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1. Abstract/Zusammenfassung

Despite having the same "purpose", the uncontdellabllular growth to the detriment of the
organism, cancer presents itself in humans in gveaiety of forms. This variety makes
developing effective treatments a highly challeggiask. Nevertheless, cancer has a handful of
hallmarks that are present almost ubiquitously lintygpes of tumours. Among them is the
upregulated glucose uptake, known as the WarbdegteHowever, there has yet to be a drug
or treatment that makes use of this aberrant cane&bolism. This is due to the lack of potent
glucose uptake inhibitors. The identification of alnmolecules that efficiently target the
glucose uptake is hence of high value. Throughnamouse established glucose uptake assay,
new scaffolds were identified as glucose uptakebitdrs, such as the Glupins. This novel
identified scaffold presented a natural produat-létructure and a high potency. In the present
work, a synthetic route towards the Glupin core ves$ablished. The structure-activity
relationships of the Glupin class was extensivdlydied by the synthesis of a library of
analogues. The analogug;)-Glupin-1, was discovered as one of the most potent glucose

uptake and was therefore selected for further biokd studies.
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The splicing process, the process by which preraatuessenger RNA is transformed into a
mature form ready to be translated, is performed abyighly complex machinery, the
spliceosome. The splicing process occurs in a seariesteps, each of them catalysed by a
different spliceosome complex constituted by mamgtgins and ribozymes. Decades of
research on the spliceosome complex have providathderstanding of the process but much
remains to be discovered. The in-house identibcadf a novel splicing inhibitorcp028
enabled the isolation of a previously unknown smgome stage. In this work, tlep028
compound was studied with the synthesis of a §bodranalogues around its core. The library

of analogues was assayed as splicing inhibitorkligig a SAR analysis of this novel class.
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Furthermore, efforts towards the identificationtloé cp028 target were madeCp028 joins a
short list of powerful splicing inhibitor that hax@lowed for a deeper study of the splicing
process and opens the door for the identificatibmavel key protein players of this highly

complex process.

Krebs ist das unkontrollierte Wachstum von ZellemzNachteil des Gesamtorganismus. Auf
zellularem Niveau sind die Eigenschaften von Kreltem jedoch sehr unterschiedlich, was eine
effektive Behandlung von Tumorerkrankungen erschvies gibt jedoch einige Merkmale, die
von fast allen malignen Tumorzellen geteilt werdenter anderem ein veranderter zellularer
Metabolismus. Dieser auf3ert sich haufig in erhoAtgnahme von Glukose und einer erhdhten
Glykolyserate, auch Warburgeffekt genannt. Bistehlén jedoch effektive Wirkstoffe, die
dieses Charakteristikum von Krebszellen nutzen,sefektiv Krebszellen zu adressieren. Die
Identifikation von wirksamen Hemmern der Glukoseahimen ist deshalb von grof3em
Interesse. Durch einen intern etablierten zellw&reGlukoseaufnahmetest im
Hochdruchsatzverfahren konnten verschiedene kleikkolekile mit gemeinsamen
Grundstrukturen, die die Glukoseaufnahme von kieitien Krebszellen effizient inhibieren
identifiziert werden. Eine dieser Substanzklasselie Glupine, basiert auf einem
naturstoffahnlichen Grundgerist, dessen Synthegeaimmen dieser Arbeit etabliert wurde und
auf dessen Grundlage eine Substanzbibliothek hetjesvurde um eine Struktur-
Wirksamkeitsbeziehung zu erstellen. Die Subst@&RgGlupin-1 wurde als wirksamstes

Mitglied dieser Molekulklasse identifiziert und fiseitere biologische Studien genutzt.
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Das SpleiRen von pra-mRNA wird von einer fein régtén molekularen Maschinerie aus
Enzymen und Ribozymen gesteuert, dem SpleiRosonwollbseit vielen Jahrzehnten
untersucht, sind viele Details des komplexen Assiemimgsprozess des Spleil3osoms bis heute
nicht komplett verstanden. Mit Hilfe eines neu itliezierten Inhibitors des SpleiRensp02§
konnte ein bisher unbekannter Spleilosom-Kompldgdesht werden. Auf Grundlage dieses
Inhibitors wurde im Rahmen dieser Arbeit eine Sababibliothek hergestellt und auf ihre
Aktivitat in Bezug auf die Inhibierung des SpleiBegetestetCp028 erweitert die bisher kurze
Liste von Inhibitoren des Splei3ings und eroffriet oglichkeit neue Schlisselproteine dieses

hoch komplexen Prozesses zu identifizieren.
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Glucose Uptake Inhibition

Glucose Uptake Inhibition

2. Introduction

2.1.Glucose Uptake

The monosaccharid®-glucose is the principal source of energy in husnan it fuels the
tricarboxylic acid cycle (TCA). Furthermore, itasmain source for anabolic pathways that feed
from the TCA cycle and is involved in glycosylatiprocesses. Hence, glucose is a key player
in metabolism and cell homeostasis. It is the hiydie productof more complex sugars such as
starch, sucrose or lactose, obtained from the Aidtough potentially synthesised by the liver,
the levels of glucose in blood and tissues are imanodulated by the synthesis and hydrolysis
of the polysaccharide glycogen, which is used ghiaose reserve.The uptake of glucose and
other hexoses into cells can be promoted by twierdifit types of transporters: the sodium-
glucose transporters (SGLTs) and the facilitatitegse transporters (GLUTSY.The SGLTs
are a family of symporters that use the'Iad gradient to actively transport glucose into the
cells. Given this mode of transport, these sympsrége situated where glucose needs to be
absorbed or recovered against the glucose graali¢iné membrane, such as the intestines or the
renal tubules.The main two transporters of thisiliamre SGLT 1 and 2.The first has a high
affinity but low capacity of glucose transport aagresent at the small intestine membrane and
at the proximal tubules(kidneys). The SGLT2, on olieer hand, hasa low affinity but a high
capacity and ispresentmostly at the proximal tubu(kidneys). The second family of

transporters responsible for glucose uptake i€dT family.

2.1.1The GLUT transporter family

The family of GLUTs is a group of transporters thmsbmote glucose diffusion across the
membrane in a bidirectional manner according to dbecentration gradient. This family is
responsible for glucose uptake in the vast majaftyissues and presents a wide variety of
affinities, substrate specificities and differestlalar localisationd.This array of characteristics
ensures a tight control of glucose uptake into dlifferent tissues according to cellular
requirements and to glucose availability. The GLidmily comprises 14 members which are
classified into three subfamilies according to ssme similarities (Figure 1). The most studied
subfamily is the well-characterizedclass 1, thanpnses the GLUT1 to 4 plus the recently
identified GLUT14® The main difference within this subgroup is thetrlbution across tissues:
GLUT1, ubiquitously expressed, is responsible fer basal supply of glucose to all tissues but
15



Glucose Uptake Inhibition

exhibits higher expression on erythrocytes andbtiaén, whereit representsthe main transporter
at the blood brain barriéf. GLUT1 has &, of 3-7 mM for glucose uptake.Since the average
glucose concentration in blood is around 5mM, GLUiES the ability to transport glucose at a
high rate’The second member, GLUT2, displays a comparatimiyaffinity for glucose K,

of 15-20 mM) and other sugars but has a high tremsmpacity’ It is mostly expressed on the
liver, pancreas and kidney, and its main funct®meélieved to be glucose-sensiffigGLUT3
presents the highest affinity for gluco$g,(of ca. 2 mM) and is highly expressed in the nesiron
at the brain, where glucose is in high demand drtgh priority? GLUT14 is almost identical

to GLUT3 but is specifically expressed in the &fihe last GLUT transporter of the class 1 is
GLUT 4, whose main characteristic is its insulirpdedent regulation. GLUT4 is stored in
vesicles and is recruited to the membranes upaniimnstimulation.It is mostly expressed in

adipocytes, and heart and muscle tissue.

_E% GLUT1
GLUT4
55% E95% GLUT3 | Class 1
GLUT14
GLUT2
35-42% o GLUTS
GLUT?7
|42 ) GLuTo | Class 2
29% GLUT11
0
35% aLUTI
41% Class 3
GLUT12
HMIT

Figure 1. Dendrogram of all members of the GLUT transpofdenily. The numbers represent

the percentages of sequence identity. Adapted 8oheeperst al >

2.1.2GLUT structure and glucose uptake mechanism

The GLUT transporters share a common core structut&o symmetrical six transmembrane
a-helix domains, where both termini face the inthatar side (Figure 2a). The transmembrane
domains form a cavity that allows glucose to diéfusy the rocker-switch alternative-access
mechanism, in which the substrate-binding sitevalable from both sides of the membreitze
conformational changes (Figure 2B)The recent solution of the crystal structures efesal
GLUT transporters has enabled a deeper understaodlithe mechanism and functions of the
different member$:™*® The GLUT1 structure was reported in 2014 by Demgj @-workers in

an inward-open conformation bound to nonyl-glucapgside:! This structure complements,

16
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and was resolved with the aid of, the previouslgoreed bacterial homologue of glutl-4,
crystallized in an outward-facing conformation bdua glucosé?

Ligand-bound
occluded

Ligand-free
occluded

Figure 2. a) lllustration of the human GLUT1 transporter cryssaducture (PDB: 4PYPY.
Adapted from Kapooet al."”®> The drawing shows thi-terminal (yellow) and the&-terminal
(orange) domains and the intracellular (IC) domdgreen). Cytochalasin B is represented by
the red-stick structure at its binding site. Dhieelix domains are represented as fodRocker-
switch predicted alternative access transportier GLUT 1ltransporter. Adapted from Deng

al 11

2.1.3Regulation of glucose uptake

Glucose uptake can be considered controlled, airitplest stage, by the presence or lack of
glucose in the extracellular media. This is pattidy true for unicellular organisms in which
up-regulation or down-regulation of the glucoseahetism is mostly driven by an extracellular
nutrient-sensing mechanism. Nevertheless, in highaganisms such as humans, the
extracellular media has no shortage of nutrienpsupConsequently, the glucose metabolism
needs to be regulated by external signalling faateg. growth factors) to prevent, for example,
aberrant cell proliferation. The GLUT transportere regulated by a series of transcriptional
pathways and direct protein or compound interasti®hen a greater glucose metabolism is
needed, for example in proliferating cells, signallfactorspromote the up-regulation of the
glucose uptake capacity. This occurs by modulatimgGLUT transporters ability, as for the
growth factor IL-3 (interleukin-3)% or by over-expressing the GLUT transporters at the
membrane, as for the hormone insdlithe main mechanism of glucose uptake regulation is

insulin secretion by the pancreas, which transfendlcruits GLUT4 to cell membranes of

17
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insulin-responsive tissues. The PISK/Akt/mTOR patliws another important regulator of
glucose metabolism by, among other mechanismsasarg the presence of GLUT1 at the cell
surface (Figure 3Y*° Furthermore, the PI3K/Akt/mTOR pathway also retgdahe activation
of HIF-1(hypoxia inducible factor-1 alpha),whichopmotes the over-expression of the GLUT
transporterd® HIF-1 activation can also be triggered by alterasiin ROS levels or in hypoxic
conditions (Figure 3). The transcription factor MYtas also been shown to control the

expression of the GLUT1 transporter as well asragheolytic enzymes (Figure 3J.

ﬁﬁ &5 gt
~ ‘*
@ 1 \ 55 glc6-P
Til:'| T5C2

& “"Jm

3-PG —

Essential Essenrial Nonessential
AAs L Ads Ads

@ — Fatty o cirate
acids

* -:.- @
- 0,
Degradation PPI3K/AK MTOR -+ PHIF-10 translation

Figure 3. Transcriptional activation of GLUT1 expression rieged by the PI3SK/Akt/mTOR
signaling pathway, the transcription factors HIBrd Myc. Adapted from DeBerardirgsal .*°

Another mechanism for the regulation of glucoseakgtis the direct interaction with natural
compounds such as methylxanthines and ATP, orippich as Stomatin. Methylxanthines
bind to the external face of the transporter iroa-oompetitive mode of inhibition promoting a
conformational change that down-regulates glucqtake® Glucose uptake is also regulated
by glycolysis and the oxidative phosphorylationguct ATP. Hence, at high ATP/ADP ratios,
the triphosphate analogue binds to GLUT1 promotioigformational changes that decrease the
transport activity>>* The transmembrane protein Stomatin has also bemmnsto interact and
modulate the function of GLUTZ.

Some post-translational modifications can alsougtiice GLUT activity. For example,

phosphorylation of GLUT1 by protein kinase C (PKi€)reported to increase its cell surface

localisation and hence glucose uptdk&his phosphorylation is promoted by growth factors
18



Glucose Uptake Inhibition

such as VEGF or by aberrant mutatidisylycosylation of the glucose transporter-1 is ezl

for maintaining a high affinity for glucose and,asonsequence, a high glucose upfake.

2.1.4Glucose uptake as apart of glucose metabolism

The GLUT transporters represent the first protémelved in the glycolytic route to convert
glucose to pyruvate, which generatestwo moleculdsT® in the process. The glycolytic route
is an anaerobic energy-producing process whicligishhconserved from the early unicellular
organisms, where it represents the main energycepto high organisms that make further
catabolic use of pyruvate to increase the free ggneelease of the overall process. The
glycolytic enzymes include key glucose metabolisegutators like hexokinase (HKS,or
phosphofructokinase (PFRJ° The GLUT transporters have no affinity for glucdse
phosphate and since the transport of glucose gamsding to the concentration gradient, HK
directly regulates the glucose uptake rate. Fumtbeg, TCA intermediates such ascitrate or
ATP are known inhibitors of PFK, and hence of theglytic route (Figure 4).

Aerobic organisms, in terms of energy productioetaholize glucose down to carbon dioxide
and water. The energy production of this procel8 isnes higher than anaerobic fermentation
(the glycolytic route). The resulting pyruvate fratycolysis is transferred to the mitochondria
where it is transformed into acetyl-CoA. Acetyl-CtiAen feeds the TCA cycle generating the
H* and reduced cofactors (NADH and FARDH necessary for oxidative
phosphorylation(OXPHOS) (Figure 4). This pathwatighly conserved in complex organisms
because of its high efficiency in ATP productiorheT mitochondrial metabolic activity is
connected to the GLUT transporters through a serfesomplex signalling pathways, thus
enabling "feedback” from energy production at thgaoelle to regulate glucose uptake. For
example, elevation of ROS, generated in the mitodha, plays an important part in activation
of the HIF-1 transcription factor and hence prorad®.UT1 expression (see section 2.1°3.).
% Increased glucose uptake results in the generafitwigher quantities of NAD(P)H (mainly
through the pentose phosphate pathway), that cemtréne elevated ROS levéfsThe reverse

process has also been reported. When GLUT1 isitetlibr mutated, the ROS levels incre¥se.
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Figure 4. Signalling network around the glucose metabolichwalys. The glycolytic route
occurs in the cytosol and is regulated by manystaptional pathways and the allosteric
inhibition of the glycolytic enzymes. Pyruvate daen enter the mitochondria to feed the TCA
cycle. lllustration reproduced courtesy of Cell r&ting Technology, Inc.

(www.cellsignal.com).

In conclusion, the uptake of glucose, the main gghaource and a major feed source to the
anabolic routes, is highly regulated by the enzyimed signalling pathways involved in the
glucose metabolic routes, glycolysis and the TCAleeyHence, variations in glucose uptake

have an extended effect throughout cell metabolism.

2.2.Glucose Uptake in Cancer: the Warburg Effect

In 1923, Otto Heinrich Warburg (1883-1970, Nobelr&ate in medicine in 1931)observed that,
in the presence of sugar, cancerous tissues deplaymuch higher (over 70-fold) lactic acid
production than healthy tissues (Figure“sy. Furthermore, he observed that the Pasteur effect
(i.e. decrease or complete stop of the fermentation psosethe presence of oxygen) did not
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seem to apply to cancerous tissues. In normoxiar@ooxygen concentrations in the media),
the tumours continued to produce high quantitiesatic acid®® Warburg hypothesised that the

presence of lactic acid fermentation indicated rapaired respiration in the tumours and that
this impaired respiration was the cause of car@negis. The presence of such aerobic

glycolysis in cancer cells was later named the \Wayleffect.

Mit Zucker -
Ofine Zocker (2,5 g ToDO cem) Fro Milligramm
Art . |[Nach 6o Min. .. Nach 60 Min. und Stunde
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Figure 5. Changesin pressure caused by the carbon dioxideraged from the acidification of
extracellular media in the presence of a bicartmsatution. Picture taken from Warburg and
Minami (1923)** Columns (from left to right): Type of tissue. Tummpliver, kidney and heart.
Weight of the tissue slice, without sugar. Chanmg@riessure after 60 minutes, without sugar.
Weight of the tissue slice, with sugar. Changergsgpure after 60 minutes, with sugar. Lactic

acid generated per mg and h.

This hypothesis was soon to be refuted when stutkesaled a functioning respiration
mechanism across many types of canteimdevertheless, his observations have not been
disputed and remain a hallmark in cancer metaboliSontrary to healthy cells, excluding
highly proliferative cells such as embryos, cammdls engage, almost ubiquitously, in aerobic
glycolysis, regardless of the extent to which negjon is performed. A high fermentation rate
means a higher glucose demand which is met thrabhghover-expression of the GLUT
transporters, particularly the GLUT1 and GLUT3 mens®*® The rationale behind this

behaviour in cancer is still under debate, butas lbecome clear that the Warburg effect
21
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provides an evolutionary advantage to the candér cempared to the surrounding tiss&%.

In the past decade, the scientific community haepted the hypothesis that cancerous cells
engage in aerobic glycolysis to boost the analolites with glycolytic intermediaté$.** This
allows for fast cell division and tumour prolifeiat. This hypothesis is partly supported by the
observed aerobic glycolytic phenotype in fast pegditing healthy cells such as lymphocytes.
Nevertheless, aerobic glycolysis could appear l[agaxia defense mechanism but also confers
a phenotypic advantage to the tumour,which wouldh&r promote aerobic glycolysis
regardless of the oxygen levels. For example, tidifation of the extracellular media has
been hypothesised to confer a proliferation adgmta the tumour, which has adapted to it, in
contrast to the healthy surrounding tissues to Whiecomes toxic, thus facilitating the tumour
invasivenesé& Overall, there is still not clear understandingtité original causes of aerobic

glycolysis.

The mechanisms by which the aerobic glycolysis phgre is achieved are not fully clear.
Many signalling pathways have been discovered dmpte the necessary metabolic changes to
acquire the aerobic glycolytic phenotype, but thelewular mechanism that triggers those
pathways has yet to be fully understood. Sincealyts is highly up-regulated, the pathways
and transcription factors that regulate key glytolyenzymes (see section 2.1.4.), such as

glucose transporters or hexokinase, have beensixgéynstudied® *>*°

400 - oo oooooooooooooooooooooo
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Figure 6. Number of publications per year since 1969. SouAéeb of Science, under the

theme search of "Warburg Effect".
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In the last decade, the interest of the scientiimmmunity in the Warburg effect has increased
exponentially (Figure 6). Being one of the hallnsgad cancer, the Warburg effect has lately
been viewed as a potential window in the fight agcancef! Based on the high dependence
of most cancers on glucose, deprivation of it waeddsitize tumours towards cancer therapies.
This idea has sparked, at both the academic angtiria levels, the search for inhibitors of the

glycolytic route, including glucose uptake.

2.3. Targeting Glucose Metabolism in Cancer

For many decades, the selectivity towards candés ite medicaltreatments has mainly been
based on their higher proliferative character. Chiberapeutic agents that target characteristic
cell proliferation processes, such as cell divisioaive a stronger toxic effect on the cells with
higher proliferation rates. Famous examples arel&lis, a chemotherapeutic drug that targets
DNA replication, or the cytoskeletal natural producaxol, which interferes with mitotic
spindle assembly. Nevertheless, the recent chaization of alterations in tumour metabolism,
such as the highly up-regulated glycolysis (se¢éi@e®.2.), have opened a new window for a
more selective targeting of cané®rConsequently, a variety of drugs targeting tumour

metabolism are currently under study, includinglinical trials®*

A very common metabolic alteration found in canceraerobic glycolysis. The increased
glycolytic flux indicates a strong dependence ouncgbte metabolism, which if inhibited or
dysregulated should impair cancer cell growth @bility. Consequently, several compounds
have been developed targeting known upstream oneog®dulators of the glycolytic route,
such asHIF, PI3K, AKT or mTOF. Furthermore, much research has also been deditmted

developing inhibitors of the enzymes involved inaise metabolism (Figure #)>*
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Figure 7Metabolic pathways and enzymes with inhibitors thave entered clinical trials.

Figure from Tennaret al.*

Examples below targeting enzymes involved in glecasetabolism will be discussed. A
selection was made for representative examplesmpounds that have entered clinical trials,
further validating modulation of the Warburg effext a promising anti-cancer therapy. The
GLUT inhibitors, which bear more importance for thwerk of this doctoral thesis, will be

discussed in more detail (see section 2.4.).

2.3.1Targeting hexokinase

The glycolytic enzyme hexokinase, particularly tseform 2 (HK2), has been found up-
regulated in many cancers and has thus receivetl attention as a potential cancer target, The
glucose analogue 2-deoxyglucose (2-DG), which cabhaanetabolised in glycolysis, acts as a
competitive inhibitor of hexokinase, obstructingyaglytic flux (Figure 7). 2-DG has been
subjected to several clinical trials against défdrsolid tumours, alone or in combination with
other chemotherapeutic drugs. 2-DG alone, howdar displayed very discouraging results in
early clinical trials due partly to the fact thatet maximal tolerated dose of 2-DG is
approximately one order of magnitude below the ayerglucose concentrations in the bldod.
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Nevertheless, 2-DG remains in clinical trials inmimnation with other drugs:>* Other
hexokinase inhibitors that made it into clinicalalsare, 3-bromopyruvate (3-BrPA) and
lonidamine. 3-BrPA, displayed good results agalivstr cancer when administered locally in

animals but has yet to conclude successfully acalirtrial >

2.3.2Targeting pyruvate kinase

The final step of glycolysis, which is catalysedfdyyuvate kinase (PK), consists on transferring
the phosphate group from phosphoenolpyruvate to AJ@Rerating ATP and pyruvate (Figure
7). PK is considered a very promising target beeanigproliferative tissues, including tumours,
an alternative spliced form (PKM2) is expressedhenthan the normal tissue splice variant,
PKM1.® This selectivity window was addressed by Vandeideteet al. by developing PKM2
inhibitors®” It has also lead to compounds in clinical trialstsas the cyclopeptide TLN-232.
This PKM2 inhibitor showed promising results in padl of clinical trials against metastatic
melanoma and renal cell carcinoma. NeverthelessRkis currently not considered as a useful

target in cancer.

2.3.3Targeting lactate dehydrogenase

Another important glycolytic enzyme targeted iddée dehydrogenase (LDH) (Figure 7). LDH
is the enzyme responsible for the conversion ofiygte into lactate and has been found over-
expressed in many cancers. The natural productygoksvas shown to inhibit LDH and,
consequently, the synthesis of pyruvate. After leptimization studies, the gossypol analogue
AT-101 was developed and submitted to clinicaldridlevertheless, positive results are scarce
and cannot be directly linked to the inhibitionLdH. >

2.3.4Targeting pyruvate dehydrogenase

Down-regulationof the aerobic glycolytic flux hass@ been achieved by “diverting” the
glycolytic intermediate pyruvate to the mitochomdiriespiration process rather than allowing it
to be converted into lactate (as in aerobic glysisly Pyruvate dehydrogenase(PDH, the
enzyme responsible for converting pyruvate intaydg@oA) can be activated by inhibiting a
known PDH positive regulator, pyruvate dehydrogenkinase (PDHK) (Figure 7). The result
is a down-regulated aerobic glycolytic flux thahdepair tumour growth. The small molecule
dichloroacetate (DCA), was found to inhibit PDHKheteby activating PDH and
promotingtumour size reductions in mice. DCA wasdee subjectedto several clinical trials

against differenttumours, but no clear clinical &fés have yet been discover&d.
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2.4. Targeting the Facilitative Glucose Transporters

As for the above-mentioned glycolytic enzymes, $mablecule inhibition of the GLUT
transporters hasalso been reported to impair cagraavth and viability. For example, the
glucose inhibitor compound 30 (Table 1) displayedcydotoxic effect against prostate
adenocarcinoma cells while not affecting healthyisc8 Compound 30 was, however,
devalidated. Another GLUT inhibitor, WZB117 (Tablg) was shown to impair cell
proliferation of A549 lung cancer cells more eféiotly than that of NL20 healthy lung celfs.
The natural product Phloretin was reported to irdapoptotic cell death of B16 melanoma
cells by inhibition of glucose transp&ft.The biological effects of these glucose uptake
inhibitors in cancer cells further validate thedds selectively targeting cancer by depriving it
from glucose. However, due to the striking lacksefective and potent GLUT inhibitors, a
glucose transport inhibitor has yet to enter aicintrial®* Furthermore,the GLUT inhibitor
Cytochalasin B, despite being a toxic compound esmggting actin polymerization, continues

to be used as the standard tool compdénd.

The first low nanomolar GLUT inhibitor, the natugatoduct Glucopiericidin A (GPA), was
discovered in 2009 by Kitagawa and co-workers(TabhleéGPA was found to inhibit protrusion
growth in combination with the known metabolic rieation inhibitor piericidin A (PAY® The
authors could identify the GLUT transporters asttrgets of GPA through a chemical genomic
screening of small molecules with identified tasg#that would emulate GPA’s activity in
combination with PA. Interestingly, GPA containgtsstructure a glucose molecule (Figure 8),
which may suggest a "glucose-directed" GLUT intdomc GPA was identified from a

microbial broth and was not chemically synthesised.

The identification of novel glucose uptake inhibtovas enabled by the development of a
pairwise chemical genetic screen by Ulanovskayacandorkers” In this screen, the authors
suppressed the oxidative phosphorylation process rapasured the ATP decrease upon
compound treatment. If oxidative phosphorylatiorinisibited, ATP production comes solely
from the glycolytic path, hence a decrease in ABRcentration would identify a glycolytic
inhibitor, hence potentially a GLUT inhibitor. Thauthors, however, could only report
compounds of low micromolar activity like pyrroliine 12 (Table 1). Nevertheless, based on
this assay, Bayer Pharmaceuticals established fa thigpughput screening(HTS)assay and

developed the first series of highly potent glucoptake inhibitors. Compounds Bay-GLUT1,
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BAY-876, GLUT-i1 and GLUT-i2 (Table 1, Figure 8) veereported in 2016 while this doctoral

thesis doctoral thesis work was performed.

Table 1. Potency, mode of action and GLUT selectivity of someported glucose uptake

inhibitors.
Repo
rted IC 5o Mode of GLUT 14
Compound in (UM) Assay Cell line action® selectivity — Ref
3. c]
0.311 H-2DG' SiE
BAY-GLUT1® 2016 ATP (CHO-K1 Competitive 1 65
HeLaMaTu
B detectioff! )
WZB117 2012 ~05 *H-2DG A549 i : o
Phloretin 1964  1-50 *H-2DG SW620 i : o
. N 3, . Non Non 15,
Cytochalasin B 1972 0.5 H-2DG Various competitive selective 62
Cmpd. 30? 2012 2.0 3H-2DG LNCaP N e 58
' ' competitive selective
2011 2.0 *H-2DG
Pyrrolidinone A549, CHO Non : 64
12 ATP and ghosts competitive
2011 10.0 e
detectioff
. . 3 GLUT4 Non
Indinavir 2002 50-100 H-2DG oocytes competitive 4 69
Glucopiericidin 3 A431, 3T3- unselective
A VRN EREERED bR L1 adipocytes i tolanda O
- ATP
GLUT-i1 2016 0.267 et T DLD1 - land 4
15
- ATP
GLUT-i2 2016 0.140 el DLD1 - land 4
BAY-876/ 2016  0.002 ATP DLD1 Competitive 1 71
' detectioff!
3, CHO (GLUT1 ) )
PUG-1 2016 0.450 H-2DG iransfected) 72
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IOmed-341% 2014 <1.0 ’H-2DG HEK-293 - unselective 73

[a] Compound is a representative example of a reptiltesty. [b] Compared to the natural substrate glucpgeH-
2DG: [PH]-2-deoxyD-glucose[d] In the presence of a mitochondrial respirationbitbr.

OH O
BAY-GLUT1 wzB117 Phloretin Cytochalasin B
MeO
OH MeO
HOW_~ [ £ o ‘
OH N N
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HQ OH (NN CFs : H
N “ N = o CFs N N OH
5 Me H o
S N
F
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)<|1\/Ie S«
Me Me 0
Indinavir Cmpd. 30 GLUT-i1
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GLUT-i2 BAY-876 PUG-1 IOmed-341

Figure 8. Chemical structures of the glucose uptake inhibitdrTable 1.

Bay-GLUT1 was reported as the first potent GLUTIeskve inhibitor. The following reported
GLUT inhibitor, BAY-876 displayed a much higher poty coupled with a very high
selectivity towards GLUT1. The identification ofetde inhibitors has, however, not led to any

clinical trials. This may suggest that inhibitind_&BT1 alone may not be sufficient to kill or
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sensitize cancer cells, and other receptor famiégmivers over-expressed in cancers such as
GLUT3 may have to be targeted as wel® "It is possible that cancer cells overexpress
GLUTS3 or another transporter as a survival meclmanisGLUT1 is targeted. If so, a high

selectivity towards any transporter migth be adirsatage in cancer treatment.

In conclusion, it is my belief that the currentrtieof targeting the altered mechanism of cancer,
particularly the GLUT transporters, has to be aquanied by the development of novel glucose
uptake inhibitors and that further effort in thisedtion is necessary and will eventually lead to

a powerful and selective cancer-targeting drug.
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3. Aims of the Project

Despite the extensive variety of unique charadteriautations of each type of cancer, tumors
present a series of general trends or hallmarke.VWharburg effect is an example of a cancer
hallmark. As such, the scientific community has ested the potential of targeting the
dysregulated metabolism of cancer, in general, #yed Warburg effect in particular. The
scarcity of potent and selective compounds thajetathe glucose transport mechanism is,

therefore, the inspiration behind this project.

The general aim of this project is the identifioatiof potent glucose uptake inhibitors.
Identification of such compounds would meet a gmgvdemand of GLUT inhibitors in the
drug development area and provide the scientifioroanity with more reliable tool compounds

to inhibit the glucose uptake.

The general aim of this project was envisionedeaariet by first; to identify a chemical core
structure with glucose uptake-inhibiting properti€econd, to establish a suitable synthetic
route for the compound class. Third, to syntheaisibrary of analogues of this class that can
provide a structure-activity-relationship analystnce met, these objectives will allow for a

biological characterization of a selected glucgstake inhibitor.

This chemical biology project isa cooperative dffaith the dissertation project of Melanie

Schwalfenberg, in which the biological part is akded.
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4. Results and Discussion:

4.1. Screening Assay and Compound Class Identification

Based on the lack of compounds targeting the ghutaslitative transporters (GLUTS), there is
a strong need for identification of compounds withvel scaffolds that can efficiently inhibit
glucose uptake. There are several reported aseastsidy glucose uptake; so far, the use of
radio-labelled {H]-glucose has been the gold standard. Howevertaltiee use of a radioactive
compound, this method is not suitable for a medugh‘throughput assay. Our group has
developed an assay monitor glucose uptake in deflsdaptating the reported procedure by
Yamamotoet al.”"® This method uses a non-hydrolysable analogue wifoge, 2-deoxy-D-
glucose (2DG), which is also taken up by glucoaedporters (Figure 9). 2DG is taken up by
the GLUT transporters into the cell where it isedity phosphorylated by hexokinases to yield
2-deoxy-D-glucose-6-phosphate (2DG6P). Unlike itscgse analogue, 2DG6P cannot be
further metabolised because it lacks the 2-hydraxglup and consequently accumulates in
cells. At this point the cells are lysed and theatg is depleted from NADH. Subsequent NAD
and glucose-6-dehydrogenase addition prompts thdatian of 2DG6P to 6-phospho-2-
deoxyglucoronic acid (2DGA6P). During this reactidhe nicotinamide cofactor NA
reduced to NADH which can be used to reduce thefluanescent resazurin to the fluorescent
resorufin, a process catalysed by the enzyme draphoBy measuring resorufin fluorescence,
the amount of glucose taken up can be quantifibd. rEported assay by Yamametal. was
adapted to the COMAS screening facilities. The loa#l of choice, HCT116, had given the best
signal to noise ratios. The glucose uptake assay then run on a library of over 150,000

compounds with an initial hit rate of 0.44%.

' G6P-Dehydro-“ OPOs*

OH " Hexokinase | *
| Hexokinase | OPOs . genase | 0
o —_— - —
"o OH 7N ”%M OH N o
ATP ADP NADP* NADPH o)
2DG 2DG6P 2DGAGP
| Diaphorase |

o
N2 N
HO 0 0 HO 0 ¢}

non fluorescent fluorescent

Resazurin Resorufin

Figure 9. Assay scheme for the detection of glucose uptéksay established by Melanie

Schwalfenberg and the COMAS screening facility ortbhund.
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All compounds that induced at least a 70% inhihittd glucose uptake, were further tested by
different orthogonal assays: against diaphoraséitidn or interaction with the fluorescent
readout. Furthermore, their ability to inhibit héxwase and their cytotoxicity were assayed.
After the validation assays, the active compoundeevsubjected to Kgdetermination. A total
of 121 compounds were found to inhibit glucose kptm a dose-dependent manner with,IC

values< 10puMm.

The active hits were clustered into different fagsilaccording to their core scaffolds. Based on
the relatively manageable number of hits, the ehirsgy was performed by simple observation.
For this purpose, the substituents of the diffeteterocycles were removed to obtain the core
scaffolds but the presence of different heteroatomthe core structure was allowed to vary
within members of the same class when the sinigaritvere readily observed. In this fashion,
most of the active hits could be grouped into ili@s (Figure 10). Recently, members of the
compound classes represented by analogug@and4 were reported in the literature as glucose
uptake inhibitors by Bayer Pharma and collabordtofs ™ These reports further validate our

assay and the identified hits as starting pointshfe synthesis of libraries around them.

=N

N_O

bt
N”'N

N=
EtoNO,S

4 5

1.29 uM 0.22 uM

Figure 10.Representative analogues of some of the identifieskes.

32



Glucose Uptake Inhibition

Compoundbs (Figure 10) had no common core scaffold with armeotctive hit from our assay.
Other singletons (ungrouped active hits) were foundhe assay but a clear common core
scaffold with compound could not be identified (Figure 11a). A similarisgarch in our
complete library showed several compounds, suchOzend 11 (Figure 11b), with the same
core scaffold as compourtdalbeit with no activity as glucose uptake inhibitoNevertheless,
compound5 presented a very high potency with anygl@ound 200 m. At the time, this
compound represented, to the best of our knowlettigemost potent glucose-uptake-inhibiting
synthetic compound. Consequently, despite not lgaidentified any other active member of
this class, | decided to further study the struetof triazole5 as a potential glucose-uptake-

inhibiting class of compounds.

HN_O
=N
i O™ NH N_O i
aY e € SIS0
N= N A
SO,NH, N7 NH
N=
Et,NO,S Et;NO,S
Me
5 7 8 9 10 1
0.22 uM 3.47 uM 6.32 uM 8.82 uM Inactive Inactive

Figure 11.a) Other active singletond) Inactive analogues from the same compound class

represented by compound 5.

The core-scaffold of the family represented by comm 1 (Figure 10), from here on referred
to as the Glupin family, was identified in two othactive compounds (Figure 12a). This
common scaffold consists of a fused tryptamine-rarphybrid moiety (Figure 12b). Besides
the compoundg, 12 and13, | could identify additional analogues in the &by that shared the
same scaffold and presented a wide range of pa®(ic,s > 10uM) (see Experimental Part).

33



Glucose Uptake Inhibition

b N
a) OMeS N O}_N/_\O ) NH,
N\ N S ©\/C
N N N
0 om N OMe @f@ H N
e / .
MeHN§ Me\/o\g N OMe Tryptamine > '\}
© NH .
Glupin core
: . 13 scaffold
1.45 uM 3,16 uM 6.32 uM
Morphan

Figure 12. a)Active hits of the Glupin family identified in thessay and their kg values as

glucose uptake inhibitors) Tryptamine-morphan Glupin core scaffold.

Both the tryptamine and the morphan scaffolds efobnd across natural products, especially
in alkaloids derived from tryptophan or the opigirphine from which morphan takes its
name. Although a similar core scaffold can be foumthe Strychnos family of alkaloids,g.
Strychnine and Brucine (Figure 13a), the Glupinecis not present in nature. Furthermore,
since its first appearance in the literature astariial opioid, this novel scaffold has remained
virtually chemically unexplored (Figure 138)° Its strong potency, natural product-like
structure and the synthetic challenge of explotinig scaffold, led me to select the Glupin

compound class for further study.

b)
R N Me R
N Me H .
A \ CHo
N
R Me Ph)

Strychnine Brucine Morrison 1967 Bonjoch 1986 Liu 2016

Figure 13. a) Tryptamine-morphan examples in natupg.Examples of synthetic compounds

with a tryptamine-morphan scaffoftl 282

4.2.Validation of the Selected Compound Classes

4.2.1Compound class of triazole 5

In order to validate the class represented bydhe& (Figure 10) as a glucose uptake inhibiting
scaffold, a selection of 21 close analogues washased from Enamine (Table 2). All the
purchased analogues showed significantly lowewisiets in single point measurements than
compound5. The potencies were within the 60 to 70% rangeesidual glucose uptake

compared to the parent compound (set as 0%). Farthie, when the dose-response effect was
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measured, all compounds except for the parent conghpehowed an Ig> 30 pMm. These

results were not very promising, since regardlesshe substitutions around the core, the

analogues displayed a constant inactivity and @ndyole5 showed a big potency leap. Given

that no active analogues were obtained to delirmaiaitial SAR, this class of compounds was

not further explored as glucose uptake inhibitors.

Table 2.Selected examples of the commercial library of @gad¢s of compound 5.

‘N
R'I_-Q \ R3
NS Y
R2 O
Entry R }(cpd) R? R® Activity (%) ¥ 1Cso(um)™!
Et;,NO,S
10 o t@ SEN\\N?—O 0 0.22+0.06
H
2 cpd.51 (14) cpd5 Lg~ N Ph 16+ 3 > 30 pM
(0]
3 cpd5(15) cpd5 ${S/\n,N/;L,\,,e 28+7 > 30 uM
0
Cl
4 cpd5(16) cpd5 SN, 29+8 > 30 pM
ON
MeO "
45 s B cpd5 3B5+7 > 30 uM
(7 /
F
6 <:/> : cpd5 cpd5 35+6 > 30 uM
(18
i
7 MeO ds 36 20 > 30 uM
g ; cp u
in
8 C'@%(zo) B cpd5 38+8 > 30 uM
in
9 Ph-@1) b cpd5 45+ 19 > 30 uM
Y4
\n
10 Ph-£2) ho cpd5 47 £5 > 30 uM
(0]
11 Meo@—é 23 -Cy cpds 50 + 11 > 30 pM
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12 @—3 24 cpd5 cpd5 53 + 10 > 30 UM

Assay performed in HCT cells, n=[#] Glucose uptake % residual activities compared tapmund5 assigned

arbitrarily as 0% of glucose uptake with a compouadcentration of 3QM;[b] Activities given as IG(uM) £
SD (n> 3). Compounds with 163> 30 uM were considered inactivg;] Entry 1 corresponds to compou§d[d]

cpd5 = same structure as compound

4.2.2Glupins

In order to validate the Glupin class, a set ofclidse analogues was purchased from Edelris
(Table 3). These analogues were selected basedriatians of compounds 12, and13, while
maintaining the tryptamine-morphan core scaffdighiould be noted that all of the commercial
compounds (including the ones in our in-house tifrevere racemic mixtures. The introduction
of an ethyl ester at the indole¥Rrable 3) led to a 25-fold potency increase (e@ir{+/-)-
Glupin-1). The same potency leap, arising from the intrtidncof the ester moiety on position
R® was observed when either a 2-pyrazine or a mdiraarboxy group was present on the
morphan nitrogen (] (entries 6,7 and 3, 9 resp.). In combination Wit pyrazine group, the
free amide at the Rposition did not yield any activity, suggestingtthe free amide was
detrimental for activity (entry 8). On the othemiaon position B heteroaromatics such as
furan or thiophene led to active compounds, buh lsbiowed only low micromolar potencies
(entries 4 and 5). Some ureas ohdRlivered inactive compounds (entries 9, 10 and It8
contrast to compountl3 (Figure 4a), the rest of the compounds withNseubstitution at the
indole (R=H) were inactive (entries 11 to 16, 19 and 20)mparing13 (Figure 12) with36
(entry 15), revealed that introduction of a bigggoup on R, such as 2-pyridine, was
deleterious to the activity. In the rest of the pannds where the indole was mbsubstituted,
the lack of activity could then be attributed towarsuitable Rsubstitution (entries 11 to 13), to
an introduction of the bulkier 2-pyridine group 83 (entries 14 to 16, 19 and 20) or by a

combination of both.
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Table 3. Commercial library of analogues of the Glupin compd class.

R3
Entry R*(cpd) R? R® IC s (uM) @
1 O SMe
YN -Me -CH,CONHMe 1.45+0.6
Z (1)
2 O SMe
YN -Me -CH,COEL 0.051 + 0.025
2 ((+/)-Glupin-1)
3 o
%N -Me -CH,COEL 3.16+0.6
012
4 0
L?’)‘\LC)) -Me -CH,CO,Et 34+0.3
7 (25)
5 0O S
L??)\Q -Me -CH,CONHMe 161
(26)
6 0
Y “Me -CH,CONHMe Inactive
N™(27)
7 0
YY) -Me -CHCOE! 20+0.4
N™ (28
8 0
Y Me -CH,CONH, Inactive
N™(29)
9 0
Z)LN’\ -Me -CH,CONHMe Inactive
-0 (30)
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° 2,0
La?)LN CE -Me -CH,CONHMe Inactive
H

(0]
J .
11 ﬂ Ph -Me -H Inactive
(32

(0]
12 E)\OOCFS -Me -H Inactive
(33
N~ | )
13 N -Me -H Inactive
¥ (34
(0]

14 *g)\@(m ;—{\\l_} -H Inactive
(39

O
15 %”

N= .
Inactive

z
X
T

9
e - |
16 o g—\\__/> -H Inactive

N
H (37)
0
17 ):\/ -Me -CH,CONHMe Inactive
T @9
(0]
18 <N Me -Me -CH,CONHMe Inactive
H (39

20

g—{\\l_:/> -H Inactive

[a]Activities given as Ig(uM) = SD (n> 3). HCT 116 cell line. Compounds with & 30uM were
considered inactive.

0O
19 % ;_{\‘l_:/> -H Inactive
(40)
0O
H

(41)

The variety of activities found in this set of avguies and especially the discovery(#f-)-
Glupin-1 (entry 2) as a highly potent novel glucose uptakébitor, encouraged me to further

pursue the Glupin class.
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4.3. Synthesis of Glupins

To access the Glupin scaffold, | aimed to estabdisbynthesis towardé+/-)-Glupin-1 and
analogues. | envisioned a synthetic route with ketigphanB as key intermediate compound
(Figure 14a), which upon Fischer indole syntfésimd subsequent indole alkylation would
afford the target compound. The synthesis of swabhrkorphans was already describedby the
Bonjoch group (Figure 14%) and is based on an acid-catalysed diastereoselecti
intramolecular aldol reaction. In this step, bdtle fldehyde and the ketone are protected as
acetals and arén situ deprotected with the same acidic conditions thaimmpte the aldol
reaction. Following the reported conditions, thelague ofC, pyridine 42, was prepared.

Unfortunately42 proved unstable to the acidic conditions necedsarthe next step.

a) MeS
0 =N M MeS

N R O
‘e, 0 @ @ANNO\
Z O
NS — :>
@NOJO @QJ Q_/
OMe oo
Mevo\g

\—;

(+/-)-Glupin-1 A B R= SMe (C)
R=H (42)
b) O
CO,Me
Meo” N YO HCITHF N
. . O. Me
Bonjoch Synthesis of Morphans: N\ I .,
Me OMe
0}
\_/O ©
° MeS
Intramolecular Fischer Indole N-deprotection,
Cbz \~ O~  Aldol Reaction  Cbz Synthesis Cbz Amide formation /
Oo. Me N
N - QJ/ B \ R
Me ’O
0"o N
[ o R 0 «
----R=H Me —« o)
T ReNe :-_—-E_CH:H COE
t-» R=CH,COEt .
O-Methylation (+/-)-Glupin-1
Indole N-Alkylation

Figure 14. a)Retrosynthetic proposal for the Glupin clas@Bonjoch synthesis of morphar.
Synthetic route fo(+/-)-Glupin-1.

At this point, it was resolved to introduce a Chptecting group on the morphan nitrogen,
which would not only solve the stability problemstlwould also allow for a more efficient
study of the Rposition. The synthetic route was hence estatdistith the use of a protecting
group (Figure 14c). The main challenges met foaldisthing this synthetic route are described

in the next sections.
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4.3.1.0ne-pot synthesis of the tryptamine-morphan corecsaffold

Following the reported procedures for the synthesfismorphans, ketomorpha#4 was
synthesised (Figure154 was then refluxed in acetic acid with phenl hydrazo yield indole
45in a Fischer indole synthesis. The Fischer indglghesis consists on a hydrazone formation
between a ketone and a phenyl hydrazine, a sulbserperangement and amine attack to an
imine to form a pyrrolidine ring. A final step ofremonia elimination affords the indole ring

fused to the ketone framework (Scheme 1).

Cbz Cbz
N N
PhN,Hs ~
‘OH AcOH, 80 °C, 1h, 82% ,\} OH
o) H
44 45
PhN,H;
H,0 Tr NHs
Cbz Cbz

. @ eno2N
B )

Cbz Cbz Cbz
N N N
QJ ‘OH p+ ‘OH ‘OH
@N NH = "NH, = *NH,
H NH NH,

Scheme 1Mechanism of the Fischer indole synthesis.

This robust reaction has been reported with a widgiety of acidic conditions;
substoichiometric and stoichiometric, based on keavid Brgnsted acids and in a wide variety
of solvents. It was therefore envisioned that ttidia conditions, promoting the intramolecular
aldol reaction to yieldl4, could also promote the formation of the indolegrif the hydrazine
was added to the reaction. Accordingly, phenyl hyidre was added to the reaction when the
starting material was no longer detected (ca. Id)odfter 30 minutes, full conversion was

reached and indok5 could be isolated in a high yield (Scheme 2).
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Cbz N/\’O\ ﬁbz NCbz
O Me  HCI(10%)/THF PhN,H;
Me RT,3h ‘OH  AcOH, 80°C, > on
0”0 0 1h, 82% N
(. ' H
43 44 45
HCI (10%) / THF
RT.3h
then PhN,H3,

70%

Scheme 20ne-pot synthesis of the Glupin core scaffold.

