper phase is determined by liquid scintdfattounting?®

Lipolysis in fat pads and adipocyte cell lines

Tissue pieces of gonatal fat (~20 mg) or culturdtkntiated adipocytes (3T3-L1, SGBS)
are preincubated in DMEM (GIBCO) containing 2 % \(wfatty acid-free BSA (Sigma)
either in the presence or in the absence of indrbiat 37 °C for 1 h. Thereafter, fat pads are
transferred into an identical, fresh medium anallipis is activated by the addition of
isoproterenol or forskolin (10 uM). After 1 h at 3C, aliquots of the medium are collected
and analyzed for FFA and glycerol content using ro@ntial kits (Wako Chemicals, Neuss,

Germany; Sigmalf®
Blood and plasma parameters
Blood samples are collected by retro-orbital purecfuom isoflurane anesthetized animals in

the fed and fasted state. Plasma levels of glyc@i@l, FFA, total cholesterol, and high
density lipoprotein-cholesterol are determined gsscommercial kits (Thermo Electron,
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Thebarton, Australia; Wako Chemicals, Neuss, Geyn&8igma, St. Louis, MO; and Roche
Diagnostics, Vienna, Austria). Plasma glucose cotiedons are determined using a
commercial kit from Merck (Darmstadt, Germany). Fgbtncose and insulin tolerance tests,
blood glucose is monitored using blood glucosepstrand the Accu-Check glucometer
(Roche Diagnostics, Vienna, Austria). Plasma imsidimeasured using commercial ELISA

kits from Crystal Chem (Downers Grove, [£¥.
Glucose and insulin tolerance tests

Prior to glucose tolerance, mice are fasted forahd then injected i.p. with 3 g glucose per
kg of body weight. Glucose levels are monitoredobefand 15, 30, 60, and 120 min after
injection. For insulin sensitivity, mice are fastied 4 h and injected i.p. with human insulin,

resulting in a final concentration of 1 U/kg of lyodeight. Blood is collected before injection

and 15, 30, 60, 120, and 180 min after injectionl @fucose levels are determined as
described abové®!

Animals

Mice are maintained on a regular light-dark cycdd t light, 10 h dark) and kept on a
standard laboratory chow diet (4.5 % w/w fat; Snkermany) under SPF conditions. They
are set on a high-fat diet (30 % w/w fat; Sniff,r@any) to induce insulin resistence. ATGL-

deficient mice are generated by targeted homolog@me®mbination as described and
backcrossed at least 5 times to the C57BL/6J badkgl. Experiments are authorized by the
Austrian ethics committee, and are in accordandé wie council of Europe Convention

(ETS 123y
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6.2. Experimental procedures and analytical data for led structure 1

optimization

6.2.1. Hydrazone synthesis | (building block A)

1-Nitroso-4-phenylpiperazin (2)

O
O=N-N_ N
_/

A 100 mL Schlenk tube was charged with 1.00 g (P40 6.17 mmol, 1.00 eq) 1-phenyl
piperazing(1l), 50 mL THF and 1.15 mL (9.57 mmol, 1.55 egnt. butylnitrite. The mixture

was refluxed over night. GC-MS analysis indicatall ¢onversion of the starting material.
The orange solution was transferred to a one-neakd bottom flask and concentrated in
vacuum at a temperature of 30 °C. The crude prodastused in the next reaction without

further purification.

C10H150N; [191.0]

yield: 1.32 g (> 99 %), brown solid
Rt (MeOH) 0.76
GC-MS (HS_50_S2): rt= 6.696 min (m/z = 191.1, 99 %VBP: 56.1).

4-Phenylpiperazin-1-amine (3)

950
HoN-N N
__/

A 250 mL three-neck round bottom flask with drogpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 516 mg (13.6 mmol, 2.20 eq)
LIAIH 4 and 25 mL absolute THF. The grey suspension waktetido reflux and a solution of
1.18 g (6.18 mmol, 1.00 eq) 1-nitroso-4-phenylpiaéare (2) in 10 mL absolute THF was

added dropwise to the boiling suspension. After mlete addition the suspension was
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refluxed for further 3 h. GC-MS analysis showed &anversion of the starting material. The
suspension was hydrolyzed according to the n,n,8thod (1 mL water, 1 mL 15 % aqueous
NaOH and 3 mL water) upon which the color turnedy¢tiow. The mixture was filtrated
through a fritted funnel, the filter cake was waskheath 10 mL THF and the filtrate was
concentrated under reduced pressure. Final purditaby silica gel filtration (MeOH)

yielded the pure product.
Ci0H1sN3 [177.0]

yield: 813.0 mg (74 %), light brown solid

R (MeOH/DCM 1:1) 0.55

'"H-NMR (300 MHz, MeOD): 3 (ppm) = 7.25-7.20 (m, 2H, Ar-H), 6.96 {,= 7.8 Hz,
2H, Ar-H), 6.84 (t3J = 7.2 Hz, 1H, Ar-H), 3.22 (bs, 4H,
2 CHy), 2.82 (bs, 4H, 2 CH).

¥C-NMR (75.5 MHz, MeOD): & (ppm) = 152.3 Cy), 130.1 (2CHar), 121.2 CHa),
117.6 (2CHar), 59.2 (2CHy), 50.1 (2CHy).

M.p.: 36-38°C

GC-MS (HS_50_S2): rt= 6.333 min (m/z = 177.0, 99 %' VBP: 77.0).

Synthesis of different hydrazones 5a-5ak starting ith 4-Phenylpiperazin-1-amine (3)

Fig. 85 Picture of the apparatus used for hydrazone sgigh
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General Procedure (GP-1):

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 204-phenylpiperazin-1-aming),
toluene (1.0 mL/50 mg amine), 1.00 eq aldehydeaanthgnetic stirring bar. The vessel was
crimped with a cap, placed in the preheated (100ré@ction block and stirred vigorously at
100 °C. GC-MS analysis indicated full conversiortla# starting material. After cooling to rt
the cap was removed, the reaction mixture wasfeeenesl into a one-neck round bottom flask

and concentrated under reduced pressure to yieldrgduct.

(E)-4-((4-Phenylpiperazin-1-ylimino)methyl)benzene-2-diol (5a)

HO
0
HO _/
according to GP-1:

50.0 mg (282 pmol, 1.00 eq) 4-phenylpiperazin-1ren(8), 39.0 mg (282 umol, 1.00 eq)
3,4- dihydroxybenzaldehydda), 1.0 mL toluene, stirring for 2.5 h.

C17H1902N3 [297.0]

yield: 77.0 mg (92 %), brown solid

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.58 (s, 1H, CH=N), 7.26-7.21 (m, 2H, A;H
7.10 (d,*J = 1.8 Hz, 1H, Ar-H), 7.00 (£J = 8.1 Hz, 2H,
Ar-H), 6.83-6.78 (m, 2H, Ar-H), 6.72 (£J = 8.1 Hz,
1H, Ar-H), 3.30-3.28 (m, 4H, 2 Gij 3.17-3.14 (m, 4H,
2 CHp).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 150.6 Cg), 146.0 C-OH), 145.3 C,-OH),
137.4 CH=N), 128.9 (2CHga), 127.7 Cg), 119.1
(CHp), 118.6 CHa/), 115.8 (2CHp), 115.3 CHa),
112.1 CHa;), 51.0 (2CHy), 47.8 (2CH,).

M.p.: 180 °C
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(E)-N-(3,4-Dimethoxybenzylidene)-4-phenylpiperazin-1-anmie (5b)

—0
iy OO
o) __/
/
according to GP-1:

10.0 mg (56.0 pmol, 1.20 eq) 4-phenylpiperazin-ir@ni3), 7.80 mg (47.0 pmol, 1.00 eq)
3,4- dimethoxybenzaldehydéb), 0.5 mL toluene, stirring for 4 h.

Ci1oH250,N3 [297.0]

yield: 15.3 mg (> 99 %), yellow-brown solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.62 (bs, 1H, CH=N), 7.36-7.27 (m, 3H, Ar-
H), 7.05-6.98 (m, 3H, Ar-H), 6.93-6.84 (m, 2H, A)H
3.94 (s, 3H, OCh), 3.90 (s, 3H, OC}J, 3.40-3.38 (m,
4H, 2 CH), 3.34-3.32 (m, 4H, 2 CH\

¥C-NMR (75.5 MHz, CDGJ): o (ppm) = 150.9 (24-OCHg), 149.6 Cg), 149.3 Co),
137.3 CH=N), 129.2 (2CHa), 120.4 CHar), 120.2
(CHar), 116.5 (2CHpar), 110.7 CHar), 107.5 CHa),
55.9 (OCH3), 55.8 (QCH3), 51.4 (2CHy), 48.9 (2CHy).

M.p.: 153-154 °C

GC-MS (HS_50_S2): rt=11.05 min (m/z = 325.1, 97 %'VBP: 56.1).

(E)-N-(3,4-Difluorobenzylidene)-4-phenylpiperazin-1-amie (5c)

F
oy
E /
according to GP-1:

250 mg (1.41 mmol, 2.00 eq) 4-phenylpiperazin-1lren(8), 100 mg (78.0 pL, 706 pmol,
1.00 eq) 3,4- difluorobenzaldehy@c), 3.0 mL toluene, stirring over night.
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Ci7H17N3F> [301.0]

yield:
'H-NMR (300 MHz, CDC}):

13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (HS_50_S2):
HRMS (El):

189.8 g (90 %), yellow solid

5 (ppm) = 7.52-7.43 (m, 2H, CH=N, Ar-H), 7.31-7.24
(m, 3H, Ar-H), 7.16-7.07 (m, 1H, Ar-H), 6.98 (& =
7.8 Hz, 2H, Ar-H), 6.90 (£J = 7.2 Hz, 1H, Ar-H), 3.37-
3.36-3.34 (m, 8H, 4 CH.

& (ppm) = 152.4, 152.2°fc.r = 16.5 Hz,Cg), 151.8,
149.1 {Jcr = 203.2 Hz,C4F), 150.8, 148.7 Ycr =
161.2 Hz,CqF), 133.6 CH=N), 133.5 C,), 129.2 (2
CHa), 122.5, 122.4, 122.4, 122 8¢.r = 6.2 Hz,"Jc.r =
3.2 Hz,CHa), 120.4 CHa), 117.3, 117.1%0cr = 17.6
Hz, CHa), 116.6 (2CHp), 114.2, 114.0%0c.r = 18.2
Hz, CHa), 51.0 (2CH,), 48.9 (2CHy).

152-154 °C

rt= 8.59 min (m/z = 301.0, 98 % VIBP: 160.3).

m/z calcd for G7H17N3F> [M] *: 301.1391; found
301.1395.

(E)-2-Methoxy-5-((4-phenylpiperazin-1-ylimino)methylphenol (5d)

according to GP-1:

aYata,
N-N N
v N/

10.0 mg (56.0 pmol, 1.10 eq) 4-phenylpiperazin-iranB), 7.80 mg (51 pmol, 1.00 eq) 3-
hydroxyanisaldehydgtd), 0.5 mL toluene, stirring for 4.5 h.

C1aH2105N3 [311.0]

yield:

'H-NMR (300 MHz, DMSO-g):

16.0 mg (> 99 %), yellow solid
0 (ppm) = 9.06 (s, 1H, OH), 7.62 (s, 1H, CH=N), 7.26
7.21 (m, 2H, Ar-H), 7.12 (d%J = 1.5 Hz, 1H, Ar-H),
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7.02-6.79 (m, 5H, Ar-H), 3.77 (s, 3H, OGH3.31-3.29
(m, 4H, 2 CH), 3.20-3.18 (m, 4H, 2 C}L
¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 150.6C,), 148.0 C,-OCHs), 146.5 C,-OH),
136.7 CH=N), 129.2 Cg), 128.9 (2 CHp), 119.1
(CHp), 118.3 CHa/), 115.8 (2CHp), 111.8 CHa),
111.7 CHa;) 55.5 (QCHs), 50.9 (2CHy), 47.8 (2CH,).
M.p.: 180 °C (decomposition)

(E)-2-Methoxy-4-((4-phenylpiperazin-1-ylimino)methylphenol (5e)

—0
AN )
HO —
according to GP-1:

44.0 mg (249 pmol, 1.00 eq) 4-phenylpiperazin-1lren(8), 31.3 mg (205 pumol, 1.00 eq)
vanillin (4e), 1.0 mL toluene, stirring over night, recrystallion from 2.5 mL toluene.

C1aH210,N3 [311.0]

yield: 48.0 mg (68 %), brown oil

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.18 (s, 1H, OH), 7.66 (s, 1H, CH=N), 7.26
7.16 (m, 3H, Ar-H), 7.02-6.97 (m, 3H, Ar-H), 6.8376
(m, 2H, Ar-H), 3.78 (s, 3H, OC#, 3.31-3.19 (m, 8H, 4
CHy).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 150.6C,), 147.7 Cq-OCHs), 147.0 C-OH),
137.2 CH=N), 128.9 (2 CHa), 128.1 Cg), 127.7
(CHpr), 119.9 CHa/), 115.8 (2CHp), 115.3 CHa),
108.6 CHa;), 55.4 (QCH3), 51.0 (2CH,), 47.8 (2CH,)
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(E)-3-((4-Phenylpiperazin-1-ylimino)methyl)phenol (5§
HQ /\
iy OO
4 _/

according to GP-1:
40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1re(8), 27.6 mg (226 pmol, 1.00 eq) 3-
hydroxybenzaldehydgilf), 1.0 mL toluene, stirring over night.

C17H160N; [281.0]

yield: 32.0 mg (50 %), yellow solid

'H-NMR (300 MHz, DMSO-g): & (ppm) = 9.41 (s, 1H, OH), 7.64 (s, 1H, CH=N), 7.27
7.21 (m, 2H, Ar-H), 7.15 (t3J = 7.8 Hz,1H, Ar-H),
7.06-6.99 (m, 4H, Ar-H), 6.81 #) = 7.2 Hz,1H, Ar-H),
6.68 (dd,*J = 1.5 Hz,3J = 7.8 Hz,1H, Ar-H), 3.32-3.30
(m, 4H, 2 CH), 3.24-3.23 (m, 4H, 2 C}L

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 157.4C4-OH), 150.6 C), 137.4 Cg), 136.1
(CH=N), 129.3 CHa/), 128.9 (2CHa/), 119.1 CHa),
117.3 CHa/), 115.8 (2 CHa/), 115.2 CHp), 111.7
(CHa;) 50.6 (2CH,), 47.7 (2CHy).

M.p.: 190°C (decomposition)

GC-MS (HS_50_S2): rt= 10.61 min (m/z = 281.1, 98 %'VBP: 56.0).

(E)-2-((4-Phenylpiperazin-1-ylimino)methyl)phenol (5¢

N—N N
o~

OH

according to GP-1:
40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1lren(8), 27.6 mg (24.0 pL, 226 pmol,
1.00 eq) 3-hydroxybenzaldehy¢4g), 1.0 mL toluene, stirring over night. Addition d#.0
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mg (79.0 umol, 0.35 eq) 4-phenylpiperazin-1l-an{B)eafter 15 h to reach full conversion of

the starting material after further 6 h stirring.

C17H160N; [281.0]

yield: 84.0 mg (99 %), yellow solid

'H-NMR (300 MHz, CDCY): 3 (ppm) = 11.54 (s, 1H, OH), 7.80 (s, 1H, CH=N),52.3
7.16 (m, 4H, Ar-H), 7.06-6.88 (m, 5H, Ar-H), 3.4138
(m, 8H, 4 CH).

3C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 157.7 C-OH), 141.6 CH=N), 129.8 CHa),
129.7 (2CHar), 129.2 (2CHa,), 129.0 Cy), 120.6 Cy),
119.1 CHar), 118.9 CHa/), 116.7 CHa), 116.6 CHa/)
51.3 (2CH,), 48.7 (2CHy).

M.p.: 138-142°C

GC-MS (HS_50_S2): rt= 9.90 min (m/z = 281.1, 99 % VIBP: 56.0).

(E)-4-((4-Phenylpiperazin-1-ylimino)methyl)phenol (5H
)
HO<©_/ N

according to GP-1:
40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1re(8), 27.6 mg (226 pmol, 1.00 eq) 4-
hydroxybenzaldehydgth), 1.0 mL toluene, stirring over night.

C17H160N; [281.0]

yield: 63.5 mg (> 99 %), beige solid

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.59 (s, 1H, OH), 7.66 (s, 1H, CH=N), 7(d2
3) = 8.7 Hz, 2H, Ar-H), 7.25-7.20 (m, 2H, Ar-H), 7.00
(d, 3J = 8.1 Hz, 2H, Ar-H), 6.83-6.74 (m, 3H, Ar-H),
3.30-3.28 (m, 4H, 2 C}), 3.18-3.16 (m, 4H, 2 CHl
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C-NMR (75.5 MHz, DMSO-g): & (ppm) = 157.6 C,-OH), 150.6 C), 137.1 CH=N),
128.9 (2 CHay), 127.3 (2CHp), 127.2 Cg), 119.1
(CHp), 115.7 (2CHa), 115.3 (2CHa/), 51.0 (2CH,),

47.8 (2CHy).
M.p.: 192°C (decomposition)
GC-MS (HS_50_S2): rt=10.59 min (m/z = 281.1, 98 % IVBP: 56.0).

(E)-4-(4-Phenylpiperazin-1-ylimino)methylbenzene-1,8Hol (5i)

OO
HO‘Q_/ \_/

OH

according to GP-1:
30.0 mg (169 pumol, 1.00 eq) 4-phenylpiperazin-1ren(8), 23.4 mg (169 pmol, 1.00 eq)
2,4-dihydroxybenzaldehyddi), 1.0 mL toluene, stirring for 2 h.

C17H1605N3 [297.0]

yield: 51.0 mg (> 99 %), brown solid

Rr (MeOH): 0.62

'H-NMR (300 MHz, DMSO-@): & (ppm) = 11.60 (s, 1H, OH), 9.72 (bs, 1H, OH), 7(85
1H, CH=N), 7.26-7.16 (m, 3H, Ar-H), 7.00 (& = 8.1
Hz, 2H, Ar-H), 6.81 (t2J = 7.2 Hz, 1H, Ar-H), 6.32 (dd,
3)=8.1 Hz,*J = 2.1 Hz, 1H, Ar-H), 6.25 (dJ = 2.1 Hz,
1H, Ar-H), 3.33-3.30 (m, 4H, 2 G#j 3.18-3.15 (m, 4H,
2 CHy).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 159.0 ¢,-OH), 158.6 C4-OH), 150.5 Cy),
142.3 CH=N), 130.7 CHa/), 128.9 (2CHga), 119.2
(CHar), 115.8 (2CHa/), 111.4 Cg), 107.0 CHa/), 102.4
(CHar), 51.1 (2CH,), 47.5 (2CHy).

M.p.: 183-184 °C

GC-MS (HS_50_S2): rt= 12.08 min (m/z = 297.1, 95 %'VBP: 56.0).
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(E)-N-(2-nitrobenzylidene)-4-phenylpiperazin-1-amine (5

N—N N
Q-

NO,

according to GP-1:

40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1re(8), 26.2 mg (226 pmol, 1.00 eq) 2-
nitrobenzaldehydé4j), 1.0 mL toluene, stirring over night. Addition 840 mg (22.0 pmol,
0.10 eq) 2-nitrobenzaldehyd4)) after 20 h to reach full conversion of the staytmaterial

after further 3 h stirring.

Cl7H1302N4 [3100]
yield: 60.0 mg (97 %), yellow-brown solid
'H-NMR (300 MHz, CDC}): o (ppm) = 8.15-8.13 (m, 1H, Ar-H), 8.10 (s, 1H, CHxN

8.00 (d,3J = 8.1 Hz, 1H, Ar-H), 7.58 (£J = 7.8 Hz, 1H,
Ar-H), 7.41-7.28 (m, 3H, Ar-H), 7.01 (&) = 7.8 Hz,
2H, Ar-H), 6.92 (t3J = 7.2 Hz, 1H, Ar-H), 3.45-3.39 (m,
8H, 4 CH).

¥C-NMR (75.5 MHz, CDGJ): > (ppm) = 150.8 Cq), 147.3 C4-NOy), 133.0 CH=N),
131.1 Cg), 130.2 CHa/), 129.2 (2CHa,), 127.9 CHa),
127.5 CHa)), 124.6 CHp), 120.4 CHa), 116.6 (2
CHa), 50.8 (2CH.), 48.8 (2CH,).

M.p.: 103-106 °C

GC-MS (HS_50_S2): rt= 10.96 min (m/z = 310.1, 97 %'IVBP: 56.0).

(E)-N-(4-Phenoxybenzylidene)-4-phenylpiperazin-1-aminesk)

el
&
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according to GP-1:
40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1re(8), 44.7 mg (226 pmol, 1.00 eq) 4-
phenoxybenzaldehyddk), 1.0 mL toluene, stirring over night.

Ca3H250N; [357.0]

yield: 76.0 mg (94 %), yellow-brown solid

'H-NMR (300 MHz, CDC})): 5 (ppm) = 7.66 (s, 1H, CH=N), 7.61 @ = 8.7 Hz, 2H,
Ar-H), 7.38-7.28 (m, 4H, Ar-H), 7.12 }) = 7.2 Hz, 1H,
Ar-H), 7.02 (m, 6H, Ar-H), 6.92 (£J = 7.2 Hz, 1H, Ar-
H), 3.41-3.34 (m, 8H, 4 CHl

¥C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 157.6 C), 156.9 C,), 150.9 C,), 136.4
(CH=N), 131.2 Cg), 129.8 (2CHa), 129.2 (2CHa),
127.7 (2CHa), 123.4 (2CHa), 120.3 CHa/), 119.0 (2
CHar), 118.8 (2CHa/), 116.6 CHar), 51.3 (2CHy), 48.9

(2 CHy).
M.p.: 161-164 °C
GC-MS (HS_100_L): 4= 15.47 min (m/z = 357.1, 96 %'VBP: 56.0).
HRMS (El): m/z calcd for GsH230N3 [M]*: 357.1841; found
357.1844.

(E)-N-(4-Methylbenzylidene)-4-phenylpiperazin-1-amine (B

ara Y,
N-N N
/

according to GP-1:
40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1ren(8), 27.0 mg (27.0 pL, 226 pmol,
1.00 eq)p-tolylbenzaldehydé4l), 1.0 mL toluene, stirring over night.

CiaH2:N3 [279.0]

yield: 64.0 mg (99 %), light yellow solid
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'H-NMR (300 MHz, CDC})): 5 (ppm) = 7.66 (s, 1H, CH=N), 7.53 { = 8.1 Hz, 2H,
Ar-H), 7.30 (dd,®J = 8.4 Hz,3) = 7.5 Hz, 2H, Ar-H),
7.17 (d,3) = 7.8 Hz, 2H, Ar-H), 7.00 (f) = 8.1 Hz, 2H,
Ar-H), 6.91 (t,°J = 7.5 Hz, 1H, Ar-H), 3.41-3.34 (m, 8H,
4 CHp).

¥C-NMR (75.5 MHz, CDG)): > (ppm) = 150.9 ), 138.4 C-CHz), 137.3 CH=N),
133.2 Cy), 129.3 (2CHp/), 129.2 (2CHa,), 126.2 (2
CHa), 120.3 CHa), 116.6 (2CHa), 51.3 (2CH,), 48.9
(2 CH,), 21.3 CH).

M.p.: 184-186 °C

GC-MS (HS_50_S2): rt= 9.42 min (m/z = 279.1, >99 % YBP: 56.0).

(E)-N-(2-Bromobenzylidene)-4-phenylpiperazin-1-amine (5

N—N N
g

Br

according to GP-1:
40.0 mg (226 umol, 1.20 eq) 4-phenylpiperazin-1ren(8), 34.8 mg (22.0 pL, 118 pmol,
1.00 eq) 2-bromobenzaldehy@am), 1.0 mL toluene, stirring over night.

Cl7H 18N3Br [3440]

yield: 69.0 mg (89 %), yellow-orange solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.95 (dd®J = 7.8 Hz,*J = 1.5 Hz, 1H, Ar-H),
7.90 (s, 1H, CH=N), 7.53 (ddj = 8.1 Hz,J = 0.9 Hz,
1H, Ar-H), 7.33-7.28 (m, 3H, Ar-H), 7.16-7.10 (mH1
Ar-H), 7.00 (d,3J = 7.8 Hz, 2H, Ar-H), 6.92 1= 7.5
Hz, 1H, Ar-H), 3.41 (s, 8H, 4 Cil

¥C-NMR (75.5 MHz, CDGJ): d (ppm) = 150.9C,), 135.0 CH=N), 134.8 C,), 132.8
(CHar), 129.3 CHar), 129.2 (2CHp), 127.5 CHa),
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126.7 CHa), 123.2C,Br), 120.3 CHa), 116.6 (2
CHar), 51.0 (2CH5), 48.9 (2CH,).

M.p.: 88-90 °C

GC-MS (HS_100_L): 4= 9.04 min (m/z = 344.1, 99 % VBP: 56.0).

(E)-N-(4-(dimethylamino)benzylidene)-4-phenylpiperazin-iamine (5n)

\

A atels
N—-N N
/

according to GP-1:

40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1re(8), 34.0 mg (226 pmol, 1.00 eq) 4-
dimethylaminobenzaldehyd@hn), 1.0 mL toluene, stirring over night. Addition ahother
4.00 mg (23.0 umol, 0.10 eq) 4-phenylpiperazin-ir@n(3) after 18 h to reach full

conversion of the starting material after furthdr &irring.
Ci19H24N4 [308.0]

yield: 43.0 mg (61 %), light yellow solid

'H-NMR (300 MHz, CDC})): 5 (ppm) = 7.68 (bs, 1H, CH=N), 7.53 @,= 8.7 Hz, 2H,
Ar-H), 7.33-7.28 (m, 2H, Ar-H), 7.00 (¢) = 8.1 Hz,
2H, Ar-H), 6.90 (t,J = 7.2 Hz, 1H, Ar-H), 6.71 (FfJ =
8.7 Hz, 2H, Ar-H), 3.40-3.38 (m, 4H, 2 GH3.31-3.29
(m, 4H, 2 CH), 2.99 (s, 6H, 2 Ch).

3C-NMR (75.5 MHz, CDGJ): > (ppm) = 151.0 CN), 150.8 Cg), 139.5 CH=N),
129.1 (2 CHa), 127.6 (2CHa), 124.2 Cg), 120.0
(CHar), 116.4 (2CHa), 112.1 (2CHa;), 51.8 (2CHy),
48.9 (2CHy), 40.4 (2CH>).

M.p.: 190 °C (decomposition)

GC-MS (HS_100_L): £ =10.90 min (m/z = 308.2, 98 % VBP: 56.0).
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(E)-N-(3,4-Dichlorobenzylidene)-4-phenylpiperazin-1-amie (50)

Cl N\
OO
Cl \__/

according to GP-1:

50.0 mg (282 pumol, 2.00 eq) 4-phenylpiperazin-1ren(8), 25.0 mg (141 pmol, 1.00 eq)
3,4-dichlorobenzaldehyddo), 1.0 mL toluene, stirring over night. Addition @nother 14.0
mg (80.0 umol, 0.60 eq) 4-phenylpiperazin-1-an{B)eafter 16 h to reach full conversion of

the starting material after further stirring ovesexcond night.
C17H17N3Cl; [333.9]

yield: 67.0 mg (90 %), light yellow solid

'H-NMR (300 MHz, CDCY): 5 (ppm) = 7.73 (s, 1H, CH=N), 7.47 (s, 1H, Ar-H),42
(s, 2H, Ar-H), 7.34-7.28 (m, 2H, Ar-H), 7.00 = 8.1
Hz, 2H, Ar-H), 6.95-6.90 (m, 1H, Ar-H), 3.38 (s, 8H
CHy).

3C-NMR (75.5 MHz, CDGJ): & (ppm) = 150.7 Cg), 136.3 CH=N), 133.0 C4-Cl),
132.8 Cg), 131.6 CCl), 130.4 CHa), 129.2 (2
CHa), 127.5 CHar), 125.2 CHar), 120.5 CHa/), 116.7
(2 CHa), 50.8 (2CHy), 49.0 (2CH,).

M.p.: 176-178 °C

GC-MS (HS_50_S2): rt= 11.68 min (m/z = 334.1, 97 %' VBP: 161.1).

(E)-N-(2,4-Dichlorobenzylidene)-4-phenylpiperazin-1-amia (5p)
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according to GP-1:

50.0 mg (282 pumol, 2.00 eq) 4-phenylpiperazin-1reng8), 25.0 mg (141 pmol, 1.00 eq)
2,4-dichlorobenzaldehyd@p), 1.0 mL toluene, stirring over night. Addition ahother 14.0
mg (80.0 pmol, 0.60 eq) 4-phenylpiperazin-1-an{B)eafter 16 h to reach full conversion of

the starting material after further stirring ovesexcond night.
C17H17N3Cl; [333.9]

yield: 71.0 mg (95 %), yellow solid

'H-NMR (300 MHz, CDCY): 5 (ppm) = 7.85 (d3J = 8.7 Hz, 1H, Ar-H), 7.77 (s, 1H,
CH=N), 7.29 (d,*J = 2.1 Hz, 1H, Ar-H), 7.25-7.13 (m,
3H, Ar-H), 6.94-6.91 (m, 2H, Ar-H), 6.85 () = 7.2 Hz,
1H, Ar-H), 3.33 (s, 8H, 4 CH.

¥C-NMR (75.5 MHz, CDG)): d (ppm) = 150.8 ), 133.9 C,-Cl), 133.1 Cg), 132.1
(C4Cl), 130.9 CH=N), 129.3 CHp;), 129.2 (2CHa),
127.3 CHa), 127.1 CHa), 120.4 CHa), 116.7 (2
CHar), 50.9 (2CH,), 48.9 (2CH,).

M.p.: 113-115 °C

GC-MS (HS_50_S2): rt= 11.89 min (m/z = 334.1, 98 %' VBP: 161.1).

(E)-N-((2,3-Dihydrobenzol[b][1,4]dioxin-6-yl)methylen)-4phenylpiperazin-1-amine (5q)

Q}\N_@N@

according to GP-1:
50.0 mg (282 pumol, 1.00 eq) 4-phenylpiperazin-1ren(8), 46.0 mg (282 pmol, 1.00 eq)
1,4-benzodioxan-6-carboxaldehy@), 1.0 mL toluene, stirring over night.

C1oH2105N3 [323.0]

yield: 87.0 mg (95 %), light brown solid
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'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.63 (s, 1H, CH=N), 7.26-7.21 (m, 2H, A);H
7.09-7.06 (m, 2H, Ar-H), 7.01-6.98 (m, 2H, Ar-H)86-
6.79 (m, 2H, Ar-H), 4.24 (s, 4H, 2 GH 3.32-3.29 (m,
4H, 2 CH), 3.21-3.17 (s, 4H, 2 Gil

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 150.6 €4-0), 143.5 C,), 143.3 C-0), 135.9
(CH=N), 129.7 C,), 128.8 (2CHp;), 119.1 CHa),
117.0 CHa/), 115.8 (2CHa/), 114.0 CHa), 64.0 (2
CH,), 50.8 (2CH,), 47.7 (2CHy).

M.p.: 186-187 °C

GC-MS (HS_100_L): 4= 11.91 min (m/z = 323.1, 97 %'VBP: 160.1).

HRMS (El): m/z calcd for GoH210.N3 [M] *: 323.1634; found
323.1644.

(E)-N-Pentyliden-4-phenylpiperazin-1-amine (5r)

according to GP-1:
50.0 mg (282 umol, 1.00 eq) 4-phenylpiperazin-1lren(8), 24.3 mg (30.0 pL, 282 pmol,
1.00 eq) valeraldehyddr), 1.0 mL toluene, stirring over night.

CisH2sN3 [245.0]

yield: 65.0 mg (94 %), orange oil

'H-NMR (300 MHz, CDCY): 5 (ppm) = 7.31-7.25 (m, 2H, Ar-H), 7.05 {8 = 5.4 Hz,
1H, CH=N), 6.96 (d®J = 7.8 Hz, 2H, Ar-H), 6.88 (£J =
7.2 Hz, 1H, Ar-H), 3.34 (£J = 5.1 Hz, 4H, 2 Ch), 3.12
(t, %J = 5.1 Hz, 4H, 2 Ch), 2.28 (9,% = 7.2 Hz, 2H,
CHy), 1.55-1.32 (m, 4H, 2 CHl, 0.93 (t,3J = 7.2 Hz, 3H,
CHb).
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¥C-NMR (75.5 MHz, CDGJ):

GC-MS (HS_50_S2):
HRMS (EI):

& (ppm) = 150.9 CH=N), 143.5 Cy), 129.1 (2CHa),
120.1 CHa), 116.4 (2CHp), 51.9 (2CH,), 48.8 (2
CH,), 32.8 CH>), 29.5 CH,), 22.3 CH,), 13.9 CHa).
<= 7.54 min (m/z = 245.2, 99 %VBP: 161.1).

m/z calcd for GsHo3Ns [M] *: 245.1892; found
245.1885.

(E)-N-((E)-Hex-2-enyliden)-4-phenylpiperazin-1-amine (5s)

according to GP-1:

51.1 mg (289 umol, 1.00 eq) 4-phenylpiperazin-1lren(8), 28.3 mg (30.0 pL, 289 umol,
1.00 eq)trans2-hexen-1-a(4s), 3.0 mL toluene, stirring for 3 h.

yield:
'H-NMR (300 MHz, CDC}):

3C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (HS_50_S2):

74.3 mg (> 99 %), brown solid

5 (ppm) = 7.38 (d3J = 8.7 Hz, 1H, CH=N), 7.31-7.27
(m, 2H, Ar-H), 6.98 (d3J = 7.8 Hz, 2H, Ar-H), 6.89 (t,
3) = 7.2 Hz, 1H, Ar-H), 6.28-6.20 (m, 1H, CH), 5.99-
5.89 (m, 1H, CH), 3.36-3.33 (m, 4H, 2 @H3.22-3.19
(m, 4H, 2 CH), 2.20-2.12 (m, 2H, Ch), 1.47 (sext’] =
7.2 Hz, 3= 7.5 Hz, 2H, Ch), 0.93 (t,°J = 7.2 Hz, 3H,
CHs).

5 (ppm) = 150.9C,), 140.6 CH), 138.4 CH=N), 129.1
(2 CHp)), 128.7 CH), 120.1 CHy), 116.5 (2CHa),
51.3 (2CH,), 48.8 (2CH,), 34.7 CH,), 22.1 CH,), 13.6
(CHa).

48 °C

rt= 8.11 min (m/z = 257.1, 97 %VBP: 161.1).
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HRMS (EI): m/z calcd for GeHo3N3 [M]*: 257.1892; found
257.1898.

(E)-N-(4-((4-Phenylpiperazin-1-ylimino)methyl)phenyl)acéamide (5t)

_<O
g S
OO
\__/

according to GP-1:
30.0 mg (169 pmol, 1.00 eq) 4-phenylpiperazin-1lraB), 27.5 mg (169 umol, 1.00 eq) 4-

acetamidobenzaldehydét), 1.0 mL toluene, stirring over night.
C19H220N,4 [322.0]

yield: 54.0 mg (96 %), yellow solid

IH-NMR (300 MHz, DMSO-@): & (ppm) = 10.00 (s, 1H, NH), 7.68 (s, 1H, CH=N), 2.6
7.50 (m, 4H, Ar-H), 7.26-7.21 (m, 2H, Ar-H), 7.00, J
= 8.1 Hz, 2H, Ar-H), 6.81 (t2J = 7.2 Hz, 1H, Ar-H),
3.32-3.30 (m, 4H, 2 Cp), 3.23-3.21 (m, 4H, 2 CH,
2.05 (s, 3H, Ch).

B3C-NMR (75.5 MHz, DMSO-¢g): & (ppm) = 168.1 €=0), 150.6 C,), 139.1 Cq-NH),
136.0 CH=N), 130.9 C,), 128.8 (2CHa), 126.2 (2
CHay), 119.1 CHa), 118.8 (2CH4), 115.8 (2CHa,),
50.7 (2CH,), 47.7 (2CH,), 23.9 CHa).

M.p.: 229-232 °C

HRMS (El): m/z calcd for GeH2,0N4 [M]*: 322.1794; found
322.1795.
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(E)-4-Phenyl-N-(4-propoxybenzylidene)piperazin-1-amine (5u)

O

according to GP-1:
30.0 mg (169 umol, 1.00 eq) 4-phenylpiperazin-1ren(8), 27.7 mg (27.0 pL, 169 pmoaol,
1.00 eq) 4-propoxybenzaldehy@hi), 1.0 mL toluene, stirring over night.

CaoH250N; [323.0]

yield: 40.0 mg (71 %), light yellow solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.65 (s, 1H, CH=N), 7.57 { = 8.7 Hz, 2H,
Ar-H), 7.33-7.28 (m, 2H, Ar-H), 6.99 (d) = 8.1 Hz,
2H, Ar-H), 6.93-6.88 (m, 3H, Ar-H), 3.94 {t) = 6.6 Hz,
2H, OCH), 3.41-3.38 (m, 4H, 2 CH 3.33-3.30 (m, 4H,
2 CH,), 1.82 (sextJ = 6.9 Hz,*J = 7.2 Hz, 2H, CH),
1.05 (t,%J = 7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 159.6 C;-OCHy), 150.9 C), 137.7 CH=N),
129.2 (2 CHa\), 128.6 Cg), 127.6 (2 CHa), 120.2
(CHa), 116.5 (2CHa;), 114.6 (2CHa), 69.5 (GCH,),
51.5 (2CH,), 48.9 (2CH,), 22.6 CH,), 10.5 CHy).

M.p.: 184-185 °C

GC-MS (HS_50_S2): rt= 11.42 min (m/z = 323.1, 99 % VBP: 160.1).

(E)-4-PhenylN-(2,4,5-trimethoxybenzyliden)piperazin-1-amine (5v)
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according to GP-1:

30.0 mg (169 pmol, 2.00 eq) 4-phenylpiperazin-1ren(8), 33.1 mg (169 umol, 1.00 eq)
2,4,5-trimethoxybenzaldehyddv), 1.0 mL toluene, stirring over night. Addition &.0 mg
(15.0 umol, 0.09 eq) 4-phenylpiperazin-1-am{B8gafter 18 h to reach full conversion of the

starting material after further stirring over aed night.
CzOH2503N3 [3550]

yield: 55.0 mg (83 %), yellow-orange solid

'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.00 (bs, 1H, CH=N), 7.46 (s, 1H, Ar-H),
7.34-7.27 (m, 3H, Ar-H), 6.99 (dJ = 7.8 Hz, 2H, Ar-
H), 6.50 (s, 1H, arom.H), 3.91 (s, 3H, O§H3.90 (s,
3H, OCH), 3.85 (s, 3H, OCh), 3.41-3.38 (m, 4H, 2
CHy), 3.34-3.31 (m, 4H, 2 Cjl

3C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 152.1 €4-OCHs), 151.0 C4OCHg), 150.3
(Cq-OCHg), 143.7 CH=N), 129.1 (2CHa), 128.2 Cy),
120.1 CHar), 116.6 Cg), 116.5 (2CH4,), 107.9 CHa),
97.3 CHa), 56.7 (OCH3), 56.2 (GCHa3), 56.0 (GCHa),
51.5 (2CHy), 48.9 (2CHy).

M.p.: 153-156 °C

GC-MS (HS_100_L): {=11.82 min (m/z = 355.2, 96 %"VBP: 160.1).

(E)-4-PhenylN-(3,4,5-trimethoxybenzylidene)piperazin-1-amine (5

/

o)

|
O N/

OO

g —/

\

according to GP-1:

30.0 mg (169 pumol, 2.00 eq) 4-phenylpiperazin-1ren(8), 33.1 mg (169 pumol, 1.00 eq)
3,4,5-trimethoxybenzaldehydéw), 1.0 mL toluene, stirring over night. Addition 100 mg
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(20.0 umol, 0.06 eq) 4-phenylpiperazin-1-am{B8gafter 18 h to reach full conversion of the

starting material after further stirring over aced night.
Ca0H2503N3 [355.0]

yield: 28.0 mg (44 %), yellow solid

'H-NMR (300 MHz, CDCY): 5 (ppm) = 7.93 (s, 1H, CH=N), 7.70-7.64 (m, 3H, A);H
7.37 (d,%) = 8.1 Hz, 2H, Ar-H), 7.33-7.28 (m, 2H, Ar-
H), 4.28 (s, 6H, 2 OCH), 4.24 (s, 3H, OCH), 3.78-3.71
(m, 8H, 4 CH).

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 153.4 (L4OCHs), 150.9 C,-OCHg), 138.5
(Cy), 136.4 CH=N), 131.7 C), 129.2 (2CHa;), 120.3
(CHar), 116.6 (2CHa/), 103.2 CHa/), 60.9 (GCHa),
56.1 (2 GCHa3), 51.2 (2CH,), 48.9 (2CH,).

M.p.: 93-98 °C

GC-MS (HS_100_L): {=11.84 min (m/z = 355.2, 96 % VBP: 160.2).

(E)-2-(Methyl(4-((4-phenylpiperazin-1-ylimino)methyl)phenyl)amino)ethanol (5x)

HO

\_\

Oy
OO
__/

according to GP-1:
30.0 mg (169 umol, 1.00 eq) 4-phenylpiperazin-1re(8), 30.3 mg (169 pumol, 1.00 ebj
methyl-N-(2-hydroxyethyl)-4-aminobenzaldehy@x), 1.0 mL toluene, stirring over night.

CaoH260N, [338.0]

yield: 48.0 mg (84 %), light yellow solid

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.66 (s, 1H, CH=N), 7.42 @ = 8.7 Hz, 2H,
Ar-H), 7.23 (1,3 = 8.1 Hz, 2H, Ar-H), 6.99 (fJ = 8.1
Hz, 2H, Ar-H), 6.81 (t3J = 7.2 Hz, 1H, Ar-H), 6.68 (d,



6. Experimental section 147

%) = 9.0 Hz, 2H, Ar-H), 4.68 (£J = 5.1 Hz, OH), 3.58-
3.52 (m, 2H, CH), 3.43-3.39 (m, 2H, C), 3.32-3.38
(m, 4H, 2 CH), 3.17-3.14 (m, 4H, 2 CH, 2.95 (s, 3H,
N-CHs).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 150.6 C4-N), 149.2 C,), 138.0 CH=N),
128.8 (2CHa,), 127.1 (2CHp), 123.4 Cg), 119.0
(CHar), 115.7 (2CHa), 111.3 (2CHp,), 58.0 (NCH,),
54.0 (OCH,), 51.2 (2CH,), 47.8 (2CHy), 38.5 (N-

CHa).
M.p.: 202-204 °C
HRMS (El): m/z calcd for GoH260N4 [M] *: 338.2107; found
338.2117.

(E)-N-(Naphthalene-2-ylmethylen)-4-phenylpiperazin-1-amme (5y)

e
(OO
__/

according to GP-1:

40.0 mg (226 pumol, 2.00 eq) 4-phenylpiperazin-1re(8), 35.3 mg (226 pmol, 1.00 eq) 2-
naphthaldehydé4y), 1.0 mL toluene, stirring over night. Addition 02.0 mg (13.0 pumol,
0.06 eq) 4-phenylpiperazin-1-amiri8) after 18 h to reach full conversion of the staytin
material after further stirring for 6 h.

Ca1H2:N3 [315.0]

yield: 61.0 mg (82 %), yellow solid

'H-NMR (300 MHz, CDCY): o (ppm) = 7.98-7.96 (m, 1H, Ar-H), 7.88 (s, 1H, CHxN
7.84-7.80 (m, 4H, Ar-H), 7.48-7.46 (m, 2H, Ar-H)3%-
7.29 (m, 2H, Ar-H), 7.02 (d3 = 8.1 Hz, 2H, Ar-H),
6.95-6.90 (m, 1H, Ar-H), 3.42 (s, 8H, 4 @H
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¥C-NMR (75.5 MHz, CDGJ): d (ppm) = 150.9C,), 136.6 CH=N), 133.8 C,), 133.5
(Cg), 133.4 Cy), 129.2 (2CHp,), 128.3 CHa), 128.0
(CHpr), 127.8 CHar), 126.6 CHar), 126.2 CHa/), 126.0
(CHp), 123.1 CHa/), 120.3 CHa), 116.6 (2CHa),
51.2 (2CH,), 49.0 (2CH,).

M.p.: 195-198 °C (decomposition)

GC-MS (HS_100_L): {=12.48 min (m/z = 315.3, 97 %'VBP: 160.2).

HRMS (EI): m/z calcd for GiH2:1Ns [M]*: 315.1736; found
315.1738.

(E)-4-Phenyl-N-(chinoline-2-yl-(E)-4-phenyl-N-(chinoline-2-ylmethylen)-piperazin-1-

N
Cz/:)_\
M

amine (5z)

according to GP-1:
40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1re(8), 35.5 mg (226 pmol, 1.00 eq) 2-
quinolinecarboxaldehyd@z), 1.0 mL toluene, stirring for 5.5 h.

CaoH20N4 [316.0]

yield: 59.0 mg (83 %), dark yellow solid

'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.09 (s, 2H, Ar-H), 8.05 (d) = 8.4 Hz, 1H,
Ar-H), 7.86 (s, 1H, CH=N), 7.78 (dd) = 8.1 Hz,*J =
0.6 Hz, 1H, Ar-H), 7.72-7.67 (m, 1H, Ar-H), 7.5247.
(m, 1H, Ar-H), 7.33-7.28 (m, 2H, Ar-H), 7.00 (4] =
7.8 Hz, 2H, Ar-H), 6.92 (£J = 7.2 Hz, 1H, Ar-H), 3.52-
3.49 (m, 4H, 2 Ch), 3.43-3.39 (m, 4H, 2 C}

¥C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 155.6 ), 150.8 Cg), 147.7 Cg), 136.1
(CH=N), 135.7 C,), 129.6 CHa), 129.2 (2 CHa),
128.7 CHa), 127.7 CHa), 127.6 CHar), 126.2 CHa),
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120.4 CHpa), 117.5 CHa), 116.7 (2CHa), 50.7 (2
CH,), 48.9 (2CH,).

M.p.: 210-212 °C

GC-MS (HS_100_L): = 12.46 min (m/z = 316.1, 97 %"VBP: 161.1).

HRMS (El): m/z calcd for GeHooN4 [M] *: 316.1688; found
316.1696.

(E)-3-((4-Phenylpiperazin-1-ylimino)methyl)benzonitrie (5aa)

NC
G_\\ —\
WO
A

according to GP-1:
40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1re(8), 30.0 mg (226 pmol, 1.00 eq) 3-

formylbenzonitrile(4aa), 1.0 mL toluene, stirring for 6 h.

ClgH13N4 [2900]
yield: 67.0 mg (99 %), yellow solid
'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.91 (s, 1H, CH=N), 7.82 (dtl, = 7.8 Hz,*J

= 1.2 Hz, 1H, Ar-H), 7.55-7.52 (m, 2H, Ar-H), 7.44°J
= 7.8 Hz, 1H, Ar-H), 7.33-7.28 (m, 2H, Ar-H), 7.98,
3) = 7.8 Hz, 2H, Ar-H), 6.92 (£J = 7.2 Hz, 1H, Ar-H),
3.39 (s, 8H, 4 Ch).

¥C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 150.8 C,), 137.5 CH=N), 132.6 CHa),
131.0 Cg), 130.0 CHa), 129.4 CHa), 129.3 CHa),
129.2 (2CHa), 120.4 CHp), 118.8 CN), 116.7 (2
CHar), 112.7 C,-CN), 50.8 (2CH,), 48.9 (2CHy).

M.p.: 140-142 °C
GC-MS (HS_50_S2): rt=10.86 min (m/z = 290.1, 98 %'VBP: 161.1).
HRMS (El): m/z calcd for GgH1gN4 [M]*: 290.1531; found

290.1539.
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(E)-4-Phenyl-N-(pyridine-2-yImethylen)piperazin-1-amine (5ab)

according to GP-1:

50.0 mg (282 umol, 2.00 eq) 4-phenylpiperazin-1ren(8), 30.2 mg (27.0 pL, 282 umoaol,
1.00 eq) 2-pyridinecarboxaldehy@ab), 1.0 mL toluene, stirring for 4.5 h. Addition of03
mg (28.0 umol, 0.10 eq) 2-pyridinecarboxaldehydab) to reach full conversion of the

starting material after further stirring over night

CleH 13N4 [2660]

yield:
'H-NMR (300 MHz, CDC}):

13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (HS_50_S2):

65.0 mg (87 %), brown solid

5 (ppm) = 8.38-8.36 (M, 1H, Ar-H), 7.71-7.69 (m, 1H,
Ar-H), 7.51 (s, 1H, CH=N), 7.15-7.08 (m, 3H, Ar-H),
7.00-6.97 (m, 1H, Ar-H), 6.81 (d) = 7.8 Hz, 2H, Ar-
H), 6.73 (t,J = 7.2 Hz, 1H, Ar-H), 3.23-3.20 (m, 8H, 4
CHy).

S (ppm) = 155.2 Cy), 150.9 Cg), 149.0 CHar), 136.3
(CH=N), 135.9 CHa/), 129.2 (2CHa;), 122.4 CHa),
120.3 CHa/), 119.3 CHa/), 116.6 (2CHp), 50.7 (2
CHy), 48.9 (2CH,).

117-119 °C

rt= 9.08 min (m/z = 266.1, 98 % YBP: 161.1).

(E)-4-PhenylN-(pyridine-3-ylmethylen)piperazin-1-amine (5ac)
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according to GP-1:
50.0 mg (282 umol, 1.00 eq) 4-phenylpiperazin-1ren(8), 30.2 mg (26.5 pL, 282 umaol,
1.00 eq) 3-pyridinecarboxaldehy(fac), 1.0 mL toluene, stirring for 5 h.