With compound45 in hand, | attempted to methylate the alcohol greelectively over the
indole. For this purpose, an inorganic base wasd useombination with methyl iodide. The
reaction needed heating to proceed and even thahagmversions were not achieved (Table 4,
entries 1 to 3). Increasing the number of equivalei methyl iodide had little effect on the
yield (entry 3). Notably, when the proton spectfahe starting materiald@) and the product
(45) (in DMSO-d) were compared, a disappearance of a signal @8 Hpm was found, which
suggested that the indole rather than the alcolldieen methylated. Based on this result, the
same conditions were applied but with ethyl 2-branetate as the electrophile. Despite the
poor conversion, the desired indole-alkylated pobddi7) was obtained using these conditions.
Nevertheless, product and starting material caeel@nd could only be isolated as a mixture
(entry 4). When switching to a stronger base (Ndi) conversions were achieved, however, a
mixture of mono-alkylated and di-alkylated productss isolated (entry 5). These two
compounds showed very similas Bhd could not be purified without the use of prapae
HPLC. The temperature was then lowered to 0 °Gssto promote selectivity towards mono-
alkylation, however the yield dropped to 34% anel pinoduct was again isolated as a mixture
(entry 6). Even when only half of the electroplelguivalents was used and the reaction was
conducted at 0 °C, di-alkylation was observed yentVery short reaction times were achieved
by heating to 90 °C, but again no selectivity ta¥gathe mono-alkylated product was found
(entry 8).
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Table 4.N-, O-Alkylation attempts on compourb.

Cbz Electrophile Cbz
@QN/ Bese @(@

N/ N,

N OH N OR?

H R®

45
Entry  Electrophile (eq) Base (eq) Solvent T (°C) Rrduct Yield(%)

1 Mel (1.2) K,CO5(3) DMF r.t. - -
2 Mel (1.2) K COs(3) DMF r.t.to 90 R=Me, R=H, (46) 29
3 Mel (3) K,CO4(3) DMF r.t.to 90 R=Me, R=H, (46) 35
4 BrCH,COEt (3)  K,CO4(3) DMF 90 R=CH,CO.Et, R=H, (47) 344
5 BrCH,CO,Et (1)  NaH(2.5) DMF R.T BR=CH,CO,Et, R=H, (47) 530
6 BrCH,CO,Et (1)  NaH(2.5) DMF 0 BR=CH,CO.Et, R=H, (47) 340
7  BrCH,COEt(0.5) NaH(2.5) DMF 0 - el
8 BrCH,CO.Et (1) NaH(5) DMF 90 - i

[a] Isolated as a mixture withs; [b] Isolated as a mixture with the di-alkylated prodRttCH,COEt, R= CH,CO.Et; [c]
Mixture of mono-, di-alkylated product ad&; [d] Reaction time: 10 min.

Since achieving selectivity between the NH and Qidleophiles of indolomorpha#b proved
too inefficient for the synthesis ¢#/-)-Glupin-1, | shifted my focus to a stepwise process in

which the hydroxyl group would be methylated befopastructing the indole ring.

4.3.2.0-Methylation of alcohol 44

In a stepwise fashion, alcohdd was to be methylated before proceeding with thiole
synthesis. The possibility of selectively alkylafithe hydroxy group of compourdd, despite
the presence of an enolisable ketone, was enviiofige use of a relatively weak inorganic
base should promote th@-alkylation rather than theC-alkylation. Accordingly, typical
conditions for ether synthesis such as potassiubonate and methyl iodide were used. To my
surprise, the use of one equivalent of methyl iedidthe presence of potassium carbonate in
excess did, however, not yield any conversion (@&blentry 1). Addition of the phase transfer
catalyst tetrabutylammonium iodide (TBAI) did nathance the reaction (entry 2). Use of a
stronger base as caesium carbonate also failedhieve any conversion (entry 3). When the
temperature was raised to 56 °C, addition of Mdlrdit promote any reactivity (entries 4 and
5). Increasing the temperature to 80 °C in MeChefhas well to convert any starting material
after 2 days (entry 6). High temperatures in DMRHhe presence of caesium carbonate did
promote reactivity, but the conversion was very kfter 2 days and mixtures of mono- and di-
alkylated products were detected by HPLC-MS (entjy When using diisopropylamine

(DIPEA) or pyridine as bases, similar results was&ined (entries 9 and 10).
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Table 5.0-Methylation attempts (1).

ﬁbz El:sc;rophile ﬁbz
QJ/’OH QJ"OR2
o} o}
44
Entry  Electrophile (eq) Base (eq) Solvent T (°C) Quoversion (%)@

1 Mel (1) KoCOs(3) acetone r.t. 0
2 Mel (1) K:CO5(3) acetone r.t. 0
3 Mel (1) CsCOs(3) acetone r.t. 0
4 Mel (1) KoCOs(3) acetone 56 L)
5 Mel (3) K:CO5(3) acetone 56 L)
6 Mel (1) KCO4(3) MeCN 82 o
7 Mel (1) CsCOs(3) DMF r.t. to 80 <20
8 Mel (3) KCO4(3) MeCN 82 <20
9 Mel (3) DIPEA(1.2) MeCN r.t. to 80 <P0
10 Mel (3) - pyridine r.t. to 80 <20

[a] After 2 days;[b] Addition of 0.1 eq of TBAI;[c] Mono- and di-alkylated products among others, and
starting material.

At this point, | decided to force the generatiorttad alkoxide by the use of a stronger base, like
NaH. The use of the hydride base with alcoflin the presence of Mel in DMF vyielded no
conversion, regardless of the amount of electrephded (Table 6, entries 1 and 2). On the
other hand, when the electrophile was changed rtwi@ reactive one, as allyl bromide, the
reaction was promoted albeit with low conversioastijes 3 and 4). A similar reactivity was
observed for chloromethoxymethane; in the presefce phase transfer catalyst the reaction
took place but less than 20% conversion was actli€smce more reactive electrophiles were
able to promote the reaction to a certain extdmg, gowerful methylating agent, dimethyl
sulphate, was explored (entries 6 to 11). Howevdr,was methylated only under harsh
conditions. Either high excess of dimethyl sulpi(atary 8) or high temperatures (entry 9) were
needed to achieve reasonable conversions. Newestheh mixture a products was detected.
Meerwein Salt (MgOBF,), a more powerful methylating agent, was tested, dhowed no
success in converting any starting material (eh®)y Finally, | tried to install a silyl protecting

group with literature-reported conditions but noeersion was observed either (entry 13).
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Table 6.0-Methylation attempts (lI).

ﬁbz gfscérophile ﬁbz
QJ/’OH QJ"ORz
o] o]
44
Entry  Electrophile (eq) Base (eq)  Solvent T (°C) Qoversion (%)@

1 Mel (1) NaH (1) DMF r.t. 0
2 Mel (3) NaH (1) DMF r.t. 0
3 Allylbromide (1) NaH (1) DMF r.t. <10
4 Allylbromide (3) NaH (1) DMF r.t. <20
5 MeOCHCI (2) DIPEA (4) CHCl, r.t. to 40 20
6 Me SO, (1) K,CO4(3) DMF r.t. 0
7 Me, SO, (3) K,CO4(3) DMF r.t. 0
8 MeSO, (10) KCO5(3) DMF r.t. <4
9 MeSO; (1) KoCO4(3) DMF 100 <40
10 MeSO; (1) NaH (1.2)  DMF r.t. to 90 <20
11 MeSO; (1) - Pyridine r.t. to 90 <20
12 MeOBF,(1+2)  2,6-lutidine  CHCI, r.t. 0
13 TBDMsCI(15) 'Mdazole e rt. to 90 0

(1.5)
All reactions were performed with 0.2 equivalenfsTBAI; [a] After 2 days;[b] Product was detected by

HPLC; [c] Complicated mixture[d] Molecular sieves were used.

A literature search of similar transformations @ee that no examples of alkylations in similar
compounds had been reported. | envisioned thatesthis scaffold is the product of an
intramolecular aldol reaction, an equilibrium betwehe aldol and retro-aldol reactions could
be taking place in solution, and the presencelzEse could be promoting the latter. | decided to
install functional groups of4 whose reaction was promoted by acidic conditiormati€yingly,
O-benzylation o044 was achieved in moderate yield with benzyl 2, 2ightoroacetimidate and
catalysed by triflic acid (compourtB, Table 7, entry 1). Furthermore, tetrahydropyr8HR)
protection catalysed by acidic pyridiniysrtoluenesulfonate (PPTS) affordé#lin an excellent
yield (Table 7, entry 2). Attempts to methylate WitMSCHN, in acidic conditions led,
however, to very complicated mixtures (entry 3).nbliheless, since acidic conditions were
discovered to be more suitable to functionalise ffosition, | decided to test the Lewis acid
silver oxide for methylation. The use of 1.5 eqlevis of both the electrophile and Ay
resulted in 20% vyield of isolated product in thesecaf methyl iodide (entry 4), but did not
promote any conversion in the case of allyl brom{datry 5). This observation was not

surprising, since silver (I) activates the iodinmna towards a nucleophilic attack more
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efficiently than bromine. The use of excess of yleitdide alone did not have a strong effect
on the yield (entry 6), but the addition of theatgdt in excess afforde80 in a 64% yield.
Addition of the silver oxide in portions over 12lld not seem to have any effect on the reaction

outcome.

Table 7.0-Methylation attempts (ll1).

Cbz Electrophile Cbz
N Base _ N
(Y ron (o
o} O
48
Entry Electrophile (eq) Catalyst (eq) Solvent T(C) Rcpd) Yield (%)
Benzyl 2,2,2-
FsCSQH (0.07) cH,Cl/Hex. 0°tort. -Bn (48) 58

trichloroacetimidate (2)

2-THP

2 DHP (1.5) PPTS (0.1) cal, r.t. 49 96
3 TMSCHNy(1) BROE® (0.1) CHCl, 0 -Me g

4 Mel (1.5) AgO (1.5) CHCl, rt. -Me(0) 20"
5 Allylbromide (1.5) AgO (1.5) CHCl, rt. -Me ¢

6 Mel (5) AgO (1.5) CHCl, rt. -Me 24"
7 Mel (5) AgO (5) CHCI, rt. -Me 64>
8 Mel (5)1 Ag,0 (5) CHCI, rt. -Me 65!

[a] Very complicated mixture[b] Reaction time: 72h[c] 25% of the starting material was recoverédl;

Addition in portions over 12 h.

In summary, alkylation of ketomorphat# proved inefficient under standard base-promoted
conditions but was efficient in the presence otaoess of silver oxide and methyl iodide. This

reaction was considered adequate to continue titbesis(+/-)-Glupin-1.

4.3.3Indole N-alkylation

Despite the difficulties in alkylating alcohd¥, it was readily acetylated with acetyl chloride in
CH.Cl,/pyridine to yieldO-acetyl compound1 (Scheme 3). While the methylation 44 was

still being investigated, compou®d was used to further explore the Glupin synthesis.
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Cbz Cbz Cbz

g, 2 (32, Y
‘y ’y N N P
OH 0" Me N OAc

(0] (0] H

44 51 52

Scheme 3.Part of the synthesis of th®-acetyl analogue of+/-)-Glupin-1. a) AcCI,
CH.CI,/Pyr., 3 h, -10°, 69%)) PhN:H3, ACOH, reflux, 1.5 h, 76%.

Compound51 was readily converted intd2 when subjected to Fischer indole synthesis
conditions. The acid and solvent, chosen to prortiogereaction was acetic acid. Even at 120
°C, both the acetyl group and the Cbz protectingupgs were stable and the reaction was
completed in 1.5 h in a high yield (Scheme 3). Befachieving efficient conditions for ti:

alkylation of the indole, a small screen was penied (Table 8).

Table 8.IndoleN-alkylation of theO-acetyl intermediat&2,

Cbz
Cbz N
QTQI} E*=Br”CO,Et O\/Q/
) , N OAc
H OAc e \/Og
52 53
Entry Base (eq) Eq. of E Solvent T (°C) Conversion(%)
1 K,COs(1.1) 1.05 DMF r.t. <30
2 K,CO4(3.0) 1.05 DMF r.t. <50
3 K,COs(3.0) 3 DMF r.t. <70
4 K,COs(3.0) 3.0 DMF 80 <gf
5 K,CO4(3.0) 10 DMF r.t. <56
6 K,CO4(3.0) 3 CHCl, rt. < 50"
7 K,CO4(3.0) 3 CHCI,/H,0 r.t. 10l
8 K,CO4(3.0) 3 CHCl, rt. < 507
9 CsCO5(3.0) 3 DMF r.t. 100
10 CsCO4(1.2) 1.2 DMF r.t. <70

[a] The product could only be isolated with stagtimaterial and an impurity; [b] Reaction performeithv@.3 equivalents

of TBAI; [c] Reaction performed with 0.3 eq of Nal.

Based on the attempts Nfalkylation on compound5 described above (see section 4.3.1.), it
seemed that the use of potassium carbonate aseawaassuitable for this position. A slight
excess of both base and electrophile (ethyl 2-bemetate) yielded only a 30% conversion

before the reaction stalled (entry 1, Table 8). W&¥he increasing the equivalents of the base
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improved the conversion to 50% (entry 2), an exadsbase and electrophile improved the
conversion up to 70% (entry 3). However, as deesdrisbove, the indole-alkylated product did
not differ much in polarity from the starting mastrand was thus not separable. Full
conversion of this reaction was hence needed befaeeeding with the synthesis of Glupin-1.
When the reaction was heated or a large excessedléctrophile was used, a fast appearance
of an impurity was observed (entries 4 and 5). Tise of a phase transfer catalyst in
dichloromethane yielded ca. 50% conversion (enjrgr@l the addition of sodium iodide, that
would promote the iodo/bromo exchange and hendbdumactivate the electrophile, had no
effect on the yield (entry 8). A 4@/CH,CI, biphasic mixture with the PTC led to no conversion
(entry 7). In order to promote full conversion eosger base was tested, and to my delight,
when excess of caesium carbonate was used thérebstt to full conversion in under 3 hours
and the product could be isolated in very high djiééntry 9). In spite of the caesium
carbonate’s higher basicity, an excess of it artleglectrophile had to be employed to achieve
full conversion (compare entries 9 and 10). Thanaped conditions (entry 9) were applied

successfully in the synthesis (@-)-Glupin-1.

4.3.4Synthesis (+/-)-Glupin-1

Once theO-methylated ketomorphaB0 was successfully synthesised (see section 3.3
indole ring was easily constructed by Fischer iadgynthesi&® The conditions optimised for
the indole N-alkylation of compound5 were applied to indol&7 to yield compounds8
(Scheme 4). The Cbz protecting group was removetiyllyogenation (1 atm) catalysed by

palladium over charcoal, to afford intermediagsin 86% yield.
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Scheme 4.Synthetic route fol+/-)-Glupin-1.a) H,NCH(CH,OEt),, CH,Cl,, M.S., 4 h, r.t.,
99%; b) NaBH,;, MeOH, r.t., 12 h, 99%¢) CbzCl, K;:COs;, MeCN, 12 h, r.t., 75%¢l) HCI
(10%)/THF, 3 h, r.t., 88%g) Mel, Ag,O, CHCIl,, 72 h, r.t., 64%f) PhNH3, AcOH, reflux,
1.5 h, 74%yg) BrCH,CO,Et, CsCO;, DMF, 6 h, r.t., 88%h) H,, Pd/C, EtOH, 5 h, r.t., 86%);
2-(methylthio)nicotinic chloride, Nt CH,Cl,, 12 h, r.t., 53%.

Removal of the Cbz group also eliminated the mixtaf rotamers observed by NMR as an
amide bond was no longer present. Bhe-configuration of the morphan ring, which had been
assumed so by literature precedents was then owdiby a NOESY experiment (Figure 15).
The NOE-interaction between the hydrogen atoms hen rhorphan bridge (4) with the
hydrogen atom attached to the same carbon as tthexyegroup (H) indicates that the bridge
and the methoxy groups were in amti-configuration. Furthermore, when the morphan ring
was constructed by the intramolecular aldol reactian additional inseparable product
(approximately 10%) was identified. This side-prodof the same mass was tya isomer of
compound44 (the methylene bridge and the hydroxy group painthie same direction), and
could only be separated after the Fischer indolghggis. As mentioned above, the major
isomer was characterized as tgi-configuration (at the compourilZ stage) indicating that

the diastereoselectivity of the acid-catalysedamiolecular aldol reaction was Sadti to syn.
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Figure 15. Confirmation of the anti configuration of the stitbded morphan ring. Some of the

NOE interactions are shown in red .

Finally, introduction of the thiomethylnicotinoytaup on position Rof 59was readily achieved
with the corresponding nicotinoyl chloride to yiéid-)-Glupin-1 in 53% vyield.

The final synthesis established fdr/-)-Glupin-1 started from the inexpensive 1,4-
cyclohexanedione monoethyleneacetd) @nd was achieved in 9 steps with an overall yiéld
12% and with the use of one protecting group (Se&hdnThe activity of the synthesised-)-
Glupin-1 as a glucose uptake inhibitor matched the actifatynd for the commercial batch

(Table 9), validating this route for further stuafythe Glupin class of glucose uptake inhibitors.

Table 9.Validation of the synthetic route (@/-)-Glupin-1.

MeS
0. )=N
\_/

N
(+/-)-Glupin-1 @,@onﬂe

Me \/O\g

Batch ICso (LM)
Commercial 0.051 + 0.025
Synthesised 0.055 +£0.017

HCT 116 cell. (& 3).

4.4. Determination of a Structure-Activity Relationship for the Glupin class

The ynthetic route established fgi/-)-Glupin-1, enabled the preparation of a small library of
Glupin analogues. Testing the activities of sudibaary allowed me to gain insight into the

SAR analysis of this class of compounds. Variatiohshe synthetic route were required to
49



Glucose Uptake Inhibition

study the different positions of the Glupin scaffobut the main synthetic strategy remained
constant. The objectives of creating a SAR analgseswell-known; to gain insight into the

essential parts of the parent compound for actittyind potential attachment points to couple
the parent compound with other groups (solid phthserescent dyes etc); and to discover new
members of the class that may present higher ieihan the parent compound. Furthermore,
in a typical medicinal chemistry drug project trstablishment of a library of analogues opens
the door for comparison of other properties amdrgglibrary compounds that can later on be
considered important, such as permeability, sdtybdr plasma stability. In this project, a

collaboration with the Lead Discovery Center (LOMHrtmund) was established to investigate
some of those properties. The aim of this collatimmavas to establish if the Glupin class could
be developed into an anticancer drug candidateefttesless, my principal aim in this thesis

was to explore the above mentioned objectives@lupin SAR analysis.

4.4.1.Validation of the tryptamine-morphan core scaffoldof the glupin compound

class

In order to validate the core scaffold identified the Glupin family, two key compounds were
synthesised. In the first one, the indole ringhaf tryptamine moiety was eliminatesD( Figure
16). In the second, the morphan bicycle was repldigea simple cyclohexyl coré6). Both
analogues showed no activity against the glucosekap validating the fused core of the

tryptamine and morphan fragments.

ICsp(uM,
MeS _ [CooluM)

)

N
@@ 0.055 £ 0.017
N OMe

Me\/og

(+/-)-Glupin-1
0 Cbz MeS
a!b!c!d N e,f,g O@
o - Q_/ - > N Inactive
o J oH QJ
54 44 o ©Ome 61

0 M

O
. Me MeN-«_SMe
N-Cbz .. NCbz [_N
Q h,b,c Q d,ij ©\/® fg N = Inactive
0 A\ N
N

o)
o % s g

54 61 e \’Og 64

Figure 16. Synthetic scheme to validate the Glupin ScaffaldH,NCH(CH2OEt), CH,Cl,,

66
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M.S., 4 h, R.T; b) NaBl MeOH, r.t., 12 h; ¢) CbzCl, £0;, MeCN, 12 h, R.T; d) HCI
(10%)/THF, 3 h, R.T; e) Mel, A®, CHCI,, 72 h, R.T; f) H, Pd/C, EtOH, 5 h, R.T; g) 2-
(methylthio)nicotinic chloride, Nt CH,Cl,, 12 h, R.T; h) MeNK CH,Cl,, M.S., 3 h, R.T; i)
PhN;H3, AcOH, reflux, 1.5 h; j) BrCHCOEt, C$COs, DMF, 6 h, r.t.

With the Glupin core validated, | then moved toateca library of Glupin analogues. Four
positions of the Glupin scaffold were selectedrfardification based on the chemical structure
(Figure 17). Three of them had already been someexyaored with the commercial library

but required significant further analysis. As positR* is introduced in the last step of the

synthesis, it was the most accessible for SAR aiggnd was therefore explored first.

Figure 17.Glupin structure positions explored by SAR.

4.4.2.SAR analysis for position R

To explore different substitutions of positiort & series of aroyl chlorides was introduced to
intermediate59 in the last step of the synthetic route (Table HEXcept the 2-thiomethyl
nicotinoyl chloride that was commercially availaiiee rest of the Rgroups were purchased as
carboxylic acids and subsequently transformed tinéorespective aroyl chlorides with thionyl
chloride (SOG)). This approach was successful for most of théognas (see the Experimental
Part for each case) and in the cases were theiddloould not be synthesised, TBTO-(
(benzotriazol-1-yl)-N,N,NN'-tetramethyluroniumtetrafluoroborate) was employedactivate
the carboxylic acidn situ. Based on the data from the commercial analogsess Table 3), |
decided to focus more on the 2-substituted nicotiimg instead of exploring a wide range of

heterocycles and other alkyl groups as R
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Table 10.SAR analysis of the Glupin positiort.R

H

R1

N N
©\/Q/ R1-C|, NEt3, CHQC'Q @Q/
N OMe > N OMe

o\( or R'-OH, TBTU, 0\8
Me ~ 0 DIPEA, CH,Cl, Me — 5
59
Entry R? Activity @ Entry R? Activity Entry R? Activity
o SM O OFEt 0o
10! ([ ) 0.055+0.017 8 Y Y N 022+007 15 [ 13+3
= _N
(73) (80)
o ¢l O F 9]
2 ?)\(;N 0.093 + 0.041 9 ¥ ) 054:016 16 7 ) 1425
(67) (74) (81)
(0]
O CF; [ ] o]
% SN O 'N S
3 | N 0.12+0.03 10 \ 1.4+0.2 17 ¥ 3.0x0.4
(68) & (82)
(75)
O SPt O SO,Me O SMe
SN ¥ SN SN 0.20 =
4 “ﬁ)\(; 0.14 +0.07 11 )\(; 1.7+0.7 18 [ e 0.01
(69) (76) (GK) (83)
o s% 8 O SMe
5 N 0.19+0.12 12 S P a0 19 () 935
(P90 N T 003
(70) a7 (84)
O Br O O SMe
S N S
6 [ N 0.18+0.06 13 () 24%3 20 () 67:16
7 Z FaC
(71) (78) (85)
0 om o . T S\'\:le
7 [ )} 023+005 14 (¥ 23:08 21 - 14+ 4
CF3
(72) (79) (86)

GK: Synthesised by Dr. Karageordjig. Activities given as IGy(uM) + SD (n> 3). HCT 116 cell linefb] Entry 1
corresponds t¢+/-)-Glupin-1.

First the position 2 of the parent Riomethyl nicotinic group was explored. All of tiyeoups

introduced were commercially available as the spoading nicotinic acids. Most of the 2-

substituted nicotinoyl residues maintained highepotes albeit with loss of activity compared
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to (+/-)-Glupin-1 (entries 1 to 11). Morpholino and methylsulfonysickies (entries 10 and 11,
respectively) showed strongly decreased activibpad the low micromolar range but only the
very bulky tert-butyl amide led to a complete loss (entry 12). lixwgge of thiomethyl for a
thiophenyl group on position 2 of the nicotinicgited to a 3-fold decrease in activity (entry 4).
Notably, an addition of two carbons on the sulfesulted in a 4-fold drop in activity (entry 5).
Chloride and bromide analogues, showed high patenaithough a 2- to 4-fold decrease in
activity was observed (entries 2 and 6). Howevenrine, potentially as a result of its smaller
size, had a bigger drop in activity at this posit{entry 9). Exchange of the thiomethyl for the
analogous methoxy and ethoxy groups led to a pyptdrap of at least 2-fold (entries 7 and 8).
Based on the 2 position of the thiomethyl grouthatpyridine ring and the carbonyl moiety in
a, | envisioned that a nucleophilic substitutiontbe 2 position could be taking plaoevivo.
However, the decreased activity in the fluoro arethylsulfonyl analogues (entries 9 and 11)
suggested that this was not the case. When | rasnibnesubstitution at the pyridine 2 position
(entry 14) the activity resulted in a low singlggitimicromolar activity. Nevertheless, this
compound could be compared with picolinic and isotinic analogues (entries 13 and 15,
respectively) to hint at the most active pyridingpdsition of R. The nicotinic pattern remained
the most potent. Notably, the pyrimidine-5-carboaghlogue §1), displayed a 7-fold loss of

activity compared to the nicotinic analogue (eritgy.

The inconclusive activity pattern at this positionrelation with the size may be due to the
rotation around the carbonyl-aryl bond. When ismlathese compounds are an atropoisomeric
mixture around the carbonyl-aryl bond. The two pfieomers could not be separated by
chromatography and were therefore measured as turmiXThe atropoisomers were easily
detected in theH and **C NMR spectra. Besides the expected signal smlitfiom the
rotameric mixture around the amide bond, furthdittspy was observed in the analogues where
the 2-position of the nicotinic acid was occupidtbvertheless, this mixture was inseparable

and the activity of all analogues was measuredraix@re.

MeS
o)
o cl O SMe o0 O SMe 50 N R
HO |\NM>HO N ——Z» |CI YN | ———— ©\/Q/
4 ¢  Dioxane/H,0, tol. 110°, NEts, N OMe
5R 120° 12h R 1h R CH,Cl,, «
12h Me —° { R = 6-Me (83)
R = 5-Br (87) R = 5-Br (84)
R = 4-CF5 (85)
R = 5-CF3 (86)

Scheme 5Synthetic scheme for positions 4,5 and 6 of tieetimic acid on R

53



Glucose Uptake Inhibition

To finalize the SAR study for Rpositions 4, 5 and 6 of the nicotinic acid grovgre explored.
The commercially available 2-chloronicotinic acidsre reacted with sodium methanethiolate
at 120 °C in a mixture of dioxane and water (Sch&)€ The reaction was carried out in
sealed tubes. The resulting 2-methylthionicotinbedsa were transformed into the nicotinoyl
chloridesin situ and reacted with intermedia®® to afford the analogues with substitutions on
position 4, 5 and 6.The 5-bromo nicotinic internageliwas isolated for characterization, but the
compounds can be reactiedsitu as crudes.Due to the lack of available 2-chlopmtitic acids
only 4 analogues (methyl, trifluoromethyl and brosubstituted) were synthesised. Position 6
tolerated the methyl substitution with only a sntldtrease in activity (Table 10, entry 18), but
trifluoromethyl substitution on positions 4 andteoagly reduced the potency (entries 19 to 20)

and the same was observed for the bromo analogpesition 5.

In summary, all analogues explored for this positghowed less potency than the parent
compound,(+/-)-Glupin-1. The thiomethyl group was found essential for kigh activity.
Inactive compounds were found only when very bugkgups were introduced in position 2 of

the nicotinic acid ring, or with small groups orspgmns 4 and 5.

4.4.3SAR analysis for position R

With position R studied, | turned my focus towards the methoxypgrat the morphan ring {R
position). To study this position the variationgilia be made at the ketomorphan stage of the
general synthesis (compoudd, Scheme 4). As described before (see 3.3.3.)ptisgion was
readily acetylated to givé1l (Scheme 3). This compound was carried throughGhgpin
synthesis to obtain the Glupin analogd@ (Scheme 4). No modifications from the general
Glupin synthesis procedures were nee@®dwas subjected to hydrolysis conditions (LiOH in
H,O/THF) to cleave both ester groups present. Thalecrproduct was re-esterified with

sulphuric acid in ethanol to afford the free alddbi@

Since 44 had shown low reactivity towards typical alkylati@onditions, | envisioned that
Tsuji-Trost chemistry may offer a reactive enoudgceophile and no basic media would be
needed. In this fashion, alcoht was allylated following the reported conditions &llylation

of a-hydroxy carbonyls compounds by Schméttal.(Scheme 65 The allylated produc®1
was also carried through the Glupin synthesis taioltompoun®3. Hydrogenation conditions
for removing the Cbz afforded the expect®epropyl product that was converted into the
Glupin analogue95. When93 was, however, treated with HBr in acetic acid,yotile Cbz

group was reduced and allylated Glupin anald®eould be obtained.
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Scheme 6Synthetic routes for exploring the Glupiii positiona) The corresponding steps of
the general synthesis ¢#/-)-Glupin-1 were applied (Scheme 4p) LiOH, THF/H,O, then
H,SO,, EtOHC)Allyl ethyl carbonate, [Pd(PRJ], THF, 2.5 h, 80°, 43%) HBr in AcOH, 30
min, r.t., 79%:;e) 2-(methylthio)nicotinic chloride, NEt CH,Cl,, 12 h, R.T;f) H,, Pd/C, EtOH,
r.t., 93%.

Alcohol 89 showed a two-fold decrease in activity compare@t9-Glupin-1 (Table 11, entry

3). O-Propyl andO-allyl analogues displayed some loss of activity tamhained highly potent
(entries 4 and 5). The acetyl analog88) fetained the same potency(as)-Glupin-1.
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Table 11.SAR Analysis of the Rposition.

Me do\g

Entry R?cpd)  Activity® Entry R?(cpd) Activity
1 Me 0.055 + 0.017 4 "Pr 95) 0.087 +0.015
2 Ac(@®9  0.053+0.023 5 Allyl97) 0.12 +0.02

3 H©0) 0.13 0.05

[a] Activities given as IG(uM) + SD (n> 3). HCT 116 cell line;lf] Entry 1 corresponds to
(+/-)-Glupin-1.

The high potencies of these analogues suggestegdbiion R might be tolerable to change
and, therefore, would represent a suitable posftomttaching the molecule to a solid phase or

fluorophore via a linker.

4.4.4SAR analysis for position R.

The initial 25-fold increase of activity observeg bhanging the methyl amide moiety bf
(Table 3, entry 1) to the ethyl ester(8f-)-Glupin-1, encouraged me to further explored this
position. | envisioned that this increase couldekplained if the carboxylic acid was the actual
active compound. In that case, the hydrolysis & #ster would readily afford the active
compound in the cell. Consequently, the free carlimacid analogu®8 was synthesised from
(+/-)-Glupin-1 by simple hydrolysis and its activity was measutegte acid®8 showed very
low activity compared to bothl (Figure 17) and(+/-)-Glupin-1 (Table 12, entry 2).
Nevertheless, the activity drop could be explaibgdlecreased permeability, a common issue
with free carboxylic acid? If the permeability was, however, not the isshentthe free acid
would have a much lower affinity. If so, a potehtiydrolysis of the ethyl ester df/-)-
Glupin-1 in cells would be deleterious to the activity. identhe non-hydrolyzable pivaloyl
ester analogue9@) was synthesised. Glupin analodi® however, displayed a significant loss
of potency (entry 3). It was then decided to sysigea series of different esters to study this
position. The different groups in®Rvere introduced in the same fashion as for the iGlup
synthesis, by alkylating the indole. Subsequergssté Cbz deprotection and amide formation

afforded the Glupin analogues (Scheme 7).
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Scheme 7.Synthesis of the different®RGlupin analoguea)The corresponding steps of the

general synthesis ¢#/-)-Glupin-1 were applied (Scheme 4)

Introduction or removal of a carbon atom of theeeatkyl chain resulted in similar potencies to
Glupin-1 (entries 4 and 5). The bigger phenyl graligh however, result in a 4-fold drop in

activity (entry 6).The distance between the indatg and the ester moiety was then explored.
When this distance was altered fraf/-)-Glupin-1, the result was a strong decrease in
potency. Loss of the methylene bridge gave almostativity (entry 7) while adding methylene

groups progressively decreased the activity fromsi©f 8 to 22 uM (entries 8 and 9). The
introduction of the heterocycle furan by Dr. Karaggs also resulted in a great activity loss,

which deterred me from exploring further heteroegct this position (entry 10).

Table 12.SAR Analysis of the Rposition.

MeS
o =N
N\
oY
N OMe
hs
Entry R?(cpd) Activity @ Entry R?(cpd) Activity
1®  _CH,CO,Et 0.055 + 0.017 7 -C{Et (103(GK) 28+ 2
2 -CH,COH (98) 10.0 + 4.0 8 ((1%'2)2()(23%?25 8.4+3.6
-CH,CO,'Bu -(CH,)sCO.Et
3 (99(GK) 0.19 + 0.06 9 105(GK) 22+5
-CH,CO,Me 0
4 100(GK) 0.089+ 0.032 10 YY) oK) O7E24
-CH,CO,"Pr ]
5 (101(GK) 0.093 + 0.035 11 -H107) >30
-CH,CO,Ph
6 (102(GK) 0.22+0.08

GK: Synthesised by Dr. Karageorgia] Pctivities given as 1Gy(uM) £ SD (n> 3). HCT 116 cell line;lj]
Entry 1 corresponds {@/-)-Glupin-1.
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The analysis of positionRlid not reveal a significantly more potent compaufihe presence
of an ester seemed to be essential for high d@esvénd only small changes were tolerated at

this position.

4.4 5SAR analysis of position R

To conclude the SAR analysis of the Glupin familg phenyl ring of the indole was explored.
To introduce diversity in this part, a variety digmyl hydrazines were included in the Glupin
synthesis. The Fischer indole synthesis is a raieshod for the construction of the indole ring
and, unless the phenyl hydrazine bears strongrefegtithdrawing substituents, the reaction
should take place. It should be noted that theofiseeta substituted phenyl hydrazines would
most often lead to a mixture of 4- and 6- substdundoles with most likely similar polarities.

Preparing analogues at this position proved to bersiderable task, since the diversity was

introduced at an early step of the synthesis.

MeS
(0] =N
ﬁbz R @ NCbz N L/
NoH3 _b
‘OMe R N — R > oM
a N OMe N o &V
Osp H —
O~
Me
108 (R=5-Cl) 122 (R=5-Cl)
109 (R=5-Br) 123 (R=5-Br)
110 (R=5-) 124 (R=5-"Hex)
111 (R=5-"Hex) 125 (R=7-Cl)

112 (R=7-Cl)

Scheme 8.Use of different phenyl hydrazines for the SAR lgsia of the R position. a)
AcOH, 120°b) The corresponding steps of the general synthdsig+/e)-Glupin-1 were
applied (Scheme 4).

Several commercial phenyl hydrazines were reactddketone44 to yield the indole products

with high yields. Commercially available 4-Cl, Br,n-Hex and 2-Cl-hydrazines were used in
this step (Scheme 8). The resulting indoles wekenahrough the Glupin synthesis, with no
modifications in the general procedure, to arritetree Glupin analogues. For the 5-iodo
analogue, however, | encountered stability issuekthe final Glupin class member could not

be isolated. With these analogues, the presenicalafens and an alkyl chain on position 5 was
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explored for the Glupins. To compare the indolessitilttions of positions 5 and 7, one analogue
with a 7-Cl substituent on the indole was also Isgsised. To further explore the indole ring,
the commercially available 5-carboxy phenyl hydnazivas used (Scheme 9). In this case the
reaction afforded a variety of side-products arel ¢tude product could only be purified to a
certain extent by chromatography (compoulb). Nevertheless, it was successfully used
further in the synthesis of the Glupin analoguesbGxylic acid126 was reacted with ethanol
to introduce the ester functionality and with maolae in the presence of the carboxylic acid-
activating reagent TBTU to introduce the bulkietenecyclic amide on indole position 5. Both
reactions proceeded with high yields to afford #ster127 and the amidd.28 which were
subjected to the remaining Glupin synthesis to inbthe corresponding Glupin analogues
functionalised at the 5 indole positi@B0and131 (Scheme 9).

MeS
/
Cbz
N
OMe W L e OJ\©\/Q/ [:[;
0 N ve O 1
50 H 126 e~ 0
MeS
° NCbz 0. )=N
\_7/
d
¢, N \ [ =, i N
o/ OMe (N W 5
N o/ N OMe
128 131
o0

Scheme 9 Amide and ester functionalisation of indole pasiti5a) 4-hydrazinebenzoic acid,
AcOH, 120°b) H,SO,, EtOH, r.t., 3 h, 65%¢) Morpholine, TBTU, DMF, r.t., 1h, 82%) The
corresponding steps of the general synthegjs/gFGlupin-1 were applied (Scheme 4).

To rapidly introduce different functionalities dmetindole ring, the introduction of a triflate that
could undergo cross coupling reactions was planhedvisioned a protected phenol that could
be transformed into the triflate at the last st&g. this purpose, following a reported procedure,
a N-Boc protected phenol hydrazine was synthesiseu ftte iodophenol by Dr. Karageorgis
(Scheme 10} The protected hydrazine was successfully empldpedhe synthesis of the
indole ring. As expected, the acidic conditionshaf reaction removed the Boc protecting group
as well, to afford the phenol intermedic83 The phenol moiety of this intermediate was
protected with a silyl group before the indole cbiile N-alkylated. The resulting>-silyl
protectedN-alkylated indole was carried through the Glupintbgsis and finally deprotected to
afford phenoll36, which was readily converted into the methylatedlaguel37.
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Scheme 10.Introduction of hydroxy and alkoxy groups on then8ole position. GK:
Synthesised by Dr. Karageorg&ggNHBocNH,, Cul, CsCO;, 1,10-phenantroline, DMF, 80°, 22

h; b) AcOH, 120°, 1.5 h¢) TBS chloride, tol. r.t.d) BrCH,COEt, CsCOs, DMF, 24 h.,

rt.e)

The corresponding steps of the general synthegig/-QfGlupin-1 were applied (Scheme 4);
TBAF, THF, 2 h., r.t,, 3 h, 16% over the 6 stegmf9; g) KOH, Mel, DMSO, 4 h., R. T.,

65%.

Instead of exploring further analogues of thé position, | decided to test the available

compounds in our assay (Table 13). To my surptigejntroduction of a small chlorine atom

on indole position 5 already led to a 25-fold atyidrop (entry 2). Accordingly, the bulkier 5-

ethyl ester and 5-morpholine amide analogues ledotaplete inactivity (entries 6 and 7).

Substitution at position 7 of the ring, howeverdmmuch smaller deleterious effect on the

activity (entry 3). It is noteworthy that, althougire 5-methoxy analogud %7) displayed the

expected extensive activity drop, the phenol gréL@d remained highly potent (entry 4).

Nevertheless, the general drop in activity for éhpesitions deterred me from further exploring

any more substitutions on this part of the scaffold
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Table 13.SAR Analysis of the Rposition.

MeS
N \ /
\

@)
Me — o)
Entry R Activity @ Entry R*cpd) Activity
0 -

(o] < NJ\(:(\\r

1 H 0.055 £0.017 6 o) N >30
N (131)

0 -

2 5-Cl@22 1.4+ 0.2 7 Merm >30
+ (130
3 7-Cl@2y 0.21+0.09 8  SrHex (124 t.b.d.
4  5-0H@36 (GK)  0.10+0.06 9 ()-5-Bri23 47+08

5  5-OMe(37) (GK) 4.22+3.46 10 (+)-5-Brp3 >30

GK: Synthesised by Dr. Karageorgis] [Activities given as I1Gy(uM) £ SD (n> 3). HCT 116 cell line;

[b] Entry 1 corresponds t@/-)-Glupin-1.
| subsequently attempted to introduce a heteroatomie indole ring. For this purpose, 2-
hydrazinopyridine was reacted w0, but the reaction did not proceed due to the ptextron
density of the heteroaromatic hydrazine. To byghssproblem an electron rich halogen that
would donate electron density and allow the Fiscimelole synthesis to take place was
introduced®® The halogen could then be eliminated by reduativeditions, as used for the
Cbz deprotection step. However, the reaction withidno-5-hydrazinopyridine afforded a very
complicated mixture of products in my Fischer irlobnditions and it was not pursued further
(Scheme 11).

Br N
)L Chz U
N N”NoHs N NHs
"OMe - X > No conversion ‘OMe Very complicated mixture
AcOH, 120° AcOH, 120°
o 50 0 50

Scheme 11Attempts on introducing a pyridine ring oA.R
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After revision of the complete SAR study/-)-Glupin-1was selected as the lead candidate for
further biological studies. Consequently, | set museparate the racemic mixture and explore

the individual activity of the enantiomers.

4.5.(+) and (-) Glupin-1

The racemate (+/-)-Glupin-1 was successfully separated into both enantiomeys b
chromatography on a chiral preparative HPLC colusee Experimental Part). The specific
optical rotations and the bioactivities of both mt@ners were then measurdd)-Glupin-1
was found to be the more potent enantiomer witB@&ifold difference in activity compared to
(-)-Glupin-1 (Table 14). Furthermore, | could confirm the diéfece of activity between the
enantiomers of the Glupin class with another menalb¢ihe Glupin class, analogd23(Table

13, entries 9 and 10). For analodl#3 one of the enantiomers was weakly potent while the
other was completely inactive. However, in contragth Glupin-1, the dextrorotatory

enantiomer ofl23was the less active one.

Table 14.Activity values of (+/-), (+) and (-)-Glupin-1.

Glupin-1 (+) ) (+/-)

IC.,(nM) 42+25  336.1+65.8 11.8+1.8

MDA-MB 231 cells, n=3, representative graph showrgam + SEM.

Assay performed by Melanie Schwalfenberg.

Most often, the enantiomers of chiral bioactive poomds present different affinities towards
their target, which is due to the chiral three-dasienal environment of the protein binding site.
The Glupin class possesses two chiral carbon atbatsconform the asymmetric morphan
bicycle and there is a further chiral carbon atarthe morphan scaffold due to a tertiary carbon
atom. Consequently, the structural difference betwgoth enantiomers is very high (Figure 18)
which translates into a high activity differencetvbeen enantiomers. To the best of my
knowledge, the enantiomer (+)-Glupin-1 is one @& thost potent glucose uptake inhibitors

known and the only reported inhibitor with a chinatural product-like structure.

62



Glucose Uptake Inhibition

Figure 18. Structural representation of both Glupin-1 enanécs.

4.6. Absolute Configuration of (+)-Glupin-1

In order to fully characterise the structure of @lepin scaffold, the absolute configuration of
all three stereocenters was identified. The styave@s based on the reported determination of
the absolute configuration of a morphan compouimi)ar to the intermediatéd4 of the Glupin
synthesis by use of chiral NMR auxiliari¥s”™ The Glupin analogug0 was chosen based on its
free alcohol moiety and its high potency {J& 0.13 uM % 0.05) for introduction of a the
mandelic acid NMR auxiliary (Scheme 12). Nevertbelbe resulting diastereomeric mixture

could not be separated.

0
N CIJ\F(;)AC o AN o
I on ——P A H"/OJ\,OAC N7 Yoo OAe
N CH20|2/Pyr., N Ph N H Ph
) -10° ) Y

EtO,C 90 EtO,C EtO,C
inseparable mixture

Scheme 12Introduction of the chiralmandelate auxiliary date stage.

The NMR auxiliary was hence introduced at an easliage of the Glupin synthesis. The acetyl
mandelic acid was converted into the acyl chlorahel reacted with intermediaé8 of the

Glupin synthesis (Figure 19a).

a)

o)
0OA Cbz Cbz
('\DIbz Cl)J\( c H N H/’ N
o) . o)
‘OH ~ CH,Cl/Pyr. 1 N OAC 2 o OAC
10°, 64% 0 Ph TH ™ pn
138 139
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Figure 19. a)Introduction of the chiral mandelate auxiliary 48. b) *H NMR comparison of

both diastereoisomers.
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The resulting mixture proved separable and affotulstth diastereoisomers as pure compounds
(138 and139. The 'H NMR spectra from both compounds were analysed,t@sed on the
shift of the neighbouring protons to the mandeliaxigary (Figure 19b) the absolute
configuration of all centres could be determinemj{Ffe 20). The shifts observed in the NMR
spectra were in agreement with the ones reportétkititerature by Bonjockt al. The basis of
the use of this auxiliary is that in solution iepents a more stable conformation in which the
methine-, the carbonyl- and the acetyl-group are Byn coplanar disposition (as drawn in
figure 20), hence the phenyl ring of the auxilisgkields the protons situated in closer
proximity. The phenyl ring from the auxiliary shield different protons of the two
diastereoisomers. Fdr38 the proton ina to the carbonyl was shielded (2.83 ppm in contrast
with 3.00 ppm froml39 and for139the methylene group to the amide was shielded (3.05
and 4.24 ppm in contrast with 3.22-3.30 and 4.35 fqr 138).

Oy O-_Ph
Y H 435
3.22-3.30

H N A 2
@IOJ\‘/OAC
o Hoes  Ph
138 (1S,4R,5R)

Os_O._Ph
H Y H'2%s

* N H 3
2 O)J\‘/OAC
H300
o Ph

139 (1R,4S,5S)

Figure 20. Determination of the absolute configuration oembediate 48. Thé (ppm) of the

corresponding protons are shown in red.

Once the structures of both morphan diasterecisomare determined, they were taken
through the synthesis separately to arrive at treesponding Glupin analogueki2 and143
(Scheme 13) could only be isolated with a mixtufestarting material {40 and 141) and an
unidentified impurity. As such they were submitfed Cbz removal conditions. The conditions
used to remove the Cbz protecting group, removedigsthe benzylic acetyl group of the
mandelic auxiliary. Consequently, the chiral carlatom of the mandelic auxiliary was lost and
the two compounds became enantiomers rather tlaastedeoisomers. This result would enable

me to compare the activity of their respective Gitanalogues in a much more reliable manner.
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The crude products of the hydrogenation were direxttbjected to the last step of the Glupin

synthesis.

93%
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a
R
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H/’ N

O
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nH H Ph
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Cbz H H
H< N N
) c 0]
N OJ\{OAC - ~ OJJ\’Ph
N) H Ph N) H
EtO,C 143 EtO,C

Major product of a complicated mixture

Scheme 13Synthesis of the mandelate-glupin analoga}eBhNH3;, AcCOH, reflux, 1.5 h))

BrCH,CO,Et, CsCOs;, DMF, 6 h, r.t..c) H,, Pd/C, EtOH, 5 h, r.t.

Finally, the 2-methylthionicotinoyl group was intieced and both compounds$4 and 145

were isolated. The activities of both compoundghwineir structure known, were measured.

Analogue 145 with chiral carbon atoms 2R, 5S and 6R, was fountbe ca. 30 times more

potent than its enantiom&#d4 (Scheme 14).

H
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N
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N '/OJ’\,Ph _a
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D
EtO,C
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H
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AT NoAPh | A
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(0}
X OJI\’Ph
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(2R, 58, 6R)
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10.0 £1.0

0.30 £ 0.12

Scheme 14.Activity measure of the enantiopure Glupin anakmyd44 and 145 a) 2-
(methylthio)nicotinic chloride, NE&t CH,Cl,, 12 h, r.t. Yields are for the last 2 steps coratlin
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Finally, | extrapolated the absolute configuratminthe three chiral centres of the more active
enantiomer145 into the more active Glupin-1 enantiomg)-Glupin-1. Finally, with the
complete structural information ¢f)-Glupin-1, the chemical study of the novel glucose uptake

inhibitor was considered sufficiently explored fbe boundaries of this doctoral thesis.

4.7.Synthesis of the Chemical Probes Based on Glupin-1

In order to confirm the GLUT transporters as theged of the Glupins, an affinity
chromatography target engagement assay was emssidhis method is based on the use of a
compound bound to a solid phase by a linker, thahuncubation with a cell lysate, the affinity
of the compound with a protein enriches the solichgg with such protein. Among other
methods, the chemical probe can be bound to tie glohse by an amide bond. Consequently, a
free-amine chemical probe based on Glupin-1 washegised. The linker of choice was a
diamine-PEG.

Based on the Glupin SAR, the’ Rosition was deemed to be the most suitable agirtker
attachment point. Since acetylation had been ssftdasn this position, | decided to install the
dielectrophile bromoacetyl bromide that will poteily be attacked on the carbonyl by alcohol
44 and a later stage on the bromide by a amine-blsker in an {2 reaction. Reaction
between44 and bromoacetyl bromide under the acetylation ¢mwdi was successful with
moderate yield (Scheme 15a). However, under theh&rsindole conditions the bromide was
displaced by an acetic acid group affording compol#t8 Consequently, alternative routes

were explored.
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Scheme 15Linker attachment attempts.

Ag,0, CH,Cly, RT.

Based on allyl containing analog®d, a coupling by reductive amination was envisioned.
Therefore the synthesis of the aldehyde from thy r@sidue was attempted from compol8¥tl

by an oxidative olefin cleavage. Unfortunately, thaction also promoted the sulfur oxidation
(Scheme 15b). | then switched to the functiondbsabf the Glupin analogu@0, once more
this analogue displayed the properties that | wagihg for. It offered a clear nucleophile on
position R with a very high potency and hence could be caliplih a linker. My first attempt
to introduce a linker on the hydroxyl group @ was the use of modified iodide-PEG linker
with silver oxide to activate the iodide, howevke t§2 reaction did not take place (Scheme

15c).

Since the alkyl iodide electrophile did not workutned to a more reactive electrophile; an acyl
chloride coupled with a PEG-linker. On this accouht phosgene analogue, 4-nitrobenzoyl
chloride was reacteth situ with 90 and with the diamine-monoBoc-protected PEG linker
(Scheme 16a). The Boc-protected active prdl3)(was tested and showed the expected strong
potency with an I of 0.083 puM (+ 0.026).
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Scheme 16Synthesis of the glupin active and inactive prapb@&sand b) respectively).

The use of an active probe in a pull-down experimiennormally complemented with an

inactive probe that will unmask any unselectivedbig. The inactive probe needs to be very
similar in structure to the parent compound wHhasing inactive. In the design of the inactive
probe | focused on the SAR table of positiohtRat had provided inactive or very weakly
active analogues with small changes. Particulargnvisioned the use of the picolinoyl group
(see section 4.4.2., Tablel10, entry 13) as the foagke inactive probe. The inactive probe was

synthesised as described for the active one (Schéiye

With the active and inactive probe in hand, thel-galvn experiments were performed by
Melanie Schwalfenberg. The active probe was usedtlam gel was developed with GLUT-1
antibody. When Glupin-1 was used to compete outatitwe probe, the GLUT-1 band had the
expected lower intensity. This result was not osgrwhen glut inhibitor BayGLUT-1 was
used. Nevertheless, when only the beads were nsedantrol experiment the band for GLUT-
1 had a similar intensity suggesting that the attgon observed between the active probe and
GLUT-1 was unspecific binding. The inactive probaswalso used in a pull-down result. The
inactive GLUT-1 band detected displayed a lowegrnisity, suggesting a direct interaction with
GLUT-1. Nevertheless, the unspecific binding obedrprompted the pursue different target

engagement experiments.

The free amine at the linker of both probes allo@da simple coupling with a solid phase as
is necessary in the pull-down experiment. Furtheemnite free amine can be used to couple, for

example, molecular dyes. Considering again theotifee probes for target identification, Beate
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Scholermann set to establish a BRET (Bioluminesed&®sonance Energy Transfer) assay that
would show the direct interaction in vivo of thetiae Glupin probe and the GLUT transporter
(expressed with a bioluminescent dye). The basithisf experiment is to detect an energy
transfer between a bioluminescent protein (typychitiferase) and a chemical dye when both
entities are close in space. Should the energwfeaie detected, the molecule bound to the
chemical dye is considered to bind effectively tharget protein coupled with the
bioluminescent protein. For this purpose, a GLUIxdiferase construct was developed in-

house and the free-amine active probe was couptedair AMRA dye (Scheme 17).

+
Me,N O (0] ‘ NMe,
NS MeS
CO,
O C

N
NCS ©\/Q/ 0
139 N ok NMe,

HN’\/?/
NEtz, DMF, 2 h Me \/O“g (0] S

154 .
NMe,

Scheme 17Synthesis of the Tamra-glupin-1 probe.

4.8.Biological Characterization of Glupin-1

Some biological assays were performed to charaetéhie behaviour of Glupin-1 in cells. The

work was performed by Melanie Schwalfenberg untgébsrwise stated.

4.8.1.[°H]-Glucose uptake

The activity of (+/-)-Glupin-1 was confirmed by the’fl]-radiolabeled glucose assay. This
assay represents the most reliable assay for tlesurement of glucose uptake. The results
confirmed the high potency with ansllsalue of 8 nM in MDA-MB 231 cells.

4.8.2Glucose uptake across tissues

The ability of (+/-)-Glupin-1 to inhibit the glucose uptake was checked foredéht cell lines.
The compound show very high potencies in all maranatell lines tested but did not so for
Kcl167 a cell line wittDrosophilaorigin (Table 15). The Igs were all in the low nM range for

the Resazurin assay (Figure 9) performed in a loadghput manner.
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Table 15.(+/-)-Glupin-1 was active in the low nMrange in all mammalian Geés tested.

Cell line Origin ICs5¢/NM

HCT 116 Human colon cancer 5+ 1(57 +47)
MDA-MB 231 Human breast cancer 15+4

Hela Human cervical cancer 22+2

CHO Chinese hamster ovary 4+3

Kcl67 D. melanogaster embryo Not active

Assay performed by Melanie Schwalfenberg. Values/dé from low-throughput Resazurin-based assag, mean
+/- SEM; [a] Value from medium-throughput screenl®, mean + SEM.

4.8.3Cell proliferation of MDA-MB 231

Since the MDA-MB 231 cell line has a high demandgjlotose, the addition of Glupin-1 should
inhibit the cell proliferation. Both enantiomers neetested using three different glucose
concentrations; 25 mM, 5mM and no glucose. A cotration-dependent sensitivity towards
glupin-1 was identified (Table 16). The most potartantiomer; (+)-Glupin-1, strongly

impaired cell proliferation, while the less potartantiomer; (-)-Glupin-1, also affected cell

proliferation although with a lower activity.

Table 16.Proliferation of MDA-MB 231 cells upon compoune@atment.

25 mMGlc 5 mMGlc 0 mMGilc
(+)-Glupin-1 170 £ 157 33 1+1
(-)-Glupin-1 2519 + 916 470 + 216 46+ 1

Assay performed by Melanie Schwalfenberg, 48h, MIAB-231 cells; Activities given
as 1G, (nM) = S.D, n=2;Glc=Glucose

Interestingly, when the MDA-MB 231 cells were stvifrom glucose for 48 hours the cell
growth was only mildly impaired (around 70 % of tB#MSO control) in contrast to the
impaired cell growth caused by (+)-Glupin-1 treatmérlhis result suggests that either (+)-
Glupin-1 has off-target effects that affect thel pebliferation, or that the cells differ in their
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metabolic behaviour depending on whether glucogedsent in the media rather than whether

glucose is taken up.

4.8.4Changes in metabolites upon glupin-1 treatment

Since Glupin-1 impeded the glucose uptake, a changlee concentration of the metabolites
was to be expected. For example, a decrease iglylelysis metabolites would suggest a
down-regulation of the glycolythic patwhay which wlt be in agreement with a decreased
glucose uptake. The changes in the metabolite otratidns upon compound treatment were
measured by Dr. Magnus Sellstedt (Table 17). Méltélls in medium with 11.1 mM glucose
and 2 mM glutamine were treated with Glupin-1 (3@)rand the metabolite concentrations
were checked after 24 hours. The metabolites tieag wignificantly altered are shown in Table
16. The decrease in the fructose-6-phosphate artit lacid clearly proved a decreased
glycolytic function. Furthermore, glycerol-3-phosyé which is synthesised from the glycolysis
metabolite DHAP also presented a sharp concentratiecrease. The same pattern was
observed for the citric acid intermediates; ciaad, isocitric acid and malic acid, which were
all extensively reduced. The increase in aspadia metabolite can be explained by the switch
of the cells to the Glutamine as the main nutrggnirce. Glutamine is then used to fuel the TCA
while generating aspartate. Nevertheless, an aspanid increase could also come from an
increased gluconeogenesis activty, a pathway iclwéspartate is an intermediate metabolite as
part of the urea cycle. Both pathways point to duced glucose metabolism. Finally, the
decrease in UDRacetylglucosamine was not surprising since it ®onpart of the glucose
sensing mechanism. UDR-acetylglucosamine is involved in the regulatiomrafltiple cellular
processes through protein glycosylation and itrnisvkn to be downregulated under glucose

depravation.

Table 17.Significantly altered metabolites upon Glupin-Jlatreent.

Citricacid -2.240
Isocitricacid -1.709
Lacticacid -1.358
Glycerol-3-phosphate -1.116
Ribitol/Arabitol -1.085
UDP-N-Acetylglucosamine -0.941
Malicacid -0.790
Beta-alanine -0.734
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Fructose-6-phosphate -0.467
4-Aminobutyric acid -0.324
Octadecanoicacid -0.066
Asparticacid 0.932

Log2-fold values (p = 0.05, biological duplicate$)lolt16
cells with 50 nM of (+/-)-Glupin-1 for 24 h compareo

DMSO controls. Assay performed by Dr. Magnus Setist

4.8.5Inhibition of aminoacid starvation-induced autophagy

In glucose depravation conditions, many cancesdetn to autophagy as a rescue mechanism,
a way to maintain the required energy levels utalgmutrient sources. It is therefore expected
of a glucose uptake inhibitor to promote the initia of the autophagy pathway. In our group it
was found that when analogues of the Glupin comgalass are present, autophagy (promoted
by aminoacid starvation) was inhibited. This apptyecontradictory results could be explained
if the autophagy process were to need some glymesent to activate. If the glucose level does
not reach a minimum, it is possible that therensufficient energy to promote the autophagy
process. In the presence of (+)-Glupin-1 the, iGr autophagy inhibition was of 0.14 uM %
0.05. However, when the autophagy was induced lpaRgcin, Glupin-1 failed to inhibit it,
most likely because the cells still have the amawd nutrient source (Table 18). The

autophagy-related assays were run by COMAS, Drallisraia and Marjorie Carnero Corrales.

Table 18.Inhibition of Aminoacid Starvation-Induced Autoplyag

Autophagy
Inhibition Autophagy Inhibition Glucose Uptake
Cmpd (Aa starvation) (Rapamycin Induced) Inhibition
(+)-Glupin-1 0.14 pM £ 0.05 >10 uM -
BayGLUT-1 0.86 uM = 0.27 44uM +3.3 1.4uM 0.6

Values given as I&s, in MCF7 cells with EBSS media after 3 h.

4.8.6(+)-Glupin-1 reduces lipid droplet formation

Since(+)-Glupin-1 seems to have a widespread effect on the cellbolge, it was decided to
check for an interaction with the lipid metabolisim. fact, when MDA-MB 231cells were
treated with(+)-Glupin-1 in a high caloric diet (400 pM of oleic acid) thipid droplet
formation was dose dependently inhibited (Figurg. Zhe less active enantiomer did not
interact with the lipid formation, and when thelselere pre-fed with oleic acid, the compound
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did not show any effect on the lipid droplet cortcation. Hence(+)-Glupin-1 does not
interact with the already formed lipid droplets bather inhibits their synthesis. The mechanism

by which it occurs has yet to be explored but illdde explained by a reduction in uptake and

esterification of lipids and/or by an increasehs f3-ketoester route. The assay was run by Dr.

Kirsten Tschapalda.
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Assay run by Dr. Kirsten Tschapalda. MDA-MB 231
stained with Bodipy 493/503.

Figure 21.Inhibition of lipid droplet formation.
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Solicing Inhibition

5. Introduction

5.1.The Splicing Process

The splicing process refers to the mechanism bychvklie premature messenger RNA (pre-
MRNA), which is the direct product of the DNA traription process, is converted into a
mature messenger RNA (mRNA)ready to be translatedgroteins by the ribosomes. The pre-
MRNA contains RNA sequences that will later be pathe mRNA; the exons, and sequences
that are spliced out and will not be part of theN#R the introns. Removing the introns and

linking the exons together is the main functioriraf splicing process.

At a molecular level, this process takes placeviny trans-phosphoesterification reactions. In
the first step, the 2°-OH of the branching pointleotide attacks the 5° splicing site and
releases the 5°exon (Figure 22a and b). Then isgbend step, the released 5 exon attacks the
3’splicing site, generating the mature mMRNA ancasing the intron as a lariat with the
branching point forming phosphoester bonds on th&'2and 5' positions. The splicing and
branching sites are conserved sequences complaméntae interacting partners necessary for

the splicing process.

B OH
|

Base Step 1

OH + |5’-exon 3-exon

Intron lariat mature mRNA

Figure 22. a)RNA schematic structuré) Scheme of the splicing process. In the first stie@,
BP (branching point) attacks the 5°-SS (5 spliaitg) releasing then the 5 -exon. In the second
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step, the 5°-exon attacks the 3°-SS, releasingntihen as a lariat and generating the mature
RNA (5"-exon-3"-exon).

RNA splicing is an almost ubiquitous process inlaihg organisms. In prokaryotes, as the
ribosomal machinery is in direct contact with thieARtranscript, the splicing process is almost
non-existing. Therefore, there is mostly a direne-t0-one correlation between the bases at the
DNA and the bases at the mRNA. In eukaryotes, énatimer hand, the higher the organism is,
the higher is the presence of intron sequencedigenes® Many genes can be spliced in more
than one way, leading to different proteins. Thiscpss is referred to as alternative splicing and
is a highly conserved evolutionary tool by whicle #incoded DNA information is extensively
expanded? In this way, the same gene transcript can leatifferent proteins depending on the
splicing pattern. An example of the alternativeapd) is the above mentioned pyruvate kinase
(see section 2.3.2.). The normal spliced form,RK&1, is replaced in proliferative tissues and
tumours by the PKM2 upon selection of a differeéréfon of the same geA&Misregulation of

the alternative splicing has been shown to promotntribute to many cancer processes, e.g.

cancer metabolism, angiogenesis and metastasis.

In conclusion, splicing allows for a tighter contad protein synthesis. Alternative splicing

generates extensive possibilities from the sameganquantity, in synthesis time point and in
the function of the translated protein. Besidesgdee pool variations offered by the alternative
splicing, this process has the evolutionary impiaaof a "simple" generation of new proteins.
The conserved exons, often important protein dospaame recombined into different genes,
generating "protein analogues” with the same catatiomains but different characteristics, as

functions, localisation, regulation, etc.

5.2. The Spliceosome

Despite the chemical simplicity of the splicing pess (two consecutive trans-esterification
reactions) at the molecular biology level, thisqass requires the participation of nhumerous
proteins and ribonucleoproteins, the use of gremintities of ATP as well as a myriad of
protein-protein, protein-RNA and RNA-RNA interaagi® The complete ensemble that

catalyses this complex process, is called the &piome’®

5.2.1The spliceosome ribonucleoproteins: the snRNPs

The Spliceosome is a multimegadalton complex withhighly dynamic structure and
composition. A great number of proteins take partthis process, however, its most
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characteristic constituents are the small nucibanucleoproteins (SnRNPs). The snRNPs have
a non-coding RNA nucleic acid sequence, the smadlear RNA (snRNA), coupled with a
RNA-binding protein sequence. The snRNA sequenceésled to interact with the messenger
RNA as in the case of the ribosome subunits. Thezdive units of ShRNPs: U1, U2, U4, U5
and U6. The Ul snRNPs is a complementary sequdrtbe & -splicing site. It recognizes and
stabilizes the 5°SS but needs to be displaced deroto activate the B complex of the
spliceosome (Figure 23). The U2 recognizes thedhiag point and contributes to moving the
branching point towards the 5°SS at the expens&Téf. The U2 also interacts with the U6
upon its recruitment. The U5 snRNP interacts whth kast two nucleotides of the exons that
will be bound together forming the mature mRNA, drehce contributes to move the 5°SS
towards the 3’SS. The U6 interacts with the 3" ehthe intron and gets recruited by the U2
subunit. The U4 is mainly responsible from stabitisthe U6 subunit and also needs to be

displaced in order to activate the B complex (Fég28)?’

5.2.2The spliceosome cycle

The snRNPs are recruited to the spliceosome ardiit stages and promote the corresponding
structural changes and pre-mRNA interactions necgdsr each stage (Figure 28). Although
more evidence is still needed, it is believed thia spliceosome complex acts as a
ribozyme(RNA molecules capable of acting as enzymés such, the actual catalytic
interactions that promote both trans-esterificaticare with the snRNA, particularly the

sequences from the U2 and the ¥&
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Figure 23. The spliceosome cycle and spliceosome complex stagen recruitment of the

snRNPs. The recruitment and release of proteindiitlhas been omitted for clarity.

The spliceosome cycle starts with the interactibthe pre-mRNA with the U1 snRNP unit,
forming complex E.U2 is then recruited and a striadtchange pulls up the 3°SS to the 5°SS,
forming complex A. The rest of the snRNPs are thecruited to obtain the pre-catalytic
complex B, which gets activated upon displacemémh® subunits U1 and U4 (compleX“R
Recruitment of other proteins yield the substraie the first catalyzed trans-esterification
reaction, the catalytically active complex. Bhe 2°OH of a nucleotide at the branching point
attacks the 5°SS to for a lariat and release thex6h and yield complex C. Finally, complex C
promotes the attack of the free 5-exon to the Zsbreleases all products; the mature mRNA,

the intron lariat and the remaining snRNPs whi@hracycled back to the splicing process.

5.2.3The spliceosome structure

Due to the highly dynamic and complex structuretia# spliceosome, currently the whole
spliceosome can only be observed by electron ntoms (EM). The snRNP and other
spliceosome constituents have been thoroughly edudy NMR and X-ray crystallography.
These high-resolution structures have hence hdipédentify structural features of the whole

spliceosome assembi$f. The heterogeneity of the spliceosome has madeinaigahigh
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resolution structuresa very challenging task (Fég@d). Furthermore, the stability of the
spliceosome complexes does often not resist thelsapneparation techniques needed for the
cryo-EM studies, which remains to be the most psomgi method to study this dynamic and

complex macrostructurg-*%

U6 snRNA i
¥ -, Intron lariat

C complex

Figure 24. Catalytically activated C complex in the step 2tloeé Saccharomyces cerevisae
yeast. Adapted from Yaet al.**

Recent advances in these techniques have enallkealchers to obtain high-resolution images
like the one obtained by Yaat al. with a 7A resolution of a catalytically activat€dcomplex
of Saccharomyces cerevisdé.Nevertheless, additionalstructural information dedo be

uncovered in the many spliceosome stages.

5.3. Splicing Inhibition

Since a lot of the splicing process remains to beouvered, the use of small molecules that
target the splicing machinery has gained a lotgfdrtance. The ability to stabilize spliceosome
complexes with small molecules continues to hodpleat potential in the study of this complex
macrostructure, particularly for structural anddiional studies. Furthermore, inhibition of the
splicing process may help discover novel splice@sopmplexes that have yet to be identified.
Nevertheless, there are currently only a handfudpditing inhibitors, and more molecules are
needed to halt the process at the different stdgashermore, novel splicing inhibitors also
hold a great potential as drug leads in many ofcdrecers where splicing has been reported to

play an important rol&>**%

79



Solicing Inhibition

The families of the natural products FR901463 atatiPnolides were identified as potent
splicing inhibitors when their cytotoxicities agsirseveral tumor cell lines were assayed. The
synthesis of chemical analogues led to optimizedpmunds: Spliceostatin A and pladienolide
analogue E7107 (Figure 255" The target of these compounds was identified asiicing
factor 3b (SF3B), which is part of the U2 snRNRe tompounds destabilize the interaction

between U2 snRNP and the pre-mRNA, stalling thécisgl process. The natural product

garcinol, a known histone acetyl transferase immbitvas also reported to inhibit the splicing

process at an A-like complex sta§&Psoromic acid and some derivatives, were idedtifiean

in vitro splicing inhibiting assay by Lirhman and coworkewsd reported to stall the process at

a B-like stagé®®

Compound Spliceostatin A E7107
Stalled Complex A A
Potency (I1G) low nM low nM
Ref. 10€ 107
Me O
(0] Me
—
X ) HO,C
Me Me
Compound Garcinol Psoromic Acid
Stalled Complex A B/C
Potency (I1Gy) 50uM 56 uM
Ref. 10€ 10¢
OH O
(/O
0="~=0
Crpt Ay
d N H  oH
HO\&Z\/OH
HO OH
Compound NB-506 Isoginkgetin
Stalled Complex pre-spliceosome assembly A
Potency (I1G) 50-100 uM ~30 uM
Ref. 11C 111
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Figure 25. Structure of some splicing inhibitors with the splblsome complex stalled and the

inhibition potencies.

Targeting the kinases and phosphatases involvesplicing has also been shown to stall the
process. For example, the serine rich proteins &®&eins), which are involved in the
identification of the splicing sites, have beeniiiectly targeted by inhibiting the activity of
known SR protein kinases like CIk/Sty (cdc2-likendse 1), SRPK 1, SRPK 2 (SR protein-
specific kinase-1) and topoisomerase |. The topogsase | inhibitor, NB-506 was shown to
prevent pre-spliceosome complexes by inhibiting ph@sphorylation of the splicing factor
SF2/ASF (Figure 25)'° Another natural product identified as a splicinthibitor is the
biflavonoid isoginketin. This natural product stathe A complex of the spliceosome, most
likely by preventing PRP28 phosphorylation by thP& 2 kinase™*

In conclusion, the identification of novel splicinghibitors still holds a great potential for
structural and functional studies of the spliceosarmachinery and, perhaps most interestingly

in drug development.
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6. Aims of the Project

The obtention of structural information or mechénigsight of the highly complex machinery,
the Spliceosome, continues to be a challenging tdswever, the identification of novel small

molecule inhibitors of this machinery is a powetf| for this purpose.

It is the aim of this project to chemically explag identified splicing inhibitor that had been
discovered in a HTS assay in this group. The inatedbbjective is to validate this compound
as a splicing inhibitor. At a later stage, a ligraaf compounds would be established to

accomplish a reliable SAR analysis.

The final objective of the project is the idention of the mode of action of a potential

splicing inhibitor.

The project was carried out as a collaboration vitte group of Professor Lurhmann,
particularly with Dr. Anzhalika Sidarovich. The Iogical experiments were run at the group of

Professor Lurhmann.
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7. Results and Discussion

7.1. Assay and Compound Class Identification

Identification of compounds with splicing inhibigractivity has mainly been achieved through
cell-based assays. Consequently, until recentiethas a high need for establishing an in vitro
assay that would eliminate all the cell associatestrictions, such as the high costs, high
maintenance and complex procedures. Furthermoeee tvere few existing inhibitors of the
splicing process that would target the splicingcess at the pre-mRNA stalfé°®In 2012, a
collaboration between our group and that ofProfeksbrmann reported a high-throughput in

vitro assay that allowed the identification of nbsgplicing inhibitors:®®

The HTS assay was
based on the early incorporation of a specificgirointo the spliceosome complex that is only
required after the step 1 of the splicing procBgsmonitoring the presence of this protein in a
spliceosome assembled in vitro, the inability teemsble, to activate or to catalyse the splicing
step 1, upon compound treatment, could be idedtifidhe monitored protein was a FLAG-
tagged version of the DEAD box ATPase Abstrakt,clihis specific of the C complex of the
spliceosome. This protein, stably expressed in Hekls, was detected with anti-FLAG
antibody coupled to a horse radish peroxidase (HRE)a nuclear extract was incubated with
inmobilized pre-mRNA before washing and checking thRP fluorescence. If the splicing
process was not inhibited, the FLAG-tagged proteauld be incorporated, immobilised and
detected by the luminescent reaction catalysedh&yHRP. On the other hand, if the compound
assayed has splicing inhibiting activity, the FLAd&ged protein would not be incorporated to
the spliceosome and the luminescence would herweat®e (Figure 26).

immobilized
anti-MBP antibody

MS2 tagged

peroxidase conjugated
anti-FLAG antibody ~ MS2MBP

re-mRNA
nuclear extract eroxidase
uminescent
@ o reaction
O l .
A o
o US yQ FLAG-tagged o\ o)
protein immobilized complex

Figure 26. Assay for the identification of splicing inhibigor Adapted from Samatov et al.
(2012)1°
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The assay was run for a library of over 170,000 maunds screened at 50 uM and the assay
hits were validated in an in vitro splicing assaghw’P-labelled pre-mRNA in HelLa nuclear
extract. Several novel splicing inhibitor scaffoldgere identified, including the above
mentioned Psoromic and Norstistic acitfspr cp028 (Figure 27).Cp028 was selected to be
further studied in a collaboration between our grand Professor Lirhmann’s. The biological
assays run in this project were performed by Drzhatika SidarovichCp028wvas found to
significantly inhibit the splicing process at 50 |déter 60 min and to completely stop it at 150
UM (Figure 28a). A dose dependent study was peddramd the |6 of cp028was determined
as 54 + 4uM. DMSO was used as negative controiff@rent incubation time points (0, 2, 10
and 60 min). Without any compound treatment thécisyg process was still ongoing at 60
minutes, since a faint pre-mRNA band could stilldetected. After 60 minutes the bands of the
mature mRNA and the intron lariat (two of the sjplic products) were clearly observed.
Consequently, 60 minutes was chosen as the reaatienandcp028 was assayed in different
concentrations (from 10 to 175 pM) with 60 minutésncubation time. At 50 uM compound
treatment, the bands for mature mRNA and for theoinlariat became very faint. At higher
compound concentrations the pre-mRNA band beconggebuntil 150/175 uM where all the
nucleic acid accumulated at the pre-mRNA and nwemion to the splicing products could be
observed.

Cp028contains a strong Michael acceptor, which is conlgnonewed as a pan assay
interference compound (PAIN)? However, the aim of this project was to identifysmall
molecule tool to study the splicing process inoviand thus the potential promiscuity of the

compound may not be detrimental.

Me O Me O

/O O Me O Me
=
RS L S

©:LH,NH 0" HOC ©" Ho*g0
o)

Me
Compound: cp028 Psoromic acid Nortistic acid
Activities: 54+4 56 +9.4 28+1.8

Figure 27 Examples of identified splicing inhibitors in thel'B.Activities shown as 1§ (UM)x
S.D. (n>3).
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A titration assay was run by Dr. Anzhalika Sidaobvito determine the content or stage at
which the spliceosome complex was stalled by thigehinhibitor (Figure 28b).On the DMSO
lane (negative control) the different stages of $hkceosome, according to the different time
points, can be seen. After 2 minutes, the main ¢exniormed was the initiah complex, at 10
min complexesB and C started to appear and after 60 minutes the sphreesshowed a
mixture of complexes albeit with most of the spigiprocess having been completed already.
When cp028 was assayed at 60 min, a difference with the dnwsural could be detected
around 50 uM. This result was in accordance withgplicing activity detected before (Figure
28a). In this titration assayp028 was found to promote the formation of complexest tlan
very close to the A and B bands (Figure 28b). Tiuegss was therefore stalled somewhere in

between complexes A and B. For future referencessthlled identified complex was referred
to as B®

A B
DMSO cp028 DMSO cp028
min 0 210 60 0 ——— P min 021060 60 — P
pM - - 10 25375 50 75 100125 150 175 pM - - - - 10 25 375 50 75100125 150 175
Qr— - - ‘ - .
Q| ' coantes c- .
Bl ‘“
BT s - s smmaamm. 0 A
[ ] sasss
H - zi
[
h E

Qr—: Lariat-intron-exon ; @_: Lariatintron mmm——1: pre-mRNA mmr— : MRNA

Figure 28.a) Dose-dependent inhibition of the splicing comphexcp028 (14 % denaturing
PAGE). b) Titration of the stalled spliceosome witp028 at different concentrations (1.5 %
native agarose gel).

Due to, among other things, the lack of efficieftibitors, the splicing process is still not fully
understood and much remains to be investigatedelDpment of new compounds, such as
cp02§ that enable the study of other splicing stagea gowerful tool in the study of the
spliceosome. B® represents a novel stage of the splicing prodestscould be identified and

isolated. Consequently, | was encouraged to furshedy the effects and pursue the class of
compounds represented ¢py028
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7.2. Synthetic Route for Cp028 and Analogues

The characterisation of the novelBspliceosome stage encouraged me to build smedinitof
analogues in order to establish a SAR analysisnardliecp02&ore. The synthetic route was
designed based on similar compounds present ifitdrature’***** A convergent route in
which an aldehyde-barbituric acid condensation waapresent the final step of the synthesis,
was envisioned (Scheme 18). The barbituric corddcoe built from the urea that in turn could
be synthesized from the commercially available im@il Furthermore, the phenyl-furfural
aldehyde could be synthesised in a cross coupdiagtion with the commercially available 5-

bromofurfural and 4-fluorophenylboronic acid.

F

B(OH) B
%/o — FQ R r\@)ﬂ\o
|
(0]
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O~y © N
coyt = G =
Me Me Me

Scheme 18Retrosynthesis forp028

This route would allow for an easy introductionmébdifications in both halves. Specifically,
ring Acould be readily modified with a set of diverseldsgronic acids. According to the
proposed retrosynthestp028was synthesised in 4 steps with an overall yi€l#686 (Scheme
19). Commercially available 2-ethyl aniline wasngtormed into the urea with potassium
isocyanaté’®> Subsequently, the barbituric ring was construckéth diethyl malonate in
refluxing ethanol in the presence on sodium metafford 157. Finally, compoundl57 was
condensed in refluxing ethanol with aldehyid®, which was readily obtained by Suzuki cross

coupling of 5-bromofurfural and the correspondihgfophenylboronic acid.
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Scheme 19Synthesis otp028 a) KNCO, AcOH/H0, 4 h, r.t., 62%)) Diethyl malonate, Na,
EtOH, 80°, 12 h, 53%)Pd(OAc), K,COs, NBnMe;Br, 16 h, r.t., 98%d) EtOH, 80°, 12 h, 78%.

The synthesised batch fop028was tested in vitro in th&P assay (Figure 29). The compound
showed interference with the spliceosome as expgeaad in a similar potency to the
commercial batch. At 150 uM the main band is treerpRNA, although faint lariat and mature
MRNA can be seen.

DMSO cpd028
mn o 2z 10 20 60
uM 25 50 75 100 125 150 175 200
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Figure 29Validation of the splicing activity of the synthssd batch ofp028 14% denaturing
PAGEcp028an with t = 60min; [a]: Synthesised batch; Assayf@rmed by Dr. Anzhalika

Sidarovich.

7.3.1st SAR Round of Cp028 Analogues

With the established synthesis in hand, | set tb toucreate a small library around the

cp02&ore.
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7.3.1Potential covalent inhibitor

First, | decided to explore if the Michael acceptopiety was essential for the splicing
inhibition activity, as it would be for a covalantibitor. Compound.61was hence synthesised
from cp028by simple reduction of the,3-unsaturated barbituric core with sodium boroluedr
(Figure 30a). Compount6l has lost its Michael acceptor and cannot, therefugeattacked by

a nucleophile anymore.

A B DMsO 028 343139
R F
5<% =535
pM 2 o5 dg
/' Q /O 29 89
H
< = H H » r ¥ ] ¥
oM o NaBH, Oﬁ/g\fo min o' 2’ 20' 60 60
N_ NH MeOH, N_ NH
[ ] b 0°to R.T. i
© 68% : ﬁ 0 Qr—
Me 0 Me o — - -
wpoze 161 EET | R
| E— - - -
=

Figure 30. a)Reduction of the,3-unsaturated barbituric electrophity;Activity assay gel for
compound 161. Lanes 028cp028 Lanes 343139 461, 14 % denaturing PAGE. Compounds
ran at 50 uM after 60 min of incubation. Assay perfed by Dr. AnzhalikaSidarovich.

When compound 61 was assayed for splicing activity, a great lospatency was observed
(Figure 30b). In the gekp028lanes 028) showed the expected significant banthefpre-
MRNA at 50 uM and the complete accumulation of bdaad at 150 uM, while th&61 (lanes
343139) displayed a faint pre-mRNA band in bothesa@n the range of the DMS@, band)
and accumulation on the splicing product bandsrtiauire m-RNA and the intron lariat). Since

the structural difference betweep028nd 161, although not negligible, is not too great, the
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significant loss in activity found for the reducadalogue strongly suggested tlepD28 was

acting as a covalent inhibitor.

7.3.2SAR analysis for the synthesised analogues

For the study of the rind of cp028 a series of aryl boronic acids were introduced ite
general synthetic route afp028 (Scheme 19). First the corresponding arylfurfuraisre
synthesised by Suzuki cross coupling and subseguit® condensation with the barbituric
acid 157 afforded the final analogues (Figure 31). For twaraples,173 and 174 the phenyl
aldehydes were directly condensated with the haibitore to explore the need of the furan

ring for activity.

Br_o Pd(OAC), Ao
—_—
A-B(OH),  + Dﬂ\ NBnMe;Br, )~
O K,CO3 H,0 0
F Cl Me,
A A OMe F
el
=
ol o 162 163 164 165 166
N NH
o}
Me Me,N Ac Ph cl Cl ¢ MeO ome
167 168 169 170 171 172

173 174

Figure 31.Synthesis of a set ap028analogues.

The synthesised analogues were submitted td’Ehaplicing test to determine their activities
(Figure 32). The assayed compounds can be compated DMSO as negative control and to
thecp028at 50 and 150 uM (lanes: 028, original, 50uM a8, @riginal, 150uM).
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Figure 32. Splicing inhibiting activities of the synthesisadalogues at 50 and 150 uM. 14 %
denaturing PAGE.Compounds ran with t = 60min. Asgeyformed by Dr. Anzhalika

Sidarovich.

In order to obtain more reliable activity informatj the gel was submitted to software
guantification to obtain residual splicing activitglues for both 50 and 150 pM concentrations
of compound treatment. For this purpose the frévace Image J was used. The band selected
for the quantification was the pre-mRNA band, I tesults obtained for the intron lariat band
were in accordance to the pre-mRNA band. The reswdte plotted in a table for an easy visual

comparison (Figure 33).
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Figure 33. Splicing residual activities for the synthesisedalagues ofcp028 Values
normalized to 0% = DMSO t(0 min) and 100% = DMSE60tfnin); The values were obtained

from the pre-mRNA band with the ImageJ software.

The information withdrawn from this plot was catbfuinterpreted. The activity values
extracted from the gel with the software allowed #omore precise comparison than simple
observation, nevertheless a significant statistigdlie cannot be obtained and consequently
comparison between close values could not be atllguione, for example between analogues
164 and 165 However, considerable differences in activitiesrevused to gain structural-
activity-relationship insight.

Firstly, the removal of the furan ring (rir8) of analogued73 and 174 resulted in almost a
complete loss of activity (Figure 33). When compgrthe 50 uM value for thpara-fluoro
substitution oncp028 and themeta-fluoro and -chloro substitutions dt64 and 1651 learned
thatmeta substitution had a slight positive effect compaethepara substitution of the riné

in cp028 Compound170 containing two chlorine substitutions on theta positions did,
however, displayed a slightly decreased poted@y on the other hand, with m@a,p-dichloro
substitution, displayed a much more significans limsactivity, pointing to the deleterious effect
of the substitution on thpara position. This was in accordance with @ a substitutions of
compoundsl67, 168 and 169 that displayed much lower activities. Furthermarempound
166 with p-Me did not show any activity at all. Substitution theortho position had a strong

detrimental effect on the activities as demonstrdig analogued.62 and 163 Due to the
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commercial availability of this compound class, tlest of the SAR was performed from a

purchased set of analogues, where substitutiomedd ring was mainly explored.

7.3.3SAR analysis for the commercial set of analogues

In order to obtain further SAR insight a set of coencial analogues was purchased from
ChemDiv (Figure 34). The Michael acceptor charaocterthe barbituric core was maintained
throughout. Different substitutions patterns wereedduced on th® ring in analogued75to
185.To check if ringA was essential for activity, compounti88 and 189 were purchased.
Compoundsl90, 191 and 192 were purchased to check the effect of aryl distuistl ureas

coupled with loss of the ring.

F F
@ R= | p-Br=175 o-Me = 182
p-OEt =176 m,p-Me = 183
/69 /9 p-Et=177 o,m-Me = 184
= = y
OJYO OJYO m-Br =178 m,p-(O-CH), = 185
c m-Cl =179
TNH R@NTNH m-F = 180
o) o)
Me m-OMe =181

cp028

F
i/o
=

Tl

F3CO

/% (0]
=

&

Lo

| o | N_N
Ny NH Oy r© N NH Oy 0 R1© g Q
big
@ s @NENH @ X NgNH 2,
Me
Me R; =R, = 0-OMe = 190
186 187 188 189 R4 =Ry =p-Me =191
Ry=R,=H=192
Figure 34. Commercial set of analoguesap028

The activities of the purchased compounds were atsayed by the in vitro splicing assay
(Figure 35) and the activity values were obtaingddftware quantification of the pre-mRNA
band on the gel (Figure 36), although at simpleepkzion many changes in activity could

already be identified.
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Figure 35. Splicing inhibiting activities of the commerciataogues at 50 and 150 uM. 14 %
denaturing PAGE; compounds ran with t = 60min. Assperformed by Dr.

AnzhalikaSidarovich.

Here, the activity otp028was lower than in previous experiments, howeverdtia could be
used to compare the compounds within each set. \itieefluorophenyl group (rind\) was
exchanged by a piperidine atB8 it resulted in almost complete inactivity (Figug®).
Complete removal of this ring also resulted in gniicant potency loss, as observed for
compound189In this series, many analogues displayed very laimpotencies tocp028
Nevertheless, compoundg8and179, that containedneta substitutions of halogens Cl and Br
on the ringD, seemed to display slightly better activities tigatarly when the band for 50 uM
concentration was observed. Interestingly, compdl81i a disubstituted urea lacking the ring
A, maintained the high potency 0p028 but similar compounds lik&90 and 192 showed a
considerable loss of activity. For ri@, para substitution seemed to be in the same range of
potency as the originairtho, as seen for the ethyl substitution Dn7 and cp028nd for the
bromine substitution oh75and178
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Figure 36.Splicing residual activities for the purchased agaks otcp028 Values normalized
to 0% = DMSO t(0 min) and 100% = DMSO t(60 min);eTvalues were obtained from the pre-
MRNA band on the gel on Figure 30 with the Imagdtivare.

For this set of analogues some SAR data could tevwn based on the calculated activities.
Introduction of a halogen on tiiering and possibly on th@eta position, was found to increase

the activity of thecp028and was therefore selected for the next SAR round.

In conclusion, the SAR data obtained for this sidfo far was not very powerful but some
insight was gained. The substitution meta position of the ringA displayed better potencies,
the same was observed for rilgbut to a lesser extent. Removal of ringsor B, had a
detrimental effect on potency leading to inactivevery weakly active splicing inhibitors.
Taken altogether, these results suggest ¢p828 does not inhibit the splicing process by
indiscriminately reacting with the proteins buthet an affinity for one or multiple binding

pockets is needed before the compound is, mostaphplattacked and covalently bound.

7.4.2nd SAR Round of Cp028 Analogues

Based on the data obtained for the initial roundsyrithesised and purchased analogues, a
second round of analogues was synthesised combimenglentified most active substitutions.
This would potentially lead to higher potencies tltis compound class. Four compounds were
synthesised following the same synthetic route ¢8eh 19). Since the changes on ringlid

not seem to have a strong effect, it was not furthelored. Instead, the presumably most
potent substitution pattern, the-Br (178 Figure 34) was used for the synthesis of all four
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compounds, and combined with differéntings (Figure 37a). Besides chloro and bromo, ©CF
was introduced on theeta position to determine the potency. Although expedtedisplay a
lower activity due to the substitutgera position, 195 was also submitted for the splicing
inhibiting in vitro assay. TherBr urea intermediate was synthesised accordiriggoeported
procedure by Laudien et al> and the necessary aldehydes were synthesisece irsaime

fashion as the general synthesisdp028

A
Br Cl MeO ¢ OCF;
/O 7 Q 7 Q 7 Q
— — = =
oo oo ol o0
NTfNH NTFNH NTNH NTNH
O O (0] O
Br Br Br Br
193 194 195 196
B
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Figure 37. a)Synthesised analogues for the 2nd SAR robh&plicing inhibiting activities of
the 2nd SAR round at 50 and 150 pM. 14 % denati®®GE; compounds ran with t = 60min.
Assay performed by Dr. AnzhalikaSidarovich.

Compound193 and 194 did, however, not show the expected higher agtwithan theep028
(Figure 38). Both analogues displayed lower potexasily identified in the intron lariat band of
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the gel (Figure 37b)195 did show the expected lower activity. The combwratof am-
trifluoromethoxy group on rind\ and them-bromo group on rin@ (196), displayed a slightly
higher activity tharcp028 Overall, the activity changes were not significafier the second
round of SAR and it was decided not to pursue anpnér SAR studies.

To further explore this class of compounds as splicinhibitors, cp028 remained the
compound of choice. The potency of other analoguas in the same range and thus did not

warrant a change in the compound of choice to éurstudy effects on the splicing process.
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Figure 38. Splicing residual activities for the 2nd round ohthesised analogues. Values
normalized to 0% = DMSO t(0 min) and 100% = DMS@&0tfin); The values were obtained

from the intron lariat band from the gel on Figitewith the ImageJ software.

7.5. Target Identification of Cp028

The splicing process occurs in the cell nucleusamdde set of proteins is involved. Although
many of the protein players have been identifiedcimremains to be explored. The use of
compounds that inhibit this process is a powerdal to identify key players of the splicing

machinery by identifying their targets. In my caspQ28 stalled the process, presumably by
targeting one or multiple enzymes that are requioedhe splicing process. It was therefore of

high interest to me to identify the target(s) of novel splicing inhibitor.

7.5.1Synthesis of chemical probes based on cp028

The manageable nuclear proteome compared to théevdadl encouraged me to attempt a

"pull-down" approach to identify the target(s). thermore, cp028 bound, most likely,
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covalently to its target(s), which would simplityet "pull-down" approach even further. The use
of covalent inhibitors allows for a more stringerdsh of pull-down beads and consequently the
results usually contain a lower background and fowespecific binding. For the purpose of

performing a pull-down assay, | set out to synsesictive and inactive chemical probes based

on thecp028scaffold.
F
QNHZ a NH2 b /O (o3
—_— > =
—_—

HO TBDMSO oM _o then 200, K,CO, THF

197 198 ONWNH

TBDMSO © o
199 Bf\)LN’\ffoy?)\/NHBoc
200

Scheme 20Synthesis attempts tocp028probe (1)a) TBDMS-CI, imidazole, THF, r.t., 66%;
b)The corresponding steps of tt@028synthesis were taken (Scheme@)TBAF, THF, r.t.

Initally, the 4-position of th® ring was selected as a linker attachment poins pbsition was
shown not to significantly alter the potency wharbsituted. Furthermore, it was easily
accessible from the commercial aniline. Hence, #phenol was used as a starting material and
upon silyl protection of the phenol, the generaitbgtic route towardsp028 was applied to
yield 199 (Scheme 20). Unfortunately, attempts to alkyldte phenolic position, after silyl

deprotection, were not successful.

The NH position of the urea was then explored. dswnown from the SAR analysis that the
functionalisation of that position did not necefigadtamage the activity of the compound (see
analoguel 9], Figures 34 and 36). As a trial, this position wathylated in an efficient manner

by methyl iodide in DMF at 85° using sodium hydradea base (Scheme 21a).
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Scheme 21Synthesis attempts to@028 probe (2). a) Mel, NaH, DMF, 85°, 2h, 69%; b) 200,
NaH, DMF, 85°, 16 h, 43%; c) 203, NaH, DMF, 85%169%; d) CuS@5H,0, sodium ascorbate,
tBUOH/H0, r.t., 20 h, 10.4%. e) NaBHMeOH, 0 °C to r.t.,, 3 h, 8%. Compounds 203 andl 20

were provided by Dr. Andrei Ursu.

Since the alkylation reaction was successful, htimroduced the iodide PEG link00 with

the same conditions but a large excess of therlinkd to be used to achieve a good conversion
towards202 (Scheme 21b). However, when attempting to remogeBibc group, the compound
displayed stability problems and the free aminddoot be isolated. The probe designed was
to carry a biotin group at the end of the linkeriagthadded extra steps to this route. Due to the
very poor solubility, after each step the compoumats to be purified by preparative-HPLC and
in consequence the yields dropped, making it véficdlt to continue the synthesis on such a
small scale. It was therefore decided to instalkhzide-bearing linker that would later react with
an alkyne-bearing biotin in a copper catalyzed agddition.Cp028 was then alkylated with
azide203 and subsequently reacted with alkyne-biotin corieiga afford the active protiz06
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(Scheme 21c). In order to obtain the inactive praibe active one was readily reduced

following the procedure for compoudé1 (Scheme 21d).

With both chemical probes in hand, the compounddityato inhibit the splicing process was
checked (Figure 39).The difference in activity betw both probes is easily noticeable when |
observe the intron lariat band: in the case of &lave probe this band disappeared at
concentrations higher than 100 uM while in the fivacprobe this band was still present until
450/500 uM. As expected, the active probe lost saatiwity compared t@p028 This loss in
activity can be observed when the control bandp@28at 175 uM is compared with the 200
UM band of the active probe. In the first, thereswaa splicing products while in the second, a
faint lariat intron-exon band was still noticeable. The potency of thevactprobe was,

however, considered to be enough to be used inttatgntification experiments.
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Figure 39. Splicing inhibiting activities of thep028based chemical probes. 14 % denaturing
PAGE; compounds ran with t = 20min. Active Probes54, Inactive Probe = S55; Assay
performed by Dr. Anzhalika Sidarovich.
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7.5.2 Affinity-based proteomics

With the probes in hand, an affinity-based protesnaissay (pull-down assay) with the nuclear
extract of HeLa cells was performed. Initially,esttavidin-agarose solid support was used. The
inactive probe was incubated with the nuclear ekxt@and washed with a range of salt
concentrations but the background intensity wassicemed too high to identify any targets
(Figure 40a). Consequently, magnetic Dyna-bead® wrézd to try to lower the background
(unselective binding of proteins to the beads). elav, the magnetic beads afforded a very
high background as well (Figure 40b). The resultjeds of the Dyna-beads pull-downs were
submitted for mass spectrometry analysis. Nonaeidentified protein was significantly more

present when the active probe was used.
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Figure 40. a) Pull-down with inactive probe with agarose strgptim beads at different salt
concentrationsbh) Pull-down with active and inactive probes with Rymagnetic beads at

different salt concentrations. Experiments perfatrng Anzhalika Sidarovich.

The pull-down experiments needed to be further el and optimized before reaching any
conclusions on the mass spectrometry data. At @ngestime a different approach for target

identification was envisioned and it will be dissed in the following section.