CiaH15N4 [266.0]

yield: 75.0 mg (99 %), red-brown solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.75 (d?J = 1.8 Hz, 1H, Ar-H), 8.51-8.49 (m,
1H, Ar-H), 8.02-7.98 (m, 1H, Ar-H), 7.56 (s, 1H,
CH=N), 7.33-7.25 (m, 3H, Ar-H), 6.99 (d) = 8.1 Hz,
2H, Ar-H), 6.91 (t3J = 7.2 Hz, 1H, Ar-H), 3.39 (s, 8H, 4
CHy).

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 150.8Cy), 149.0 CHar), 148.2 CHa:), 132.3
(CH=N), 132.2 CHa), 132.0 C), 129.2 (2 CHa),
123.5 CHar), 120.4 CHa), 116.6 (2CHa/), 50.8 (2
CH,), 48.9 (2CHy).

M.p.: 111-113 °C

GC-MS (HS_50_S2): rt= 9.37 min (m/z = 266.1, 97 % VBP: 161.1).

(E)-4-Phenyl-N-(pyridine-4-ylmethylen)piperazin-1-amine (5ad)
O
atesy
_/

according to GP-1:
50.0 mg (282 umol, 1.00 eq) 4-phenylpiperazin-1ren(8), 30.2 mg (26.5 pL, 282 umaol,
1.00 eq) 4-pyridinecarboxaldehyfad), 1.0 mL toluene, stirring for 5 h.

CleH13N4 [2660]
yield: 75.0 mg (99 %), orange solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.55 (d2J = 6.0 Hz, 2H, Ar-H), 7.46 (FJ =
6.0 Hz, 2H, Ar-H), 7.43 (s, 1H, CH=N), 7.33-7.2%,(
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13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (HS_50_S2):

2H, Ar-H), 6.98 (d3J = 7.8 Hz, 2H, Ar-H), 6.92 (£J =
7.2 Hz, 1H, Ar-H), 3.41-3.40 (m, 8H, 4 GH

3 (ppm) = 150.8C,), 149.8 (2CH4,), 143.6 Cy), 131.6
(CH=N), 129.2 (2CHa;), 120.5 CHa;), 120.1 (2CHa)),
116.7 (2CHa/), 50.6 (2CH.), 48.9 (2CH.).

156-158 °C

rt= 9.48 min (m/z = 266.1, 99 % VBP: 161.1).

(E)-4-((4-Phenylpiperazin-1-ylimino)methyl)benzonitrie (5ae)

NC*Q—\\ /\
O
_/

according to GP-1:

40.0 mg (226 pmol, 1.00 eq) 4-phenylpiperazin-1re(8), 29.6 mg (226 pmol, 1.00 eq) 4-

formylbenzonitrile(4ae) 1.0 mL toluene, stirring over night.

ClgH 13N4 [2900]

yield:
'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (HS_50_S2):
HRMS (EI):

60.0 mg (92 %), yellow-orange solid

5 (ppm) = 7.69 (d2J = 8.4 Hz, 2H, Ar-H), 7.61 (fJ =
8.4 Hz, 2H, Ar-H), 7.52 (s, 1H, CH=N), 7.33-7.28,(
2H, Ar-H), 6.99 (d3J = 7.8 Hz, 2H, Ar-H), 6.92 (£J =
7.2 Hz, 1H, Ar-H), 3.40 (s, 8H, 4 GM

5 (ppm) = 150.8C,), 140.6 Cg), 132.5 CH=N), 132.3
(2 CHa), 129.2 (2CHa), 126.2 (2CHa/), 120.5 CHa),
119.1 €N),116.7 (2 CHa/), 110.8 C4CN), 50.7 (2
CH,), 48.9 (2CHy).

165-169 °C

rt= 11.85 min (m/z = 290.1, 97 %VBP: 161.1).
m/z calcd for GgHigN4 [M]*: 290.1531; found
290.1519.
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(E)-N-(Cyclohexenylmethylen)-4-phenylpiperazin-1-amineHaf)
O
OO
/

according to GP-1:
40.0 mg (226 pumol, 1.00 eq) 4-phenylpiperazin-1ren(8), 24.9 mg (25.8 pL, 226 pmol,
1.00 eq) 1-cyclohexene-1-carboxaldehydiaf), 1.0 mL toluene, stirring for 4 h.

Cl7H23N3 [2690]

yield: 57.0 mg (94 %), yellow-brown solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.34 (s, 1H, CH=N), 7.31-7.26 (m, 2H, A);H
6.97 (d,3 = 8.1 Hz, 2H, Ar-H), 6.88 (£J = 7.2 Hz, 1H,
Ar-H), 5.92 (t,°J = 3.9 Hz, 1H, CH), 3.36-3.33 (m, 4H, 2
CH,), 3.20-3.17 (m, 4H, 2 CH}, 2.31 (bs, 2H, Cb), 2.19
(bs, 2H, CH), 1.67-1.65 (m, 4H, 2 C}L

¥C-NMR (75.5 MHz, CDGJ):  (ppm) = 151.9C,), 142.5 CH=N), 136.3 C), 132.3
(CH), 129.1 (2CHa;), 120.0 CHp), 116.4 (2CHa),
51.5 (2CH,), 48.9 (2CHy), 25.9 CH,), 23.8 CH>), 22.7
(CH,), 22.2 CHy).

M.p.: 118-120 °C

GC-MS (HS_50_S2): <t= 8.83 min (m/z = 269.1, 99 % MBP: 160.1).

HRMS (El): m/z calcd for G7H23Ns [M]*: 269.1892; found
269.1899.

(E)-N-(Cyclohexylmethylen)-4-phenylpiperazin-1-amine (5@)

Ol
N N )
/
according to GP-1:
40.0 mg (226 pumol, 1.00 eq) 4-phenylpiperazin-1ren(8), 25.1 mg (27.1 pL, 226 pmol,

1.00 eq) cyclohexanecarboxaldehydag), 1.0 mL toluene, stirring for 4 h.
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Ci7H2sN3 [271.0]

yield:
'H-NMR (300 MHz, CDC}):

¥C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (HS_50_S2):
HRMS (EI):

60.0 mg (98 %), yellow-brown solid

5 (ppm) = 7.31-7.24 (m, 3H, Ar-H, CH=N), 6.96 d,=
8.1 Hz, 2H, Ar-H), 6.90-6.86 (m, 1H, Ar-H), 3.3532.
(m, 4H, 2 CH), 3.12-3.08 (m, 4H, 2 C}), 2.25-2.21 (m,
1H, CH), 1.82-1.66 (m, 5H, GHCH), 1.35-1.16 (m, 5H,
CH,, CH).

5 (ppm) = 150.9 CH=N), 147.4 C,), 129.1 (2CHap),
120.0 CHa), 116.4 (2CHp), 51.8 (2CH,), 48.8 (2
CH,), 41.4 CH), 31.0 (2CH,), 26.0 CH,), 25.6 (2
CHy).

69-71 °C

rt= 8.43 min (m/z = 271.1, 99 % VBP: 161.1).

m/z calcd for GHosNs [M]*: 271.2048; found
271.2058.

(E)-N-(Naphthalene-1-methylen)-4-phenylpiperazin-1-aming¢bah)

according to GP-1:

asy=
)
9

50.9 mg (288 umol, 1.00 eq) 4-phenylpiperazin-1lren(8), 44.9 mg (39.0 uL, 288 umol,
1.00 eq) 1-naphthaldehy@éah), 3.0 mL toluene, stirring for 4 h.

Cle21N3 [3150]

yield:
'H-NMR (300 MHz, CDC})):

88.6 mg (98 %), brown solid

5 (ppm) = 8.60 (d2J = 8.1 Hz, 1H, Ar-H), 8.33 (s, 1H,
CH=N), 7.91-7.87 (m, 2H, Ar-H), 7.83 (d) = 8.1 Hz,
1H, Ar-H), 7.59-7.48 (m, 3H, Ar-H), 7.36-7.30 (mH2
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Ar-H), 7.03 (d,3) = 7.8 Hz, 2H, Ar-H), 6.94 (81 =7.2
Hz, 1H, Ar-H), 3.47 (s, 8H, 4 Cit

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 150.9C,), 135.7 CH=N), 133.9 C,), 131.5
(Cg), 130.7 Cg), 129.2 (2CHa,), 128.8 CHa,), 128.7
(CHar), 126.3 CHa/), 125.7 CHa/), 125.5 CHa,), 125.3
(CHar), 123.8 CHa), 120.3 CHa), 116.6 (2CHa),
51.3 (2CH,), 49.0 (2CH,).

M.p.: 118 °C

GC-MS (NM_100_L): & = 11.44 min (m/z = 315.3, 99 %'VBP: 160.2).

(E)-N,N-Dimethyl-N"-(4-phenylpiperazin-1-yl)formimidamide (5ai)

\ N—N N
N_// __/
/

A 15 mL Schlenk tube was dried under vacuum, filleith nitrogen and charged
consecutively with 40.0 mg (226 pumol, 1.00 eq) 4mhpiperazin-1-amin€3), 35.0 mg (226
pmol, 1.00 eq) 3,4-dihydroxybenzoic a¢@), 4.0 mL anhydrous DMF, 33.0 mg (271 pumol,
1.20 eq) DMAP and 56.0 mg (271 pmol, 1.20 eq) DTlae light brown solution was stirred
at rt for 6 h. Because GC-MS analysis showed nbcihversion of the starting material,
additional 10.0 mg (65.0 pmol, 0.29 eq) 3,4-dihygtmenzoic acid6) were added and the
solution was stirred at rt for further 13 h. Thextare was diluted with 5 mL DCM and
filtrated through a pad of celite which afterwandas rinsed with DCM. The filtrate was
concentrated under reduced pressure. The residsidritvaated with 15 mL DCM and then
purified by column chromatography (DCM/MeOH 8:1zesi13.5 x 2.5 cm, 17 g silica gel) to
yield the pure product.

CisH20N4 [232.0]

yield: 35.0 mg (50 %), light yellow solid
R: (DCM/MeOH 8:1): 0.32
'H-NMR (300 MHz, CDCY): o (ppm) = 7.82 (s, 1H, CH=N), 7.28-7.22 (m, 2H, Ay;H

6.92 (d,J = 8.1 Hz, 2H, Ar-H), 6.84 (£J = 7.2 Hz, 1H,
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Ar-H), 3.32-3.29 (m, 4H, 2 Cy), 2.94-2.91 (m, 4H, 2
CH,), 2.87 (s, 6H, 2 CH).
3C-NMR (75.5 MHz, CDGJ): & (ppm) = 158.0 CH=N), 150.9 Cg), 129.0 (2CHa,),
119.5 CHa), 115.8 (2CHa), 57.0 (2CH,), 48.4 (2
CH,), 38.0 (2CHa).
M.p.: 84-88 °C
GC-MS (HS_50_S2): <= 7.36 min (m/z = 232.1, >99 %*MBP: 56.0).

Benzo[d][1,3]-dioxol-5-carbaldehyde (9)

O

0 H

oy
A 25 mL Schlenk tube was dried under vacuum, fillgth argon and charged with 500 mg
(0.30 mL, 2.49 mmol, 1.00 eq) 1-bromo-3,4-methytBorybenzend8) and 7.5 mL absolute
THF. The reaction mixture was cooled to -78 °C (dwy, acetone) and 157 mg (1.25 mL,
2.46 mmol, 1.00 eq)-butyllithium was added dropwise. The colorlespsusion was stirred
at this temperature for 2 h and 218 mg (229 pL8 2@nol, 1.20 eq) anhydrous DMF were
added. The colorless solution was warmed to rtséinekd for 4 h. TLC analysis indicated full
conversion of the starting material. The mixtureswaydrolyzed with 5 mL water and
concentrated under reduced pressure to remove ke The obtained yellow oil was
dissolved in 5 mL DCM and washed with 10 mL wafEne organic layer was dried over
NaSO; and concentrated under reduced pressure. Finalfication by column

chromatography (CH/EtOAc 20:1, size: 11.0 x 4.0 &8, g silica gel) yielded the pure
product.

CsHeOs [150.1]

yield: 345.0 mg (92 %), colorless solid
R¢ (CH/ EtOACc 20:1): 0.19
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'H-NMR (300 MHz, CDC})): 5 (ppm) = 9.80 (s, 1H, CHO), 7.41-7.38 (dd= 7.8 Hz,
% = 1.2 Hz, 1H, Ar-H), 7.32-7.31 (m, 1H, Ar-H), 6.92
(d,3)=7.8 Hz, 1H, Ar-H), 6.06 (s, 2H, GM

*C-NMR (75.5 MHz, CDGCJ): 3 (ppm) = 190.2 CHO), 153.1 C,), 148.7 Cy), 131.9
(Cg), 128.6 CHar), 108.3 CHa), 106.9 CHay) 102.1

(CHo).
M.p.: 125-127°C
GC-MS (NM_50_S2): {=5.21 min (m/z = 150.0, 99 % VBP: 149.0).

(E)-N-(benzo(][1,3]dioxol-5-yImethylen)-4-phenylpiperazin-1-amire (5a))

ECH_@N@

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 3&§ (215 pumol, 1.00 eq) 4-
phenylpiperazin-1-aminé3), 1.0 mL toluene, 32.2 mg (215 pumol, 1.00 eq) bflib 3]-
dioxol-5-carbaldehyd€9) and a magnetic stirring bar. The vessel was crimpith a cap,
placed in the preheated (100 °C) reaction blocksdimced vigorously at 100 °C for 4 h. GC-
MS analysis indicated full conversion of the stegtmaterial. After cooling to rt the cap was
removed, the reaction mixture was transferred at@ne-neck round bottom flask and
concentrated under reduced pressure. Final purditeby recrystallization from 1.0 mL

toluene yielded the pure product.
ClgH19N302 [3091]

yield: 40.0 mg (67 %), orange-brown solid

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.67 (s, 1H, CH=N), 7.26-7.21 (m, 2H,
Ar-H), 7.18-7.17 (m, 1H, Ar-H), 7.05-6.99 (8H,
Ar-H), 6.92-6.90 (m, 1H, Ar-H), 6.83-6.79 (niH,
Ar-H), 6.03 (s, 2H, C}), 3.31 (m, 4H, 2 Ch), 3.21 (m,
4H, 2 CH).
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C-NMR (75.5 MHz, DMSO-g): & (ppm) = 150.6C,), 147.6 Cg), 147.2 C,), 136.1
(CH=N), 130.7 C,), 128.8 (2CHa/), 121.0 CHa),
119.1 CHp/), 115.8 (2CHp), 108.1 CHa), 104.3
(CHar), 101.0 CHy), 50.8 (2CH,), 47.7 (2CHy).

M.p.: 125°C-129°C

GC-MS (HS_100_L): /= 9.87 min (m/z = 309.1, 99 % VBP: 56.0).

2-0x0-2,3-dihydro-1H-benzimidazol-5-carbonitrile (16)°®

A 15 mL Schlenk tube was filled with nitrogen arfthiged consecutively with 500 mg (3.79
mmol, 1.00 eq) 3,4-diaminobenzonitr{{€5), 245 mg (4.09 mmol, 1.10 eq) urea and 4.5 mL
anhydrous DMF. The dark purple solution was stire¢d150 °C for 1 h. To reach full
conversion (TLC analysis) of the starting mateaiabther 406 mg (6.76 mmol, 1.80 eq) urea
were added and the solution was stirred over nigihe. mixture was transferred into a one-
neck round bottom flask with DCM during which a ea®d solid precipitated. The
suspension was filtrated through a fritted funtied filtrate was concentrated under reduced
pressure and purified by silica gel filtration (&€ EtOAc/THF 1:1) to yield the pure
product.

CsHsON; [159.0]

yield: 404.2 mg (68 %), light brown solid

R (THF): 0.7

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 11.14 (bs, 2H, 2 NH), 7.41-7.38 (m, 1H,
Ar-H), 7.40 (ddJ = 8.1 Hz,"J = 1.5 Hz, 1H, Ar-H),
7.31 (d,*J = 1.5 Hz, 1H, Ar-H), 7.07 (dJ = 8.1 Hz,
1H, Ar-H).
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C-NMR (75.5 MHz, DMSO-g): & (ppm) = 155.0 €=0), 133.6 Cy), 129.9 C,), 125.7
(CHa) 119.7 €N), 111.3 CHa), 109.4 CHa,), 102.2

(C4-CN).
M.p.: 286— 289°C

2-0Ox0-2,3-dihydro-1H-benzimidazol-5-carbaldehyde (125*

>=0

N
H

A 100 mL Schlenk tube was filled with argon andrgieal with 200 mg (1.26 mmol, 1.00 eq)
2-0x0-2,3-dihydro-H-benzimidazol-5-carbonitril¢l6), 15 mL formic acid and 4 mL water.
After addition of 1.13 g nickel-aluminium alloy thack suspension was stirred at 95 °C for
17.5 h. TLC analysis (EtOAc) indicated full conversof the starting material. The catalyst
was filtered through a pad of celite and the pad viased with MeOH. The solution of the
filtrate was concentrated under reduced pressuttdhanresidue was alkalized with 92 mL 2
M aqueous NaOH solution to pH 8. The aqueous layas extracted with EtOAc (3 x 15
mL). The combined organic layers were dried ovesS@ and concentrated under reduced
pressure. Drying under high vacuum yielded the puoeuct.

CsHs OuN, [162.1]

yield: 133.2 mg (65 %), colorless solid

Rs (EtOAc /MeOH 20:1): 0.67

'H-NMR (300 MHz, DMSO-@): & (ppm) = 11.17 (bs, 1H, 1 NH), 11.00 (bs, 1H, NH),
9,85 (s, 1H, CHO) 7.58-7.55 (m, 1H, Ar-H), 9.8,
1H, Ar-H), 7.10 (dJ = 8.1 Hz, 1H, Ar-H).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 191.8 CHO), 155.3 C=0), 135.3 C,), 130.1
Cg), 129.8 Cg), 125.1 CHa/), 108.4 CHa), 107.8
CHa).

M.p.: 292— 299°C (decomposition)
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(E)-5-((4-phenylpiperazin-1-ylimino)methyl)-1H-benzo[d]imidazol-2(3H)-one (5ak)

HN

N/ \
OO
__/

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 6@ (370 umol, 1.00 eq) 4-
phenylpiperazin-1-aming3), 1.0 mL toluene, 60.0 mg (370 pumol, 1.00 eq) 2-2)3
dihydro-1H-benzimidazol-5-carbaldehyd@2) and a magnetic stirring bar. The vessel was
crimped with a cap, placed in the preheated (100ré@ction block and stirred vigorously at
100 °C for 5 h. Because TLC analysis indicated uibdonversion of the aldehyde another
6.10 mg (34.0 umol, 0.09 eq) 4-phenylpiperazin-irani3) were added and the reaction
mixture was stirred for additional 3 h. After cowjito rt the cap was removed, the reaction
mixture was transferred into a one-neck round bottiask and concentrated under reduced

pressure to yield the pure product.
Ci1gH190Ns5 [321.1]

yield: 119.0 mg (99 %), colorless solid

R (EtOAC /MeOH 30:1): 0.27

'H-NMR (300 MHz, DMSO-@): & (ppm) = 10.64 (bs, 2H, 2 NH), 7.73 (s, 1H, CH=N)
7.26-7.21 (m, 3H, Ar-H), 7.18-7.14 (m, 1H, M},
7.01 (d?J = 8.1 Hz, 2H, Ar-CH), 6.90 (dJ = 8.1 Hz,
1H, Ar-H), 6.81 (t3J = 7.2 Hz, 1H, Ar-H), 3.33-3.30 (m,
4H, 2 CH), 3.22-3.20 (m, 4H, 2 CiL

BC-NMR (75.5 MHz, DMSO-g): & (ppm) = 155.4 €=0), 150.6 C), 137.4 CH=N),
130.0 Cg), 129.1 Cy), 128.9 (2CHp), 119.9 CHa),
119.1 CHa,), 115.8 (2CHa), 115.3 Cy), 108.2 CHa),
104.9 CHa/), 50.9 (2CH,), 47.8 (2CH.,).

M.p.: 320- 330°C (decomposition)

HRMS (El): m/z calcd for GgH190ONs [M]™: 321.1590; found
321.1606.
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6.2.2. Replacement of the hydrazone functionality (buildirg block B)

4-((4-Phenylpiperazin-1-yl)methyl)benzene-1,2-diql17)

HOD/\N/\
HO bN\Ej

A 25 mL Schlenk tube was flushed with argon andgba with 250 mg (1.81 mmol, 1.00 eq)
3,4-dihydroxybenzaldehydda), 7.0 mL anhydrous DCE and 294 mg (0.28 mL, 1.81omm
1.00 eq) 1-phenylpiperazirfé). To the orange solution 538 mg (2.54 mmol, 1.40seqglium
triacetoxyborhydride and 100 pumL (1.81 mmol, 1.0§) ecetic acid were added. The
colorless suspension was stirred at rt over nidating which the color of the suspension
turned bright yellow. GC-MS analysis and TLC anaysdicated full conversion of the
starting material. The mixture was hydrolyzed byiadn of 10 mL saturated NaHGO
solution and concentrated under reduced pressheereBidue was dissolved in 30 mL EtOAc
and 30 mL water and the layers were separatedadheous layer was extracted with EtOAc
(2 x 20 mL) and the combined organic layers wershed with 25 mL brine, dried over

MgSO, and concentrated under reduced pressure. Findicption by silica gel filtration
(DCM/MeOH 19:1, R= 0.38) yielded the pure product.

C17H2002N; [284.3]
yield: 135.9 mg (26 %), brown solid
Rt (MeOH) 0.63

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 8.87 (bs, 2H, 2 OH), 7.19 {,= 7.8 Hz, 2H,
Ar-H), 6.90 (d,3J = 8.1 Hz, 2H, Ar-H), 6.78-6.73 (m,
2H, Ar-H), 6.68-6.65 (m, 1H, Ar-H), 6.56-6.53 (mH1
Ar-H), 3.32 (s, 2H, Ch), 3.10 (bs, 4H, 2 C}), 2.47-2.46
(m, 4H, 2 CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 150.9 Cy), 144.9 C-OH), 144.1 C,-OH),
128.8 (2CHa), 128.6 Cq), 119.7 CHar), 118.6 CHay),
116.2 CHar), 115.2 (2CHa), 115.0 CHa,), 61.8 CH>),
52.4 (2CH,), 48.1 (2CH,).
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M.p.: 100-102 °C
HRMS (El): m/z calcd for GsH200.N, [M]™: 284.1525; found
284.1540

3,4-DimethoxyN-(4-phenylpiperazin-1-yl)benzamide (20)

—0
\ O
- )
HN—N N
__/

A 25 mL Schlenk tube was charged with 100 mg (54®li11.00 eq) 3,4-dimethoxybenzoic
acid (18), 218 mg (140 pL, 1.83 mmol, 3.33 eq) thionylchderiand one catalytic drop
anhydrous DMF. The light yellow suspension was useftl for 3.5 h. The excess
thionylchloride was removed under high vacuum aveooling trap to obtain a light yellow
solid (acid chloride).

A 25 mL one-neck round bottom flask was chargechwtit7 mg (659 umol, 1.20 eq) 4-
phenylpiperazin-1-amin€3) and 2.0 mL 10 % aqueous NaOH solution. The salutias
cooled to 0 °C and the acid chloride (synthesizefre), dissolved in 1 mL absolute DCM,
was added. The mixture was stirred at rt for 30 ,ndaring which a colorless solid
precipitated. The solid was collected by filtratiomashed with DCM and dried under

vacuum. Final purification by recrystallization fina25 mL EtOH yielded the pure product.
Ci19H2303N3 [341.0]

yield: 98.0 mg (53 %), colorless solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.40 (bs, 1H, NH), 7.31-7.27 (m, 3H, Ar:H)
6.98-6.84 (m, 5H, Ar-H), 3.93-3.92 (m, 6H, 2 OgH
3.40 (m, 4H, 2 CH), 3.12 (m, 4H, 2 Ch).

¥C-NMR (75.5 MHz, CDGJ): o (ppm) = 165.2 €=0), 151.9 C4-OCH;), 150.9 Cq-
OCHg), 149.1 Cg), 129.2 (2CHar), 126.2 Cg), 120.3
(CHar), 119.4 CHa/), 116.5 (2CHa), 110.8 CHa),
110.2 CHar), 56.0 (2CHy), 55.4 (2 GCHg3), 48.9 (2
CH,).
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M.p.: 219-221 °C

GC-MS (HS_50_S2): <= 7.95 min (m/z = 341.1, 99 %'MBP: 91.0).

HRMS (EI): m/z calcd for GoH»303N3 [M]*: 341.1740; found
341.1754.

Tert-Butyl-3,4-dimethoxyphenylcarbamate (22)

A 25 mL Schlenk tube was dried under vacuum, fillgth argon and charged with 500 mg
(3.26 mmol, 1.00 eq) 3,4-dimethoxyanilifi®d) amd 6.1 mL absolute EtOH. 1.07 g (4.90
mmol, 1.50 eq) dtert-butyl dicarbonate were added slowly and the susiparnwas stirred at

rt for 2.5 h. GC-MS analysis indicated full conversof the starting material. The mixture
was transferred to a one-neck round bottom flagk @ncentrated under reduced pressure.
Drying under high vacuum over night yielded thedarct which was used in the next reaction
without further purification.

Ci1aH1604N [253.2]

yield: 906.0 mg (>99 %), grey solid
R¢ (CH/ EtOAc 1:1): 0.72
'H-NMR (300 MHz, CDC})): d (ppm) = 7.16 (bs, 1H, NH), 6.78 — 6.69 (m, 2H, Ax-H

6.43 (s, 1H, Ar-H), 3.86 (s, 3H, OGH 3.83 (s, 3H,
OCHs) 1.50 (s, 9H, 3 CH).

3C-NMR (75.5 MHz, CDGJ): & (ppm) =153.0 £=0), 149.2 C,-OCHs), 145.0 Cq-
OCHy), 132.0 Cg), 111.6 CHa), 110.4 CHy,), 103.8
(CHar), 80.2 C,), 56.2 (OCHs), 55.8 (QCH3), 28.3 (3

CHs).
M.p.: 74°C
GC-MS (HS_50_S2): rt= 7.04 min (m/z = 253.2, 87 % MBP: 197.0, 13 %

Boc,O).
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N-(3,4-dimethoxyphenyl)-4-phenylpiperazin-1-carboxantde (24)

/

0 SR
OO
o) NH

/

A 15 mL Schlenk tube was dried under vacuum, fillgth argon and charged with 176 mg
(166 pL, 1.09 mmol, 1.10 eq) 1-phenylpiperazihand 2.0 mL absolute THF. The yellow
solution was cooled to 0 °C and 76.0 mg (474 pL8Inmol, 1.20 egh-butyllithium were
added. The mixture was warmed to rt and a solufdb0 mg (987 umol, 1.00 etprt-butyl-
3,4-dimethoxyphenylcarbamaf22) in 2.0 mL absolute THF was added dropwise. Thergree
brown solution was refluxed for 5 h. TLC analysidicated full conversion and the mixture
was hydrolyzed with 5 mL 5 % aqueous HCL solutibhe aqueous layer was extracted with
DCM (3 x 5 mL) and the combined organic layers weeashed with 5 mL saturated aqueous
NaHCG; solution, 5 mL water and 5 mL brine. The orgaigelr was dried over N8O, and
concentrated under reduced pressure. Final purditaby column chromatography
(CH/EtOAC, size: 18.5 x 2.5 cm, 30 g silica geBlgied the pure product.

C1oH2503N3 [341.0]

yield: 81.0 mg (25 %), yellow-orange solid

Rf (CH/ EtOAc 1:1): 0.19

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 8.44 (b, 1H, NH), 7.26 - 7.17 (m, 3H, Ar;H)
7.00-6.97 (m, 3H, Ar-H), 6.84-6.79 (m, 2H, Aj; 3.71
(s, 3H, OCH), 3.70 (s, 3H, OCEHJ, 3.59-3.56 (m, 4H, 2
CH), 3.17-3.13 (m, 4H, 2 CHL

¥*C-NMR (75.5 MHz, DMSO-g): & (ppm) = 155.0 €=0), 150.8 C,-OCHs), 148.3 C,-
OCH), 143.9 C,), 133.9 C), 128.8 (2CHa,), 119.1
(CHa), 115.7 (2CHa), 112.0 CHa), 111.5 CHa),
105.3 CHa/), 55.7 (QCHs), 55.2 (GCH3), 48.3 (2CH,),
43.5 (2CH,).

M.p.: 122°C -125°C
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3,4-Difluorophenyl-1H-imidazol-1-carboxylate (26)

\
Fj©/o\”/ N
- 0

A 15 mL Schlenk tube was dried under vacuum, filgth argon and charged with 500 mg
(3.84 mmol, 1.00 eq) 3,4-difluorophern(@b), 2.0 mL absolute DCM and 624 mg (3.84 mmol,
1.00 eq) 1,1 -carbonyldiimidazole. The yellow mipguvas stirred at rt for 1.5 h. To reach
full conversion of the starting material (GC-MS bs#s) 605 mg (3.72 mmol, 0.97 eq) 1,1-
carbonyldiimidazol, dissolved in 1 mL DCM, were addand the mixture was stirred at rt for
further 20 h. The product solution was used in rle&t reaction without work up or any

purification step.
C10HeO2N2F; [224.1]

GC-MS (HS_50_S2): rt=5.96 min (m/z = 223.9, 90 % VBP: 130.0).

3,4-Difluorophenyl-4-phenylpiperazin-1-carboxylate(27)
F. 0]
OO
F o

623 mg (590 uL, 3.84 mmol, 1.00 eq) 1l-phenylpipm@zl) were added to the product
mixture of 3,4-difluorophenylH-imidazol-1-carboxylat€26). After 1 h stirring at rt once
more 25.0 mg (20 pL, 150 pumol, 0.04 eq) 1-phenygrapine(l) were added to reach full
conversion (GC-MS analysis). The mixture was dimert for 2 h and washed with water (2

x 5 mL). The organic layer was dried over MgSdhd concentrated under reduced pressure.
As the obtained solid was not pure enough, evear ailica gel filtration (CH/EtOAc 5:1, R

= 0.18), it was dissolved in 5 mL DCM and washethvid mL 2 M aqueous NaOH solution.
The organic layer was dried over 48&s, concentrated under reduced pressure and dried
under high vacuum to yield the pure product.
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C17H160:N2F, [318.3]

yield:
R: (DCM):
'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (HS_50_S2):
HRMS (El):

246.0 mg (20 %), light yellow solid

0.49

5 (ppm) = 7.34-7.29 (m, 2H, Ar-H), 7.15 1 = 9.0 Hz,
Ar-H), 7.07-6.86 (m, 5H, Ar-H), 3.82-3.75 (m, 4H, 2
CHy), 3.25 (131 =5.4 Hz, 4H, 2 Ch).

5 (ppm) = 153.0C=0), 151.7, 151.5, 148.4, 14834+
= 249.5 Hz,Jcr = 13.9 HzC,-F), 149.7, 149.6, 146.5,
146.3 {Jc.r = 245.7 Hz,Jcr = 12.5 Hz,CF), 147.0,
146.9, 146.8,%0c.F = 8.8 Hz,*Jcr = 3.2 Hz,Cy), 129.3
(2 CHa/), 120.9 CHa), 117.7, 117.6, 117.5CHa),
117.2 Cg), 116.9 (2CHa,), 111.9, 111.6%0cF = 19.9
Hz, CHar), 49.6 (2CH,), 43.9 (2CH,).

94-96°C

rt= 8.72 min (m/z = 318.2, 99 % VIBP: 189.0).

m/z calcd for G7H1602NoF, [M]™: 318.1180; found
318.1182.

6.2.3. Replacement of the piperazine ring (building blockC)

1-Nitroso-4-phenylpiperidine (29)

A 100 mL Schlenk tube was charged with 250 mg (Inb6ol, 1.00 eq) phenylpiperidine
(28), 13 mL THF and 0.29 mL (2.40 mmol, 1.55 dgjt. butylnitrite. The mixture was
refluxed for 18 h. GC-MS analysis indicated fullngersion of the starting material. The

solution was transferred to a one-neck round bofflask and concentrated in vacuum at a

temperature of 30 °C. The crude product was usethennext reaction without further

purification.

C11H140N; [190.2]
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yield: 272.0 mg (92 %), yellow-orange oil
R¢ (DCM): 0.55
GC-MS (HS_50_S2): rt= 6.78 min (m/z = 190.2, 98 % VBP: 56.1).

4-Phenylpiperidine-1-amine (30)

A 100 mL three-neck round bottom flask with dromgpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 119 mg (3.16 mmol, 2.20 eq)
LiAIH 4 and 5.8 mL absolute THF. The grey suspension wateHd to reflux and a solution of
273 mg (1.44 mmol, 1.00 eq) 1-Nitroso-4-phenylpigiee (29) in 2.3 mL absolute THF was
added dropwise to the boiling suspension. After glete addition the suspension was
refluxed for further 2.5 h. GC-MS analysis showed €onversion of the starting material.
The suspension was hydrolyzed according to th&m,method (0.5 mL water, 0.5 mL 15 %
aqueous NaOH and 1.5 mL water). The mixture wasfdd, the filter cake was washed with
10 mL THF and concentrated under reduced presBural purification by silica gel filtration
(MeOH) yielded the pure product.

Ci1H1eN2 [176.1]

yield: 184.0 mg (73 %), colorless solid

Ri (MeOH): 0.45

'H-NMR (300 MHz, MeOD): o (ppm) = 7.30-7.16 (m, 5H, Ar-H), 3.24-3.20 (m, 2H,
CHy), 2.54-2.48 (m, 1H, CH), 2.40-2.31 (m, 2H, gH
1.88-1.80 (m, 4H, 2 C}).

M.p.: 56 — 59°C

GC-MS (HS_50_S2): rEE 6.08 min (m/z = 176.2, 92 % MBP: 71.2).
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(E)-4-((4-Phenylpiperidine-1-ylimino)methyl)benzene-B-diol (31)

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 5@ (284 umol, 1.00 eq) 4-
phenylpiperidine-1-amineg(30), 1.0 mL toluene, 39.0 mg (284 pmol, 1.00 eq) 2,4-
dihydroxybenzaldehydg&ti) and a magnetic stirring bar. The vessel was crivpi¢h a cap,
placed in the preheated (100 °C) reaction block stirded vigorously at 100 °C for 2.5 h.
GC-MS analysis indicated full conversion of thertatg material. After cooling to rt the cap
was removed, the reaction mixture was transfem¢al & one-neck round bottom flask and
concentrated under reduced pressure. Final purditeby recrystallization from 2.0 mL

toluene yielded the pure product.
CmHzoOzNz [296.1]

yield: 48.0 mg (57 %), yellow crystals

'H-NMR (300 MHz, CDCJ): 5 (ppm) = 11.77 (s, 1H, OH), 9.66 (bs, 1H, OH), 7(89
1H, CH=N), 7.34-7.27 (m, 4H, Ar-H), 7.23-7.20 (nH,1
Ar-H), 7.14 (d,°J = 8.4 Hz; 1H, Ar-H), 6.29 (ddJ = 8.4
Hz,*J = 2.4 Hz, 1H, Ar-H), 6.23 (dJ = 2.4 Hz, 1H, Ar-
H) 3.74-3.70 (m, 2H, Cp), 2.67-2.59 (m, 3H, CH,
CH,), 1.88-1.80 (m, 4H, 2 CHL

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 158.7 €,-OH), 158.5 C,-OH), 145.5 C,),
141.1 CH=N), 130.6 CHa/), 128.3 (2CHa/), 126.6 (2
CHa), 126.1 CHa), 111.7 Cg), 106.8 CHa,) 102.3
(CHp,), 51.6 (2CH,), 41.0 CH), 31.7 (2CH,).

M.p.: 139°C-142°C

HRMS (El): m/z calcd for GgHagOoN» [M] ™ 296.1525; found
296.1530.



6. Experimental section 169

4-Benzyl-1-nitrosopiperidine (33)

A 100 mL Schlenk tube was charged with 500 mg (pQQ 2.85 mmol, 1.00 eq) 4-
benzylpiperiding(32), 20 mL THF and 590 pL (4.91 mmol, 1.72 egqjt. butylnitrite. The
mixture was refluxed 48 h. TLC analysis indicatetl €onversion of the starting material.
The orange solution was transferred to a one-neukd bottom flask and concentrated in
vacuum at a temperature of 30 °C. The crude prodastused in the next reaction without

further purification.

C12H160N, [204.0]

yield: 601.0 mg (> 99 %), orange oil

Ri (DCM): 0.58

GC-MS (HS_50_S2): rt= 7.05 min (m/z = 204.1, 95 % "MBP: 174.1).

4-Benzylpiperidine-1-amine (34)

H,N-N

A 100 mL three-neck round bottom flask with dromgpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 238 mg (6.28 mmol, 2.20 eq)
LiAIH 4 and 15 mL absolute THF. The grey suspension watetig¢o reflux and a solution of
582 mg (2.85 mmol, 1.00 eq) 4-benzyl-1-nitrosogdgiae (33) in 5 mL absolute THF was

added dropwise to the boiling suspension. After glete addition the suspension was
refluxed for further 2 h. GC-MS analysis showed &anversion of the starting material. The
suspension was hydrolyzed according to the n,m3sthod (0.5 mL water, 0.5 mL 15 %
aqueous NaOH and 1.5 mL water) upon which the doiored to orange. The mixture was
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filtrated, the filter cake was washed with 10 mL Hkind concentrated under reduced

pressure. Final purification by silica gel filtrati (MeOH) yielded the product with 96 %
purity.

C12H18N2 [190.0]
yield: 304.5 mg (56 %), light yellow solid
Rt (MeOH): 0.44

'H-NMR (300 MHz, MeOD): 5 (ppm) = 7.28-7.23 (m, 2H Ar-H), 7.18-7.13 (m, 3H,
Ar-H), 3.07 (d,%J = 11.1 Hz, 2H, CH), 2.53 (d,*J = 6.9
Hz, 2H, CH), 2.15 (t,°J = 11.1 Hz, 2H, Ch), 1.68-1.50
(m, 3H, CH, CH), 1.40-1.32 (m, 2H, CH

C-NMR (75.5 MHz, MeOD): & (ppm) = 141.7 C;), 130.1 (2CHa), 129.3 (2CHa),
127.0 CHa/), 60.0 (2CH,), 43.5 CH,), 38.1 CH), 32.8

(2 CH,).
M.p.: 43-47 °C
GC-MS (HS_50_S2): <= 6.36 min (m/z = 190.1, 96 %VBP).

(E)-4-((4-benzylpiperidine-1-ylimino)methyl)benzene-B-diol (35)

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 80453 pmol, 1.00 eq, 96 % purity) 4-
benzylpiperidine-1-amine(34), 2.0 mL toluene, 60.1 mg (435 pmol, 1.0 eq) 2,4-
dihydroxybenzaldehydg&li) and a magnetic stirring bar. The vessel was crimvaéd a cap,
placed in the preheated (100 °C) reaction block stimced vigorously at 100 °C over night.
GC-MS analysis indicated full conversion of thertatg material. After cooling to rt the cap
was removed, the reaction mixture was transferrdd & one-neck round bottom flask,

concentrated under reduced pressure and dried higtevacuum yielding the pure product.
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C1oH220:N; [310.0]

yield: 134.0 mg (95 %), yellow-brown solid

'H-NMR (300 MHz, MeOD): 5 (ppm) = 7.82 (s, 1H, CH=N), 7.29-7.24 (m, 2H, A);H
7.19-7.16 (m, 3H, Ar-H), 7.04 (dJ = 8.4 Hz, 1H, Ar-
H), 6.30 (dd,*J = 8.4 Hz,*J = 2.4 Hz, 1H, Ar-H), 6.25
(d,*J = 2.4 Hz, 1H, Ar-H), 3.61-3.57 (m, 2H, GH 2.58
(d, %3 = 6.9 Hz, 2H, CH), 2.54-2.46 (m, 2H, C}, 1.79-
1.75 (m, 2H, CH)), 1.71-1.63 (m, 1H, CH), 1.50-1.41 (m,
2H, CH).

“C-NMR (75.5 MHz, MeOD): & (ppm) = 160.6 ©4OH), 160.5 C,OH), 144.5
(CH=N), 141.6 Cg), 132.3 CHa), 130.2 (2 CHa),
129.3 (2CHa), 127.0 CHar), 113.4 Cg), 108.1 CHa),
103.7 CHa/), 53.3 (2CH.), 43.7 CH.), 38.8 CH),

32.1 (2CH,).
M.p.: 138-141 °C
GC-MS (HS_100_L): 4= 11.10 min (m/z = 310.1, 98 %'\VBP).
HRMS (El): m/z calcd for GgH2,0,N, [M]™: 310.1681; found
310.1683.

4-Phenyl-1,4-diazepane hydrochloride (38}

cl®

-0

A 250 mL Schlenk tube, filled with argon, was chedgvith 500 mg (416 uL, 2.50 mmol,
1.00 eq) tert.-butyl-1-homopiperazineg(36), 470 mg (315 pL, 3.00 mmol, 1.20 eq)
bromobenzend37) and 50 mL toluen&rt-BuOH (5:1, absolute, degassed). A colorless
solution was obtaineddaction mixture A). A second 250 mL Schlenk tube was dried under
vacuum, filled with argon and charged consecutiwveith 59.5 mg (125 pmol, 0.05 ed
Phos 28.0 mg (125 pumol, 0.05 eq) Pd(OAc240 mg (2.50 mmol, 1.20 eq) sodiusrt-
butoxide and 100 mL toluenteft.-BuOH (5:1, absolute, degassed). A yellow suspensias

obtained Keaction mixture B). The reaction mixture A was added t@B under an argon
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stream and the gained yellow suspension was reflime24 h. GC-MS analysis and TLC
analysis (MeOH, R= 0.89) indicated full conversion of the startimaterial. The reaction

mixture was filtered through a pad of celite, whighs then rinsed with EtOAc. The yellow
filtrate was concentrated under reduced pressuttelan obtained brown oil was purified by
column chromatography (CH/EtOAc 204t 15:1, R = 0.11(free homopiperazine), size: 22.5
x 3.5 cm, 75 g silica gel) to yield 196 mg (28 %)t.-butyl-4-phenyl-1,4-diazepane-1-
carboxylate as a yellow oil, which was dissolvedBimL toluene. Afterwards 1.5 mL conc.
HCI were added. The mixture was stirred at rt fdn and was than extracted with 10 mL

water. The agueous layer was dried at the lyopttdisto obtain the pure product.

C11H17N2Cl [212.7]

yield: 153.7 mg ( 29 %), yellow-orange solid

'H-NMR (300 MHz, BO): 5 (ppm) = 7.53-7.48 (m, 2H, Ar-H), 7.38-7.31 (m, 3H,
Ar-H), 4.04-4.03 (m, 2H, C§), 3.83-3.79 (m, 2H,
CH,), 3.72-3.58 (m, 4H, 2 Chl, 3.52-3.49 (m, 2H, C}),
2.37-2.34 (m, 2H, Nb).

1-Nitroso-4-phenyl-1,4-diazepan (39)

A 25 mL Schlenk tube was charged with 154 mg (72®l11.00 eq) 4-phenyl-1,4-diazepane
hydrochloride(38), 5.0 mL THF and 503 pL (365 mg, 3.61 mmol, 5.0Dteqthylamine. To
this yellow-orange suspension 134 pL (116 mg, Iri@ol, 1.55 eq}ert. butylnitrite were
added. The yellow suspension was refluxed overtnigbcause GC-MS analysis and TLC
analysis (MeOH, R= 0.80) indicated no full conversion of the stagtimaterial another 134
ML (116 mg, 1.12 mmol, 1.55 etprt. butylnitrite were added and the mixture was peftli
for further 2 h. The orange solution was transtiii@ a one-neck round bottom flask and
concentrated in vacuum at a temperature of 30 H@. drude product was used in the next

reaction without further purification.

C11H1sN30 [205.2]
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yield: 254.6 mg (>99 % ), brown oil
R: (DCM): 0.34
GC-MS (HS_50_S2): rt= 7.29 min, (m/z = 205.1, 97 % VBP: 132.1).

4-Phenyl-1,4-diazepane-1-amine (40)

OO

A 25 mL Schlenk tube was dried under vacuum, filigth argon and charged with 60.4 mg
(2.59 mmol, 2.20 eq) LiAlgdand 3.0 mL absolute THF. The grey suspension \gasell to
reflux and a solution of 148 mg (723 pmol, 1.00 kajitroso-4-phenyl-1,4-diazepa(@9) in

1.3 mL absolute THF was added dropwise to the tpiuspension. After complete addition
the brown suspension was refluxed for 2 h. GC-M8yas showed full conversion of the
starting material. The suspension was hydrolyzexbraing to the n,n,3n- method (0.5 mL
water, 0.5 mL 15 % aqueous NaOH and 1.5 mL waldrg mixture was filtrated, the filter
cake was washed with 10 mL THF, dried over Mg@gS(dd concentrated under reduced
pressure. Final purification by column chromatogsaMeOH, size: 14.0 x 2.5 cm, 17 g

silica gel) yielded the pure product.

C1iH17N3 [191.2]

yield: 32.7 mg (24 %) orange oil
Rt (MeOH): 0.37
GC-MS (HS_50_S2): rt=6.82 min (m/z = 191.1, 97 %"MBP: 132.1).

(E)-4-((4-Phenyl-1,4-diazepan-1-ylimino)methyl)benzeng,3-diol (41)
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A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with &ig7(166 umol, 1.00 eq) 4-phenyl-1,4-
diazepane-1l-amine(40), 1.0 mL toluene, 21.9 mg (166 pnmol, 1.00 eq) 2,4-
dihydroxybenzaldehydgli) and a magnetic stirring bar. The vessel was crimaéd a cap,
placed in the preheated (100 °C) reaction block stimced vigorously at 100 °C over night.
TLC analysis indicated full conversion of the staytmaterial. After cooling to rt the cap was
removed, the reaction mixture was transferred imn@-neck round bottom flask and

concentrated under reduced pressure. Drying ungenacuum yielded the pure product.
Ci18H210,N3 [311.3]

yield: 50.0 mg (97 %), brown-red oil

R (CH/ EtOAC 3:1): 0.75

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 11.39 (s, 1H, CH), 9.51 (bs, 1H, OH), 7(§4
1H, OH), 7.18-7.12 (m, 2H, Ar-H), 7.06 (&] = 8.4 Hz,
1 H, Ar-H), 6.75 (d3J= 8.4 Hz, 1 H, Ar-H), 6.58 (£J =
7.2 Hz, 1H, Ar-H), 6.25 (ddJ = 8.4 Hz,*J = 2.1 Hz, 1H,
Ar-H), 6.19 (d,*J = 2.1 Hz, 1H, Ar-H), 3.63-3.62 (m, 2H,
CHy), 3.52-3.50 (m, 2H, C), 3.43-3.37 (m, 4H, 2 CHj
1.99-1.95 (m, 2H, C}).

C-NMR (75.5 MHz, DMSO-g): 8 (ppm) = 157.8 C4OH), 157.5 C,OH), 147.1
(CH=N), 135.5 C,), 129.4 CHa), 129.2 (2CHp,), 115.5
(CHa), 112.5 Cg), 111.4 (2CHp), 106.7 CHa;), 102.3
(CHar), 51.7 CH>), 49.6 CHy), 47.3 CHy), 47.2 CH,),
23.2 CHo).

HRMS (El): m/z calcd for GgH210,N3 [M]™: 311.1634; found
311.1616.

6.2.4. Hydrazone synthesis I (building block D)™

1-Phenethylpiperazin (45a)

mf@
HN N

—/
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A 100 mL Schlenk tube was charged with 1.00 g (780 5.41 mmol, 1.00 eq) 2-
phenethylbromidé€42), 20 mL toluene and 2.33 g (27.0 mmol, 4.00 eqgrapine(44). The
colorless suspension was stirred at 85 °C for 3.6@-MS analysis showed full conversion
of the starting material. The mixture was filtrated concentrated under reduced pressure.
The generated colorless solid was suspended in & #d_aqueous HCI and extracted with
DCM (3 x 6 mL). The aqueous phase was alkalizedh widlid NaOH and extracted with
DCM (3 x 10 mL). The combined orgenic layers wegshed with water (2 x 10 mL) and 10
mL brine, dried over MgS©and concentrated under reduced pressure. Findicption by

vacuum destillation yielded the product with 95 &6ity.

Cle]_gNz [1900]
yield: 710.1 mg (69 %), colorless liquid
'H-NMR (300 MHz, CDCY): o (ppm) = 7.30-7.25 (m, 2H, Ar-H), 7.20-7.18 (m,,3H

Ar-H), 2.92 (t,3) = 5.1 Hz, 4H, 2 Ch), 2.83-2.77 (m,
2H, CH), 2.60-2.54 (m, 2H, C}, 2.49 (bs, 4H, 2 CH,
1.82 (s, 1H, NH).

3C-NMR (75.5 MHz, CDGJ):  (ppm) = 140.3 C,), 128.6 (2CHa), 128.3 (2CHa),
125.9 CHa), 61.1 CHy), 54.5 (2CH,), 46.0 (2CH,),

33.3 CH,).
bp.: 85-90 °C (0.35-0.37 mbar)
GC-MS (HS_50_S2): rt= 6.21 min (m/z = 190.1, 95 % MBP: 99.0, 5 %

dialkylated product).

1-Nitroso-4-phenethylpiperazin (46a)

avad
O=N-N_ N
s

A 100 mL Schlenk tube was charged with 680 mg (3./®8nol, 1.00 eq) 1-
phenethylpiperaziné45a), 25 mL THF and 670 pL (5.55 mmol, 1.55 dgjt. butylnitrite.

The mixture was refluxed over night. GC-MS analysdicated full conversion of the starting
material. The brown solution was transferred to ree-neck round bottom flask and
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concentrated in vacuum at a temperature of 30 H@. drude product was used in the next

reaction without further purification.
Ci12H170N3 [219.0]

yield: 830.0 mg (> 99 %), brown solid
GC-MS (HS_50_S2): rt=7.22 min (m/z = 218.9, 95 % VBP: 128.0).

4-Phenethylpiperazin-1-amine (47a)

7\ f@
H,N-N N
__/

A 100 mL three-neck round bottom flask with dromgpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 299 mg (7.87 mmol, 2.20 eq)
LiAIH 4 and 15 mL absolute THF. The grey suspension watetig¢o reflux and a solution of
784 mg (3.58 mmol, 1.00 eq) 1-nitroso-4-phenetipgmzine(46a) in 5 mL absolute THF
was added dropwise to the boiling suspension. Aftanplete addition the suspension was
refluxed for further 2.5 h. GC-MS analysis showed €onversion of the starting material.
The suspension was hydrolyzed according to th&mmethod (0.5 mL water, 0.5 mL 15 %
aqueous NaOH and 1.5 mL water) upon which the doiored to orange. The mixture was
filtrated, the filter cake was washed with 10 mLHA EHnd the filtrate was concentrated under
reduced pressure. Final purification by column omatography (MeOH, size: 23.5 x 2.0 cm,
30 g silica gel) yielded the product with 90 % pyri

Cle 19N3 [2050]

yield: 580.2 mg (79 %), light brown solid

Ri (MeOH): 0.27

H-NMR (300 MHz, MeOD): 5 (ppm) = 7.29-7.17 (m, 5H, Ar-H), 2.82-2.56 (m, 12
CHy).
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C-NMR (75.5 MHz, MeOD): & (ppm) = 131.6 C;), 120.1 (2CHa), 119.9 (2CHa),
117.6 CHa), 51.4 CHy), 49.3 (2CH,), 44.0 (2CH,),

24.7 CH,).
M.p.: rt (22 °C)
GC-MS (HS_50_S2): rt=6.63 min (m/z = 205.2, 90 %"MBP: 114.1).

(E)-4-((4-Phenethylpiperazin-1-ylimino)methyl)benzenet,3-diol (48a)

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively withrhi§Q488 pmol, 1.00 eq, 90 % purity) 4-
phenethylpiperazin-1-amin@47a) 2.0 mL toluene, 60.7 mg (439 umol, 1.00 eq) 2,4-
dihydroxybenzaldehydg&li) and a magnetic stirring bar. The vessel was crivpi¢h a cap,
placed in the preheated (100 °C) reaction block stimced vigorously at 100 °C over night.
GC-MS analysis indicated full conversion of thertatg material. After cooling to rt the cap
was removed, the reaction mixture was transfeméal & one-neck round bottom flask and
concentrated under reduced pressure. Final purditaby recrystallization from 20.0 mL

toluene yielded the pure product.
ClgH2302N3 [325.0]

yield: 148.5 mg (94 %), orange-brown solid

'H-NMR (300 MHz, DMSO-@): & (ppm) = 11.83 (bs, 1H, OH), 9.88 (bs, 1H, OH),58.0
(s, 1H, CH=N), 7.51-7.32 (m, 6H, Ar-H), 6.50 (dd,=
8.4 Hz,*J = 1.8 Hz, 1H, Ar-H), 6.43 (d’J = 1.8 Hz, 1H,
Ar-H), 3.23 (bs, 2H, Ch), 2.98-2.93 (m, 2H, C}), 2.83-
2.70 (m, 8H, 4 Ch).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 158.8 ©4OH), 158.5 C,OH), 141.3
(CH=N), 140.2 Cg), 130.6 CHa), 128.6 (2 CHa),
128.1 (2CHar), 125.8 CHar), 111.5 Cg), 106.9 CHa),
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102.3 CHay), 59.2 CHy), 51.6 (2CHj), 51.1 (2CH,),

32.8 CH.).
M.p.: 211-214 °C
HRMS (El): m/z calcd for GeH230,N3 [M]*: 325.1790; found
325.1799.

1-Benzylpiperazin (45b)*°"

A 100 mL Schlenk tube was dried under vacuum,dillgth argon and charged with 5.44 g
(63.2 mmol, 4.00 eq) piperazirid4), 50 mL absolute toluene and 2.00 g (1.82 mL, 15.8
mmol, 1.00 eq) benzylchlorid@3). The colorless suspension was stirred at 85 °Q fomh.
GC-MS analysis indicated full conversion of thertitg material. The mixture was filtrated,
washed with 5 mL toluene and concentrated undeucestl pressure. The residue was
dissolved in 10 mL DCM and extracted with 10 mL 2akfueous HCI solution. The aqueous
layer was alkalyzed by adding 1.0 g solid NaOH artlacted with DCM (2 x 25 mL). The
combined organic layers were washed with 30 mLeband 30 mL water, dried over MgsO
and concentrated under reduced pressure. Findication by silica gel filtration (MeOH)

yielded the pure product.

Ci11H16N2 [176.1]

yield: 1.715g (62 %), colorless oll
Rt (MeOH): 0.12
'H-NMR (300 MHz, CDCY): o (ppm) = 7.32-7.24 (m, 5H, Ar-H), 3.49 (s, 2H, §H

2.88 (%) = 7.8 Hz, 4H, 2 Ch), 2.41 (bs, 4H, 2 C}),
1.86 (s, 1H, NH).
3C-NMR (75.5 MHz, CDGJ): d (ppm) = 138.1 Cg), 129.2 (2CHar), 128.1 (2CHa),
127.0 CHar), 63.7 CH>), 54.4 (2CHy), 46.1 (2CH,).
GC-MS (HS_50_S2): rt= 5.84 min (m/z = 176.1, 99 % VIBP: 91.0).
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1-Benzyl-4-nitrosopiperazine (46b)

/N
O=N-N N
O

A 100 mL Schlenk tube was charged with 1.68 g (9vB#ol, 1.00 eq) 1-benzylpiperazine
(45b), 50 mL THF and 1.78 mL (14.8 mmol, 1.55 dgjt. butylnitrite. The mixture was
refluxed over night. GC-MS analysis indicated fotinversion of the starting material. The
solution was transferred to a one-neck round bofilask and concentrated in vacuum at a
temperature of 30 °C. The crude product was usethennext reaction without further

purification.
C11H15N30 [205.1]

yield: 1.99 g (>99 %), brownish oil
GC - MS (HS_50_S2): rE 6.90 min (m/z = 205.1, 97 %VBP: 91.0).

4-Benzylpiperazin-1-amine (47b)

HzN—N N
O

A 250 mL three-neck round bottom flask with drogpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 802 mg (21.1 mmol, 2.20 eq)
LiAIH 4 and 40 mL absolute THF. The grey suspension waktetido reflux and a solution of
1.96 g (9.57 mmol, 1.00 eq) 1-benzyl-4-nitrosopaaare(46b) in 17 mL absolute THF was
added dropwise to the boiling suspension. After mlete addition the suspension was
refluxed for further 2 h. GC-MS analysis showed &anversion of the starting material. The
suspension was hydrolyzed according to the n,n,8tihod (0.8 mL water, 0.8 mL 15 %

agueous NaOH and 2.4 mL water). The mixture wasfdd, the filter cake was washed with
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10 mL THF and the filtrate was concentrated unéeluced pressure. Final purification by
silica gel filtration (MeOH, size: 17.5 x 3.0 cnf) § silica gel) yielded the pure product.
C1iH1eN2 [191.1]

yield: 1.37 g (73%), yellow solid

Rt (MeOH): 0.27

'H-NMR (300 MHz, MeOD): 5 (ppm) = 7.32-7.25 (m, 5H, Ar-H), 3.51 (s, 2H, §H
2.69-2.53 (m, 8H, 4 G

C-NMR (75.5 MHz, MeOD): & (ppm) = 138.6 ), 130.6 (2CHa,), 129.4 (2CHa),
128.5 CHar), 63.5 CHy), 59.0 (2CHy), 53.5 ( 2CHy).

M.p.: 31°C - 34°C

GC-MS (HS_50_S2): rE= 6.27 min (m/z = 191.1, 97 % VIBP: 91.0).

(E)-4-((4-Benzylpiperazin-1-ylimino)methyl)benzene-18liol (48b)

N—-N N
HOQJ /

OH

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 18§ (785 pmol, 1.00 eq) 4-
benzylpiperazin-1-aming47b), 2.0 mL toluene, 108 mg (785 pmol, 1.00 eq) 2,4-
dihydroxybenzaldehyd&li) and a magnetic stirring bar. The vessel was crihvpiéh a cap,
placed in the preheated (100 °C) reaction blocksdimced vigorously at 100 °C for 2 h. GC-
MS analysis indicated full conversion of the stegtmaterial. After cooling to rt the cap was
removed, the reaction mixture was transferred at@ne-neck round bottom flask and
concentrated under reduced pressure. Final purditeby recrystallization from 4.0 mL

toluene yielded the pure product.
Ci18H210,N3 [311.3]

yield: 134.0 mg (95 %), beige solid
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'H-NMR (300 MHz, DMSO-¢): & (ppm) = 11.61 (bs, 1H, OH), 9.67 (bs, 1H, OH), 7.83
(s, 1H, CH), 7.33-7.25 (m, 5H, Ar-H), 7.12 {d,= 8.4
Hz, 1H, Ar-H), 6.30 (ddfJ = 8.4 Hz,"J= 2.1 Hz, 1H,
Ar-H), 6.23 (d,"J = 2.1 Hz, 1H, Ar-H), 3.52 (s, 2H,
CHp), 3.03 (s, 4H, 2 Ch), 2.53 (s, 4H, 2 Ch).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 158.8C,-OH), 158.5 C,-OH), 141.3
(CH=N), 137.9 Cg), 130.6 CHa/), 128.7 (2CHa),
128.1 (2CHa), 126.9 CHa), 111.5 Cg), 106.9 CHa),
102.3 CHa), 61.6 CH>), 51.4 (2CHj), 51.1 (2CH,).

M.p.: 225 228°C
HRMS (El): m/z calcd for GgH210,N3 [M]*: 311.1634; found
311.1656.

1-Nitroso-4-(pyridin-4-yl)piperazine (46c)

v
O=N-N  N—( N
N /

A 100 mL Schlenk tube was charged with 1.00 g (61@0ol, 1.00 eq) 1-(4-pyridinyl)-
piperazin(45c) 40 mL THF and 1.20 mL (9.80 mmol, 1.55 ¢gpt. butylnitrite. The mixture
was refluxed over night. GC-MS analysis and TLClysia indicated full conversion of the
starting material. The brown solution was trangférto a one-neck round bottom flask and
concentrated in vacuum at a temperature of 30 H@. drude product was used in the next

reaction without further purification.

CoH120N,4 [192.2]
yield: 1.60 g (> 99 %), brown oll
R; (DCM/MeOH 8:1): 0.47

GC-MS (HS_50_S2): rt=7.35 min (m/z = 192.8, 98 % VBP: 121.0).
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4-(Pyridine-4-yl)piperazine-1-amine (47c)

HoN— B
2 N N \ /N

A 500 mL three-neck round bottom flask with dromgpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 510 mg (13.5 mmol, 2.20 eq)
LiAIH 4 and 26 mL absolute THF. The grey suspension watetig¢o reflux and a solution of
1.18 g (6.14 mmol, 1.00 eq) 1-nitroso-4-(pyridinddpiperazine(46c¢)in 7 mL absolute THF
was added dropwise to the boiling suspension. Aftanplete addition the suspension was
refluxed for further 2 h. GC-MS analysis and TLCalsis showed full conversion of the
starting material. The suspension was hydrolyzembraing to the n,n,3n-method (1.0 mL
water, 1.0 mL 15 % aqueous NaOH and 3.0 mL waldrg mixture was filtrated, the filter
cake was washed with 10 mL THF and the filtrate s@scentrated under reduced pressure.
Final purification by column chromatography (MeOR},= 0.12, size: 27.5 x 4.5 cm, 250 g
silica gel) yielded the pure product.

CoH12N4 [178.2]

yield: 1.04 g (95 %), yellow solid

Ri (DCM/MeOH 3:1): 0.21

'H-NMR (300 MHz, MeOD): 5 (ppm) = 8.12 (d3J = 6.6 Hz, 2H, Ar-H), 6.84 (] =
6.9 Hz, 2H, Ar-H), 3.45 (bs, 4H, 2 GH 2.78-2.75 (m,
4H, 2 CH).

¥C-NMR (75.5 MHz, MeOD): & (ppm) = 156.7 C,), 150.2 (2CHa), 109.7 (2CHa),
58.6 (2CH,), 46.5 (2CH,).

M.p.: 95-96 °C

GC-MS (NM_50_S2): £=6.82 min (m/z = 178.1, 96 % VIBP: 56.0).
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(E)-4-((4-(Pyridine-4-yl)piperazin-1-ylimino)methyl)benzene-1,3-diol (48c)

are
HOQ—// \_

OH

A reaction block was placed on a hotplate stirerdapicted in Fig. 85A brown 10 mL
reaction vessel was charged consecutively withrB§0(1.40 mmol, 1.00 eq) 4-(pyridine-4-
yl)piperazine-1-amine(47c) 4.0 mL toluene, 190 mg (1.40 mmol, 1.00 eq) 2,4-
dihydroxybenzaldehydgli) and a magnetic stirring bar. The vessel was crivpi¢h a cap,
placed in the preheated (100 °C) reaction blocksdimced vigorously at 100 °C for 2 h. GC-
MS analysis and TLC analysis indicated full coni@rof the starting material. After cooling
to rt the cap was removed, the reaction mixture tnassferred into a one-neck round bottom
flask, concentrated under reduced pressure and dnider high vacuum. Trituration with 15

mL hot toluene yielded the pure product.
C16H1802N4 [298.3]

yield: 310.0 mg (74 %), brown solid

Rf (MeOH): 0.30

'H-NMR (300 MHz, DMSO-@): & (ppm) = 11.52 (bs, 1H, OH), 9.90 (bs, 1H, OH),%8.1
(bs, 2H, Ar-H), 7.97 (s, 1H, CH=N), 7.17 (,= 8.4 Hz,
1H, Ar-H), 6.88 (d.2J = 6.0 Hz, 2H, Ar-H), 6.31 (ddfJ
= 8.4 Hz,*J = 2.1 Hz, 1H, Ar-H), 6.24 (d}J = 2.1 Hz,
1H, Ar-H), 3.53-3.49 (m, 4H, 2 Gi 3.15-3.12 (m, 4H,
2 CH).

BC-NMR (75.5 MHz, DMSO-g): & (ppm) = 159.1 C,-OH), 158.6 C,-OH), 154.1 Cy),
149.8 (2 CHpa/), 142.7 CH=N), 130.8 CHp,), 111.4
(Cy), 108.6 (2CH,,), 107.0 CHa), 102.4 CHa/), 50.7
(2 CHy), 44.6 (2CH,).

M.p.: 270-273 °C (decomposition)

HRMS (El): m/z calcd for GeH1g0.N4 [M] ™ 298.1430; found
298.1447.
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1-Nitroso-4-m-tolylpiperazine (46d)

/ \@
O=N—N N
__/

A 100 mL Schlenk tube was charged with 1.00 g (3r680l, 1.00 eq) 1-(3-methylphenyl)-
piperazin(45d), 30 mL THF and 1.05 mL (8.80 mmol, 1.55 éeyx. butylnitrite. The mixture
was refluxed over night. GC-MS analysis and TLClysia indicated full conversion of the
starting material. The brown solution was trangférto a one-neck round bottom flask and
concentrated in vacuum at a temperature of 30 H@. drude product was used in the next
reaction without further purification.

C11H150N3 [205.2]

yield: 1.23 g (> 99 %), brown oll
R¢ (DCM): 0.55
GC-MS (HS_50_S2): rt=7.11 min (m/z = 205.1, 95 % MBP: 134.1).

4-m-Tolylpiperazine-1-amine (47d)

HzN_N N@
7/

A 250 mL three-neck round bottom flask with drogpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 500 mg (13.2 mmol, 2.20 eq)
LiAIH 4 and 25 mL absolute THF. The grey suspension watetig¢o reflux and a solution of
1.16 g (5.68 mmol, 1.00 eq) 1-nitrosavdtolylpiperazine(46d) in 7 mL absolute THF was
added dropwise to the boiling suspension. After glete addition the suspension was
refluxed for further 2 h. GC-MS analysis and TLCalsis showed full conversion of the
starting material. The suspension was hydrolyzembraing to the n,n,3n-method (1.0 mL
water, 1.0 mL 15 % aqueous NaOH and 3.0 mL waldrg mixture was filtrated, the filter
cake was washed with 10 mL THF and the filtrate s@scentrated under reduced pressure.
Final purification by column chromatography (MeQdize: 26.0 x 4.0 cm, 200 g silica gel)
yielded the pure product.
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C1iH17N3 [191.2]

yield: 323.0 mg (28 %), brown oil

Rr (MeOH): 0.37

'H-NMR (300 MHz, MeOD): 5 (ppm) = 7.10 (t3 = 7.8 Hz, 1H, Ar-H), 6.78-6.74 (m,
2H, Ar-H), 6.67 (d3J = 7.5 Hz, 1H, Ar-H), 3.20 (bs, 4H,
2 CHp), 2.81 (bs, 4H, 2 CH), 2.28 (s, 3H, CH).

¥C-NMR (75.5 MHz, MeOD): & (ppm) = 152.3 Cy), 139.8 Cy), 130.0 CHa,), 122.1
(CHp), 118.3 CHa), 114.8 CHa), 59.3 (2CH,), 50.2
(2 CH,), 21.8 CHs).

GC-MS (NM_50_S2): d=6.52 min (m/z = 191.1, 95 % YBP: 134.1).

(E)-4-((4+m-Tolylpiperazin-1-ylimino)methyl)benzene-1,3-diol 48d)

ey
HO<Q4 N,

OH

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 13 (731 pmol, 1.00 eq) #@+
tolylpiperazine-1-amine(47d), 2.0 mL toluene, 101 mg (731 pmol, 1.00 eq) 2,4-
dihydroxybenzaldehyd&li) and a magnetic stirring bar. The vessel was crinvpiéh a cap,
placed in the preheated (100 °C) reaction blocksdimced vigorously at 100 °C for 2 h. GC-
MS analysis and TLC analysis indicated full coni@rsof the starting material. After cooling
to rt the cap was removed, the reaction mixture tnassferred into a one-neck round bottom
flask, concentrated under reduced pressure and dnder high vacuum. Recrystallization

from 2 mL toluene yielded the pure product.
Ci18H210,N3 [311.3]

yield: 141.8 mg (58 %), brown solid
Rs (MeOH): 0.65



6. Experimental section 186

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 11.60 (s, 1H, OH), 9.75 (bs, 1H, OH), 7(85
1H, CH=N), 7.18-7.09 (m, 2H, Ar-H), 6.82-6.78 (nH 2
Ar-H), 6.64 (d,3J = 7.2 Hz, 1H, Ar-H), 6.31 (dd®J =
8.1,%3= 2.1 Hz, 1H, Ar-H), 6.25 (dfJ = 2.1 Hz, 1H, Ar-
H), 3.31-3.28 (m, 4H, 2 CHj\, 3.17-3.15 (m, 4H, 2 C),
2.26 (s, 3H, Ch).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 159.0 C,-OH), 158.6 C,-OH), 150.5 Cy),
142.3 CH=N), 138.0 Cq-CHs), 130.7 CHa/), 128.7
(CHar), 120.0 CHar), 116.4 CHa/), 113.0 CHa/), 111.4
(Cg), 107.0 CHar), 102.4 CHa), 51.1 (2CHy), 47.6 (2
CH,), 21.3 CHa).

M.p.: 135-139 °C
HRMS (El): m/z calcd for GgH210,N3 [M] ™ 311.1654; found
311.1634.

1-(4-Fluorophenyl)-4-nitrosopiperazine (46e)

O=N—-N N—< >—F
/

A 100 mL Schlenk tube was charged with 1.00 g (5r86ol, 1.00 eq) 1-(4-fluorophenyl)-
piperazine(45e) 30 mL THF and 1.15 mL (8.59 mmol, 1.55 de)t. butylnitrite. The
mixture was refluxed over night. GC-MS analysis ah analysis indicated full conversion
of the starting material. The brown solution was$ferred to a one-neck round bottom flask
and concentrated in vacuum at a temperature o€301e crude product was used in the next

reaction without further purification.
C10H120N3F [209.2]
yield: 1.25 g (> 99 %), brown oll

R (DCM): 0.47
GC-MS (NM_50_S2): 4= 6.75 min (m/z = 209.0, 99 % MBP: 120.1).
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4-(4-Fluorophenyl)piperazine-1-amine (47e)

H,N-N N F
__/

A 500 mL three-neck round bottom flask with dromgpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeth 460 mg (12.21 mmol, 2.20 eq)
LiAIH 4 and 23 mL absolute THF. The grey suspension watetig¢o reflux and a solution of
1.16 g (5.55 mmol, 1.00 eq) 1-(4-fluorophenyl)-#rosopiperazing46e)in 8 mL absolute
THF was added dropwise to the boiling suspensidterAomplete addition the suspension
was refluxed for further 2 h. GC-MS analysis andCTanalysis showed full conversion of the
starting material. The suspension was hydrolyzembraing to the n,n,3n-method (1.0 mL
water, 1.0 mL 15 % aqueous NaOH and 3.0 mL waldrg mixture was filtrated, the filter
cake was washed with 10 mL THF and the filtrate s@scentrated under reduced pressure.
Final purification by column chromatography (MeQdize: 24.0 x 3.5 cm, 180 g silica gel)
yielded the pure product.

C1oH14N3F [195.2]

yield: 0.49 g (45 %Jight yellow solid

Rr (MeOH): 0.46

'H-NMR (300 MHz, MeOD): 5 (ppm) = 6.97-6.95 (m, 4H, Ar-H), 3.16 (bs, 4H, 2
CHy), 2.82 (bs, 4H, 2 CH).

C-NMR (75.5 MHz, MeOD): & (ppm) = 160.4, 157.2\c.F = 237.6 Hz,C,-F), 149.0 (
Cy), 119.4, 119.3%cF = 7.7 Hz, 2CHp), 116.5, 116.2
(3Jcr = 22.3 Hz2 CHa/), 59.2 (2CH>), 50.9 (2CHy).

M.p.: 67 °C

GC-MS (NM_50_S2): d=6.21 min (m/z = 195.2, 99 % YBP: 138.1).
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(E)-4-((4-(4-Fluorophenyl)piperazin-1-ylimino)methylbenzene-1,3-diol (48e)

/N—N NOF

OH

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with g0 (768 pmol, 1.00 eq) 4-(4-fluoro-
phenyl)piperazine-1-aming47e) 2.0 mL toluene, 110 mg (768 pmol, 1.00 eq) 2,4-
dihydroxybenzaldehydg&ti) and a magnetic stirring bar. The vessel was crivpi¢h a cap,
placed in the preheated (100 °C) reaction blocksdimced vigorously at 100 °C for 2 h. GC-
MS analysis and TLC analysis indicated full coni@rof the starting material. After cooling
to rt the cap was removed, the reaction mixture tnassferred into a one-neck round bottom
flask, concentrated under reduced pressure and dnder high vacuum. Recrystallization

from 7 mL toluene yielded the pure product.
Cl7H1302N3F [315.3]

yield: 67.8 mg (25 %), brown solid

Rr (MeOH): 0.64

'H-NMR (300 MHz, DMSO-@): & (ppm) = 11.59 (bs, 1H, OH), 9.72 (bs, 1H, OH),57.9
(s, 1H, CH=N), 7.17 (d®J = 8.4 Hz, 1H, Ar-H), 7.10-
6.99 (m, 4H, Ar-H), 6.31 (ddfJ = 8.4 Hz,*J = 2.4 Hz,
1H, Ar-H), 6.25 (d,*J = 2.4 Hz, 1H, Ar-H), 3.26-3.25
(m, 4H, 2 CH), 3.18-3.16 (m, 4H, 2 C}

¥*C-NMR (75.5 MHz, DMSO-g): & (ppm) = 159.0 €,-OH), 158.6 C,-OH), 157.7, 154.6
(Ncr = 236.0 Hz,CoF), 147.4, 147.3%cr = 2.0 Hz,
Cy), 142.3 CH=N), 130.7 CHa), 117.7, 117.6%0c =
7.6 Hz, 2CHy,), 115.4, 115.1%0c.¢ = 21.9 Hz,2 CHa,),
111.4 Cg), 107.0 CHa), 102.4 CHa), 51.1 (2CHy),
48.3 (2CHy,).

M.p.: 176-178 °C

GC-MS (HS_100_L): {=10.63 min (m/z = 315.1, BP: 56.0).
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1-Cyclohexyl-4-nitrosopiperazine (46f)

()
O=N-N N
/

A 100 mL Schlenk tube was charged with 1.00 g (586nol, 1.00 eq) 1-
cyclohexylpiperazing¢45f), 35 mL THF and 1.10 mL (9.22 mmol, 1.55 éept. butylnitrite.
The mixture was refluxed over night. GC-MS analyaied TLC analysis indicated full
conversion of the starting material. The brown sotuwas transferred to a one-neck round
bottom flask and concentrated in vacuum at a teatpex of 30 °C. The crude product was

used in the next reaction without further purifioat

C10H160N; [197.2]

yield: 1.41 g (> 99 %), red-brown oil
R (DCM/MeOH 8:1): 0.82
GC-MS (NM_50_S2): {=6.63 min (m/z = 197.2, 99 % MBP: 167.2).

4-Cyclohexylpiperazine-1-amine (47f)

H,N-N N
__/

A 500 mL three-neck round bottom flask with drogpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 500 mg (13.1 mmol, 2.20 eq)
LiAIH 4 and 23 mL absolute THF. The grey suspension waktetido reflux and a solution of
1.17 g (5.93 mmol, 1.00 eq) 1-cyclohexyl-4-nitrop@pazine(46f) in 8 mL absolute THF
was added dropwise to the boiling suspension. Aftenplete addition the suspension was
refluxed for further 2 h. GC-MS analysis and TLCalsis showed full conversion of the
starting material. The suspension was hydrolyzembraing to the n,n,3n-method (1.0 mL
water, 1.0 mL 15 % aqueous NaOH and 3.0 mL waldrg mixture was filtrated, the filter
cake was washed with 10 mL THF and the filtrate w@scentrated under reduced pressure.
Final purification by column chromatography (MeQdize: 22.0 x 3.5 cm, 180 g silica gel)
yielded the pure product.
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CioH2:N3 [183.3]

yield: 0.5 g (46 %), orange-brown solid

Rr (MeOH): 0.33

'H-NMR (300 MHz, MeOD): 5 (ppm) = 2.72-2.66 (m, 8H, 4 GH 2.30-2.22 (m, 1H,
CH), 1.93-1.80 (m, 4H, CH, 1.67-1.63 (m, 1H, CH),
1.31-1.12 (m, 5H, CH, Ch.

13C-NMR (75.5 MHz, MeOD): & (ppm) = 64.6 CH), 59.3 (2CH,), 49.4 (2CH,), 29.9
(2 CH,), 27.3 CH,), 26.9 (2CH,).

M.p.: 36-37 °C

GC-MS (NM_50_S2): £ =5.95 min (m/z = 183.2, 99 % VBP: 167.2).

(E)-4-((4-Cyclohexylpiperazin-1-ylimino)methyl)benzee-1,3-diol (48f)

T ese
HOQJ _

OH

A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 18 (818 pumol, 1.00 eq) 4-
cyclohexylpiperazine-1-amin¢47f), 2.0 mL toluene, 113 mg (818 pumol, 1.00 eq) 2,4-
dihydroxybenzaldehyd&li) and a magnetic stirring bar. The vessel was crinvpiéh a cap,
placed in the preheated (100 °C) reaction blocksdimced vigorously at 100 °C for 2 h. GC-
MS analysis and TLC analysis indicated full coni@rsof the starting material. After cooling
to rt the cap was removed, the reaction mixture tnaassferred into a one-neck round bottom
flask, concentrated under reduced pressure and dnder high vacuum. Trituration with 16
mL hot toluene yielded the pure product.

C17H250,N3 [303.4]

yield: 110.0 mg (66 %), brown solid
R¢ (MeOH): 0.55
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'H-NMR (300 MHz, DMSO-g): & (ppm) = 11.65 (s, 1H, OH), 9.69 (bs, 1H, OH), 7(82
1H, CH=N), 7.11 (d®J = 8.4 Hz, 1H, Ar-H), 6.28 (ddJ
= 8.4 Hz,"J = 2.1 Hz, 1H, Ar-H), 6.21 (d}J = 2.1 Hz,
1H, Ar-H), 2.99 (bs, 4H, 2 C}), 2.65 (bs, 4H, 2 C,
2.30-2.27 (m, 1H, CH), 1.75-1.73 (m, 4H, 2 {H..59-
1.56 (m, 1H, CH), 1.19-1.05 (m, 5H, 2 GHCH).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 158.8 C,OH), 158.5 C,OH), 141.1
(CH=N), 130.6 CHa/), 111.5 Cg), 106.9 CHa,), 102.3
(CHa), 62.2 CH), 51.6 (2CH.), 47.4 (2CH,), 28.3 (2
CH,), 25.8 CH,), 25.2 (2CH,).

M.p.: 247-249 °C (decomposition)

GC-MS (HS_100_L): {=10.06 min (m/z = 303.1, 95 % \VBP: 166.1).

HRMS (EI): m/z calcd for G7H250,N3 [M]™: 303.1947; found
303.1942.

1-Cyclopentyl-4-nitrosopiperazine (469)

O=N-N N4<:|
\__/

A 100 mL Schlenk tube was charged with 980 mg (6mBol, 1.00 eq) 1-cyclo-
pentylpiperazing45g), 30 mL THF and 1.34 mL (10.0 mmol, 1.55 éept. butylnitrite. The
mixture was refluxed over night. GC-MS analysis ah analysis indicated full conversion
of the starting material. The brown solution was$ferred to a one-neck round bottom flask
and concentrated in vacuum at a temperature o€301e crude product was used in the next

reaction without further purification.
CyH170N;3[183.2]

yield: 1.44 g (> 99 %), brown oll
GC-MS (NM_50_S2): {=6.25 min (m/z = 183.2, 99 % MBP: 153.2).
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4-Cyclopentylpiperazine-1-amine (479)

H2N_N N
/

A 500 mL three-neck round bottom flask with dromgpifunnel and reflux condenser was
dried under vacuum, filled with nitrogen and chargeith 560 mg (17.3 mmol, 2.20 eq)
LiAIH 4 and 27 mL absolute THF. The grey suspension watetig¢o reflux and a solution of
1.18 g (6.44 mmol, 1.00 eq) 1-cyclopentyl-4-nitnoip@razine(46g) in 8 mL absolute THF
was added dropwise to the boiling suspension. Aftanplete addition the suspension was
refluxed for further 2 h. GC-MS analysis and TLCalsis showed full conversion of the
starting material. The suspension was hydrolyzembraing to the n,n,3n-method (1.0 mL
water, 1.0 ml 15 % aqueous NaOH and 3.0 mL waldrg mixture was filtrated, the filter
cake was washed with 10 mL THF and the filtrate s@scentrated under reduced pressure.
Final purification by column chromatography (MeQdize: 26.0 x 3.5 cm, 200 g silica gel)
yielded the pure product.

CoH19N3 [169.2]

yield: 0.67 g (65 %), yellow solid

Rr (MeOH): 0.25

'H-NMR (300 MHz, MeOD): 5 (ppm) = 3.10-2.30 (m, 9H, 4 GHCH), 1.94-1.85 (m,
2H, CHp), 1.71-1.56 (m, 4H, 2 C} 1.45-1.36 (m, 2H,
CH,).

13C-NMR (75.5 MHz, MeOD): & (ppm) = 68.5 CH), 58.9 (2CH,), 52.9 (2CH,), 31.3
(CHy), 25.1 CH,).

M.p.: 32°C

GC-MS (NM_50_S2): {=5.56 min (m/z = 169.2, 98 % VBP: 153.2).

(E)-4-((4-Cyclopentylpiperazin-1-ylimino)methyl)benzae-1,3-diol (489g)

N-N N4<:|
HO‘Q_/ __/

OH
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A reaction block was placed on a hotplate stirerdapicted in Fig. 85. A brown 10 mL
reaction vessel was charged consecutively with 18 (887 umol, 1.00 eq) 4-
cyclopentylpiperazine-1-amingt7g), 2.0 mL toluene, 123 mg (887 pumol, 1.00 eq) 2,4-
dihydroxybenzaldehydgti) and a magnetic stirring bar. The vessel was crivpi¢h a cap,
placed in the preheated (100 °C) reaction blocksdimced vigorously at 100 °C for 2 h. GC-
MS analysis and TLC analysis indicated full coni@rf the starting material. After cooling
to rt the cap was removed, the reaction mixture tnassferred into a one-neck round bottom
flask, concentrated under reduced pressure and dnider high vacuum. Trituration with 16
mL hot toluene yielded the pure product.

C16H2302N3 [289.3]

yield: 186.1mg (76 %), beige solid

Rr (MeOH): 0.57

'H-NMR (300 MHz, DMSO-g): & (ppm) = 11.63 (s, 1H, OH), 9.69 (bs, 1H, OH), 7(82
1H, CH=N), 7.12 (d®J = 8.4 Hz, 1H, Ar-H), 6.28 (ddJ
= 8.4 Hz,"J = 2.1 Hz, 1H, Ar-H), 6.22 (d}J = 2.1 Hz,
1H, Ar-H), 3.00 (bs, 4H, 2 CH, 2.58-2.49 (m, 4H, 2
CH,), 2.46-2.44 (m, 1H, CH), 1.81-1.78 (m, 2H, §H
1.63-1.47 (m, 4H, 2 C§), 1.36-1.30 (m, 2H, CH).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 158.8 C,OH), 158.5 C,OH), 141.2
(CH=N), 130.6 CHa/), 111.5 Cg), 106.9 CHa), 102.3
(CHp), 66.3 CH), 51.2 (2CH,), 50.6 (2CH,), 29.9 (2
CH,), 23.6 (2CHy).

M.p.: 237-239 °C (decomposition)
GC-MS (HS_100_L): r ¥ 9.13 min (m/z = 289.0, 95 % MBP: 206.9).
HRMS (El): m/z calcd for GeH230,N3 [M] ™ 289.1790; found

289.1795.
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6.3. Experimental procedures and analytical data for led structure 2

optimization

6.3.1. Synthesis of 4-hydroxy-H-pyrazole-3-carboxylates 52

Butanoatderivative:
O O O O
o A Ko CIQKIN(MOA
“NH HN”
N @
\R \R

General procedure (GP-2):

A 10 mL one-neck round-bottom flask was chargechwiit0O4 eq aniline49 which was
dissolved in acetic acid at 10 °C (ice bath). Tis tooled solution 1.06 eq NaNQlissolved

in conc. HSOy, was added and the reaction mixture was stirrdd &C for 1 h. In a second
25 mL one-neck round-bottom flask 1.00 eq ethyhibmo-3-oxobutanoateg50) was
dissolved in a mixture of acetic acid and watev (x2) and cooled to 0 °C (ice bath + NacCl).
After 1 h stirring at 10 °C the generated solut@inthe diazonium salt was added to the
second solution at 0 °C and stirred for furthemdib at this temperature. An aqueous solution
of 11.0 eqg NaOAc (3.00 mL water/20.0 mmol NaOAckweaded to the reaction mixture at 0
°C and the product precipitated. After stirringriabver night, the product was collected by
filtration, washed with a small amount of water airied under high pressure. The crude

product was used in the next reaction step withather purification.

4-Hydroxypyrazolderivative:
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General procedure(GP-3):

A 25 mL Schlenk tube was flushed with nitrogen @hdrged with 1.00 eq of synthesized
oxobutanoat&1 (see above), which was suspended in EtOH. Aftemgdtl20 eq KOACc the
suspension was heated under reflux (100 °C) for21th during which the suspension
dissolved. TLC analysis (CH/EtOAc 3:1) indicatedl @wnversion of the starting material.
After cooling to rt the mixture was transferredat@lask and the volatiles were removed using
a rotary evaporator. The residue was dissolvedim EtOAc and washed with water (2 x
15 mL) and 15 mL brine, dried over Mgs@énd concentrated at the rotary evaporator. Drying

at high vacuum yielded the pure product withoutHer purification.

Ethyl-4-chloro-2-((4-ethoxyphenyl)diazenyl)-3-oxobtanoate (51a)

0

O

N,

NH

_/

according to GP-2:

250 mg (240 pL, 1.83 mmol) 4-ethoxyanili(d9a) in 3.1 mL acetic acid and 128 mg (1.86
mmol) NaNQ in 0.5 mL conc. HSO, were combined at 10 °C resulting in a red-purple
solution, which was added after 1 h stirring at’@0to the cooled (0 °C) solution of 289 mg
(240 pL, 1.76 mmol) ethyl-4-chloro-3-oxobutanoés@) in a mixture of 1.3 mL acetic acid
and 2.6 mL water. Addition of 1.58 g (19.3 mmol)kc in 3.0 mL water precipitated the

title compound.
C14H1704N,Cl [312.5]

yield: 301.3 mg (55 %), yellow-brown solid
'H-NMR (300 MHz, DMSO-g):  Isomer | (25 %): & (ppm) =14.39 (s, 1H, NH) 7.57-
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7.35 (m, 2H, Ar-H), 7.98-7.95 (m, 2H, Ar-H), 4.95-
4.92 (m, 2H, CI-CH), 4.31-4.27 (m, 2H, C}), 4.03-3.98
(m, 4H, 2 CH), 1.34-1.27 (m, 6H, 2 C§l
Isomer 11 (75 %): & (ppm) =12.35 (s, 1H, NH)7.57-
7.35 (m, 2H, Ar-H), 6.98-6.95 (m, 2H, Ar-H), 4.95-
4.92 (m, 2H, CI-CH), 4.31-4.27 (m, 2H, CH, 4.03-
3.98 (m, 4H, 2 Ch), 1.34-1.27 (m, 6H, 2 Cil

¥C-NMR (75.5 MHz, DMSO-g¢): Isomer I: & (ppm)= 187.6 (C=0) 164.0 (C=0) 156.9
(Cg), 135.2(C=N), 125.1 C;), 118.1 (2 CHy), 115.2
(2 CHpy), 63.2 (CCHy), 60.3 (CI-CHy), 49.6 (CH),
14.1 (CHg), 13.9 CHy).
Isomer II: & (ppm) =185.7 (C=0) 162.0 (C=0) 156.0
(Cy, 135.2(C=N), 125.1 Cy), 117.4 (2 CHy), 115.1
(2 CHpy), 63.2 (CCHy), 60.8 (CI-CHy), 46.9 (CH),
14.5 (CHs), 13.9 CHy).

M.p.: 106-110 °C

Ethyl 1-(4-ethoxyphenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52a)

according to GP-3:
271 mg (866 pmol) 4)-ethyl-4-chloro-2-((4-ethoxyphenyl)diazenyl)-3-dxdanoate(51a)
were suspended in 4 mL EtOH. 102 mg (1.04 mmol) K@&re added.

C1aH1604N5 [276.0]
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yield: 232.4 mg (97 %), dark red-brown solid

R¢ (CH/ EtOAc 3:1): 0.35

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.07 (s, 1H, OH), 7.96 (s, 1H, Ar-H), 7 (€)%
=9.0 Hz, 2H, Ar-H), 7.03 (dJ = 9.0 Hz, 2H, Ar-H), 4.28
(9,33 = 6.9 Hz, 2H, CH), 4.06 (q,°J = 6.9 Hz, 2H, CH),
1.36-1.27 (m, 6H, 2 CH).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.6C=0), 157.3 C,), 145.0 C,-OH), 132.8
(Cy), 131.1 Cy), 120.0 (2CHp,), 114.9 (2CHgp,), 114.8
(CHa), 63.3 CH>), 59.7 CH>), 14.5 CHa3), 14.2 CHa).

M.p.: 96-98 °C

GC-MS (NM_50_S2): r £ 8.07 min (m/z = 276.1, 99.0 %"\VBP).

Ethyl-4-chloro-3-oxo-2-(phenyldiazenyl)butanoate (Bb)

according to GP-2:

250 mg (250 pL, 2.69 mmol) anilid9b) in 4.6 mL acetic acid and 189 mg (2.74 mmol)
NaNG; in 0.7 mL conc. SO, were combined at 10 °C resulting in a dark browtutgon,
which was added after 1 h stirring at 10 °C tocbeled (0 °C) solution of 425 mg (350 pL,
2.58 mmol) ethyl-4-chloro-3-oxobutanod&9) in a mixture of 1.9 mL acetic acid and 3.8 mL
water. Addition of 2.33 g (28.4 mmol) NaOAc in 3rBL water precipitated the title

compound.
C12H1303N2Cl [268.5]
yield: 478.2 mg (69 %), brown solid

'H-NMR (300 MHz, CDCY): & (ppm) = 13.10 (bs, 1H, NH), 7.44-7.39 (m, 2H, Ax-H
7.35-7.33 (M, 2H, Ar-H), 7.22-7.18 (m, 1H, Ar-H),73
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(s, 2H, CI-CH), 4.38 (9,3 = 7.2 Hz, CH), 1.41 (t3) =
7.2 Hz, CH).

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 186.3C=0), 163.6 C=0), 141.1 C,), 129.7
(2 CHa), 125.7 CHa), 124.7 C=N), 115.8 (2CHap,),
61.6 (CICH,), 46.6 CHy), 14.0 CHs).

M.p.: 82-84 °C

Ethyl 4-hydroxy-1-phenyl-1H-pyrazole-3-carboxylate (52b)

0]
HO o/\

\
/ ,N
N

e

250 mg (931 pmol) Z)-ethyl-4-chloro-3-oxo0-2-(phenyldiazenyl)butanoa{é1b) were
suspended in 4 mL EtOH. 110 mg (1.12 mmol) KOAcenadded.

according to GP-3:

C1H1203N; [232.2]

yield: 178.3 mg (83 %), orange solid

R (CH/ EtOAc 5:1): 0.34

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.19 (s, 1H, OH), 8.08 (s, 1H, Ar-H), 7-B30
(m, 2H, Ar-H), 7.53-7.48 (m, 2H, Ar-H), 7.37-7.3m(
1H, Ar-H), 4.30 (q2J = 6.9 Hz, 2H, CH)), 1.31 (t31=7.2
Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.5¢=0), 145.1 C,-OH), 139.2 C,), 131.9
(Cg), 129.4 (2CHar), 126.9 CHar), 118.4 (2CHa,), 114.9
(CHar), 59.8 CH,), 14.2 CHa).

M.p.: 81-83 °C

GC-MS (NM_50_S2): r £ 7.15 min (m/z = 232.0, 98.0 %'IVBP: 104.0).
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Ethyl-4-chloro-2-((4-methoxyphenyl)diazenyl)-3-oxobtanoate (51c)

according to GP-2:

250 mg (2.03 mmol) 4-methoxyanilir{d9c) in 3.5 mL acetic acid and 143 mg (2.07 mmol)
NaNGQ; in 0.5 mL conc. HSO, were combined at 10 °C resulting in a dark purptdution,
which was added after 1 h stirring at 10 °C todbeled (0 °C) solution of 321 mg (260 pL,
1.95 mmol) ethyl-4-chloro-3-oxobutanod&®) in a mixture of 1.4 mL acetic acid and 2.8 mL
water. Addition of 1.76 g (21.5 mmol) NaOAc in 3L water precipitated the title

compound.
C13H1504NCl [298.5]

yield: 352.0 mg (60 %), orange-brown solid

'H-NMR (300 MHz, DMSO-g):  Isomer | (23 %): & (ppm) =14.39 (s, 1H, NH)7.57 (d,
%) = 9.0 Hz, 2H, Ar-H), 7.04-6.97 (m, 2H, Ar-H)4.95
(s, 2H, CI-CH,), 4.34-4.27 (m, 2H, CH), 3.76 (s, 3H,
OCH), 1.32-1.27 (m, 3H, CH).
Isomer Il (77 %): & (ppm) =12.34 (s, 1H, NH) 7.51
(d, 3J = 9.0 Hz, 2H, Ar-H), 7.04-6.97 (m, 2H, Ar-H),
4.93 (s, 2H, CI-CH), 4.34-4.27 (m, 2H, C}, 3.76 (s,
3H, OCH), 1.32-1.27 (m, 3H, Ch).

¥C-NMR (75.5 MHz, DMSO-g): Isomer I: & (ppm)= 188.8 (C=0) 164.8 (C=0) 158.6
(Cy), 134.8(C=N), 123.7 C,), 118.2 (2 CH,), 115.0
(2 CHa), 61.0 (CI-CH,), 55.6 (GCH3), 49.5 (CHy),
14.1 (CHy).
Isomer II: & (ppm) =186.2 (C=0) 163.9 (C=0) 157.9
(Cg), 134.7(C=N), 122.8 C,), 117.2 (2 CHy), 115.0
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(2 CHa,), 61.4 (CI-CHy), 55.6 (QCH3), 46.6 (CHb),
14.3 (CHy).
M.p.: 84-87 °C

Ethyl 4-hydroxy-1-(4-methoxyphenyl)-1H-pyrazole-3-carboxylate (52c)

O
HO, O/\

I\

-’

according to GP-3:
175 mg (586 pmol)Z)-ethyl-4-chloro-2-((4-methoxyphenyl)diazenyl)-3abutanoatg51c)
were suspended in 3 mL EtOH. 69.1 mg (704 umol) K@#&re added.

CraH160aN5 [262.2]

yield: 152.4 mg (99 %), red-brown solid

Rf (CH/ EtOAc 3:1): 0.30

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.09 (s, 1H, OH), 7.97 (s, 1H, Ar-H), 7.73
(d,33= 9.0 Hz, 2H, Ar-H), 7.05 (d®J = 9.0 Hz, 2H,
Ar-H), 4.28 (9.2 = 7.2 Hz, 2H, CH), 3.80 (s, 3H, OCB),
1.30 (t,33= 7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.6C=0), 158.1 C,), 145.0 C,-OH), 132.9
(Cg), 131.1 Cg), 120.1 (2CHa;), 114.9 CHp,), 114.5 (2
CHar), 59.7 CH,), 55.4 (GCH3), 14.2 CH3).

M.p.: 109-111 °C

GC-MS (NM_50_S2): r £ 7.86 min (m/z = 262.1, 99.0 %"\VBP).
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Ethyl-4-chloro-2-((4-bromophenyl)diazenyl)-3-oxobuanoate (51d)

o O

N
"“NH

Br

according to GP-2:

250 mg (1.45 mmol) 4-bromoanilind9d) in 2.5 mL acetic acid and 102 mg (1.48 mmol)
NaNG; in 0.4 mL conc. SO, were combined at 10 °C resulting in a dark browtutson,
which was added after 1 h stirring at 10 °C tocbeled (0 °C) solution of 229 mg (190 pL,
1.40 mmol) ethyl-4-chloro-3-oxobutanod&®) in a mixture of 1.0 mL acetic acid and 2.1 mL
water. Addition of 1.26 g (15.4 mmol) NaOAc in 2rL water precipitated the title

compound.
Cle 1203NzBI'C| [3475]

yield: 270.0 mg (56 %), terracotta solid

'H-NMR (300 MHz, CDC}): Isomer | (35 %): & (ppm) =14.65 (s, 1H, NH) 7.54-
7.51 (m, 2H, Ar-H),7.34-7.31 (m, 2H, Ar-H) 4.85 (s,
2H, CI-CH>), 4.39-4.33 (m, 2H, CH), 1.40 (t,3) = 7.2
Hz, 3H, CH)
Isomer 11 (65 %): & (ppm) =13.06 (s, 1H, NH) 7.54-
7.51 (m, 2H, Ar-H),7.23-7.20 (m, 2H, Ar-H) 4.70 (s,
2H, CI-CHy), 4.39-4.33 (m, 2H, CB), 1.40 (1,3 = 7.2
Hz, 3H, CH)

¥C-NMR (75.5 MHz, CDGJ): Isomer I: & (ppm)= 189.6 (C=0) 164.4 (C=0) 140.3
(Cg), 132.7 (2CHas), 125.3(C=N), 118.5 C,-Br), 118.2
(2 CHa), 61.4 (CI-CHy), 49.5 (CH,), 14.3 (CHp).
Isomer Il: & (ppm) =186.3 (C=0) 163.5 (C=0) 140.2
(Cy), 132.7 (2CHa/), 125.3(C=N), 118.5 Cq-Br), 117.3
(2 CHa), 61.8 (CI-CHy), 46.5 (CH,), 14.0 (CH).
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M.p.: 89-91 °C

MM-48: Ethyl 1-(4-bromphenyl)-4-hydroxy-1H-pyrazole-3-carboxylate

0]
HO o/\

\
/N
N

Br

according to GP-3:
150 mg (432 pmol) 4)-ethyl-4-chloro-2-((4-bromophenyl)diazenyl)-3-oxdhanoate(51d)
were suspended in 2.8 mL EtOH. 50.8 mg (518 umGIAK were added.

Cle]_lOgNzBl’ [311.1]

yield: 125.2 mg (93 %), orange-red oil

Rf (CH/ EtOAc 3:1): 0.68

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.27 (s, 1H, OH), 8.09 (s, 1H, Ar-H), 780°%
= 9.0 Hz, 2H, Ar-H), 7.69 (fJ = 9.0 Hz, 2H, Ar-H), 4.29
(q,%3=7.2 Hz, 2H, CH), 1.30 (t,°J = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.3¢=0), 145.1 C,-OH), 138.5 C,), 132.3
(2 CHar), 132.1 CHar), 120.3 (2CHa;), 119.3 Cy), 114.9
(CqBr), 59.9 CHy), 14.2 CHy).