7.5.3Targeting kinases involved in the splicing process

The spliceosome complex at which028stalled the process is a stage where the nexyseth
step has been identified to require several kind8eS® Furthermore, the structure op028

with a sequence of hydrogen-donor and acceptoh@arbituric core led me to speculate that
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it may be a kinase inhibitor. Consequently, a parfiglotential kinase targets was selected for
commercial screening. The compound was tested iactvity Z'-LYTE assay (the ability to
phosphorylate a FRET-peptide is assayed) or inrghlascreen binding assay (the ability to
displace a known inhibitor coupled to a FRET emiss@ssayed) (Table 19). In the case of the
activity assay, the ATP concentration was set &om apparent value (with the exception of
NEK2 where it was set to 100 uM). The potentiakiféarence of the FRET pairs (donor:
coumarin, acceptor: Fluorescein) was monitored, wadl as the interference with the

development reaction of the Z'-LYTE assay.

Table 19.Examples of the kinase panel assayeap@28

Kinase ATPconc. Technology z Inhibition (%)
AKT2 (PKB beta) Km app ZLYTE 0.85 92
CDK2/cyclin A Km app ZLYTE 0.79 Re5
CLK1 Km app ZLYTE 0.78 82
CLK2 Km app ZLYTE 0.8 47
CLK3 Km app ZLYTE 0.86 87
DYRK1A Km app ZLYTE 0.92 22
DYRK1B Km app ZLYTE 0.9 62
DYRKS3 Km app ZLYTE 0.85 94
DYRK4 Km app ZLYTE 0.95 48
GSK3A (GSK3 s) Km app ZLYTE 0.93 92
GSK3B (GSK3 beta) Km app ZLYTE 0.9 93
MAP2K6 (MKK6) 100 ZLYTE 0.9 97
NEK2 Km app ZLYTE 0.53 90
PRKACA (PKA) Km app ZLYTE 0.87 31
SRPK1 Km app ZLYTE 0.88 85
SRPK2 Km app ZLYTE 0.55 72
STK23 (MSSK1) Km app ZLYTE 0.85 95
CDK11 (Inactive) n.a. LanthaScreen 0.76 85
DYRK2 n.a. LanthaScreen 0.54 16
PRKACB (PRKAC

beta) n.a. LanthaScreen 0.86 2

cp028concentration: 50 pM;lInhibition (%) values n=2;rkd are the inhibition activity values over 80%;n.
not applicable; Assay outsourced to a company.

Several enzymes of the panel selected were intibyep028(Table 19). Interestingly, several
of the kinases found were recently identified ag pathe Kinase Cysteinonté’ The kinase
cysteinome is a computer generated group that deegpthe kinases that posses a cysteine
residue close to the active site of the enzyme upanh interaction with covalent inhibitor may
impair the enzymatic function. Since, as estabtidhefore, the highly electrophilic character of
cp028 is essential for the splicing inhibiting activitit, is very likely that the compound

impaired the function of these spliceosome-relatezy/mes in such a way.
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The kinases that were inhibited over 60% were &rtdssayed to determine thed€alues in a
concentration range of 2.5 nM to 50 uM (Table 268)erestingly, from the thirteen kinases
submitted to dose-dependent studies four of theplalyed 1G,s below 1 uM; AKT2, DYRKS,
MAP2K6 and NEK2. CDK11 displayed 1.15 pM in thedimg assay.

Table 20.ICs, determination on selected kinases.

Kinase ATP conc. IC50 (UM)
AKT?2 (PKB beta) Km app 0.731
CLK1 Km app 28.2
CLK3 Km app 7.58
DYRKS Km app 0.294
DYRKS3 100 0.611
GSK3A (GSK3 alpha) Km app 4.26
GSK3B (GSK3 beta) Km app 2.68
MAP2K6 (MKK®6) 100 0.646
NEK2 Km app 0.588
SRPK1 Km app 13.9
SRPK2 Km app 16.4
STK23 (MSSK1) Km app 2.59
CDK11 (Inactive) - 1.15

Kinases AKT2, GSK3A, GSK3B, MAP2K6 and NEK2 wereemiified as members of the
Kinase Cysteinome previously described. AKT2 is &nwto phosphorylated the nuclear
splicing factor, SRp46'® that is required for the binding of the U1 snRNPttie downstream

5 splice site™® DYRK3 is known to phosphorylate the SR proteirsri(@ and arginine rich
proteins), which are involved in the RNA splicitf§.The MAP2K6 (or MKK®) is not only
involved in the p38-MAPK pathway that modulatesgeriptiort? but is also known to interact
directly with the splicing factor hnRNP Al (heteesgus nuclear ribonucleoprotetfd.The
NEK2 kinases interacts with several splicing fagtancluding SRSF1 and induces the
phosphorylation of endogenous SR protéfisFinally, the CDK11 kinase was shown to
directly promote the pre-mRNA splicifg’. It should be noted that the activity values agains
these kinases is in a different range than the raezled for inhibiting the splicing process.
Besides an expected potency drop going from biralihipiting kinase assays to the complex in
vitro lysate experiments, this effect could alsodoe to a high promiscuity of trep028 The
strong electrophilic character of the dicarbonylcinsiel acceptor moiety may react
indiscriminately with many products resulting iretheed for high compound concentrations to
efficiently target one or several of these kina#eis. also possible that the responsible target(s)

for stalling the splicing process are not among thnase targets and thgp028 has a much
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lower affinity towards those ones. These kinaseslevmow need to be validated with cell

biological assays to confirm their role in the sjplg process.

7.6. Characteriazation of the stalled B?®spliceosome complex.

Compound cp028 promoted the formation of stalled B-like splicem®o complex. This
complex, named 82 discovered in the group of Prof. Lirhmann, wasntified as anovel stage
of the spliceosome cycle. The stalled complex isra@rmediate complex between the pre-
catalytic spliceosomal B complex and the activ@&tcomplex (Figure 23). Studies performed
on the stalled complex sheds new light into theNIARrearrangements prior to the activation of

the spliceosome. This data can be found in the swipt by Dr. Sidaroviclet al.*?®
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8. Summary of the Thesis

The fact that almost all tumours have increasedagle uptake rates has been known for almost
a century, since Nobel laureate Otto Warburg disoe this behaviour. The increase glucose
uptake is believed to fuel the anabolic pathwaysded for the characteristic rapid cellular
growth. Furthermore, this cancer behaviour, knosmha Warburg effect, is postulated to have
other evolutionary advantages over the healthyosading tissues. Despite, the ubiquitous
character of the Warburg effect, there has yetdmblireatment that targets the upregulated
glucose uptake rates. This is mainly due to th& tafccompounds that efficiently target the
glucose metabolism and in particular the glucosesporters. This notion has inspired the work
of this thesis, in the identification and chemiadiaracterization of novel scaffolds that

efficiently inhibit the glucose uptake.

Several scaffolds were identified by means of atoraated assay established in the COMAS
facilities (Dortmund) by Melanie Schwalfenberg. Tdmsay allowed for the screening of over a
hundred thousand compounds, and was based on thkeupf a non-hydrolysable glucose
analogue, 2-deoxyglucose. The molecules that wauad to significantly inhibit the glucose
uptake were grouped into classes according to $treicture. The class represented by triagole
was further investigated. Several close analoguere wurchased and tested in the glucose
uptake assay. Triazole was found to be a singleton since no other anakguere found to

posses significant activity and further researchhismclass was hence discontinued.

Another scaffold indentified was the Glupin clashkis scaffold was identified as a fusion of
tryptamine and morphan. Both this moieties are y@gsent in nature, but the fused Glupin
scaffold has, to the best of my knowledge, nothexn detected in nature. In contrast to the
more present $gich drugs, the pursue of more "natural" scaffoite the Glupins offer a
higher success of bioactivity. The Glupin scaffadentified was assayed as a racemic a

mixture, which further encouraged me to pursuestimehesis and characterisation of this class.

The synthetic route was envisioned through thehggis of a ketomorphan ring that would
allow for the construction of the indole ring. Tirrphan bicycle was achieved with an acid-
catalysed diastereoselective intramolecular aldattion, reported by Bonjocd al. The route

required the use of a the protecting group Chzadfutded the racemic Glupin compounds.
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Figure 41.The Glupin analoguét+/-)-Glupin-1 and areas selected for modifications.

With the established synthetic route, a library Glupins was synthesised to generate a
structure-activity-relationship analysis. Variagoinom Glupin-1 (Figure41) were introduced in
positions Rto R to create a library of over 50 compounds. (+/-4t-1 was identified as the

most potent analogue with angf®f 50 nM.

The racemic mixture (+/-)-Glupin-1 was separated Hre isolated enantiomers displayed an
80-fold difference in activity(+)-Glupin-1 was identified as the most potent enantiomer with
activities in the single digit nanomolar range. Tdiesolute configuration of the three chiral
carbon atoms present in the Glupin class were uigaumbsly assigned by the use of the chiral
derivatising agent, (-)-mandelic acid. The intratitut of this agent afforded a diastereomeric
mixture that was separated and taken through theiGkynthesis to obtain two enantiomeric
Glupin analogues. The activities of these two dpardrs allowed me to assign the absolute

configurations of+)-Glupin-1.

EtO,C
N
—
9] SMe
0 N ‘\N
Me H pZ
(+)-Glupin-1
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Based on the SAR analysis’ Was selected for the synthesis of a Glupin-bakedcal probe.
The active probe retained a very high activity amds hence used in an affinity-based
chromatography assay to identify the Glupin tardétvertheless, the target could not be

identified due to unselective binding of the probe.

(+)-Glupin-1 was further characterised with several biologi@{periments including
proliferation and autophagy inhibition assays, adlvas the detection of changes in the

glycolytic metabolites resulting from treatment lwlupin-1.

(+)-Glupin-1 has met the expectations envisioned for this ptojghe compound was identified
from an extensively characterised Glupin libraryithVactivities in the low nM rangé+)-

Glupin-1 joins a short list of potent glucose uptake intitst The absolute configuration of all
chiral carbon atoms could be determined. Finallyupi®-based chemical probes were
synthesised, and the chemical work of this thes#s wiologically further studied in a

collaborative effort.

The process by which pre-mature messenger RNAmsformed into a mature from ready to be
translated is performed by one of the most comphachineries identified in the cells, the
spliceosome. The process involves numerous pro&eidgibonucleproteins that join to form a
complex. This complex goes through a series ofestagach with a different function and
composition. The study of this complex has beenhallenging task, particularly in the

structural biology field. However, the use of compds that stalled the process at different

stages has helped the characterisation of theegglone.

In an in-vitro assay developed in-house, seveifads that could inhibit the splicing process
were identified, among them was compowpD28 This inhibitor was found to stalled the

splicing process at a previously unknown stadé B

Cp028was successfully validated as a splicing inhibifoisynthesis was established based on
similar reported compounds. A SAR analysis wasqueréd by means of the synthesis and by

purchasing some commercially available compounds.
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The library constructed arourep028 was assayed as splicing inhibitors byiarvitro pre-
MRNA splicing assay by Dr. Sidarovich. While thempwmunds provided insightful SAR
information, only one of them displayed a highetivéitly. Compound196 was to found to be

slightly more active thaop028as a splicing inhibitor.

In the interest of discovering the mode-of-actiaative and inactive probes were synthesised
based on the SAR information. Nevertheless, therimition obtained in the affinity-based
chromatography assays run by Dr. Sidarovich wetecanclusive and no protein(s) could be
validated as the target(s). However, wiep028was assayed against a series of splicing-related
kinases, several of them were found to be veryithenso the compound, with activities below

1 uM. These kinases represent potential key taigeite splicing inhibiting process.

Cp028was characterised by the chemical work presemntétis thesis. A library was created in
an attempt to generate more potent analogues. Whéeanalogue displayed a higher activity

the increased potency was only slightly higher,a@mng the low micromolar range.
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9. Experimental Part: Glucose Uptake Inhibition

General Information:

All reactions involving air- or moisture-sensitiveagents or intermediates were carried out in
flame-dried glassware under an argon atmospheges@vents (DMSO, THF, toluene, MeOH,
DMF) were used as commercially available. Analytitén-layer chromatography (TLC) was
performed on Merck silica gel aluminum plates w254 indicator. Compounds were
visualized by irradiation with UV light or potassiu permanganate staining. Column
chromatography was performed using silica gel M&@@Kparticle size 0.040-0.063 mmii-
NMR and™C-NMR were recorded on a Bruker DRX400 (400 MHzjulgr DRX500 (500
MHz) and INOVA500 (500 MHz) at 300 K using CDMeOD or (CR),SO as solvents. All
resonances are reported relative to TMS. Spectra waibrated relative to solvent’s residual
proton and carbon chemical shift: CDCB=7.26 ppm forH NMR and$=77.16ppm for*C
NMR); (CD3)2S0:56=2.50 ppm forH NMR and$=39.52 ppm for*C NMR); MeOD §=3.31
ppm for'H NMR ands = 49.00ppm forC NMR). Multiplicities are indicated as: bs (broadd
singlet), s (singlet), d (doublet), t (triplet)(guartet), quin (quintet),m (multiplet); and coungi
constants (J) are given in Hertz (Hz). In the NMiRctra where rotameric mixtures are present,
the proton signals that split are given as fragifmg. 0.5H) so as to easily differentiate which
signals split due to the mixture and which donightesolution mass spectra were recorded on
a LTQ Orbitrap mass spectrometer coupled to an KeddPLC-System (HPLC column:
Hypersyl GOLD, 50 mm x 1 mm, particle size uf, ionization method: electron spray
ionization). Preparative HPLC separations werei@mout using a reversed-phase C18 column
(RP C18, flow 20.0 mL/min, solvent A: 0.1% TFA inater, solvent B: 0.1% TFA in
Acetonitrile, from 10 % B to 100 % B) (some prepHPLruns were done without
TFA).ChiralAll other chemicals and solvents weregghased from Sigma-Aldrich, Fluka, TCI,
Acros Organics, ABCR and AlfaAesar. Unless otheewimted, all commercially available
compounds were used as received without furtheifigations.Aminé6was synthesised
according to the literature procedfeThe compounds not included in the experimental par

were purchased and used directly.
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9.1. Synthesised Compounds

Benzyl (2,2-diethoxyethyl)(1,4-dioxaspiro[4.5]decal-yl)carbamate (43):
To a solution of aminég6 (10g, 36.58mmol) in MeCN (0,155M),
K.C 10.11g, 73.16mmol) and benzyl chloroformate (44,
Ph/\OJ\N o Ko G ( g ) y (
i oj 73.16mmol) were added at room temperature. The unmgxtwas
oo
/

0]

allowed to stir at room temperature for 12h. Thha solvent was

evaporated and the remaining oil was partitionetivéen brine and
DCM. The aqueous phase was extracted twice with D&M the organic phases were
combined. Solvents were removievacuo to afford the crude product that was further pewif
by chromatography (2 to 30% ethyl acetate/DCM) igldycompound43 as a colourless oll
(11.18g, 75%). 1H NMR (CDg, 400MHz) (rotameric mixture 1:%):1.12 (m, 6H), 1.59-1.78
(m, 8H), 1.88 (m, 2H), 3.25-3.73 (m, 7H), 3.9248), 4.53 (bs, 0.5H), 4.70 (bs, 0.5H), 5.14 (s,
2H), 7.28-7.38 (m, 5H). 13C NMR HRMS: calc. for [MF C,H3,NOg: 408.23806, found.
408.23844.

(+/-)-Benzyl-4-hydroxy-6-oxo-2-azabicyclo[3.3.1]name-2-carboxylate (44):

Os_O._Ph A solution of carbamatd3 (11.18 g, 27.43 mmol) in a mixture of THF (180
T mL, 0.15 M) and 10% aqueous HCI (365 mL, 0.075 Misvstirred at room
QJ'/,OH temperature for 3h. The mixture was extracted vidtbM and the solvents
o removedn vacuo. The crude product (6.98 g, 88%) contains arols%d bf the

syn diasteroisomer but is pure enough to continuestimhesis’H NMR (CDCl 3, 400 MHz)
(NMR Spectra shows a 1:1.5 mixture of rotamers plusesyn diasteroisomer, data given for
the mayor diasteroisomer].91-2.24 (m, 4H), 2.40-2.61 (m, 2H), 2.79 (bs, ARB8 (t,J=
12.3, 1H), 3.01-3.04 (m, 1H), 3.92-4.02 (m, 1HRHA(dd,J =13.3, 6.1 Hz, 0.6H), 4.37 (dd,
J=13.5, 6.1 Hz, 0.4H), 4.52 (bs, 0.4H), 4.63(bsH),6.15 (s, 2H), 7.35 (m, 5H}*C NMR
(CDCls, 100 MHz): 6 27.7, 28.7, 29.5, 30.0, 36.9, 38.4, 38.5, 43.M,446.1, 46.3, 49.4, 49.6,
67.6, 67.9, 128.0, 128.1, 128.2, 128.3, 128.7,5.36.6, 155.5, 212.5, 21FHRMS: calc. for
[M+H] " C16H20N0,:290.13868, found:290.13906

(+/-)-Benzyl (2R,5R,6S)-5-hydroxy-1,2,4,5,6,7-hexgatiro-3H-2,6-methanoazocino[5,4-
blindole-3-carboxylate (45):
A solution of carbamatd3 (0.558 g, 1.369 mmol) in a mixture of THF

Cbz
N (9.2mL, 0.15M) and 10% aqueous HCI (18.3 mL, 0.0y5%4s stirred at
(:‘\/@ room temperature for 3h before adding phenyl hydeag0.135mL, 1.369
OH
N mmol). The mixture was extracted with DCM and tbé/ents removedn
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vacuo. Crude produc#5 was purified by chromatography (10 to 50% ethyltaie2DCM) to
yield 45 (0.347 g, 70%) as an orange foamy sofid. NMR (CDCl; 400 MHz) (NMR
spectrum shows a 1:1 mixture of rotamefs}t.99-2.08 (m, 2H), 2.48-2.59 (m, 1H), 2.81 (t,
J=18.5 Hz, 1H), 3.08-3.17 (m, 1H), 3.29 (2.3 Hz, 1H), 4.00-4.17 (m, 2H), 4.74 (s, 0.5H),
4.82 (s, 0.5H), 5.13 (d=4.1 Hz, 1H), 5.19 (s, 1H), 7.11 @57.4 Hz, 1H), 7.17 (1)=8.4 Hz,
1H), 7.30-7.41 (m, 6H), 7.45-7.49 (m, 1H), 7.99Jd12.4 Hz, 1H)HRMS: calc. for [M+H]
Cz2H23N205: 363.17032, found: 363.17027

(+/-)-Benzyl (2R,5R,6S)-5-hydroxy-7-methyl-1,2,4,6,7-hexahydro-3H-2,6-
methanoazocinol[5,4-blindole-3-carboxylate (46):
cbz To a solution of compound5 (72.6 mg, 0.20 mmol) in DMF (3 mL, 0.07

N M), methyl iodide (37.5 pL, 0.60 mmol), potassiuarlmonate (83 mg, 0.60
©\/N\Q2’0H mmol) and tetrabutyl ammoniun (37.0 mg, 0.10 mmad)ye added and the
Me mixture was allowed to stir at 90° for 5 hours. Thixture was extracted
with DCM and the solvents were removed vacuo. The crude product was purified by
chromatography (10% ethyl acetate/DCM) to affordept6 (26.4 mg, 35%) as an orange oil.
'H NMR (CDCl 3, 400 MHz) (NMR spectrum shows a 1:1mixture of rotamess):92-2.04 (m,
2H), 2.54-2.64 (m, 1H), 2.81 {18.2 Hz, 1H), 3.11-3.20 (m, 1H), 3.45 (s, 1H),43(8, 3H),
3.98-4.10 (m, 2H), 4.74 (s, 0.5H), 4.781 (s, 0.951)6 (d,J=16.6 Hz, 2H), 7.11 (t)=7.3 Hz,
1H), 7.21 (t,J=7.6 Hz, 1H), 7.30-7.41 (m, 6H), 7.47 (58.70 Hz, 1H).HRMS: calc. for

[M+H] " CaH2sN,05: 377.18597, found: 377.18631

(+/-)-Benzyl (2R,5R,6S)-7-(2-ethoxy-2-oxoethyl)-5yldroxy-1,2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3-carboxylate (47):

cbz TO a solution o5 (30 mg, 0.083 mmol) in DMF, ethyl 2-bromoacetate

N (27.5 pL, 0.249 mmol) and potassium carbonate (8%40.249 mmol)
@ENQZOH were added. The mixture was allowed to stir atf®012 h. The mixture

Me\/o Te was extracted with DCM and washed with a mixtureHe©/BRINE
o) (1:1). The crude product was purified by chromaapy (20 to 50%

E.A./DCM) to afford the product7in a mixture with the starting materigd8.2 mg,34%) as a
colorless 0ilHRMS: calc. for [M+H] CueH,gN,Os: 448.19982, found: 448.19965

(+/-)-Benzyl (1S,4R,5R)-4-(benzyloxy)-6-oxo-2-azatyiclo[3.3.1]Jnonane-2-carboxylate (48):
To a solution o#44 (30 mg, 0.104 mmol) in a mixture of DCM/Hex. (118mL, 0.15M), triflic
acid (0.008 mmol) and Benzyl 2,2,2-trichloroacetiate (52.5 mg, 0.208 mmol) were added at
0° and the mixture was allowed to reach room teatpes while stirring. After 4 h the reaction
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0_O_Ph was gquenched with @ and extracted with DCM. The solvents were
T removedin vacuo and the crude product was purified by chromatdgypa
QJ"'O (0 to 5% E.A./DCM) to yieldt8 (22.9 mg, 58%)'H NMR (CDCI 3, 600
X @ MHz) (NMR spectrum shows a 1:1mixture of rotameés}.90-2.00 (m,
3H), 2.12-2.22 (m, 1H), 2.37-2.59 (m, 2H), 3.0073(in, 2H), 3.58 (M,1H), 4.32 (dd=13.6,
7.1 Hz, 0.5H), 4.40-4.42 (m,1H), 4.51 (bs, 0.5HE044.65 (m, 2H), 5.10-5.15 (m, 2H), 7.34-
7.38 (m, 5H)HRMS: calc. for [M+H] C,3HsNO,4: 379.17836, found. 379.17795

(+/-)-Benzyl (1S,4R,5R)-6-0x0-4-((tetrahydro-2 h.yran-2-yl)oxy)-2-
azabicyclo[3.3.1]nonane-2-carboxylate (49):
OYO\/Ph To a solution of 3,4-dihydro¥2-pyran (DHP) (11.4 uL, 0.125 mmol) and
N PPTS (2.1 mg, 0.0083 mmol) in DCM (0.6mL, 0.14K4,(24.1 mg, 0.083
QJ,,,O o mmol) was added and the mixture was allowed toastioom temperature
o for 2 hours. The solvents were removadacuo and the crude product was
purified by chromatography (30% ethyl acetate/DAMyive pure product9 (29.8 mg, 96%)
as a colourless oifH NMR (CDCl3 400 MHz) (NMR spectrum shows a very complicated
signal pattern, due to a rotameric mixture andaestdreoisomeric mixturey: 1.25 (t,J=7.13
Hz, 1H), 1.48-1.83 (m, 6H), 1.98-2.05 (m, 3H), 2230 (m, 1H), 2.42-2.60 (m, 2H), 3.01 (bs,
1H), 3.21-3.29 (m, 1H), 3.44-3.53 (m, 1H), 3.78%4(&,, 3H), 4.65-4.91 (m, 1H), 5.17 (s, 2H),
7.36-7.46 (m, 5SHHRMS: calc. for [M+H] C,H,gNOs: 374.19620, found: 374.19764

(+/-)-Benzyl 4-methoxy-6-0x0-2-azabicyclo[3.3.1]n@me-2-carboxylate (50):

OYO\/Ph To a solution of ketond4 (3.0g, 10.37 mmol) in DCM (72 mL, 0.145 M),

N silver oxide (12.01 g, 51.84 mmol) and methyl i@(®.23 mL, 51.85 mmol)

QJ"'OMe were added and the mixture was allowed to stioabrtemperature for 48 h

5 protected from the light. The mixture was filterbdough Celite and solvents
were removedin vacuo. The crude was purified by chromatography (8 td%5ethyl
acetate/DCM) to obtaibO (isolated with 10% of theyn diasteroisomer) (2.01 g, 64%) as a
colorless oil and starting materidt (0.690 g, 23% recoveryjH NMR (CDCl;, 700 MHz)
(NMR spectrum shows a 1:1mixture of rotamers phissyn diasteroisomer impurity, data
given for the mayor diasteroisomes)1.92-2.05 (m, 3H), 2.13-2.23 (m, 1H), 2.35-2.58 2ir),
3.07-3.20 (m, 2H), 3.30-3.39 (m, 3H), 3.60 (m,1#4B0 (dd,J=13.6, 7.1 Hz, 0.5H), 4.39-4.42
(m,1H), 4.51 (bs, 0.5H), 5.13-5.18 (m, 2H), 7.3267(m, 5H).*C NMR (CDCl3;, 100 MHz):
829.8, 30.4, 30.5, 30.8, 39.0, 44.3, 44.4, 44.99,467.3, 56.6, 56.7, 67.5, 67.6, 75.4, 75.6,
128.0, 128.1, 128.2 128,6 136.4, 136.5, 155.4,515%9.2, 209.3HRMS: calc. for [M+H]’

C17H2:NO,: 304.15433, found. 304.15450.
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(+/-)-Benzyl 4-acetoxy-6-oxo-2-azabicyclo[3.3.1]nane-2-carboxylate (51):
OYO
N a solution of acetyl chloride (1.5 mL, 20.73 mmial)DCM (40 mL, 0.175 M).
QJ,,,OA was added dropwise at -10°, and the mixture wa®dtat this temperature for
o}

3 hours. The mixture was then washed with a sadrablution of copper

_Ph Toa solution of compound4 (2.0 g, 6.91 mmol) in pyridine (40 mL, 0.175 M)

o]
sulfate (8X) to remove the pyridine. The solvengsavcoevaporated with toluene and the crude

was then purified by chromatography (5 to 20% etugdtate/DCM) to yield produ&l (with
~15% of thesyn diasteroisomer) (1.6 g, 69%) as a light browr'ldiNMR (CDCl 5, 400 MHz)
(NMR Spectra shows a 1:1 mixture of rotamers, dajwen for the mayor
diasteroisomery1.97-2.06 (m, 6H), 2.16-2.28 (m, 1H), 2.36-2.54 (iH), 2.59-2.65 (m, 1H),
3.00 (s, 1H), 3.23 (1)=12.0 Hz, 1H), 4.27-4.36 (m, 1H), 4.45 (s, 0.4484%5 (s, 0.56H), 5.06-
5.21 (m, 3H), 7.36 (m, 5H}°C NMR (CDCI3, 100 MHz): 5 21.0, 29.6, 30.4, 30.5, 30.7, 37.0,
38.9, 43.8, 43.9, 44.2, 44.4, 47.1, 47.2, 67.70,6828.1, 128.2, 128.4, 128.6, 128.7, 136.3,
155.4, 169.9, 208.4, 208.6dRMS: calc. for [M+H] CygHxNOs : 332.14925, found.
332.14977.

(+/-)-Benzyl 5-acetoxy-1,2,4,5,6,7-hexahydro-3H-2rethanoazocino[5,4-blindole-3-
carboxylate (52):
To a solution of keton&1 (1.0 g, 3.02 mmol) in acetic acid (20.1
N>\*O¥Ph mL, 0.15 M), phenyl hydrazine hydrochloride (0.4373.02 mmol)
@\/Qg was added and the solution was stirred and refldged..5 h. The
N OA reaction was quenched with sodium bicarbonate ri@t&ith aqueous
solution), the mixture was extracted with DCM, sits were removeith vacuo and the crude
was purified by chromatography (3 to 15% ethyl aeDCM) to yield compounf2 (0.927 g,
76%) as a light orange foamy solid) (as the @mtée diasteroisomer). The crude product can be
further used to continue the synthedi$.NMR (CDCl 3, 400 MHz) (rotameric mixture 1:1.5)
8 2.07-2.16 (m, 5H), 2.67-2.87 (m, 2H), 3.09-3.17 (), 3.38 (m, 1H), 4.08-4.21 (m, 1H),
4.78 (s, 0.4H), 4.86 (m, 0.6H), 5.05-5.12 (m, 1614-5.21(m, 2H), 7.12 (I=7.4 Hz, 1H),
7.17-7.21 (m, 1H), 7.29-7.41 (m, 6H), 7.49X%8.4 Hz, 1H), 7.86 (s, IHHRMS: calc. for
[M+H] " Co4H2sN,0, - 405.18088, found. 405.18110.

112



Experimental Part: Glucose Uptake Inhibition

(+/-)-Benzyl 5-acetoxy-7-(2-ethoxy-2-oxoethyl)-1£25,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3-carboxylate (53):

S To a solution of compoun82 (0.927g,2.30 mmol) in DMF (13.5 mL,

N “Ph 017 M), caesium carbonate (0.75g, 6.90 mmol) atiyl e2-
@NQ%AC bromoacetate (0.254 mL, 6.90 mmol) were added &edntixture
\/of allowed to stir at room temperature for 2 h. Thetaore was then

partitioned between DCM and brine® (1:1). The agueous phase was extracted with DCM
(5X), solvents were removed vacuo and the crude product was purified by chromatdgyyap
(1to 5% ethyl acetate/DCM) to yield compous@l(1.13 g, 85%) as a light orange 8i.NMR
(CDCl3, 500 MHz): 6 1.25 (t,J=7.1 Hz, 3H), 2.03-2.15 (m, 5H), 2.68-2.89 (m, 2B))9-3.25

(m, 1H), 3.34-3.42 (m, 1H), 4.10-4.25 (m, 3H), 4489 (m, 3H), 5.08-5.22 (m, 3H), 7.11-7.15
(m, 1H), 7.20-7.22 (m, 2H), 7.30-7.51 (m, 6&3. NMR (CDCl5, 100 MHz):314.3, 21.2, 27.8,
28.2, 29.4, 29.8, 30.6, 30.6. 30.9, 31.1, 41.18,444.9, 61.8, 67.5, 67.7, 71.4, 71.6, 109.0,
110.5, 110.7, 118.6, 119.9, 122.1, 126.8, 127.8,,228.1, 128.3, 132.9, 136.7, 137.3, 155.5,
168.8, 170.HRMS: calc. for [M+H]+ GgH3;1N,Os: 491.21766, found. 491.21961.

(+/-)-Benzyl 5-methoxy-1,2,4,5,6,7-hexahydro-3H-2/®ethanoazocino[5,4-blindole-3-
carboxylate (57):

O>\»o To a solution of ketonB0 (2.0 g, 6.59 mmol) in acetic acid (44.0 mL,
N “—Ph 0.15 M), phenyl hydrazine hydrochloride (0.953g5%nmol) was
@;Q{)M added and the solution was stirred and refluxed. forh. The reaction
(5]
H

was quenched with sodium bicarbonate (saturatedcagusolution),
the mixture was extracted with DCM, solvents wesmaovedin vacuo and the crude product
was purified by chromatography (3 to 15% ethyl as#DCM) to yield compoun87 (as the
pureanti diasteroisomer) (1.74 g, 74%) as an orange stHd\MR (CDCl;, 400 MHz): &
2.02-2.11 (m, 2H), 2.54 (d§=23.5, 11.7 Hz, 1H), 2.81 (§=18.0 Hz, 1H), 3.11 (ddd=16.8,
7.4, 5.8 Hz, 1H), 3.34 (m, 1H), 3.40 (s, 3H), 3(85 J=10.3, 5.7 Hz, 1H), 4.13 (ddz12.5, 5.1
Hz, 0.5H), 4.29 (ddJ=12.7, 5.3 Hz, 0.5H), 4.79 (d=28.4 Hz, 1H), 5.18 (d}=19.3 Hz, 2H),
7.09 (t,J=7.4 Hz, 1H), 7.15 (td}=6.8, 1.2 Hz, 1H), 7.31-7.58 (m, 7H), 7.95Jd12.6 Hz, 1H).
*C NMR (CDCI3, 100 MHz): § 27.8, 28.2, 30.1, 30.5, 32.5, 32.9, 42.3, 42.44,456.9, 67.3,
67.5, 77.7, 78.0, 109.1, 109.4, 111.0, 118.0, 1181B.4, 121.6, 126.95, 127.00, 127.97,
128.03, 128.1, 128.2, 128.6, 128.7, 132.7, 13238,11 136.9, 137.0, 155HRMS: calc. for
[M+H] " CyqH2sN,O5: 377.18597, found. 377.18728.
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(+/-)-Benzyl 7-(2-ethoxy-2-oxoethyl)-5-methoxy-1,2,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3-carboxylate (58):
o To a solution of compoun®7 (1.5 g, 3.98 mmol) in DMF (23.4 mL,
N>\_O\_Ph 0.17 M), caesium carbonate (3.89 g, 11.94 mmol) etig/ 2-
@\/Qg bromoacetate (1.32 mL, 11.94 mmol) were dissolvetithe mixture
O\y; OMe was allowed to stir at room temperature for 2 he Tifixture was then
ind o partitioned between DCM and brine® (1:1). The aqueous phase
was extracted with DCM (5X), solvents were remougdacuo and the crude was purified by
chromatography (1 to 5% ethyl acetate/DCM) to yiatd orange oil as produé8 (1.62 g,
88%)."H NMR (CDCl 3, 400 MHz) (with small impurity of the ethyl 2-bromoacetat8)1.24
(t, J=7.12 Hz, 3H), 1.97-2.07 (m, 2H), 2.57 }11.8 Hz, 0.5H),2.64 (t}=11.6 Hz, 0.5H), 2.80
(d, J=16.8, 0.5H), 2.84 (d}=16.9 Hz, 0.5H), 3.16 (tdI=5.5, 16.1 Hz, 1H), 3.34 (d=9.2 Hz,
3H), 3.40 (s, 1H), 3.54-3.59 (m, 1H), 4.13-4.33 @H), 4.77-4.84 (m, 2H), 5.08-5.16(m, 1H),
5.17 (s, 1H), 5.21 (s, 1H), 7.10 (s, 1H), 7.18-7(81, 2H), 7.31-7.48 (m, 6H):*C NMR
(CDCl3, 100 MHz): 614.3, 27.9, 28.2, 30.6, 30.9, 31.7, 31.8, 41.67,445.0, 45.2, 56.8, 56.9,
61.2, 61.4, 67.3, 67.5, 68.3, 78.3, 78.7, 108.9,5,0109.8, 118.1, 118.2, 119.4, 121.6, 126.6,
126.7, 127.9, 128.0, 128.1, 128.2, 128.6, 128.4,01334.1, 136.9, 137.1, 137.2, 155.6, 169.5,
169.6, 169.8HRMS: calc. for [M+H]" C,sH31N,Os: 463.22275, found. 463.22269.

(+/-)-Ethyl 2-(5-methoxy-1,2,3,4,5,6-hexahydro-7H-8-methanoazocino[5,4-b]indol-7-
yl)acetate (59):
To a solution of compoun88 (1.0g, 2.16mmol) in ethanol (14.4 mL,
@\/QN)H 0.15 M), Pd/C (0.108 mg, 50 mg/mmol) was addedtardatmosphere
N omMe Was changed to hydrogen gas (1latm). After 5 hirtixéure was filtered
\/o« through Celite, solvents were removéd vacuo and submitted to
0 chromatography (5% MeOH/DCM) to yield compoubfl as a white
solid (0.610 g, 86% NMR (CDCl 3, 600 MHz): 8 1.25 (t,J=7.13 Hz, 3H), 2.00 (dddi=2.3,
3.8, 12.6 Hz, 1H), 2.16 (df=3.0, 12.6 Hz, 1H), 2.55 (§=11.1 Hz, 1H), 2.81 (d}=17.0 Hz,
1H), 3.06 (ddJ=4.5, 11.6 Hz, 1H), 3.19 (dd=6.0, 16.9 Hz, 1H), 3.30 (s, 3H), 3.39 (m, 1H),
3.53-3.56 (m, 2H), 3.60 (df=4.4, 10.4 Hz, 1H), 4.12-4.24 (m, 2H), 4.79 §d18.0 Hz, 1H),
5.11 (d,J=18.0 Hz, 1H), 7.1 (ddd}=1.2, 6.6, 7.8 Hz, 1H), 7.18 (tds1.2, 6.6 Hz, 1H), 7.20 (d,
J=8.0 Hz, 1H), 7.49 (d)=7.8 Hz, 1H)C NMR (CDCl;, 100 MHz): § 14.2, 29.1, 32.1, 32.2,
42.2, 44.8, 45.6, 56.5, 61.2, 76.9, 77.2, 77.49,7808.8, 110.4, 118.1, 119.2, 121.3, 126.5,
135.1, 137.0, 169.8IOESY: To confirm theanti configuration between the methylene bridge

and the methoxy group a NOESYexperiment was peddrnNOE interactions are shown
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below (for simplicity only one enantiomer has besrawn). HRMS: calc. for [M+H]
Ci1oH2sN205: 329.18597, found. 329.18658.

Ha 55/3.06

Figure 42.Proton coupling detected by NOESY experiment

(+/-)-Ethyl 2-(5-methoxy-3-(2-(methylthio)nicotinoy)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (TFA salt(+/-)-Glupin-1:):

MeS To a solution of compoun89 (50.0 mg, 0.152 mmol) in DCM (0.8
Q \_5 mL, 0.2 M), triethylamine (0.0254 mL, 0.182 mmolnda 2-
N (methylthio)nicotinoyl chloride (28.5 mg, 0.152 minowere
©\/NQ2,OM6 dissolved and the mixture was allowed to stir oigérhat room
\/o{ TFAsalt temperature. The mixture was washed with watertaime, solvents
o}

were removedin vacuo and the crude product was purified by
chromatography (1.5% MeOH/DCM) or by preparativeLBR(10% to 50% ACN/HO with
0.1% TFA) to yield compound+/-)-Glupin-1 (38.6 mg, 53%) as the TFA safti NMR
(CDCl3, 500 MHz): 6 1.22-1.27 (m, 3H), 1.94-2.33 (m, 2H), 2.60-2.66 @H),2.83-3.10 (m,
1.5H),3.18 (s, 1.5H), 3.30-3.36 (m, 1H), 3.42 (§H), 3.48 (s, 1H), 3.69-3.84 (m, 1H), 4.01
(bs,0.5H), 4.10-4.26 (m, 2H), 4.79 (d518.0, 14.4 Hz, 1H), 4.89 (dd=4.9, 12.9 Hz, 0.5H),
5.03 (d,J=18.0 Hz, 0.5H), 5.15 (d=18.0 Hz, 0.5H), 5.44 (bs, 0.5H), 7.06-7.23 (m, AH}4-
7.52 (m, 2H), 7.73 (bs, 1H), 8.51 (@3.8 Hz, 0.5H), 8.57 (dJ=3.8 Hz, 0.5H)*C NMR
(CDCl3, 100 MHz):813.3, 13.5, 14.3, 31.5, 31.9, 32.3, 43.3, 45.01,4%9.4, 57.1, 61.5, 78.1,
79.2, 109.0, 109.1, 118.2, 118.3, 119.4, 119.6,9.21126.6, 133.8, 133.9, 134.1, 137.2, 137.3,
149.5, 149.6, 167.4, 169.4, 169BRMS: calc. for [M+H] C,gH3oN30,S: 480.19515, found.
480.19559. After chiral separation (see Chiral &) specific optical rotations were
measured for both enantiomers (not as the TFA: alp)Glupin-1 [p]p= + 10.7° £ 3.4; (-)-
Glupin-1 [o]p=- 10.0° £ 1.0
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(+/-)-4-methoxy-2-(2-(methylthio)nicotinoyl)-2-azalicyclo[3.3.1]Jnonan-6-one (60):
MeS.__N To a solution of compoun®0 (0.046 g, 0.152 mmol) in ethanol (1.0 mL, 0.15
O | M), Pd/C (15 mg, 100 mg/mmol) was added. The atimesp was then
N changed to hydrogen gas and the mixture was alldwestir for 2 hours. The
“oMe Mixture was then filtered through celite and tloévents were removeth
o) vacuo. The crude product was redissolved in DCM (2.0 ralQ8 M) and
triethylamine (64iL, 0.456 mmol) and 2-(methylthio)nicotinoyl chloed57 mg, 0.304 mmol)
were added. The mixture was allowed to stir ovdrpigolvents were removéd vacuo and the
the crude product was purified by prepHPLC to yiempound60 (17 mg, 35%) as white
solid. The product has very low solubility and vedsraterised only by HRM$RMS: calc.

for [M+H] " C16H,1N,0,S: 321.12674, found: 321.12960

Benzyl methyl(1,4-dioxaspiro[4.5]decan-8-yl)carbama (61):
Chz . Me To a solution of N-methyl-1,4-dioxaspiro[4.5]dec&@amine(0.625 g, 3.65 mmol) in
acetonitrile (24 mL, 0.155 M), potassium carbonéte0 g, 7.30 mmol) and
Q benzylchloroformate (1.0 mL, 7.30 mmol) were addBuoe mixture was allowed to
/' stir overnigthbefore evaporating the solvents. Tieture was redissolved in DCM
and washed with brine, solvents were remawvegacuo and the crude product was purified by
chromatography (0 to 7% ethyl acetate/DCM) to yietwmpound61 (0.624 g, 56%). The

product was further used without characterizatiothia point.

Benzyl methyl(4-oxocyclohexyl)carbamate (62):
Cbz. -Me A solution of compoundl (0.563 g, 1.843 mmol) in a mixture of 10% HCI
aqueous solution (25 mL, 0.075M) and THF (12 ml1,50) was allowed to stir
¢ for 3 hours. The mixture was then extracted withMD@nd the solvents were
© removedin vacuo. Crude product was purified by chromatography {(8®%0%
ethyl acetate/DCM) to yield compou@(0.460 g, 95%) as a colorless dtH NMR (CDCl 5,
500 MHz): 6 1.85 (m, 2H), 1.99-2.03 (m, 2H), 2.41-2.48 (m, ARIB2 (s, 3H), 4.35-4.55 (m,
1H), 5.16 (s, 2H), 7.30-7.35 (m, 1H), 7.36 Jd4.4 Hz, 3H).**C NMR (CDCl; 100 MHz): &
28.5, 39.9, 52.9, 67.4, 128.0, 128.2, 128.6, 1369K.2, 209.7HRMS: calc. for [M+H]'

Ci1sH20NO3: 262.14377, found: 262.14392

(+/-)-Benzyl methyl(2,3,4,9-tetrahydro-1H-carbazoB-yl)carbamate (63):

Compound62 (0.665 g, 86%) was synthesized as described forpoand 57. '"H NMR

(CDCl3, 500 MH2): 8 1.99-2.11 (m, 2H), 2.78-2.99 (m, 7H), 4.49-4.6] (H), 5.16-5.21 (m,

2H), 7.08 (tJ=7.3 Hz, 1H), 7.13 (1)=7.2 Hz, 1H), 7.27-7.43 (m, 7H), 7.79 (bs, 1HL NMR
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Cbz.  .Me
N (CDCl;, 100 MHz): ¢ 23.0, 24.1, 27.3, 28.8, 52.6, 67.2, 108.8, 110.6,

117.8,119.5, 121.5, 128.0, 128.1, 128.6, 132.7,413637.1, 156.4HRMS:

NH calc. for [M+H] C,1H,3N,0,: 335.17540, found: 335.17557

(+/-)-Ethyl 2-(3-(((benzyloxy)carbonyl)(methyl)amirp)-1,2,3,4-tetrahydro-9H-carbazol-9-
yl)acetate (65):
Gbz. Me Compound65 (0.370 g, 71%) was synthesized as described fopoand58.
3 'H NMR (CDCl 3, 400 MHz): 81.25 (t,J=7.1 Hz, 3H), 2.00-2.17 (m, 2H), 2.78-
3.00 (m, 7H), 4.19 (qJ=7.1 Hz, 2H), 4.45-4.60 (m, 1H), 4.72 (s, 2H), 5(28
\N 2H), 7.06-7.13 (m, 1H), 7.16-7.18 (m, 2H), 7.2917 (#n, 5H), 7.43 (dJ=7.7
EtOQC? Hz, 1H). ESI: calc. for [M+H] ChsHN,Os: 420.2, found: 421.2; calc. for
[M+Na]* CosH26N,04: 443.2, found: 443.2

(+/-)-Ethyl 2-(3-(methylamino)-1,2,3,4-tetrahydro-$H-carbazol-9-yl)acetate (65):
To a solution of compoun@4 (0.304 g, 0.748 mmol) in ethanol (7.5 mL, 0.1 MJ/® (38 mg,
H?,Me 50mg/mmol) and ammonium formate (0.236 g, 3.739 hmere added. The
mixture was allowed to stir at reflux for 2 h. Thaxture was then filtered
= through celite and solvents were remowedacuo, the crude product was then
§ purified by chromatography (5 to 20% MeOH/DCM) teelg compound65
(0.165 g, 66%) as a formate sak. NMR (CDCl 3, 600 MHz): 3 1.25 (t,J=7.1
Hz, 3H), 2.07-2.14 (m, 1H), 2.39-2.41 (m, 1H), 287 3H), 2.75-2.89 (m, 3H), 3.22 (dd,
J=14.6, 4.9 Hz, 1H), 3.25-3.30 (m, 1H), 3.48 (s, 1419 (1,J=4.2 Hz, 2H), 4.70 (q)=17.7
Hz, 2H), 7.08-7.11 (m, 1H), 7.17 (&4.0 Hz, 2H), 7.45 (d}=7.8 Hz, 1H)°C NMR (CDCl5,
100 MHz): 6 14.3, 20.3, 25.2, 26.7, 31.2, 44.8, 55.5, 61.%,.9,0108.6 ,118.1, 119.9, 121.9,
127.2,134.0, 137.3, 168HRMS: calc. for [M+H] C;¢H,:1N,0,:273.15975, found: 273.15998

EtO,C

(+/-)-Ethyl 2-(3-(N-methyl-2-(methylthio)nicotinamido)-1,2,3,4-tetrahydro-9H-carbazol-9-
yl)acetate (66):

Compound66 (0.032 g, 67%) was synthesized as described(#b6)-
SMe

N — Glupin-1. '"H NMR (CDCl 3, 500 MHz) (rotameric mixture 1:2.3)5 1.22-
N
@E@ = 1.28 (m, 3H), 2.05-2.27 (m, 2H), 2.53-2.71 (m, 3R){7-3.10 (m, 5H),
N

3.15 (s, 1.3H), 2.77-3.10 (m, 5H), 3.15 (s, 1.3847 (s, 0.7H), 3.78-3.94

(m, 0.7H), 4.15-4.23 (m, 2H), 4.65 (s, 1H), 4.7494(m, 1H), 5.13-5.19
(m, 0.3H), 6.98-7.12 (m, 4H), 7.41-7.49 (m, 2H)188.26 (m, 0.3H), 8.41-8.49 (m, 0.7H).
HRMS: calc. for [M+H] CpsHasN4O5S: 424.16894, found: 424.16896

Et0,C
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Substituted nicotinic acid derivatives:

Compounds with 2-substituted nicotinic acid canegnse to very complicated spectra. The
purity was determined by the NMR spectra of thetisiga material of the final reaction, the free
amine (compound). However, the formation of the amide bond andul2ssitution of the
nicotinic acid can give rise to rotamers and atisquoers, respectively. This can be seen in the
NMR spectra of the final products. In some cases, i very complicated spectra, onhy
spectra are given. This is noticeable at the 78 ppea of thé*C spectra, where 4 signals can
be seen for the same carbon (instead of the ndkrei@gnal per carbon). Purity was checked by
HPLC, and was in all cases over 95% before subngittie compounds for biological activity
measurement. Some signals are given as fractionsratbns and some apparent coupling
constants are given in cases were clearly the Isgpilidting is due to rotamers/atropoisomers
and not because of actual coupling betw#¢muclei (i.e. values over 30 Hz). Furthermore,
when easily determined the ratio of the rotamers graen, but for simplification the integrals
of the NMR spectra was given 0.5H/0.5H (instead.gf 0.46H/0.54H).