M.p.: 111-113 °C

GC-MS (NM_50_S2): r £ 7.95 min (m/z = 310.9, 97.0 %'\VBP: 181.9).
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Ethyl-4-chloro-2-((2,4-dichlorophenyl)diazenyl)-3-xobutanoate (51e)

o O

N"’m

NH
Cl

Cl

according to GP-2:

250 mg (1.54 mmol) 2,4-dichloroanilir{d9e)in 2.6 mL acetic acid and 109 mg (1.57 mmol)
NaNGQ; in 0.4 mL conc. HSO, were combined at 10 °C resulting in a light broswmiution,
which was added after 1 h stirring at 10 °C todbeled (0 °C) solution of 244 mg (200 pL,
1.49 mmol) ethyl-4-chloro-3-oxobutanod&®) in a mixture of 1.0 mL acetic acid and 2.2 mL

water. Addition of 1.34 g (16.3 mmol) NaOAc in 2L water precipitated the title

compound.

C12H1103NCl3 [337.4]

yield: 376.0 mg (75 %), yellow solid

'H-NMR (300 MHz, CDC}): Isomer | (26 %): & (ppm) =14.73 (bs, 1H, NH)7.80

(d, 3 = 8.7 Hz; 1H, Ar-H), 7.44-7.42 (m, 1H, Ar-H),
7.34-7.30 (m, 1H, Ar-H)4.86 (s, 2H, CI-CH), 4.45-
4.35 (m, 2H, CH), 1.41 (13 = 7.2 Hz, CH)
Isomer Il (74 %): & (ppm) =13.30 (bs, 1H, NH)7.60
(d, 3 = 8.7 Hz; 1H, Ar-H), 7.44-7.42 (m, 1H, Ar-H),
7.34-7.30 (m, 1H, Ar-H)4.69 (s, 2H, CI-CH), 4.45-
4.35 (m, 2H, CH), 1.41 (13 = 7.2 Hz, CH)

¥C-NMR (75.5 MHz, CDGJ): Isomer I: & (ppm) = 186.4 C=0), 163.1 C=0), 136.9
(Cy), 130.4 Cq-Cl), 129.9 (CHy), 128.1 (CHy), 126.9
(C=N), 122.1 C4Cl), 118.0 (CHy), 61.6 (CI-CH),
49.5 (CH), 14.3 (CHb).
Isomer II: & (ppm) = 186.4C=0), 163.1 C=0), 136.7
(Cy), 130.4 Cq-Cl), 129.6 (CHhy), 128.6 (CHy), 126.9
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(C=N), 122.1 C4Cl), 116.8 (CHy), 62.1 (CI-CHy),
46.5 (CHp), 14.1 (CHb).
M.p.: 84-86 °C

Ethyl 1-(2,4-dichlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52e)

Cl

Cl

according to GP-3:
200 mg (593 pumol)4)-ethyl-4-chloro-2-((2,4-dichlorophenyl)diazenyleXobutanoatés1e)
were suspended in 3.9 mL EtOH. 69.8 mg (711 umQAK were added.

C12H1003NCl, [301.1]

yield: 165.0 mg (93 %), orange solid

Rf (CH/ EtOAc 3:1): 0.48

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 9.23 (s, 1H, OH), 7.88 (tl = 1.5 Hz, 1H, Ar-
H), 7.73 (s, 1H, Ar-H), 7.62-7.60 (m, 2H, Ar-H).28 (q,
3)=7.2 Hz, 2H, CH), 1.28 (t,*J = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.3¢=0), 144.0 C,-OH), 136.6 C,), 134.0
(Cy), 132.3 C4-Cl), 129.9 CHa), 129.4 CHa), 129.2
(Cq-Cl), 128.3 CHa), 119.3 CHa), 59.9 CH,), 14.2
(CHa).

M.p.: 140-142 °C

GC-MS (NM_50_S2): r £ 7.86 min (m/z = 300.9, 97.0 %\VBP: 171.9)
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Ethyl-4-chloro-2-((2,6-difluorophenyl)diazenyl)-3-oxobutanoate (51f)

according to GP-2:

250 mg (210 pL, 1.94 mmol) 2,6-difluoroanili¢#of) in 3.3 mL acetic acid and 136 mg (1.97
mmol) NaNQ in 0.5 mL conc. B#SO;, were combined at 10 °C resulting in a orange-brown
solution, which was added after 1 h stirring at’@0to the cooled (0 °C) solution of 305 mg
(250 pL, 1.86 mmol) ethyl-4-chloro-3-oxobutanoéb@) in a mixture of 1.3 mL acetic acid
and 2.8 mL water. Addition of 1.68 g (20.5 mmol)kc in 2.8 mL water precipitated the

title compound.
C12H1103N,F,Cl [304.6]

yield: 310.1 mg (55 %), orange solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 12.85 (bs, 1H, NH), 7.13-6.97 (m, 3H,
Ar-H), 4.70 (s, 2H, CI-Ch), 4.39 (d2J=7.2 Hz,
2H, CHy), 1.40 (1) = 7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 186.4 €=0), 162.8 C=0), 155.4, 155.4,
152.1, 152.00c.F = 251.6 Hz*Jcr = 4.2 Hz, 2C4F),
127.2 C=N), 125.3, 125.2, 125.2%r = 9.5 Hz,CHa/),
119.5, 119.3, 119.2%cr = 10.9 Hz,Cy), 112.7, 112.6,
112.5, 112.4%0cr = 23.1 Hz,"Jc.r = 6.6 Hz, 2CHp),
61.9 (CICH,), 46.8 CH>), 14.0 CHs)

M.p.: 146-149 °C
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Ethyl 1-(2,6-difluorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52f)

according to GP-3:
200 mg (656 pmol)Z)-ethyl-4-chloro-2-((2,6-difluorophenyl)diazenyl}obutanoat€51f)
were suspended in 4.3 mL EtOH. 77.3 mg (788 pumQAK were added.

C12H1003N2F, [268.2]

yield: 171.4 mg (98 %), brown solid

R (CH/ EtOAc 3:1): 0.40

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.26 (s, 1H, OH), 7.74 (s, 1H, Ar-H), 7-66
7.61 (m, 1H, Ar-H), 7.38 (£J = 8.7 Hz, 2H, Ar-H), 4.28
(q,%)=7.2 Hz, 2H, CH)), 1.28 (t,%J= 7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.3C=0), 158.7, 155.4'0c.F = 252.6 Hz, 2
CyF), 144.0 C,-OH), 133.0 C), 131.5 {Jcr = 10.0 Hz,
CHar), 120.5 CHa), 117.8, 117.6%0cr = 15.5 Hz,Cy),
112.8, 112.5%0c.F = 20.2 Hz, ZCHp,), 60.0 CH,), 14.2

(CHy).
M.p.: 70-73 °C
GC-MS (NM_50_S2): = £ 6.90 min (M/z = 267.9, 97.0 %VBP:139.9).
HRMS (EI): m/z calcd for GoH1003N,F, [M]™*: 268.0659; found

268.0672.
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Ethyl-4-chloro-2-((2,6-dichlorophenyl)diazenyl)-3-xobutanoate (519)

o O

"NH

CI\©/CI
according to GP-2:

250 mg (1.54 mmol) 2,6-dichloroanilir{é9g)in 2.7 mL acetic acid and 108 mg (1.57 mmol)
NaNG; in 0.4 mL conc. KHSO, were combined at 10 °C resulting in a white solutiwhich
was added after 1 h stirring at 10 °C to the co{0etC) solution of 243 mg (200 pL, 1.48
mmol) ethyl-4-chloro-3-oxobutanoa{&0) in a mixture of 1.1 mL acetic acid and 2.2 mL
water. Addition of 1.34 g (16.3 mmol) NaOAc in 2r@L water precipitated the title

compound.

C12H110sN2Cl3 [337.6]

yield: 460.3 mg (92 %), yellow solid

'H-NMR (300 MHz, CDCY): 5 (ppm) = 12.95 (bs, 1H, NH), 7.39 (£J,= 8.1 Hz, 2H,
Ar-H), 7.14-7.09 (m, 1H, Ar-H), 4.72 (s, 2H, CI-GH
4.40 (9,3)= 7.2 Hz, CH), 1.41 (123 = 7.2 Hz, CH).

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 186.4C¢=0), 162.7 C=0), 134.9 C,), 129.7
(2 CHar), 127.2 (2C4Cl), 126.9 C=N), 126.7 CHa),
61.9 CHy), 47.1 CH,), 14.0 CH>).

M.p.: 125-126 °C

Ethyl 1-(2, 6-dichlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (529)



6. Experimental section 208

according to GP-3:
200 mg (592 pmol) ZA)-ethyl-4-chloro-2-((2,6-dichlorophenyl)diazenyleXobutanoate
(51g)were suspended in 3.8 mL EtOH. 69.8 mg (711 pOMc were added.

C12H1003NCl, [301.1]

yield: 168.2 mg (91 %), orange solid

R (CH/ EtOAc 3:1): 0.38

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.19 (s, 1H, OH), 7.72-7.58 (m, 4H, Ar-H),
4.27 (q,° J= 7.2 Hz, 2H, CH), 1.28 (1,3 = 7.2 Hz, 3H,
CHs).

¥*C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.3C=0), 143.9 C,-OH), 135.6 C), 133.2
(2C4-Cl), 132.2 Cg), 132.0 CHar), 128.9 (2CHp), 119.7
(CHar), 59.9 CH,), 14.1 CHa).

M.p.: 135-137 °C

GC-MS (NM_50_S2): r £ 7.69 min (m/z = 300.9, 99.0 %'\VBP: 171.9).

HRMS (El): m/z calcd for GoH100sN,Cl, [M]*: 300.0068; found
300.0072.

Ethyl-4-chloro-2-((4-bromo-2-fluorophenyl)diazenyl)3-oxobutanoate (51h)

O O

N
"NH

Br

according to GP-2:
250 mg (1.32 mmol) 4-bromo-2-fluoroanilif49h) in 2.3 mL acetic acid and 92.5 mg (1.34
mmol) NaNQ in 0.33 mL conc. BBO, were combined at 10 °C resulting in a yellow

solution, which was added after 1 h stirring at’@0to the cooled (0 °C) solution of 207 mg
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(170 pL, 1.27 mmol) ethyl-4-chloro-3-oxobutanoéh@) in a mixture of 0.9 mL acetic acid
and 1.9 mL water. Addition of 1.14 g (13.9 mmol)kc in 2.0 mL water precipitated the
title compound.

C12H1103NzBrFCI [3656]

yield: 396.0 mg (86 %), yellow solid

'H-NMR (300 MHz, CDC}): Isomer | (30 %): o (ppm) =14.55 (bs, 1H, NH)7.73-
7.68 (m, 1H, Ar-H), 7.36-7.32 (m, 2H, Ar-H)4.85 (s,
2H, CHy), 4.43-4.32 (m, 2H, CH), 1.40 (t,3 = 7.2 Hz,
3H, CHy).
Isomer 11 (70 %): & (ppm) =13.07 (bs, 1H, NH)7.54-
7.49 (m, 1H, Ar-H), 7.36-7.32 (m, 2H;, Ar-H)4.68 (s,
2H, CH,), 4.43-4.32 (m, 2H, C§), 1.40 (t,) = 7.2 Hz,
3H, CHy).

¥C-NMR (75.5 MHz, CDGJ): Isomer I: & (ppm)= 189.6 (C=0) 164.1 (C=0) 153.3
(CqF), 129.1 (G), 128.6, 128.5 GHa), 126.9
(C=N), 119.6,119.3%0c.F = 20.7 HzCHa,), 118.2 C
Br), 117.3, 117.2, 117.1CHa/), 61.5 (CI-CH,), 49.4
(CH>), 14.2 (CH).
Isomer II: & (ppm) =186.3 (C=0) 163.1 (C=0) 153.0,
149.7 Qe = 250.6 Hz, G-F), 129.0 ( G), 128.6, 128.5
(CHa), 126.9 C=N), 119.7, 119.4%0cr = 20.9 Hz,
CHa), 118.2 Cq-Br), 117.3, 117.2, 117.1CHa,), 62.0
(CI-CH>), 46.4 (CH), 14.0 (CH).

M.p.: 139-141 °C
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Ethyl 1-(4-bromo-2-fluorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52h)

according to GP-3:

Br

150 mg (410 pmol)4)-ethyl-4-chloro-2-((4-bromo-2-fluorophenyl)diazdyig-oxobutanoate
(51h)were suspended in 2.7 mL EtOH. 48.3 mg (492 ukKOM\c were added.

C1oH100sNFBr [329 . 1]

yield:
Rf (CH/ EtOAc 3:1):
'H-NMR (300 MHz, DMSO-g):

13C-NMR (75.5 MHz, DMSO-g):

M.p.:
GC-MS (NM_50_S2):
HRMS (El):

125.2 mg (93 %), orange-beige solid

0.45

5 (ppm) = 9.34 (s, 1H, OH), 7.87-7.71 (m, 3H, Ar-H),
7.59-7.56 (M, 1H, Ar-H), 4.29 (4J = 6.9 Hz, 2H, CH),
1.29 (t31= 6.9 Hz, 3H, CH).

3 (ppm) = 161.1 C=0), 154.9, 151.5%c.F = 253.9 Hz,
CyF), 144.5 C,-OH), 132.5 Cy), 128.5, 128.4%0c =
3.4 Hz,CHp), 127.2, 127.1%0cF = 9.4 Hz,CHa), 126.0
(CHa), 120.5, 120.2%0cr = 17.4 Hz,Cy), 120.4, 120.2
(Jcr= 15.4 HzCHa,), 118.4, 118.3%c = 7.8 Hz,Cy
Br), 60.0 CHy), 14.2 CHs).

131-133 °C

r £ 7.69 min (m/z = 328.9, 98.0 %"VBP: 199.8).

m/z calcd for GoH100sNoFBr [M]*: 327.9859; found
327.9864.
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Ethyl-4-chloro-2-((2-chloro-4-fluorophenyl)diazeny)-3-oxobutanoate (51i)

according to GP-2:

250 mg (210 pL, 1.72 mmol) 2-chloro-4-fluoroanili@®i) in 3.0 mL acetic acid and 121 mg
(2.75 mmol) NaN@ in 0.4 mL conc. KHSO, were combined at 10 °C resulting in a yellow
suspension, which was added after 1 h stirringdatC to the cooled (0 °C) solution of 272
mg (220 pL, 1.65 mmol) ethyl-4-chloro-3-oxobutamog@iO) in a mixture of 1.1 mL acetic
acid and 2.5 mL water. Addition of 1.49 g (18.2 ninddaOAc in 2.8 mL water precipitated

the title compound.
C12H1103N; FCI, [320.9]

yield: 422.2 mg (80 %), dark yellow solid

'H-NMR (300 MHz, CDC}): Isomer | (9 %): d (ppm) =14.81 (bs, 1H, NH)7.67-
7.62 (m, 1H, Ar-H), 7.19-7.16 (m, 1H, Ar-H), 7.120%
(m, 1H, Ar-H),4.86 (s, 2H, CI-CH), 4.44-4.34 (m, 2H,
CH,), 1.41 (3= 7.2 Hz, CH)
Isomer Il (91 %): & (ppm) =13.33 (bs, 1H, NH)7.67-
7.62 (m, 1H, Ar-H), 7.19-7.16 (m, 1H, Ar-H), 7.120%
(m, 1H, Ar-H),4.69 (s, 2H, CI-CH), 4.44-4.34 (m, 2H,
CH,), 1.41 (3= 7.2 Hz, CH)

¥C-NMR (75.5 MHz, CDGJ): Isomer I: & (ppm)= 189.3 (C=0), 164.2 (C=0)161.0,
157.7 {c.r = 248.6 HzCy-F), 134.5 (G), 126.4 C=N),
122.1, 122.0%0cr = 10.3 Hz,C,-Cl), 117.2, 116.9Jcr
= 21.3 Hz, CHa), 117.1, 116.9(Jcr = 13.5 Hz,
CHa/), 115.8, 115.5°)c.r = 22.8 HzCHp,), 61.4 (Cl-
CHy), 49.4 (CHp), 14.2 (CHp).
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Isomer II: & (ppm) =186.3 (C=0), 163.1 (C=0)161.0,
157.7 tc.r = 248.6 HzC-F), 134.6 (G), 126.4 C=N),
122.1, 122.0%0cr = 10.3 Hz,C,-Cl), 117.2, 116.9Jc.r
= 21.3 Hz, CHp), 117.1, 116.9(CJce = 13.5 Hz,
CHa), 115.8, 115.5%)c.F = 22.8 Hz,CHa,), 62.0 (CI-
CH,), 46.4 (CH), 14.0 (CHy).

M.p.: 77-79 °C

Ethyl 1-(2-chlor-4-fluorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52i)

Cl

according to GP-3:
150 mg (467 pmol)4)-ethyl-4-chloro-2-((2-chloro-4-fluorophenyl)diazgh3-oxobutanoate
(51i) were suspended in 3.0 mL EtOH. 55.0 mg (561 umGIAK were added.

C12H1003N2F-Cl [284.7]

yield: 126.0 mg (95 %), orange solid

R (CH/ EtOAc 3:1): 0.48

'H-NMR (300 MHz, DMSO-g): & (ppm) = 9.19 (s, 1H, OH), 7.76-7.64 (m, 3H, Ar-H),
7.44-7.37 (m, 1H, Ar-H), 4.27 (4) = 7.2 Hz, 2H, CH),
1.28 (1,31 = 7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, DMSO-g): 5 (ppm) = 161.4 €=0), 163.1, 159.7)c.r = 249.9 Hz,
CqF), 143.9 C,-OH), 134.5, 134.4%)cr = 3.5 Hz,Cy),
132.0 Cg), 130.0, 129.9%0c.F = 9.4 Hz,C.-Cl), 129.9,
129.7 CHa), 119.5, CHa), 117.7, 117.4%0cr = 26.5
Hz,CHa,), 115.4, 115.1%0c£ = 22.7 Hz, CHga), 59.8
(CH,), 14.2 CHy).
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M.p.: 117-119 °C

GC-MS (NM_50_S2): R £ 7.24 min (m/z = 284.9, 98.0 %'VBP: 155.9).

HRMS (EI): m/z calcd for GoH1003N,F.Cl [M] *: 284.0364; found
284.0378.

Ethyl-4-chloro-2-((2-methoxyphenyl)diazenyl)-3-oxobtanoate (51j)

according to GP-2:

250 mg (230 pL, 2.03 mmol) 2-methoxyanili@®j) in 3.5 mL acetic acid and 143 mg (2.07
mmol) NaNQ in 0.5 mL conc. HSO, were combined at 10 °C resulting in a dark brown
solution, which was added after 1 h stirring at’@0to the cooled (0 °C) solution of 321 mg
(270 pL, 1.95 mmol) ethyl-4-chloro-3-oxobutanoéb@) in a mixture of 1.3 mL acetic acid
and 3.0 mL water. Addition of 1.76 g (21.5 mmol)¥c in 3.3 mL water precipitated the
title compound.

C13H1504N,Cl [298.4]

yield: 452.0 mg (77 %), orange-brown solid

'H-NMR (300 MHz, CDC}): Isomer | (31 %): d (ppm) =14.79 (bs, 1H, NH)7.80
(d, 3 = 7.8 Hz, 1H, Ar-H), 7.18-7.13 (m, 1H, Ar-H),
7.05-6.94 (m, 1H, Ar-H)4.87 (s, 2H, CI-CH), 4.42-
4.43 (m, 2H, CH), 3.95 (s, 3H, OCH), 1.41 (t31=7.2
Hz, CHs)
Isomer Il (67 %): & (ppm) =13.23 (bs, 1H, NH)7.59
(d, 3 = 7.8 Hz; 1H, Ar-H), 7.18-7.13 (m, 1H, Ar-H),
7.05-6.94 (m, 1H, Ar-H)4.74 (s, 2H, CI-CH), 4.42-
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4.43 (m, 2H, CH), 3.95 (s, 3H, OCH), 1.41 (t31=7.2
Hz, CH)

13C-NMR (75.5 MHz, CDGJ): Isomer I: & (ppm)= 188.4 C=0), 164.9 C=0), 148.7
(Cq-OCHg), 130.4 (G), 126.8 C=N), 125.1 (CHu),
121.5 CHar), 116.0 (CHy), 111.0 (CHyy), 61.1 (CI-
CHy), 55.9 (OCHg), 49.6 (CH,), 14.3 (CHg).
Isomer II: & (ppm) = 186.4C=0), 163.3 C=0), 148.3
(C4OCHg), 130.4 (G), 126.8 C=N), 125.8 (CHu),
121.5 CHp), 114.8 (CHy), 111.1 (CHy), 61.4 (CI-
CHy), 55.9 (OCHg), 46.8 (CH,), 14.1 (CHg).

M.p.: 138-140 °C

Ethyl 1-(2-methoxyphenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52j)

according to GP-3:
150 mg (503 pmol)Z)-ethyl-4-chloro-2-((2-methoxyphenyl)diazenyl)-3abutanoatg51))
were suspended in 3.3 mL EtOH. 59.0 mg (603 pmQAK were added.

C1aH1404N; [262.2]

yield: 128.6 mg (98 %), dark red oil

R (CH/ EtOAc 3:1): 0.45

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.02 (s, 1H, OH), 7.72 (s, 1H, Ar-H), 7.57
(dd,3J = 7.8 Hz ,*J = 1.5 Hz, 1H, Ar-H), 7.44-7.38 (m,
1H, Ar-H), 7.26-7.23 (m, 1H, Ar-H), 7.11-7.05 (riH,
Ar-H), 4.28 (9,23 = 7.2 Hz, 2H, CH)), 1.29 (t,°J = 7.2 Hz,
3H, CHp).
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C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.6¢=0), 151.3 C,), 143.7 C,-OH), 130.9
(Cq-OCHg), 129.1 CHar), 128.8 Cg), 125.0 CHar), 120.8
(CHp), 119.2 CHa), 112.9 CHa/), 59.7 CH.), 56.0
(OCHs), 14.2 CHg).

GC-MS (NM_50_S2): r £ 7.59 min (m/z = 262.1, 99.0 %VBP: 134.1).

Ethyl-4-chloro-2-((2-fluoro-4-iodophenyl)diazenyl)3-oxobutanoate (51k)

O O

N
"NH

according to GP-2:

250 mg (1.055 mmol) 2-fluoro-4-iodoanilir{d9k) in 1.8 mL acetic acid and 74.0 mg (1.08
mmol) NaNQ in 0.3 mL conc. SO, were combined at 10 °C resulting in a yellow-oeng
suspension, which was added after 1 h stirringdat@ to the cooled (0 °C) solution of 166
mg (140 pL, 1.01 mmol) ethyl-4-chloro-3-oxobutamogO) in a mixture of 0.7 mL acetic
acid and 1.5 mL water. Addition of 910 mg (11.2 nindaOAc in 1.5 mL water precipitated

the title compound.
C1,H110sNLFICI [412.6]

yield: 414.8 mg (99 %), yellow solid

'H-NMR (300 MHz, CDC}): Isomer | (28 %): & (ppm) =14.53 (bs, 1H, NH)7.54-
7.49 (m, 2H, Ar-H), 7.40-7.34 (m, 1H, Ar-H},84 (s,
2H, CI-CH,), 4.43-4.34 (m, 2H, C§), 1.40 (1,31 =7.2
Hz, CH)
Isomer Il (72 %): & (ppm) =13.06 (bs, 1H, NH)7.54-
7.49 (m, 2H, Ar-H), 7.40-7.34 (m, 1H, Ar-H},68 (s,
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2H, CI-CH,), 4.43-4.34 (m, 2H, Cb), 1.40 (1% = 7.2
Hz, CH)

¥C-NMR (75.5 MHz, CDGJ): Isomer I: & (ppm)= 189.6 (C=0) 164.1 (C=0) 153.1
(CF), 1345, 134.4 GHa), 129.8 (G), 127.0
(C=N), 125.2,125.0 0cr = 20.2 Hz, CHa), 118.5
(CHar), 88.3, 88.2 Ucr = 7.3 Hz, Gl), 61.5 (CI-
CHy), 49.4 (CH,), 14.2 (CHp).
Isomer 1I: & (ppm) =186.3 (C=0) 163.1 (C=0) 152.9,
149.5 {cr = 251.4 Hz, G-F), 134.5, 134.4 GHa),
129.7 (G), 127.0 C=N), 125.2, 125.0°0c. = 20.2 Hz,
CHar), 117.5 (CHy,), 86.9, 86.8 {Ucr = 7.2 Hz, G-I,
62.1 (CI-CH,), 46.4 (CH,), 14.0 (CHp).

M.p.: 109-111 °C

Ethyl 1-(2-fluor-4-iodophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52k)

according to GP-3:
150 mg (364 pmol) 4)-ethyl-4-chloro-2-((2-fluoro-4-iodophenyl)diazeind-oxobutanoate
(51K) were suspended in 2.4 mL EtOH. 42.9 mg (437 ukKOMCc were added.

C1oH1003NF1 [376.1]

yield: 103.6 mg (76 %), orange solid

R (CH/ EtOAc 3:1): 0.52

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.51 (s, 1H, OH), 7.89-7.86 (m, 1H, Ar-H),
7.75-7.69 (m, 2H, Ar-H), 7.53 () = 8.4 Hz, 1H, Ar-H),
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4.27 (9,%3 = 6.9 Hz, 2H, CH)), 1.27 (t,%) = 6.9 Hz, 3H,
CHy).

3C-NMR (75.5 MHz, DMSO-g): 3 (ppm) = 161.5 ¢€=0), 154.9, 151.5%c.r = 254.6 Hz,
CqF), 144.7 C,OH), 134.6, 1345%cr = 3.6 Hz,
CHa), 132.7 Cg), 127.8, 127.7%0c = 9.4 Hz,CHa),
126.3 CHa), 126.1, 125.80cr = 22.4 Hz,C), 118.6,
118.5 {Jc.r = 7.9 Hz,CHp), 93.1, 93.0 Ycr = 7.4 Hz,
Cql), 60.4 CHy), 14.4 CHa).

M.p.: 118-119 °C

GC-MS (NM_50_S2): = £ 8.10 min (m/z = 375.9, 95.0 %'VBP: 247.9).

HRMS (El): m/z calcd for GoH100sNoFI [M]*: 375.9720; found
375.9739.

Ethyl-4-chloro-2-((4-iodophenyl)diazenyl)-3-oxobutaoate (51I)

according to GP-2:

250 mg (1.14 mmol) 4-iodoanilin@9l) in 2.0 mL acetic acid and 80.2 mg (1.16 mmol)
NaNQ, in 0.3 mL conc. HSO, were combined at 10 °C resulting in a beige susipan
which was added after 1 h stirring at 10 °C todbeled (0 °C) solution of 180 mg (150 pL,
1.10 mmol) ethyl-4-chloro-3-oxobutanod&®) in a mixture of 0.8 mL acetic acid and 1.6 mL
water. Addition of 990 mg (12.1 mmol) NaOAc in 1m8L water precipitated the title

compound.

C12H1203N,ICl [394.6]

yield: 337.8 mg (78 %), yellow solid
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'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

M.p.:

Isomer | (10 %): & (ppm) =14.61 (bs, 1H, NH)7.70
(d, 3J = 8.7 Hz, 2H, Ar-H), 7.21-7.08 (m, 2H, Ar-H),
4.85 (s, 2H, CH), 4.37 (q,2) = 7.2 Hz, 2H, CH)), 1.40
(t,3)=7.2 Hz, 3H, CH).

Isomer Il (90%): & (ppm) =13.02 (bs, 1H, NH)7.70
(d, 3J = 8.7 Hz, 2H, Ar-H), 7.21-7.08 (m, 2H, Ar-H),
4.69 (s, 2H, CH), 4.37 (9,3 = 7.2 Hz, 2H, CH), 1.40
(t,3)=7.2 Hz, 3H, CH).

Isomer I: & (ppm)= 186.3 C=0), 164.3 C=0), 140.9
(Cg), 138.6 (2CHa,), 125.3(C=N), 118.4 (2 CHy), 90.3
(Cql), 61.8 (CI-CHp), 49.5 (CHp), 14.3 (CHy).

Isomer II: d (ppm) = 186.3C=0), 164.3 C=0), 140.9
(Cg), 138.6 (2CHar), 125.3(C=N), 117.6 (2 CHy), 89.0
(Cq-1), 61.4 (CI-CH,), 46.5 (CHy), 14.0 (CHg).

118-120 °C

Ethyl 1-(4-iodophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (521)

according to GP-3:

HO O/\

I\

150 mg (381 umol)Z)-ethyl-4-chloro-2-((4-iodophenyl)diazenyl)-3-oxdbnoate(511) were
suspended in 2.5 mL EtOH. 44.8 mg (457 umol) KO/Acrenadded.

C1H1103Nl [358.1]

yield:
R¢ (CH/ EtOACc 3:1):

122.0 mg (90 %), orange solid

0.42
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'H-NMR (300 MHz, DMSO-¢): & (ppm) = 9.26 (s, 1H, OH), 8.08 (s, 1H, Ar-H), 7@43J
= 8.7 Hz, 2H, Ar-H), 7.65 (dJ = 8.7 Hz, 2H, Ar-H), 4.29
(q,%3=7.2 Hz, 2H, CH), 1.30 (t,°J = 7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, DMSO-g): 3 (ppm) = 161.3C=0), 145.1 C,-OH), 138.9 C,), 138.1
(2CHar), 132.3 Cy), 120.4 (2CHa,), 114.8 CHa,), 91.9
(Cq1), 59.9 CHy), 14.2 CHs).

M.p.: 108-112 °C (decomposition)

GC-MS (NM_50_S2): r £ 8.38 min (m/z = 357.9, 95.0 %'\VBP).

HRMS (El): m/z calcd for GoH1:0sNl [M] *: 357.9814; found
357.9844.

Ethyl-4-chloro-2-((4-chloro-2-fluorophenyl)diazenyl))-3-oxobutanoate (51m)

Cl

according to GP-2:

250 mg (190 pL, 1.72 mmol) 4-chloro-2-fluoroanili®@m) in 3.0 mL acetic acid and 121
mg (1.75 mmol) NaN@in 0.4 mL conc. HSO, were combined at 10 °C resulting in a dark
brown solution, which was added after 1 h stirratdlO °C to the cooled (0 °C) solution of
272 mg (220 pL, 1.65 mmol) ethyl-4-chloro-3-oxomgate (50) in a mixture of 1.1 mL
acetic acid and 2.5 mL water. Addition of 1.49 @.2L mmol) NaOAc in 3.0 mL water

precipitated the title compound.

Cle]_lOgNzFC|2 [3209]
yield: 398.0 mg (75 %), yellow-brown solid
'H-NMR (300 MHz, CDC}): Isomer | (94 %): & (ppm) =14.57 (bs, 1H, NH)7.79-

7.73 (m, 1H, Ar-H), 7.21-7.16 (m, 2H, Ar-H)4.85
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(s, 2H, CI-CH,), 4.41-4.32 (m, 2H, Cp), 1.40 (1,3 =
7.2 Hz, CH)
Isomer Il (6 %): & (ppm) =13.08 (bs, 1H, NH)7.63-
7.57 (m, 1H, Ar-H), 7.21-7.16 (m, 2H, Ar-H)4.68
(s, 2H, CI-CH,), 4.41-4.32 (m, 2H, Cp), 1.40 (1,3 =
7.2 Hz, CH)

¥C-NMR (75.5 MHz, CDGJ): Isomer I: & (ppm)= 189.6 (C=0) 164.1 (C=0) 153.2,
149.9("Jc = 251.0 Hz,CyF), 131.4, 131.2%cF = 9.3
Hz, C,), 128.7, 128.6 (Jcr = 9.0 Hz, C4Cl),
125.7,125.6 0ce = 3.7 Hz, CHa), 125.4 C=N),
117.9, 117.8 “0cr = 1.6 Hz,CHa/), 116.8, 116.5%0c ¢
=21.1 Hz, CH,), 61.5 (CI-CH,), 49.4 (CHy), 14.2
(CHs).
Isomer II: & (ppm) =186.3 (C=0) 163.1 (C=0) 153.2,
149.9 {cr = 251.0 HzCyF), 131.4, 131.2%cF = 9.3
Hz, C,), 128.7, 128.6 Clcr = 9.0 Hz, C4Cl),
125.7,125.6 %0cr = 3.7 Hz, CHa), 125.4 C=N),
117.9, 117.8 “0c.r = 1.6 Hz,CHy), 116.9, 116.6%0c.r
=21.1 Hz, CH,), 62.0 (CI-CH,), 46.4 (CH,), 14.0
(CH3).

M.p.: 123-124 °C

Ethyl 1-(4-chlor-2-fluorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52m)

Cl
according to GP-3:
150 mg (467 pmol) Z)-ethyl-4-chloro-2-((4-chloro-2-fluorophenyl)diazghp3-oxo-
butanoatg51m) were suspended in 3.0 mL EtOH. 55.0 mg (561 puKOMc were added.
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C12H1003NoFCI [284.6]

yield: 128.5 mg (97 %), brown solid

R (CH/ EtOAc 3:1): 0.52

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.51 (s, 1H, OH), 7.80-7.74 (m, 2H, Ar-H),
7.70-7.65 (m, 1H, Ar-H), 7.44-7.41 (m, 1H, Ar-H).27
(q,%)=7.2 Hz, 2H, CH)), 1.27 (1,23 = 7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.5 ¢=0), 155.2, 151.8%0c.r = 252.9 Hz,
Cq-F), 144.7 C,-OH), 132.9, 132.8%)c¢ = 10.0 Hz,Cq
Cl), 132.7 Cy), 127.0, 126.9%0cr = 9.7 Hz,Cy), 126.1
(CHar), 125.8, 125.7%0c.r = 3.6 Hz,CHp,), 118.7, 118.6
Clcr=7.6 HZ,CHu), 117.9, 117.6%0ce= 23.9  Hz,
CHa), 60.4 CHy), 14.4 CHs).

M.p.: 114-116 °C

GC-MS (NM_50_S2): r ¥ 7.39 min (m/z = 283.9, 98.0 %'IVBP: 155.9).

HRMS (El): m/z calcd for GoH100sNoFCI [M]*: 284.0364; found
284.0354.

Ethyl-4-chloro-2-((2-iodophenyl)diazenyl)-3-oxobutaoate (51n)

according to GP-2:

250 mg (1.14 mmol) 2-iodoanilin@9n) in 2.0 mL acetic acid and 80.3 mg (1.16 mmol)
NaNG; in 0.3 mL conc. SO, were combined at 10 °C resulting in a dark browtutson,
which was added after 1 h stirring at 10 °C todbeled (0 °C) solution of 181 mg (150 pL,
1.10 mmol) ethyl-4-chloro-3-oxobutanod&®) in a mixture of 0.8 mL acetic acid and 1.6 mL
water. Addition of 990 mg (12.1 mmol) NaOAc in 20L water precipitated the title
compound.
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C12H1203N,ICl [394.5]

yield: 336.5 mg (78 %), yellow-green solid

'H-NMR (300 MHz, CDC})): 5 (ppm) = 13.19 (bs, 1H, NH), 7.80 (dfd,= 7.8 Hz,"J =
0.9 Hz, 1H, Ar-H), 7.60-7.57 (m, 1H, Ar-H), 7.4@, 3J
= 7.8 Hz, 1H, Ar-H), 6.95-6.90 (m, 1H, Ar-H), 4.78,
2H, CI-CHp), 4.43 (93 = 7.2 Hz, CH), 1.42 (t31=7.2
Hz, CH).

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 186.4¢=0), 162.9 C=0), 141.5 C), 139.5
(CHar), 129.6 CHar), 126.7 CHa,), 126.2 C=N), 116.4
(CHar), 85.0 Cql), 61.9 (CICH,), 46.6 CH,), 14.1
(CHa).

M.p.: 111-114 °C

Ethyl 1-(2-iodophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52n)

according to GP-3:
200 mg (507 pmol))-ethyl-4-chloro-2-((2-iodophenyl)diazenyl)-3-oxdbnoatg51n) were
suspended in 2.2 mL EtOH. 59.7 mg (608 pmol) KOAcervadded.

C1H1103Nl [358.1]

yield: 174.2 mg (96 %), dark brown solid

R¢ (CH/ EtOAc 3:1): 0.38

'H-NMR (300 MHz, DMSO-g): & (ppm) = 9.13 (s, 1H, OH), 8.03-8.01 (m, 1H, Ar-H),
7.61 (s, 1H, Ar-H), 7.55-7.52 (m, 1H, Ar-H), 7.Z845
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(m,1H, Ar-H), 7.31- 7.29 (m, 1H, Ar-H), 4.27 (§1= 7.2
Hz, 2H, CH), 1.28 (t,°J = 7.2 Hz, 3H, CH).

¥*C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.6C=0), 143.9 C,-OH), 142.9 C,), 139.5
(CHa), 131.4 Cg), 130.9 CHa), 129.1 CHa), 128.0
(CHa)), 119.1 CHa), 95.2 Cql), 59.7 CHy), 14.2

(CHa).
M.p.: 58-61 °C
GC-MS (NM_50_S2): = £ 7.96 min (m/z = 357.9, 99.0 %'\VBP).
HRMS (El): m/z calcd for GoH1:0sN.l [M] *: 357.9814; found
357.9846.

Ethyl-4-chloro-2-((2-fluorophenyl)diazenyl)-3-oxobuanoate (510)'%!

according to GP-2:

1.00 g (860 pL, 9.00 mmol) 2-fluoroanilirgd9o) in 15.1 mL acetic acid and 630 mg (9.13
mmol) NaNQ in 3.0 mL conc. HSO, and 2 mL acetic acid were combined at 10 °C regult
in a brown solution, which was added after 1 hrigtirat 10 °C to the cooled (0 °C) solution
of 1.42 g (1.17 mL, 8.63 mmol) ethyl-4-chloro-3-txanoatg50) in a mixture of 6.6 mL
acetic acid and 13.2 mL water. Addition of 7.819%.2 mmol) NaOAc in 13.8 mL water

precipitated the title compound.
Cle]_zOgNzFC| [2865]

yield: 425.7 mg (69 %), orange solid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 13.26 (bs, 1H, NH), 7.76 & = 7.8 Hz, 1H,
Ar-H), 7.38-7.25 (m, 3H, Ar-H), 4.84 (s, 2H, GH4.52
(q,%=7.2 Hz; 2H, CH), 1.53 (t,°J = 7.2 Hz, 3H, CH).
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3C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 186.4C¢=0), 163.2 €C=0), 153.6, 150.3
({cr = 246.3 Hz,Cy-F), 129.8, 129.7%0c.r = 9.6 Hz,
Cy), 126.4 C=N), 125.8, 125.7%0c. = 7.2 Hz,CHa),
125.3, 125.2%0c.¢ = 3.6 Hz,CHp,), 116.1 CHa,), 115.9
(CHa), 61.9 (CICH,), 46.6 CHy), 14.1 CHa).

M.p.: 122-124 °C

Ethyl 1-(2-fluorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (520}*®

(0]
HO o/\

]\

-,

4
according to GP-3:

1.60 g (5.58 mmol) 4)-ethyl-4-chloro-2-((2-fluorophenyl)diazenyl)-3-ootanoate(510)
were suspended in 17.5 mL EtOH. 660 mg (6.72 mKOAc were added.

C12H1103NF [250.2]

yield: 1.38 g (99 %), brown solid

Rf (CH/ EtOAc 3:1): 0.43

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.28 (s, 1H, OH), 7.79-7.74 (m, 2H, Ar-H),
7.49-7.45 (m, 2H, Ar-H), 7.39-7.33 (m, 1H, Ar-H),29
(q,%3=7.2 Hz, 2H, CH), 1.29 (t,°J = 7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, DMSO-¢): & (ppm) = 161.3 ¢=0), 155.2, 151.9%)c.r = 249.1 Hz,
CyF), 144.4 C,-OH), 132.2 Cy), 129.4, 129.3%cr =
7.9 Hz,CHp), 127.7, 127.6%0cr = 9.6 Hz,Cy), 125.3,
125.2 fJc.r = 3.6 Hz,CHp,), 124.8 CHa/), 118.5, 118.4
Clce = 7.3 Hz,CHp), 117.1, 116.8%0cr = 20.0 Hz,
CHa), 59.9 CH,), 14.2 CHy).

M.p.: 63-65 °C
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GC-MS (NM_50_S2): r £ 7.02 min (m/z = 250.0, 99.0 %'VBP: 122.0).

Ethyl-4-chloro-2-((5-chloro-2-nitrophenyl)diazenyl}3-oxo-butanoate (51p)

NH

o
Cl
according to GP-2:

750 mg (4.35 mmol) 5-chloro-2 nitroanilir{é9p) in 11.3 mL acetic acid and 300 mg (4.43
mmol) NaNQ in 2.3 mL conc. HSO, were combined at 10 °C resulting in a orange swiyt
which was added after 1 h stirring at 10 °C tocbeled (0 °C) solution of 910 mg (750 pL,
4.18 mmol) ethyl-4-chloro-3-oxobutanod&®) in a mixture of 3.2 mL acetic acid and 6.4 mL
water. Addition of 3.17 g (46.0 mmol) NaOAc in 8L water precipitated the title

compound.
C12H1105N3Cl, [362.1]

yield: 1.16 g (77 %), yellow solid

'H-NMR (300 MHz, CDC})): Isomer | (7 %): & (ppm) =15.28 (bs, 1H, NH)8.05 (d,
%) = 9.0 Hz, 1H, Ar-H), 8.15 (s, 1H, Ar-H), 6.65 (d3J
= 9.0 Hz, 1H, Ar-H), 4.80 (s, 2H, CI-CH), 4.50-4.37
(m, 2H, CH), 1.42 (t3J=7.2 Hz, CH)
Isomer Il (74 %): & (ppm) =14.25 (bs, 1H, NH)8.23
(d, 3J = 9.0 Hz, 1H, Ar-H), 8.05 (d,J = 9.0 Hz, 1H,
Ar-H) , 7.18 (d,3J = 9.0 Hz, 1H, Ar-H), 4.72 (s, 2H, CI-
CHy), 4.50-4.37 (m, 2H, C}), 1.42 (3) = 7.2 Hz, CH)

13C-NMR (75.5 MHz, CDGJ): Isomer I: & (ppm)= 186.6 C=0), 161.2 C=0), 142.9
(Cy), 138.8 (CqCl), 1335 (C=N),130.7 C4NO,),
127.6 CHa/), 123.8 CHa), 117.7 (CHy), 62.7 (CI-
CH,), 46.5 CHy), 14.0 CH5).
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Isomer II: d (ppm) = 186.6 C=0), 161.2 C=0), 142.9
(Cy), 138.8 (C4Cl), 1335 C=N),130.7 CyNOy),
127.6 CHar), 123.8 CHar), 116.6 (CHy), 62.7 (CI-
CHy), 46.5 CH,), 14.0 CHj3).

M.p.: 144-147 °C

Ethyl 1-(5-chloro-2-nitrophenyl)-4-hydroxy-1H-pyrazole-3-carboxylate (52p)

according to GP-3:

1.16 g (3.20 mmol) 4)-ethyl-4-chloro-2-((5-chloro-2-nitrophenyl)diazdjy3-oxobutanoate
(51p) were suspended in 12.5 mL EtOH. 380 mg (3.84 m{@Ac were added. Final
purification by column chromatography (CH/EtOAc 3size: 24.5 x 3.0 cm, 80 g silica gel)
yielded the pure product.

C12H100sNsCl [311.7]

yield: 410.0 mg (41 %), yellow solid

Rf (CH/ EtOAc 3:1): 0.36

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 9.43 (s, 1H, OH), 8.10 (4 = 8.7 Hz, 1H, Ar-
H), 8.01 (d,*J = 2.4 Hz, 1H, Ar-H), 7.92 (s, 1H, Ar-H),
7.77 (dd23= 8.7 Hz,*J = 2.4 Hz, 1H, Ar-H), 4.26 () =
7.2 Hz, 2H, CH), 1.27 (13 = 7.2 Hz, 3H, CH).

¥*C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.0C=0), 144.6 C,-OH), 142.5 C,), 137.7
(C4-Cl), 133.8 Cy), 133.4 C-NOy), 129.1 CHa), 126.9
(CHa:), 126.3 CHar), 118.1 CHa/), 60.1 CHy), 14.1
(CHa).

M.p.: 123-125 °C

GC-MS (NM_50_S2): r £ 8.22 min (m/z = 311.0, 99.0 %"\VBP).
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HRMS (EI): m/z calcd for GoH100sNzCl [M]*: 311.0309; found
311.0317.

6.3.2. Esterification of 4-hydroxy-1H-pyrazole-3-carboxylic acid 53

1-(4-Ethoxyphenyl)-4-hydroxy-1H-pyrazole-3-carboxylic acid (53)

In a 100 mL one-neck round-bottom flask 2.00 g §7m@mol, 1.00 eq) ethyl 1-(4-ethoxy-
phenyl)-4-hydroxy-H-pyrazole-3-carboxylaté52a) were suspended in 24 mL EtOH and 8
mL 5 M NaOH were added. The brown mixture wasetirat 60 °C for 30 min, during which
a red-brown solution was obtained. TLC analysis KYkhdicated full conversion of the
starting material and 4 mL water and 1.11 mL ofaccd®SO, were added. The solvent was
removed on the rotary evaporator and the residuedissolved in 30 mL DCM and 20 mL
water. The layers were separated and the orgayec V@as washed with water (2 x 20 mL),
dried over NgSO, and concentrated under reduced pressure to olbBa&inm@ (53 %) crude
product. Final purification by column chromatogrg@ifHF, size: 24.5 x 3.5 cm, 80 g silica
gel) and basic/acidic work up (dissolving the prcidun DCM, alkalize with 10 % NaOH
solution, extraction with water, acidify the aqusdayer with 5 % HCI solution, extract the

product with DCM in the organic phase, drying, camicating) yielded the pure product.

C1,H1204N; [248.2]

yield: 0.73 g (41 %), brown solid
Ri (THF): 0.10
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'H-NMR (300 MHz, MeOD): & (ppm) = 8.00 (s, 1H, OH), 7.75 (s, 1H, Ar-H), 7@4>J
=8.4 Hz, 2H, Ar-H), 7.00 (@) = 8.4 Hz, 2H, Ar- H),
4.06 (q,°) = 6.9 Hz, 2H; CH), 1.40 (t,) = 6.9 Hz, 3H;
CHb).

C-NMR (75.5 MHz, MeOD): & (ppm) = 166.4¢=0), 159.9 C,), 147.6 C,-OH), 134.7
(Cy), 132.4 Cy), 122.0 (2CHa), 116.2 (2CHp,), 115.6
(CHar), 65.0 CH,), 15.1 CHa).

M.p.: 84-86 °C

Methyl 1-(4-ethoxyphenyl)-1H-pyrazole-3-carboxylate (54a)

A 20 mL Schlenk tube was charged with 80.0 mg (@&8®l, 1.00 e} 1-(4-ethoxyphenyl)-4-
hydroxy-1H-pyrazole-3-carboxylic aci@3). After adding 0.7 mL MeOH and 52.5 pL (970
pmol, 3.00 eq) conc. 430, the mixture was refluxed for 6 h. TLC analysis @HKH/EtOAc
3:1) indicated full conversion of the starting miatke After neutralization by adding 0.5 mL
saturated aqueous NaHg®€blution, the mixture was extracted with EtOAcx(20 mL), the
layers were separated and the combined organicslayere washed with water (2 x 10 mL),
dried over MgS@and concentrated in vacuo to yield the pure prbduc

C1aH1404N; [262.2]

yield: 11.8 mg (14 %), brown solid

R (CH/ EtOAc 3:1): 0.40

'H-NMR (300 MHz, DMSO-@): & (ppm) = 9.17 (s, 1H, OH), 7.97 (s, 1H, Ar-H), 7.70
(d,3J= 9.0 Hz, 2H, Ar-H), 7.04 (d3J = 9.0 Hz, 2H,
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Ar-H), 4.06 (9.2 = 6.9 Hz, 2H, CH), 3.80 (s, 3H, OCH),
1.34 (t,°J = 6.9 Hz, 3H, CH).

¥*C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.9C=0), 157.4 C,), 145.0 C,-OH), 132.8
(Cg), 120.2 Cg), 120.0 (2CHa), 115.7 CHar), 114.9 (2
CHa), 63.3 CHy), 51.1 (QCH3), 14.5 CHy).

M.p.: 125-128 °C

GC-MS: & = 7.89 min (m/z = 262.1, 99.0 %"\VBP)

Butyl 1-(4-ethoxyphenyl)-H-pyrazole-3-carboxylate (54b)

A 20 mL Schlenk tube was charged with 80.0 mg (@&8®l, 1.00 e} 1-(4-ethoxyphenyl)-4-
hydroxy-1H-pyrazole-3-carboxylic aci(b3). After adding 0.7 mIn-BuOH and 52.5 pL (970
pmol, 3.00 eq) conc. 430, the mixture was refluxed for 25 h. TLC analysisH{,
CH/EtOAc 3:1) indicated full conversion of the sitag material. After neutralization by
adding 0.5 mL saturated aqueous NaHGGIution, the mixture was extracted with EtOAc (3
x 10 mL), the layers were separated and the cordlmnganic layers were washed with water
(2 x 10 mL), dried over MgS£and concentrated in vacuo to yield the crude prodtinal
purification by column chromatography (CH/EtOAc 3size: 9.5 x 2.0 cm, 10 g silica gel)
yielded the pure product.

C16H2004N2 [304.3]
yield: 55.5 mg (56 %), orange solid
Rf (CH/ EtOAc 3:1): 0.51

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.96 (s, 1H, Ar-H), 7.70 (8] = 9.0 Hz, 2H, Ar-
H), 7.03 (d,J = 9.0 Hz, 2H, Ar-H), 4.24 (£J = 6.6 Hz,
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2H, CHp), 4.06 (q,°J = 6.9 Hz, 2H, CH), 1.69-1.64 (m,
2H, CHp), 1.43-1.38 (m, 2H, CH), 1.34 (1,3 = 6.9 Hz,
3H, CH), 0.92 (t,°J = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.6 ¢=0), 157.3 C,), 145.0 C-OH), 132.8
(Cg), 131.1 Cg), 120.0 (2CHa,), 114.9 (2CHp,), 114.8
(CHar), 63.4 CH.), 63.3 CH.), 30.3 CH.), 18.6 (CH.),
14.5 CHa), 13.5 CHa).