(+/-)-Ethyl 2-(3-(2-chloronicotinoyl)-5-methoxy-1,23,4,5,6-hexahydro-7H-2,6-

methanoazocinol[5,4-blindol-7-yl)acetate (67):

cl To a solution of 2-chloronicotinic acid (17.3 mg,100 mmol) in

Z \4; toluene (1.6 mL, 0.067 M), freshly distilled oxalgtloride (11.3 pL,
@\/Q) 0.132 mmol) and a drop of DMF were added. The swiuwvas stirred
N ome at reflux for 1 h., then solvents were removed/acuo and the crude
\/Of product was redissolved in DCM (0.25 mL, 0.55 MheTsolution was

canulated to a solution of compousd (30 mg, 0.091mmol) and triethylamine (15.2 pL, 0.11
mmol) in DCM (0.25 mL, 0.37 M). The mixture was @alled to stir at room temperature
overnight. The organic phase was then washed watiervand brine, solvents were removed
vacuo and the crude was purified by chromatography (3®%0OM/DCM). Pure compoun@?7
(39.0mg, 82%) was isolated as a colourlessttbiNMR (CDCls 500 MHz) (rotameric
mixture) & 1.22-1.27 (m, 3H), 1.93-2.29 (m, 2H), 2.60 (dd10.9, 12.7 Hz, 0.4H), 2.69 (dd,
J=13.8, 23.8 Hz, 0.6H), 2.78-2.90 (m, 0.6H), 2.9813(m, 1H), 3.10-3.22 (m, 1.4H), 3.28-3.36
(m, 1H), 3.40-3.42 (m, 1.6H), 3.48 (s, 1H), 3.628(m, 1H), 3.98 (s, 0.6H), 4.11-4.24 (m,
2H), 4.81 (ddJ=10.3, 25.7 Hz, 1H), 4.90 (dd=5.3, 12.8 Hz, 0.6H), 5.03 (dd7.6, 18.0 Hz,
0.4H), 5.14 (ddJ=7.2, 18.1 Hz, 0.6H), 5.43 (s, 0.4H), 7.09-7.15 (), 7.19-7.23 (m, 2H),
7.29-7.43 (m, 1.4H), 7.48-7.53 (m, 0.6H), 7.60-7(8 1H), 8.42-8.49 (m, 1HJC NMR
(CDCl3, 100 MH2z): 6 14.2, 14.4, 18.8, 19.5, 20.5, 22.7, 26.9, 27.77,227.9, 28.4, 28.9, 29.1,
30.1, 30.3, 31.2, 31.5, 31.8, 32.1, 32.3, 33.71,388.7, 39.1, 41.4, 42.9, 42.9, 44.0, 44.9, 44.9,
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45.1, 49.0, 49.3, 56.9, 56.9, 57.0, 57.0, 61.48,778.2, 78.7, 78.9, 108.5, 108.9, 108.9, 109.0,
109.5, 109.7, 117.9, 118.1, 118.2, 118.4, 119.5,8,1222.8, 122.8, 123.0, 126.2, 126.4, 126.4,
132.4,132.7, 132.8, 133.2, 133.5, 133.7, 134.6,4,1336.5, 136.6, 137.1, 137.1, 137.1, 137.2,
146.6, 146.9, 147.1, 147.2, 150.0, 150.1, 150.0,2189.65.2, 165.3, 165.4, 165.6, 169.2, 169.3,
169.3, 169.44RMS: calc. for [M+H] C,sH,/NsO,Cl: 468.16846, found: 468.16951.

(+/-)-Ethyl 2-(5-methoxy-3-(2-(trifluoromethyl)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocinol[5,4-blindol-7-yl)acetate (68):
FaC To a solution of compounsd (20 mg, 0.030 mmol) in DMF (0.06M,
\ , 0.5mL), TBTU (CAS: 125700-67-6) (31.0 mg, 0.098 ntinc-
@QN) trifluoromethylnicotinic acid (17.4 mg, 0.092 mmaipd DIPEA (54
N OMe pL, 0.305 mmol) were added. The mixture was alloweedtir for 3
\/O{ h. The crude product was purified directly by prapge HPLC
© (10% to 50% ACN/HO) to yield compound8 (13.5 mg, 35%H
NMR (CDCl 3, 500 MHz) (rotameric mixture)é 1.21-1.26 (m, 3H), 1.90-1.93 (m, 0.5H), 1.96-
1.98 (m, 0.2H), 2.08-2.15 (m, 1.3H), 2.61 (dd12.8, 10.8 Hz, 0.4H), 2.66 (dd=12.8, 10.7
Hz, 0.2H), 2.77-2.83 (m, 0.8H), 2.87-2.92 (m, 08)2-3.09 (m, 0.5H), 3.12-3.15 (m, 1.5H),
3.20 (dd,J=12.8, 4.9 Hz, 0.5H), 3.29-3.36 (m, 0.5H), 3.4023(s, 1.5H), 3.45-3.50 (m, 1H),
3.55 (dt,J=10.3, 4.4 Hz, 0.3H), 3.62-3.66 (m, 0.5H), 3.9133(f, 0.5H), 4.11-4.24 (m, 2H),
4.77 (dd,J=18.0, 5.5 Hz, 0.5H), 4.81 (dd=18.1, 4.4 Hz, 0.5H), 4.92 (dd=12.9, 5.0 Hz,
0.5H), 5.01 (ddJ=18.0, 12.1 Hz, 0.5H), 5.14 (dd&:18.1, 8.1 Hz, 0.5H), 5.39-5.40(m, 0.2H),
5.44 (m, 0.3H), 7.10-7.15 (m, 1H), 7.19-7.23 (m).2H43 (d,J=7.8 Hz, 0.4H), 7.48 (d]=7.8
Hz, 0.2H), 7.50-7.54 (m, 0.8H), 7.58 (di7.9, 4.8 Hz, 0.2H), 7.60 (dd=7.8, 4.7 Hz, 0.2H),
7.64-7.65 (m, 0.6H), 7.75-7.76 (m, 0.3H), 7.82 (@.8, 1.1 Hz, 0.3H), 8.76 (ddd:9.9, 4.6,
1.0 Hz, 0.5H), 8.81-8.82 (m, 0.5HC NMR (CDCl3, 100 MHz): § 14.2, 14.2, 26.6, 26.9, 27.8,
28.4, 29.9, 30.4, 30.4, 31.5, 31.7, 31.9, 32.03,328.6, 39.0, 42.8, 43.0, 44.7, 44.9, 44.9, 45.2,
49.0, 49.1, 56.8, 56.8, 56.9, 57.0, 61.3, 61.44,681.4, 77.7, 78.2, 78.2, 78.7, 108.4, 108.7,
108.8, 108.9, 109.0, 109.1, 109.4, 109.7, 117.8,111118.2, 118.4, 119.6, 119.6, 119.6, 120.4,
120.5, 120.7, 120.7, 121.8, 122.0, 122.1, 122.2,21222.3, 123.8, 123.9, 126.9, 126.2, 126.2,
126.4, 126.4, 126.5, 126.6, 131.3, 131.4, 131.8,81333.4, 133.6, 134.0, 134.1, 135.4, 135.4,
135.5, 136.0, 137.1, 137.1, 137.2, 142.7, 142.9,11443.1, 143.3, 143.3, 143.5, 143.6, 143.6,
143.7, 143.8, 149.8, 149.9, 150.0, 165.3, 165.8,616.65.8, 169.1, 169.3, 16HRMS: calc.
for [M+H] " Co6H2/N3O4F3: 502.19482, found: 502.19439.b
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(+/-)-Ethyl 2-(5-methoxy-3-(2-(phenylthio)nicotinoy)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (69):
PhS Compound 69 (6.5mg, 39%) was synthesised as described for

0, =N
\ ) Ccompound67. 'H NMR (CDCl3, 500 MHz) (rotameric mixture) &

@\/QN) 1.25 (dt,J=11.0, 7.1 Hz, 3H), 1.99 (bs, 0.5H), 2.12-2.13 (BH), 2.22
N ome (bs, 0.5H), 2.41 (bs, 0.5H), 2.64-3.20 (m, 4H)43@&d,J=17.2, 6.0 Hz,

\/of 0.5H), 3.42 (s, 2H), 3.49 (d=2.9 Hz, 1H), 3.73-3.86 (m, 1H), 4.11 (bs,
0.5H), 4.13-4.24 (m, 2H), 4.80 (dd:22.7, 18.0 Hz, 1H), 4.93 (dd=12.9, 5.0 Hz, 0.5H), 5.03
(d, J=18.0 Hz, 0.5H), 5.16 (di=18.1 Hz, 0.5H), 5.46 (bs, 0.5H), 7.07-7.14 (mH),57.16 (dd,
J=7.0, 5.0 Hz, 0.5H), 7.19-7.23 (m, 2H), 7.37-7.568 {H), 8.37 (ddJ=4.8, 1.8 Hz, 0.5H), 8.44
(dd, J=4.8, 1.6 Hz, 0.5)**C NMR (CDCl;, 100 MHz): & 14.2, 28.4, 30.1, 31.4, 31.8, 32.2,
39.0, 42.8, 44.9, 44.9, 49.1, 56.9, 61.3, 61.49,779.1, 108.8, 108.9, 109.0, 109.7, 118.0,
118.3, 119.5, 120.6, 121.7, 121.7, 126.3, 126.8,712.28.8, 129.2, 129.2, 132.2, 133.8, 134.0,
134.1, 134.4, 137.1, 137.1, 150.2, 155.0, 166.8,916169.2, 169.4HRMS: calc. for [M+H]'
CaiH3oN30,S: 542.21080, found: 542.21115

(+/-)-Ethyl 2-(5-methoxy-3-(2-(propylthio)nicotinoy)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (70):
Compound 70 (16.5 mg, 53%) was synthesised as described for
gMe compound67.'H NMR (CDCl; 500 MHz) (rotameric mixture) &
S 0.93-1.06 (m, 3H), 1.24 (dd=7.2, 15.5 Hz, 3H), 1.62-1.79 (m, 2H),
¢ s 1.94-2.37 (m, 2H), 2.58-2.88 (m, 2H), 3.02-3.36 &Hl), 3.41-3-47
@Q} (m, 3H), 3.64-4.00 (m, 1H), 4.10-4.24 (m, 2H), 4(f9J=17.8 Hz,

N Ome 1H), 4.91 (ddJ=5.0, 12.8 Hz, 0.6H), 5.03 (d718.0 Hz, 0.4H), 5.15
\/ojg (d, J=18.1 Hz, 0.6H), 5.43 (s, 0.4H), 7.02 (bs, 0.4HJ977.14 (m,
1.6H), 7.18-7.23 (m, 2H), 7.36-7.52 (m, 2H), 8.4d,0=1.66, 4.9 Hz, 0.4H), 8.50 (dd+1.7,

4.9 Hz, 0.6H)*C NMR (CDCl3, 100 MHz): § 13.8, 14.3, 22.9, 27.0, 28.4, 31.3, 31.9, 32.0,
32.1, 32.3,39.2, 42.9, 45.0, 49.1, 57.0, 57.06,681.5,77.9, 109.1, 118.1, 119.3, 119.6, 121.8,
121.8, 126.4, 126.6, 133.6, 133.9, 134.2, 137.2,201349.5, 167.3, 169.4, 16FHRMS: calc.

for [M+H] " C,gH34N30,S: 508.22645, found: 508.22657.

(+/-)-Ethyl 2-(3-(2-bromonicotinoyl)-5-methoxy-1,23,4,5,6-hexahydro-7H-2,6-
methanoazocinol[5,4-blindol-7-yl)acetate (71):

To a solution of compoun®9 (10 mg, 0.030 mmol) in DMF (0.06 M, 0.5 mL), TBTICAS:
125700-67-6) (15.6 mg, 0.049 mmol), 2-bromonicatiacid (9.3 mg, 0.046 mmol) and DIPEA
(19 pL, 0.105 mmol) were added and the mixture alasved to stir for 3 h. Crude product was
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o Br. 7N then purified directly by preparative HPLC (10%5@% ACN/HO) to
@ yield compound71 (6.0 mg, 39%)H NMR (CDCls; 700 MHz)
\ (rotameric mixture)$ 1.22-1.26 (m, 3H), 1.93 (s, 0.4H), 2.00Jd11.9

\/O{” Hz, 0.4H), 2.11 (m, 0.6H), 2.21 (d513.2 Hz, 0.3H), 2.35 (d]=12.8

0 Hz, 0.4H), 2.60 (ddJ=10.9, 12.7 Hz, 0.4H), 2.67-2.73 (m, 0.6H), 2.79
(dd,J=10.8, 12.6 Hz, 0.3H), 2.87 (&17.2 Hz, 0.4H), 3.03-3.11 (m, 1H), 3.15-3.17 (nTH),
3.23 (s, 0.7H), 3.27-3.35 (m, 0.9H), 3.40-3.42 (n8H), 3.49 (m, 1H), 3.62-3.65 (m, 0.3H),
3.71 (dt,J=4.6, 10.3 Hz, 0.4H), 3.82-3.85 (m, 0.3H), 3.9533(fn, 0.6H), 4.11-4.23 (m, 2H),
4.77-4.83 (m, 1H), 4.89-4.93 (m, 0.5H), 5.02 (@f12.0, 18.0 Hz, 0.5H), 5.14 (dd;11.1, 18.1
Hz, 0.5H), 5.43 (m, 0.5H), 7.09-7.23 (m, 3H), 7824 (m, 1H)7.49-7.53 (m, 1H), 7.59-7.66
(m, 1H), 8.40-8.47 (m, 1HYC NMR (CDCl;, 100 MHz): § 14.2, 26.6, 27.8, 28.0, 28.4, 29.7,
29.9, 30.3, 31.2, 31.5, 31.8, 32.1, 32.3, 38.61,3%2.9, 43.0, 44.1, 44.9, 44.9, 44.9, 44.9, 44.9,
45.2, 49.1, 49.4, 56.9, 56.9, 57.0, 57.0, 61.34,681.4, 77.7, 78.2, 78.7, 78.9, 108.5, 108.9,
108.9, 109.0, 109.0, 109.5, 109.7, 117.9, 118.8,2,118.3, 119.5, 121.8, 121.8, 121.8, 126.2,
126.2, 126.4, 126.4, 133.5, 133.7, 134.0, 135.3,6,335.7, 135.7, 135.8, 135.9, 136.1, 136.5,
137.1, 137.1, 137.2, 138.1, 138.4, 138.6, 150.6,313.50.4, 165.9, 166.0, 166.0, 166.3, 169.2,
169.3, 169.3, 169.4HRMS: calc. for [M+H] CusH,;N3;0,Br:512.11795, found: 512.11821.
Calc. for [M+H] CusH,:N;0,.2'Br: 514.11590, found: 514.11590

N

OMe

(+/-)-Ethyl 2-(5-methoxy-3-(2-methoxynicotinoyl)-12,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (72):
MeO To a solution of 2-methoxynicotinic acid (16.8 nyp91 mmol) in
A/ toluene (1.6 mL, 0.067 M), freshly distilled thidrghloride (27.2uL,
@\/QN) 0.385mmol) and a drop of DMF were added. The smiutvas stirred
N OMe at reflux for 1h. The solvents were then remowvedacuo and the
\/0{ crude product was redissolved in DCM (0.25 mL, OM% The
© solution was canulated to a solution of compo88d30 mg, 0.091
mmol) and triethylamine (15.2 pL, 0.110 mmol) in B0.25 mL, 0.37 M). The mixture was
allowed to stir at room temperature overnight. ®hganic phase was then washed with water
and brine, solvents were removed vacuo and the crude product was purified by
chromatography (3% MeOH/DCM). Pure compour@ (39.0 mg, 92%) was isolated as a
colourless oil'™H NMR (CDCl3, 500 MHz): & 1.24 (q,J=7.0 Hz, 3H), 1.90-1.96 (m, 0.8H),
2.09-2.17 (m, 1.2H), 2.55-3.14 (m, 3H), 3.18Jd16.3 Hz, 1.2H), 3.27-3.36 (m, 1H), 3.41 (s,
1.8H), 3.46 (s, 1H), 3.60-3.71 (m, 1H), 3.87 (¢H), 4.01 (s, 0.6H), 4.10 (d=21.9 Hz, 2H),
4.14-4.24 (m, 2H), 4.79 (dd=14.6, 18.0 Hz, 1H), 4.88-4.93 (m, 0.6H), 5.04 Jd17.9 Hz,
0.4H), 5.15 (ddJ=5.4, 18.0 Hz, 0.6H), 5.42 (s, 0.4H), 6.96-7.23 4H), 7.41-7.54 (m, 1H),
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7.60-7.68 (m, 1H), 8.21 (dd=1.9, 5.1 Hz, 0.4H), 8.27 (dd=1.9, 5.1 Hz, 0.6H}*C NMR
(CDCl3, 100 MH2z): 6 14.3, 27.6, 28.4, 30.4, 30.6, 31.2, 31.7, 31.2,322.4, 38.8, 39.1, 42.9,
44.9, 45.0, 48.9, 49.1, 49.1, 54.3, 54.5, 57.05,648.1, 78.4, 79.1, 79.3, 109.0, 109.1, 117.2,
117.3,117.4, 118.1, 118.3, 119.6, 120.7, 121.8,412A34.1, 137.2, 137.4, 147.2, 147.4, 166.2,
169.4, 169.51RMS: calc. for [M+H] CyeH3oN3Os: 464.21800, found: 464.21828.

(+/-)-Ethyl 2-(3-(2-ethoxynicotinoyl)-5-methoxy-1,23,4,5,6-hexahydro-7H-2,6-
methanoazocinol[5,4-blindol-7-yl)acetate (73):
Compound 73 (35 mg, 80%) was synthesized as described for
0 FQ _n compound67. '"H NMR (CDCl3, 500 MHz) (rotameric mixture) &

N Y/ 125 (t,J=7.2 Hz, 3H), 1.43-1.53 (m, 3H), 1.90-1.97 (m, O\8RI11-
@Q%Me 2.22 (m, 1.2H), 2.54-3.15 (m, 3H), 3.19 (&3.7 Hz, 1.2H), 3.24-3.34
\/O{ (m, 0.8H), 3.39-3.41 (dI=7.8 Hz, 1.8H), 3.47 (s, 1.2H), 3.60-3.72 (m,

0 1H), 4.03 (s, 0.6H), 4.10-4.31 (m, 2.4H), 4.41-468 1H), 4.54-4-63
(m, 0.6H), 4.76-4.85 (m, 1H), 4.88-4.94 (m, 0.66l)04 (dd,J=7.9, 18.0 Hz, 0.4H), 5.15 (dd,
J=8.0, 18.1 Hz), 5.42 (s, 0.4H), 6.92-7.03 (m, 1HN8-7.13 (m, 1H), 7.20 (m, 2H), 7.43 (dd,
J=7.7, 18.4 Hz, 0.6H), 7.49 (d=7.7 Hz, 0.4H), 7.58-7.68 (m, 1H), 8.17 (m, 0.48R4 (d,
J=3.8 Hz, 0.6H):*C NMR (CDCl; 100 MHz): § 14.3, 14.4, 14.4, 14.8, 15.0, 18.9, 19.6, 20.6,
22.7, 27.6, 27.8, 27.8, 28.4, 29.0, 29.2, 30.16,381.2, 31.5, 31.7, 32.1, 32.2, 32.3, 38.7, 38.1,
41.4,42.8,42.9,44.2, 44.7, 45.0, 48.7, 48.98,986.9, 57.0, 57.1, 61.4, 62.8, 62.8, 62.9, 63.0,
78.2, 78.3, 79.0, 79.1, 108.9, 109.0, 109.0, 108(®.7, 110.0, 116.8, 116.9, 117.1, 117.2,
118.0, 118.1, 118.2, 118.3, 119.5, 120.7, 120.8,91221.3, 121.8, 126.4, 126.4, 126.5, 126.6,
133.6, 134.0, 134.3, 134.3, 137.2, 137.2, 137.3,41338.1, 147.3, 147.4, 158.6, 158.8, 159.0,
159.1, 166.3, 166.4, 167.0, 169.4, 16BIBMS: calc. for [M+H]" Cy/H3N3Os : 478.23365,
found: 478.23391.
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(+/-)-Ethyl 2-(3-(2-fluoronicotinoyl)-5-methoxy-1,23,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (74):
F To a solution of compoun89 (20 mg, 0.061 mmol) in DMF (0.06 M,
O>—© 0.5 mL), TBTU (CAS: 125700-67-6) (31.0 mg, 0.098 ain 2-
@\/QN) fluoronicotinic acid (13.0 mg, 0.091 mmol) and DWRE27 L, 0.153

\ OMe mmol) were added and the reaction was allowed to at room
o

(0]
preparative HPLC (10% to 50% ACN/B) to yield compound’4 (5.4 mg, 20%}H NMR
(CDCl3, 500 MHZz) (rotameric mixture 1:1.3)8 1.23-1.26 (m, 3H), 1.97-2.00 (m, 1H), 2.10-
2.21 (m, 1H), 2.62-2.80 (m, 1H), 2.90 &17.2 Hz, 1H), 3.10-3.22 (m, 2H), 3.33 (d&17.3,
6.1 Hz, 0.44H), 3.41 (s, 2H), 3.48-3.49 (m, 1HB63(bs, 1H), 4.08 (bs, 0.56H), 4.12-4.24 (m,
2H), 4.80 (dd,J=19.2, 18.1 Hz, 1H), 4.87 (bs, 0.56H), 5.04 §d18.0 Hz, 0.44H), 5.14 (d,
J=18.1 Hz, 0.56H), 5.39 (bs, 0.44H), 7.10-7.13 (rHl),17.19-7.23 (m, 2H), 7.27-7.29 (m,
0.44H),7.33-7.35 (m, 0.56H), 7.44 (bs, 0.56H), 7(801=7.8 Hz, 0.44H), 7.87-7.92 (m, 1H),
8.28 (dd,J=4.8, 1.6 Hz, 0.44H), 8.33 (dd=4.8, 1.5 Hz, 0.56H) )**C NMR (CDCl;, 100
MHz): & 14.3, 27.6, 30.5, 32.0, 32.2, 43.4, 45.0, 45.03/497.0, 57.1, 61.5, 61.5, 78.1, 78.9,
109.1, 109.7, 118.2, 118.3, 119.3, 119.5, 119.8,711121.9, 122.2, 122.2, 126.4, 126.5, 133.9,
134.2,137.2, 137.3, 140.1, 148.9, 149.0, 149.9,11457.8, 157.9, 159.1, 159.3, 163.9, 164.0,
169.3, 169.51RMS: calc. for [M+H]" C,sH,/N3;O4F: 452.19801, found: 452.19813.

temperature for 3 h. The crude product was theifigdrdirectly by

(+/-)-Ethyl 2-(5-methoxy-3-(2-morpholinonicotinoyl)1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (75):
Compound 75 (11.3 mg, 73%) was synthesised as described for
Cw compounds7.*H NMR (CDCl 3, 500 MHz) (rotameric mixture)s 1.22-
o =N 1.27 (m, 3H), 1.98-2.28 (m, 2H), 2.55-2.69 (m, 1B1B2 (dd,J=30.5,
N 17.3 Hz, 0.5H), 2.92-2.97 (m, 0.5H), 3.12-3.18 @Hl), 3.26-3.91 (m,
@;Q%Me 13H), 4.10-4.24 (m, 2H), 4.76-4.83 (m, 1.3H), 4(688,J=12.6, 4.8 Hz,
\/0{ 0.2H), 5.03 (ddJ=18.0, 6.0 Hz, 0.5H), 5.13 (dd+18.0, 6.4 Hz, 0.5H),
° 5.37 (d,J=30.2 Hz, 0.5H), 6.87-7.00 (m, 1H), 7.07-7.16 (H)17.17-
7.24 (m, 2H), 7.40 (dJ=7.8 Hz, 0.3H), 7.46-7.51 (m, 1H), 7.55-7.61 (nVH), 8.27 (ddd,
J=9.8, 4.9, 1.5 Hz, 0.5H), 8.34-8.35 (m, 0.5HC NMR (CDCl;, 100 MHz): § 14.3, 27.3,
27.9, 27.9, 28.5, 30.6, 31.2, 31.6, 31.8, 32.01,322.3, 38.5, 39.4, 42.8, 42.9, 44.3, 44.8, 44.9,
45.0, 45.0, 48.6, 49.0, 49.5, 49.8, 49.9, 50.9,986.9, 57.0, 57.1, 61.5, 61.5, 66.9, 67.0, 67.1,
78.2, 78.5, 78.9, 79.2, 108.8, 108.9, 109.0, 1020B.1, 109.3, 109.6, 116.0, 116.5, 116.6,
116.7, 118.0, 118.1, 118.2, 118.2, 119.6, 119.9,911121.9, 121.9, 122.0, 122.9, 122.9, 123.4,
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126.3, 126.3, 126.4, 126.5, 133.6, 133.8, 133.8.413137.2, 137.2, 137.2, 169.3, 169.5
HRMS: calc. for [M+H] CygH3sN4Os: 519.26020, found: 519.26056.

(+/-)-Ethyl 2-(5-methoxy-3-(2-pivalamidonicotinoyl}1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (77):
o To a solution of compoun®9 (20 mg, 0.061 mmol) in DMF (0.06 M,
HN% 0.5 mL), TBTU (CAS: 125700-67-6) (31.0mg, 0.098m)no2-
Q™ pivalamidonicotinic acid (20.2 mg, 0.091 mmol) eEddPEA (27 L,

\ 7/
@QN) 0.153 mmol) were added and the mixture was allotwestir for 3 h.
N “ome The crude product was then purified directly bypamative HPLC
\/Of (10% to 50% ACN/HO) to yield compound?7 (3.2 mg, 10%). The

compound was characterised only by HRMS measurerbeRtPLC chromatogram showed a
purity above 95%HRMS: calc. for [M+H] C3H3/N4Os: 533.27585, found: 533.27488

(+/-)-Ethyl 2-(5-methoxy-3-picolinoyl-1,2,3,4,5,6-&xahydro-7H-2,6-methanoazocino[5,4-
blindol-7-yl)acetate (78):
o nN— To asolution of picolinic acid (13.5 mg, 0.110 nijria toluene (1.6
Nw mL, 0.067 M), freshly distilled thionyl chloride T2 uL, 0.385

A / mmol) and a drop of DMF were added. The solutios alowed to
Oj; OMe stirred at reflux for 1h. The solvents were themaogedin vacuo and
ind ol the crude product redissolved in DCM (0.25 mL, 0% The

solution was canulated to a solution of compo&8d30 mg, 0.0913 mmol) and triethylamine
(15.2pL, 0.120 mmol) in DCM (0.25 mL, 0.37 M). The mix&uwas allowed to stir at room
temperature overnight. The organic phase was tlashed with water and brine, solvents were
removedin vacuo and the crude product was purified by chromatdgya2% MeOH/DCM).
Pure compound8 (25.7 mg, 65%) was isolated as a colourless'diINMR (CDCl 3 500
MHz) (rotameric mixture)d 1.24 (q,J=7.2 Hz, 3H), 1.92 (dt)=2.6, 12.7 Hz, 0.6H), 2.10 (dt,
J=2.5, 13.0 Hz, 0.4H), 2.10-2.24 (m, 1H), 2.65 (&d10.9, 12.6 Hz, 0.6H), 2.86 (dd:12.3,
13.6 Hz, 0.4H), 2.93-3.00 (m, 1H), 3.06-3.11 (n§H), 3.22 (s, 1.2H), 3.33 (dd=6.1, 17.3
Hz, 0.4H), 3.40 (s, 1.8H), 3.48 (m, 1H), 3.69-3(/#8 0.7H), 3.80-3.85 (m, 0.7H), 4.10-4.24 (m,
2H), 4.41 (bs, 0.6H), 4.80 (dd+15.3, 18.0 Hz, 1H), 4.87 (dd=4.9, 12.9 Hz, 0.6H), 5.06 (d,
J=18.0Hz, 0.4H), 5.16 (d]=18.1 Hz, 0.6H), 5.38 (bs, 0.4H), 7.08-7.12(m, 1H}7-7.22 (m,
2H), 7.38 (ddJ=5.3, 6.9 Hz, 0.4H), 7.43 (dd=5.2, 7.1 Hz, 0.6H), 7.46 (d=7.8 Hz, 0.6H),
7.50 (d,J=7.8 Hz, 0.4H), 7.63 (dI=7.9 Hz, 0.4H), 7.65 (dl=7.8 Hz, 0.6H), 7.85 (1}=7.9 Hz,
0.4H), 7.89 (tJ=7.7 Hz, 0.6H), 8.59 (d]=4.6 Hz, 0.4H), 8.68 (d]=4.6 Hz, 0.6H)*C NMR
(CDCl3, 100 MH2z) (rotameric mixture)d 14.3, 27.4, 28.5, 30.4, 31.2, 32.0, 32.3, 39.44,43
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44.6, 45.0, 48.6, 56.8, 57.0, 61.4, 78.1, 78.7,908108.98, 109.3, 109.7, 118.2, 118.3, 119.5,
121.69, 121.71, 123.5, 124.0, 124.7, 124.8, 12624.6, 134.3, 137.2, 138.1, 138.3, 147.6,
148.1, 153.8, 154.4, 167.2, 167.5, 1690.4, 169RMS: calc. for [M+H]" CysHxgN3O, :
434.20743, found: 434.20535.

(+/-)-Ethyl 2-(5-methoxy-3-nicotinoyl-1,2,3,4,5,6-bxahydro-7H-2,6-methanoazocino|5,4-
blindol-7-yl)acetate (79):
Q —N  To a solution of nicotinic acid (13.5 mg, 0.110 nijrio toluene (1.6
N N/ mL, 0.067 M) freshly distilled thionyl chloride (2 pL, 0.385
@\/Q) mmol) and a drop of DMF were added.The solution thas stirred
OT; OMe at reflux for 1h. The solvents were then removedacuo and the
Ind 0 crude product was redissolved in DCM (0.25 mL, OMh The
solution was canulated to a solution of compo@n@0 mg, 0.0913 mmol) and triethylamine
(15.2 pL, 0.110 mmol) in DCM (0.25 mL, 0.37 M). Thaxture was allowed to stir at room
temperature overnight. The organic phase was tlashed with water and brine, solvents were
removedin vacuo and the crude product was purified by chromatdgya2% MeOH/DCM).
Pure compound9 (35 mg, 88%) was isolated as a colourless'gHiINMR (CDCl 3, 500 MHz)
(rotameric mixture)d 1.23 (m, 3H), 1.95 (d}=12.4 Hz, 0.6H), 2.04 (d=12.7 Hz, 0.6H), 2.13
(s, 0.8H), 2.64 ()=9.5 Hz, 0.6H), 2.86-2.96 (m, 1.4H), 3.16 (dd5.6, 17.0 Hz, 0.6H), 3.19 (s,
1.2H), 3.33 (ddJ=5.9, 17.4 Hz, 0.4H), 3.41 (s, 1.8H), 3.49 Jd2.6 Hz, 1H), 3.53-3.55 (m,
0.4H), 3.59-3.72 (m, 1H), 4.11-4.24 (m, 2H), 4.®8,(0.6H), 4.77-4.87 (m, 1.6H), 5.02 (d,
J=18.0 Hz, 0.4H), 5.14 (d=18.1 Hz, 0.6H), 5.38 (bs, 0.4H), 7.10-7.13 (m, ,1H}19-7.23 (m,
2H), 7.39-7.52 (m, 2H), 7.79 (d=7.5 Hz, 0.4H), 7.88 (d]=7.5 Hz, 0.6H), 8.67-8.76 (m, 2H).
¥C NMR (CDCl3, 100 MHz) (rotameric mixture)d 14.3, 26.8, 27.5, 29.4, 30.5, 30.8, 31.3,
38.3, 42.3, 43.9, 44.5, 48.2, 56.0, 60.5, 77.09,7707.7, 108.1, 108.7, 117.1, 117.3, 118.7,
120.9, 123.0, 123.2, 125.3, 125.5, 132.1, 131.8,81333.2, 134.6, 134.9, 136.1, 136.2, 145.7,
145.8, 148.8, 148.9, 166.6, 168.3, 16BIBMS: calc. for [M+H] CysHxgN30, : 434.20743,
found: 434.20705.

125



Experimental Part: Glucose Uptake Inhibition

(+/-)-Ethyl 2-(3-isonicotinoyl-5-methoxy-1,2,3,4,%-hexahydro-7H-2,6-
methanoazocino[5,4-b]indol-7-yl)acetate (80):
To a solution of compounsd (10 mg, 0.030 mmol) in DMF (0.06 M,
N\ N 05 mL), TBTU (CAS: 125700-67-6) (15.6 mg, 0.049 abtmn
@\/Qg isonicotinic acid (5.7 mg, 0.046 mmol) and DIPEA (uL, 0.105
%@N OMe mmol) were dissolved and the mixture was allowestitofor 3 h. The
ind 0 mixture was then purified directly by preparativBelt€ (10% to 50%
ACN/H,0) to yield compoundB0 (4 mg, 31%)H NMR (CDCl; 500 MHz) (rotameric
mixture): 6 1.25 (td,J=3.8, 7.1 Hz, 3H), 1.98-2.19 (m, 2H), 2.66 (dd10.9, 12.7 Hz, 0.5H),
2.85-2.97 (m, 1H), 3.17 (dd=5.9, 17.1 Hz, 0.5H), 3.19 (s, 1.2H), 3.35 @5.8, 11.7 Hz,
1H), 3.41 (s, 1.8H), 3.51 (s, 1H), 3.64-3.68 (m), 1407 (bs, 0.7H), 4.11-4.24 (m, 2.5H), 4.77-
4.83 (m, 1.5H), 5.00 (dl=18.0 Hz, 0.4H), 5.13 (d)=18.0 Hz, 0.6H), 5.35 (bs, 0.3H), 7.11-7.16
(m, 1H), 7.20-7.24 (m, 2H), 7.45 (87.8 Hz, 0.6H), 7.50 (d}=7.8 Hz, 0.4H), 7.62 (d]=5.2
Hz, 1H), 7.68 (dJ=4.9 Hz, 1H), 8.78 (bs, 1H), 8.86 (bs, 1¥J. NMR (CDCl; 100 MHz)
(rotameric mixture)514.3, 27.9, 28.6, 30.2, 31.4, 31.8, 32.2, 39.46,484.9, 45.0, 45.6, 49.3,
57.1,57.2,61.6, 77.9, 78.8, 108.4, 109.2, 10€18,1, 118.3, 119.8, 122.1, 122.2, 122.9, 123.2,
126.2, 126.4, 133.4, 133.8, 137.2, 137.3, 145.5,914149.4, 166.1, 169.2, 16HRMS: calc.
for [M+H] " C,sH26N30,: 434.20743, found: 434.20660

(+/-)-Ethyl 2-(5-methoxy-3-(pyrimidine-5-carbonyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-b]indol-7-yl)acetate (81):
0 =N To a solution of pyrimidine-5-carboxylic acid (11r8g, 0.091
N>_<\:l\f mmol) in toluene (1.6 mL, 0.067 M), freshly distdl thionyl
@\/@ chloride (23.1uL, 0.319 mmol) and a drop of DMF were added.
\ The solution was allowed to stir at reflux for Tte solvents were
\/OTC{ then removedn vacuo and the crude product was redissolved in
DCM (0.25 mL, 0.55 M). The solution was canulatedat solution of compoun89 (30 mg,
0.091 mmol) and triethylamine (15.2, 0.110 mmol) in DCM (0.25 mL, 0.37 M). The mixéur
was allowed to stir at room temperature overnigie organic phase was washed with water
and brine, solvents were removed vacuo and the crude product was purified by
chromatography (2% MeOH/DCM). Pure compouddl (9.0 mg, 23%) was isolated as a
colourless oil’'H NMR (CDCl 5, 400 MHz) (rotameric mixture 1:1.5% 1.25 (t,J=7.0 Hz, 3H),
1.99-2.15 (m, 2H), 2.66 (§=11.7 Hz, 0.6H), 2.88-2.95 (m, 1H), 3.01 J:10.4, 0.4H), 3.19-
3.24 (m, 2H), 3.51-3.57 (m, 1.4H), 3.60-3.72 (m,),14.11-4.25 (m, 2.6H), 4.77-4.87 (m,
1.6H), 5.02 (dJ=18.0 Hz, 0.4H), 5.14 (d~18.1 Hz, 0.6H), 5.38 (bs, 0.4H), 7.11-7.16 (m, 1H)
7.19-7.22 (m, 2H), 7.46 (d=7.8 Hz, 0.6H), 7.54 (d=7.6 Hz, 0.4H), 8.80 (s, 0.8H), 8.88 (s,
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1.2H), 9.26 (s, 0.4H), 9.32 (m, 0.6HJRMS: calc. for [M+H]" CouH»N,O, : 435.20268, found:
435.20259.

(+/-)-Ethyl 2-(5-methoxy-3-(thiophene-2-carbonyl)-12,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-b]indol-7-yl)acetate (82):
0 S To a solution of compouns9 (20 mg, 0.061 mmol) in DCM (0.09
N \\ | M, 0.667 mL), triethylamine (10.AL, 0.076 mmol) and thiophene-
@\/Q) 2-carbonyl chloride (6.531L, 0.061 mmol) were added and the
N OMe mixture was allowed to stir overnight at room tengpere. The
\/O{ solvents were then removed vacuo and the crude product was
© purified by chromatography (1% MeOH/DCM) to yieldnepound
82(26.5 mg, 98%) as a colourless Gi. NMR (CDCl 5, 500 MHz) (rotameric mixture) 1.26
(t, 3=7.1 Hz, 3H), 1.78 (bs, 1H), 2.00-2.07 (m, 2H),2(Bs, 0.6H), 2.95 (d}=15.1 Hz, 1.4H),
3.25-3.37 (m, 4H), 3.48 (d73.0 Hz, 1H), 3.62 (bs, 1H), 4.12-4.25 (m, 2H),14(8,J=18.0 Hz,
2H), 5.12 (bs, 1H), 7.08 (m, 1H), 7.11-7.14 (m, 1H19-7.24 (m, 2H), 7.35 (bs, 1H), 7.47-7.50
(m, 2H).**C NMR (CDCl;, 100 MHz) (rotameric mixture)s 14.3, 22.8, 27.8, 29.2, 32.2, 41.5,
45.0, 57.0, 61.5, 78.1, 109.0, 118.2, 119.6, 121128,5, 126., 128.7, 134.3, 137.2, 137.7, 164.0,
169.5HRMS: calc. for [M+H] CyH27N,0,S: 439.16860, found: 439.16819

(+/-)-Ethyl 2-(5-methoxy-3-(6-methyl-2-(methylthiohicotinoyl)-1,2,3,4,5,6-hexahydro-7H-
2,6-methanoazocino[5,4-blindol-7-yl)acetate (83):
es Compound83 (72mg, 71%) was synthesized as described for
O%Me compoundd4 using 2-chloro-6-methylnicotinic acid (CAS: 30529-

@QN) 70-5) as a starting material and following the pdwre for

N\

N OMe compounds7 to obtain the chloride derivative (the crude pradsic

\/O{ enough to be used for the amide formation). ComgdBiwas
o)

purified by preparative HPLC (10% to 50% ACN®) and
isolated as the TFA sdil NMR (CDCl 3, 400 MHz) (rotameric mixture 1:1)8 1.22-1.27 (m,
3H), 1.96 (dJ=11.6 Hz, 1H), 2.10-2.20 (m, 1H), 2.55 (s, 2H),72(6, 2H), 2.76-3.09 (m,2H),
3.19 (s, 1.5H), 3.29-3.39 (s, 1.5H), 3.47 §d3.0 Hz, 1H), 3.69 (bs, 0.5H), 4.04 (bs, 0.5H),
4.10-4.26 (m, 2H), 4.80 (dd=18.0, 13.2 Hz, 1H), 4.88 (dd=12.9, 4.9 Hz, 0.5H), 5.03 (d,
J=18.0 Hz, 0.5H), 5.14 (d)=18.0 Hz, 0.5H), 5.43 (bs, 0.5H), 6.94 {&7.7 Hz, 0.5H), 7.02 (d,
J=7.7 Hz, 0.5H), 7.09-7.16 (m, 1H), 7.18-7.23 (m,)2A.38 (d,J=6.5 Hz, 0.5H), 7.48 (dd,
J=27.7, 7.6 Hz, 1.5H), 9.35 (bs, 1HJC NMR (CDCls;, 100 MHz): § 13.5, 13.7, 24.0, 28.4,
30.2, 31.4, 31.9, 32.2, 39.5, 43.5, 45.0, 49.51,597.1, 61.5, 78.1, 79.1, 108.8, 109.0, 109.1,
109.6, 118.1, 118.4, 119.3, 119.7, 121.9, 126.8,61228.6, 133.8, 134.1, 134.8, 137.2, 137.3,
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154.7, 159.1, 159.1, 159.6, 167.9, 169.4, 168dRMS: calc. for [M+H] CyHzN30,S:
494.21080, found: 494.21134

(+/-)-Ethyl 2-(3-(5-bromo-2-(methylthio)nicotinoyl)-5-methoxy-1,2,3,4,5,6-hexahydro-7H-
2,6-methanoazocino[5,4-blindol-7-yl)acetate (84):
To a solution of compoun@7 (80 mg, 0.322 mmol) in toluene (4.6 mL,
M S . . . .
o 0.07 M), freshly distilled thionyl chloride (8@L, 1.129 mmol) and a

N \_7 drop of DMF were added. The mixture was allowedttoat reflux for
B
@Q? " 1 h. The solvents were then evaporated and theecpudduct was
N

oM
\/O{ ° redissolved in DCM (1.5 mL, 0.11 M). To this sobutj compoundb9
o)

(55 mg, 0.167 mmol) and triethylamine (pQ, 0.501 mmol) were
added, the mixture was then allowed to stir ovdrngg room temperature. The crude product
was washed with NaHCG(saturated aqueous solution) and the solvents thereevaporated.
The crude product was purified by flash chromatphya(15% ethyl acetate/DCM) to give
compoundB4 (66 mg, 71%) as a colorless diH NMR (CDCl 3, 400 MHz) (rotameric mixture
1:1): 8 1.22-1.27 (m, 3H), 1.97 (d=11.2 Hz, 0.5H), 2.12-2.32 (m, 1.5H), 2.53-2.61 4H),
2.79-2.94 (m, 1H), 3.11 (dd=17.0, 5.7 Hz, 1H), 3.21 (s, 1.5H), 3.28-3.35 (H),13.41 (s,
1.5H), 3.48 (dJ=3.2 Hz, 1H), 3.67 (bs, 0.5H), 4.00 (bs, 0.5H)(044126 (m, 2H), 4.76-4.89 (m,
1.5H), 5.03 (dJ=17.9 Hz, 0.5H), 5.15 (d]=18.0 Hz, 0.5H), 7.10-7.15 (m, 1H), 7.18-7.24 (m,
2H), 7.47-7.59 (m, 2H), 8.50 (d=2.2 Hz, 0.5H), 8.56 (d]=2.2 Hz, 0.5H)}*C NMR (CDCls,
100 MHz): & 12.1, 12.3, 13.2, 27.4, 28.7, 29.1, 30.5, 30.82,338.1, 41.9, 43.9, 48.1, 55.9,
55.9, 60.3, 76.9, 78.0, 107.7, 107.9, 108.6, 11417,.0, 117.2, 118.5, 118.5, 120.7, 125.2,
125.4,131.0, 131.5, 132.7, 133.0, 134.5, 135.6,11336.1, 149.3, 153.7, 164.3, 164.5, 168.1,
168.3HRMS: calc. for [M+H] C,gH»oN30,2'BrS: 560.10362,found: 560.10518

(+/-)-Ethyl 2-(5-methoxy-3-(2-(methylthio)-4-(trifluoromethyl)nicotinoyl)-1,2,3,4,5,6-
hexahydro-7H-2,6-methanoazocino[5,4-b]indol-7-yl)astate (85):
Compound 85 (80 mg, 73%) was synthesized as described for

o J=N compound84 using 2-chloro-4-(trifluoromethyl)nicotinic acid &S:
N\ 590371-81-6) as the starting material and followtimg procedure for
@Qg FoC compound6? to obtain the chloride derivative (crude producpise
\/OT; ove enough to be used for the amide formation). Com@o8& was
o)

purified by preparative HPLC (10% to 50% ACN@) and isolated
as the TFA saftH NMR (CDCI 3, 400 MHz) (rotameric mixture 1:2.3)%% 1.22-1.27 (m, 3H),
1.90 (ddtJ=26.3, 12.7, 2.5 Hz, 0.3H), 2.06-2.15 (m, 1H), 2(@6J=13.1, 3.6 Hz, 0.3H), 2.52
(s, 1H), 2.65-2.62 (m, 3H), 2.81-2.87 (m, 0.7HP133.09 (m, 0.7H), 3.12-3.23 (m, 3H), 3.28-
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3.35 (m, 1H), 3.42 (dJ=4.9 Hz, 1H), 3.47-3.50 (m, 1H), 3.52-3.64 (m, 0\3B176-4.00 (m,
0.7H), 4.11-4.26 (m, 2H), 4.80 (@=16.4 Hz, 1H), 4.94-5.00 (m, 0.3H), 5.04 (&17.9 Hz,
0.7H), 5.15 (ddJ=18.0, 2.7 Hz, 0.3H), 5.48 (bs, 0.7H), 7.09-7.18 (i), 7.20-7.24 (m, 2.3H),
7.27-7.31 (m, 0.7H), 7.48 (dd=12.9, 7.8 Hz, 0.3H), 7.54 (dd=11.4, 7.8 Hz, 0.7H), 8.66 (t,
J=4.7 Hz, 0.7H), 8.64-8.71 (m, 0.3HJC NMR (CDCl3, 100 MHz): § 13.5, 13.7, 13.9, 14.0,
14.1, 14.4, 26.7, 26.9, 27.1, 28.3, 30.1, 30.26,381.9, 32.0, 32.1, 32.5, 32.6, 39.0, 39.1, 43.1,
43.8, 45.1, 45.1, 49.6, 49.7, 57.1, 57.1, 57.26,617.9, 78.0, 78.4, 79.5, 109.0, 109.0, 109.1,
109.2, 109.3, 109.8, 109.9, 115.1, 115.1, 115.8,31118.5, 119.6, 119.7, 119.7, 121.9, 126.5,
126.7, 126.8, 133.8, 134.0, 134.4, 137.3, 137.8,018.50.1, 150.1, 151.5, 158.4, 158.9, 159.2,
159.4, 163.9, 164.0, 169.4, 169.5, 169.6, 169HRMS: calc. for [M+H]
C,7H»9N30.4F3S:548.18254, found: 548.18209