M.p.: 60-61 °C

GC-MS: & = 8.64 min (m/z = 304.1, 99.0 %'\VBP: 148.1).

6.3.3. Alkylation of 4-hydroxy-1H-pyrazole-3-carboxylate

Ethyl 1-(4-ethoxyphenyl)-4-methoxy-H-pyrazole-3-carboxylate (55a)

A 10 mL Schlenk tube was charged with 75.0 mg (An@ol, 1.00 eq) ethyl 1-(4-ethoxy-
phenyl)-4-hydroxy-H-pyrazole-3-carboxylat¢52a) which was dissolved in 0.6 mL DMF.
54.9 mg (400 umol, 1.46 eq).8O; and 18.0 pL (290 umol, 1.06 eq) methyliodide were
added and the brown suspension was stirred atert mght. TLC analysis (CH/EtOAc 3:1)
indicated 86 % conversion of the starting matewdter adding once more 3.00 pL (40.0
pmol) methyliodide and stirring for a further hoatr rt full conversion was detected. The
DMF was removed at high vacuum and the residuedissolved in EtOAc and water. The
organic layer was washed with 15 mL saturated agu®&aHCQ solution and 15 mL brine,
dried over NaSQ, and concentrated under reduced pressure. Aftarglonder high vacuum

the pure product was obtained.
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C15H1804N2 [290.0]
yield: 73.0 mg (93 %), dark brown solid
R¢ (CH/ EtOAc 3:1): 0.16

'H-NMR (300 MHz, DMSO-g): & (ppm) = 8.35 (s, 1H, Ar-H), 7.74 (8] = 9.0 Hz, 2H, Ar-
H), 7.05 (d,%J = 9.0 Hz, 2H, Ar-H), 4.27 (¢#J = 7.2 Hz,
2H, CH,), 4.06 (q,%) = 6.9, Hz, 2H, CH), 3.81 (s, 3H,
OCH), 1.36-1.26 (m, 6H, 2 CHl

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.8¢=0), 158.9 C,), 149.4 C,-OH), 133.5
(Cg), 131.7 Cy), 121.2 (2CHa), 114.5 (2CHa,), 112.1
(CHar), 60.9 CH), 59.5 (CCHs), 55.6 (QCH3), 14.4

(CHa).
M.p.: 95-98 °C
GC-MS (NM_50_S2): = £ 8.44 min (m/z = 290.1, 99.0 %'\VBP).
HRMS (El): m/z calcd for GsH1g04N, [M]™: 290.1266; found
290.1267.

Ethyl 4-methoxy-1-(4-methoxyphenyl)-H-pyrazole-3-carboxylate (55c¢)

A 10 mL Schlenk tube was charged with 75.0 mg (28®Il, 1.00 eq) ethyl 4-hydroxy-1-(4-
methoxyphenyl)-H-pyrazole-3-carboxylatés2c) which was dissolved in 0.7 mL DMF. 57.8
mg (418 pumol, 1.46 eq) KO3 and 22.0 pL (344 pumol, 1.20 eq) methyliodide wadeed
and the dark red suspension was stirred at rt oigiit. TLC analysis (CH/EtOAc 3:1)
indicated full conversion of the starting materiethe DMF was removed under high vacuum
and the residue was dissolved in EtOAc and watee.drganic layer was washed with 15 mL

saturated aqueous NaHg®olution and 15 mL brine, dried over /88, and concentrated
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under reduced pressure. Drying at high vacuum gtelid the crude product (93 % purity,
GC-MS) which was purified by column chromatograg®H/EtOAc 3:1, size: 20.0 x 15.0
cm, 10 g silica gel) to obtain the pure product.

C1aH1604N; [276.2]

yield: 29.0 mg (37 %), orange-brown solid

Rf (CH/ EtOAc 3:1): 0.19

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 9.09 (s, 1H, OH), 7.97 (s, 1H, Ar-H), 7.73
(d,3J= 9.0 Hz, 2H, Ar-H), 7.05 (£ = 9.0 Hz, 2H, Ar-
H), 4.28 (9,) = 7.2 Hz, 2H, CH), 3.80 (s, 3H, OCH,
1.30 (t,33= 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.6¢=0), 158.1 C,), 145.0 C,-OH), 132.9
(Cg), 131.1 Cg), 120.1 (2CHa), 114.9 CHa), 114.5
(2 CHa), 59.7 CH,), 55.4 (GCHa3), 14.2 CHa).

M.p.: 68-70 °C

GC-MS (NM_50_S2): = £ 8.24 min (m/z = 276.1, 98.0 %'VBP).

HRMS (El): m/z calcd for GsH1604N5 [M]™: 276.1110; found
276.1102.

Ethyl 4-(2-methoxyethoxy)-1-(4-methoxyphenyl)-H-pyrazole-3-carboxylate (56)

N o)
O/\/O O/\

I\

-’

A 10 mL Schlenk tube was charged with 250 mg (96l 1.00 eq) ethyl 4-hydroxy-1-(4-
methoxyphenyl)-H-pyrazole-3-carboxylatés2c), which was dissolved in 2.0 mL DMF. 200
mg (1.45 mmol, 1.50 eq)&KO; and 100 pL (1.15 mmol, 1.20 eq) 1-chloro-2-mettetlkgine

were added and the brown suspension was stirrgdoger night. TLC analysis (CH/EtOAc
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3:1) indicated no conversion of the starting matelthough further 200 mg (1.45 mmol,
1.50 eq) kCO; and 100 pL (1.15 mmol, 1.20 eq) 1-chloro-2-mettalkgne were added and
the reaction mixture was stirred at rt over nightaonversion was detected. But an increase
of the temperature to 60 °C and further stirringeromight at this temperature showed full
conversion on TLC on the next day. The DMF was nedounder high vacuum and the
residue was dissolved in DCM and water. The orgdayer was washed with 30 mL
saturated aqueous NaHg®olution and 30 mL brine, dried over /88, and concentrated

under reduced pressure. Drying under high vacuetdsd in the pure product.

C16H2005N2 [320.3]
yield: 214.8 mg (40 %), brown oll
Rf (CH/ EtOACc 1:1): 0.32

'H-NMR (300 MHz, DMSO-@): & (ppm) = 8.38 (s, 1H, Ar-H), 7.75 (&] = 9.0 Hz, 2H, Ar-
H), 7.07 (d,°J = 9.0 Hz, 2H, Ar-H), 4.28 (¢#J = 6.9 Hz,
2H, CHy), 4.13-4.10 (m, 2H, C}), 3.80 (s, 3H, OCH,
3.68-3.65 (m, 2H, Ch), 3.33 (s, 3H, OCH), 1.29 (t,°) =
6.9 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 160.8 €=0), 158.1 C,-OCHy), 147.4 Co),
132.8 Cy), 130.9 Cg), 119.9 (2CHp,), 114.5 (2CHa,),
114.3 CHa/), 71.4 CH,), 70.1 CH,), 59.8 CH.), 58.3
(OCHs), 55.4 (GCH3), 14.1 CHy).

GC-MS (NM_50_S2): r ¥ 9.08 min (m/z = 320.1, 99.0 %'IVBP: 133.9).
HRMS (El): m/z calcd for GgH200sN, [M]*: 320.1372; found
320.1372.

6.3.4. Synthesis of aryl substituted ethyl H-pyrazolecarboxylates

(E)-Ethyl-4-ethoxy-2-oxobut-3-enoate (59)

0]
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A 25 mL one-neck round-bottom flask was charged8it79 g (3.10 mL, 27.7 mmol, 1.00
eq) ethyl chlorooxoacetai®7) and 4.00 g (5.32 mL, 55.5 mmol, 2.00 eq) ethyliether

(58). After stirring of the colorless solution at rteswnight, during which the color turned to
yellow, GC-MS analysis showed complete conversi®b % product). The mixture was

concentrated to dryness under reduced pressurniadeiadthe title compound.

CaH1204[172.1]

yield: 4.74 g (>99 %), yellow-brown liquid

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.85 (d3J = 12.6 Hz, 1H, CH), 6.16 (d) =
12.6 Hz, 1H, CH), 4.30 (dJ= 14.1 Hz, 2 H, Ch), 4.04
(d,33=14.1 Hz, 2H, Ch), 1.39-1.33 (m, 6H, 2 C}jl

3C-NMR (75.5 MHz, CDGJ): & (ppm) = 182.2C=0), 167.1 CH), 162.4 €=0), 101.8
(CH), 68.1 CH,), 62.2 CHy), 14.4 CHs), 14.0 CHa).

GC-MS (HS_50_S2): r % 5.14 min (m/z = 171.9, 99 % VIBP: 70.9).

General procedure (GP-4):

(0] —
© \
_N N
N o}
=
=z | \|
N
\\ R
R

A 100 mL Schlenk tube was charged with 1.00 Egethyl-4-ethoxy-2-oxobut-3-enoafg9)
which was dissolved in glacial acetic acid. Afteldeng 1.00 eq phenylhydrazir{é0a) or
phenylhydrazine hydrochloridé60b-h), also dissolved in glacial acetic acid, the remucti
mixture was heated to reflux (130 °C) and stirredh&s temperature for 2 h. TLC analysis
indicated full conversion of the starting mateaald GC-MS analysis confirmed this result.
The mixture was cooled to rt, poured into 100 mLtewaand transferred to a separation
funnel. The aqueous layer was extracted with Et(8Ax 30 mL) and the combined organic
layers were washed with 50 mL water, saturated @gg®&laHCQ solution (2 x 50 mL) and
once more with 50 mL water. After drying over MgS&hd concentration in vacuo a crude
product mixture of ethyl 1-phenylHtpyrazole-3-carboxylate and ethyl 1-phenii-1
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pyrazole-5-carboxylate was obtained. Separatiobadii products and final purification by

column chromatography leaded to two pure compounds.

Ethyl 1-phenyl-1H-pyrazole-5-carboxylate (61g) **°!

\/OWN
N

e

1.28 g (7.43 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(®9) in 8 mL glacial acetic acid,
803 mg (730 puL, 7.43 mmol) phenylhydrazif@da) in 11 mL glacial acetic acid, TLC
(CH/EtOAC 3:1, R= 0.53), column chromatography (CH/THF 15:%,7R0.29, size: 24.0 x
4.0 cm, 140 g silica gel).

according to GP-4:

Ci2H1,0:N, [216.0]

yield: 622.9 mg (39 %), yellow solid

R: (CH/EtOACc 3:1): 0.53

'H-NMR (300 MHz, DMSO-g): & (ppm) = 7.81 (d.*J = 1.8 Hz, 1H, Ar-H), 4.47-7.43

(m, 5H, Ar-H), 7.09 (d,*J = 1.8 Hz, 1H, Ar-H), 4.17 (q,

3J=7.2 Hz, 2H, CH), 1.15 (t,°J = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 158.4€=0), 139.9 C,), 139.7 CHa), 133.0
(Cy), 128.4 (2CHp), 128.3 CHar), 125.6 (2CHp), 112.4
(CHa), 60.8 CH,), 13.7 CHa).

M.p.: 70-71 °C

GC-MS (NM_50_S2): r £ 6.27 min (m/z = 216.0, >99.0 %'\VBP: 170.9).
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Ethyl 1-phenyl-1H-pyrazole-3-carboxylate (61a) **°!

0] —

O
\
/ N

-,

e

1.28 g (7.43 mmol) K§)-ethyl-4-ethoxy-2-oxobut-3-enoa(®9) in 8 mL glacial acetic acid,
803 mg (730 puL, 7.43 mmol) phenylhydrazi(@da) in 11 mL glacial acetic acid, TLC
(CH/EtOACc 3:1, R= 0.33), column chromatography (CH/THF 15:%,7R0.14, size: 24.0 x
4.0 cm, 140 g silica gel).

according to GP-4:

C12H120:N; [216.0]

yield: 706.5 mg (44 %), yellow oill

Rf (CH/EtOAc 3:1): 0.33

'H-NMR (300 MHz, DMSO-@): & (ppm) = 8.63 (d?J = 2.4 Hz, 1H, Ar-H), 7.89 (£ =
7.8 Hz, 2H, Ar-H), 7.57-7.52 (m, 2H, Ar-H), 7.4237
(m, 1H, Ar-H), 7.01 (d,*J = 2.4 Hz, 1H, Ar-H), 4.32 (q,
3J=7.2 Hz, 2H, CH), 1.32 (t,°J = 7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, DMSO-g): 5 (ppm) = 161.4 €=0), 144.2 C), 139.1 C,), 129.7
(CHar), 129.6 (2CHa/), 127.4 CHar), 119.1 (2 CHa),
110.1 CHa), 60.4 CH,), 14.1 CHs).

GC-MS (NM_50_S2): r £ 6.93 min (m/z = 216.0, >99.0 %' VBP: 170.9).
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Ethyl 1-(4-methoxyphenyl)-H-pyrazol-5-carboxylate (61h)

according to GP-4:

1.28 g (7.43 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(®9) in 8 mL glacial acetic acid,
1.30 g (7.43 mmol) 4-methoxyphenylhydrazine hyfitogde (60b) in 18 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.40), column chromatography (CH/EtOAc 3:1, siz@.0 x
3.0 cm, 150 g silica gel).

C13H1405N; [246.1]

yield: 358.2 mg (20 %), yellow solid

R (CH/ EtOAc 3:1): 0.40

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.77-7.76 (m, 1H, Ar-H), 7.36 @ = 9.0 Hz,
2H, Ar-H), 7.05-7.00 (m, 3H, Ar-H), 4.17 (&) = 7.2 Hz,
2H, CHp), 1.17 (t3J = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 159.0 €=0), 158.4 C,-OCHs), 139.3 CHa),
133.1 Cy), 132.9 Cg), 127.0 (2CHa,), 113.5 (2CHa,),
112.1 CHar), 60.7 CH,), 55.4 (GCH3), 13.8 CHa).

M.p.: 50-51 °C
GC-MS (NM_50_S2): = £ 7.00 min (M/z = 246.1, >99.0 %'VBP).
HRMS (El): m/z calcd for GaH140sN, [M]*: 246.1004; found

246.1005.
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Ethyl 1-(4-methoxyphenyl)-1H-pyrazole-3-carboxylate (61b)

according to GP-4:

1.28 g (7.43 mmol) K§)-ethyl-4-ethoxy-2-oxobut-3-enoa(®9) in 8 mL glacial acetic acid,
1.30 g (7.43 mmol) 4-methoxyphenylhydrazine hydtoitie (69b) in 18 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.33), column chromatography (CH/EtOAc 3:1, siz@0 x
3.0 cm, 150 g silica gel).

C13H1403N; [246.1]

yield: 955.9 mg (52 %), yellow-orange solid

Rf (CH/ EtOAc 3:1): 0.33

'H-NMR (300 MHz, DMSO-@): & (ppm) = 8.51 (d?J = 2.4 Hz, 1H, Ar-H), 7.79 (£ =
9.0 Hz, 2H, Ar-H), 7.09 (2J = 9.0 Hz, 2H, Ar-H), 6.97
(d,*J= 2.4 Hz, 1H, Ar-H), 4.31 (fJ = 7.2 Hz, 2H, CHj),
3.81 (s, 3H, OCH), 1.31 (3= 7.2 Hz, 3H, CH).

¥*C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.5 €=0), 158.5 C,-OCHy), 143.8 C),
132.8 Cq), 129.6 CHar), 120.8 (2CHa), 114.7 (2CHa),
110.0 CHa), 60.4 CH,), 55.5 (QCHa3), 14.2 CHa).

M.p.: 57 °C

GC-MS (NM_50_S2): r £ 7.63 min (M/z = 246.1, >99.0 %'\VBP).
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Ethyl 1-(4-bromophenyl)-1H-pyrazole-5-carboxylate (61¢)

Br
according to GP-4:
1.18 g (6.87 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(g9) in 7.4 mL glacial acetic acid,
1.54 g (6.87 mmol) 4-bromophenylhydrazine hydrodte (60c) in 21.3 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.55), column chromatography (CH/THF 15:%,-R0.38
size: 23.0 x 3.5 cm, 85 g silica gel).

Cle]_lOzNzBl’ [295.1]

yield: 278.4 mg (14 %), orange-yellow solid

R (CH/ EtOAc 3:1): 0.55

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.80 (d?J = 1.8 Hz, 1H, Ar-H), 7.67 (£ =
8.4 Hz, 2H, Ar-H), 7.41 (d®J = 8.4 Hz, 2H, Ar-H), 7.08
(d,*J = 1.8 Hz, 1H, Ar-H), 4.17 (¢ = 7.2 Hz, 2H, CH),
1.16 (t3)= 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 158.7 €=0), 140.4 CHa,), 139.4 C,), 133.4
(Cg), 131.7 (2CHa), 128.0 (2CHg), 121.6 CqBr),
113.1 CHar), 61.3 CHy), 14.0 CHy).

M.p.: 72-73 °C

GC-MS (NM_50_S2): d = 7.04 min (m/z = 294.9, > 99.0 % ‘MBP: 293.9).
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Ethyl 1-(4-bromophenyl)-1H-pyrazole-3-carboxylate (61¢)

Br

according to GP-4:

1.18 g (6.87 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(89) in 7.4 mL glacial acetic acid,
1.54 g (6.87 mmol) 4-bromophenylhydrazine hydrodte (60c) in 21.3 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.43), column chromatography (CH/THF 15:%,R0.17
size: 23.0 x 3.5 cm, 85 g silica gel).

Cle]_lOzNzBl’ [295.1]

yield: 685.0 mg (34 %), orange-yellow solid

R (CH/ EtOAc 3:1): 0.43

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 8.55 (d*J = 2.4 Hz, 1H, Ar-H), 7.81 (£ =
9.0 Hz, 2H, Ar-H), 7.70 (d®J = 9.0 Hz, 2H, Ar-H), 6.98
(d,*J = 2.4 Hz, 1H, Ar-H), 4.30 (dJ = 6.9 Hz, 2H, CHj),
1.29 (t31= 6.9 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 161.6 €=0), 144.8 C), 138.5 C), 132.7 (2
CHar), 130.1 CHa), 121.3 (2CHp), 120.2 C4Br),
110.7 CHar), 60.9 CHy), 14.3 CHy).

M.p.: 88-90 °C

GC-MS (NM_50_S2): d=7.72 min (m/z = 294.9, > 99.0 %'VBP: 248.9).
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Ethyl 1-(4-chlorophenyl)-1H-pyrazole-5-carboxylate (61d)

Cl

according to GP-4:

1.18 g (6.87 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(89) in 7.4 mL glacial acetic acid,
1.23 g (6.87 mmol) 4-chlorophenylhydrazine hydrocide (60d) in 17.1 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.54), column chromatography (CH/THF 15:%,R0.38
size: 25.0 x 4.0 cm, 100 g silica gel).

C1H11 O NoCl [250.7]

yield: 369.8 mg (21 %), orange solid

Rf (CH/ EtOAc 3:1): 0.54

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.68 (d*J = 1.8 Hz, 1H, Ar-H), 7.44-7.36 (m,
2H, Ar-H), 7.43 (d3J = 8.7 Hz, 2H, Ar-H), 7.02 (d'J =
1.8 Hz, 1H, Ar-H), 4.25 (8 = 7.2 Hz, 2H, CH), 1.27 (t,
3)=7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDCJ): & (ppm) = 159.0 €=0), 139.9 CHa,), 138.7 C,), 134.5
(Cq), 133.4 C4Cl), 128.7 (2CHa), 127.3 (2CHa),
112.8 CHa) 61.2 CH>), 14.0 CHa).

M.p.: 75-76 °C

GC-MS (NM_50_S2): {=6.76 min (m/z = 250.0, > 99.0 %'VBP).
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Ethyl 1-(4-chlorophenyl)-1H-pyrazole-3-carboxylate (61d)

Cl

according to GP-4:

1.18 g (6.87 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(g9) in 7.4 mL glacial acetic acid,
1.23 g (6.87 mmol) 4-chlorophenylhydrazine hydrocide (60d) in 17.1 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.42), column chromatography (CH/THF 15:%,-R0.17
size: 25.0 x 4.0 cm, 100 g silica gel).

C1H11 O NoCl [250.7]

yield: 568.8 mg (33 %), orange solid

R (CH/ EtOAc 3:1): 0.42

'H-NMR (300 MHz, CDC}): 3 (ppm) = 7.90 (d*J = 2.4 Hz, 1H, Ar-H), 7.69 (d®J =
8.7 Hz, 2H, Ar-H), 7.43 () = 8.7 Hz, 2H, Ar-H), 6.98
(d,*J = 2.4 Hz, 1H, Ar-H), 4.43 (J = 7.2 Hz, 2H, CH),
1.41 (3= 7.2 Hz, 3H, CH).

“C-NMR (75.5 MHz, CDCJ): & (ppm) = 162.1 €=0), 145.5 C), 138.1 C,), 133.2
(Cq-Cl), 129.6 (2CHar), 128.3 CHay), 121.2 (2CHa),
110.6 CHar) 61.2 CHy), 14.3 CHa).

M.p.: 79-82 °C

GC-MS (NM_50_S2): { = 7.42 min (m/z = 250.0, > 99.0 % ‘MBP: 204.9).
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Ethyl 1-(4-fluorophenyl)-1H-pyrazole-5-carboxylate (61¢

according to GP-4:

1.18 g (6.87 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(89) in 7.4 mL glacial acetic acid,

1.12 g (6.87 mmol) 4-fluorophenylhydrazine hydrachle (60e)in 15.5 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.49), column chromatography (CH/THF 15:%,R0.35
size: 26.0 x 3.5 cm, 80 g silica gel).

C12H110:N,F [234.2]

yield:
Rt (CH/ EtOAc 3:1):
'H-NMR (300 MHz, CDC}):

¥C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_50_S2):

248.2 mg (15 %), yellow solid

0.49

5 (ppm) = 7.68 (d%J = 1.8 Hz, 1H, Ar-H), 7.43-7.38 (m,
2H, Ar-H), 7.17-7.11 (m, 2H, Ar-H), 7.02 (4 = 1.8 Hz ,
1H, Ar-H), 4.24 (q2J = 7.2 Hz, 2H, CH)), 1.26 (131 = 7.2
Hz, 3H, CH).

5 (ppm) = 164.1, 160.8'Ic.r = 248.3 Hz,C4-F), 159.0
(C=0), 129.7 CHy), 136.4, 136.3%cr = 3.2 Hz,Cy),
133.5 Cy), 127.9, 127.8%0cr = 8.8 Hz, 2CHp,), 115.6,
115.3 @cr = 23.1 Hz, 2CHa), 112.6 CHa), 61.2
(CHy), 14.0 CHs).

84-85 °C

d=6.19 min (m/z = 234.0, > 99.0 %'\VBP).
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Ethyl 1-(4-fluorophenyl)-1H-pyrazole-3-carboxylate (616

according to GP-4:

1.18 g (6.87 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(g9) in 7.4 mL glacial acetic acid,

1.12 g (6.87 mmol) 4-fluorophenylhydrazine hydractde (60e)in 15.5 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.38), column chromatography (CH/THF 15:%,-R0.18
size: 26.0 x 3.5 cm, 80 g silica gel).

C12H110:N,F [234.2]

yield:
R (CH/ EtOAc 3:1):
'H-NMR (300 MHz, CDC}):

¥C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_50_S2):

552.8 mg (34 %), orange-yellow solid

0.38

5 (ppm) = 7.86 (d*J = 2.4 Hz, 1H, Ar-H), 7.72-7.67 (m,
2H, Ar-H), 7.17-7.11 (m, 2H, Ar-H), 6.97 (&) = 2.4 Hz
1H, Ar-H), 4.42 (q2J = 7.2 Hz, 2H, CH)), 1.40 (t31=7.2
Hz, 3H, CH).
5 (ppm) = 163.4, 160.1%cr = 247.5 Hz,CF),162.1
(C=0), 145.3 C,), 136.0, 135.9“0c.r = 2.9 Hz, Cy),
128.5 CHa), 122.0, 121.93%0cr = 2.9 Hz, 2CHa),
116.4, 116.1%0c.r = 23.1 Hz, 2CHp,), 110.4 CHa), 61.1
(CHy), 14.3 CHb).

51-52 °C

4 = 6.85 min (m/z = 234.0, > 99.0 % *MBP: 189.0).
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Ethyl p-tolyl-1H-pyrazole-5-carboxylate (61f)

according to GP-4:

\/077/4/_/\\N
N

)

1.19 g (6.91 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(g9) in 7.4 mL glacial acetic acid,
1.10 g (6.91 mmolp-tolylhydrazine hydrochlorid¢60f) in 15.1 mL glacial acetic acid, TLC
(CH/EtOACc 3:1, R= 0.58), column chromatography (CH/THF 15:%,7R0.34, size: 22.0 x
2.5 cm, 30 g silica gel), purity of the product: 80 (20 % Ethylp-tolyl-1H-pyrazole-3-

carboxylatg(61f,)).
C13H1402N3 [230.3]
yield:

R (CH/ EtOAc 3:1):
'H-NMR (300 MHz, CDC}):

¥C-NMR (75.5 MHz, CDGJ):

GC-MS (NM_50_S2):

465.8 mg (29 %), brown oil

0.58

5 (ppm) = 7.64 (d*J = 1.8 Hz, 1H, Ar-H), 7.29-7.20 (m,
4H, Ar-H), 6.97 (d,*J = 1.8 Hz, 1H, Ar-H), 4.21 (¢?J =
7.2 Hz, 2H, CH), 2.38 (s, 3H, Ch), 1.23 (t,>] = 7.2 Hz,
3H, CHp).

3 (ppm) = 159.1C=0), 139.3 CHa), 138.6 Cg), 129.9
(Cg), 129.1 (2CHa,), 125.7 (2CHp), 120.0 C4-CHs),
112.2 CHar), 61.0 CH2), 21.2 CHs), 14.0 CHa).

{ = 6.59 min (m/z = 230.0, 80.0 %"\VBP).
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Ethyl p-tolyl-1H-pyrazole-3-carboxylate (614)

according to GP-4:

1.19 g (6.91 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(&9) in 7.4 mL glacial acetic acid,
1.10 g (6.91 mmolp-tolylhydrazine hydrochlorid€60f) in 15.1 mL glacial acetic acid, TLC
(CH/EtOAC 3:1, R= 0.44), column chromatography (CH/THF 15:%,=R0.23, size: 22.0 x
2.5 cm, 30 g silica gel).

C13H1402N; [230.3]
yield: 79.7 mg (5 %), orange solid
Rs (CH/ EtOACc 3:1): 0.44

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.88 (d*J = 2.4 Hz, 1H, Ar-H), 7.61 (d®J =
8.1 Hz, 2H, Ar-H), 7.25 (d®J = 8.1 Hz, 2H, Ar-H), 6.97
(d,*J = 2.4 Hz, 1H, Ar-H), 4.43 (J = 7.2 Hz, 2H, CH),
2.38 (s, 3H, Ch), 1.41 (t2J= 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 162.3 €=0), 144.9 Cy), 137.5 C,), 137.4
(Cq-CHa), 129.9 (2CHa,), 128.3 CHar), 120.0 (2CHa),
110.1 CHa/), 61.0 CHy), 20.9 CHs), 14.3 CHy).

M.p.: 43-45 °C

GC-MS (NM_50_S2): ¢ =7.24 min (m/z = 230.0, > 99.0 %'\VBP).
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Ethyl 1-(4-tert-butylphenyl)-1H-pyrazole-5-carboxylate (61g)

according to GP-4:

1.19 g (6.91 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(g9) in 7.4 mL glacial acetic acid,
1.39 g (6.91 mmol) 4ert-butylphenylhydrazine hydrochloridé0g)in 19.2 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.62), column chromatography (CH/THF 15:%,7R0.43,
size: 18.0 x 4.5 cm, 85 g silica gel).

C16H2002N2 [272.3]

yield: 423.0 mg (22 %), orange liquid

Rr (CH/EtOAC 3:1): 0.62

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.67 (d*J = 1.8 Hz, 1H, Ar-H), 7.46 (d®J =
8.4 Hz, 2H, Ar-H), 7.34 () = 8.4 Hz, 2H, Ar-H), 7.01
(d,*J = 1.8 Hz, 1H, Ar-H), 4.24 (¢ = 7.2 Hz, 2H, CH),
1.35 (s, 9H, 3 Ch), 1.24 (tJ = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 159.2€=0), 151.6 C,), 139.4 CHa/), 137.7
(Cy), 133.3 CqtBu), 125.4 (2CHga:), 125.4 (2CHa),
112.3 CHa), 61.0 CHy), 34.7 Cg), 31.3 (3CH3), 14.0
(CHa).

GC-MS (NM_50_S2): r £ 7.18 min (m/z = 272.1, > 99.0 %'VBP: 257.1)
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Ethyl 1-(4-tert-butylphenyl)-1H-pyrazole-3-carboxylate (61¢)

according to GP-4:
1.19 g (6.91 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(g9) in 7.4 mL glacial acetic acid,
1.39 g (6.91 mmol) 4ert-butylphenylhydrazine hydrochloridé0g)in 19.2 mL glacial acetic

acid, TLC (CH/ EtOAc 3:1, R= 0.56), column chromatography (CH/THF 15:%,=R0.25,
size: 18.0 x 4.5 cm, 85 g silica gel).

C1eH200:N; [272.3]

yield: 409.4 mg (22 %), brown oil

Rr (CH/EtOAC 3:1): 0.56

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.89 (d*J = 2.4 Hz, 1H, Ar-H), 7.65 (d’J =

8.7 Hz, 2H, Ar-H), 7.46 (£J = 8.7 Hz, 2H, Ar-H), 6.97
(d,%J= 2.4 Hz, 1H, Ar-H), 4.43 (4] = 7.2 Hz, 2H, CH),
1.41 (t23=7.2 Hz, 3H, CH), 1.34 (s, 9H, 3 Ch).
C-NMR (75.5 MHz, CDCJ): & (ppm) = 162.3 ¢=0), 150.8 C,), 144.9 C,), 137.3
(CqtBu), 128.3 CHa), 126.3 (2CH4), 119.8 (2CHap),
110.1 CHar), 61.0 CHy), 34.6 Cg), 31.3 (3CHs), 14.3

(CHy).
GC-MS (NM_50_S2): R £ 7.88 min (m/z = 272.1, > 99.0 %'MBP: 257.1).
HRMS (El): m/z calcd for GeHagOoN, [M] ™ 272.1525; found

272.1531.
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Ethyl 1-(4-cyanophenyl)-H-pyrazole-5-carboxylate (61h)

CN

according to GP-4:

1.19 g (6.91 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(&9) in 7.4 mL glacial acetic acid,
1.17 g (6.91 mmol) 4-cyanophenylhydrazine hydroati(60h) in 16.2 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.44), column chromatography (CH/EtOAc 3:1, si24.0 x
3.5 cm, 80 g silica gel).

C1aH110:N3 [241.2]

yield: 608.8 mg (37 %), yellow solid

Ri (CH/EtOAC 3:1): 0.44

'H-NMR (300 MHz, CDC}): d (ppm) = 7.77-7.73 (m, 3H, Ar-H), 7.59 &l = 8.4 Hz,
2H, Ar-H), 7.76 (d3J = 8.7 Hz, 2H, Ar-H), 7.06 (d'J =
1.8 Hz, 1H, Ar-H), 4.27 (83 = 7.2 Hz, 2H, CH), 1.29 (t,
3)=7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDCJ): & (ppm) = 158.9C=0), 143.4 C,), 140.6 CHa/), 133.5
(Cg), 132.4 (2CHp;), 126.5 (2CH4), 118.0 CN), 113.7
(CHar), 112.2 C-CN), 61.5 CH,), 14.0 CHa).

M.p.: 121-123 °C

GC-MS (NM_50_S2): d=7.11 min (m/z = 241.0, 99.0 %"VBP).
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Ethyl 1-(4-cyanophenyl)-H-pyrazole-3-carboxylate (61h)

CN
according to GP-4:
1.19 g (6.91 mmol)K)-ethyl-4-ethoxy-2-oxobut-3-enoa(89) in 7.4 mL glacial acetic acid,
1.17 g (6.91 mmol) 4-cyanophenylhydrazine hydroati(60h) in 16.2 mL glacial acetic
acid, TLC (CH/ EtOAc 3:1, R= 0.27), column chromatography (CH/EtOAc 3:1, siz4.0 x
3.5 cm, 80 g silica gel).

C1aH110:N3 [241.2]

yield: 90.0 mg (5 %), yellow solid

Rr (CH/EtOAC 3:1): 0.27

'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.02 (d*J = 2.4 Hz, 1H, Ar-H), 7.90 (d®J =
8.7 Hz, 2H, Ar-H), 7.76 (£J = 8.7 Hz, 2H, Ar-H), 7.02
(d,*J= 2.4 Hz, 1H, Ar-H), 4.43 (fJ = 7.2 Hz, 2H, CHj),
1.41 (3= 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 161.7 C=0), 146.4 C), 142.3 C,), 133.6 (2
CHa), 128.3 CHa/), 119.9 (2CHa/), 117.9 CN), 111.2
(CHar), 110.9 C4-CN), 61.4 CH,), 14.3 CHb).

M.p.: 168-170 °C
GC-MS (NM_50_S2): 4= 7.80 min (m/z = 241.0, 99.0 %'VBP: 195.9).
HRMS (El): m/z calcd for GsH110,N3 [M]™: 241.0851; found

241.0850.
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Ethyl 1H-pyrazole-3-carboxylate (63}*°%

\
/N

N
H

A 100 mL Schlenk tube was dried under vacuum,diligth nitrogen and charged with 500
mg (4.46 mmol, 1.00 eq)Htpyrazol-3-carboxylic acid62), which was dissolved in 20 mL
EtOH. After adding 1.31 g (720 pL, 13.4 mmol, 3€1f) conc. HSO, the colorless reaction
mixture was heated to reflux (100 °C) and stirredhes temperature for 4 h. TLC analysis
(DCM/MeOH 95:5) indicated full conversion of theagitng material. After cooling to rt the
mixture was transferred to a flask to remove tHeesu at a rotary evaporator. The colorless
residue was diluted in 20 mL water and neutraliagéth 17 mL saturated aqueous NaH{O
solution. The aqueous layer was extracted with EtQAx 50 mL). The combined organic
layers were dried over MgS@nd the solvent was evaporated under reducedupectssyield

the pure title compound.
CsHsOoN, [140.1]

yield: 582.5 mg (93 %), colorless solid

R (DCM/MeOH 95:5): 0.42

'H-NMR (300 MHz, CDCY): 5 (ppm) = 10.69 (bs, 1H, NH), 7.84 (] = 2.1 Hz, 1H,
Ar-H), 6.86 (d,*J = 2.1 Hz, 1H, Ar-H), 4.43 ()= 7.2
Hz, 2H, CH), 1.41 (t,°J= 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 161.8€=0), 141.6 C,), 132.3 CHa/), 107.8
(CHp,), 61.1 CH,), 14.3 CHa).

M.p.: 158-161 °C

GC-MS (NM_50_S2): {=4.66 min (m/z = 140.1, 98.0 %"\VBP: 95.0).
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Ethyl 1-(4-ethoxyphenyl)-H-pyrazole-3-carboxylate (614)

\
/ ,N

0]

]

A 10 mL Schlenk tube was dried under vacuum, filleidh nitrogen and consecutively
charged with 19.4 mg (102 pmol, 0.20 eq) Cul, 332 (@02 mmol, 2.00 eq) @S0s, 100
mg (714 umol, 1.40 eq) ethyHipyrazole-3-carboxylaté63), 102 mg (73.0 pL, 510 umol,
1.00 eq)p-bromopheneto(64) and 1 mL anhydrous ACN. The light brown suspensias
degassed by vaccum/Mycles and stirred first at 82 °C for 7 h and théer adding 0.5 mL
anhydrous DMF (solubility issue) at 120 °C for het 65 h. The GC-MS analysis showed
full conversion. ACN and DMF were removed undemhigcuum and the brown residue was
suspended in 10 mL EtOAc. After filtration of theotwn suspension through a pad of silica
and flushing with 150 mL EtOAc the colorless fiteawas concentrated under reduced
pressure furnishing 52.1 mg (39 %) crude produc geeen-brown oil. Final purification by
column chromatography (CH/EtOAc 3:1, size: 15.5&@n, 20 g silica gel) yielded the pure
title compound.

C14H1603N2 [260.0]
yield: 10.2 mg (8 %), orange solid
R¢ (CH/ EtOAc 3:1): 0.40

'H-NMR (300 MHz, DMSO-@): & (ppm) = 8.51 (d?J = 2.4 Hz, 1H, Ar-H), 7.78 (£ =
9.0 Hz, 2H, Ar-H), 7.07 (3 = 9.0 Hz, 2H, Ar-H), 6.97
(d,*J= 2.4 Hz, 1H, Ar-H), 4.31 (¢J = 6.9 Hz, 2H, CHj),
4.08 (q,2)= 7.2 Hz, 2H, CH), 1.37-1.29 (m, 6H, 2 C}ji

¥*C-NMR (75.5 MHz, DMSO-g): 5 (ppm) = 161.4 €=0), 157.6 C), 143.6 C,), 132.5
(Cg), 129.5 CHar), 120.7 (2CHa), 115.0 (2CHa,), 119.8
(CHar), 63.4 CH,), 60.3 CH>), 14.5 CHs), 14.1 CHs).
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M.p.: 88-90 °C

GC-MS (NM_50_S?2): R £ 7.72 min (m/z = 260.1, 98.0 %'VBP).

6.3.5. Synthesis of different biaryls replacing the pyrazte ring

4-Bromopyridine (66) **°!

A 25 mL one-neck round-bottom flask was chargecht00 g (10.3 mmol, 1.00 eq) 4-
bromopyridine hydrochlorid€65) dissolved in 10 mL water. Slow addition of 2 mL 5 M
NaOH solution resulted in a yellow mixture of twayérs, which was stirred at rt for 10 min.
The mixture was extracted with Ex (3 x 15 mL). The combined organic layers werediri

over MgSQ and concentrated in vacuo.
CsH4NBr [157.9]

yield: 1.62 g (> 99 %), colorless liquid

4-Bromopyridine-N-oxid (67)**°!

Z-00

| &
=

Br

A 50 mL one-neck round-bottom flask was chargechwlit60 g (10.1 mmol, 1.00 eq) 4-
bromopyridine(66) dissolved in 5 mL EO. Addition of 2.80 g (16.2 mmol, 1.30 eq)
chloroperoxybenzoic acid resulted in a colorledsitean which was stirred at rt for 17 h,

during which a colorless solid precipitated. Thédswas filtrated through a fritted funnel,
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washed with BEO and dried under high vacuum. The crude produst puaified by column
chromatography (DCM/MeOH 20:1, size: 15.0 x 6.0 200 g silica gel).

CsH4ONBr [173.9]

yield: 1.30 g (73 %), colorless solid

Ri (DCM/MeOH 20:1): 0.30

'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.06 (d®J = 7.2 Hz, 2H, Ar-H), 7.39 (d®J =
7.2 Hz, 2H, Ar-H).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 140.1 (LHa,), 129.4 (2CHar), 119.4 C4-Br).

M.p.: 78-81 °C

4-Bromopicolinonitrile (68) !

A 25 mL Schlenk tube was dried under vacuum, filieth nitrogen and charged with 1.00 g
(5.75 mmol, 1.00 eq) 4-bromopyrididéoxide (67) suspended in 6.5 mL anhydrous ACN.
Addition of 1.60 mL (11.5 mmol, 2.00 eq) absolutethylamine resulted in a green-yellow
suspension. After the addition of 2.10 mL (1.711¢,3 mmol, 3.00 eq) trimethylsilylcyanide
the yellow suspension was refluxed for 3.5 h, dysrhich the suspension turned first into a
yellow and later into a dark brown solution. TLCalsis (DCM/MeOH 9:1, R= 0.89)
indicated full conversion of the starting materiihe mixture was transfered in a 25 mi
round-bottom flask and concentrated under reduagedspre (!""HCN formation!!!). The
residue was alkalized with 20 mL saturated aqué&a@0O; solution and extracted with DCM
(4 x 20 mL). The combined organic layers were dregr MgSQ and the solvent was
removed under reduced pressure. Final silica gehtion (CH/EtOAc 1:1) yielded the pure

product.
CeH3N2Br [182.9]

yield: 997.0 mg (95 %), yellow solid
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R (CH/ EtOAc 1:1): 0.80

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 8.62 (d3J = 5.4 Hz, 1H, Ar-H), 8.45 (dJ =
1.5 Hz, 1H, Ar-H), 8.06 (dd®J = 5.4 Hz,*J = 1.8 Hz,
1H, Ar-H).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 151.9 CHa,), 133.6 C4-CN), 133.2 C4-Br),

131.9 CHa,), 131.0 CHa/), 116.3 CN).
M.p.: 87-89 °C
GC-MS (NM_50_S2): r £ 4.90 min (m/z = 182.9, >99 % VBP).

4-Bromopicolinic acid (69a)

/)

| OH

Br

A 25 mL two-neck round-bottom flask with reflux aemser was charged with 500 mg (2.73
mmol, 1.00 eq) 4-bromopicolinonitril@®8) in 2 mL water. After heating to 60 °C 0.4 mL 30

% aqueous NaOH solution was added and the mixtaserefluxed over night. The mixture

was cooled down to rt, acidified with 30 % aquebl@ solution to pH 1-2 and stirred at 130

°C for 20 min before 2 mL absolute EtOH were addéte yellow suspension was stirred at

75 °C for 4.5 h before the hot reaction mixture Wiasted through a preheated fritted funnel.

The orange filtrate was concentrated under redycedsure and dried in high vacuum to

obtain the crude product. The yellow solid wasyst&llized from a solvent mixture of 25 mL

dioxane/3 mL THF/7 mL MeOH and precipitated with,@&tunder ice cooling. The

suspension was filtrated and the filtrate was cotreged under reduced pressure. After

trituration in EtOH the pure product was obtaineddeige solid.
CGH402NBI' [2019]

yield: 107.6 mg (20 %), beige solid

'H-NMR (300 MHz, BO): d (ppm) = 8.66 (d3J = 6.3 Hz, 1H, Ar-H), 8.39 (d4J =
2.1 Hz, 1H, Ar-H), 8.11 (dd®J = 6.3 Hz,%J = 2.1 Hz,
1H, Ar-H).
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3C-NMR (75.5 MHz, BO):  (ppm) = 162.8¢=0), 154.9 C), 147.1 C4Br), 142.6
(CHar), 128.8 CHar), 127.2 CHa).

Ethyl 4-bromopicolinate (70a)

A 8 mL Schlenk tube was flushed with nitrogen ahdrged with 99.0 mg (490 umol, 1.00
eq) 4-bromopicolinic acid69a) suspended in 0.4 mL EtOH. After adding 79.0 pl411.
mmol, 3.00 eq) conc. 30, the yellow suspension was refluxed for 3.5 h, myrvhich the
suspension turned into a yellow solution. TLC asaly(CH/EtOAC 3:1) indicated full
conversion of the starting material. The mixtureswagdrolyzed with 3 mL saturated aqueous
NaHCQ; solution and extracted with EtOAc (2 x 5 mL). Témmbined organic layers were
dried over MgS@ and the solvent was removed under reduced pressuyeeld a crude
yellow oil. Final purification by column chromatagphy (CH/EtOAc 3:1, size: 12 x 2 cm, 20
g silica gel) resulted in the pure product.

CsHsO-NBr [229.9]

yield: 45.2 mg (40 %), colorless oll

R (CH/ EtOAc 3:1): 0.19

'H-NMR (300 MHz, CDC})): d (ppm) = 8.66 (d3J = 5.1 Hz, 1H, Ar-H), 8.14 (d4J =
2.1 Hz, 1H, Ar-H), 7.49 (dd) = 5.1 Hz,"J = 2.1 Hz, 1H,
Ar-H), 4.49 (9,J = 7.2 Hz, 2H, CH), 1.45 (3= 7.2 Hz,
3H, CH).

¥C-NMR (75.5 MHz, CDGJ): & (ppm) = 164.1C=0), 150.6 CHa,), 149.5 C;), 145.4
(Cq-Br), 127.0 CHay), 125.6 CHa), 62.4 CHy), 14.3
(CHa).
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Ethyl 6-bromopicolinate (70b)

A 8 mL Schlenk tube was flushed with nitrogen ahdrged with 250 mg (1.24 mmol, 1.00
eq) 6-bromopicolinic acid69b) suspended in 1.0 mL EtOH. After adding 200 pL 13.7
mmol, 3.00 eq) conc. 130, the suspension was refluxed for 3 h. TLC anal¢Gid/EtOAc
3:1) indicated full conversion of the starting mak The mixture was hydrolyzed with 5 mL
saturated aqueous NaHg®olution and extracted with EtOAc (2 x 10 mL). T¢mmbined

organic layers were dried over Mgsénd the solvent was removed under reduced pressure

Drying in high vacuum yielded the pure product.
CgHsO2NBr [229.9]

yield: 249.5 mg (88 %), beige solid

R (CH/ EtOAc 3:1): 0.44

'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.07 (dd3J = 6.6 Hz,*J = 1.8 Hz, 1H, Ar-H),
7.72-7.64 (m, 2H, Ar-H), 4.46 (§) = 7.2 Hz, 2H, CH),
1.42 (3= 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 163.9C=0), 149.1 C), 142.1 Cq-Br), 139.1
(CHar), 131.6 CHa/), 123.9 CHa), 62.3 CHy), 14.2

(CHa).
M.p.: 32°C
GC-MS (NM_50_S2): r £ 5.76 min (m/z = 230.0, 98 % VBP: 157.0).

Ethyl 2-bromoisonicotinate (70c)
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A 8 mL Schlenk tube was flushed with nitrogen ahdrged with 250 mg (1.24 mmol, 1.00
eq) 4-bromopyridine-4-carboxylic aci@®9c) suspended in 1.0 mL EtOH. After adding 200
ML (3.71 mmol, 3.00 eq) conc.,80, the suspension was refluxed for 3 h. TLC analysis
(CH/EtOAc 3:1) indicated full conversion of the ritag material. The mixture was
hydrolyzed with 5 mL saturated aqueous NaHGGlution and extracted with EtOAc (2 x 10
mL). The combined organic layers were dried overSKagand the solvent was removed
under reduced pressure. Drying in high vacuum amhge in the fridge over night yielded

the pure product.

CgHgOzNBI’ [2299]
yield: 225.1 mg (79 %), yellow solid
R¢ (CH/ EtOAc 3:1): 0.58

'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.51 (d*J = 5.1 Hz, 1H, Ar-H), 8.03 (s, 1H, Ar-
H), 7.80 (dd3J = 5.1 Hz,"J = 1.2 Hz, 1H, Ar-H), 4.41 (q,
3)=7.2 Hz, 2H, CH), 1.41 (t3J = 7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDCJ): & (ppm) = 163.6C=0), 150.8 CHa,), 142.7 C,), 140.2
(Cq-Br), 127.7 CHay), 121.9 CHa), 62.2 CHy), 14.1

(CHy).
M.p.: rt (22 °C)
GC-MS (NM_50_S2): r ¥ 5.61 min (m/z = 230.0, 95 % MBP: 201.0).
Ethyl 5-bromonicotinate (70d)
@)
N0
-
Br

A 8 mL Schlenk tube was flushed with nitrogen ahdrged with 250 mg (1.24 mmol, 1.00
eq) 5-bromonicotinic acid69d) suspended in 1.0 mL EtOH. After adding 200 pL 13.7
mmol, 3.00 eq) conc. 130, the suspension was refluxed for 3 h. TLC anal¢Gid/EtOAc
3:1) indicated full conversion of the starting mak The mixture was hydrolyzed with 5 mL
saturated aqueous NaHg®olution and extracted with EtOAc (2 x 10 mL). T¢mmbined
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organic layers were dried over Mgsénd the solvent was removed under reduced pressure

Drying in high vacuum yielded the pure product.
CgHsO2NBr [229.9]

yield: 228.2 mg (80 %), colorless solid

R: (CH/ EtOAc 3:1): 0.58

'H-NMR (300 MHz, CDC}): 3 (ppm) = 9.12 (d¥J = 2.1 Hz, 1H, Ar-H), 8.83 (d}J =
2.1 Hz, 1H, Ar-H), 8.44 (t,"J = 2.1 Hz, 1H, Ar-H), 4.42
(q,%)=7.2 Hz, 2H, CH)), 1.41 (t,°J = 7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDG)): & (ppm) = 163.9C=0), 154.1CHya,), 1485 (CHa),
139.7 CHar), 127.8 Cg), 120.6 Co-Br), 62.0 CHy), 14.2

(CHa).
M.p.: 38 °C
GC-MS (NM_50_S2): r £ 5.50 min (m/z = 230.0, 99 % VBP: 184.0).

SUZUKI-COUPLING

Suzuki-coupling with PdCly(dppf) * DCM:

General procedure (GP-5):

A Schlenk tube was dried under vacuum, filled wiittnogen and charged consecutively with
1.00 eq bromine substrate, 1.00 eq boronic acid) &q CsF, 0.05 eq PdQlppf)*DCM and
anhydrous DME (2 mL/0.15 mmol bromoarene). The sasjn was degassed by vacuug/N
cycles and stirred at 80 °C. As TLC analysis or KA&-analysis indicated full conversion of
the starting material, the reaction mixture wasledao rt and filtered through a pad of celite,
which was rinsed with EtOAc and/or DCM. The solvéoin the filtrate was removed under
reduced pressure and final purification by coluntmomatography or silica gel filtration

yielded the pure product.
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Suzuki with S-Phos-ligand/Pd(OAc):

General procedure (GP-6):

A Schlenk tube was dried under vacuum, filled wiittnogen and charged consecutively with
1.00 eq bromoarene, 1.50 eq boronic acid, 2.00 @gampowdered, anhydrousRQO,, 0.01
eq Pd(OAc), 0.02 eqS-Phos,and absolute toluene (2 mL/0.5 mmol bromoarenée T
mixture was degassed by vacuumiycles and stirred at 100 °C. As TLC analysis@®€-
MS analysis showed full conversion of the startimgterial, the mixture was cooled to rt and
filtered through a pad of celite, which was rinsgth EtOAc and/or DCM. The solvent from
the filtrate was removed under reduced pressure famal purification by column

chromatography or silica gel filtration yielded tpere product.

Ethyl 4-(4-ethoxyphenyl)picolinate (72a)

according to GP-5:

38.7 mg (168 umol, 1.00 eq) ethyl-4-bromopicolingt@a), 27.9 mg (168 umol, 1.00 eq) 4-
ethoxyphenylboronic aci(’1), 24 h reaction time, column chromatography (CHAtQ:1,
size: 16.0 x 2.0 cm, 10 g silica gel).

Ci16H1705N [271.3]

yield: 21.3 mg (47 %), light yellow solid
R (CH/ EtOAC 2:1): 0.14
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.74 (d>J = 5.1 Hz, 1H, Ar-H), 8.34 (d'J =

1.2 Hz, 1H, Ar-H), 7.67-7.64 (m, 3H, Ar-H), 7.02 {d =
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8.7 Hz, 2H, Ar-H), 4.52 (¢?J = 7.2 Hz, 2H, CH), 4.10
(9,3 =6.9 Hz, 2H, CH), 1.49-1.43 (m, 6H, 2 C#}l

¥C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 165.3C=0), 160.4 Cy), 150.0 CHa,), 149.4
(Cy), 148.4 Cg), 129.0 C), 128.3 (2CHa), 123.8
(CHar), 122.4 CHp), 115.2 (2CHp;), 63.7 CH.), 62.1
(CH,), 14.7 CHs), 14.4 CH>).

M.p.: 47-48°C

GC-MS (NM_50_S2): €= 8.10 min (m/z = 271.1, 99 %"VBP: 199.1).

HRMS (El): m/z calcd for GgH170sN [M]*: 271.1208; found
271.1220.

Ethyl 6-(4-ethoxyphenyl)picolinate (72b)

according to GP-5:

100 mg (435 umol, 1.00 eq) ethyl-6-bromopicolingtéb), 72.2 mg (435 umol, 1.00 eq) 4-
ethoxyphenylboronic acifr1), 4.5 h reaction time, column chromatography (CB/&t 3:1,
size: 17.0 x 2.0 cm, 25 g silica gel).

CieH170sN [271.3]

yield: 96.0 mg (81 %), beige solid
Rf (CH/ EtOAc 3:1): 0.47
'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.03 (d®J = 9.0 Hz, 2H, Ar-H), 7.99-7.96 (m,

1H, Ar-H), 7.84-7.82 (m, 2H, Ar-H), 6.99 (d) = 9.0
Hz, 2H, Ar-H), 4.48 (q2J = 7.2 Hz, 2H, CH), 4.09 (q,
%)=6.9 Hz, 2H, CH), 1.48-1.42 (m, 6H, 2 C}}l
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3C-NMR (75.5 MHz, CDGJ):  (ppm) = 165.5C=0), 160.2 C,), 157.2 C,), 148.1
(Cg), 137.5 CHa), 130.8 C,), 128.5 (2CHg), 122.7
(CHp), 122.5 CHa), 114.7 (2CHp;), 63.5 CH>), 61.8
(CH,), 14.8 CHs), 14.3 CHa).

M.p.: 103-106 °C

GC-MS (NM_50_S2): 4= 7.95 min (m/z = 271.1, 98 % VBP: 199.1).

HRMS (El): m/z calcd for GgH170sN [M]*: 271.1208; found
271.1198.

Ethyl 2-(4-ethoxyphenyl)isonicotinate (72c)

according to GP-5:
100 mg (435 pmol, 1.00 eq) ethyl-2-bromoisonicdBr(@0c), 72.2 mg (435 umol, 1.00 eq)

4-ethoxyphenylboronic aci@71), 4.5 h reaction time, column chromatography (CB/A&t
3:1, size: 17.0 x 2.0 cm, 25 g silica gel).

CieH170sN [271.3]

yield: 107.3 mg (91 %), colorless solid
Rs (CH/ EtOACc 3:1): 0.47
'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.78 (d>J = 5.1 Hz, 1H, Ar-H), 8.24 (s, 1H,

Ar-H), 8.01 (d,J = 9.0 Hz, 2H, Ar-H), 7.72 (ddJ)=5.1
Hz,“J = 1.8 Hz, 1H, Ar-H), 7.00 (¢J = 9.0 Hz, 2H, Ar-
H), 4.44 (9,2 = 7.2 Hz, 2H, CH), 4.10 (q,°J = 6.9 Hz,
2H, CH), 1.46-1.40 (m, 6H, 2 CHl
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3C-NMR (75.5 MHz, CDGJ):  (ppm) = 165.3 €=0), 160.3 C,), 157.9 C,), 149.9
(CHar), 138.6 Cg), 130.6 C,), 128.3 (2CH4), 120.3
(CHa), 119.0 CHa), 114.7 (2CHp;), 63.5 CH>), 61.8
(CH,), 14.8 CHs), 14.2 CHy).

M.p.: 58-59 °C

GC-MS (NM_50_S2): {=7.89 min (m/z = 271.1, 99 % VIBP).

Ethyl 5-(4-ethoxyphenyl)nicotinate (72d)

according to GP-5

100 mg (435 pmol, 1.00 eq) ethyl-5-bromonicoting@d), 72.2 mg (435 umol, 1.00 eq) 4-
ethoxyphenylboronic acifr1), 4.5 h reaction time, column chromatography (CB/&t 3:1,
size: 16.0 x 2.0 cm, 20 g silica gel).

Ci16H1703N [271.3]

yield: 108.4 mg (92 %), light yellow solid
R: (CH/ EtOAc 3:1): 0.32
'H-NMR (300 MHz, CDC})): 0 (ppm) = 9.13 (s, 1H, Ar-H), 9.00 (s, 1H, Ar-H)48.(s,

1H, Ar-H), 7.55 (d2J = 8.7 Hz, 2H, Ar-H), 7.01 (fJ =
8.7 Hz, 2H, Ar-H), 4.44 (o) = 7.2 Hz, 2H, CH), 4.09
(9,%)= 6.9 Hz, 2H, CH), 1.47-1.40 (m, 6H, 2 C#)l

¥C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 165.2 €=0), 159.5 C,-OCH,CHs), 150.7
(CHar), 148.1 CHar), 136.3 Cg), 134.9 CHa), 128.6
(Cg), 128.3 (2CHa;), 126.4 Cg), 115.2 (2CH4), 63.6
(CH,), 61.6 CH>), 14.8 CHs), 14.3 CHy).
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M.p.:
GC-MS (NM_50_S2):
HRMS (El):

78-81 °C

H=7.95 min (m/z = 271.1, 99 % VBP).

m/z calcd for GeH1703N [M]*: 271.1208; found
271.1208.

Ethyl 4" -ethoxybiphenyl-3-carboxylate (72¢€)

A

o)

A

100 mg (70.0 pL, 437 umol, 1.00 eq) ethyl-3-bronmdwate(70e) 72.5 mg (437 umol, 1.00
eq) 4-ethoxyphenylboronic ac{d@l), 7 h reaction time, column chromatography (CH/EtOA
15:1, size: 12.5 x 2.0 cm, 15 g silica gel).

yield:
R (CH/ EtOAC 15:1):
'H-NMR (300 MHz, CDC}):

13C-NMR (75.5 MHz, CDGJ):

M.p.:

109.5 mg (93 %), colorless solid

0.40
5 (ppm) = 8.25 (t*J = 1.5 Hz, 1H, Ar-H), 7.98 (d’J =
7.8 Hz, 1H, Ar-H), 7.74 (83 = 7.8 Hz, 1H, Ar-H), 7.56
(d, 33 = 9.0 Hz, 2H, Ar-H), 7.48 (£J = 7.8 Hz, 1H, Ar-
H), 6.98 (d3J=9.0 Hz, 2H, Ar-H), 4.41 (¢J = 7.2 Hz,
2H, CHp), 4.09 (9,23 = 6.9 Hz, 2H, CH)), 1.47-1.39 (m,
6H, 2 CH).
5 (ppm) = 166.6 C=0), 158.8 C,), 141.0 C), 132.5
(Cg), 131.0 Cy), 130.9 CHa), 128.7 CHa,), 128.2 (2
CHay), 127.7 CHa), 127.6 CHa), 114.8 (2CHp,), 63.8
(CH,), 61.0 CH>), 14.8 CHs), 14.3 CHy).
46-47 °C
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GC-MS (NM_50_S2): 4= 7.80 min (m/z = 270.1, 99 %VBP).
HRMS (El): m/z calcd for G;H1505 [M] *: 270.1256; found
270.1260.

Ethyl 5-(4-ethoxyphenyl)thiophene-2-carboxylate (72

according to GP-5:

185 mg (54.0 pL, 362 umol, 1.00 eq) ethyl-5-bronayphene-2-carboxylaté/0f), 60.1 mg
(362 umol, 1.00 eq) 4-ethoxyphenylboronic adidl), 14 h reaction time, column
chromatography (CH/EtOAc 15:1, size: 14.0 x 2.5 g silica gel).

Ci1sH1603S [276.3]

yield: 40.4 mg (40 %), colorless solid
Rr (CH/ EtOAc 15:1): 0.48
'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.73 (d2J = 3.9 Hz, 1H, Ar-H), 7.56 (dfJ =

8.7 Hz, 2H, Ar-H), 7.17 (3 = 3.9 Hz, 1H, Ar-H), 6.92
(d,3) = 8.7 Hz, 2H, Ar-H), 4.36 (¢%J = 7.2 Hz, 2H,
CHy), 4.07 (9,2) = 6.9 Hz, 2H, CH), 1.46-1.36 (m, 6H,
2 CHy).

¥C-NMR (75.5 MHz, CDGJ): d (ppm) = 162.4 €=0), 159.5 C,), 151.3 C,), 134.3
(CHar), 131.3 Cg), 127.5 (2CHp), 126.1 C,), 122.4
(CHar), 115.0 (2CHa/), 63.6 CH,), 61.0 CH.), 14.8
(CHs), 14.4 CHy).

M.p.: 59-61 °C
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GC-MS (NM_50_S2):

4= 8.05 min (m/z = 276.1, 99 %"VBP).

Ethyl 5-(4-ethoxyphenyl)-furane-2-carboxylate (729)

according to GP-5:

150 mg (685 pmol, 1.00 eq) ethyl-5-bromo-2-furo@@g), 114 mg (685 umol, 1.00 eq) 4-
ethoxyphenylboronic aci(Vl), 24 h reaction time, column chromatography (CHAtQO:1,
R;= 0.36, size: 14.5 x 2.5 cm, 20 g silica gel).

Ci5H1604 [260.3]
yield:

Rr (CH/ EtOAc 15:1):
'H-NMR (300 MHz, DMSO-g):

3C-NMR (75.5 MHz, DMSO-g):

M.p.:
GC-MS (NM_50_S2):

32.4 mg (18 %), light yellow solid

0.27
5 (ppm) = 7.70 (d3J = 8.7 Hz, 2H, Ar-H), 7.33 (fJ =
3.9 Hz, 1H, Ar-H), 6.00 (£J = 8.7 Hz, 2H, Ar-H), 6.95
(d, %) = 3.9 Hz, 1H, Ar-H), 4.28 (¢®J = 7.2 Hz, 2H,
CHy), 4.05 (0,2 = 6.9 Hz, 2H, CH), 1.34-1.26 (m, 6H,
2 CHy).
5 (ppm) = 159.5 €=0), 158.3 C,), 157.2 C,), 142.6
(Cg), 126.4 (2CHa), 121.7 Cg), 120.8 CHar), 115.2 (2
CHp), 106.5 CHa), 63.5 CH,), 60.8 CH,), 14.7
(CHs), 14.4 CHy).
69-71 °C

{=7.50 min (m/z = 260.1, 98 % VBP).
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HRMS (EI): m/z calcd for GsH1604 [M] *: 260.1049; found
260.1034.

Ethyl 6-(4-ethoxyphenyl)piperidin-2-carboxylate (73

0
o
NH

)

]

A 10 mL two-neck round-bottom flask was dried ungeccum, filled with nitrogen and
charged with 50.0 mg (185 pmol, 1.00 eq) ethyl @tf#oxyphenyl)picolinaté72b) dissolved

in 1.5 mL absolute EtOH and 0.5 mL absolute DCM06%g (295 pmol, 1.60 eq) platinum
oxide were added and the solution was degassedatyum/H cycles. The mixture was
stirred at rt for 27 h underzs$tream. GC-MS analysis showed full conversion%®@product)

of the starting material. After filtration through pad of celite under argon atmosphere,
elution with DCM and removal of the solvent undeduced pressure the crude product was
obtained. Final purification by column chromatodrgfCH/EtOAc 8:1, R=0.10, size 12.0 x
2.0 cm, 15 g silica gel) yielded the pure product.

Ci6H2303N [277.3]

yield: 30.1 mg (59 %), colorless solid
Rr (CH/ EtOAc 3:1): 0.42
'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.30 (d3J = 8.4 Hz, 2H, Ar-H), 6.85 (dfJ =

8.4 Hz, 2H, Ar-H), 4.22-4.13 (m, 2H, GH 4.02 (q,3) =
7.2 Hz, 2H, CH), 3.62-3.59 (m, 1H, CH), 3.49-3.45 (m,
1H, CH), 2.10-1.96 (m, 2H, GH 1.77-1.73 (m, 1H,
CH), 1.55-1.49 (m, 3H, CkI CH), 1.40 (t2J = 6.9 Hz,
CHs), 1.26 (3= 7.2 Hz, CH)).



6. Experimental section 268

3C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 173.0¢=0), 158.1 Cy), 136.7 C,), 127.8 (2
CHa), 114.3 (2CHp), 63.4 CHy), 61.2 CH), 60.8
(CH.), 59.9 CH), 34.1 CH.), 28.4 CH.), 25.0 CH,),
14.9 CHs), 14.2 CHa).

M.p.: 32-34 °C

GC-MS (NM_50_S2): 4= 7.552 min (m/z = 277.1, 99 %'VBP: 161.1).

HRMS (El): m/z calcd for GgH230sN [M] *: 277.1678; found
277.1690.

1-Azido-4-ethoxybenzene (74}

N3
/\O/©/

A 25 mL one-neck round-bottom flask was chargedh 260 mg (240 pL, 1.82 mmol, 1.00
eq) p-phenetiding49a) and a mixture of 0.5 mL water and 0.91 mL concl.H® this rose-
grey suspension an aqueous solution of 189 mg (amdl, 1.50 eq) NaN©in 0.5 mL water
was added and the brown solution was stirred ircarbath for 1 h. Addition of an aqueous
solution of 237 mg (3.65 mmol, 2.00 eq) sodium ezid 1.4 mL water at O °C resulted in a
light brown solution, which was stirred first at°G for 30 min and then at rt for 1h. TLC
analysis (CH/EtOAc 3:1) indicated full conversiohtloe starting material. The mixture was
neutralized with solid KHC®and the aqueous layer was extracted wid®©ER x 10 mL).
The combined organic layers were dried over Mg3@d concentrated under reduced
pressure. Final purification by column chromatogsafCH, R = 0.19, size: 9.0 x 2.0 cm, 10
g silica gel) yielded the pure product.

CsHsON; [163.2]

yield: 250.0 mg (84 %), orange-brown liquid

Rs (CH/ EtOACc 3:1): 0.60

IR: v =2102 cnt (s, Ny)

'H-NMR (300 MHz, CDCY): 5 (ppm) = 6.96-6.86 (m, 4H, Ar-H), 4.00 &= 6.9 Hz,

2H, CHy), 1.41 (23 = 6.9 Hz, 3H, CH).
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¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 156.3C-OCH,CHs), 132.1 C¢-N3), 119.9 (2
CHar), 115.7 (2CHa), 63.8 CH>), 14.8 CHa).
GC-MS (NM_50_S2): £ =5.07 min (m/z = 163.1, 98 % VBP: 107.1).

Ethyl 1-(4-ethoxyphenyl)-1H-1,2,3-triazol-4-carboxylate (76)

A 10 mL one-neck round-bottom flask was chargechwlioO mg (613 pmol, 1.00 eq) 1-
azido-4-ethoxybenzen@4) and 2.5 ml ACN. To this orange solution 60.2 mg.Q6uL, 613
pmol, 1.00 eq) ethylpropiolat@5) were added. Afterwards an aqueous solution of 8¥g3
(123 pmol, 0.20 eq) sodium ascorbate in 0.1 mL mases added at first and than an aqueous
solution of 10.7 mg (43 pumol, 0.07 eq) CuS®H,0 in 0.1 mL water. The yellow solution
was stirred at rt for 15.5 h, during which the sl turned orange. GC-MS analysis showed
full conversion (92 % product) of the starting mietle The mixture was concentrated under
reduced pressure, the residue was dissolved inLLD@M and extracted with water (2 x 10
mL). The organic layer was dried over JS&, and concentrated at the rotary evaporator.
Final purification by column chromatography (CH/B&® size: 16.0 x 2.0 cm, 25 g silica gel)

yielded the pure title compound.

Ci3H1503N3 [261.3]

yield: 127.0 mg (79%), light yellow solid
Rf (CH/ EtOAc 3:1): 0.25
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.41 (s, 1H, Ar-H), 7.63 (d) = 9.0 Hz, 2H,

Ar-H), 7.01 (d,%J = 9.0 Hz, 2H, Ar-H), 4.45 (/) = 7.2
Hz, 2H, CH), 4.08 (9,23 = 6.9 Hz, 2H, CH), 1.47-1.40
(m, 6H, 2 CH).
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3C-NMR (75.5 MHz, CDGJ):  (ppm) = 160.7 €=0), 159.7 C,), 140.6 Cg), 129.5
(Cg), 125.5 CHpr), 122.4 (2CHa,), 115.4 (2CHg/), 64.0
(CH,), 61.4 CH,), 14.7 CHs), 14.3 CH>).

M.p.: 118-119 °C

GC-MS (NM_50_S2): £ =8.10 min (m/z = 261.1, 99 % 'VBP: 132).

Ethyl 5/3-bromo-1H-pyrrole-2-carboxylate (78)!*?°

—
—

X _NH HN\

N
Br Br

A 250 mL Schlenk tube was dried under vacuum,dilMth nitrogen and charged with 1.00 g
(7.19 mmol, 1.00 eq) ethyl pyrrole-2-carboxyld#r), 24 mL absolute THF and 12 mL
absolute MeOH. The mixture was cooled to 0 °C a28 3 (7.19 mmol, 1.00 edy-bromo-
succinimide were added. The yellow solution wasediat rt for 8 h, during which the color
turned to colorless. GC-MS analysis indicated 98®version of the starting material. The
reaction mixture was hydrolyzed by 50 mL waterugitl with 40 mL EtOAc and transferred
to a seperation funnel. The layers were separatedre aqueous layer was concentrated. The
residue was dissolved in water and EtOAc, the lyesgre separated and the organic layer
was combined with the first one. The combined oigadayers were washed with 40 mL
brine, dried over MgS©and concentrated under reduced pressure. Findicption by
column chromatography (CH/EtOAc 8:1, size: 4.5 x02&m, 150 g silica gel) led to the

isolation of two compounds.

Ethyl 5-bromo-1H-pyrrole-2-carboxylate (78a)
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C7HsO-NBr [218.0]

yield:
Rr (CH/ EtOAc 8:1):
'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_50_S2):

733.8 mg (47 %), colorless solid

0.39
5 (ppm) = 9.87 (bs, 1H, NH), 6.84-6.82 (m, 1H, Ar:H)
6.22-6.20 (M, 1H, Ar-H), 4.35 (4 = 7.2 Hz, 2H, CH),
1.36 (t,%J= 7.2 Hz, 3H, CH).
5 (ppm) = 160.6 €=0), 124.1 C-Br), 116.6 CHa),
112.6 CHar), 105.0 Cg), 60.7 CH,), 14.4 CHb).

85-87 °C

£ =5.32 min (m/z = 218.0, 93 % VBP: 173.0).

Ethyl 3-bromo-1H-pyrrole-2-carboxylate (78b)

C7HsO-NBr [218.0]

yield:
Rr (CH/ EtOAc 8:1):
'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

GC-MS (NM_50_S2):

693.3 mg (44 %), colorless solid

0.24
0 (ppm) = 9.58 (bs, 1H, NH), 6.97-6.89 (m, 2H, Ar;H)
4.32 (9,2 = 7.2 Hz, 2H, CH), 1.35 (t,*J = 7.2 Hz, 3H,
CHs).
5 (ppm) = 160.5 €=0), 123.3 C4-Br), 122.6 CHa),
116.7 CHar), 97.7 Cq), 60.8 CHy), 14.3 CHy).

£ =5.68 min (m/z = 218.0, 83 % VBP: 173.0).
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Ethyl 5-(4-ethoxyphenyl)-H-pyrrole-2-carboxylate (79a)

according to GP-5:

150 mg (688 pmol, 1.00 eq) ethyl 5-bromia-fyrrole-2-carboxylatg78a) 171 mg (1.03
mmol, 1.50 eq) 4-ethoxycarbonylphenylboronic a¢id), reaction over night, column
chromatography (CH/EtOAc 8:1, size: 16.0 x 2.0 261 silica gel).

C1sH1703N [259.0]

yield: 112.5 mg (63 %), light brown solid

Rf (CH/ EtOAc 8:1): 0.26

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 11.93 (s, 1H, NH), 7.77 (& = 8.7 Hz, 2H,
Ar-H), 6.93 (d,%J = 8.7 Hz, 2H, Ar-H), 6.83-6.81 (m,
1H, Ar-H), 6.52-6.50 (m, 1H, Ar-H), 4.24 (4) = 6.9
Hz, 2H, CH), 4.04 (q,2) = 7.2 Hz, 2H, CH), 1.35-1.27
(m, 6H, 2 CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 160.3¢=0), 157.8 C4-0), 137.2 Cy), 126.5
(2 CHar), 123.9 Cy), 122.4 Cy), 116.6 CHa), 114.4 (2
CHpr), 106.6 CHa), 63.0 CH2), 59.3 CHy), 14.6
(CHs), 14.4 CHy).

M.p.: 148-150 °C
GC-MS (NM_50_S2): {=7.79 min (m/z = 259.1, 98 % MBP: 213.1).
HRMS (El): m/z calcd for GsH170sN [M]*: 259.1208; found

259.1232.
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Ethyl 3-(4-ethoxyphenyl)-H-pyrrole-2-carboxylate (79b)

according to GP-5:

150 mg (688 pmol, 1.00 eq) ethyl 3-bromid-fhyrrole-2-carboxylat¢78b), 171 mg (1.03
mmol, 1.50 eq) 4-ethoxycarbonylphenylboronic g@itl), reaction over night, column
chromato-graphy (CH/EtOAc 8:1, size: 16.0 x 2.0 2&ng silica gel).

C1sH1703N [259.0]

yield: 81.2 mg (46 %), light yellow solid

Rf (CH/ EtOAc 8:1): 0.16

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 11.94 (s, 1H, NH), 7.52 (] = 8.7 Hz, 2H,
Ar-H), 7.39 (bs, 1H, Ar-H), 7.08 (bs, 1H, Ar-H),%7. (d,
3) = 8.7 Hz, 2H, Ar-H), 4.25 (¢#J = 6.9 Hz, 2H, CH),
4.00 (q,% = 7.2 Hz, 2H, CH), 1.34-1.27 (m, 6H, 2
CHb).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 160.3¢=0), 156.7 C4-0), 127.0 C), 125.8
(2 CHar), 124.8 Cy), 122.6 Cg), 120.2 CHar), 114.5 (2
CHp), 111.4 CHa), 62.8 CH2), 59.5 CHy), 14.6
(CHs), 14.3 CHy).

M.p.: 152-154 °C

GC-MS (NM_50_S2): d=7.99 min (m/z = 259.1, 99 % VBP: 213.1).
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6.3.6. Synthesis of different biaryls keeping the ethylest substituted phenyl ring

Ethyl 4" -hydroxybiphenyl-3-carboxylate (82a)

o

OH

according to GP-5:

250 mg (170 pL, 1.09 mmol, 1.00 eq) ethyl-3-brommate(80), 151 mg (1.09 mmol, 1.00
eq) 4-hydroxyphenylboronic aci@la) 5 h reaction time, column chromatography (1.
CH/EtOAc 30:1, 2. CH/EtOAc 9:1, size: 23.0 x 1.0,dM g silica gel).

C15H1405 [242.3]

yield: 57.9 mg (22 %), beige solid

Rf (CH/ EtOAc 3:1): 0.40

'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.24 (t}J = 1.5 Hz, 1H, Ar-H), 8.00-7.97 (m,

1H, Ar-H), 7.75-7.71 (m, 1H, Ar-H), 7.53-7.46 (mH3

Ar-H), 6.95 (d,®J = 8.7 Hz, 2H, Ar-H), 5.34 (bs, 1H,
OH), 4.42 (933 = 7.2 Hz, 2H, CH2), 1.42 (})= 7.2 Hz,
3H, CHp).

3C-NMR (75.5 MHz, CDGJ): > (ppm) = 166.9 €=0), 155.6 C,OH), 141.0 C),
132.8 Cg), 131.0 CHa), 130.9 C,), 128.8 CHa),
128.4 (2CHa/), 127.8 CHa), 127.7 CHa), 115.7 (2
CHa), 61.2 CHy), 14.3 CH2).

M.p.: 116-118 °C
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Ethyl 4’ -methoxybiphenyl-3-carboxylate (82b)

according to GP-5:

DS

N

150 mg (100 pL, 655 pmol, 1.00 eq) ethyl-3-bromaoate(80), 99.5 mg (655 pmol, 1.00
eq) 4-methoxyphenylboronic aci(B1b), 5.5 h reaction time, column chromatography
(CH/EtOAC 9:1, size: 14.0 x 2.0 cm, 20 g silica)gel

C1eH1603 [256.3]

yield:

R: (CH/ EtOAC 9:1):
'H-NMR (300 MHz, CDC}):

13C-NMR (75.5 MHz, CDGJ):

GC-MS (NM_50_S2):

110.4 mg (66 %), light yellow oil

0.42

5 (ppm) = 8.24 (t}J = 1.5 Hz, 1H, Ar-H), 8.00-7.97 (m,
1H, Ar-H), 7.76-7.72 (m, 1H, Ar-H), 7.57 (d) = 8.7
Hz, 2H, Ar-H), 7.48 (t3J = 7.8 Hz, 1H, Ar-H), 7.00 (d,
3) = 8.7 Hz, 2H, Ar-H), 4.41 (¢#J = 7.2 Hz, 2H, CH),
3.86 (s, 3H, OCh), 1.42 (131 = 7.2 Hz, 3H, CH).
5 (ppm) = 166.6 €=0), 159.4 C,-OCHy), 141.0 Cy),
132.7 Cy), 130.9 CHa/), 128.7 CHar), 128.2 (2CHap),
127.7 CHa), 127.6 CHay), 114.3 (2CHp,), 61.0 CH>),
55.3 (QCHs), 14.3 CHa).

{=7.63 min (m/z = 256.1, 99 % VIBP).
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Ethyl-biphenyl-3-carboxylate (82c)

e

150 mg (100 pL, 655 pmol, 1.00 eq) ethyl-3-bromaoate(80), 79.8 mg (655 pmol, 1.00
eq) phenylboronic aci{B1c), 4.5 h reaction time, column chromatography (CBI&t 50:1,
size: 13.0 x 2.0 cm, 20 g silica gel).

C1sH140, [226.3]

yield: 73.8 mg (50 %), colorless oil
Rs (CH/ EtOAc 50:1): 0.31
'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.29-8.28 (m, 1H, Ar-H), 8.04 = 7.8 Hz,

1H, Ar-H), 7.78 (d,J = 7.8 Hz, 1H, Ar-H), 7.65-7.62
(m, 2H, Ar-H), 7.54-7.45 (m, 3H, Ar-H), 7.41-7.36(
1H, Ar-H), 4.42 (9,3) = 7.2 Hz, 2H, CH), 1.42 (1,3 =
7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, CDGJ): d (ppm) = 166.5 C=0), 141.4 C,), 140.2 C,), 131.4
(CHar), 131.0 Cg), 128.8 (2CHp), 128.7 CHa), 128.3
(CHar), 128.2 CHa;), 127.7 CHa/), 127.2 (2CHa),
61.1 CH,), 14.3 CHa).

GC-MS (NM_50_S2): {=6.90 min (m/z = 226.1, 99 % YBP: 181.1).
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Ethyl 4°-(dimethylamino)biphenyl-3-carboxylate (829

according to GP-5:

150 mg (100 pL, 655 pmol, 1.00 eq) ethyl-3-bromaate(80), 108 mg (655 umol, 1.00
eq) 4-(dimethylamino)phenylboronic adi@ld), 26 h reaction time, column chromatography
(CH/EtOAC 19:1, size: 14.0 x 2.0 cm, 25 g silicd ge

C17H160,N [269.3]

yield: 135.9 mg (77 %), colorless solid
Rs (CH/ EtOAC 19:1): 0.24
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.26 (s, 1H, Ar-H), 7.94 (4) = 7.8 Hz, 1H,

Ar-H), 7.74 (d,%J = 7.8 Hz, 1H, Ar-H), 7.55 (3= 9.0
Hz, 2H, Ar-H), 7.46 (13 = 7.8 Hz, 1H, Ar-H), 6.82 (d,
3)=9.0 Hz, 2H, Ar-H), 4.41 (¢J = 7.2 Hz, 2H, CH),
3.01 (s, 6H, 2 Ch), 1.42 (t2J= 7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 166.8C=0), 150.2 C4-N(CHz)), 141.4 Cy),
130.8 Cg), 130.4 CHa), 128.6 CHa), 128.0 Cy),
127.7 (2CHp), 127.2 CHa), 127.0 CHp), 112.7 (2
CHa), 60.9 CHy), 40.5 (NCHs),), 14.4 CHa).

M.p.: 79-81 °C
GC-MS (NM_50_S2): £=8.29 min (m/z = 269.1, 99 %"VBP).
HRMS (El): m/z calcd for G;H190,N [M]*: 269.1416; found

269.1421.
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Ethyl 3-(6-ethoxypyridine-3-yl)-benzoate (82e)

0
o

A

/
z

according to GP-5:

150 mg (100 pL, 655 pmol, 1.00 eq) ethyl-3-bromaoate(80), 109 mg (655 umol, 1.00
eq) 4-ethoxypyridine-3-boronic aci@le) 5 h reaction time, column chromatography
(CH/EtOAC 9:1, R=0.35, size: 17.0 x 2.0 cm, 25 g silica gel).

CieH170sN [271.3]

yield: 90.5 mg (51 %), colorless solid
Rs (CH/ EtOACc 3:1): 0.65
'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.40 (d¥J = 1.5 Hz, 1H, Ar-H), 8.20 (s, 1H,

Ar-H), 8.02 (d,°J = 7.8 Hz, 1H, Ar-H), 7.85 (dd) = 8.4
Hz,*J = 2.4 Hz, 1H, Ar-H), 7.70 (m, 1H, Ar-H), 7.51 (t,
3)= 7.8 Hz, 1H, Ar-H), 6.84 (fJ = 8.7 Hz, 1H, Ar-H),
4.46 (M, 4H, 2 Ch), 1.46-1.39 (m, 6H, 2 CHl

3C-NMR (75.5 MHz, CDGJ): > (ppm) = 166.4 C=0), 163.4 C,-OCH,CHz), 144.7
(Cy), 138.0 Cy), 137.7 Cy), 131.2 CHa,), 130.8 CHay),
129.0 CHa), 128.4 CHa), 127.7 CHa), 111.2 CHa)),
62.3 CH,), 61.1 CH.), 14.6 CHs), 14.3 CH>).

M.p.: 68-70 °C
GC-MS (NM_50_S2): d=7.64 min (m/z = 271.1, 99 % VBP: 256.1).
HRMS (El): m/z calcd for GgH170sN [M]*: 271.1208; found

271.1220.
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Ethyl 4 -nitrobiphenyl-3-carboxylate (82f)

oy

NO,

according to GP-5:

150 mg (100 pL, 655 pmol, 1.00 eq) ethyl-3-bromaoate(80), 115 mg (655 umol, 1.00
eq, 95 % purity) 3-thienylboronic aci@1f), 4 h reaction time, column chromatography
(CH/EtOAC 19:1, size: 15.0 x 2.0 cm, 20 g silicd ge

C1sH1304N [271.2]

yield: 129.4 mg (73 %), light yellow solid
Rs (CH/ EtOAC 19:1): 0.25
'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.33-8.30 (m, 3H, Ar-H), 8.12 (= 7.8 Hz,

1H, Ar-H), 7.82-7.76 (m, 3H, Ar-H), 7.58 &) = 7.8 Hz,
1H, Ar-H), 4.42 (9 ) = 7.2 Hz, 2H, CH), 1.43 (t,3) =
7.2 Hz, 3H, CH).

3C-NMR (75.5 MHz, CDGJ): > (ppm) = 166.1 €=0), 147.3 C4NO,), 146.5 Cy),
139.0 Cg), 131.5 CHa), 131.5 C,), 129.8 CHa),
129.2 CHar), 128.4 CHa)), 127.9 (2CHy), 124.2 (2
CHar CH), 61.3 CH,), 14.3 CHy).

M.p.: 84-86 °C
GC-MS (NM_50_S2): d=8.16 min (m/z = 271.1, 99 % VBP: 226.1).
HRMS (El): m/z calcd for GgH230sN [M]*: 271.0845; found

271.0847.
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Ethyl 3-(pyridine-4-yl)-benzoate (829)

according to GP-5:

150 mg (100 pL, 655 pumol, 1.00 eq) ethyl-3-bromaoate(80), 80.5 mg (655 pmol, 1.00
eq) 4-pyridineboronic aci(B1g), 24 h reaction time. silica gel filtration (CH/EA0 1:1, size:

7.0 x 3.0 cm).
C14H130:N [227.3]
yield:

Rr (CH/ EtOAC 1:1):
'H-NMR (300 MHz, CDC}):

¥C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_50_S2):

128.9 mg (87 %), brown soild

0.26
o (ppm) = 8.72-8.71 (m, 2H, Ar-H), 8.31 (s, 1H, Aj);H
8.11 (d,3) = 7.8 Hz, 1H, Ar-H), 7.83 (fJ = 7.8 Hz, 1H,
Ar-H), 7.59-7.54 (m, 3H, Ar-H), 4.41 (¢J = 7.2 Hz,
2H, CHp), 1.42 (13 = 7.2 Hz, 3H, CH).
5 (ppm) = 166.0 €=0), 150.0 (2CHx/), 147.6 Cy),
138.3 Cg), 131.5 Cg), 131.2 CHa), 130.1 CHa),
129.2 CHar), 128.1 CHa), 121.8 (2CHa;), 61.3 CH>),
14.3 CHa).

52-53 °C

d=7.11 min (m/z = 227.1, 99 %VBP: 182.1).
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Ethyl 3-(thiophene-3-yl)benzoate (82h)

according to GP-5:

150 mg (100 pL, 655 pmol, 1.00 eq) ethyl-3-bromaoate(80), 83.8 mg (655 pmol, 1.00
eq) 3-thienylboronic aci¢B1h), 5 h reaction time, column chromatography (CH/Et(8:1,
size: 16.0 x 2.0 cm, 25 g silica gel).

C1aH120,S [232.3]

yield: 137.1 mg (90 %), light yellow solid
Rs (CH/ EtOAc 50:1): 0.26
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.28 (s, 1H, Ar-H), 7.97 (d) = 7.8 Hz, 1H,

Ar-H), 7.78 (d,3) = 7.8 Hz, 1H, Ar-H), 7.54-7.53 (m,
1H, Ar-H), 7.49-7.42 (m, 3H, Ar-H), 4.41 ({) = 7.2
Hz, 2H, CH), 1.42 (t3J= 7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ): o (ppm) = 166.5 ¢=0), 141.3 Cy), 136.0 Cg), 131.0
(Cqy), 130.6 CHar), 128.8 CHar), 128.1 CHa), 127.4
(CHa/), 126.5 CHa), 126.2 CHa), 121.0 CHa,), 61.1
(CHy), 14.3 CHy).

M.p.: 44 °C

GC-MS (NM_50_S2): {=7.02 min (m/z = 232.1, 99 % VBP).



6. Experimental section 282

Ethyl 3-(thiophene-2-yl)benzoate (82i)

according to GP-5:

150 mg (100 pL, 655 pumol, 1.00 eq) ethyl-3-bromaoate(80), 83.8 mg (655 pmol, 1.00
eq) 2-thienylboronic aciq81i), 8.5 h reaction time, column chromatography (CB/Akt
50:1, size: 15.0 x 2.0 cm, 20 g silica gel).

C1aH1,05S [232.3]

yield: 128.7 mg (85 %), yellow liquid
Rs (CH/ EtOAc 50:1): 0.29
'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.29 (s, 1H, Ar-H), 7.96 (@) = 7.8 Hz, 1H,

Ar-H), 7.79 (d,3) = 7.8 Hz, 1H, Ar-H), 7.48-7.38 (m,
2H, Ar-H), 7.33-7.31 (m, 1H, Ar-H), 7.12-7.09 (mH1
Ar-H), 4.42 (q,3) = 7.2 Hz, 2H, CH), 1.42 (1,30 =7.2
Hz, 3H, CH).

3C-NMR (75.5 MHz, CDGJ):  (ppm) = 166.3 C=0), 143.2 C,), 134.7 C,), 131.2
(Cg), 130.1 CHa), 128.9 CHa/), 128.3 CHa), 128.1
(CHp), 126.8 CHar), 125.4 CHp), 123.7 CHa), 61.1
(CH,), 14.3 CHy).

GC-MS (NM_50_S2): {=6.98 min (m/z = 232.1, 95 %VIBP).
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BP-13: Ethyl 4'-methylbiphenyl-3-carboxylate (82))

according to GP-5:

Cr

1.13 g (790 pL, 4.93 mmol, 1.00 eq) ethyl-3-bromatmate(80), 737 mg (5.42 mmol, 1.10
eq) p-tolylboronic acid(81j), 4 h reaction time, column chromatography (CH/EtCE0:1,

size: 25.0 x 3.0 cm, 110 g silica gel).

C16H150, [240.3]

yield:
Rs (CH/ EtOAc 50:1):
'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

GC-MS (NM_50_S2):

991.1 mg (84 %), light yellow liquid

0.27
5 (ppm) = 8.07-8.06 (m, 1H, Ar-H), 7.80 (dtl = 1.2
Hz, %) = 7.8 Hz, 1H, Ar-H), 7.56 (dd'J = 1.2 Hz,3) =
7.8 Hz, 1H, Ar-H), 7.34-7.29 (m, 3H, Ar-H), 7.07,@
= 7.8 Hz, 2H, Ar-H), 4.20 (dJ = 7.2 Hz, 2H, CH), 2.20
(s, 3H, CH), 1.21 (t,°J = 7.2 Hz, 3H, CH).
5 (ppm) = 166.6 C=0), 141.3 C,), 137.5 C,), 137.3
(Cg), 131.2 CHa,), 131.0 Cg), 129.6 (2CHa,), 128.7
(CHar), 128.0 (2CHa;), 127.0 (2CHp), 61.0 CHo),
21.1 CHa), 14.3 CHa).

{=7.21 min (m/z = 240.2, 99 % VIBP).
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Ethyl 3-iodobenzoate (84)

A 100 mL Schlenk tube was charged with 1.88 g (f%8ol, 1.00 eq) 3-iodobenzoic acid
(83), 6.2 ml EtOH and 1.2 mL (22.7 mmol, 3.00 eq) cdisSO,. The solution was refluxed
for 2.5 h. GC-MS analysis and TLC analysis indiddtdl conversion of the starting material.
The mixture was concentrated under reduced pressuréhe residue was dissolved in 25 mL
EtOAc. The organic layer was washed with saturampaeous NaHC®solution, dried over
MgSQO, and concentrated under reduced pressure. FindicBtion by column chromato-
graphy (CH-> CH/EtOAc 10:1-> 8:1, size: 12.0 x 2.5 cm, 10 g silica gel) yieldbed pure

product.
CoHoOsl [276.1]

yield: 1.8 g (86 %), yellow oll

Rt (CH): 0.47

'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.38 (t’J = 1.5 Hz, 1H, Ar-H), 8.02-7.99 (m,
1H, Ar-H), 7.89-7.86 (m, 1H, Ar-H), 7.18 {) = 8.1 Hz,
1H, Ar-H), 4.38 (q2J = 7.2 Hz, 2H, CH)), 1.39 (t31=7.2
Hz, 3H, CH).

3C-NMR (75.5 MHz, CDGJ)): & (ppm) = 165.1 €=0), 141.6 CHa/), 138.4 CHa),
132.4 Cg), 130.0 CHa), 128.7 CHa), 93.7 Cq-l), 61.4
(CH,), 14.3 CHa).

GC-MS (NM_50_S2): r £ 5.89 min (m/z = 276.0, 99 % VBP: 231.0).
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Ethyl 4’ -bromo-(1,1 -biphenyl)-3-carboxylate (82k)

7

Br

A 100 mL Schlenk tube was charged with 1.79 g (6rd8ol, 1.00 eq) ethyl 3-iodobenzoate
(84), 1.30 g (6.48 mmol, 1.00 eq) 4-bromophenylbora@aicl (81k), 375 mg (324 umol, 0.05
eq) Pd[PP¥j4, 32.6 mL absolute toluene and 18 mL EtOH. The snsjon was degassed by
vacuum/N cycles and 5.4 mL of a 4 M aqueous,8@; solution was added. The solution
was stirred at 80 °C for 22 h. GC-MS analysis iatkd full conversion of the starting
material. The mixture was diluted with 50 mL EtOAand 50 mL water. The layers were
separated. The organic layer was washed with K@ne 50 mL), dried over MgSfand
concentrated under reduced pressure. Final Purifitaby column chromatography
(CH/EtOAC 50:1, size: 23.0 x 5.5 cm, 80 g silicd) geelded the pure product.

Cl5H1302Br [2703]

yield: 0.4 g (72 %), colorless solid
Rs (CH/ EtOAc 50:1): 0.17
'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.24 (s, 1H, Ar-H), 8.05 (d) = 7.8 Hz, 1H,

Ar-H), 7.75-7.73 (m, 1H, Ar-H), 7.61-7.58 (m, 2Hr-A

H), 7.54-7.48 (m, 2H, Ar-H), 7.34 (m, 1H, Ar-H),42
(9,3 = 7.2 Hz, 2H, CH)), 1.42 (3= 7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 166.4C=0), 140.2 C), 139.1 Cy), 132.0 (2
CHar), 131.2 Cg), 131.2 CHa,), 128.9 CHa,), 128.7 (2
CHar), 128.7 CHar), 128.0 CHa,), 122.1 C4-Br), 61.2
(CH,), 14.4 CHs).

M.p.: 56 °C

GC-MS (NM_50_S2): d=7.71 min (m/z = 305.0, 99 % VBP: 152.1).
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Ethyl 4°-(pyrrolidin-1-yl)-(1,1 -biphenyl)-3-carboxylate (85a)

DS

N

O

A 15 mL Schlenk tube was dried under vacuum, fillgth nitrogen and charged with 1.10
mg (1.23 pmol, 0.5 mol %) R@ba), 1.10 mg (1.85 pmol, 0.75 mol %) (£)-BINAP, 33.3m
(305 pmol, 1.40 eq) sodiutart-butoxide and 0.5 mL anhydrous toluene. Afterwat8l® mg
(246 pmol, 1.00 eq) ethyl 4 -bromo-(1,1 -bipher3dgarboxylate(82k), 21.0 mg (24.2 uL,
295 umol, 1.20 eq) pyrrolidine and 1.0 ml anhydrtalsene were added. The solution was
degassed by vacuunmyMycles and stirred at 80 °C for 22 h. TLC analysicated full
conversion of the starting material. The yellowusioin was hydrolyzed by 5 mL water and
diluted with 2 mL brine and 5 mL ED. The layers were separated and the organic lager
washed with water (2 x 5 mL), dried over MgsS&nhd concentrated under reduced pressure.
Final purification by column chromatography (CH/B&©50:1, size: 16.0 x 2.5 cm, 15 g

silica gel) yielded the pure product.
C19H210:N [295.4]

yield: 9.2 mg (13 %), beige solid

Rr (CH/ EtOAc 50:1): 0.38

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 8.10 (s, 1H, Ar-H), 7.87-7.79 (m, 2H, Aj;H
7.56-7.53 (m, 3H, Ar-H), 6.64 (dJ = 8.7 Hz, 2H, Ar-
H), 4.34 (9,°J = 7.2 Hz, 2H, CH), 3.28 (t,%J = 6.3 Hz,
4H, 2 CH), 1.97 (t, 4H, 2 Ch), 1.34 (133 =7.2 Hz, 3H,
CHb).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 165.8 €=0), 147.4 C,), 140.9 C,), 130.4
(Cq), 129.9 CHar), 129.1 CHa), 127.2 (2CH4), 126.2
(CHar), 125.5 CHa), 125.3 Cg), 112.0 (2CHa/), 60.7
(CH,), 47.2 (2CH,), 24.9 (2 CH), 14.1 CHa).
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GC-MS (NM_50_S2): £=9.81 min (m/z = 295.1, 99 %" MBP: 207.0).

Ethyl 4°-(piperidin-1-yl)-(1,1 -biphenyl)-3-carboxylate (85b)

S

N

(]

A 15 mL Schlenk tube was dried under vacuum, fillgth nitrogen and charged with 1.50
mg (1.64 pmol, 0.5 mol %) R@ibay, 3.10 mg (4.92 pumol, 1.5 mol %) (x)-BINAP, 44.1 mg
(460 umol, 1.40 eq) sodiutert-butoxide and 2.0 mL absolute toluene. Afterwar@® ing
(328 pmol, 1.00 eq) ethyl 4 -bromo-(1,1 -bipher3dgarboxylate(82k), 33.5 mg (38.9 L,
394 umol, 1.20 eq) piperidine and 3.0 ml absolotaene were added. The solution was
degassed by vacuunyNycles and stirred at 80 °C for 23 h. TLC analysdicated no full
conversion of the starting material. The tempemtuas increased to 125 °C and after further
17.5 h stirring the orange solution was filtratecbtigh a pad of celite and eluted with 5 mL
EtOAc and 10 mL DCM. The solvent was removed undtuced pressure and final
purification by column chromatography (CH/EtOAc 563> 19:1, size: 18.5 x 2.0 cm, 18 g
silica gel) yielded the pure product.

CaoH250:N [309.4]

yield: 5.7 mg (6 %), yellow solid

R (CH/ EtOAC 19:1): 0.15

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 8.11 (d*J = 1.5 Hz, 1H, Ar-H), 7.89-7.83 (m,
2H, Ar-H), 7.58-7.53 (m, 3H, Ar-H), 7.03 (d) = 8.7
Hz, 2H, Ar-H), 4.34 (q3J = 6.9 Hz, 2H, CHj), 3.23-3.20
(m, 4H, 2 CH), 1.62-1.57 (m, 6H, 3 CHi 1.34 (t,) =
6.9 Hz, 3H, CH).
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C-NMR (75.5 MHz, DMSO-g): & (ppm) = 165.7 €=0), 151.1 C,), 140.5 C), 130.4
(Cg), 130.3 CHar), 129.2 CHa), 127.1 (2CHp), 126.7
(CHar), 125.9 CHa,), 115.7 (2CHa;), 60.7 CH.), 48.9
(2 CH,), 25.0 (2 CH), 23.8CHy), 14.1 CHs).

M.p.: 97-99 °C

GC-MS (NM_50_S2): £=9.84 min (m/z = 309.1, 99 % VBP: 207.0).

Ethyl 4°-(bromomethyl)biphenyl-3-carboxylate (86)

Cr

Br

A 100 mL two-neck round-bottom flask with reflux ratenser and pressure compensation
was flushed with argon and charged with 953 mg6(3rimol, 1.00 eq) ethyl 4'-methyl-
biphenyl-3-carboxylat¢82j) and 16 mL CCl After addition of 776 mg (4.36 mmol, 1.10 eq)
N-bromosuccinimide and 57.6 mg (238 umol, 0.06 eilperdzoylperoxide the yellow
suspension was refluxed for 4 h. GC-MS analysisveldo95 % conversion of the starting
material. The mixture was filtered through a futtRinnel and the filtrate was concentrated
under reduced pressure. Final purification by callehromatography (CH/EtOAc 60:1, size:
18.0 x 2.5 cm, 30 g silica gel) yielded the pureduoict.

C16H150,Br [319 . 2]

yield: 1.02 g (80 %), colorless solid
R¢ (CH/ EtOAc 60:1): 0.31
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.27 (s, 1H, Ar-H), 8.07-8.03 (m, 1H, A);H

7.77 (dd,*3 = 1.2 Hz,*J = 7.8 Hz, 1H, Ar-H), 7.66-7.48
(m, 5H, Ar-H), 4.56 (s, 2H, C}), 4.42 (9,) = 7.2 Hz,
2H, CHp), 1.42 (13 = 7.2 Hz, 3H, CH).
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¥C-NMR (75.5 MHz, CDGJ):  (ppm) = 166.4 C=0), 140.6 C,), 140.3 C,), 137.3
(Cg), 131.3 CHa), 131.1 Cg), 129.6 (2CHa), 128.9
(CHp), 128.6 CHa/), 128.2 CHa), 127.6 (2CHa),
61.1 CH,), 33.1 CHy), 14.3 CH>).