(+/-)-Ethyl 2-(5-methoxy-3-(2-(methylthio)-5-(trifluoromethyl)nicotinoyl)-1,2,3,4,5,6-
hexahydro-7H-2,6-methanoazocino[5,4-b]indol-7-yl)astate (86):
MeS Compound 86 (76 mg, 84%) was synthesized as described for

O, =N
\ / compoundd4 using 2-chloro-5-(trifluoromethyl)nicotinic acid &S:

N
@Q_} CFs  280566-45-2) as a starting material and followihg procedure for
N

OMe compound67 to obtain the chloride derivative (crude produgpise
ol
0]

enough to be used for the amide formatith)NMR (CDCI 5, 400
MHz) (rotameric mixture 1:1)6 1.23-1.28 (m, 3H), 1.98 (d~12.2 Hz, 0.5H), 2.15-2.32 (m,
1.5H), 2.58-2.67 (m, 4H), 2.95-3.13 (m, 2H), 3.280%.5H), 3.26-3.36 (m, 1H), 3.42 (s, 1.5H),
3.49 (d,J=3.2 Hz, 1H), 3.67-3.73 (m, 0.5H), 3.95 (bs, 0.5411-4.26 (m, 2H), 4.81 (dd,
J=18.0, 13.4 Hz, 1H), 4.89 (dd=12.9, 4.9 Hz, 0.5H), 5.03 (d=17.9 Hz, 0.5H), 5.15 (d,
J=18.0 Hz, 0.5H), 5.42 (bs, 0.5H), 7.10-7.17 (m, 1H}19-7.24 (m, 2H), 7.51 (dd=19.1, 7.7
Hz, 1H), 7.62 (bs, 0.5H), 7.67 (bs, 0.5H), 8.69Jl.2 Hz, 0.5H), 8.76 (dl=1.2 Hz, 0.5)*°C
NMR (CDCl3;, 100 MHz): 6 13.2, 13.4, 14.3, 28.5, 29.8, 30.3, 31.6, 31.88,339.2, 43.2, 45.0,
45.0, 49.3, 57.0, 61.4, 78.1, 79.2, 108.8, 10909, 1, 109.7, 118.2, 118.3, 119.6, 121.9, 122.3,
125.0, 126.3, 126.5, 130.1, 130.8, 131.1, 133.4,11337.2, 137.3, 146.2, 146.2, 161.1, 165.6,
165.7, 169.3, 169.MWRMS: calc. for [M+H] Cy/H,oN304F5S: 548.18254, found:548.18391
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5-bromo-2-(methylthio)nicotinic acid (87):

O sSMe To a solution of 5-bromo-2-chloronicotinic acid (§A29241-65-4) (100mg,
HO™ 7 N 0.423 mmol) in a mixture of in dioxane (1 mL, 0.4 &hd water (0.4 mL, 1.0 M),

/ sodium thiometoxide (75 mg, 1.06 mmol) was added #re mixture was

allowed to stir in a sealed tube at 120° overnigitie mixture was then acidify with citric acid
(20% aqueous solution) to pH 3-4 and extracted withyl acetate. The crude product was
purified by flash chromatography (2 to 10% MeOH/Dig give produc87 (50 mg, 48%) as a
white solid."H NMR (DMSO-d6, 400 MHz): § 2.42 (s, 3H), 8.30 (dl=2.4 Hz, 1H), 8.78 (d,
J=2.4 Hz, 1H), 13.71 (bs,.1HHRMS: calc. for [M+H] C;H,NO.,BrS: 247.93754, found:

247.93714. Calc. for [M+H]C/H;NO,*'BrS: 249.93475, found: 249.93549

(+/-)-Ethyl 2-(5-acetoxy-1,2,3,4,5,6-hexahydro-7H;@-methanoazocino[5,4-blindol-7-
yl)acetate (88):
NH Compound88 (72%, white solid) was synthesised as described for
@jQ} compound59. *H NMR (CDCl 5, 400 MHz): § 1.26 (t,J=7.1 Hz, 3H),

N oAc 201 (s, 3H), 2.06 (d]=14.0 Hz, 1H), 2.21 (dJ=12.6 Hz, 1H), 2.67 (t,
\/o{ J=11.3 Hz, 1H), 2.80 (bs, 1H), 2.85 #17.1 Hz, 1H), 2.99 (dd=4.7,

° 12.0 Hz, 1H), 3.22 (dd}=6.2, 17.2 Hz, 1H), 3.41 (s, 1H), 3.54 (s, 1H),
4.12-4.26 (m, 2H), 4.87 (s, 2H), 5.08 (@t4.5, 9.2 Hz, 1H), 7.13-7.17 (m, 1H), 7.20-7.26 (m,
2H), 7.54 (d,J=7.7 Hz, 1H). ).*C NMR (CDCl3, 100 MHz): §14.2, 21.1, 28.8, 31.1, 33.0,
42.1,44.7,45.2, 61.5, 72.7, 108.8, 111.4, 11819,5, 121.7, 126.7, 134.1, 137.0, 168.8, 170.0
HRMS: calc. for [M+H] CyoH2sN,0,: 357.18088, found. 357.18259

(+/-)-Ethyl 2-(5-acetoxy-3-(2-(methylthio)nicotinoy)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocinol[5,4-blindol-7-yl)acetate (89):
MeS Compound89 (71%, white solid) was synthesised as described for

o =N
\ » compound(+/-)-Glupin-1. 1H NMR (CDCl;, 400 MHz) (rotameric

@\/QN) mixture} & 1.25 (t,J=7.12 Hz, 3H), 1.94-2.00 (m, 2H), 2.08 (s, 1H),

N oac 2.11-2.19 (m, 1H), 2.27 (bs, 1H), 2.59-2.66 (m, 34Y5-3.09 (m, 3H),
\/Of 3.33-3.38 (m, 1H), 3.50 (dd=2.8, 15.0 Hz, 1H), 4.12-4.24 (m, 2H),
4.71-4.90 (m, 2H), 5.01-5.24 (m, 1H), 5.47 (s, THR7-7.24 (m, 4H), 7.47-7.51 (m, 1H), 7.56
(d, J=7.71 Hz, 1H), 8.38-8.54 (m, 1H¥*C NMR (CDCl;, 100 MHz)rotameric mixture) &
13.3, 13.4, 14.2, 21.0, 21.1, 27.1, 28.4, 30.38,380.9, 31.4, 42.8, 44.8, 61.8, 71.0, 71.8, 109.0,
109.1, 110.4, 118.4, 118.6, 119.4, 120.0, 120.2,31222.3, 126.5, 126.7, 130.7, 131.2, 132.8,
132.9, 134.0, 134.3, 137.2, 149.6, 156.0, 167.3,416168.7, 169.8, 169.dRMS: calc. for
[M+H]* C,7H3oN30sS: 508.19007, found. 508.19232
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(+/-)-Ethyl 2-(5-hydroxy-3-(2-(methylthio)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocinol[5,4-blindol-7-yl)acetate (90):

MeS To a solution of compound9 (0.39 g, 0.786 mmol) in a mixture of
o )=N ,
T\ THF (0.07 M)/HO (0.16 M), LIiOH (0.110 g, 4.61 mmol) was
@\/Q) dissolved. The mixture was allowed to stir for dmeur and then
N “OH taken to pH~3 with HCI 1M. The mixture was extratcteith DCM
\/OTX (3x) and the solvents were removiedsacuo. The crude product was
o)

then redissolved in EtOH (0.1 M) and sulphuric asi@ls added (8
M). The mixture was allowed to stir overnight abmo temperature. The mixutre was then
neutralized with NgCO; and extracted with DCM. After evaporation of tlwvents, the crude
product was purified by preparative HPLC (10% t&bB8CN/H,O with 0.1% TFA) to yield
compoundd0 (53%) as a light yellow solidH NMR (CDCl 5, 400 MHz) (rotameric mixture)
5 1.28 (td,J=2.6, 7.1 Hz, 3H), 1.94-2.12 (m, 1H), 2.19-2.35 (), 2.58-2.65 (m, 3H), 3.02
(bs, 2H), 3.26-3.36 (m, 1H), 3.44-3.47 (m, 1H),04011 (m, 1H), 4.21 (qd=3.5, 7.2 Hz, 2H),
4.68 (ddJ=5.3, 13.4 Hz, 0.4H), 4.84-5.07 (m, 4H), 5.44 (§H), 7.06-7.24 (m, 4H), 7.46 (bs,
1H), 7.54 (ddJ=7.8, 15.1 Hz, 1H), 8.50 (dd=1.5, 5.1 Hz, 0.6H), 8.57 (dd=1.4, 4.9 Hz,
0.4H)."C NMR (CDCl3, 100 MHz) (rotameric mixture)s 13.4, 13.5, 14.3, 28.4, 30.3, 31.5,
33.5, 33.6, 42.4, 42.9, 45.1, 49.1, 62.1, 62.34,690.1, 109.0, 109.1, 118.3, 118.6, 119.5,
120.1, 120.2, 122.3, 122.4, 126.5, 126.8, 132.8,3,334.1, 134.5, 137.3, 137.5, 149.4, 149.5,
156.1, 167.2, 167.3, 170.2, 174RMS: calc. for [M+H]" C,sH2gN30,S: 466.17950, found.
466.17937

(+/-)-Benzyl 4-(allyloxy)-6-0x0-2-azabicyclo[3.3.hpnane-2-carboxylate (91):
on o ph To a solution of compound4 (0.103 g, 0.356 mmol) in THF (1.8 mL, 0.2
Y ~ M), allyl ethylcarbonate (CAS number: 1469-70-1)1@D mL, 0.712
\ mmol) and a solution of Pd(PRh(0.021 mg, 0.018 mmol) in THF (1.8
mL; 0.01M) were added. The mixture was allowedtioat 80° for 2.5 h.

o} The mixture was then filtered through Celite an@ tholvents were

’/,O/\/

removedin vacuo. The crude product was purified by chromatograghyto 5% ethyl
acetate/DCM) to obtain compoud (50.7 mg, 43%) as colorless 0iH NMR (CDCl 5, 400
MHZz) (rotameric mixture 1:1) 1.88-2.06 (m, 3H), 2.15-2.27°(m, 1H), 2.42-2.6] pH), 3.06
(bs, 1H), 3.15-3.23 (m, 1H), 3.76 (t8k11.5, 5.9 Hz, 1H), 3.94-4.03 (m, 1H), 4.14-4.21, (m
1H), 4.34 (dddJ=20.9, 14.4, 7.5 Hz, 1H), 4.42(bs, 0.5H), 4.51 (58H), 5.14-5.20 (m, 3H),
5.25 (d,J=17.3 Hz, 1H), 5.85 (ddd=22.7, 10.9, 5.8 Hz, 1H), 7.31-7.38 (m, SHRMS: calc.
for [M+H] " C1oH24NO,: 330.16998, found: 330.17035
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(+/-)-Benzyl 5-(allyloxy)-1,2,4,5,6,7-hexahydro-3F2;6-methanoazocino[5,4-b]indole-3-
carboxylate (92):

o) Compound 92 (35 mg, 73%) was synthesized as described for

N>Lo\—ph compound52 and isolated with a 10% impurityH NMR (CDCl
@\/Q) 400 MHZz) (rotameric mixture 1:1)6 1.98-2.09 (m, 2H), 1.98-2.09

I = (m, 2H), 2.54 (ddJ=12.0, 11.2, 0.5H), 2.60 {#=8.0 Hz, 0.5H), 2.78

(d, J=16.8 Hz, 0.5H), 2.83 (dJ]=17.0 Hz, 0.5H), 3.07-3.13 (m, 1H), 3.32-3.33 (rH|),13.69
(ddd,J=15.5, 10.7, 4.8 Hz, 1H), 4.03-4.10 (m, 2H), 4.8d,0=12.6, 5.3 Hz, 0.5H), 4.74 (bs,
0.5H), 4.81 (bs, 0.5H), 5.12-5.20 (m, 3.5H), 5.8d,0=17.3, 6.5 Hz, 1H), 5.90 (ddd=22.6,
10.7, 5.5 Hz, 1H), 7.07-7.10 (m, 1H), 7.14-7.18 gH), 7.30-7.36 (m, 3H), 7.41 (d+4.2 Hz,
2H), 7.45 (dd J=15.8, 7.8 Hz, 1H), 7.92 (bs, 0.5H), 7.96 (bs, 0,5fC NMR (CDCl;, 100
MHz): $ 21.2, 21.6, 27.8, 28.2, 30.2, 30.6, 33.0, 33.26,482.7, 67.3, 67.5, 67.0, 70.0, 75.5,
75.8, 109.2, 109.5, 111.0, 111.1, 117.2, 118.0,111819.4, 121.6, 125.4, 127.0, 127.0, 128.0,
128.1, 128.1, 128.2, 128.4, 128.6, 128.7, 129.2,81332.9, 135.0, 136.2, 136.9, 137.0, 138.0,
155.7, 155. HRMS: calc. for [M+H] C,sH,7N,O5: 403.20162, found: 403.20132

(+/-)-Benzyl 5-(allyloxy)-7-(2-ethoxy-2-oxoethyl)-2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3-carboxylate (93):
Q o Compound93 (0.150 mg, 85%) was synthesized as described for
N —Ph compounds3. 'H NMR (CDCl 3, 400 MHz) (rotameric mixture 1:1)3

N\ 1.24 (t,J=6.9 Hz, 3H), 1.97-2.07 (m, 2H), 2.59-2.70 (m, 1R)B890
o{ (t, J=17.9 Hz, 1H), 3.12-3.20 (m, 1H), 3.40 @3.0 Hz, 1H), 3.67-

° 3.73 (m, 1H), 3.97-4.27 (m, 5H), 4.75-4.77 (m, 14)81-4.82 (m,
1H), 5.13-5.30 (m, 5H), 5.81-5.90 (m, 1H), 7.08%7(fn, 1H), 7.13-7.21 (m, 2H), 7.31-7.37 (m,
3H), 7.41 (dJ=4.3 Hz, 2H), 7.46 (dd}=11.0, 8.0 Hz, 1 H)"*C NMR (CDCl; 100 MHz): §
14.3, 30.7, 31.0, 32.0, 32.0, 42.0, 42.1, 45.11 4%5.2, 61.4, 67.3, 67.5, 70.2, 70.4, 76.3, 76.6,
108.9, 109.6, 109.9, 117.4, 117.5, 118.2, 118.8,51121.7, 126.7, 126.7, 128.0, 128.1,128.1,
128.2, 128.6, 128.7, 134.1, 134.1, 134.6, 134.6,91337.2, 155.6, 169.5, 16FHRMS: calc.
for [M+H] " C,gH3aN,Os: 489.23840, found: 489.23778
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(+/-)-Ethyl 2-(5-propoxy-1,2,3,4,5,6-hexahydro-7H-B-methanoazocino[5,4-b]indol-7-
yl)acetate (94):
N Compound94 (0.041 mg, 93%) was synthesized as described for
@\/Q2 compounds9. 'H NMR (CDCl 5, 400 MHZz): § 0.87 (t,J=7.4 Hz, 3H),
N b_\_Me 1.26 (t,J=7.1 Hz, 3H), 1.54 (dgJ=14.1, 7.0 Hz, 3H), 1.97-2.18 (m,
g { 2H), 2.53 (dJ=13.6 Hz, 1H), 2.74 (1)=11.5 Hz, 1H), 3.22-3.48 (m,
6H), 4.04-4.07 (m, 1H), 4.13-4.25 (m, 2H), 4.78 1€18.0 Hz, 1H), 5.14 (dJ=18.0 Hz, 1H),
7.08-7.24 (m, 3H), 7.46-7.51 (m, 1HJC NMR (CDCI3, 100 MHz): § 10.7, 14.3, 23.2, 25.4,
28.9, 31.3, 40.4, 44.9, 46.5, 61.6, 71.7, 74.8,4,0809.0, 118.5, 119.9, 122.2, 126.2, 133.7,
137.2, 169.3HRMS: calc. for [M+H] C,H»¢N,O5: 357.21727, found: 357.21660

(+/-)-Ethyl 2-(3-(2-(methylthio)nicotinoyl)-5-propoxy-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocinol[5,4-blindol-7-yl)acetate (95):

Compound95 (0.022 g, 39%) was synthesized as described+b)-
/=™ Glupin-1.'H NMR (CDCl 3, 700 MHz) (rotameric mixture 1:1)3 0.8

\_/
@\/Q} (tJ=7.4 Hz, 1H), 0.91 (t}=7.4 Hz, 2H), 1.25 (q)=7.1 Hz, 4H), 1.41-
N\
N o-_ 146 (m 1H), 151-1.60 (m, 2H), 1.94-2.33 (m, 28)56-2.66 (m,
\/0{ " 3H), 3.05-3.34 (m, 2H), 3.46 (s, 1.5H), 3.48 (s) 1357 (ddJ=15.5,
O

7.0 Hz, 0.5H), 3.76 (bs, 0.5H), 3.99 (s, 0.5H)344124 (m, 2H), 4.78
(dd, J=23.4, 18.0 Hz, 1H), 4.86 (dd=12.9, 4.9 Hz, 0.5H), 5.16 (d=18.0 Hz, 0.5H), 5.27 (d,
J=18.1 Hz, 0.5H), 5.42 (s, 0.5H), 7.05-7.23 (m, 4A}1-7.52 (m, 2H), 8.48 (d=4.8 Hz,
0.5H), 8.54 (d,J=4.8 Hz, 0.5H)**C NMR (CDCls, 100 MHz): § 10.7, 10.8, 13.3, 13.4, 14.3,
23.1, 23.4, 28.5, 304, 31.7, 32.4, 32.6, 42.9, 45500, 51.0, 61.5, 71.8, 71.3, 108.9, 109.0,
109.7, 118.1, 118.2, 118.4, 119.3, 119.5, 119.6,81221.8, 126.5, 126.7, 133.7, 134.2, 134.5,
137.2, 137.2, 149.2, 149.3, 161.3, 161.4, 166.8,916169.5, 169.6{RMS: calc. for [M+H]'
CasH3aN30,S:508.21918, found: 508.22645

(+/-)-Ethyl 2-(5-(allyloxy)-1,2,3,4,5,6-hexahydro-M-2,6-methanoazocino[5,4-blindol-7-
yl)acetate (96):
Compound 96 (0.050 g, 79%) was synthesized as described for

@\/Q) compound119*H NMR (CDCl 3, 400 MHz) (rotameric mixture 1:1):

N 81.25 (t,J=7.1 Hz, 3H), 2.14 (dJ=12.5 Hz, 1H), 2.61 (dJ=13.8 Hz,

\/O{ HBr salt 1H), 2.76-2.84 (m, 1H), 3.34 (d=2.7 Hz, 2H), 3.43 (dJ=10.6 Hz,
° 1H), 3.50 (dJ=2.2 Hz, 1H), 4.06 (d}=5.5 Hz, 2H), 4.12-4.24 (m, 4H),

4.79 (d,J=18.0 Hz, 1H), 5.07 (d]I=18.0 Hz, 1H), 5.21 (d]=10.4 Hz, 1H), 5.25 (ddl=17.2, 1.2
Hz, 1H), 5.83 (dddJ=22.7, 10.9, 5.7 Hz, 1H), 7.13-7.16 (m, 1H), 7.2257(m, 2H), 7.51 (d,
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J=7.8 Hz, 1H), 9.47 (bs, 2HYC NMR (CDCl;, 100 MHz): § 14.3, 25.0, 28.5, 31.1, 40.2, 45.0,
46.8, 61.7, 71.1, 73.8, 108.1, 109.1, 118.4, 11826.0, 122.4, 126.0, 133.2, 133.7, 137.3,
169.2HRMS: calc. for [M+H] CpHN,Os: 355.20162, found: 355.20058

(+/-)-Ethyl 2-(5-(allyloxy)-3-(2-(methylthio)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocinol[5,4-blindol-7-yl)acetate (97):
OMeS N Compound97 (0.039 g, 61%) was synthesized as describe+o)-
N?-{\:/) Glupin-1. *H NMR (CDCl;, 500 MHz) (rotameric mixture 1:1)8
@\/Q) 1.24 (q,J=6.9 Hz, 3H), 1.94-2.33 (M, 2.5H), 2.59-2.65 (M) ABI79-
N 0~ __ 3.07 (m, 1.5H), 3.30-3.35 (m, 1H), 3.45-3.47 (nbH), 3.82 (bs,
\/O{ 1.5H), 4.00 (bs, 0.5H), 4.06 (d&12.6, 5.6 Hz, 0.5H), 5.02-5.11 (m,
° 1.5H), 5.19-5.29 (m, 1.5H), 5.42 (s, 0.5H), 5.7d, @11.1, 5.7 Hz,
0.5H), 5.89 (ddd,)=22.5, 10.7, 5.5 Hz, 0.5H), 7.04 (d#k7.1, 5.2 Hz, 0.5H), 7.09-7.14 (m,
1.5H), 7.18-7.23 (m, 2H), 8.47 (dd:4.8, 1.3 Hz, 0.5H), 8.53 (dd=4.8 Hz, 0.5H)*C NMR
(CDCl;, 100 MHz): 6 13.1, 13.3, 14.3, 28.4, 31.7, 32.3, 32.5, 42.8),4%6.0, 49.0, 51.0, 61.5,
61.5, 70.4, 70.5, 76.2, 109.0, 109.0, 117.4, 1171®.2, 118.4, 119.2, 119.6, 119.6, 121.8,
121.8, 126.4, 126.6, 133.6, 134.0, 134.2, 134.4,51337.1, 137.2, 149.4, 149.4, 166.9, 167.0,
169.4, 169.51RMS: calc. for [M+H]" C,gH3,N30,S: 506.21080, found: 506.21021

(+/-)-2-(5-methoxy-3-(2-(methylthio)nicotinoyl)-1,23,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-b]indol-7-yl)acetic acid (98):

MeS To a solution of(+/-)-Glupin-1 (5.0 mg, 0.010 mmol) in THF (0.14

R \_'j mL, 0.07 M) and KD (60uL, 0.16M), LiOH (1.5 mg, 0.06 mmol) was

N added. The mixture was allowed to stir for 1 hdure mixture was
O\/NQ{)W then taken to pH 2 with HCI 1M and extracted witGNd. The crude
HO\K product was purified by chromatography (due toahmunt of crude
0 product the chromatograpy was performed on a Papipatte, 1 to

5% MeOH/DCM) to obtain produd@8 (2.1 mg, 47%) as a solid. The compound purity was
checked by uHPLC (> 95%) and characterized onlyHRMS. HRMS: calc. for [M+H]
C24H25N304S: 452.16385, found: 452.16381

134



Experimental Part: Glucose Uptake Inhibition

(+/-)- (5-methoxy-1,2,4,5,6,7-hexahydro-3H-2,6-medinoazocino[5,4-bJindol-3-yl)(2-
(methylthio)pyridin-3-yl)methanone (107):

MeS To a solution of compound07 (100 mg, 0.266 mmol) in EtOH

R \_'j (2.7 mL, 0.1 M), ammonium formate (84 mg, 1.328 Mnand

N Pd/C (13 mg, 50mg/mL) were added. The mixture weélsixed for
@;Q%Me 1.5h. The solvents were removedvacuo and the crude product

was redissolved in DCM (2.9 mL, 0.1M). To this dma
triethylamine (80.6uL, 0.579 mmol) and 2-(methylthio)nicotinoyl chloeid54.2 mg, 0.289
mmol) were added and the mixture was allowed toaternight at room temperature. The
organic phase was washed with sodium bicarbonatturéged aqueous solution) and the
solvents were removeith vacuo. The crude product was purified by chromatogratzhyield
compoundl107 (92 mg, 81%) as a white foamy solldRMS: calc. for [M+H] C,;H,4N30,S:
394.15837, found: 394.15833; calc. for [M+N&},H,3N:0,NaS: 416.14032, found: 416.14028

(+/-)-Benzyl 10-chloro-5-methoxy-1,2,4,5,6,7-hexatyo-3H-2,6-methanoazocino[5,4-
blindole-3-carboxylate (108):

0 Compound108 (0.104 g, 73%) was synthesized as described for
ol N O\—ph compound109 using 4-chlorophenylhydrazine chloride (CAS:
\@@ 1073-70-7).'H NMR (CDCl3; 400 MHz) (rotameric mixture
N OMe 1:1). 3 2.00-2.08 (m, 2H), 2.50 (di=23.6, 11.8 Hz, 1H), 2.76 (t,

J=17.6 Hz, 1H), 3.05 (dt]=16.6, 5.1 Hz, 1H), 3.31-3.33 (m, 1H), 3.40 Jd8.2 Hz, 3H), 3.54
(dd, J=9.2, 4.3 Hz, 1H), 4.14 (dd=12.8, 5.2 Hz, 0.5H), 4.30 (dd:12.7, 5.2 Hz, 0.5H), 4.75
(bs, 0.5H), 4.83 (bs, 0.5H), 5.19 (&18.9 Hz, 2H), 7.08 (d]=8.6, 1.8 Hz, 1H), 7.18 (J=8.6

Hz, 1H), 7.35-7.42 (m, 6H), 8.09 (d=10.9 Hz, 1H).**C NMR (CDCl; 100 MHz): §27.6,
28.0, 30.0, 30.3, 42.3, 42.3, 45.2, 56.9, 67.46,677.4, 77.5, 77.9, 108.9, 109.2, 111.9, 112.0,
117.5, 117.6, 121.6, 125.0, 128.0, 128.0, 128.8,2,228.6, 128.7, 134.3, 134.4, 134.4, 136.8,
136.8, 155.6HRMS: calc. for [M+H] CuH,4N,O:Cl: 411.14700, found: 411.14757. Calc. for
[M+H] * Co3H24N,05%'Cl: 413.14405, found: 413.14456
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(+/-)-Benzyl 10-bromo-5-methoxy-1,2,4,5,6,7-hexahyat3H-2,6-methanoazocino[5,4-
blindole-3-carboxylate (109):

To a solution of compoun8d0 (0.300 g, 0.99 mmol) in glacial

o}
N>—0\_Ph acetic acid (6.6 mL, 0.15 M), 4-bromophenylhydrazahloride
Br\©\/\<;2) (CAS: 622-88-8) (0.221 g, 0.99 mmol) was added &mel
N “OMe mixture was stirred and refluxed for 1 hour. Thectorie was
H

then neutralised with sodium bicarbonate (saturatg@deous
solution) and extracted with ethyl acetate. Thaderproduct was purified by chromatography
(3% ethyl acetate/DCM) to obtain compout@d (0.378 g, 84%) as an orange foamy sdlid.
NMR (CDCl3, 400 MHZz) (rotameric mixture 1:1)3 1.96-2.09 (m, 2H), 2.47 (dt, J=23.4, 11.8
Hz, 1H), 2.75 (t, J=17.8 Hz, 1H), 3.04 (dt, J=16.6 Hz, 1H), 3.31-3.34 (m, 1H), 3.393d3.5
Hz, 3H), 3.54 (tdJ=10.1, 5.6 Hz, 1H), 4.13 (dd=12.8, 5.6 Hz, 0.5H), 4.13 (dd=12.6, 5.3
Hz, 0.5H), 4.74 (bs, 0.5H), 4.82 (bs, 0.5H), 5.88J¢18.5 Hz, 2H), 7.16 (dJ=8.6 Hz, 1H),
7.22 (dd,J=8.6, 1.8 Hz, 1H), 7.31-7.41 (m, 5H), 7.57 (¢5.8 Hz, 1H), 8.00 (dJ=12.9 Hz,
1H). *°C NMR (CDCl;, 100 MHz): § 27.6, 27.0, 30.0, 30.4, 32.6, 33.0, 42.3, 42.32,457.0,
57.0,67.4,67.6, 77.4, 77.5, 77.9, 108.9, 10912,4, 112.7, 120.7, 120.8, 124.3, 128.0, 128.1,
128.2, 128.3, 128.6, 128.7, 134.2, 134.3, 134.%/.813136.8, 155.6ESI: calc. [M+HT:
C,3H24N,04Br: 455.0, found 455.0; calc. [M+H CyH,4N,0:2'Br: 457.0, found 457.0

(+/-)-Benzyl 10-iodo-5-methoxy-1,2,4,5,6,7-hexahyoh3H-2,6-methanoazocino[5,4-
blindole-3-carboxylate (110):
Compoundl110(0.250 g, 54%) was synthesized as described for

o)
}—o\_ compound109, using 4-iodophenylhydrazine (CAS: 13116-27-
Ph

K@\/QN) 3).'H NMR (CDCl 3, 400 MHz) (rotameric mixture 1:1)5 1.99-
N\ “OMe 2.12 (m, 2H), 2.51 (dt}=23.8, 11.7 Hz, 1H), 2.76 ({=17.6 Hz,

: 1H), 3.03 (ddJ=16.9, 5.3 Hz, 1H), 3.32 (d=6.2 Hz, 1H), 3.39
(d, J=15.3 Hz, 3H), 3.54 (dt)=9.8, 5.0 Hz, 1H), 4.16 (ddl=12.5, 5.1 Hz, 0.5H), 4.32 (dd,
J=12.3, 5.5 Hz, 0.5H), 4.76 (bs, 0.5H), 4.84 (b&§H), 5.22 (d,J=19.3 Hz, 2H), 7.02 (dd,
J=8.4, 3.6 Hz, 1H), 7.41 (dd=27.2, 4.2 Hz, 6H), 7.86 (s, 1H), 8.27 (&6.6 Hz, 1H).**C
NMR (CDCl3, 100 MHz): 827.5, 27.9, 29.8, 30.2, 32.3, 32.6, 42.2, 42.21,456.8, 56.9, 67.3,
67.5, 77.4, 77.8, 82.6, 108.3, 108.6, 112.9, 12626.8, 127.9, 128.1, 128.2, 128.5, 128.6,

129.4, 129.4, 129.5, 133.6, 133.7, 135.1, 136.6.713155.5HRMS: calc. for [M+H]
Co3H24N2051: 503.08261, found: 503.08331
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(+/-)-Benzyl 10-hexyl-5-methoxy-1,2,4,5,6,7-hexahya 3H-2,6-methanoazocino[5,4-
blindole-3-carboxylate (111):
0 Compoundl11(0.220 g, 48%) was synthesized as described
N>LO¥Ph for compoundl09, using 4n-hexylphenylhydrazine chloride
/\/\/\Q\/NQ{) e (CAS: 823-85-8) as the starting materi#l. NMR (CDCl 5,
H 400 MHz) (rotameric mixture 1:1)6 0.88-0.92 (m, 3H),
1.27-1.39 (m, 6H), 1.61-1.70 (m, 2H), 1.96-2.10 @H), 2.56 (quinJ=11.4 Hz, 1H), 2.69 (t,
J=17.0 Hz, 2H), 2.80 (J=17.0 Hz, 1H), 3.09 (dt}=16.7, 6.4 Hz, 1H), 3.30-3.33 (m, 1H), 3.40
(d, 3=2.1 Hz, 3H), 3.54 (tdJ=10.5, 5.0 Hz, 1H), 4.12 (dd~=12.4, 5.4 Hz, 0.5H), 4.29 (dd,
J=12.5, 5.4 Hz, 0.5H), 4.75 (bs, 0.5H), 4.82 (b§H), 5.18 (dJ= 19.2 Hz, 2H), 6.99 (d]=8.2
Hz, 1H), 7.23 (tJ=8.5 Hz, 2H), 7.30-7.39 (m, 3H), 7.42 k4.2 Hz, 2H), 7.84 (dJ=12.9 Hz,
1H). *C NMR (CDCl;, 100 MHz): § 14.3, 22.8, 27.8, 28.2, 29.3, 30.2, 30.6, 32.06,323.0,
36.3, 42.3, 42.4, 455, 56.8, 67.3, 67.5, 77.71,7808.8, 109.1, 110.7, 110.7, 117.1, 117.2,

122.5,127.1, 127.1, 128.0, 128.0, 128.1, 128.8,612428.7 ,132.8, 132.9, 134.0, 134.1, 134.6,
136.9, 137.0, 155.ARMS: calc. for [M+H] CygHz/N,Os: 461.27987, found: 461.28035

(+/-)-Benzyl 8-chloro-5-methoxy-1,2,4,5,6,7-hexahyol 3H-2,6-methanoazocino[5,4-
blindole-3-carboxylate (112):
Compound112 (0.220 g, 48%) was synthesized as described for

z>\_o\_Ph compound 109 using 6-chlorophenylhydrazine hydrochloride
©\/Q) (CAS:823-85-8)H NMR (CDCl; 400 MHz) (rotameric mixture
N “OMe 1:1). 8 2.04 (d,J=12.1 Hz, 2H), 2.60 (quin}=11.4 Hz, 1H), 2.86 (t,

o " J=17.9 Hz, 1H), 3.12 (dtJ=16.4, 4.8 Hz, 1H), 3.38-3.44 (m, 4H),

3.57 (bs, 1H), 4.22 (dd=12.0, 4.7 Hz, 0.5H), 4.39 (dd&12.5, 4,9 Hz, 0.5H), 4.81 (bs, 0.5H),
4.90 (bs, 0.5H), 5.26 (d=18.1 Hz, 2H), 7.06 (t}=7.7 Hz, 1H), 7.19 (dJ=7.5 Hz, 1H), 7.30-
7.47 (m, 6H), 8.38 (bs, 0.5H), 8.42 (bs, 0.5K. NMR (CDCl5;, 100 MHz): $27.7, 28.1, 29.9,
30.3, 32.4, 32.7, 42.0, 42.1, 45.0, 56.7, 56.82,667.4, 77.3, 77.7, 110.0, 110.3, 116.2, 116.3,
116.5, 116.6, 120.0, 120.8, 127.8, 127.9, 128.8,11228.3, 128.4, 128.5, 128.6, 133.2, 133.5,
133.6, 136.7, 136.8, 155.BIRMS: calc. for [M+H] CyH./N,OsCl: 411.14700, found:
411.14752. Calc. for [M+H]C,3H,4N,05>'Cl: 413.14405, found: 413.14436
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(+/-)-Benzyl 10-chloro-7-(2-ethoxy-2-oxoethyl)-5-ntboxy-1,2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3-carboxylate (113):
Compound113 (0.253 g, 88%) was synthesized as described for

0
>\*0\_Ph compounds3. CompoundlL13was isolated with a small impurity of

cﬁ@j@r\f) the ethyl 2-bromoacetate, as an orange'tdiNMR (CDCI3, 400
N e MHz) (rotameric mixture 1:1)6 1.24 (t,J=7.1 Hz, 3H), 1.95-2.07

\/Of (m, 2H), 2.56 (dtJ=25.3, 11.8 Hz, 1H), 2.76 (1=16.6 Hz, 1H),
3.10 (dddJ=15.5, 8.6, 5.9 Hz, 1H), 3.35 (4.7 Hz, 3H), 3.38 (sepi=4.5 Hz, 1H), 4.11-4.22
(m, 2,5H), 4.33 (ddJ=12.6, 5.0 Hz, 0.5H), 4.74-4.79 (m, 1.5H), 4.84, (@SH), 5.09 (dd,
J=21.1, 18.3 Hz, 1H), 5.19 (d=14.6 Hz, 2H), 7.09-7.14 (m, 2H), 7.31-7.42 (m, 68 NMR
(CDCI3, 100 MHz): 6 14.3, 27.78, 28.0, 30.4, 30.7, 31.8, 31.9, 41167,445.0, 45.1, 56.8,
57.0, 61.4, 67.3, 67.5, 68.3, 77.4, 78.2, 78.6,3,0809.6, 110.0, 117.7, 117.8, 121.7, 125.2,
127.6, 127.7, 127.9, 128.0, 128.1, 128.2, 128.8,712135.5, 135.6, 136.8, 155.5, 169.0, 169.1
HRMS: calc. for [M+H]" CyH3oN,OsCl: 497.18378, found: 497.18455 Calc. for [M+H]
Co7H3oN,05>'Cl: 499.18083, found: 499.18182

(+/-)-Benzyl 10-bromo-7-(2-ethoxy-2-oxoethyl)-5-mébxy-1,2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3-carboxylate (114):

Compound114 (0.240 g, 84%) was synthesized as described for
0

N>LO¥Ph compounds3. Compoundll4was isolated with a small impurity of
Br\©\/Q) the ethyl 2-bromoacetate, as an orangétbiNMR (CDCl 5, 400
N OMe MHz) (rotameric mixture 1:1)6 1.25 (t,J=7.1 Hz, 3H), 1.94-2.05
\/OT(? (m, 2H), 2.51-2.63 (m, 1H), 2.77 #17.0 Hz, 1H), 3.05-3.13 (m,

1H), 3.35 (d,J=4.8 Hz, 3H), 3.39 (d)=2.8 Hz, 1H), 3.54-3.59 (m,
1H), 4.12-4.27 (m, 2.5H), 4.34 (d#512.5, 4.9 Hz, 0.5H), 4.76-4.80 (m, 1.5H), 4.85 (bSH),
5.09 (t,J=19.5 Hz, 1H), 5.21 (dz14.8 Hz, 2H), 7.07 (d}=8.7 Hz, 1H), 7.26 (dd)=8.6, 1.9
Hz, 1H), 7.33-7.43 (m, 5H), 7.59 (d=3.7 Hz, 1H).**C NMR (CDCl;, 100 MHz): § 14.0,
14.1, 27.5, 27.8, 30.2, 30.5, 31.6, 31.7, 41.56,444.8, 44.9, 56.7, 56.8, 60.9, 61.3, 67.1, 67.,
368.1, 77.4, 78.0, 78.3, 109.0, 109.3, 110.4, 11226.6, 124.0, 127.8, 127.8, 127.9, 128.0,
128.1, 128.2, 128.4, 128.5, 135.3, 135.4, 135.8,713155.3, 168.7, 168RMS: calc. for
[M+H]* Co/H3oN,OsBr: 541.13326, found: 541.13476. Calc. for [M+HE,H3N,Os'Br:
543.13121, found: 543.13278
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(+/-)-Benzyl 10-iodo-7-(2-ethoxy-2-oxoethyl)-5-metixy-1,2,4,5,6,7-hexahydro-3H-2,6-

methanoazocino[5,4-b]indole-3-carboxylate (115):

Compoundl15(0.253 g, 88%) was synthesized as described fopoand53. Compoundl15

was isolated with a small impurity of the ethyl ®moacetate, as an orange B NMR
o (CDCl3, 400 MHZz) (rotameric mixture 1:1)3 1.24 (t,J=7.1 Hz, 3H),
>\_o\_ph 1.93-2.01 (m, 2H), 2.56 (d#=25.9, 11.8 Hz, 1H), 2.76 #~16.9 Hz,

N

|

@\/Q? 1H), 3.04-3.12 (m, 1H), 3.34 (d=4.7 Hz, 3H, 3.38 (dJ=2.6 Hz,
oM

e

N\

\/O{N 1H), 3.56 (dq,J=14.0, 4.6 Hz, 1H), 4.11-4.23 (m, 2.5H), 4.33 (dd,

o J=12.6, 5.0 Hz, 0.5H), 4.74-4.79 (m, 1.5H), 4.84, @§H), 5.08 (t,
J=19.5 Hz, 1H), 5.20 (d}=14.6 Hz, 2H), 6.98 (dJ=9.8 Hz, 1H), 7.31-7.43 (m, 6H), 7.79 (d,
J=3.4 Hz, 1H).*C NMR (CDCl;, 100 MHz): 5 14.1, 14.2, 27.5, 27.9, 30.2, 30.6, 31.5, 31.6,
415, 41.6, 44.8, 56.7, 56.8, 61.3, 61.6, 63.81,6B7.4, 77.4, 78.0, 78.4, 82.7, 108.8,
109.1,111.0, 126.9, 127.0, 127.8, 127.9, 127.9,01228.4, 128.5, 129.0, 129.6, 143.9, 135.0,
136.2, 136.7, 155.9, 166.9, 168.8, 16BIBRMS: calc. for [M+H] C,HzoN,Osl: 589.11939,
found: 589.12160

(+/-)-Benzyl 7-(2-ethoxy-2-oxoethyl)-10-hexyl-5-mhbbxy-1,2,4,5,6,7-hexahydro-3H-2,6-

methanoazocino[5,4-b]indole-3-carboxylate (116):

Q o Compoundl116 (0.155 g, 72%) was synthesized as described
N “—Ph for compound53 (flash chromatography, 5 to 15% ethyl
/\/\/\O\/NQ%W acetate/petroleum etherfH NMR (CDCI3, 400 MHz)
\/078 (rotameric mixture 1:1)30.89 (t,J=6.9 Hz, 3H), 1.24 (t)=7.1
o)

Hz, 3H), 1.28-1.36 (m, 6H), 1.63 (di=15.3, 7.5 Hz, 2H),
1.96-2.03 (m, 2H), 2.56-2.65 (m, 1H), 2.69)&7.7 Hz, 2H), 2.80 (t)=16.9 Hz, 1H), 3.11-3.17
(m, 1H), 3.33 (dJ=4.9 Hz, 3H), 3.38 (s, 1H), 3.51-3.57 (m, 1H), 44124 (m, 2.5H), 4.30 (dd,
J=12.9, 4.4 Hz, 0.5H), 4.74-4.78 (m, 1.5H) 4.82 (b5H), 5.09 (ddJ=26.6, 18.1 Hz, 1H), 5.18
(d,J=4.4 Hz, 2H), 7.02 (dJ=8.3 Hz, 1H), 7.11 (dJ=8.3 Hz, 1H), 7.25 (d}=7.8 Hz, 1H), 7.31-
7.42 (m, 5H).*C NMR (CDCI3, 100 MHz): § 14.3, 14.3, 22.8, 27.9, 28.2, 29.3, 30.6, 30.9,
31.7, 31.8, 32.0, 32.6, 36.2, 45.0, 45.2, 56.89,561.3, 67.3, 67.5, 78.3, 78.7, 108.6, 109.1,
109.4, 117.4, 117.5, 122.6, 126.7, 126.7, 127.8,01228.1, 128.2, 128.6, 128.7, 134.0, 134.1,
134.1, 135.7, 135.7, 136.9, 155.6, 169.6, 16BRMS: calc. for [M+H]" CsHsaNOs:
547.31665, found: 547.31606
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(+/-)-Benzyl 8-chloro-7-(2-ethoxy-2-oxoethyl)-5-mébxy-1,2,4,5,6,7-hexahydro-3H-2,6-

methanoazocino[5,4-b]indole-3-carboxylate (117):

0 Compound 117 (0.155 g, 72%) was synthesized as described for
N O\—Ph compounds3. CompoundL17was isolated with a small impurity of the
Q\/NQ%MQ ethyl 2-bromoacetate, as an orange'dilNMR (CDCl 3, 400 MHz)
cl \CozEt (rotameric mixture 1:1)6 1.25 (t,J=7.1 Hz, 3H), 1.93-2.06 (m, 2H),

2.56-2.68 (m, 1H), 2.79 (§=17.2 Hz, 1H), 3.08-3.16 (m, 1H), 3.36 (&7.7 Hz, 4H), 3.57 (m,
1H), 4.13-4.22 (m, 2.5H), 4.35 (ddk12.6, 5.0 Hz, 0.5H), 4.79 (bs, 0.5H), 4.86 (bSH), 5.21

(d, J=14.5 Hz, 2H), 5.33 (dd]=18.4, 9.3 Hz, 1H), 5.48 (bs, 1H), 6.99J%7.7 Hz, 1H), 7.12
(dd, J=7.6, 0.6 Hz, 1H), 7.32-7.43 (m, 6HJC NMR (CDCl;, 100 MHz): § 14.2, 27.6, 27.9,
30.5, 30.8, 31.4, 31.5, 41.4, 41.5, 44.9, 46.67,566.8, 60.9, 6.1, 67.2, 67.4, 68.1, 78.1, 78.5,
110.0, 110.3, 116.3, 116.7, 116.8, 120.0, 123.3,81227.9, 128.0, 128.1, 128.5, 128.5, 129.6,
129.6, 132.1, 135.6, 135.7, 136.7, 155.4, 169.8.816169.9HRMS: calc. for [M+H]
CoHaoNL,OsCl: 497.18378, found: 497.18457; calc. for [M¥HJ,/H3N,Os>'Cl: 499.18083,
found: 499.18175

(+/-)-7-(2-ethoxy-2-oxoethyl)-10-chloro-5-methoxy-3,4,5,6,7-hexahydro-1H-2,6-

methanoazocino[5,4-b]indol-3-ium bromide (118):

Hu e Compound118 (39.0 mg, 50%) was synthesized as described for
C'U@ compound119. '"H NMR (CDCl;, 400 MHz). $1.25 (t,J=7.1 Hz,
N “OMe 3H), 2.10 (d,J=12.3 Hz, 1H), 2.54 (dJ=13.8 Hz, 1H), 2.70 (dd,
\/O{ J=20.6, 11.1 Hz, 1H), 3.23 (s, 2H), 3.36 (s, 3H4333.47 (m, 2H),
o}

3.99-4.02 (m, 2H), 4.12-4.24 (m, 3H), 4.753d18.0 Hz, 1H), 7.11
(d,J=8.7 Hz, 1H), 7.16 (dd]=8.7, 1.8 Hz, 1H), 7.45 (d=1.5 Hz, 1H), 9.46 (bs, 2HJC NMR
(CDCls5, 100 MHz): § 14.3, 24.8, 28.3, 30.9, 40.0, 45.1, 46.7, 57.8,615.7, 61.8, 75.7, 107.8,
110.3, 118.0, 122.6, 125.8, 127.1, 134.7, 135.8,8I8RMS: calc. for [M+H] CyeH24N,O:Cl:
363.14700, found: 363.14740; calc. for [M+1g}H,4N,05°'Cl: 365.14405, found: 365.14441

(+/-)-7-(2-ethoxy-2-oxoethyl)-10-iodo-5-methoxy-2,8,5,6,7-hexahydro-1H-2,6-

methanoazocinol[5,4-blindol-3-ium bromide (119):

e To a solution of compountll5 (253 mg, 0.429 mmol) in acetic acid
! N (1.0 mL, 0.43 M), HBr in acetic acid 33% solutidhd9 mL, 0.420
N\ “OMe mmol) was added and the mixture was allowed tofstir30 min.
\/0{ Water was then added and the aqueous phase wastegtrwith
o}

DCM (5X). Solvents were removdd vacuo and the crude product
was purified by chromatography (5 to 10% MeOH/DCtd)yield compoundl19 (180 mg,
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78%) as a pasty solid. The product was isolatell 46:20% of an impurityyH NMR (CDCl 5,
400 MHz): 6 1.22 (t,J=7.1 Hz, 3H), 2.01-2.09 (m, 1H), 2.54-2.72 (m, 2BI}16-3.30 (M, 2H),
3.34-3.48 (m, 2H), 4.01-4.05 (m, 1H), 4.08-4.21 @Hl), 4.72 (d,J=18.0 Hz, 1H), 4.95 (d,
J=18.0 Hz, 1H), 6.96 (d]=8.6 Hz, 1H), 7.41 (dd}=8.6, 1.6 Hz, 1H), 7.80 (d=1.54 Hz, 1H),
9.39 (bs, 2H)*C NMR (CDCl3100 MHz): § 14.2, 24.6, 28.2, 30.7, 39.7, 44.9, 46.4, 57.4,
61.6, 75.4, 83.2, 107.4, 111.3, 127.2, 128.4, 13034.2, 136.6, 168.5IRMS: calc. for
[M+H] " C;gH24N,05l: 455.08261, found: 455.08324

(+/-)-10-hexyl-5-methoxy-7-(2-methoxy-2-oxoethyl);3,4,5,6,7-hexahydro-1H-2,6-
methanoazocinol[5,4-blindol-3-ium bromide (120):
Compound 120 (83.0 mg, 53%) was synthesized as
*E/H B described for compountl9 *H NMR (CDCl s, 500 MHz)
/\/\/\@@ 8 0.86 (t,J=6.8 Hz, 3H), 1.22 (t)=7.1 Hz, 3H), 1.26-1.34
N OMe(m, 6H), 1.59-1.65 (m, 2H), 2.09 (d11.8 Hz, 2H), 2.55
\/Of (d, J=13.7 Hz, 1H), 2.65-2.76 (m, 3H), 3.28 (s, 1H),43(8,
3H), 3.40-3.45 (m, 2H), 3.96-4.00 (m, 1H), 4.0744(éh, 3H), 4.73 (dJ=18.0 Hz, 1H), 4.97 (d,
J=18.0 Hz, 1H), 7.02 (d]=8.4 Hz, 1H), 7.09 (dJ=8.4 Hz, 1H), 7.25 (d)=10.9 Hz, 1H), 9.87
(bs, 2H).**C NMR (CDCl3, 100 MHz): § 14.3, 22.8, 25.1, 28.5, 29.2, 30.8, 31.9, 32.52,36
39.7, 45.0, 46.7, 57.4, 61.6, 75.9, 107.8, 10817,7, 123.3, 126.2, 133.2, 134.6, 135.8, 169.3
HRMS: calc. for [M+H] C,sH3/N,O4: 413.27987, found: 413.27941

(+/-)-8-chloro-7-(2-ethoxy-2-oxoethyl)-5-methoxy-3,4,5,6,7-hexahydro-1H-2,6-
methanoazocino[5,4-b]indol-3-ium bromide (121):

+|/4/H Compound121 (0.150 g, 65%) was synthesized as described for
N oBr compound119 *H NMR (MeOD, 400 MHz): & 1.23 (t,J=7.1 Hz,

N ’/’OMe 3H), 2.11 (dddJ=14.1, 3.9, 2.1 Hz, 1H), 2.36 (diz14.2, 2.8 Hz,
cl \\COZEt 1H), 2.61 (t,J=11.7 Hz, 1H), 3.02 (d]=18.0 Hz, 1H), 3.26 (d]=6.2
Hz, 1H), 3.37-3.42 (m, 4H), 3.62-3.63 (m, 1H), 3(@®, J=11.2, 4.3 Hz, 1H), 4.09-4.10 (m,
1H), 4.14-4.21 (m, 2H), 5.31 (bs, 2H), 7.02)¢7.7 Hz, 1H), 7.12 (dd}=7.7, 0.8 Hz, 1H), 7.41
(dd, J=7.8, 0.8 Hz, 1H)*C NMR (MeOD, 100 MHz): § 14.5, 25.4, 29.4, 31.3, 41.0, 47.8,
48.0, 57.9, 62.5, 77.1, 109.8, 117.5, 118.0, 121288, 130.6, 133.9, 136.7, 17HRMS:
calc. for [M+H] CigH.uN,OsCl: 363.14700, found: 363.14784; calc. for [M+H]

CyoH,4NL052'Cl: 365.14405, found: 365.14485
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(+/-)-Ethyl 2-(10-chloro-5-methoxy-3-(2-(methylthignicotinoyl)-1,2,3,4,5,6-hexahydro-7H-

2,6-methanoazocino[5,4-b]indol-7-yl)acetate (122):

To a solution of compoun#i18(39.0 mg, 0.107 mmol) in DCM (1.2
oMeS —~ ML, 0.09M), 2-(methylthio)nicotinoyl chloride (20rhg, 0.107 mmol)

o N Y/ and triethylamine (0.0328 mL, 0.236 mmol) were atdehe mixture
7@;@2@% was allowed to stir overnight at room temperatiitee solvents were
\/o{ then removedin vacuo and the crude product was purified by

© preparative HPLC (no TFA was added) to give compol@?2 (16.1
mg, 29%).'*H NMR (CDCl 3, 400 MHz) (rotameric mixture 1:1.3% 1.24 (q,J=7.1 Hz, 3H),

1.93 (d,J=11.6 Hz, 0.5H), 2.07-2.32 (m, 1.5H), 2.58 (bs, ,2H%4 (s, 2H), 2.88-3.02 (m, 1.5H),

3.12-3.19 (m, 1.5H), 3.31 (ddds23.4, 15.1, 5.3 Hz, 1H), 3.41 (s, 1.5H), 3.44J<3.4 Hz,

1H), 3.68-3.80 (m, 1H), 4.00 (bs, 0.5H), 4.10-426 2H), 4.75 (ddJ=18.0, 13.6 Hz, 1H), 4.91

(ddJ=12.8, 4.9 Hz, 0.5H), 5.00 (d=18.0 Hz, 0.5H), 5.11 (dJ=18.1 Hz, 0.5H), 5.43 (bs,

0.5H), 7.04 (dd,)=7.5, 5.0 Hz, 0.5H), 7.09-7.16 (m, 2.5H), 7.41 (bd), 7.47 (bs, 1H), 8.47

(ddJ=4.9, 1.7 Hz, 0.5H), 8.54 (dd=4.9, 1.7 Hz, 0.5H)*C NMR (CDCl;, 100 MHz): § 13.2,

13.3, 14.3, 28.3, 30.2, 31.5, 32.1, 32.4, 42.2,4%.2, 46.2, 49.0, 57.1, 57.1, 61.6, 61.6, 78.0,

79.1, 109.6, 110.1, 110.1, 117.8, 118.0, 119.3,,225.4, 127.5, 127.7, 133.5, 135.7, 135.7,

135.8, 149.7, 167.3, 167.4, 169.0, 16ARMS: calc. for [M+H] CyH,oN30,CIS: 514.15618,

found: 514.15692; calc. for [M+HT,eH,N:0,>'CIS: 516.15323, found: 516.15420

(+/-)-Ethyl 2-(10-bromo-5-methoxy-3-(2-(methylthiopicotinoyl)-1,2,3,4,5,6-hexahydro-7H-
2,6-methanoazocino[5,4-blindol-7-yl)acetate (123):
MeS To a solution of compound14 (50 mg, 0.092 mmol) in acetic

O@ acid (0.3 mL, 0.3 M), HBr in acetic acid 33% sobumti(0.063 mL,
BrUQN) Trasar 0-092 mmol) was added and the mixture was allowesdit for 30
N OMe min. Water was then added and the aqueous phasextrasted
\/Of with DCM (5X). Solvents were then removéud vacuo and the
crude product was redissolved in DCM (0.5 mL, OMgB Triethylamine (0.028 mL, 0.202
mmol) and 2-(methylthio)nicotinoyl chloride (17.3gm0.092 mmol) were added and the
mixture was stirred overnight at room temperat@ayvents were then removéa vacuo and
the crude product was purified by preparative HR@.@ive compound.23(30.9 mg, 60%)'H
NMR (CDCI3, 400 MHz) (rotameric mixture 1:1.3% 1.24 (q,J=7.1 Hz, 3H), 1.94 (d)=11.0
Hz, 0.5H), 2.08-2.32 (m, 1.5H), 2.60 (bs, 2H), 2(662H), 2.83-3.03 (m, 1.5H), 3.17 (s, 1.5H),
3.30 (dddJ=23.4, 15.1, 5.4 Hz, 1H), 3.41 (s, 1.5H), 3.45JRB.5 Hz, 1H), 3.68-3.82 (m, 1H),
4.00 (s, 0.5H), 4.09-4.25 (m, 2H), 4.75 (d&18.0, 13.7 Hz, 1H), 4.90 (dd=12.9, 4.9 Hz,
0.5H), 4.99 (d,J=180 Hz, 0.5H), 5.11 (dJ=18.0 Hz, 0.5H), 5.42 (bs, 0.5H), 7.05-7.10 (m,
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1.5H), 7.15 (ddJ=7.2, 5.1 Hz, 0.5H), 7.26-7.28 (m, 1H), 7.46-7.61, {H), 7.57 (s, 0.5H), 7.63
(s, 0.5H), 7.83 (bs, 1H), 8.50 (d&5.0, 1.7 Hz, 0.5H), 8.57 (dd=5.0, 1.7 Hz, 0.5H)**C
NMR (CDCl 3, 100 MHz): 6 13.3, 13.5, 14.3, 28.3, 30.1, 31.4, 32.0, 32.3,388.1, 45.1, 45.1,
49.2,57.1, 61.4, 61.7, 77.9, 79.0, 110.6, 11(18,Qd, 119.5, 120.8, 121.0, 124.6, 128.1, 128.3,
133.9, 135.2, 135.5, 136.0, 136.0, 149.6, 167.4,5,6169.0, 169.HRMS: calc. for [M+H]'
CoeH29N304BrS:558.10567, found: 558.10757; calc. for [M¥H]LeH.oN;0,2'BrS:560.10362,
found: 560.10521After chiral separation (see CHagparation) specific optical rotations were
measured for both enantiomers (as the TFA sal6{fa]p= - 14.8°; (-)61[a]p= +20.3°

(+/-)-Ethyl2-(10-hexyl-5-methoxy-3-(2-(methylthio)mcotinoyl)-1,2,3,4,5,6-hexahydro-7H-
2,6-methanoazocino[5,4-bJindol-7-yl)acetate (124):
Compound124 (60.3 mg, 63%) was synthesized as
o) —N  described for compounti22 '"H NMR (CDCl;, 500
Ve N \_/ MHz) (rotameric mixture 1:1.3) 0.89 (q,J=6.8 Hz,
/\/\/\@@ 3H), 1.24 (ddJJ=13.6, 6.9 Hz, 3H), 1.30-1.37 (m, 6H),
OW; OMe 1.64 (m, 2H), 1.94 (d)=9.8 Hz, 0.5H), 1.98 (s, 1.5H),
ind 5 2.08-2.31 (s, 1.5H), 2.61 (bs, 1.5H), 2.65 (s, 2469
(dd, J=16.8, 9.1 Hz, 2H), 3.05-3.16 (m, 2H), 3.31 (#d13.1, 4.8 Hz, 1H), 3.40 (s, 1.5H), 3.44
(s, 1H), 3.58-3.87 (m, 1H), 3.99 (bs, 0.5H), 4.1»44(m, 2H), 4.76 (t)=18.0 Hz, 1H), 4.89
(dd, J=12.8, 5.0 Hz, 0.5H), 5.00 (d=18.0 Hz, 0.5H), 5.12 (d}=18.0 Hz, 0.5H), 5.42 (bs,
0.5H), 7.02-7.05 (m, 1.5H), 7.11 6.9 Hz, 1.5H), 7.27 (d}=30.4 Hz, 1H), 7.40-7.44 (bs,
0.5H), 7.48 (d,J=6.7 Hz, 0.5H), 8.46 (dd)=4.9, 1.4 Hz, 0.5H), 8.52 (dd=4.9, 1.5 Hz, 0.5H).
%C NMR (CDCl3, 100 MHz): § 13.0, 13.3, 14.2, 14.3, 22.7, 22.8, 28.4, 29.22,2%1.5, 31.9,
32.2, 32.5, 32.5, 36.2, 39.1, 42.9, 44.9, 45.01,496.9, 61.3, 61.4, 78.0, 79.2, 108.4, 108.6,
108.7, 109.3, 116.5, 117.3, 117.5, 119.2, 122.2,71226.4, 126.6, 133.5, 133.9, 134.2, 134.2,
135.7, 135.7, 149.4, 166.9, 167.0, 169.4, 16ARMS: calc. for [M+H] CsHsN3O,S:
564.28905, found: 564.28839
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(+/-)-Ethyl 2-(8-chloro-5-methoxy-3-(2-(methylthiohicotinoyl)-1,2,3,4,5,6-hexahydro-7H-
2,6-methanoazocino[5,4-b]indol-7-yl)acetate (125):
Compound125 (110 mg, 43%) was synthesized as described for

OMeS =N compound122 but it was purified by chromatography (5 to 50%
N \_7/ ethyl acetate/CHG..'H NMR (CDCl;, 600 MHz) (rotameric
Q\/@ mixture 1:1.5):8 1.14-1.20 (m, 3H), 1.23 (bs, 1H), 1.80 (bs, 0.5H),
& N\\COZEtOMe 1.92 (d,J=12.9 Hz, 0.5H), 2.06 (dJ=12.6 Hz, 0.5H), 2.12 (bs,

0.5H), 2.31-2.42 (m, 1H), 2.56 (s, 2H), 2.66 (b$H), 2.77-2.80
(m, 1H), 2.89-2.99 (m, 0.5H), 3.12 (s, 1H), 3.168B(m, 1H), 3.36 (m, 2H), 3.62 (& 15.6 Hz,
2H), 3.86 (s, 0.5H), 4.08-4.18 (m, 2H), 4.64 (#12.7, 4.9 Hz, 0.5H), 5.19-5.33 (m, 2H), 7.01
(dt, J=11.3, 7.7 Hz, 1H), 7.11 (dd=7.5, 2.5 Hz, 1H), 7.20 (bs, 0.4H), 7.26 (dd7.4, 4.9 Hz,
0.6H), 7.37 (dJ=7.7 Hz, 0.6H), 7.45 (dJ=7.7 Hz, 0.4H), 7.64 (bs, 0.4H), 7.76 (&6.7 Hz,
0.6H), 8.50 (ddJ=4.9, 1.7 Hz, 0.4H), 8.55 (dd=4.9, 1.7 Hz, 0.6H)**C NMR (CDCl;, 100
MHz): & 12.4, 12.6, 14.1, 14.1, 27.3, 29.6, 30.3, 30.6] 441.7, 46.3, 48.2, 56.6, 60.8, 77.3,
109.4, 109.7, 115.4, 117.1, 117.2, 119.5, 119.6,11220.1, 122.8, 129.2, 129.4, 130.9, 131.3,
131.6, 133.9, 136.5, 149.4, 149.5, 154.5, 154.6,916169.2, 169.B{RMS: calc. for [M+H]'
CogH20N304CIS: 514.15618, found: 514.15706; calc. for [M¥EheH,N:0,>'CIS: 516.15323,
found: 516.15425

(+/-)-3-((benzyloxy)carbonyl)-5-methoxy-2,3,4,5,6;exahydro-1H-2,6-
methanoazocino[5,4-blindole-10-carboxylic acid (136

0 To a solution of compound0 (0.250 g, 0.824 mmol) in

,\?—O\_Ph acetic acid (5.5 mL, 0.15 M), 4-hydrazinobenzoiddac
HOzC@\/Q) (0.125 g, 0.824 mmol) (619-67-0) was added. Theturex

H c’OMe was allowed to stir and reflux for 2 h. Water andND were

then added and the aqueous phase was extracte@®@kh (5x). Solvents were then removed
in vacuo and the crude product was purified by chromatdwydf to 100% ethyl acetate/DCM)
to yield compound .26 (0.240 g, 69%) as a very pasty solid. The purifieaduct showed high
purity when checked by HPLC but the NMR spectraaiiatd was very complicated. The
product was used further as obtained after chrognagpdy.
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(+/-)-3-benzyl 10-ethyl (2R,5R,6S)-7-(2-ethoxy-2-orthyl)-5-methoxy-1,2,4,5,6,7-
hexahydro-3H-2,6-methanoazocino[5,4-blindole-3,10ichrboxylate (127):

o To a solution of compound26 (0.093 g, 0.221 mmol) in
O ,\?\_o\_Ph ethanol (2.2 mL, 0.1 M), sulphuric acid (P&, 0.014 M)
Me/\O/U\©\/@ was added. The mixture was allowed to stir at room
N Ovte temperature for 3 h before quenching it with sodium

bicarbonate (saturated aqueous solution). The aguatase was then extracted with DCM and
the solvents were removéd vacuo. The crude product was purified by chromatografihyo
100% ethyl acetate/DCM) to yield compouti2i7 (65 mg, 65%). Compound was further used in

the synthesis without characterisation.

(+/-)-Benzyl 5-methoxy-10-(morpholine-4-carbonyl)-2,4,5,6,7-hexahydro-3H-2,6-

methanoazocino[5,4-b]indole-3-carboxylate (128):

o To a solution of compound26 (0.091 g, 0.216 mmol) in

0 N>\‘_°Lph DMF (3.6 mL, 0.06M), TBTU (0.111 g, 0.346 mmol)
@ N (125700-67-6) and DIPEA (60.BL, 0.346 mmol) were
b oMe added. The mixture was allowed to stir at room terafure

for 5 min before adding morpholine (184F, 0.216 mmol). The mixture was allowed to stir
further for 1 h and partitioned between DCM anchéhivater (1:1), the organic phase was
washed several time with this mixture and the diganlvents were removeith vacuo. The
crude product was purified by chromatography (3% MeOH/DCM) to obtain compourgb
(87 mg, 82%) with a minor impurity (most probabhetsyn diasteroisomer). For analytical
purposes some of the product was further purifiggreparative HPLC'H NMR (CDCl 5, 600
MHz) (rotameric mixture 1:1)3 1.99-2.09 (m, 2H), 2.44 (dd=12.2, 11.0 Hz, 0.5H), 2.49-2.52
(m, 0.5H), 2.79 (ddJ=29.3, 16.8 Hz, 1H), 3.08 (dd=17.0, 5.2 Hz, 1H), 3.34 (bs, 0.5H), 3.36
(bs, 0.5H), 3.40 (s, 1H), 3.41 (s, 1H), 3.53-3.68 {H), 3.72-3.91 (m, 9H), 4.13 (dds12.6,
5.3 Hz, 0.5H), 4.28 (dd]=12.6, 5.3 Hz, 0.5H), 4.75 (bs, 0.5H), 4.82 (b§H), 5.15 (s, 1H),
5.19 (d,J=3.1 Hz, 1H), 7.18-7.19 (m, 1H), 7.29-7.41 (m, 6AHRK5 (d,J=6.2 Hz, 1H), 8.16 (bs,
0.5H), 8.12 (bs, 0.5H)*C NMR (CDCI;, 100 MHz): 5 27.6, 28.0, 30.0, 30.3, 32.6, 32.9, 42.3,
45.2, 45.3, 53.6, 57.0, 57.0, 67.1, 67.5, 67.75,777.9, 109.9, 110.2, 111.0, 111.0, 118.0,
118.1, 120.8, 120.9, 125.1, 125.8, 126.6, 126.8,112428.1, 128.2 ,128.3, 128.7, 128.8, 134.3,
134.4, 136.7, 136.7, 137.0, 155.8, 155.8, 173.8,11ZSI: calc. [M+H]: CygH3N30s: 490.2,
found 490.2; calc. [M+H: CygH3N30s: 521.2, found 521.2
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(+/-)-3-benzyl 10-ethyl 7-(2-ethoxy-2-oxoethyl)-5-athoxy-1,2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3,10-dicarboxylate (139

o) Compoundl29 (26 mg, 41%) was synthesized as described
Me o i N O\—Ph for compounds3. *H NMR (CDCl 3, 500 MHz) (rotameric
)\@NQ{)Me mixture 1:1):6 1.29 (t,J=7.2 Hz, 3H), 1.41 (t)=7.1 Hz,
\\COQEt 3H), 1.96-2.07 (m, 2H), 2.54 (td+30.3, 11.8 Hz, 1H), 2.85

(t, J=17.4 Hz, 1H), 3.13-3.20 (m, 1H), 3.34 (&6.9 Hz, 3H), 3.38 (s, 1H), 3.53-3.59 (m, 1H),
4.11-4.19 (m, 2H), 4.26-4.34 (m, 1H), 4.35-4.43 @H), 4.77 (bs, 0.5H), 4.79 (s, 0.5H), 4.83
(s, 0.5H), 4.84 (bs, 0.5H), 5.07-5.19 (m, 3H), 7(d9J=8.7 Hz, 1H), 7.30-7.42 (m, 5H), 7.90
(d, J=8.6 Hz, 1H), 8.22 (dJ=6.2 Hz, 1H)."*C NMR (CDCl;, 100 MHz): § 14.3, 14.3, 14.6,
27.8, 28.1, 30.4, 30.8, 31.8, 31.9, 41.6, 41.7,4%.1, 56.9, 57.0, 60.6, 61.2, 61.6, 67.4, 67.6,
68.3., 78.1, 78.5, 108.6, 110.1, 111.4, 121.0, 1,2121.8, 123.2, 126.3, 126.3, 128.0, 128.1,
128.1, 128.3, 128.6, 128.7, 135.5, 135.6, 136.8,813.55.5, 155.6, 167.9, 169.0, 169.1, 169.8
HRMS: calc. for [M+H]" CsHasN,O7: 535.24388, found: 535.24388

(+/-)-Ethyl 7-(2-ethoxy-2-oxoethyl)-5-methoxy-3-(Zmethylthio)nicotinoyl)-2,3,4,5,6,7-
hexahydro-1H-2,6-methanoazocino[5,4-b]indole-10-caoxylate (130):

MeS Compoundl130 (11 mg, 42%) was obtained as described for

o /=N  (+/-)-Glupin-1, without the need to purify the crude product
Me/\ow after the Cbz deprotectiotH NMR (CDCl3;, 500 MHz)
N OMe (rotameric mixture 1:1)6 1.24 (dt,J=8.9, 7.1 Hz, 3H), 1.42
\\COzEt (dd,J=13.2, 7.0 Hz, 3H), 1.95 (bs, 0.5H), 2.07-2.34 (i),

2.56-2.79 (m, 4H), 2.87-3.11 (m, 1H), 3.18 (s, 1B1R1-3.37 (m, 1H), 3.42 (s, 1.5 H), 3.46 (d,
J=3.2 Hz, 1H), 3.70 (bs, 0.5H), 3.92-4.02 (m, 2.5#},1-4.24 (m, 2H), 4.40 (quid=6.9 Hz,
2H), 4.82 (t,J=17.9 Hz, 1H), 4.91 (dd}=12.9, 4.9 Hz, 0.5H), 5.04 (d=18.0 Hz, 0.5H), 5.15
(d,J=18.1 Hz, 0.5H), 5.45 (bs, 0.5H), 7.07 (dd7.3, 5.1 Hz, 0.5H), 7.15 (bs, 0.5H), 7.20 (dd,
J=8.6, 6.0 Hz, 1H), 7.43-7.50 (m, 1H), 7.91 (dd8.6, 1.5 Hz, 1H), 8.21 (bs, 0.5H), 8.27 (bs,
0.5H), 8.49 (ddJ=4.9, 1.7 Hz, 0.5H), 8.56 (dd=5.0, 1.7 Hz, 0.5H)**C NMR (CDCl;, 100
MHz): & 13.2, 13.4, 14.3, 14.6, 28.4, 30.1, 31.4, 32.03,329.3, 42.9, 45.1, 45.2, 49.0, 57.1,
60.8, 60.8, 61.7, 61.7, 77.9, 78.9, 108.8, 1124,Q, 121.2, 121.9, 121.9, 123.4, 126.1, 126.2,
133.8, 135.4, 135.7, 139.8, 149.7, 167.4, 167.8,016168.1, 169.HRMS: calc. for [M+H]'
CuoH34N3O6S: 552.21628, found: 552.21580; Calc. for [M+N@&@}eH33NsONaS: 574.19823,
found: 574.19767
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(+/-)-Ethyl 2-(5-methoxy-3-(2-(methylthio)nicotinoyt)-10-(morpholine-4-carbonyl)-
1,2,3,4,5,6-hexahydro-7H-2,6-methanoazocino[5,4-bfiol-7-yl)acetate (131):
MeS Compound 128 was taken through the Glupin synthetic

o O@ pathway with no modifications on the procedure. Goond
//\N)\Q\/QN) 131(8 mg, 47 %) was obtained by preparative HPLC &bdyi
o N\ OMe a colorless oil.'H NMR (CDCl; 500 MHz) (rotameric

\\C%Ef mixture 1:1):6 1.25 (dd,J= 13.3, 7.1 Hz, 3H), 1.93-2.20 (m,
1.5H), 2.48-2.58 (m, 5H), 2.63 (s, 2H), 2.89-3.1, .5H), 3.33 (dddJ=23.4, 15.1, 5.4 Hz,
1H), 3.41 (s, 1.5H), 3.45 (d=2.7 Hz, 1H), 3.71 (bs, 7H), 4.01 (bs, 0.5H), 44125 (m, 2H),
4.80 (t,J=18.0 Hz, 1H), 4.91 (dd}=12.9, 5.0 Hz, 0.5H), 5.04 @18.0 Hz, 0.5H), 5.15 (d,
J=18.1 Hz, 0.5H), 5.44 (bs, 0.5H), 7.05 (dd7.5, 5.0 Hz, 0.5H), 7.12 (m, 0.5H), 7.19-7.25 (m,
2H), 7.41-7.47 (m, 1H), 7.58 (bs, 0.5H), 7.63 (@&H); 8.47 (ddJ=4.9, 1.7 Hz, 0.5H), 8.53
(dd, J=4.9, 1.7 Hz, 0.5H).HRMS: calc. for [M+H] CzH3/N4OsS: 593.24283, found:
593.24252; calc. for [M+N&[CsH3sN4OsNaS: 615.22478, found: 615.22452

9.2. Determination of the Absolute Configuration of (+)and (-)-Glupin

analogues:

9.2.1Resolution of compound 44:

To a solution of (S)-O-acetyl mandelic acid (732&8) (1.47 g, 7.57 mmol) in DCM (22.3
mL, 0.34M), freshly distilled thionyl chloride (@6mL, 8.33 mmol) and two drops of DMF
were added. The mixture was allowed to stir aurefionditions for 2 hours before evaporating
the solvents. The crude product was redissolved@M (20.0 mL, 0.175M) and added
dropwise to a solution of racemic compouddi (1.0 g, 3.456 mmol) in pyridine (20.0 mL,
0.175 M) kept at -10°. The mixture was allowed tio at this temperature for 6 hours. The
mixture was quenched with a saturated aqueous@olot CuC} and washed with this solution
until no pyridine remained in the organic phasee Dinganic phase was finally washed with
ammonium chloride saturated solution and with bideéore evaporating solvents. The crude
product was purified by chromatography (5 to 10%yleacetate/DCM) to yield compouriB8
(less polar, & 2.80 min in a 4.5 min run from 10% MeCN/90% water100% MeCN)
(0.530g, 34%) and compouriB9 (more polar, & 2.75 min in a 4.5 min run from 10%
MeCN/90% water to 100% MeCN) (0.500g, 31%).
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Ph

more polar (1R,4S,5S)

Figure 43."H shifts of the neighboring protons of the chirakiiary

Benzyl (1S,4R,5R)-4-(2-acetoxy-2-phenylacetoxy)-&am2-azabicyclo[3.3.1]Jnonane-2-
carboxylate(less polar) (138):

'H NMR (CDCl 3, 600 MHz) (rotameric mixture 1:1) 1.94-2.03 (m, 3H), 2.16-2.25 (m, 4H),
2.38-2.45 (m, 1H), 2.49-2.53 (m, 1H), 2.83 (s, 1B122-3.26 (m, 0.5H), 3.30 (dd&:13.2, 10.3
Hz, 0.5H), 4.35 (ddd}=37.2, 13.6, 7.1 Hz, 0.5H), 4.40 (m, 0.5H), 4.490(5H), 5.09-5.18 (m,
3H), 5.84 (dJ=11.5 Hz, 1H), 7.31-7.44 (m, 10HC NMR (CDCl;, 100 MHz): § 20.7, 29.7,
30.8, 30.5, 38.7, 43.6, 43.7, 44.2, 44.4, 47.16,667.7, 68.9, 69.2, 74.5, 127.5, 128.1, 128.3,
128.6, 128.8, 129.4, 133.0, 133.1, 136.3, 155.4,.716167.9, 170.4, 170.5, 207.1, 207.2
HRMS: calc. for [M+H] C,6H.NO;: 466.18603, found: 466.18568

Benzyl (1R,4S,5S)-4-((S)-2-acetoxy-2-phenylacetox§)oxo-2-azabicyclo[3.3.1]Jnonane-2-
carboxylate(more polar) (139):

'H NMR (CDCI3, 600 MHz) (rotameric mixture 1:1)3 1.96-2.04 (m, 3H), 2.16-2.22 (m, 4H),
2.33 (dddJ=17.8, 11.7, 8.9 Hz, 1H), 2.54-2.59 (m, 1H), 3.88, (L.5H), 3.05 (ddJ=13.3, 10.3
Hz, 0.5H), 4.24 (m, 1H), 4.41 (s, 0.5H), 4.49 (§H), 5.08-5.17 (m, 3H), 5.90 (s, 1H), 7.31-
7.36 (m, 8H), 7.40-7.41 (m, 2HY*C (CDCI3, 100 MHz): 5 20.7, 29.6, 30.4, 30.5, 30.7, 38.7,
38.8, 43.3, 434, 44.2, 44.3, 47.1, 47.1, 67.67,669.0, 69.2, 74.3, 74.3, 127.7, 128.1, 128.3,
128.3, 128.6, 128.9, 129.4, 133.5, 136.3, 155.8,418167.7, 167.8, 170.1, 170.2, 207.4, 207.6
HRMS: calc. for [M+H] C,6H,eNO7: 466.18603, found: 466.18581
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Benzyl (2R,5R,6S)-5-((S)-2-acetoxy-2-phenylacetox¥)2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3-carboxylate(140):

Compoundl140 (0.424 mg, 67%) was synthesized as described for

OsO._Ph
T compounds7, starting from compounti38 *"H NMR (CDCl 5, 500
5 i oac MHz) (rotameric mixture 1:1)5 2.02-2.06 (m, 1H), 2.10-2.12 (m,
0
= Ph 1H), 2.35 (dJ=5.2 Hz, 3H), 2.83-2.93 (m, 2H), 3.15-3.21 (m, 1H),

NH
3.69-3.72 (m, 1H), 3.90 (dd}=12.7, 5.7 Hz, 0.5H), 4.03 (dd,

J=12.8, 5.7 Hz, 0.5H), 4.78 (bs, 0.5H), 4.86 (b§H), 4.95-4.99 (m, 1H), 5.13 (s, 1H), 5.16-
5.22 (m, 1H), 5.61 (dJ=8.6 Hz, 1H), 7.13 (t)=7.5 Hz, 1H), 7.21 (t)=7.6 Hz, 1H), 7.29-7.45
(m, 11H), 7.52 (tJ=8.9 Hz, 1H), 9.34 (s, 0.5H), 9.38 (s, 0.50. (CDCls, 100 MHz): § 21.0,
27.6, 27.9, 29.6, 30.0, 30.9, 31.0, 40.7, 40.8),4%6.1, 67.4, 67.6, 72.5, 72.7, 75.7, 75.8, 109.0,
109.2, 111.3, 111.3, 118.0, 118.1, 119.2 121.5,5126.6, 126.6, 127.4, 127.8, 128.1, 128.1,
128.2, 128.3, 128.6, 128.7, 129.1, 129.8, 129.9.313131.4, 132.0, 132.1, 136.2, 136.2
HRMS: calc. for [M+H] CaHa:N,Os: 539.21766, found: 539.21778

Benzyl (2S,5S,6R)-5-((S)-2-acetoxy-2-phenylacetoxy,R,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-b]indole-3-carboxylate (141):
Compound141 (0.473 mg, 93%) was synthesized as described for
compounds7, starting from compoundi39 *H NMR (CDCl 5, 500
OAc MHz) (rotameric mixture 1:1)5 1.98 (t,J=14.2 Hz, 1H), 2.08-2.10
(m, 1H), 2.18 (d,J=8.5 Hz, 3H), 2.76-2.84 (m, 2H), 3.07 (dd,
J=17.1, 5.4 Hz, 1H), 3.24 (bs, 0.5H), 3.32 (bs, 90,5402 (dd,
J=12.5, 5.5 Hz, 0.5H), 4.11-4.16 (m, 0.5H), 4.74, ®8H), 4.81 (bs, 0.5H), 5.12-5.23 (m, 3H),
5.86 (s, 1H), 6.55 (s, 0.5H), 7.00 (s, 0.5H), 770177 (m, 3H), 7.32-7.44 (m, 6H), 7.52-7.68 (m,
5H). **C (CDCls, 100 MHz): § 20.9, 21.0, 27.6, 28.0, 30.0, 30.4, 31.7, 31.71,441.2, 44.9,
45.0, 67.5, 67.6, 72.1, 72.1, 74.6, 75.0, 109.9,8,0110.9, 118.0, 118.1, 119.4, 121.7, 121.7,
126.5, 126.6, 128.1, 128.1, 128.2, 128.2, 128.8,41228.7, 128.7, 129.5, 129.6, 130.1, 130.1,
130.4, 130.6, 133.9, 135.7, 135.8, 136.5, 136.5.415155.5, 167.9, 167.9, 171.2, 171.7
HRMS: calc. for [M+H] CzH3iN,06: 539.21766, found: 539.21784
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Benzyl (2R,5R,6S)-5-(2-acetoxy-2-phenylacetoxy)-2-éthoxy-2-oxoethyl)-1,2,4,5,6,7-
hexahydro-3H-2,6-methanoazocino[5,4-b]indole-3-caxxylate (142):

OYOVPh Compound142 (0.022 mg, 19%) was synthesized as described for
N o compound58, starting from compound40 Compound142 was
x Ke Ohe purified by prep-HPLC from a complicated mixture prbducts and

Ph
characterized only by HRMS before proceeding with synthesis.

EtOC HRMS: calc. for [M+H]' CsHsN,0g:625.25444, found:
625.25516;calc. for [M+NA)CzHaN,OsNa: 647.23639, found: 647. 23724

Benzyl (2S,5S,6R)-5-((S)-2-acetoxy-2-phenylacetoxgs)(2-ethoxy-2-oxoethyl)-1,2,4,5,6,7-
hexahydro-3H-2,6-methanoazocino[5,4-b]indole-3-cardixylate (143):

Compound143 (0.022 mg, 19%) was synthesized as described for
compound58, starting from compound4l Compound143 was

purified by prep-HPLC from a complicated mixture ppbducts and

characterized only by HRMS before proceeding wite synthesis.
Et0,C HRMS: calc. for [M+H]' CsHaN,Os: 625.25444, found:
625.25516;calc. for [M+N&JCseHsN,OgNa: 647.23639, found: 647. 23724

(2R,5R,6S)-7-(2-ethoxy-2-oxoethyl)-3-(2-(methylth)oicotinoyl)-2,3,4,5,6,7-hexahydro-1H-
2,6-methanoazocino[5,4-bJindol-5-yl 2-phenylacetatéi 44):

MeS. N Compound 144 (0.005 mg, 24%) was synthesized starting from
oﬁLJ compound142 and submitted to the conditions for the synthedis o
N )CL/ compound$9 and the crude product directly submitted to theddams
" Ph

‘0

X of (+/-)-Glupin-1. Compound144 was purified by preparative HPLC
§ from a complicated mixture and was isolated witlalsimpurities of the
Hoe unalkylated indole analogue and the analogue irchvttie acetyl group

has not been removetH NMR (CDCl 3, 700 MHz) (rotameric mixture 1:1)5 1.21-1.23 (m,
3H), 2.09-2.29 (m, 2H), 2.55-2.63 (m, 3H), 2.7683(fn, 2.5H), 3.36 (ddd}=23.7, 15.2 5.7 Hz,
1H),3.41 (d,J=2.44 Hz, 0.5H), 3.45-3.54 (m, 2H), 3.60 @&15.0 Hz, 0.5H), 3.66 (d]=15.0
Hz, 0.5H), 4.03 (bs, 0.5H), 4.06-4.17 (m, 2H), 4(84J=23.1 Hz, 2H), 4.73 (dd}=13.0, 5.3
Hz, 0.5H), 5.25 (bs, 0.5H), 5.46 (s, 0.5H), 7.0847(m, 6H), 7.28-7.55 (m, 5H), 8.47 (dd,
J=4.9, 1.6 Hz, 0.5H), 8.53 (dd=4.9, 1.7 Hz, 0.5H)HRMS: calc. for[M+H]" Cs3H34NsOs:
584.22137, found: 584.22218
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(2S,5S,6R)-7-(2-ethoxy-2-oxoethyl)-3-(2-(methylthjnicotinoyl)-2,3,4,5,6,7-hexahydro-1H-
2,6-methanoazocino[5,4-bJindol-5-yl 2-phenylacetatfi 45):
MeS.__N Compound45 (0.005 mg, 23%) was synthesized starting from
O compound143 and submitted to the conditions for the synthesis o
compounds9 and the crude product directly submitted to thed@tmns
of (+/-)-Glupin-1. Compoundl45 was purified by preparative HPLC

from a complicated mixture and was isolated withakrimpurities of

EtO,C

the unalkylated indole analogue and the analoguehich the acetyl
group has not been removidl NMR (CDCI 3, 700 MHz) (rotameric mixture 1:1)6 1.21-1.23
(m, 3H), 2.04-2.29 (m, 2H), 2.55-2.63 (m, 3H), 23&8 (m, 2.5H), 3.36 (dddi=23.6, 15.1,
5.7 Hz, 1H),3.41 (dJ=2.4 Hz, 0.5H), 3.45-3.54 (m, 2H), 3.60 Je15.0 Hz, 1H), 4.03 (bs,
0.5H), 4.06-4.16 (m, 2H), 4.34 (d:23.5 Hz, 1H), 4.73 (dd]=12.9, 5.3 Hz, 0.5H), 5.25 (bs,
0.5H), 5.46 (s, 0.5H), 7.06-7.24 (m, 6H), 7.28-7(85 5H), 8.48 (ddJ=4.9, 1.6 Hz, 0.5H), 8.53
(dd,J=4.9, 1.7 Hz, 0.5HHRMS: calc. for [M+H]" Cs3H34N3O0s: 584.22137, found: 584.22197

9.3. Synthesis of the Active Glupin Probre

(+/-)-Benzyl (1S,4R,5R)-4-(2-bromoacetoxy)-6-oxo-&zabicyclo[3.3.1]nonane-2-
carboxylate (146):

oYovph Compound 146 (0.180 g, 58 %) (isolated with 10% of thgyn

N o diasteroisomer) was synthesised as described fapeond51 'H NMR

QJ/,,OJJ\/Br (CDCls, 400 MH2z) (rotameric mixture 1:1) (data given for the mayor

o diasteroisomer)d 1.92-2.07 (m, 3H), 2.16-2.28 (m, 1H), 2.43-2.64, (m
2H), 3.03 (s, 1H), 3.23-3.31 (m, 1H), 3.79 (s, 2428-4.39 (m, 1H), 4.46 (bs, 0.5H), 4.55 (bs,
0.55H), 5.16 (s, 3H), 7.30-7.37 (m, 5)C NMR (CDCls, 100 MHz): § 25.5, 29.4, 30.1, 30.3,
30.5, 38.7, 43.4, 44.2, 44.4, 46.8, 46.9, 67.86,609.7, 128.1, 128.2, 128.4, 128.7, 136.3,
155.3, 155.5, 166.2, 207.8, 208.0

tert-Butyl (1-bromo-2-o0xo0-7,10,13-trioxa-3-azahexadecah6-yl)carbamate:
o Compound (0.29 g, 54%) was synthesised according
Br\)J\H/\/\O/\/O\/\O/\/\NHBOC to the literature procedure for the chloro analoue
'H NMR (CDCl 3, 400 MHz):  1.44 (s, 9H), 1.72-1.79 (m, 2H), 1.82 (@t11.7, 5.9 Hz, 2H),
3.22 (ddJ=12.3, 6.1, 2H), 3.42 (dd=12.1, 5.8 Hz, 2H), 3.54 (8=6.0 Hz, 2H), 3.58-3.69 (m,

10H), 3.85 (s, 2H), 4.93 (bs, 1H), 7.18 (bs, 1H).
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(+/-)-Ethyl 2-(5-(((2,2-dimethyl-4-0x0-3,9,12,15-teaoxa-5-azaoctadecan-18-
yl)carbamoyl)oxy)-3-(2-(methylthio)nicotinoyl)-1,23,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (149):

To a solution of compoun®0 (30 mg, 0.064 mmol)

3 in DCE (4 mL, 0.016 M), 4-nitrophenyl
N
@\/Q) o carbonochloridate (52 mg, 0.258 mmol) (CAS:
VO{” bﬁN\j 7693-46-1), DMAP (24 mg, 0.192 mmol) and
0 0\ triethylamine (18 mL, 0.128 mmol) were added. The
Q
HO mixture was heated to 60° overnight (after 15/20

NHBoc  MiN everything solubilized). Then tert-butyl (3-(2-
(2-(3-aminopropoxy)ethoxy)ethoxy)propyl)carbama#d mg, 1.28 mmol) and the mixture
was allowed to stir for 5 more hours. Solvents wemovedin vacuo and the crude product
was dissolved in MeCN (1mL) and subjected to pragpae HPLC purification. (10% to 50%
ACN/H20 with 0.1% TFA). Compouni49 (31.2 mg, 60%) was obtained as a white sokd.
NMR (CDCl3, 400 MHz) (rotameric mixture)d 1.23 (td, J=2.4, 7.1 Hz, 3H), 1.40-1.43 (m,
9H), 1.61-1.83 (m, 4H), 1.95-2.26 (m, 2H), 2.54, (b8H), 2.62 (s, 1.2H), 2.70-2.76 (m, 1H),
2.96-3.59 (m, 20H), 4.02 (bs, 0.4H), 4.10-4.22 2i), 4.66-5.14 (m, 4H), 5.31 (bs, 0.6H), 5.46
(bs, 1H), 7.01-7.23 (m, 4H), 7.42-7.48 (m, 1.4H})47(d, J=7.5 Hz, 0.6H), 8.44 (dd, J=1.6, 4.9
Hz, 0.6H), 8.51 (dd, J=1.5, 4.9 Hz, 0.4H).JC NMR (CDCl; 100 MHz) (rotameric
mixture)s 13.1, 13.2, 14.3, 27.1, 28.7, 29.5, 29.7, 30.20,331.3, 31.4, 38.6, 39.2, 39.4, 39.5,
42.4, 44.9, 48.7, 61.7, 69.5, 69.6, 70.23, 70.812§, 70.49, 70.52, 70.56, 70.61, 71.0, 71.4,
109.0, 110.3, 118.3, 118.6, 119.1, 119.2, 119.9,112426.6, 126.8, 130.8, 133.4, 133.5, 133.8,
137.3, 149.7, 155.2, 155.4, 156.1, 156.2, 167.7,316.69.1, 169.2HRMS: calc. for [M+H]+
C41HsgNsO10S: 812.38989, found. 812.39275
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(+/-)-1-((7-(2-ethoxy-2-oxoethyl)-3-(2-(methylthia)icotinoyl)-2,3,4,5,6,7-hexahydro-1H-
2,6-methanoazocino[5,4-b]indol-5-yl)oxy)-1-0x0-6,92-trioxa-2-azapentadecan-15-
aminium (150):

O, =N
N \_/
N ”044
o HN
- 4\_\
(o] O
4\>O
—
0 (o]
NH; O)kCFg

To a solution of compounii49 (30 mg, 0.037 mmol) in DCM (0.07M), TFA (38, 0.555
mmol) was added and the mixture was allowed toostrnight at room temperature. Solvents
were then coevaporated with 3 mL of toluene (3theuit reaching dryness). The crude product
was purified by HPLC (10% to 50% ACN/H20 with 0.IPFA) to yield pure compound50
(19 mg, 62%) as a TFA salt.Compoud®0 has solubility problem and could only be
characterised by HRM$IRMS: calc. for [M+H]" CsHsoNs0sS: 712.33746, found. 712.33903.

9.4. Synthesis of the Inactive Glupin Probe

(+/-)-Ethyl 2-(5-acetoxy-3-picolinoyl-1,2,3,4,5,6 4éxahydro-7H-2,6-methanoazocino[5,4-
blindol-7-yl)acetate (151):
Compound151 (244mg, 95%) was synthesized as described for

(:1 s_/ compoundB9. Isolated with a 10% of the minor diasteroisoniiata
@\/@ given for theanti diasteroisomer’H NMR (CDCl;, 400 MHz)
N OAc (rotameric mixture)s 1.22-1.28 (m, 3H), 1.96-1.99 (m, 2H), 2.07 (s,
\/oje 1H), 2.11-2.17 (m, 1H), 2.27 (dd25.0, 12.8, 2.9 Hz, 1H), 2.8 (dd,
o}

J=12.6, 11.1 Hz, 0.5H), 2.98-3.07 (m, 1.5H), 3.1053(m, 0.5H),
3.34-3.38 (m, 1H), 3.49-3.52 (m, 1H), 3.86 (dd12.8, 5.1 Hz, 0.5H), 4.13-4.24 (m, 2H), 4.58
(bs, 0.5H), 4.74 (ddj=12.8, 5.2 Hz, 0.5H), 4.81-4.87 (m, 1.5H), 5.14, (t#10.4, 4.7 Hz,
0.5H), 5.25 (dtJ=10.5, 5.0 Hz, 0.5H), 5.44 (s, 0.5H), 7.12-7.16 (H), 7.20-7.25 (m, 2H),
7.32 (dd,J=7.9, 5.3 Hz, 0.5H), 7.38 (dd=7.3, 5.1 Hz, 1H), 7.61 (d=8.0 Hz, 0.5H), 7.67 (d,
J=7.8 Hz, 0.5H), 7.75-7.80 (m, 0.5H), 7.83-7.86 (W§H), 8.57 (dJ=4.7 Hz, 0.5H), 8.67 (d,
J=4.7 Hz, 0.5H)C NMR (CDCI3, 100 MHz) (rotameric mixture)s 14.3, 14.3, 21.1, 21.2,
28.6, 30.6, 30.9, 30.9, 31.4, 39.0, 42.8, 44.18,444.8, 48.0, 61.8, 61.8, 71.2, 71.9, 109.0,
109.0, 110.5, 110.7, 118.6, 118.7, 120.0, 122.2,21222.3, 123.6, 123.8, 124.6, 124.7, 126.7,
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126.8, 133.1, 133.2, 137.2, 137.3, 137.3, 148.8,814.54.1, 154.8, 168.2, 168.3, 168.8, 168.9,
169.8HRMS: calc. for [M+H] CyeH2gN30s: 462.20235, found. 462.20193

(+/-)-Ethyl 2-(5-(((2,2-dimethyl-4-0x0-3,9,12,15etraoxa-5-azaoctadecan-18-
yl)carbamoyl)oxy)-3-picolinoyl-1,2,3,4,5,6-hexahydy-7H-2,6-methanoazocino[5,4-b]indol-
7-yl)acetate (152):

Q  N=
N \_/
[ \; 2, (o)
N o<
0 \'\) HN‘\—\
o

O

NHBoc

To a solution of compountl51 (0.223g, 0.483mmol) in a mixture of THF (7mL, OM)7and
H,O (3mL, 0.16M), LiOH (70mg, 2.90mmol) was addedeThixture was allowed to stir at
room temperature for 30 min. The mixture was tteden to pH 2 with HCl 1M and extracted
with DCM (3x). The solvents were removeudvacuo and the crude product was dissolved in
EtOH (4.8 mL, 0.1 M). To this solution sulphuricidhavas added (40 pL, 0.014M) and the
mixture allowed to stir overnight at room temperaturhe mixture was neutralized by sodium
bicarbonate saturated aqueous solution and extragith DCM. From the crude product
obtained (0.181mg, 90% crude yield) 50 mg were ueesinthesize compourib?2 (36.9mg,
41%) as described for compoud9 'H NMR (CDCl;, 700 MHz) (rotameric mixture) &
1.21-1.26 (m, 3H), 1.40-1.42 (m, 9H), 1.63-1.84 4id), 1.88-2.16 (m, 2H), 2.23-2.28 (m, 1H),
2.76 (t,J=11.5 Hz, 0.5H), 2.97-3.67 (m, 18H), 4.12-4.21 2H), 4.53-4.64 (m, 1H), 4.69 (dd,
J=12.8, 5.3 Hz, 0.5H), 4.76 (dd+21.5, 18.0 Hz, 1H), 4.83-4.99 (m, 2H), 5.02-5.6% 0.5H),
5.13-5.15 (m, 0.5H), 5.33-5.60 (m, 1.5H), 7.10-7(d4 1H), 7.17-7.21 (m, 2H), 7.31 (dd,
J=7.1, 5.3 Hz, 0.5H), 7.38 (dd=7.0, 4.9 Hz, 0.5H), 7.50 (dd=18.8, 7.8 Hz, 1H), 7.60 (d,
J=7.8 Hy, 0.5H), 7.65 (dJ=7.7 Hz, 0.5H), 7.78 (td)=7.8, 1.6 Hz, 0.5H), 7.83 (td=7.6, 1.4
Hz, 0.5H), 8.56 (dJ=4.5 Hz, 0.5H), 8.66 (d]=4.7 Hz, 0.5H)*C NMR (CDCl;, 100 MHz)
(rotameric mixture)d 14.3, 27.4, 28.6, 29.5, 29.5, 29.6, 29.7, 30.31,331.2, 31.2, 38.6, 38.6,
38.6, 39.4, 39.4, 42.7, 44.6, 44.8, 44.9, 48.17,631.8, 69.5, 69.6, 69.7, 70.2, 70.2, 70.3, 70.3,
70.4, 70.5, 70.5, 70.5, 70.6, 70.7, 70.7, 71.05,729.0, 79.1, 109.0, 109.0, 110.1, 110.4, 118.5,
118.6, 119.9, 122.0, 123.6, 123.7, 124.6 ,124.6,71226.8, 133.5, 133.5, 137.3, 137.3, 148.7,
148.8, 154.2, 154.9, 155.3, 155.5, 156.1, 156.8,216169.2, 169.85IRMS: calc. for [M+H]
CuoHseNsO10: 766.40217, found: 766.40418

154



Experimental Part: Glucose Uptake Inhibition

(+/-)-Ethyl 2-(5-(((3-(2-(2-(3-aminopropoxy)ethoxyethoxy) propyl)carbamoyl)oxy)-3-
picolinoyl-1,2,3,4,5,6-hexahydro-7H-2,6-methanoazom([5,4-blindol-7-yl)acetate (153):

To a solution of compount’52 (14.8 mg, 0.0193 mmol) in DCM (0.07M), TFA (1&, 0.193
mmol) was added and the mixture was allowed toostrnight at room temperature. Solvents
were then coevaporated with 3mL of toluene (3xhauit reaching dryness). The crude product
was purified by HPLC (10% to 50% ACN/H20 with 0.IPFA) to yield pure compounii53
(12 mg, 80%) as a TFA salHRMS: calc. for [M+H]" CssHigNsOg @ 666.34974, found:
666.35019.