M.p.: 54-57 °C

GC-MS (NM_50_S2): £ =8.23 min (m/z = 319.1, 97 % VBP: 239.1).

General Procedure (GP-8):

Two Schlenk tubes were dried in vacuum and flusiwti nitrogen. The first tube was
charged with 75.0 mg (235 pmol, 1.00 eq) ethylbtohomethyl)biphenyl-3-carboxylate and
0.45 mL absolute THF. The solution was cooled t8C0 The second Schlenk tube was
charged with 470 umol (2.00 eq) amine and 0.25 bdolute THF, which was then added to
the cooled substrate solution. The suspension wasdsat rt for 2 h. GC-MS analysis
indicated full conversion of the starting materihe mixture was transfered in a one-neck
round-bottom flask and concentrated under reducedspre. Final purification by column
chromatography yielded the pure product.

Ethyl 4°-(pyrrolidin-1-ylmethyl)biphenyl-3-carboxyl ate (87a)

Ohe
O
according to GP-8:
33.4 mg (38.6 puL, 470 pmol) pyrrolidine, column amatography (1. CH/EtOAc 19:1, 2.

EtOH, size: 6.0 x 3.5 cm).

CaoH250:N [309.4]
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yield: 20.0 mg (28 %), yellow solid

R¢ (EtOH): 0.39

'H-NMR (300 MHz, DMSO-g): & (ppm) = 8.44 (bs, 1H, Ar-H), 8.20-8.17 (m, 1H, AJ;
8.00-7.93 (m, 2H, Ar-H), 7.70-7.64 (m, 3H, Ar-H)44-
7.41 (m, 1H, Ar-H), 4.36-4.34 (m, 2H, GK3.61 (s, 2H,
CHy), 2.46-2.45 (m, 4H, 2 Chi 1.70 (bs, 4H, 2 Ch),
1.37-1.32 (m, 3H, C}J.

¥*C-NMR (75.5 MHz, DMSO-g): & (ppm) = 165.6 €=0), 140.4 C,), 139.4 C,), 137.4
(Cqy), 131.2 CHar), 130.5 Cg), 129.4 CHar), 129.1 (2
CHar), 127.8 CHar), 126.8 CHar), 126.5 (2CHa,), 60.8
(CHy), 59.1 CHy), 53.4 CHy), 23.0 CHy), 14.1 CHy).

M.p.: 165-170 °C

GC-MS (NM_50_S2): 1= 8.94 min (m/z = 309.2, 97 % MBP: 239.1).

Ethyl 4°-(piperidin-1-ylmethyl)biphenyl-3-carboxylate (87b)

OAS
0
according to GP-8:
40.0 mg (46.4 pL, 470 pumol) piperidine, column chatography (1. CH/EtOAc 19:1, 2.
EtOH, size: 5.0 x 3.0 cm).

Ca1H250,N [323.4]

yield: 40.1 mg (53 %), yellow solid
Rt (EtOH): 0.55
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'H-NMR (300 MHz, DMSO-g): & (ppm) = 8.16 (bs, 1H, Ar-H), 7.94 (] = 7.5 Hz, 2H,
Ar-H), 7.66-7.61 (m, 3H, Ar-H), 7.42-7.40 (m, 2Hr-A
H), 4.34 (q,%J = 6.9 Hz, 2H, Ch), 3.49 (s, 2H, Ch),
2.36 (bs, 4H, 2 ChB), 1.50-1.49 (m, 4H, 2 C}} 1.39-
1.31 (m, 5H, CH, CHy).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 165.5 €=0), 140.4 C,), 138.1 C), 137.6
(Cg), 131.3 CHas), 130.5 Cg), 129.5 (2CHp,), 129.4
(CHar), 127.8 CHa,), 126.8 CHa/), 126.5 (2CHa),
62.2 (CH,), 60.8 CH,), 53.7 CH,), 25.3 CH,), 23.8
(CH,), 14.1 CHy).

M.p.: 168-173 °C

GC-MS (NM_50_S2): £=9.33 min (m/z = 323.2, 99 % VBP: 239.1).

Ethyl 4°-((dimethylamino)methyl)biphenyl-3-carboxylate (87c)

according to GP-8:
240 pL (2.0 M in THF, 470 pmol) dimethylamine, aoion chromatography (EtOH, size: 19.0
x 1.5 cm, 20 g silica gel).

C1aH210,N [283.3]

yield: 17.6 mg (26 %), yellow oil

Rs (EtOH): 0.23

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 8.18 (bs, 1H, Ar-H), 7.95 (dtll = 1.2 Hz,3J
= 6.9 Hz, 2H, Ar-H), 7.67-7.59 (m, 3H, Ar-H), 7.4d,
3) = 8.1 Hz, 2H, Ar-H), 4.35 (¢#J = 6.9 Hz, 2H, CH),
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3.43 (s, 2H, Ch), 2.17 (s, 6H, 2 CH), 1.35 (1,3 = 7.2
Hz, 3H, CH).

3C-NMR (75.5 MHz, DMSO-¢): & (ppm) = 165.5 €=0), 140.4 C,), 138.8 Cy), 137.5
(Cq), 131.2 CHa,), 130.5 Cy), 129.4 CHa,), 129.3 (2
CHar), 127.8 CHar), 126.8 CHa), 126.5 (2CHp/), 62.9
(CH,), 60.8 CHy), 44.9 (NCH3),), 14.1 CHa).

GC-MS (NM_50_S2): 4= 7.91 min (m/z = 283.1, 99 % MBP: 239.1).

Ethyl 4°-((4-methylpiperazin-1-yl)methyl)biphenyl-3-carboxylate (87d)

according to GP-8:
47.1 mg (52.2 pL, 470 pmol) 1-methylpiperazine,uooh chromatography (1. CH/EtOAc
19:1, 2. EtOH, size: 5.0 x 3.0 cm).

Ca1H260:N; [338.4]

yield: 48.7 mg (61 %), brown oil

R (EtOH): 0.14

'H-NMR (300 MHz, DMSO-g): & (ppm) = 8.16 (bs, 1H, Ar-H), 7.94 (] = 7.8 Hz, 2H,
Ar-H), 7.66-7.59 (m, 3H, Ar-H), 7.45-7.39 (m, 2Hs-A
H), 4.34 (q,%) = 7.2 Hz, 2H, Ch), 3.51 (s, 2H, Cbh),
3.06-3.02 (m, 2H, Ch), 2.47-2.43 (m, 5H, CH CHk),
2.23-2.21 (m, 4H, 2 CH), 1.34 (tJ = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 165.5 €=0), 140.4 C,), 137.9 C), 137.7
(Cy), 131.2 CHa), 130.5 Cy), 129.5 (2CHa), 129.4
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(CHar), 127.8 CHar), 126.8 CHar), 126.5 (2CHap),
61.4 CH.), 60.8 CH.), 54.3 CH.), 52.0 CH,), 51.3
(CHy), 45.3 (NCHa3), 45.1 (NCHas), 42.8 CH»), 14.1
(CH3) (Rotamere).

GC-MS (NM_50_S2): £=9.81 min (m/z = 338.3, 99 %'MBP: 267.1).
HRMS (El): m/z calcd for GiH260.N, [M]™: 338.1994; found
338.2012.

Ethyl 4°-((4-(methylsulfonyl)piperazin-1-yl)methyl)biphenyl-3-carboxylate (87¢)

according to GP-8:
77.2 mg (470 pmol) 1-(methylsulfonyl)-piperazin@Junn chromatography (1. CH/EtOAc
19:1, 2. EE, size: 8.0 x 3.5 cm).

Ca1H2604N,S [402.5]

yield: 45.8 mg (48 %), colorless solid
R: (CH/EtOAC 1:1): 0.33
'H-NMR (300 MHz, CDC})): 5 (ppm) = 8.27 (bs, 1H, Ar-H), 8.03 (d] = 7.8 Hz, 1H,

Ar-H), 7.78-7.76 (m, 1H, Ar-H), 7.59 (¢J = 8.1 Hz,
2H, Ar-H), 7.51 (t>J = 7.8 Hz, 1H, Ar-H), 7.41 (fJ =
8.1 Hz, 2H, Ar-H), 4.41 (¢fJ = 7.2 Hz, 2H, CH), 3.61
(s, 2H, CH), 3.27 (bs, 4H, 2 Ch), 2.79 (s, 3H, N-Ch),
2.60 (bs, 4H, 2 Ch), 1.41 (3 = 7.2 Hz, 3H, CH).
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¥C-NMR (75.5 MHz, CDGJ): d (ppm) = 166.5 C=0), 144.9 C,), 141.0 C,), 139.4
(Cg), 131.3 (2CHa), 131.1 Cg), 129.6 CHa/), 128.8
(CHp), 128.3 CHa/), 128.1 CHa), 127.2 (2CHa),
62.2 CH,), 61.1 CH,), 52.3 CHy), 45.9 CH,), 34.2 (S-
CHs), 14.3 CHa).

M.p.: 97-98 °C

GC-MS (NM_100_L): & = 16.26 min (m/z = 404.2, 99 %' VBP: 239.1).

Ethyl 3-(1H-indol-5-yl)-benzoate (90)

oy

HN/

according to GP-6:

150 mg (765 pmol, 1.00 eq) 5-bromoinddi@8), 223 mg (1.145 mmol, 1.50 eq) 4-
ethoxycarbonylphenylboronic aci(B9), 17.5 h reaction time, column chromatography
(CH/EtOAC 8:1, size: 15.5 x 2.0 cm, 25 g silica)gel

C17H150,N [265.3]

yield: 182.6 mg (90 %), colorless solid
Rf (CH/ EtOAc 8:1): 0.22
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.35 (t'J = 1.5 Hz, 1H, Ar-H), 8.34 (bs, 1H,

NH), 8.05 (d,2J = 7.8 Hz, 1H, Ar-H), 7.95 (s, 1H, Ar-
H), 7.90-7.87 (m, 1H, Ar-H), 7.57-7.51 (m, 3H, A}H
6.67 (1,3 = 2.4 Hz, 1H, Ar-H), 4.47 (4= 7.2 Hz, 2H,
CH,), 1.47 (13 = 7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ): d (ppm) = 166.9 C=0), 142.7 C,), 135.5 C,), 132.2
(Cg), 131.7 CHa), 130.8 C), 128.6 CHa), 128.4
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(CHa), 128.4 Cg), 127.3 CHay), 125.0 CHa), 121.7
(CHar), 119.3 CHa), 111.4 CHay), 103.0 CHar), 61.0
(CH,), 14.4 CHa).

M.p.: 64-66 °C

GC-MS (NM_50_S2): £=9.12 min (m/z = 265.1, 99 %VBP).

HRMS (El): m/z calcd for G7H150.N [M] *: 265.1103; found
265.1089.

Ethyl 3-(indolin-5-yl)benzoate (91)

DS

HN

A 8 mL Schlenk tube was dried under vaccum, fillgth nitrogen and charged with 60.0 mg
(226 pumol, 1.00 eq) ethyl 34itindol-5-yl)-benzoatg90) and 0.5 mL glacial acetic acid,
which was cooled to 0 °C (ice bath) and 21.4 mgO(34mol, 1.50 eq) sodium
cyanoborohydride were added at this temperature. sbhution was stirred at rt over night.
GC-MS analysis showed full conversion (99 % proflo€the starting material. The mixture
was hydrolyzed with 5 mL water, alkalized with 5 8LM NaOH solution to pH 12 and
extracted with DCM (3 x 10 mL). The combined orgatayers were washed with 5 mL
brine, dried over MgS©9and concentrated under reduced pressure. Findicption by

column chromatography (CH/EtOAc 8:1, size: 13.0.6c@n, 8 g silica gel) yielded the pure
product.

C17H170:N [267.3]

yield: 27.5 mg (46 %), yellow solid
Rf (CH/ EtOAc 8:1): 0.13
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.21 (t*J = 1.5 Hz, 1H, Ar-H), 7.93 (d¥J =

7.8 Hz, 1H, Ar-H), 7.72 (83 = 7.8 Hz, 1H, Ar-H), 7.47-
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7.41 (m, 2H, Ar-H), 7.32-7.29 (m, 1H, Ar-H), 6.72 {0
= 8.1 Hz, 1H, Ar-H), 4.41 (¢#J = 7.2 Hz, 2H, CH),
3.63 (,°J = 8.4 Hz, 2H, CH), 3.11 (t,°J = 8.4 Hz, 2H,
CH,), 1.41 (t3J=7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ): 3 (ppm) = 166.8C=0), 151.3 C4-N), 141.9 Cg), 130.9
(Cy), 130.8 Cy), 130.7 CHar), 130.2 Cg), 128.6 CHa),
127.5 CHa), 127.1 CHa/), 126.4 CHa/), 123.5 CHa)),
109.5 CHa), 60.9 CH.), 47.5 CHy), 29.7 CH,), 14.4

(CHa).

M.p.: 43 °C

GC-MS (NM_50_S2): { = 8.82 min (m/z = 267.1, 95 % 'MBP, 5 % starting
material).

Ethyl 3-(1-methyl-1H-indol-5-yl)benzoate (92)

A 15 mL Schlenk tube was dried under vaccum, filgth nitrogen and charged with 82.0
mg (309 umol, 1.00 eq) ethyl 3Hiindol-5-yl)-benzoat€90) and 1.0 mL absolute THF. The
colorless solution was degassed by vacuunaiidles, 29.7 mg (1.24 mmol, 4.00 eq, hexane-
washed) sodium hydride were added and the yelldwtiso was stirred first at rt for 3 d and
then at 45 °C for 24 h. After addition of 38.5 1418 pmol, 2.00 eq) methyliodide the orange
solution was stirred at 45 °C for 7 h. GC-MS analysdicated full conversion of the starting
material The mixture was concentrated under redpcessure and the residue was dissolved
in 10 mL water and 10 mL EtOAc. The layers wereasafed, the aqueous layer was
extracted with EtOAc (3 x 10 mL) and the combinedamic layers were concentrated.
Purification by colum chromatography ( CH/EtOAc J3slze: 7.0 x 3.0 cm, 15 g silica gel)
yielded the product.
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Ci1aH170:N [279.1]

yield: 9.0 mg (20 %), orange solid

Rr (CH/EtOAC 3:1): 0.51

'H-NMR (300 MHz, CDC}): 8 (ppm) = 8.34 (d*J = 1.5 Hz, 1H, Ar-H), 7.97 (£ =
7.8 Hz, 1H, Ar-H), 7.88-7.83 (m, 2H, Ar-H), 7.50 8 =
7.8 Hz, 2H, Ar-H), 7.40 (d®J = 8.4 Hz, 1H, Ar-H), 7.10
(d, 3J = 3.0 Hz, 1H, Ar-H), 6.55 (fJ = 3.0 Hz, 1H, Ar-
H), 4.41 (92 = 7.2 Hz, 2H, CH), 3.84 (s, 3H, Ch), 1.42
(t,3)=7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 166.9 €=0), 142.8 C,), 136.5 C,), 131.8
(Cg), 131.7 CHar), 130.9 Cy), 129.7 CHa), 129.0 Cy),
128.7 CHar), 128.4 CHa), 127.4 CHar), 121.3 CHa),
119.6 CHa/), 109.6 CHa), 101.4 CHa), 61.0 CHy),
33.0 (NCHs), 14.4 CHby).

GC-MS (NM_50_S2): {=9.02 min (m/z = 279.1, 97 % YIBP).

Ethyl 4-ethoxy-3"-nitrobiphenyl-3-carboxylate (93)

A 10 ml two-neck round-bottom flask with pressucnpensation was charged with 500 mg
(2.85 mmol, 1.00 eq) ethyl 4 -ethoxybiphenyl-3-catfdate (72e) and 3.5 mL EtOH. The
solution was cooled to 0 °C before 1.8 mL nitricdawere added dropwise at 0 °C. The
orange suspension was stirred at 35 °C for 16 I& @halysis indicated no full conversion of
the starting material. Additional 0.9 mL nitric davere added at 0 °C and the suspension was
stirred for further 3 d at 35 °C. The mixture wagltolyzed by addition of 50 mL ice water

and concentrated under reduced pressure. The orasigee was dissolved in 40 mL EtOAc
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and washed with water (1 x 20 mL) and saturate@@gs NaHC@solution (2 x 50 mL). The
combined organic layers were dried overn®@ and concentrated under reduced pressure.
Final purification by column chromatography (CH/B&©15:1, size: 23.0 x 3.0 cm, 75 ¢
silica gel) yielded the pure product.

C17H17NOs [315.1]

yield: 389.1 mg (67 %), yellow solid

Rr (CH/EtOAc 15:1): 0.11

'H-NMR (300 MHz, MeOD): & (ppm) = 8.24 (t}J = 1.5 Hz, 1H, Ar-H), 8.07 (d) = 2.4
Hz, 1H, Ar-H), 8.03-8.00 (m, 1H, Ar-H), 7.91-7.88(
2H, Ar-H), 7.58 (t,3) = 7.2 Hz, 1H, Ar-H), 7.37 (fJ =
8.7 Hz, 1H, Ar-H), 4.40 (¢£J = 7.2 Hz, 2H, Ch), 4.27 (q,
3)=7.2 Hz, 2H, CH)), 1.48-1.39 (m, 6H, CH).

C-NMR (75.5 MHz, MeOD):  § (ppm) = 167.8 €=0), 152.9 C,), 140.3 C,), 133.7
(Cy), 133.3 CHa), 132.6 Cg), 132.3 CHa), 130.5
(CHar), 129.7 CHa,), 128.5 CHa), 124.3 CHa/), 116.6
(CHp,), 66.7 CH.), 62.4 CH,), 14.9 CHs3), 14.6 CH2).

M.p.: 104 °C

GC-MS (NM_50_S2): d=7.76 min (m/z = 315.1, 99 % IBP: 207.1).

Ethyl 3'-amino-4"-ethoxybiphenyl-3-carboxylate (94)

A 10 mL three-neck round-bottom flask was dried emdaccum, filled with nitrogen and
charged with 25.0 mg (79.0 umol, 1.00 eq) ethylthbry-3 -nitrobiphenyl-3-carboxylate
(93), 2.4 mL absolute EtOH and 0.5 mL anhydrous EtOAw.tAis yellow solution 5.4 mg
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platinum on activated charcoal (5 % Pt) were added the solution was degassed by
vacuum/H cycles. The mixture was stirred at rt over nightler H stream. TLC analysis
showed no full conversion of the starting materidie temperature was increased to 40 °C
and the solution was stirred for further 24 h. Aftiération through a pad of celite under
argon atmosphere, elution with DCM and removalhef $olvent under reduced pressure the
crude product was obtained. Final purification lmuean chromatography (CH/EtOAc 40:1
- 3:1, size: 14.0 x 2.0 cm, 25 g silica gel) yieldled pure product.

C17H1gNO; [285.3]

yield: 11.7 mg (52 %), yellow solid

Rr (CH/EtOAC 3:1): 0.45

'H-NMR (300 MHz, DMSO-@): & (ppm) = 8.08 (s, 1H, Ar-H), 7.88-7.79 (m, 2H, A}H
7.55 (t,3) = 7.8 Hz, 1H, Ar-H), 6.98 (d}J = 2.1 Hz, 1H,
Ar-H), 6.89-6.84 (m, 2H, Ar-H), 4.85 (s, 2H, NH 4.34
(q,%3 = 6.9 Hz, 2H, CH), 4.04 (q,3) = 6.9 Hz, 2H, CHh)),
1.39-1.32 (m, 6H, 2 CH.

C-NMR (75.5 MHz, DMSO-g): § (ppm) = 168.3 ¢€=0), 148.5 C,), 143.2 C,), 138.4
(Cg), 134.1 Cy), 132.2 CHar), 132.0 Cy), 129.9 CHa),
128.4 (2 CHa), 118.2 CHa), 115.1 CHa), 113.0
(CHar), 65.1 CH.), 62.3 CH.), 15.3 CH3), 14.7 CHa).

M.p.: 44 °C

GC-MS (NM_100_L): &= 7.39 min (m/z = 285.1, 99 % \IBP: 256.1).

1-(5-Bromofuran-2-yl)-N,N-dimethylmethanamine (96a)***

A 100 mL Schlenk tube was dried under vacuum amsh&d with nitrogen and charged with
300 mg (1.71 mmol, 1.00 eq) 5-bromo-2-furancarbdedayde(95), 860 uL (1.71 mmol, 1.00
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eq, 2.0 M in THF) dimethylamine and 9.0 mL DCE. 786) (3.43 mmol, 2.00 eq)
sodiumtriacetoxyboro-hydride and 170 pL acetic aggte added and the suspension was
stirred at rt for 4 h. GC-MS analysis indicated ftdnversion of the starting material and the
mixture was concentrated under reduced pressueerédidue was dissolved in 20 mL DCM
and washed with 20 mL saturated NaH(0lution. The organic layer was dried over MgSO
and the solvent was removed at the rotary evapot@atgeld the product, which was used for

the next reaction without further purification.
C7H100ONBr [204.0]

yield: 261.8 mg (75 %), red liquid

Rr (EtOAC): 0.18

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 6.48 (d>J = 3.3 Hz, 1H, Ar-H), 6.34 (dJ =
3.0 Hz, 1H, Ar-H), 3.39 (s, 2H, GH 2.13 (s, 6H, 2
CHs).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 154.7 C;), 119.9 Cq-Br), 112.0 CHa),
111.3 CHar), 54.7 CH>), 44.3 (2CHb).

GC-MS (NM_50_S2): £ = 4.37 min (m/z = 204.0, 99 % IBP: 158.9).

1-(5-Bromofuran-2-yl)-4-methylpiperazine (96b)

Br
~ 70

»

A 100 mL Schlenk tube was dried under vacuum fldskih nitrogen and charged with 300
mg (1.71 mmol, 1.00 eq) 5-bromo-2-furancarboxalder(95), 190 uL (1.71 mmol, 1.00 eq)
1-methylpiperazine and 9.0 mL DCE. 726 mg (3.43 1imima.00 eq)
sodiumtriacetoxyborohydride and 170 pL acetic aggte added and the suspension was
stirred at rt for 4 h. GC-MS analysis indicated ftdnversion of the starting material and the
mixture was concentrated under reduced pressueerédidue was dissolved in 20 mL DCM
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and washed with 20 mL saturated NaH(0lution. The organic layer was dried over MgSO
and the solvent was removed at the rotary evapot@atgeld the product, which was used for

the next reaction without further purification.
Ci1gH15s0NLBr [2591]

yield: 410.2 mg (92 %), yellow solid

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 6.48 (d>J = 3.3 Hz, 1H, Ar-H), 6.34 (dJ =
3.3 Hz, 1H, Ar-H), 3.44 (s, 2H, Gl 2.36-2.29 (m, 8H,
4 CH,), 2.13 (s, 3H, Ch).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 154.2 C;), 120.0 C-Br), 112.0 CHa),
111.6 CHa), 54.4 (2CH,), 53.7 CHy), 51.9 (2CH,),

45.6 CHa).
M.p.: 68-71 °C
GC-MS (NM_100_L): &= 4.71 min (m/z = 259.1, 99 % MBP: 56.1).

1-((5-Bromofuran-2-yl)methyl)-4-(methylsulfonyl)piperazine (96c)

Br
g/ O
(D
/0
A 100 mL Schlenk tube was dried under vacuum fldskigh nitrogen and charged with 300
mg (1.71 mmol, 1.00 eq) 5-bromo-2-furancarboxalde{95), 282 mg (1.71 mmol, 1.00 eq)
1-(methylsulfonyl)-piperazine and 9.0 mL DCE. 726g m3.43 mmol, 2.00 eq)
sodiumtriacetoxyborohydride and 170 uL acetic asgte added and the suspension was
stirred at rt for 4 h. GC-MS analysis indicated ftdnversion of the starting material and the

mixture was concentrated under reduced pressueerédidue was dissolved in 20 mL DCM
and washed with 20 mL saturated NaH0Olution. The organic layer was dried over MgSO
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and the solvent was removed at the rotary evapoiatgield the product, which was used for

the next reaction without further purification.
Ci1gH150sN-BrS [3232]

yield: 536.3 mg (97 %), light orange solid

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 6.50 (d>J = 3.0 Hz, 1H, Ar-H), 6.39 (d’J =
3.0 Hz, 1H, Ar-H), 3.54 (s, 2H, G 3.12-3.08 (m, 4H,
2 CH,), 2.86 (s, 3H, Ch), 2.51-2.45 (m, 4H, 2 C}

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 153.7 €g), 120.2 Cq-Br), 112.1 CHa),
111.9 CHa), 53.2 CH,), 51.2 (2CHy), 45.2 (2CH,),

33.6 CHa).
M.p.: 125-128 °C
GC-MS (NM_100_L): & = 6.47 min (m/z = 323.1, 99 % MBP: 161.0).

Ethyl 3-(5-((dimethylamino)methyl)furan-2-yl)benzoae (97a)

according to GP-6:

231 mg (1.13 mmol, 1.00 eq) 1-(5-bromofuran-2NJN-dimethylmethanamingé96a), 330
mg (1.70 mmol, 1.50 eq) 3-ethoxycarbonylphenylbaroacid (89), reaction over night,
column chromatography (1. CH/EtOAc 1:1, 2. EtOKesi2.0 x 17.0 cm, 20 g silica gel).

Ci1aH1603N [273.1]

yield: 209.9 mg (68 %), yellow oll
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Ry (EtOH): 0.42

'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.18 (s, 1H, Ar-H), 7.95-7.92 (m, 1H, Aj;H
7.84 (dd,"J = 1.2 Hz,%J = 7.8 Hz, 1H, Ar-H), 7.56 (£J
= 7.8 Hz, 1H, Ar-H), 7.01 (d®J = 3.0 Hz, 1H, Ar-H),
6.42 (d,2] = 3.3 Hz, 1H, Ar-H), 4.35 (J = 7.2 Hz, 2H,
CHy), 3.49 (s, 2H, Ch), 2.19 (s, 6H, 2 Ch), 1.34 (131 =
7.2 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 165.4 €=0), 152.9 C,), 151.1 C), 130.7
(Cg), 130.5 Cg), 129.3 CHa), 127.6 CHa), 127.5
(CHar), 123.1 CHp,), 110.8 CHa/), 107.4 CHa/), 60.8
(CH,), 55.0 CHy), 44.4 (2CHs), 14.1 CHa).

GC-MS (NM_50_S2): d=7.40 min (m/z = 273.1, 99 % VBP: 229.1).
HRMS (El): m/z calcd for GgH1900sN [M]™: 273.1365; found
273.1367.

Ethyl 3-(5-((4-methylpiperazin-1-yl)methyl)furan-2-yl)benzoate (97b)

according to GP-6:

250 mg (966 pmol, 1.00 eq) 1-(5-bromofuran-2-yinéthylpiperazing96b), 281 mg (1.45
mmol, 1.50 eq) 3-ethoxycarbonylphenylboronic a¢89), reaction over night, column

chromatography (EtOH, size: 1.5 x 14.5 cm, 18igasgel).

C19H2403N> [328.4]
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yield: 139.0 mg (44 %), yellow oil

Rt (EtOH): 0.16

'H-NMR (300 MHz, DMSO-g): & (ppm) = 8.18 (s, 1H, Ar-H), 7.93 (d) = 7.8 Hz, 1H,
Ar-H), 7.84 (d,% = 7.8 Hz, 1H, Ar-H), 7.56 (1= 7.8
Hz, 1H, Ar-H), 7.00 (d3J = 3.3 Hz, 1H, Ar-H), 6.42 (d,
3) = 3.3 Hz, 1H, Ar-H), 4.35 (¢#J = 7.2 Hz, 2H, CH),
3.55 (s, 2H, Ch), 2.43-2.31 (m, 8 H, 4 CH 2.13 (s,
3H, CHy), 1.34 (23 = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 165.4 €=0), 152.4 C,), 151.1 C), 130.7
(Cy), 130.5 Cg), 129.3 CHa), 127.7 CHa), 127.6
(CHar), 123.2 CHp,), 111.1 CHa), 107.5 CHa/), 60.8
(CH,), 54.5 (2CH,), 53.9 CH,), 52.1 (2CH,), 45.6
(CHs), 14.1 CHy).

GC-MS (NM_50_S2): 1= 8.80 min (m/z = 328.2, 99 % MBP: 257.1).
HRMS (El): m/z calcd for GoH240sN5 [M] *: 328.1787; found
328.1808.

Ethyl 3-(5-((4-(methylsulfonyl)piperazin-1-yl)methyl)furan-2-yl)benzoate (97c)

(/N
@) /N

N

/ O
according to GP-6:
250 mg (774 pmol, 1.00 eq) 1-((5-bromofuran-2-ykiimy8-4-(methylsulfonyl)piperazine

(96c¢), 225 mg (1.16 mmol, 1.50 eq) 3-ethoxycarbonylpligarpnic acid(89), reaction over
night, column chromatography (EtOAc, size: 1.57x01cm, 17 g silica gel).
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C1oH2405N,S [392.4]

yield: 225.1 mg (74 %), orange solid

R (EtOAC): 0.22

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 8.19 (s, 1H, Ar-H), 7.95 (d] = 1.5 Hz,®) =
7.8 Hz, 1H, Ar-H), 7.86-7.84 (m, 1H, Ar-H), 7.56 { =
7.8 Hz, 1H, Ar-H), 7.02 (d®J = 3.3 Hz, 1H, Ar-H), 6.46
(d, 3 = 3.3 Hz, 1H, Ar-H), 4.35 (q°J = 7.2 Hz, 2H,
CH,), 3.64 (s, 2H, Ch), 3.14-3.11 (m, 4 H, 2 CH 2.86
(s, 3H, CH), 2.55-2.49 (m, 4 H, 2 ChH 1.34 (t°3=7.2
Hz, 3H, CH).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 165.4 €=0), 151.9 C,), 151.4 C), 130.6
(Cy), 130.5 Cg), 129.3 CHa), 127.7 CHa), 127.6
(CHa), 123.2 CHa), 111.4 CHp), 107.5 CHy), 60.8
(CH.), 53.5 CH,), 51.3 (2CH,), 45.2 (2CH,), 33.6
(CHs), 14.1 CHy).

M.p.: 120-122 °C

GC-MS (NM_100_L): & = 12.07 min (m/z = 392.1, 99 % VBP: 229.1).

2-Bromo-1-(4-bromophenyl)ethanol (99}*®!

OH

/©)\/Br
Br

A 50 mL one-neck round-bottom flask was charged\wsi®0 mg (360 pL, 2.73 mmol, 1.00
eq) 4-bromostyreng¢98), 11.0 mL acetone and 21.1 mg (274 pmol, 0.10 egha@nium
acetate. A solution of 535 mg (3.01 mmol, 1.10dgpromosuccinimide in 2.7 mL water was
added and the yellow solution was stirred at rt Zoh. GC-MS analysis indicated 95 %
conversion of the starting material. The mixtureswancentrated under reduced pressure and
the residue was dissolved in 20 mL EtOAc and 20wakter. The layers were separated and

the organic phase was washed with 20 mL water. cimebined organic layers were dried
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over NaSO, and the solvent was removed under reduced predsned purification by silica
gel filtration (1. CH, 2. CH/EtOAc 1:1) yielded tipeoduct with 94 % purity.

CsHsOB, [280.0]

yield: 702.0 mg (92 %), yellow solid

Rf (CH/EtOAC 1:1): 0.78

'H-NMR (300 MHz, CDC}): 5 (ppm) = 7.51 (d2J = 8.4 Hz, 2H, Ar-H), 7.26 (J =
8.4 Hz, 2H, Ar-H), 4.91-4.87 (m, 1H, CH), 3.64-3.48,
2H, CHp).

3C-NMR (75.5 MHz, CDGJ): & (ppm) = 139.2C,), 131.8 CHa,), 127.7 CHa), 122.4
(C4Br), 73.1 CH), 39.8 CHy).

M.p.: 63-65 °C

GC-MS (NM_50_S2): 4= 6.26 min (m/z = 279.9, 94 % MBP: 185.0).

2-Bromo-1-(4-bromophenyl)ethanone (101)

)

/©)J\/Br
Br

A 50 mL one-neck round-bottom flask was chargechv@®9 mg (2.35 mmol, 1.00 eq) 2-
bromo-1-(4-bromophenyl)ethan®9) and 9.5 mL DCE. The mixture was cooled to 0 °C and
a solution of 355 mg (2.35 mmol, 1.00 eq) sodiuontate, 59.9 mg (588 pmol, 0.25 eq)
sodium bromide in 4.8 mL water was added dropwisg mL conc. SO, were added and
the two phase system was stirred at rt for 4.5 sumng that the phases were maintained
separate (Schotten-Baumann conditions). TLC armlysiicated full conversion of the
starting material. The mixture was washed with 2D water and the organic layer was
washed with 20 mL N&,03; solution (50 % in water). The organic layer wagedirover

NaSO, and the solvent was removed under reduced pressyield the pure product.

CgHeOBI’z [2779]
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yield: 640.1 mg (98 %), yellow solid

Rf (CH/EtOAC 19:1): 0.42

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.93 (d>J = 8.7 Hz, 2H, Ar-H), 7.78 (dfJ =
8.7 Hz, 2H, Ar-H), 4.93 (s, 2H, GH

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 190.9 €=0), 132.9 C,), 131.8 (2CHa),
130.6 (2CHa,), 127.9 C4-Br), 33.9 CH,).

M.p.: 107-110 °C

GC-MS (NM_50_S2): {=6.19 min (m/z = 277.9, 98 % VIBP: 183.0).

1-(4-Bromophenyl)-2-(dimethylamino)ethanone (102)

A 20 mL Schlenk tube was flushed with nitrogen ahdrged with 85.0 mg (306 pumol, 1.00
eq) 2-bromo-1-(4-bromophenyl)ethanoif@01) and 1.0 mL absolute THF. The yellow
solution was cooled to 0 °C and 310 pL (612 umd@p2q, 2.0 M in THF) dimethylamine
was added dropwise. The yellow suspension wasdtiat rt for 2.5 h. GC-MS analysis
indicated full conversion of the starting matead the reaction mixture was concentrated
under reduced pressure. The yellow oily residue @¥ssolved in 10 mL water and 10 mL
DCM, the layers were separated and the aqueous Veg® extracted with 10 mL DCM a
second time. The combined organic layers were dovet NaSO, and the solvent was
removed at the rotary evaporator to yield the poebdwhich was contaminated with BHT, the
stabilizer of THF. The product was used with timgurity in the next step, where it could be

removed by column chromatography.
CloH]_zONBI’ [242.1]

yield: 98.1 mg (> 99 %), yellow oil (BHT as irmnfity)

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.91 (d2J = 8.7 Hz, 2H, Ar-H), 7.73 (J =
8.7 Hz, 2H, Ar-H), 3.77 (s, 2H, GH 2.26 (s, 6H, 2
CHs).
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GC-MS (NM_50_S2):

{=5.99 min (m/z = 242.1, 99 % VBP: 58.1).

Ethyl 4°-(2-(dimethylamino)acetyl)biphenyl-3-carboylate (103)

according to GP-6:

70.0 mg (289 pmol, 1.00 eq) 1-(4-bromophenyl)-2nlihylamino)ethanon@ 02), 84.1 mg
(434 pumol, 1.50 eq) 3-ethoxycarbonylphenylborortim 489), reaction over night, column
chromatography (1. CH/EtOAc 1:1, 2. EtOAc, 3. EtGBke: 15.0 x 2.5 cm, 20 g silica gel).

Ci1oH2103N [311.3]

yield:
R: (EtOH):
'H-NMR (300 MHz, CDC})):

¥C-NMR (75.5 MHz, CDGJ):

11.3 mg (13 %), yellow oil

0.29

o (ppm) = 8.30 (s, 1H, Ar-H), 8.09-8.06 (m, 3H, Aj;H
7.81-7.78 (m, 1H, Ar-H), 7.70 (dJ = 8.4 Hz, 2H, Ar-
H), 7.57-7.52 (m, 1H, Ar-H), 4.42 (§) = 7.2 Hz, 2H,
CHy), 3.92 (s, 2H, Ch), 2.49 (s, 6H, 2 CHJ, 1.42 (3] =
7.2 Hz, 3H, CH).

 (ppm) = 204.2 (C=0), 166.LE0), 145.0 C,), 140.1
(Cy), 134.8 Cg), 131.5 CHar), 131.5 Cy), 129.3 CHa),
129.0 CHa/), 128.8 (2CHa/), 128.3 CHa/), 127.3 (2
CHa)), 64.9 CH,), 61.2 CH,), 45.4 (NCHa),), 14.3
(CHs).
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Ethyl 4 -acetylbiphenyl-3-carboxylate (105)

7

@)

according to GP-6:

300 mg (1.51 mmol, 1.00 eq) 4-bromoacetopher(@fd), 438 mg (2.26 mmol, 1.50 eq) 3-
ethoxycarbonylphenylboronic acig89), 3.5 h reaction time, column chromatography
(CH/EtOAC 19:1, size: 2.5 x 13.0 cm, 25 g silicd ge

C17H1603 [268.3]

yield: 333.0 mg (82 %), yellow solid

Rs (CH/ EtOAC 19:1): 0.23

'H-NMR (300 MHz, DMSO-@): & (ppm) = 8.24 (s, 1H, Ar-H), 8.08-8.00 (m, 4H, Aj;H
7.76-7.72 (m, 1H, Ar-H), 7.85 (d) = 8.4 Hz, 2H, Ar-
H), 7.66 () = 7.8 Hz, 1H, Ar-H), 4.35 (g}J = 7.2 Hz,
2H, CHp), 2.62 (s, 3H, CH), 1.35 (1,%) = 7.2 Hz, 3H,
CHb).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 197.3C=0), 165.4 C=0), 143.3 C,), 139.3
(Cy), 135.9 Cy), 131.6 CHar), 130.6 Cy), 129.5 CHa),
128.9 (2CHa), 128.8 CHa)), 127.2 CHa), 126.9 (2
CHar), 60.8 CHy), 26.7 CHs), 14.0 CHs).

M.p.: 57-59 °C

GC-MS (NM_50_S2): £ =8.02 min (m/z = 268.1, 99 % YBP: 253.0).
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Ethyl 4°-(1-dimethylamino)ethyl)biphenyl-3-carboxylate (106a)

A 10 mL Schlenk tube was dried under vacuum flusiigl nitrogen and charged with 60.0
mg (224 umol, 1.00 eq) ethyl 4 -acetylbiphenyl-8boylate (105), 0.3 mL absolute THF
and 560 pL (1.12 mmol, 5.00 eq, 2.0 M in THF) dinyggmine. To the yellow solution 62.3
ML acetic acid and 14.1 mg (224 pumol, 1.00 eq)wuadyanoborohydride were added and the
yellow suspension was stirred at 65 °C for 4 d. B€-analysis indicated full conversion of
the starting material and the mixture was concésdrander reduced pressure. The residue
was dissolved in 10 mL 4 M HCI solution and exteactvith EtOAc (3 x 15 mL). The
agueous layer was alkalized with soligdQO; to ph 10 and once more extracted with EtOAc
(3 x 15 mL). The combined organic layers were dregr MgSQ and the solvent was
removed at the rotary evaporator. Purification bigas gel filtration (1. EtOAc, 2. EtOH)
yielded the product.

C1oH250,N [297.3]

yield: 15.5 mg (23 %), colorless oil
R (EtOH): 0.13
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.28 (d*J = 1.8 Hz, 1H, Ar-H), 8.02-8.00 (m,

1H, Ar-H), 7.78 (dd3J = 7.8 Hz,*J = 0.9 Hz, 1H, Ar-H),
7.58 (d,%) = 8.4 Hz, 2H, Ar-H), 7.50 (£J = 7.8 Hz, 1H,
Ar-H), 7.39 (d,%J = 8.4 Hz, 2H, Ar-H), 4.40 (03 = 7.2
Hz, 2H, CH), 3.30 (9.2 = 6.6 Hz, 1H, CH), 2.23 (s, 6H,
2 CHg), 1.44-1.39 (m, 6H, 2 CHi

¥C-NMR (75.5 MHz, CDGJ):  (ppm) = 166.6 C=0), 143.8 C,), 141.2 C,), 138.8
(Cy), 131.3 CHa), 131.0 C,), 128.7 CHa), 128.2
(CHar), 128.1 CHa;), 128.0 (2CHa), 127.0 (2CHa)),
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65.6 CH), 61.0 CH>), 43.2 (NCH3),), 20.2 CH3), 14.4
(CHa).
GC-MS (NM_50_S2): 4= 8.11 min (m/z = 297.1, 99 % VBP: 282.1).

1-(1-(4-Bromophenyl)ethyl)-4-methylpiperazine (107)

Br

A 20 mL Schlenk tube was flushed with nitrogen ahdrged with 200 mg (1.01 mmol, 1.00
eq) 4-bromoacetopheno04), 1.0 mL absolute THF and 2.50 mL (5.02 mmol, %602.0

M in THF) 1-methylpiperazine. To the colorless simn 0.28 mL acetic acid and 63.1 mg
(2.01 mmol, 1.00 eq) sodiumcyanoborohydride wergeddand the yellow suspension was
stirred at rt for 10 d before the suspension waddteup to 65 °C and further stirring at this
temperature for 24 h. GC-MS analysis indicated ¢olhversion of the starting material and
the mixture was concentrated under reduced pressheeresidue was dissolved in 10 mL 4
M HCI solution and extracted with EtOAc (3 x 15 mIhe aqueous layer was alkalized with
solid K,CO; to ph 10 and once more extracted with EtOAc (35xmiL). The combined

organic layers were dried over Mgsénd the solvent was removed at the rotary evaporat

to yield the product.
C]_gH]_gNzBr [2832]

yield: 200.9 mg (71 %), light yellow solid

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.48 (d2J = 8.4 Hz, 2H, Ar-H), 7.24 (J =
8.4 Hz, 2H, Ar-H), 3.33 (¢°J = 6.6 Hz, 1H, CH), 2.99-
2.95 (m, 1H, CH), 2.75-2.71 (m, 1H, CH), 2.26 (&8,
2 CHb), 2.16 (s, 2H, Ch), 2.10 (s, 3H, N-Ch), 1.2 (d,*J
= 6.6 Hz, 3H, CH).
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C-NMR (75.5 MHz, DMSO-g): & (ppm) = 143.3 C,), 130.9 (2CHa), 129.4 (2CHa),
119.5 C4-Br), 62.9 CH), 54.9 CH,), 52.4 CH,), 49.9
(CH,), 49.6 CH,), 45.6, 45.3 (NSH3), 19.2 CHa).
(Rotamere)

GC-MS (NM_50_S2): {=6.78 min (m/z = 283.1, 99 % VIBP: 99.1).

Ethyl 4°-(1-(4-methylpiperazin-1-yl)ethyl)biphenyl-3-carboxylate (106b)

according to GP-6:

75.0 mg (265 umol, 1.00 eq) 1-(1-(4-bromophenyhBth-methylpiperazing107), 77.1 mg
(397 umol, 1.50 eq) 3-ethoxycarbonylphenylbororsad 489), 4 h reaction time, column
chromatography (1. EtOAc, 2. EtOH, size: 14.0 x@rQ) 20 g silica gel).

CaoH250:N; [352.4]

yield: 54.9 mg (59 %), colorless oil

R¢ (EtOH): 0.11

'H-NMR (300 MHz, DMSO-g): & (ppm) = 8.17 (s, 1H, Ar-H), 7.95-7.92 (m, 2H, Aj;H
7.65-7.61 (m, 3H, Ar-H), 7.40 (dJ = 8.1 Hz, 2H, Ar-
H), 4.34 (q,3) = 7.2 Hz, 2H, CH), 3.40-3-34 (m, 1H,
CH), 2.29 (bs, 8H, 4 Chl, 2.11 (s, 3H, Ch), 1.34 (t,%]
= 7.2 Hz, 3H, CH), 1.29 (d3J = 6.6 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): & (ppm) = 165.5 €=0), 143.7 C,), 140.4 C,), 137.4
(Cy), 131.2 CHar), 130.5 Cg), 129.3 CHa), 128.0 (2
CHar), 127.7 CHa), 126.9 CHa,), 126.5 (2CHp,), 63.4
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(CH), 60.7 CH>), 54.9 (2CH,), 49.7 CH,), 45.6 CHy),
19.4 CHs), 14.1 CHa).
GC-MS (NM_50_S2): 4= 10.02 min (m/z = 352.2, 97 %VBP: 99.1).

6.3.7. Diversification of the ethylester functionality

6.3.7.1. Esters

4 -Ethoxybiphenyl-3-carboxylic acid (109)

OH

0

A

500 mg (2.49 mmol, 1.00 eq) 3-bromobenzoic 4&i@B), 413 mg (2.49 mmol, 1.00 eq) 4-
ethoxyphenylboronic aci(V1), 1.17 g (7.72 mmol, 3.10 eq) CsF, 102 mg (124 13065 eq)
PdCL(dppf)*DCM and 20.0 mL anhydrous DME. The orangspmansion was degassed by
vacuum/N cycles and stirred at 80 °C for 9 h. TLC analyBi€M/MeOH 9:1) indicated full
conversion of the starting material. The reactiartune was hydrolyzed with 6 mL 5 % HCI
solution, extracted with EtOAc (2 x 5 mL) and thembined organic layers were dried over
MgSQ,. The solvent was removed under reduced pressurdirzal purification by column
chromatography (DCM/MeOH 20:1, size: 17.0 x 2.0 @%,g silica gel) yielded the pure

product.
Ci15H1405 [242.3]

yield: 576.9 mg (96 %), brown solid

R (DCM/MeOH 20:1): 0.33

'H-NMR (300 MHz, DMSO-@): & (ppm) = 13.05 (s, 1H, OH), 8.13 (s, 1H, Ar-H), #-8
7.85 (m, 2H, Ar-H), 7.82 () = 8.7 Hz, 2H, Ar-H), 7.56
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(t, 3J = 7.8 Hz, 1H, Ar-H), 7.03 (#J = 8.7 Hz, 2H, Ar-
H), 4.07 (9,°J = 6.9 Hz, 2H, CH)), 1.35 (t,%J = 6.9 Hz,
3H, CH).

¥C-NMR (75.5 MHz, DMSO-g): & (ppm) = 167.1¢=0), 158.3 CHa,), 140.0 C), 135.4
(Cg), 131.2 CHay), 130.4 CHay), 129.1 CHa), 127.7 (2
CHa), 127.4 Cg), 126.6 Cy), 114.8 (2CHa), 63.0
(CH,), 14.5 CHy).

M.p.: 144-146 °C

General procedure (GP-7):

A 8 mL Schlenk tube was dried under vacuum filleath nitrogen and charged with 60.0
(250 pmol, 1.00 eq) 4 -ethoxybiphenyl-3-carboxyitd (109) and 14.00 eq of the diverse
alcohols (-BuOH, hexanol, 2-methoxyethanol, trifluoroethanel®.0 pL (740 umol, 3.00
eq) conc. HSO, were added and the brown suspension was refluxe®-6 h until TLC
(DCM/MeOH 20:1, CH/EtOAc 3:1) indicated full conwssn of the starting material. The
mixture was hydrolyzed with 3 mL saturated aquelasiCQ; solution and extracted with
EtOAc (2 x 10 mL). The combined organic layers werned over MgS®and concentrated
under reduced pressure. Final purification by ailyel filtration or column chromatography

and drying under high vacuum yielded the pure pcadu

Butyl 4 -ethoxybiphenyl-3-carboxylate (110a)

)

7

according to GP-7:
320 pL (3.47 mmoln-BuOH, refluxing for 3 h, TLC analysis (DCM/MeOH 20 R = 0.96),
silica gel filtration (CH/EtOAc 3:1).
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C1oH2,03 [298.3]

yield:
Rr (CH/ EtOAc 3:1):
'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_50_S2):
HRMS (El):

63.3 mg (86 %), light yellow solid

0.76
5 (ppm) = 8.23 (d*J = 1.5 Hz, 1H, Ar-H), 8.00-7.96 (m,
1H, Ar-H), 7.75-7.72 (m, 1H, Ar-H), 7.55 (&l = 8.7 Hz,
2H, Ar-H), 7.48 (t3J = 7.8 Hz, 1H, Ar-H), 6.99 () =
8.7 Hz, 2H, Ar-H), 4.35 (£J = 6.6 Hz, 2H, CH), 4.09
(9,3 = 6.9 Hz, 2H, CH), 1.80-1.73 (m, 2H, C), 1.50-
1.43 (m, 5H, CH, CHa), 0.99 (13 = 6.9 Hz, 3H, CH).
5 (ppm) = 166.7 €=0), 158.8 C,), 141.0 C), 132.5
(Cg), 131.0 Cg), 130.9 CHa), 128.7 CHa), 128.2 (2
CHp,), 127.7 CHa), 127.6 CHp,), 114.8 (2CHp,), 64.9
(CH,), 63.5 CH.), 30.8 CHy), 19.3 CH>), 14.8 CHs),
13.8 CHa).

44-45 °C

{=8.35 min (m/z = 298.1, 99 % VBP).

m/z calcd for GoH2,03 [M] *: 298.1569; found
298.1570.

Hexyl 4" -ethoxybiphenyl-3-carboxylate (110b)

according to GP-7:

O O/\/\/\

)

]

430 pL (3.47 mmol) 1-hexanol, refluxing for 4 h, Clanalysis (DCM/MeOH 20:1, {R=
0.98), silica gel filtration (CH/EtOAc 20:1).
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Ca1H2603 [326.3]

yield: 26.7 mg (33 %), light yellow oil
Rr (CH/ EtOAc 20:1): 0.60
'H-NMR (300 MHz, CDC}): 5 (ppm) = 8.23 (s, 1H, Ar-H), 7.97 (d) = 7.8 Hz, 1H,

Ar-H), 7.74 (d,J = 7.8 Hz, 1H, Ar-H), 7.55 () = 8.7
Hz, 2H, Ar-H), 7.48 (t3J = 7.8 Hz, 1H, Ar-H), 6.99 (d,
3) = 8.7 Hz, 2H, Ar-H), 4.34 () = 6.6 Hz, 2H, CH),
4.09 (9,°J = 6.9 Hz, 2H, CH), 1.83-1.74 (m, 2H, C}),
1.50-1.41 (m, 5H, ChJ CH), 1.38.1.33 (m, 4H, 2 CHi
0.91 (t,%J= 6.9 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 166.7 C=0), 158.8 C,), 141.0 C), 132.5
(Cg), 131.0 Cy), 130.9 CHa), 128.7 CHa,), 128.2 (2
CHp,), 127.7 CHa), 127.6 CHa), 114.9 (2CHp,), 65.2
(CH,), 63.5 CH.), 31.5 CHy), 28.7 CH>), 25.7 CH>),
22.6 CHy), 14.8 CH3), 14.0 CHa).

GC-MS (NM_50_S2): 4= 9.06 min (m/z = 326.2, 99 %"VBP).
HRMS (El): m/z calcd for GiH,605 [M] *: 326.1882; found
326.1858.

2-Methoxyethyl-4"-ethoxybiphenyl-3-carboxylate (116)

O O/\/O\

)

]

according to GP-7:
270 pL (3.47 mmol) 2-methoxyethanol, refluxing foh, TLC analysis (DCM/MeOH 20:1,
Rt = 0.82), column chromatography (CH/EtOAc 3:1, siize0 x 3.0 cm, 20 g silica gel).
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C1aH2004 [300.3]

yield:
Rr (CH/ EtOAc 3:1):
'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_100_L):
HRMS (El):

35.0 mg (50 %), light yellow solid

0.47

5 (ppm) = 8.25 (s, 1H, Ar-H), 7.99 (d) = 7.8 Hz, 1H,
Ar-H), 7.74 (d,J = 7.8 Hz, 1H, Ar-H), 7.55 () = 8.7
Hz, 2H, Ar-H), 7.48 (t3J = 7.8 Hz, 1H, Ar-H), 6.98 (d,
3)=8.7 Hz, 2H, Ar-H), 4.52-4.49 (m, 2H, GH4.09 (q,
%)= 6.9 Hz, 2H, CH), 3.76-3.73 (m, 2H, Ch), 3.44 (s,
3H, OCH), 1.45 (t,J = 6.9 Hz, 3H, CH).

5 (ppm) = 166.7 €=0), 158.9 C,), 141.1 C), 132.5
(Cg), 131.2 CHay), 130.6 Cg), 128.8 CHa), 128.2 (2
CHay), 127.9 CHa), 127.8 CHa/), 114.9 (2CHy,), 70.6
(CH,), 64.2 CH.), 63.6 CH,), 59.1 (CGCH3), 14.9
(CHa).

51-53 °C

& = 7.15 min (m/z = 300.1, 99 % VBP).

m/z calcd for GgH2004 [M] *: 300.1362; found
300.1368.

2,2,2-Trifluoroethyl-4"-ethoxybiphenyl-3-carboxylate (110d)

according to GP-7:

0]

F
SAR:

)

]

250 pL (3.467 mmol) trifluoroethanol, refluxing 6, TLC analysis (DCM/MeOH 20:1;R
= 0.94), column chromatography (CH/EtOAc 20:1, siz20 x 2.0 cm, 15 g silica gel).
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C17H1503F3[324.3]

yield: 40.5 mg (51 %), colorless solid
R: (CH/ EtOAc 20:1): 0.35
'H-NMR (300 MHz, CDC})): 5 (ppm) = 8.26 (s, 1H, Ar-H), 7.99 (d) = 7.8 Hz, 1H,

Ar-H), 7.79 (d,3) = 7.8 Hz, 1H, Ar-H), 7.57-7.49 (m,
3H, Ar-H), 6.99 (d3J = 8.7 Hz, 2H, Ar-H), 4.74 (¢ Jur
= 8.4 Hz, 2H, CH), 4.09 (g,°J = 6.9 Hz, 2H, CH), 1.46
(t,%)=6.9 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ):  (ppm) = 165.0 €=0), 159.0 C,), 141.4 C,), 132.1
(Cg), 132.0 CHar), 129.0 CHa,), 128.8 Cy), 128.2 (2
CHao), 128.1 CHar), 128.0 CHa/), 124.9, 121.3'0c.r =
277.2 Hz,C-F), 114.9 (2CHa), 63.6 CH,), 61.6, 61.1,
60.6, 60.1{Jc.F = 36.7 Hz,CH,-CFs) 14.8 CHs).

M.p.: 75-76 °C

GC-MS (NM_100_L): & = 7.27 min (m/z = 324.1, 99 % VBP: 296.1).

HRMS (EI): m/z calcd for G;H1s03F3 [M] *: 324.0973; found
324.0968.

4’°-Ethoxybiphenyl-3-carbonyl chloride (111)

O Cl
g
™

A 10 mL Schlenk tube was dried under vacuum, filleth nitrogen and charged with 100 mg
(413 pumol, 1.00 eq) 4 -ethoxybiphenyl-3-carboxyid (109), 450 pL (6.20 mmol, 15.00
eq) thionylchloride and two drops anhydrous DMFe Oark brown suspension was stirred at

75 °C for 23 h. The excessive thionylchloride wamoved under reduced pressure with a
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cooling trap between flask and high vacuum conoacfrhe crude brown oil was used in the
next reaction without further purification.
C15H130,Cl [260.8]

yield: 120.3 mg (> 99 %), brown oil
R (DCM/MeOH 20:1): 0.96

4-Nitrophenyl-4"-ethoxybiphenyl-3-carboxylate (110g

)

;

A 15 mL Schlenk tube was dried under vacuum, filith nitrogen and charged at 0 °C with
323 mg (1.24 mmol, 1.00 eq) 4 -ethoxybiphenyl-3soaryl chloride(111) 4 mL absolute
DCM, 200 pL (2.48 mmol, 2.00 eq) pyridine and 17@ (©.24 mmol, 1.00 eq)-nitrophenol.
The brown solution was stirred at 45 °C for 16 hCTanalysis indicated full conversion of
the starting material. The mixture was hydrolyzgdbdition of 8 mL water and 10 mL brine
and extracted with DCM (3 x 8 mL). The combinedamng layers were washed with 10 mL 5
% aqueous HCI solution and 10 mL 1M NaOH, driedraMgSQ, and concentrated under
reduced pressure. Final Purification by column ohatography (CH/EtOAc 50:1, size: 16.0 X
2.5 cm, 20 g silica gel) yielded the pure product.

Co1H17NOs [363.4]

yield: 41.6 mg (9 %), beige solid

R¢ (CH/EtOAC 50:1): 0.09

'H-NMR (300 MHz, CDC}): d (ppm) = 8.38-8.33 (M, 3H, Ar-H), 8.14-8.11 (m, 1At;
H), 7.88-7.85 (m, 1H, Ar-H), 7.61-7.56 (m, 3H, A)xH
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7.46-7.43 (m, 2H, Ar-H), 7.02-6.99 (m, 2H, Ar-H),09
(q,%3 = 6.9 Hz, 2H, CH), 1.46 (t,°J = 6.9 Hz, 3H, CH).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 164.3 €=0), 159.1 C,), 155.7 C,), 145.4
(Cy), 141.6 Cg), 132.3 CHar), 131.9 Cy), 129.2 CHa),
129.0 Cq), 128.4 CHa;), 128.3 CHar), 128.2 (2CHp),
125.3 (2CHa), 122.7 (2CHa/), 115.0 (2CHa), 63.6
(CH,), 14.8 CHy).

M.p.: 90 °C

2-(2-Methoxyethoxy)ethyl 4 -ethoxybiphenyl-3-carboylate (110f)

0]

o)

]

A 10 mL Schlenk tube was dried under vacuum, filiath nitrogen and charged at 0 °C with
107 mg (413 pmol, 1.00 eq) 4 -ethoxybiphenyl-3-oag chloride(111), 1.3 mL absolute
DCM, 66.7 pL (826 umol, 2.00 eq) pyridine and 48 (48.5 pL, 413 pumol, 1.00 eq) 2-(2-
methoxyethoxy)ethanol. The orange solution wasestiat 45 °C for 24 h. TLC analysis
indicated full conversion of the starting materitihe mixture was hydrolyzed by addition of
10 mL water and extracted with DCM (3 x 10 mL). Tdwnbined organic layers were dried
over MgSQ and concentrated under reduced pressure. Finafication by column
chromatography (CH/EtOAc 3:1, size: 16.0 x 2.5 @8, g silica gel) yielded the pure
product.

CaoH2405 [343.6]

yield: 31.0 mg (22 %), orange oil
R¢ (CH/EtOAC 3:1): 0.35
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'H-NMR (300 MHz, DMSO-@): & (ppm) = 8.13 (d*J = 1.5 Hz, 1H, Ar-H), 7.92-7.88 (m,
2H,Ar-H), 7.64-7.57 (m, 3H, Ar-H), 7.05 (&) = 8.7 Hz,
2H, Ar-H), 4.43-4.40 (m, 2H, Chl 4.07 (9,°J = 6.9 Hz,
2H, CHp), 3.78-3.75 (m, 2H, Ch), 3.61-3.58 (m, 2H,
CHy), 3.47-3.43 (m, 2H, CH), 3.23 (s, 3H, OCH), 1.35
(t, %)= 6.9 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): § (ppm) = 165.6 €=0), 158.5 Cy), 140.3 C,), 131.1
(Cg), 130.9 CHa), 130.2 Cg), 129.3 CHa), 127.8 (2
CHay), 127.3 CHa), 126.5 CHa), 114.9 (2CHa), 71.2
(CH.), 69.6 CH,), 68.2 CHy,), 64.1 CH,), 63.0 CH>),
58.0 CHs), 14.5 CHa).

GC-MS (NM_100_L): &= 8.20 min (m/z = 344.1, 98 % IBP: 225.0).

6.3.7.2. Amides

4°-Ethoxy-(pyrrolidin-1-yl)biphenyl-3-carboxamide (112a)

(O
g
i

A 10 mL Schlenk tube was dried under vacuum, filgth nitrogen and charged with 75.0
mg (310 pumol, 1.00 eq) 4 -ethoxybiphenyl-3-carbaxgikcid (109), 1.3 mL absolute THF and
33.1 mg (38.2 uL, 465 umol, 1.50 eq) pyrrolidinbeTight yellow suspension was cooled to
0 °C. At this temperature 71.3 mg (372 pumol, 1.8pEDC were added and the suspension
was stirred at rt for 24 h. TLC analysis indicatelll conversion of the starting material. The
mixture was concentrated under reduced pressuré¢haniodrown residue was dissolved in 10
mL water and 10 mL EtOAc. The layers were separdtedaqueous layer was extracted with

EtOAc (2 x 10 mL) and the combined organic layersrevdried over MgSgQ and
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concentrated under reduced pressure. Final purditaby column chromatography
(CH/EtOAC 1:2, size: 15.0 x 2.0 cm, 18 g silica)getlded the pure product.

C1oH210,N [295.1]

yield: 57.6 mg (63 %), orange solid

Rr (CH/EtOAC 1:2): 0.47

'H-NMR (300 MHz, DMSO-@): & (ppm) = 7.70-7.68 (m, 2H, Ar-H), 7.62 (& = 8.7 Hz,
2H, Ar-H), 7.48-7.40 (m, 2H, Ar-H), 7.01 (3 = 8.7 Hz,
2H, Ar-H), 4.06 (9,°J = 6.9 Hz, 2H, Ch), 3.50-3.39 (m,
4H, 2 N-CH), 1.90-1.78 (m, 4H, 2 CHi, 1.34 (t31 = 6.9
Hz, 3H, CH).

¥*C-NMR (75.5 MHz, DMSO-g): 5 (ppm) = 168.0 €=0), 158.3 C,), 139.6 C,), 137.8
(Cy), 1315 Cg), 128.7 CHa), 127.8 (2CHga), 127.2
(CHa), 125.1 CHa), 124.5 CHa/), 114.8 (2CHa/), 63.0
(OCH,), 48.8 CH,), 45.8 CH>), 25.9 CH,), 23.8 CH>),

14.6 CHa).
M.p.: 94 °C
GC-MS (NM_100_L): &= 8.75 min (m/z = 295.1, 99 % IBP: 255.0).

4’°-Ethoxy-N-methylbiphenyl-3-carboxamide (112b)

]

A 25 mL Schlenk tube was dried under vacuum, filgth nitrogen and charged with 75.0
mg (310 pmol, 1.00 eq) 4 -ethoxybiphenyl-3-carbaxwgkid (109), 31.4 mg (465 pmol, 1.50
eg) methylamine hydrochloride, 1.3 mL absolute Tatk 37.5 pL (465 pmol, 1.50 eq)

pyridine. The orange suspension was cooled to RAtGhis temperature 71.3 mg (372 pumol,
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1.20 eq) EDC were added and the suspension weedsdit rt for 20 h. TLC analysis indicated
full conversion of the starting material. The mpewas concentrated under reduced pressure
and the brown residue was dissolved in 10 mL watet 10 mL EtOAc. The layers were
separated, the aqueous layer was extracted witA&{®x 7 mL) and the combined organic
layers were dried over MgS@nd concentrated under reduced pressure. Finéicption by
column chromatography (CH/EtOAc 1:2, size: 12.0&&@n, 12 g silica gel) yielded the pure
product.

Ci16H170:N [255.1]

yield: 9.6 mg (12 %), colorless solid

Rf (CH/EtOAC 1:2): 0.45

'H-NMR (300 MHz, DMSO-@): & (ppm) = 7.95 (s, 1H, Ar-H), 7.69-7.64 (m, 2H, A}H
7.54 (d,3) = 8.7 Hz, 2H, Ar-H), 7.46 (£J = 7.8 Hz, 1H,
Ar-H), 6.98 (d,%J = 9.0 Hz, 2H, Ar-H), 6.17 (bs, 1H, NH),
4.08 (9,%) = 7.2 Hz, 2H, CH)), 3.04 (d,*J = 4.8 Hz, 3H,
N-CHs), 1.45 (t,J = 7.2 Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): § (ppm) = 168.3 €=0), 158.9 C,), 141.4 C,), 135.2
(Cy), 132.6 Cg), 129.6 CHar), 129.0 CHa/), 128.2 (2
CHa), 125.3 CHa), 124.8 CHa), 114.9 (2CHp,), 63.6
(CH,), 26.9 (NCHz), 14.9 CHs).

M.p.: 140 °C

4°-Ethoxy-N-ethyl-(1,1 -biphenyl)-3-carboxamide (112c)
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A 15 mL Schlenk tube was dried under vacuum, fillgth nitrogen and charged with 75.0
mg (310 umol, 1.00 eq) 4 -ethoxybiphenyl-3-carbaxwgcid (109), 2 mL absolute THF and
200 pL (465 pmol, 1.50 eq) ethylamine. The suspensvas cooled to 0 °C. At this
temperature 71.3 mg (372 pumol, 1.20 eq) EDC wededdand the suspension was stirred at
rt for 24 h. TLC analysis indicated full conversiohthe starting material. The mixture was
concentrated under reduced pressure and the besidue was dissolved in 10 mL water and
10 mL EtOAc. The layers were separated, the aquieyes was extracted with EtOAc (2 x
10 mL) and the combined organic layers were drieer dMgSQ and concentrated under
reduced pressure. Final purification by column aratography (CH/EtOAc 1:1, size: 18.0 x
2.5 cm, 18 g silica gel) yielded the pure product.

C17H160,N [269.3]

yield: 4.8 mg (6 %), colorless solid

Rr (CH/EtOAC 1:1): 0.51

'H-NMR (300 MHz, DMSO-@): & (ppm) = 8.59-8.57 (m, 1H, NH), 8.06 (s, 1H, Ar-H),
7.78-7.74 (m, 2H, Ar-H), 7.66 (d) = 8.7 Hz, 2H, Ar-H),
7.50 (t,) = 7.8 Hz, 1H, Ar-H), 7.04 (dJ = 8.7 Hz, 2H,
Ar-H), 4.08 (9,3 = 7.2 Hz, 2H, Ch), 3.31-3.29 (m, 2H,
N-CH,), 1.41 (t,°J = 6.9 Hz, 3H, CH), 1.35 (t,°J = 7.2
Hz, 3H, CH).

C-NMR (75.5 MHz, DMSO-g): § (ppm) = 165.7 €=0), 158.3 Cy), 139.7 C,), 135.1
(Cq), 131.7 Cg), 128.7 CHar), 128.5 CHa), 127.8 (2
CHay), 125.5 CHa), 124.6 CHa), 114.7 (2CHa), 63.0
(CH,), 34.0 (NCHy), 14.7 CHa), 14.6 CHa).

M.p.: 124 °C
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6.3.7.3. Sulfonamides

3-Bromo-N-ethylbenzenesulfonamide (114a)

A 10 mL Schlenk tube was dried under vacuum, filleth nitrogen and charged with 100 mg
(56.4 pL, 391 umol, 1.00 eq) 3-bromobenzene-1-aylthloride (113) and 0.5 mL absolute

THF. The solution was cooled to 0 °C and 2.0 mI9§lmmol, 5.00 eq, 2.0 M in THF)

ethylamine were added. The light yellow suspensias stirred at rt for 20 h. TLC analysis
showed full conversion of the starting materialeThixture was diluted with 10 mL EtOAc
and washed with 15 mL 5 % aqueous HCL solution. diiganic layer was dried over MggO

and concentrated under reduced pressure. Finafication by column chromatography
(CH(EtOAC 8:1, size: 16.0 x 2.5 cm, 24 g silica)ge¢lded the pure product.

CgH 10N OzSBI’ [264. 1]

yield: 58.0 mg (56 %), colorless solid

R; (CH:EtOACc 8:1): 0.15

'H-NMR (300 MHz, CDC}): § (ppm) = 8.02 (t*J = 1.8 Hz, 1H, Ar-H), 7.82-7.78 (m,
1H, Ar-H), 7.73-7.69 (m, 1H, Ar-H), 7.40 @) = 8.1 Hz,
1H, Ar-H), 4.40 (bs, 1H, NH), 3.10-3.00 (m, 2H, §H
1.14 (t,%3 = 7.2 Hz, 3H, CH).

“C-NMR (75.5 MHz, CDCJ): & (ppm) = 141.9 €;-SO,), 135.7 CHa), 130.6 CHa),
130.0 CHar), 125.6 CHar), 123.1 Cq4-Br), 38.4 CHy),
15.2 CHy).

GC-MS (NM_50_S2): d=6.79 min (m/z = 264.0, 98 % YBP: 155.0).
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3-Bromo-N,N-dimethylbenzenesulfonamide (114b)

A 15 ml Schlenk tube was charged with 48.5 mg (p8Wol, 1.50 eq) dimethylamine
hydrochloride, 200 pL (1.96 mmol, 5.00 eq) pyridarel 4.3 mL absolute DCM. The solution
was cooled to 0 °C before 100 mg (60 pL, 391 unioQO0 eq) 3-bromobenzene-
sulfonylchloride(113) were added. After stirring at rt for 16.5 h TLCabysis indicated full
conversion of the starting material. The mixturesvaluted with 5 mL saturated NaHGO
solution and 5 mL EO. The layers were separated and the aqueousvageextracted with
Et,O (2 x 5 mL). The combined organic layers were wedsWwith NaBPO, solution (4 x 10

mL) and brine (2 x 5 mL), dried over Mg%@nd concentrated under reduced pressure. As it

was still pyridine in the crude product, it was Wwad once more with NaiRO, solution (4 x
10 mL), dried and concentrated under reduced presdtinal purification by column
chromatography (CH/EtOAc 3:1, size: 16.5 x 2.0 d#, g silica gel) yielded the pure

product.
CngoC)zNSBI’ [264.1]

yield: 44.0 mg (43 %), colorless solid

Rf (CH:EtOAC 3:1): 0.25

'H-NMR (300 MHz, CDC}): 8 (ppm) = 7.93 (s, 1H, Ar-H), 7.75-7.70 (m, 2H, Aj;H
7.43 ()= 8.1 Hz, 1H, Ar-H), 2.74 (s, 6H, 2 GH

¥C-NMR (75.5 MHz, CDGJ): d (ppm) = 137.6 C4-SOy), 135.7 CHar), 130.5 CHa),
130.5 CHar), 126.2 CHar), 123.2 Cq-Br), 37.9 (2CHy).

GC-MS (NM_50_S2): {=6.57 min (m/z = 264.0, 99 % MBP: 207.0).
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3-Bromo-N-methylbenzenesulfonamide (114¢j*

A 100 ml Schlenk tube was charged with 180 mg (2n@ol, 1.70 eq) methylamine
hydrochloride, 600 pL (7.83 mmol, 5.00 eq) pyridiaed 17.2 mL absolute DCM. The
solution was cooled to 0 °C before 400 mg (226 1.7 mmol, 1.00 eq) 3-bromobenzene-
sulfonylchloride(113) were added. After stirring at 80 °C for 24 h. Th@alysis indicated
full conversion of the starting material. The mprduwas diluted with 30 mL saturated
NaHCQ; solution and 30 mL ED. The layers were separated and the aqueous \\ger
extracted with BO (2 x 5 mL). The combined organic layers were \edsWwith NaHPO,
solution (4 x 10 mL) and brine (2 x 5 mL), driedeowMgSQ and concentrated under reduced
pressure. As it was still pyridine in the crude quat, it was washed once more with
NaHPQO, solution (3 x 10 mL), dried and concentrated undsituced pressure. Final
purification by column chromatography (CH/EtOAc 3size: 17.0 x 2.0 cm, 14 g silica gel)
yielded the pure product.

C7H802NSBI’ [250.1]

yield: 58.9 mg (15 %), colorless solid

Rf (CH:EtOAc 3:1): 0.22

'H-NMR (300 MHz, CDC}): 8 (ppm) = 8.01 (%3 = 1.8 Hz, 1H, Ar-H), 7.80 (fJ = 7.8
Hz, 1H, Ar-H), 7.74-7.71 (m, 1H, Ar-H), 7.41 ) = 7.8
Hz, 1H, Ar-H), 4.41 (bs, 1H, NH), 2.70 (@) = 5.1 Hz,
3H, CHs-N).

“C-NMR (75.5 MHz, CDCJ): & (ppm) = 140.8 ©;-SO,), 135.8 CHa), 130.6 CHa),
130.1 CHar), 125.7 CHar), 123.2 C¢-Br), 29.4 CHy).

GC-MS (NM_50_S2): d=6.70 min (m/z = 249.9, 99 % YBP: 154.9).
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4 -Ethoxy-N-ethylbiphenyl-3-sulfonamide (115a)

]

A 25 mL Schlenk tube was dried under vacuum, fillgth nitrogen and charged with 50.0
mg (189 umol, 1.00 eq) 3-brondethylbenzenesulfonamidd14a) and 3 mL anhydrous
DME. 36.5 mg (220 umol, 1.00 eq) 4-ethoxyboronicdg@1), 104 mg (681 pumol, 3.10 eq)
CsF and 9.0 mg (11.0 umol, 0.05 eq) R{Hpf)*DCM were added consecutively. The dark

brown suspension was degassed by vacudrydles and stirred at 80 °C for 17 h. TLC

analysis indicated full conversion of the startintpterial. The reaction mixture was
hydrolyzed by 10 mL 5 % aqueous HCL solution annleeted with EtOAc (3 x 10 mL). The
combined organic layers were concentrated underceztipressure and final purification by

column chromato-graphy (CH/EtOAc 3:1, size: 16.@.% cm, 20 g silica gel) yielded the

pure product.
C16H1903SN [305.3]
yield:

R: (CH/EtOAC 3:1):
'H-NMR (300 MHz, CDC})):

¥C-NMR (75.5 MHz, CDGJ):

M.p.:

46.4 mg (80 %), colorless solid

0.34

8§ (ppm) = 8.05 (t*J = 1.5 Hz, 1H, Ar-H), 7.80-7.74 (m,
2H, Ar-H), 7.58-7.51 (m, 3H, Ar-H), 7.01-6.97 (mH2
Ar-H), 4.37 (t,%J = 6.0 Hz, 1H, NH), 4.10 (4] = 7.2 Hz,
2H, OCH), 3.10-3.01 (m, 2H, CH, 1.45 (1,3 = 6.9 Hz,
3H, CHy), 1.13 (1,23 = 7.2 Hz, 3H, CH).

8 (ppm) = 159.2C,), 142.0 Cy), 140.4 Cy), 131.5 Cy),
130.6 CHar), 129.5 CHa), 128.2 (2 CHp), 125.0
(CHa), 124.9 CHa/), 115.0 (2CHp,), 63.6 CH,), 38.3
(CH,-N), 15.2 CHz), 14.8 CHs).

81 °C
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GC-MS (NM_50_S2): 4= 9.24 min (m/z = 305.1, 99 %"VBP).

4°-Ethoxy-N,N-dimethyl-(1,1 -biphenyl)-3-sulfonamide (115b)

according to GP-5:

44.0 mg (167 pmol, 1.00 eq) 3-bromiN-dimethylbenzenesulfonamidd14b) 27.6 mg
(167 umol, 1.00 eq) 4-ethoxyphenylboronic a@d), 20 h reaction time, silica gel filtration
(CH/EtOAC 3:1).

C16H160sNS [305.3]

yield: 44.0 mg (86 %), yellow solid

Rs (CH/EtOAC 3:1): 0.36

'H-NMR (300 MHz, CDC}): & (ppm) = 7.94 (tXJ = 1.5 Hz, 1H, Ar-H), 7.79-7.76 (m,
1H, Ar-H), 7.71-7.68 (m, 1H, Ar-H), 7.60-7.52 (mH3
Ar-H), 6.99 (d,3J = 8.7 Hz, 2H, Ar-H), 4.09 (#J = 7.2
Hz, 2H, CH), 2.74 (s, 6H, 2 Ch), 1.45 (t,3) = 7.2 Hz,
3H, CHp).

C-NMR (75.5 MHz, CDCJ): & (ppm) = 159.3C,), 142.0 Cg), 136.0 Co), 131.6 Cy),
130.8 CHa/), 129.4 CHa), 128.3 (2CHa), 125.7 (2
CHar), 115.1 (2CHa/), 63.7 CH.), 38.1 (2CHs), 14.9
(CHy).

M.p.: 114 °C

GC-MS (NM_50_S2): £ = 8.94 min (m/z = 305.1, 99 % VIBP).



6. Experimental section 330

4°-Ethoxy-N-methyl-(1,1 -biphenyl)-3-sulfonamide (115c)

A 15 mL Schlenk tube was dried under vacuum, filleith nitrogen and charged
consecutively with 58.9 mg (235 umol, 1.00 eq) 8AboN-methylbenzenesulfonamide
(1214c) 39.1 mg (235 pumol, 1.00 eq) 4-ethoxyphenylbora@ui (71), 9.60 mg (12.0 umol,
0.05 eq) PdG(dppf)*DCM, 111 mg (729 umol, 3.10 eq) CsF and @B anhydrous DME.
The suspension was stirred at 80 °C for 22 h. Th&lysis and GC-MS analysis indicated full
conversion of the starting material. The reactiartame was hydrolyzed by addition of 10
mL 5 % aqueous HCI solution and diluted with 10 EtOAc. The layers were separated and
the organic layer was washed with 8 mL 5 % aquet@Esolution, dried over MgS£and
concentrated under reduced pressure. Final purditaby column chromatography
(CH/EtOAC 3:1, size: 17.5 x 2.0 cm, 14 g silica)getlded the pure product.

Ci15H1703NS [291.4]

yield: 56.7 mg (86 %), beige solid

Rr (CH/EtOAC 3:1): 0.27

'H-NMR (300 MHz, CDC)): 8 (ppm) = 8.04 (s, 1H, Ar-H), 7.79-7.74 (m, 2H, Aj;H
7.58-7.52 (m, 3H, Ar-H), 6.98 (d) = 8.7 Hz, 2H, Ar-H),
4.54 (d, 33 = 5.1 Hz, 1H, NH), 4.08 (4] = 7.2 Hz, 2H,
CH,), 2.69 (d,*J = 5.1 Hz, 3H, CKN), 1.45 (1,31 =7.2
Hz, 3H, CH).

“C-NMR (75.5 MHz, CDCJ): 5 (ppm) = 159.2C,), 142.1 Cg), 139.3 Cy), 131.4 C),
130.7 CHar), 129.5 CHa), 128.2 (2 CHp), 125.1
(CHar), 125.1 CHa;), 115.0 (2CHa,), 63.6 CH.), 29.4
(CHs-N), 14.8 CHa).

M.p.: 132 °C
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GC-MS (NM_50_S2): 4= 9.22 min (m/z = 291.0, 99 %"VBP).

6.3.7.4. Non-esterified biphenyls

4-Ethoxybiphenyl (117a)

0]

A
according to GP-5:
150 mg (102 pL, 956 umol, 1.00 eq) bromobenzddéa) 159 mg (956 pumol, 1.00 eq) 4-
ethoxyphenylboronic acifr1), 6.5 h reaction time, column chromatography (Gkk:s6.0 x
4.0 cm, 12 g silica gel).

C14H140 [198.0]

yield: 207.0 mg (93 %), beige solid
Rt (CH): 0.16
'H-NMR (300 MHz, CDC}): 0 (ppm) = 7.58-7.51 (m, 4H, Ar-H), 7.45-7.40 (m, 2H,

Ar-H), 7.33-7.28 (m, 1H, Ar-H), 6.99-6.96 (m, 2Hf-A
H), 4.09 (q,°J = 6.9 Hz, 2H, CH)), 1.45 (%) = 6.9 Hz,
3H, CHy).

¥C-NMR (75.5 MHz, CDGJ): 5 (ppm) = 158.5C,), 140.9 Cy), 133.6 Cy), 128.7 (2
CHa), 128.1 (2CHp), 126.7 (2CHa/), 126.6 CHa),
114.7 (2CHp;), 63.5 CH>), 14.9 CHy).

M.p.: 69 °C

GC-MS (NM_50_S2): d = 6.45 min (m/z = 189.1, 98 % VBP: 170.1).
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4°-Ethoxy-3-methyl-1,1"-biphenyl (117b)

according to GP-5:

J
)

150 mg (100 uL, 877 umol, 1.00 eq) 3-bromotolugtisb) 146 mg (877 umol, 1.00 eq) 4-

ethoxyphenylboronic aci(V'1), reaction over night, column chromatography (Cie:s15.5 x

2.5 cm, 10 g silica gel).
Ci1sH160 [212.3]
yield:

R (CH):
'H-NMR (300 MHz, CDC}):

¥C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_50_S2):

155.6 mg (84 %), yellow solid

0.05

5 (ppm) = 7.53 (d®J = 8.7 Hz, 2H, Ar-H), 7.39-7.30 (m,
3H, Ar-H), 7.14 (d2J = 7.2 Hz, 1H, Ar-H), 6.99 (fJ =
8.7 Hz, 2H, Ar-H), 4.09 (q°J = 6.9 Hz, 2H, CH)), 2.43
(s, 3H, CH), 1.46 (1) = 6.9 Hz, 3H, CH).

3 (ppm) = 158.4C,), 140.8 Cy), 138.2 Cy), 133.7 Cy).
128.6 CHa/), 128.1 (2 CHa/), 127.5 CHp), 127.3
(CHa), 123.8 CHa), 114.7 (2CHp,), 63.5 CHy), 21.5
(CHs), 14.9 CHy).

48 °C

d=6.74 min (m/z = 212.1, 99 % YBP: 184.1).
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4 -Ethoxy-3-nitrobiphenyl (119)

according to GP-6:

ok

0]

]

500 mg (2.49 mmol, 1.00 eq-bromophenetolg64), 622 mg (3.73 mmol, 1.50 eq) 3-
nitrophenylboronic aci@118), reaction over night, silica gel filtration (CH@EACc 25:1).

C14H130sN [243.2]

yield:
Rr (CH/EtOAC 25:1):
'H-NMR (300 MHz, CDC}):

¥C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_50_S2):

412.4 mg (68 %), light yellow solid

0.34
5 (ppm) = 8.40 (d*J = 1.8 Hz, 1H, Ar-H), 8.15-8.12 (m,
1H, Ar-H), 7.88-7.85 (m, 1H, Ar-H), 7.59-7.54 (mH3
Ar-H), 7.00 (d,%J = 8.7 Hz, 2H, Ar-H), 4.09 (¢®J = 6.9
Hz, 2H, CH), 1.46 (1) = 6.9 Hz, 3H, CH).
5 (ppm) = 159.4 C,), 148.7 C,), 142.5 Cy), 132.4
(CHar), 130.8 Cy), 129.6 CHa), 128.2 (2CH4), 121.3
(CHa), 121.3 CHa), 115.1 (2CHp,), 63.6 CH>), 14.8
(CHa).

72-73°C

d=7.65 min (m/z = 243.1, 92 % YBP: 215.1).
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4°-Ethoxybiphenyl-3-amine (120)

O NH,

)

]

A 25 mL three-neck round-bottom flask was dried emdaccum, filled with nitrogen and
charged with 374 mg (1.54 mmol, 1.00 eq) 4 -ethdxyitrobiphenyl(119) and 6.4 mL
anhydrous EtOAc. To this yellow solution 129 mgladium on activated charcoal (10 % Pd)

were added and the solution was degassed by vakeyuycles. The mixture was stirred at rt

over night under K atmosphere. GC-MS analysis showed full conversibnhe starting

material. After filtration through a pad of celitexder argon atmosphere and elution with

EtOAc and DCM the solvent was removed under redpecessure. The obtained product was

used for the next reactions without further puafion.

C1H1s0N [213.1]

yield:
Rt (CH/EtOAC 8:1):
'H-NMR (300 MHz, CDC})):

13C-NMR (75.5 MHz, CDGJ):

M.p.:
GC-MS (NM_50_S2):

278.8 mg (85 %), light yellow solid

0.25

5 (ppm) = 7.49 (dJ = 8.7 Hz, 2H, Ar-H), 7.21 (£J =
7.8 Hz, 1H, Ar-H), 6.97-6.93 (m, 3H, Ar-H), 6.8838.
(m, 1H, Ar-H), 6.64 (dd?J = 1.5 Hz,3J = 7.8 Hz, 1H,
Ar-H), 4.07 (q,%) = 6.9 Hz, 2H, CH), 3.59 (bs, 2H,
NH,), 1.44 (t2J= 6.9 Hz, 3H, CH).
5 (ppm) = 158.4C,), 146.6 C,), 142.0 Cy), 133.7 Cy),
129.6 CHa/), 128.0 (2CHa/), 117.3 CHa/), 114.6 (2
CHa), 113.5 (2CHa/), 63.5 CH,), 14.9 CHa).

84-87 °C

d=7.39 min (m/z = 213.1, 96 % YBP: 185.1).
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6.3.7.5. Acetamide

N-(4 -ethoxybiphenyl-3-yl)acetamide (121)

A 10 mL Schlenk tube was dried under vacuum, filgth nitrogen and charged with 79.8
mg (374 pmol, 1.00 eq) 4 -ethoxybiphenyl-3-am{i€0), 42.3 pL (450 pumol, 1.20 eq)
acetanhydride and 1.0 mL absolute DCM. The whigpsnsion was stirred at rt for 2 h. GC-
MS analysis indicated full conversion of the stagtimaterial. The reaction mixture was
transferred to a separation funnel and washed sdatbrated NaHC®solution (2 x 5 mL).
The organic layer was dried over 488, and the solvent was removed under reduced
pressure to obtain the pure product without furthetfication.

Ci6H170-N [255.3]

yield: 70.7 mg (74 %), light yellow solid
Rs (CH/EtOAC 1:1): 0.61
'H-NMR (300 MHz, CDCY): o (ppm) = 7.69 (s, 1H, Ar-H), 7.53 (bs, 1H, NH), G-5

7.44 (m, 3H, Ar-H), 7.36-7.27 (m, 2H, Ar-H), 6.9d, {J
= 8.4 Hz, 2H, Ar-H), 4.06 (§)J = 6.9 Hz, 2H, CH)), 2.18
(s, 3H, CH), 1.43 (1) = 6.9 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ):  (ppm) = 168.4 C=0), 158.6 C,), 141.7 C,), 138.3
(Cg), 133.0 Cy), 129.3 CHa), 128.1 (3CHg), 122.6
(CHar), 118.2 CHp,), 114.7 (2CHp;), 63.5 CH.), 24.6
(CHs), 14.8 CHy).

M.p.: 168-170 °C

GC-MS (NM_50_S2): £ = 8.46 min (m/z = 255.1, 99 % VIBP: 185.1).
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HRMS (EI): m/z calcd for GgH17O.N [M]*: 255.1259; found
255.1270.

6.3.7.6. Urea

N-(4 -ethoxybiphenyl-3-yl)N,N-dimethylurea (122)

A 10 mL Schlenk tube was dried under vacuum, filgth nitrogen and charged with 80.4
mg (377 pumol, 1.00 eq) 4 -ethoxybiphenyl-3-am{f20) and 1.0 mL absolute EtOAc. The
light yellow solution was cooled to 0 °C and 5210 (375 umol, 1.00 eq) triethylamine and
41.4 uL (450 pumol, 1.20 eq) dimethylcarbamoyl cllemwere added dropwise. The solution
was first stirred at rt for 5 h and then at 40 4&monight. TLC analysis indicated no full
conversion of the starting material. The temperatuas increased to 85 °C and the colorless
suspension was refluxed at this temperature foth@nanight. TLC analysis indicated full
conversion of the starting material and the mixtwees hydrolyzed by addition of 5 mL of
water, transferred to a separation funnel andaipers were separated. The agueous layer was
extracted with EtOAc (2 x 10 mL) and the combinedamic layers were dried over p&O,.

The solvent was removed under reduced pressurdtinothe crude product which was

purified by column chromatography (CH/EtOAc 1:Zesil.5 x 15.5 cm, 10 g silica gel).

C17H200:N; [284.3]

yield: 28.6 mg (27 %), beige solid

Rf (CH/EtOAC 1:1): 0.23

'H-NMR (300 MHz, CDCY): 0 (ppm) = 8.31 (bs, 1H, NH), 7.73 (s, 1H, Ar-H), Z &I,

3)=8.7 Hz, 2H, Ar-H), 7.44 (fJ = 7.8 Hz, 1H, Ar-H),



6. Experimental section 337

7.29-7.24 (m, 1H, Ar-H), 7.17-7.15 (m, 1H, Ar-H)00
(d, %3 = 8.4 Hz, 2H, Ar-H), 4.05 (¢°J = 6.6 Hz, 2H,
CHy), 2.94 (s, 6H, 2 Ch), 1.34 (,°J = 6.9 Hz, 3H, CH).

¥C-NMR (75.5 MHz, CDGJ):  (ppm) = 158.0 €=0), 155.6 C,), 141.1 C,), 139.8
(Cy), 132.5 Cy), 128.6 CHa), 127.5 (2CHg), 119.3
(CHar), 117.8 CHa;), 117.3 CHa/), 114.6 (2CHa),
63.0 CH>), 36.1 (2CHa3), 14.6 CHs).

M.p.: 164-167 °C

GC-MS (NM_50_S2): £ =7.38 min (99 % purity, BP: 239.1, no'Misible).

HRMS (El): m/z calcd for GsH130:N, BP: 239.0946; found
239.0940.

6.3.8. Synthesis of the optimized inhibitor compound

N,N-Dimethyl-3"-nitrobiphenyl-4-amine (124)

ok

N

PN

according to GP-5:

250 mg (1.25 mmol, 1.00 eq) 4-brombN-dimethylaniline(123), 209 mg (1.25 mmol, 1.00
eq) 3-nitrophenylboronic acidl18), reaction over night, silica gel filtration (CH@EAC
19:1).

C1aH140:N; [242.2]

yield: 272.9 mg (90 %), orange solid
Rs (CH/ EtOAC 19:1): 0.35
'H-NMR (300 MHz, CDCY): 5 (ppm) = 8.41 (d¥J = 2.1 Hz, 1H, Ar-H), 8.09-8.06 (m,

1H, Ar-H), 7.86 (dd3J = 7.8 Hz,*J = 0.9 Hz, 1H, Ar-H),



6. Experimental section 338

7.56-7.53 (m, 3H, Ar-H), 6.82 (d] = 8.7 Hz, 2H, Ar-
H), 3.03 (s, 6H, 2 CH.

3C-NMR (75.5 MHz, CDGJ): & (ppm) = 150.6 C4-N(CHs)z), 148.8 Co), 142.8 Co),
131.8 CHay), 129.4 CHa,), 127.7 (2CHay), 126.1 Cy),
120.7 CHa), 1205 CHa), 112.6 (2 CHa), 40.4

(N(CHa)2).
M.p.: 153-155 °C
GC-MS (NM_50_S2): 4= 8.15 min (Mm/z = 242.0, 98 % VBP).

N* N*-dimethylbiphenyl-3,4 -diamine (125)

O NH,

N

PN

A 25 mL two-neck round-bottom flask was dried ungeccum, filled with nitrogen and
charged with 250 mg (1.03 mmol, 1.00 &gN-dimethyl-3"-nitrobiphenyl-4-amingl24), 4.0
mL absolute EtOH and 3.0 mL anhydrous EtOAc. Toydkow solution 86.2 mg palladium
on activated charcoal (10 % Pd) were added anddhdgion was degassed by vacuum/H
cycles. The mixture was stirred at rt over nighdemH atmosphere. GC-MS analysis
showed full conversion of the starting materialteAffiltration through a pad of celite under
argon atmosphere and elution with EtOAc and MeQaHsiivent was removed under reduced

pressure. The obtained product was used for theraagtions without further purification.
C14H16N2 [212.2]

yield: 207.4 mg (95 %), brown solid

R (CH/ EtOAc 19:1): 0.05

'H-NMR (300 MHz, DMSO-¢): & (ppm) = 7.40 (dJ = 9.0 Hz, 2H, Ar-H), 7.03 (£J =
7.8 Hz, 1H, Ar-H), 6.78-6.75 (m, 3H, Ar-H), 6.70, @
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= 7.8 Hz, 1H, Ar-H), 6.47-6.44 (m, 1H, Ar-H), 5.0ds,
2H, NH,), 2.91 (s, 6H, 2 CH).

3C-NMR (75.5 MHz, DMSO-g): & (ppm) = 149.5 C4-N(CHs)z), 148.8 C,), 140.8 Co),
129.1 CHay), 128.6 Cy), 126.7 (2CHp), 113.4 CHay),
112.5 (2 CHa), 111.8 CHa), 111.1 CHa), 40.0

(N(CHa)2).
M.p.: 65-68 °C
GC-MS (NM_50_S2): 4= 7.78 min (m/z = 212.1, 98 % VBP).

3-(4’-(dimethylamino)biphenyl-3-yl)-N,N-dimethylurea (126)

A 25 mL Schlenk tube was dried under vacuum, fil\eth nitrogen and charged with 439 mg
(2.07 mmol, 1.00 egN*,N*-dimethylbiphenyl-3,4 -diaming125) and 6.0 mL absolute

DCM. The brown solution was cooled to 0 °C and g20(2.07 mmol, 1.00 eq) triethylamine
and 290 pL (3.11 mmol, 1.50 eq) dimethylcarbamdybiide were added dropwise. The
solution was first stirred at 50 °C for 3 d. GC-M8alysis indicated full conversion of the
starting material and the mixture was hydrolyzedadglition of 6 mL of water, transferred to
a round-bottom flask and concentrated. The reswe dissolved in 30 mL DCM and dried
over NaSQ,. The solvent was removed under reduced pressusbtéin the crude product,

which was purified by column chromatography (CH/BtOL:1, size: 2.0 x 17.0 cm, 25 ¢

silica gel).
C17H210N3 [283.2]

yield: 315.2 mg (54 %), beige solid
Rf (CH/ EtOAc 1:1): 0.24
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'H-NMR (300 MHz, DMSO-g):

3C-NMR (75.5 MHz, DMSO-¢):

M.p.:
GC-MS (NM_50_S2):
HRMS (El):

0 (ppm) = 8.28 (s, 1H, Ar-H), 7.70 (s, 1H, Ar-H)A3.
(d, 3J = 8.4 Hz, 2H, Ar-H), 7.40-7.38 (m, 1H, Ar-H),
7.23 (t,3) = 7.8 Hz, 1H, Ar-H), 7.15-7.13 (m, 1H, Ar-H),
6.79 (d,%J = 8.4 Hz, 2H, Ar-H), 2.94-2.93 (m, 12H, 4
CHy).

o (ppm) = 155.7 (C=0), 149.T(-N(CHs)2), 141.0 Cy),
140.2 Cy), 128.5 CHa/), 127.8 Cg), 128.8 (2CHa),
118.8 CHar), 117.2 CHar), 116.8 CHar), 1125 (2
CHar), 40.0 (NCHs3),), 36.1 (NCH3)2).

165-167 °C

£ = 7.65 min (98 % purity, BP: 238.0, no'Misible).

m/z calcd for G7H,;ON; [M]*: 283.1685; found
283.1707.
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8. Abbreviations

Analytical methods:

TLC thin layer chromatography

GC gaschromatography

GC-MS gaschromatography mass spectrometry
ESI-MS elektrospray ionization mass spectrometry
EI-MS elektroionisation mass spectrometry
HRMS high resolution mass spectrometry

NMR nuclear magnetic resonance

'H-NMR proton NMR

C-NMR carbon NMR

APT attached proton test

NOE Nuclear-Overhauser effect

NOESY Nuclear Overhauser Effect spectroscopy
HSQC heteronuclear single quantum coherence
HMBC heteronuclear multiple-bond correlation
COSsY correlated spectroscopy

MS mass spectrometry

IR infrared

S singlet

bs broad singlet

d doublet

dd doublet of doublet

t triplet

o} qguadruplet

m multiplet

Hz Hertz

MHz Mega-Hertz

Ppm parts per million

J coupling constant

Ar aryl

min minute
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tr

calcd.

BP
m/z
Ry
M.p.
eV

Solvents:

ACN
THF
1,2-DCE
DCM
DME
DMSO
DMSO-d;
Et,O
EtOH
MeOH
MeOD
DMF
EtOAC
CH
BuOH
CDCl;
D,O

hour

day

retention time
chemical shift
calculated
molecule peak
basis peak
mass rate
ratio of fronts
melting point

electron volt

acetonitrile
tetrahydrofuran
1,2-dichloroethane
dichloromethane
1,2-dimethoxyethane
dimethylsulfoxide
deuterated dimethylsulfoxide
diethylether

ethanol

methanol

deuterated methanol
N,N-dimethylformamide
ethylacetate
cyclohexane

butanol

deuterated chloroform

deuterated water
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Reagents:

NaOQBu
NEt;
NBS
DBPO
EDC
DCC
DMAP
CDI
DIBAL-H
BuLi
(£)-BINAP
Pd(dba)

PdCL(dppf) * DCM

Ni-Al
Boc
Mel
mCPBA
TMSCN
BHT
PEG

sodiuntert.butoxide

triethylamine

N-bromosuccinimide

dibenzoylperoxide
1-ethyl-3-(3-dimethylaminopropyl) carbodiireid
N,N-dicyclohexylcarbodiimide
4-dimethylaminopyridine
N,N’-carbonyldiimidazole
diisobutylaluminium hydride

butyllithium
2,2'-bis(diphenylphosphino)-1,1'-binadpil
tris(dibenzylideneacetone)-dipalladium(0)

[1,1°-bis(diphenylphosphino)-ferrocddiehloropalladium(ll), complex

with DCM
nickel-aluminium
tert. Butyloxycarbonyl
methyliodide
metachloroperoxybenzoic acid
trimethylsilyl cyanide
tert.-butylhydroxytoluene
polyethylene glycol

Biologival abbreviations:

ATGL
HSL
MGL
DAGL
PLP
LPL
TG

Adipose Triglyceride lipase
Hormone-sensitive lipase
Monoglyceride lipase
Diacylglycerol lipase
phospholipase

lipoprotein lipase

triglyceride
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DG
MG

G

TAG
NEFA
LD
WAT
BAT
FA
FFA
Ser
Asp
His
PKA
Wt

Ko

Pat
COS-7
ABHD5
CGI-58
CDS
NLSD
NLSDI
NLSDM
LLC
B16
HTS
TOS
DOS
SH
2-AG
CB1/2
THL
ICs0

diglyceride

monoglyceride

glycerol

triacylglycerol

non-esterified fatty acids

lipid droplet

white adipose tissue

brown adipose tissue

fatty acid

free fatty acid

serine

asparagine

histidine

protein kinase A

wild-type

knock-out

patatin

cell line derived from kidney cells of thiican green monkey
Abhydrolase domain containing 5
comparative gene identification 58
Chanarin-Dorfman syndrome
neutral lipid storage disease
neutral lipid storage disease with ichthgos
neutral lipid storage disease with myopathy
Lewis lung carcinoma

melanoma cells

High-throughput screening
target-oriented synthesis
diversity-oriented synthesis

serine hydrolase
2-arachidonoyl-glycerol
cannabinoid receptor 1/2
tetrahydrolipstatin

half maximal inhibitory concentration
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l200
EDTA

BSA
DMEM
3T73-L1
SGBS
SPF

Others:

tert.
rt
eq
Fig.

kDa
cm

nm

mg
pmol

mmol

inhibition using an inhibitor concentration d®@uM
ethylenediaminetetraacetic acid

bovine serum albumin

Dulbecco's Modified Eagle's Medium

cell line derived from 3T3 cells (standditwtoblast cell line)
Simpson-Golabi—-Behmel syndrome

specific pathogen free

meta

para

ortho

tertiary

room temperature
equivalent
figure
angstrom
kilodalton
centimeter
nanometer
gramm
milligramm
micromol
millimol
milliliter
microliter
parts per million
concentrated
Molar

Normal
micromolar
unit

et alii
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quant.
Y

%

°C

GP
3-D
No.

VS.

guantitative
yield

percent

degree celsius
general procedure
three dimensional
number

VErsus
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