(+/-)-2-(6-(dimethylamino)-3-(dimethyliminio)-3H-xanthen-9-yl)-5-(3-(1-((7-(2-ethoxy-2-
oxoethyl)-3-(2-(methylthio)nicotinoyl)-2,3,4,5,6, hexahydro-1H-2,6-methanoazocino[5,4-
blindol-5-yl)oxy)-1-0x0-6,9,12-trioxa-2-azapentadeam-15-yl)ureido)benzoate (154):

MeS
O, =N

\_/

N
N o4
HN:

G SN

To a solution of compounil49 (8.5 mg, 0.010 mmol) in DMF (0.010 M), triethylamei (1.7
mL, 0.012 mmol) and a solution of TAMRA-isocyangteAS: 80724-19-2) (5 mg, 0.011
mmol) in DMF (0.01 M) were added. The mixture wélsvaed to stir for 2 h. protected from
the light. This mixture was directly purified bygmarative HPLC (10% to 50% ACN48) to
yield pure compound54 (3.03 mg, 41%). Compountb4 was only characterised by HRMS.
HRMS: calc. for [M+H] CgH71NgO11S,: 1155.46782, found. 1155.47189.
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9.5. Chiral Separation:

(+/-)-Glupin-1.:

Analytical HPLC Separation:(+/-)-Glupin-1 was submitted to Chiral Analytic HPLC
separation. Column: ChiralPak® IC. Eluent: 40% Et&M6 isc-Hexane. Flowrate: 0.5mL/mil

The first enantiomer to exit the column is referasdel.l;: Tr=54.4 min. & Tr=69.9 min (see

Chiral Chromatograms sectio

Preparative HPLC Separation: (+/-)-Glupin-1(not as the TFA salt) was submitted to Ch
preparative HPLC separation. Column: ChiralPak® Elient: 40% EtOH/60% so-Hexane.

Flowrate: 4mL/min. The first enantiomer to exit tt@umn is referred as ek: Tr=45.7 min.

E,: Tr=61. min (see Ghal Chromatogram sectiol

9.6. Chiral Chromatograms:

(+/-)-Glupin-1:

DAL B, 3330544 P «i=300, 330 [LEBAL LBSC 3340_THT SOLUTICON CHECKEY

biem
500

&1
4,

:\%\1-»

&,
;
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(+)-Glupin-1:
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Preparative Separation of (+) and (-)-Glupin-1:

JC1049_AFPRIL_RECOW_T #1 Je1099 _April_recow_T
maALl

Uv_WIS_3
WAJL254 nm!

2604

220+

200+

3-45693

18,0+

16,0

14,0

4. 61,147

12,0+

10,0

50+

6.0+

40

204

0o+

=20

T T T T T T
0.0 5.0 10,0 16.0 200 250 300 360 40,0 45.0 &0.0 &5.0 60,0 660 700 Ta,
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10 Experimental Part: Splicing Inhibition

General Remarks

All reactions involving air- or moisture-sensitiveagents or intermediates were carried out in
flame-dried glassware under an argon atmospheses@lvents (THF, toluene, MeOH, DMF)
were used as commercially available. Analyticalndlaiyer chromatography (TLC) was
performed on Merck silica gel aluminium plates. @ounds were visualized by irradiation
with UV light or potassium permanganate stainingluéhn chromatography was performed
using silica gel Merck 60 (particle size 0.040-B0Gm). ‘H-NMR and *C-NMR were
recorded on a Bruker DRX400 (400 MHz), Bruker DRBF600 MHz) and INOVA500 (500
MHz) at 300 K using CDCI3 or (CD3)2S0O as solverts.resonances are reported relative to
TMS. Spectra were calibrated relative to solverg¢'sidual proton and carbon chemical shift:
CDCI3 (6 = 7.26 ppm for 1H NMR andl = 77.16ppm for 13C NMR); (CD3)2S@= 2.50 ppm
for 1H NMR ands= 39.52 ppm for 13C NMR). Multiplicities are indiea as: br s (broadened
singlet), s (singlet), d (doublet), t (triplet), (Quartet), quin (quintet), m (multiplet); and
coupling constants (J) are given in Hertz (Hz).iHHigsolution mass spectra were recorded on a
LTQ Orbitrap mass spectrometer coupled to an AccERLC-System (HPLC column:
Hypersyl GOLD, 50 mm x 1 mm, particle size uM, ionization method: electron spray
ionization). Preparative HPLC separations werei@rmout using a reversed-phase C18 column
(RP C18, flow 20.0 mL/min, solvent A: 0.1% TFA inater, solvent B: 0.1% TFA in
Acetonitrile, from 10 % B to 100 % B. All other@micals and solvents were purchased from
Sigma-Aldrich, Fluka, TCI, Acros Organics, ABCR afifia Aesar. Unless otherwise noted, all
commercially available compounds were used as vedewithout further purifications.
Compounds187, 188 175 178 179 180 177, 182 183 184, 181, 185 186 176, 189, 192
191and190were purchased in ChemDiv and their purity checkdBy.C-MS prior to their use.
Compoundscp028 167, 168 172 170 164, 166 165 173 174, 171, 169,162 and163 were
synthesized with the general strategy shown in ®eh22. Starting materials: 2-Ethylaniline
and 5-bromo-2-carbaldehyde (5-bromofurfural), amel different boronic acids were purchase
in Aldric or Alfa Aesar. Ureal59 and analogue ureas were obtained according tatlites
procedure by R. Laudieet al.™™>, 'H NMR of the compound59was in accordance with the
literature data. Compound60 and similar aldehydes were obtained in Suzuki dogpl
conditions reported by Martin-Matugeal.***Final compounds were synthesized from the ureas
such asl56 in two steps as described in the literature byHdsseinet al.*?’. All the cp028
analogues present really low solubility on all soits, but chloroform seemed to possess the
best solubility value. All analogues present E/@nigric mixtures. Furthermore, due to the
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conjugated electronic system, all analogues anga@orful and can be seen in chromatography

columns and TLCs directly.

o) o
N NH m /0
P
NH, KNGO T ? EtO,C COEt W EtOH, reflux, 2h —
0 o]
CQME ACOH/H,0 Na, EtOH, reflux. o I o
" Me N._NH
155 156 157 hig
o}
F
B(OH): o Pd(OAC) Me  cpozs
/©/ s \ / "o 0
F BnMe;3NBr, K,CO3, H,0 W, Yo
159 160

Scheme 22Synthetic route towards cp028.

1-(2-ethylphenyl)pyrimidine-2,4,6(1H,3H,5H)-trione(157):
In an oven-dried flask under argon flow, sodiumahé®.21g, 9.14mmol)
OY\’//O was placed. Dry ethanol (50mL, 0.18M) was canndlatéo the flask and
N\H/NH stirred until no more solid was observed. Diethyalomate (1.39mL,
@ ) 9.14mmol) was then added, stirred for 5 min andlfinureal56 (1.50g,
Me 9.14mmol) was added. The mixture was stirred atixefonditions for 16
hours. Solvents were evaporated and the crude edissolved in NaOH aqg. (2M), the mixture
was then washed with Ethyl acetate to remove thmirgng starting urea. The aqueous phase
was then taken to pH 1 with HCI ag. (1M) leadingptecipitation of the product. Produtb7
(1.13g, 53%) was isolated as a white solid puraughdo continue the synthesis. The product
could be recrystallized in a mixture of EtOH/watgrl) if further purity was needétl NMR
(DMSO, 400 MHz): 6 1.07 (t,J=7.6 Hz, 3H), 2.43 (q)=7.8 Hz, 2H), 3.67 (dJ=20.9 Hz, 1H),
3.91 (d,J=20.9 Hz, 1H), 7.16 (dI=7.7 Hz, 1H), 7.24-7.28 (m, 1H), 7.35 (m, 2H), 1L(S, 1H)
HRMS: calc. for [M+H] Cy,H13N,05: 233.09207, found 233.09211

5-(4-fluorophenyl)furan-2-carbaldehyde (160):
F To a solution of 5-Bromofurfural (1.75 g, 10.00 mijnio water (14
o mL, 0.71 M), p-fluoroboronic acid (1.40g, 10.00 mmol), potassium

\ / \O carbonate (3.46g, 25.00mmol), benzyltrimethylammonbromide
(2.30 g, 10.00 mmol) and palladium acetate (0.08.3,mmol) were added. The mixture was
allowed to stir overnight at room temperature. Hugieous mixture is extracted with ethyl
acetate and solvent was evaporated. After purifinaby flash chromatography (20% ethyl
acetate/petroleum ether) compout®D was isolated as a white solid (1.86 g, 98#hNMR
(CDCl3, 400 MHz): 6 6.78 (d,J=3.7 Hz, 1H), 7.14 (t)=8.7 Hz, 2H), 7.31 (dJ=3.7 Hz, 1H),
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7.79-7.84 (m, 2H), 9.65 (s, 1H), in agreement witl literature (Zhangt al. Bioorg. Med.
Chem. Lett. 2016).

R MeQ  ome cl Cl cl o] F
cl

/Q /Q /Q /Q /Q /Q
_0 A0 A0 A0 A0 A0
Al A2 A3 A4 A5 A6

Ac Me,N Ph Br

F OMe

/Q 7 Q 7 /Q /Q /—Q
A0 A0 0 0 0 A0
A7 A8 A9 A10 A1 A12

OCF,4 MeQ  ci Me
(0] o (0]
%vo %@o %@o
A13 A14 A15
Scheme 23Aldehydes used for the synthesis of tp@28analogues

All aldehydes Ax) used are all reported in the literature and nodgthem are commercially
available. However, in my case &l aldehydes (Scheme 23) were synthesized followieg t
procedure for compount0, and checked b{H NMR spectra’H NMR spectra are given for
those analogues were & NMR spectrum could not be found in the literafure
A 369.Compound Ag.***Compound A;.***Compound A10.”*Compound

A, P'Compounds.**Compound\,,.**

CompoundA, (95%),"H NMR (CDCl 3, 400 MHz): § 3.85 (s, 6H), 6.51 (1=2.3 Hz, 1H), 6.82
(d, J=3.7 Hz, 1H), 6.96 (dJ=2.3 Hz, 2H), 7.31 (dJ=3.7 Hz, 1H), 9.65 (s, 1H). Compound
A3(87%),"H NMR (CDClI 3, 400 MHz): § 6.86 (d,J=3.7 Hz, 1H), 7.32 (d}=3.7 Hz, 1H), 7.36-
7.41 (m, 2H), 7.69-7.71 (m, 1H), 9.68 (s, 1H). Compd As (80%),'H NMR (CDCI 3, 400
MHz): 66.86 (d,J=3.7 Hz, 1H), 7.09 (1J=8.3, 2.5 Hz, 1H), 7.32 (d=3.7 Hz, 1H), 7.42 (td,
J=8.0, 5.8 Hz, 1H), 7.52 (d]=9.6, 2.3 Hz, 1H), 7.60 (ddd=7.8, 1.5, 0.9 Hz, 1H), 9.68 (s,
1H).CompoundAq(74%), ‘H NMR (CDCl 3, 400 MHz): & 6.88 (d,J=3.7 Hz, 1H), 7.34 (d,
J=3.7 Hz, 1H), 7.38 (t)=7.3 Hz, 1H), 7.47 (t)=7.5 Hz, 2H), 7.63 (dJ=7.4 Hz, 1H), 7.69 (d,
J=8.7 Hz, 2H), 7.90 (dJ=8.7 Hz, 2H). Compouné, (46%),'H NMR (CDCl 3, 400 MHz):
56.86 (d,J=3.7 Hz, 1H), 7.30-7.34 (m, 2H), 7.52 (dd&8.0, 1.9, 1.0 Hz, 1H), 7.97 @=2.0
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Hz, 1H), 9.68 (s, 1H).Compounf;(76%),"H NMR (CDCl 5, 400 MHz): 56.89 (d,J=3.7 Hz,
1H), 7.24-7.25 (m, 1H), 7.33 (d=3.7 Hz, 1H), 7.48 (1)=8.0 Hz, 1H), 7.66 (s, 1H), 7.75 (d,
J=7.8 Hz, 1H), 9.69 (s, 1H). Compound,(44%),"H NMR (CDCl s, 400 MHz): 53.96 (s, 3H),
6.74 (d,J=3.8 Hz, 3H), 6.74 (dJ=3.8 Hz, 1H), 6.99 (dJ=8.8 Hz, 1H), 7.31 (d]=3.8 Hz, 1H),
7.71 (dd J=8.6, 2.2 Hz, 1H), 9.63 (s, 1H).

(E/2)-1-(2-ethylphenyl)-5-((5-(4-fluorophenyl)furan-2-yl)methylene) pyrimidine-
2,4,6(1H,3H,5H)-trione (1:1 mixture of E/Z isomers)cp028):

R To a solution of barbituric aciti57 (0.069 g, 0.263 mmol) in EtOH (3.3 mL,
0.08 M), aldehydel60 (0.050 g, 0.263 mmol) was added, a very strong
)0 orange color appeared. The mixture was heatedlakiregy conditions for 2

= ‘ hours and the solvents were removiedvacuo. The crude product was

° ° purified by flash chromatography (1% MeOH/DCM) totain productp028

@QTOTNH as an orange solid (83.0 mg, 78%). The productigsaated as a 1:1 mixture

Ve of the isomers E and ZH NMR (CDCl g, 400 MHz): 6 1.13 (t,J=7.6 Hz,
3H), 2.44 (q,J=7.6 Hz, 2H), 6.95 (ddJ=4.0, 0.6 Hz, 1H), 7.08-7.14 (m, 3H), 7.25-7.30 (m,
1H), 7.33-7.39 (m, 2H), 7.79 (dd:9.0, 5.2 Hz, 2H), 7.90 (s, 1H), 8.43 (s, 1H), 8@4J=3.9
Hz, 1H)*C NMR (CDCl3, 100 MHz): § 14.0, 24.1, 109.4, 111.4, 116.6, 116.7, 125.0,1125
127.2,128.0, 128.8, 129.4, 129.9, 132.7, 133.0,904141.6, 149.7, 150.9, 161.0, 161.9, 163.3,
163.4, 165.0.F NMR (CDCIl;100 MHz): & -108.1 ppm.HRMS: calc. for [M+H]

Co3H1eN2O4F: 405.12451, found 405.12437

(+/-)-1-(2-ethylphenyl)-5-((5-(4-fluorophenyl)furan2-yl)methyl)pyrimidine-
2,4,6(1H,3H,5H)-trione (161):
To a solution otp028(0.050 g, 0.124 mmol) in EtOH (1.2 mL, 0.1 M) & 0
sodium borohydride (0.014 g, 0.371 mmol) was addHte mixture was
allowed to reach room temperature and stir for looer before removing the
solventsin vacuo. To the crude product HCI 1M was added and a wdotil
precipitated, the solid was filtered and purifieg fireparative HPLC to yield
compoundl61(32.8 mg, 65%) as a white solitH NMR (CDCl 5, 400 MHz):6
Me 0.75 (t,J=7.6 Hz, 1.5H), 1.16 #=7.6 Hz, 1.5H), 1.87 (q}=8.0 Hz, 1H), 2.43
(q,J=7.6 Hz, 1H), 3.61-3.78 (m, 2H), 3.88-3.91 (m, 1611 (d,J=3.1 Hz, 0.5), 6.25 (d=3.3
Hz, 0.5H), 6.48 (dJ=3.3 Hz, 0.5H), 6.52 (d}=7.5 Hz, 0.5H) 6.64 (dJ=7.5 Hz, 0.5H), 6.98-
7.11 (m, 3H), 7.24-7.27 (m, 1H), 7.33-7.39 (m, ),5H48-7.57 (m, 2H), 8.85 (s, 0.5H), 9.01
(s, 0.5H)HRMS: calc. for [M+H]" C,3H,0N,O4F: 407.14016, found 407.14009
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Experimental Part: Solicing Inhibition

(E/Z)-5-((5-(4-acetylphenyl)furan-2-yl)methylene)-1(2-ethylphenyl)pyrimidine-
2,4,6(1H,3H,5H)-trione (1:1 mixture of E/Z isomers)168):
Compound168 (77%, orange solid) was synthesized as describedp@28
'H NMR (CDCI 3,400 MHz): § 1.20 (t,J=7.6 Hz, 3H), 2.48-2.54 (m, 2H), 2.65
o (s, 3H), 7.09 (dJ=4.1 Hz, 0.5H), 7.16-7.19 (m, 1.5H), 7.34-7.38 {H), 7.41-
O;j\fo 7.48 (m, 2H), 7.94 (dJ=13.0, 8.4 Hz, 2H), 8.06 (dd=8.5, 1.9 Hz, 2H), 8.18

e (s, 0.5H), 8.25 (s, 0.5H), 8.53 (s, 0.5H), 8.59(q%KH), 8.76 (d,J=4.1 Hz,
@I 0.5H), 8.81 (dJ=4.1 Hz, 0.5H).*C NMR (CDCl;, 100 MHz): & 13.8, 13.9,

Me 23.9, 26.7, 110.4, 110.6, 112.9, 125.7, 127.1,12128.7, 128.8, 129.2, 129.2,
129.3, 129.8, 129.9, 131.6, 132.1, 132.3, 132.2,51332.9, 137.9, 137.9, 140.5, 140.9, 141.5,
141.6, 149.3, 149.3, 149.4, 151.3, 151.4, 160.8,716.60.8, 161.5, 161.8, 163.0, 197.1, 197.1
HRMS: calc. for [M+H] CysH21N,Os: 429.14450, found 429.14433.

Ac

(E/2)-5-((5-(4-(dimethylamino)phenyl)furan-2-yl)methylene)-1-(2-ethylphenyl) pyrimidine-
2,4,6(1H,3H,5H)-trione (1.5:1 mixture of E/Z isomes) (167):
Compound167 (83%, dark purple solid) was synthesized as desdrior
Me:N cp028 'H NMR (CDCI 3,400 MHz): § 1.20 (t,J=7.6 Hz, 3H), 2.52 (m, 2H),
3.09 (s, 6H), 6.79 (dd=9.0, 3.1 Hz, 2H), 6.84 (d~4.3 Hz, 0.6H), 6.92 (d,
//O J=4.3 Hz, 0.4H), 7.17 (dJ=8.0 Hz, 0.4H), 7.19 (dJ=7.9 Hz, 0.6H), 7.33-
Oﬁj\fo 7.46 (m, 3H), 7.75 (1)=8.3 Hz, 2H), 7.88 (s, 0.4H), 7.95 (s, 0.6H), 8(d4
NTNH 0.4), 8.49 (s, 0.6H), 8.85 (d+3.7 Hz, 0.6H), 8.90 (bs, 0.4HHRMS: calc.
C%neo for [M+H] " C,5H,3N30,: 430.17613, found 430.17545.

(E/Z)-5-((5-(3,4-dimethoxyphenyl)furan-2-yl)methylene)-1-(2-ethylphenyl)pyrimidine-

2,4,6(1H,3H,5H)-trione (1:1 mixture of E/Z isomers)172):

Compoundl72 (64%, dark red solid) was synthesized as descfifrech028

'H NMR (CDCl 3, 400 MHz): § 1.20 (t,J=7.6 Hz, 3H), 2.48-2.55 (m, 2H),

3.87 (s, 6H), 6.55 (1}=2.2 Hz, 1H), 6.96 (dJ=4.1 Hz, 0.5H), 6.99 (dd=3.7,

. 2.3 Hz, 2H), 7.04 (dJ=4.0 Hz, 0.5H), 7.18 (tJ=8.6 Hz, 1H), 7.35 (ddd,

NTNH J=14.7, 2.3 Hz, 1H), 7.40-7.48 (m, 2H), 8.30 (sH),3.39 (s, 0.5H), 8.52 (s,

@g o 0.5H), 8.58 (s, 0.5H), 8.76 (d=3.9 Hz, 0.5H), 8.83 (dJ=4.0 Hz, 0.5H).
Me HRMS: calc. for [M+H] CysH23N,06: 447.15506, found 447.15477.

MeQ OMe

/ O

>
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Experimental Part: Solicing Inhibition

(E/2)-5-((5-(3

,5-dichlorophenyl)furan-2-yl)methylere)-1-(2-ethylphenyl)pyrimidine-

2,4,6(1H,3H,5H)-trione (1:1 mixture of E/Z isomers)170):

Cl
Cl

/ o

Ay

Compoundl 70 (78%, orange solid) was synthesized as describrecpfa?8
'"H NMR (CDCl3, 400 MHz): § 1.20 (t,J=7.6 Hz, 3H), 2.48-2.54 (m, 2H),
7.00 (d,J=4.1 Hz, 0.5H), 7.07 (d]=4.0 Hz, 0.5H), 7.17, (§=7.16 Hz, 1H),
7.35 (dd,J=14.3, 6.7 Hz, 1H), 7.40-7.38 (m, 3H), 7.70 (@t4.1, 2.1 Hz,
2H), 8.23 (s, 0.5H), 8.30 (s, 0.5H), 8.48 (s, 0.581p5 (s, 0.5H), 8.72 (d,

o)

\
NTNH

© J=4.0 Hz, 0.5H), 8.78 (dJ=4.1 Hz, 0.5H).HRMS: calc. for [M+H]
Me

CoaH1CLN,O,:  455.05599, found 455.0599. Calc. for [M+H]

C,sH1,CIP'CIN,O,: 457.05284, found 457.05304.

(E/2)-1-(2-ethylphenyl)-5-((5-(3-fluorophenyl)furan-2-yl)methylene)pyrimidine-
2,4,6(1H,3H,5H)-trione (1.2:1 mixture of E/Z isomes) (164):

F

/ (0]
=

oo

N NH

oY

(0]

Me

Compoundl64(80%, orange solid) was synthesized as descrilbrechfi?8 *H
NMR (CDCl3, 400 MHz): 61.20 (t,J=7.60 Hz, 3H), 2.48-2.55 (m, 2H), 6.99
(dd, J=4.1, 0.7 Hz, 0.55H), 7.07 (dd=4.0, 0.7 Hz, 0.45H), 7.17 #=7.9 Hz,
1H), 7.32-7.48 (m, 5H), 7.48-7.70 (m, 1H), 7.8137(&, 1H), 8.50 (s, 0.45H),
8.57 (s, 0.55H), 8.61 (bs, 0.45H), 8.63 (bs, 0.58)5 (d,J=4.1 Hz, 0.55H),
8.82 (d,J=4.0 Hz, 0.45H)HRMS: calc. for [M+H] C,3H1gN,O4F: 405.12451,
found 405.12435

(E/Z)-5-((5-(3-chlorophenyl)furan-2-yl)methylene)-1(2-ethylphenyl)pyrimidine-
2,4,6(1H,3H,5H)-trione (1:1 mixture of E/Z isomers)165):

Cl

/ [¢]
=

oL o

N NH

oo

(¢]

Me

Compoundl165 (82%, orange solid) was synthesized as describrecpfi?8 H
NMR (CDCl;, 400 MHz): 8 1.20 (td,J=7.6, 0.5 Hz, 3H), 2.48-2.55 (m, 2H),
6.99 (ddJ=4.1, 0.8 Hz, 0.5H), 7.07 (dd=4.1, 0.8 Hz, 0.5H), 7.12-7.20 (m, 2H),
7.36 (dddJ=14.1, 7.6, 2.4 Hz, 1H), 7.40-7.49 (m, 3H), 7.5867(m, 1H), 7.63
(t, J=8.2 Hz, 1H), 8.01 (s, 0.5H), 8.08 (s, 0.5H), 8(500.5H), 8.56 (s, 0.5H),
8.75 (d,J=4.1 Hz, 0.5H), 8.81 (dJ=4.1 Hz, 0.5H)HRMS: calc. for [M+H]
C,3H17/CIN,O,: 421.09496, found 421.09481. Calc. for [M+tdLaH:s>'CIN, Oy

423.09201, found 423.09191.
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Experimental Part: Solicing Inhibition

(E/Z)-5-(4-chlorobenzylidene)-1-(2-ethylphenyl)pynmidine-2,4,6(1H,3H,5H)-trione(1:1
mixture of E/Z isomers)(1:1 mixture of E/Z isomersj§173):
To a solution of barbituric acid57 (0.050g, 0.213mmol) in EtOH (2.7mL,
0.08M), 4-fluorobenzaldehye (0.030g, 0.213mmol) vealsled. The mixture

was heated at refluxing conditions for 2 hours tredsolvents are evaporated.

Cl

NTNH The crude product was purified by flash chromatphya(1% MeOH/DCM) to
Cg obtain productl73as awhite solid (66.5mg, 88%). The product is isalas a
1:1 mixture of the isomers E and 4 NMR (CDCl 5, 400 MHz): & 1.20 (td,
J=7.6, 4.4 Hz, 3H), 2.50 (qd=7.6, 2.5 Hz, 2H), 7.15 (d=7.9 Hz, 1H), 7.35 (1}=7.4 Hz, 1H),
7.39-7.49 (m, 4H), 7.97 (s, 0.5H), 8.09 (s, 0.584)5 (t,J=8.2 Hz, 2H), 8.56 (s, 0.5H), 8.60 (s,
0.5H).HRMS: calc. for [M+H] CygH1¢CIN,Os: 355.08440, found 355.06739; Calc. for [M+H]
CioH16°'CIN,O5: 357.08145, found 357.07858.

(E/Z2)-5-(4-bromobenzylidene)-1-(2-ethylphenyl)pyrinidine-2,4,6(1H,3H,5H)-trione (1.7:1
mixture of isomers E/Z) (174):
Compound174 (67%, white solid) was synthesized as described 7& *H
NMR (CDCl3, 400 MHz): 6 1.13 (td,J=7.6, 4.8 Hz, 3H), 2.43 (qd57.6, 3.2
[ Hz, 2H), 7.08 (dJ=8.0 Hz, 1H), 7.25-7.30 (m, 1H), 7.34-7.40 (m, 1ARO
(d, J=8.6 Hz, 0.63H) 7.57 (dJ=8.6 Hz, 0.37H), 7.90 (bs, 0.63H), 7.98 (t,
@;7{ J=8.5 Hz, 2H), 8.02 (bs, 0.37H), 8.47(s, 0.63H),18(S, 0.37H).HRMS:
calc. for [M+H] CigHiBrN,Os: 399.03388, found 399.03388; for
CioH16BrN,O3: 401.03183, found 401.03182

Br-

(E/Z)-5-((5-(3,4-dichlorophenyl)furan-2-yl)ymethylere)-1-(2-ethylphenyl)pyrimidine-
2,4,6(1H,3H,5H)-trione (1.4:1 mixture of isomers &) (171):
c g Compoundl71 (85%, yellow solid) was synthesized as describedp028
'H NMR (CDCl3, 400 MHz): & 1.20 (t,J=7.6 Hz, 3H), 2.48-2.50 (m, 2H),
6.97 (d,J=4.1 Hz, 0.4H), 7.04 (dJ=4.0 Hz, 0.6H), 7.17 (t}=7.4 Hz, 1H),
7.35 (ddd,J=14.5, 6.9, 2.2 Hz, 1H), 7.40-7.48 (m, 2H), 7.52Q¢H), 7.54
ﬁ‘j\f (s, 0.6H), 7.64 (ddds8.0, 5.8, 2.0 Hz, 1H), 7.89 (d4.1 Hz, 1H), 8.47 (s,
Q% 0.6H), 8.54 (s, 0.4H), 8.72 (d74.1 Hz, 0.4H), 8.79 (dI=4.0Hz, 0.6H), 9.07
(s, 0.6H), 9.13 (s, 0.4HRMS: calc. for [M+H]" C,3Hi/CLN,Oy:
455.05599, found 455.0599; Calc. for [M+LaH:cCI*'CIN,O,: 457.05284, found 457.05304.
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Experimental Part: Solicing Inhibition

(E/Z)-5-((5-([1,1'-biphenyl]-4-yl)furan-2-yl)methyl ene)-1-(2-ethylphenyl)pyrimidine-
2,4,6(1H,3H,5H)-trione (1:1 mixture of isomers E/Z)169):

O Compoundl69(85%, orange solid) was synthesized as descrilrechfi?8
'"H NMR (CDCl 3, 400 MHz): § 1.21 (td,J=7.6, 1.2 Hz, 3H), 2.49-2.56 (m,
Q 2H), 7.03 (ddJ=4.1, 0.8 Hz, 0.5H), 7.12 (dd+4.1, 0.8 Hz, 0.5H), 7.16-7.21
/0 (m, 1H), 7.33-7.50 (m, 6H), 7.65 (7.1 Hz, 2H), 7.73 (dJ=7.9 Hz, 2H),

Oﬁj\fo 7.91-7.95 (m, 2H), 8.03 (bs, 0.5H), 8.09 (bs, 0,553 (s, 0.5H), 8.59 (s,
NTNH 0.5H), 8.81 (dJ=4.1 Hz, 0.5H), 8.86 (d]=3.8 Hz, 0.5H)HRMS: calc. for
Cg o [M+H] +C29H23N204: 463.16523, found 463.16491

(E/2)-1-(2-ethylphenyl)-5-((5-(2-fluorophenyl)furan-2-yl) methylene)pyrimidine-
2,4,6(1H,3H,5H)-trione (1.5:1 mixture of isomers &) (163):
Compoundl63(76%, yellow solid) was synthesized as described[628 'H
% NMR (CDCl3, 400 MHz)$ 1.21 (t,J=7.6, 0.5 Hz, 3H), 2.48-2.56 (m, 2H),
7.13-7.48 (m, 8H), 8.00 (tI=7.5 Hz, 1H), 8.53-8.60 (m, 2H), 8.77 (@4.1
@Q

Hz, 0.6H), 8.83 (mJ=4.1 Hz, 0.4H)HRMS: calc. for [M+H] CogH1N,OuF:
405.12451, found 405.12440

(E/Z)-1-(2-ethylphenyl)-5-((5-(2-methoxyphenyl)fura-2-yl)methylene)pyrimidine-

2,4,6(1H,3H,5H)-trione (~1.7:1 mixture of isomers &) (162):

Compoundl62 (82%, yellow solid) was synthesized as describecp®28

'H NMR (CDCl 3, 400 MHz): § 1.20 (td,J=7.6, 1.3 Hz, 3H), 2.49-2.56 (m,

2H), 3.98 (s, 1.9H), 4.00 (s, 1.1H), 7.02 (dd8.3, 4.2 Hz, 1H), 7.08-7.12 (m,
og\fo 1H), 7.18 (dd,J=12.6, 7.5 Hz, 1H), 7.26-7.28 (m, 1H), 7.32-7.38 (H),

C@NTNH 7.46-7.48 (m, 3H), 8.03 (d=7.8, 1.4 Hz, 1H), 8.14 (bs, 0.4H), 8.17 (bs,

0

OMe

0.6H), 8.51 (bs, 0.4H), 8.58 (bs, 0.6H), 8.79 Jd4.1 Hz, 0.6H), 8.84 (d,
J=3.4 Hz, 0.4H).HRMS: calc. for [M+H] C,H,;N,Os: 417.14450, found
417.14431
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Experimental Part: Solicing Inhibition

(E/Z)-1-(2-ethylphenyl)-5-((5-(p-tolyl)furan-2-yl)methylene)pyrimidine-2,4,6(1H,3H,5H)-
trione (1:1 mixture of isomers E/Z) (166):
Me Compoundl66 (78%, orange solid) was synthesized as descrilbrecpfa?8
'H NMR (CDCl 3, 400 MHz): § 1.20 (t,J=7.6 Hz, 3H), 2.40 (s, 3H), 2.52
)0 (gd, J=7.5, 3.5 Hz, 2H), 6.93 (d=4.1 Hz, 0.5H), 7.01 (d)=4.1 Hz, 0.5H),
o/g\fo 7.17 (t,3=7.8 Hz, 1H), 7.27 (d)=7.7 Hz, 2H), 7.30-7.36 (m, 1H), 7.39-7.46
(m, 2H), 7.73 (ddJ=8.2, 2.8 Hz, 2H), 8.49 (s, 0.5H), 8.57 (s, 0.581),8 (d,
@QTOTNH J=4.1 Hz, 0.5H), 8.87 (dJ=4.0 Hz, 0.5H), 9.09 (d]=4.8 Hz, 1H).HRMS:
Me calc. for [M+H] C,4H21N,0,4: 401.14958, found 401.14927

1-(3-bromophenyl)urea:
Ho 1-(3-Bromophenyl)urea was synthesised followingoregrd procedure for urea
Q \[(1)/ ’ 156 'H NMR (DMSO, 400 MHz): & 3.37 (d, J=18.4 Hz, 2H), 4.22 (dd,
Br J=13.9, 6.9 Hz, 1H), 7.30 (d, J=7.6 Hz, 1H), 7.431€6.9 Hz, 1H), 7.53 (s,
1H), 7.64 (t, J=7.7 Hz, 1H).

1-(3-bromophenyl)pyrimidine-2,4,6(1H,3H,5H)-trione:
OWO 1-(3-bromophenyl)pyrimidine-2,4,6(1H,3H,5H)-trio{@266 g, 40 %) was
N._NH synthesised as described for composd ‘H NMR (MeOD, 400 MHz): §
Q/ \g/ 3.37 (d,J=18.4 Hz, 2H), 4.22 (ddJ=13.9, 6.9 Hz, 1H), 7.30 (d=7.6 Hz,
Br 1H), 7.43 (tJ=6.9 Hz, 1H), 7.53 (s, 1H), 7.64 §7.7 Hz, 1H).

(E/Z)-1-(3-bromophenyl)-5-((5-(3-chlorophenyl)furan2-yl)methylene)pyrimidine-
2,4,6(1H,3H,5H)-trione (194) (1:1 mixture of E/Z ismers):

cl Compoundl94 was synthesised as described for compap@®§ using 1-(3-
bromophenyl)pyrimidine-2,4,6(1H,3H,5H)-trione andiehyde A; as starting
materials*H NMR (CDCl 3, 400 MHz): § 7.02 (ddJ=4.1, 0.6 Hz, 0.5H), 7.08
(dd,J=4.1, 0.6 Hz, 0.5H), 7.38-7.43 (m, 3H), 7.47 (#{7.8, 1.8 Hz, 1H), 7.60-
7.64 (m, 1H), 7.62 (t)=17.7 Hz, 1H), 7.79-7.77 (m, 1H), 7.84 (s, ), 8(87
Brj@NYNH 0.5H), 8.14 (s, 0.5H), 8.44 (s, 0.5H), 8.56 (sH),3.74 (d,J=4.0 Hz, 0.5H),

8.81 (d, J=4.1 Hz, 0.5H). HRMS: calc. for [M+H] CyH13N,O,BrClI:
470.97417, found 470.97396
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Experimental Part: Solicing Inhibition

(E/Z)-1-(3-bromophenyl)-5-((5-(3-bromophenyl)furan2-yl)methylene)pyrimidine-
2,4,6(1H,3H,5H)-trione (193) (1:1 mixture of E/Z ismers):

Br Compoundl193 was synthesised as described for compap@?8 using 1-
(3-bromophenyl)pyrimidine-2,4,6(1H,3H,5H)-trione daraldehyde A;, as
/0 starting materialstH NMR (CDCl 5, 400 MHz): § 6.92 (d,J=3.9 Hz, 0.5H),

] 6.98 (d,J=4.8 Hz, 0.5H), 7.03 (d]=8.6 Hz, 1H), 7.37-7.52 (m, 3H), 7.61 (t,
. Lo, JF7.9Hz, 1H), 7.75 ()=8.6 Hz, 1H), 7.86-7.88 (m, 1.5H), 7.95 (bs, 0.5H),
\©/ \’c],/ 8.46 (bs, 0.5H), 8.53 (bs, 0.5H), 8.76 §d4.2 Hz, 0.5H), 8.83 (d]=3.6 Hz,
0.5H).HRMS: calc. for [M+H] C,;H13N,O,Br,: 514.92366, found 514.92348

(E/2)-1-(3-bromophenyl)-5-((5-(3-(trifluoromethoxy)phenyl)furan-2-
yl)methylene)pyrimidine-2,4,6(1H,3H,5H)-trione (196 (1:1 mixture of E/Z isomers):

OCF; Compoundl96 was synthesised as described for compay®28using 1-
(3-bromophenyl)pyrimidine-2,4,6(1H,3H,5H)-trione daraldehydeA;; as
/0 starting materials’H NMR (CDCl;, 400 MHz): § 7.05 (d,J=4.1 Hz,

OJ\(O 0.5H), 7.10 (d,)=4.0 Hz, 0.5H), 7.23-7.25 (m, 1H), 7.30 (8.2 Hz, 1H),
7.41 (q,J=7.8 Hz, 1H), 7.46 (t)=1.9 Hz, 0.5H), 7.48 (t)=1.9 Hz, 0.5H),
BrgNWg 7.53 (td,J=8.1, 1.6 Hz, 1H), 7.62 (8=7.7 Hz, 1H), 7.69 (bs, 1H), 7.78 (t,

J=8.3Hz, 1H), 7.99 (bs, 0.5H), 8.06 (bs, 0.5H), 8BS, 0.5H), 8.57 (bs,
0.5H), 8.74 (d,J=4.1 Hz, 0.5H), 8.81 (dJ=4.1 Hz, 0.5H).HRMS: calc. for [M+H]"
Ca1H1N,0sBrF3: 520.99545, found 520.99491

(E/Z)-1-(3-bromophenyl)-5-((5-(3-chloro-4-methoxyplenyl)furan-2-
yl)methylene)pyrimidine-2,4,6(1H,3H,5H)-trione (199 (1.2:1 mixture of E/Z isomers):
Compoundl95was synthesised as described for compayp@®8using 1-

MeO cl
(3-bromophenyl)pyrimidine-2,4,6(1H,3H,5H)-trione daraldehydeA, as
o starting materials'tH NMR (CDCl 3, 400 MHz): § 2.17 (s, 3H), 7.02 (dd,
= J=4.1, 0.6 Hz, 0.55H), 7.08 (dds4.1, 0.6 Hz, 0.45H), 7.22-7.25 (m, 1H),
o) / o 7.36 (td,J=7.9, 1.4 Hz, 1H), 7.36 (td=7.9, 1.4 Hz, 1H), 7.40 (dd=15.3,
Bf\©/N\n/NH
o}

7.8 Hz, 1H), 7.46 (1)=1.9 Hz, 0.45H), 7.48 (1=1.8 Hz, 0.55H), 7.56-7.59

(m, 1H), 7.78 (t,J=8.4 Hz, 1H), 7.99 (ddJ=3.7, 1.8 Hz, 1H), 8.06 (bs,
0.45H), 8.13 (bs, 0.55H), 8.49 (s, 0.45H), 8.560(55H), 8.74 (dJ)=4.1 Hz, 0.55H), 8.81 (d,
J=4.0 Hz, 0.45 H)HRMS: calc. for [M+H] CyH1sN,0sBrCl: 500.98474, found 500.98451
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Experimental Part: Solicing Inhibition

4-((tert-butyldimethylsilyl)oxy)aniline (198):

NH, Compoundl98(3.54 g, 87%) was synthesised as described for 156a
TBDMSO/©/ 'H NMR (DMSO-d, 400 MHz): § 0.15 (s, 6H), 0.94 (s, 9H), 5.70 (s,
2H), 6.70 (d,J=8.8 Hz, 2H), 7.23 (dJ=8.9 Hz, 2H), 8.30 (s, IHHRMS: calc. for [M+H]
C1aH23N,0,Si: 267.15233, found 267.15342. Calc. for [M+N@&}sH,,N,O,SiNa: 289.13428
found 289.13524

1-(4-((tert-butyldimethylsilyl)oxy)phenyl)urea:

H 1-(4-((tert-butyldimethylsilyl)oxy)phenyl)urea (W69, 51%) was

N NH

\(l)l/ i synthesised as described for urs6 'H NMR (DMSO-dg, 400
TBDMSO MHz): & 0.15 (s, 6H), 0.94 (s, 9H), 5.70 (s, 2H), 6.70%HB.8 Hz,

2H), 7.23 (d J=8.9 Hz, 2H), 8.30 (s, IHHRMS: calc. for [M+H] Cy3H»3N,0,Si: 267.15233,
found 267.15342. Calc. for [M+Nal5H,N,0,SiNa: 289.13428 found 289.13524

1-(4-((tert-butyldimethylsilyl)oxy)phenyl)pyrimidin e-2,4,6(1H,3H,5H)-trione:
OY\I//O 1-(4-((tert-butyldimethylsilyl)oxy)phenyl)pyrimidie
ON\H/NH 2,4,6(1H,3H,5H)-trione (0.167g, 44%) was synthebias described
TBDMSO © for compoundl57. '"H NMR (CDCl 3, 400 MHz): § 0.22 (s, 6H), 0.99
(s, 9H), 3.74 (s, 2H), 6.89 (3+8.8 Hz, 2H), 7.01 (d}=8.8 Hz, 2H), 9.01 (s, IHHRMS: calc.
for [M+H] " C16H,3N,0,Si: 334.13488, found 334.13503.

(E/Z)-1-(4-((tert-butyldimethylsilyl)oxy)phenyl)-5- ((5-(4-fluorophenyl)furan-2-
yl)methylene)pyrimidine-2,4,6(1H,3H,5H)-trione (199:

R Compound199 (55 mg, 66%) was synthesised as described for contp
cp028. This compound was directly taken into the negpHRMS: calc.
/ o
O. ‘ (o]
/©/NYNH
(o}

for [M+H]+C27H23N205Si: 507.17460, found 507.17464

TBDMSO
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(E/Z)-1-(2-ethylphenyl)-5-((5-(4-fluorophenyl)furan-2-yl)ymethylene)-3-methylpyrimidine-
2,4,6(1H,3H,5H)-trione (201):

F To a solution of compouncp028(0.050 g, 0.124 mmol) in DMF (0.5 mL,
0.237 M), sodium hydride (60 % in mineral oil) (6.81g, 0.134 mmol) was
added and the mixture was allowed to stir for 5 méflore adding methyl
iodide (8.5 pL, 0.136 mmol). The mixture was allovte stir further for 2
h. at 85°. The mixture was partitioned betwee®/Mrine (1:1) and DCM,

@T ‘Me and the organic phase was washed with the sameanmi{®x). The crude
product was purified by chromatography (10% etlegtate/DCM) to afford

/ (@)

compound201(35 6 mg, 69 %) as a bright yellow soltti NMR (CDCl 5, 400 MHz): § 1.08
(t, I=7.6 Hz, 3H), 2.44 (qJ=7.6 Hz, 2H), 3.29 (s, 3H), 7.24-7.41 (m, 6.5H\87(d,J=4.0 Hz,
0.5H), 8.00-8.06 (m, 2H), 8.20 (s, 0.5H), 8.300(5H), 8.48 (d,J=4.0 Hz, 0.5H), 8.67 (d]=4.0
Hz, 0.5H).HRMS: calc. for [M+H] C,4H.N,O4F: 419.14016, found 419.14000

Tert-butyl (1-bromo-2-oxo-7,10,13-trioxa-3-azahexadecaib6-yl)carbamate (200):
Compound 200 (0.29 g) was synthesised
\)J\H/\/\O/\/o\/\o/\/\NHBOC according to the literature procedure for the
chloro analogu& 'H NMR (CDCl; 400
MHz): & 1.44 (s, 9H), 1.72-1.79 (m, 2H), 1.82 (&#11.7, 5.9 Hz, 2H), 3.22 (dd=12.3, 6.1,
2H), 3.42 (ddJ=12.1, 5.8 Hz, 2H), 3.54 (§=6.0 Hz, 2H), 3.58-3.69 (m, 10H), 3.85 (s, 2H),
4.93 (bs, 1H), 7.18 (bs, 1H).

tert-butyl (E/Z)-(1-(3-(2-ethylphenyl)-5-((5-(4-fluorophenyl)furan-2-yl)methylene)-2,4,6-
trioxotetrahydropyrimidin-1(2 h.)-yl)-2-oxo-7,10,13-trioxa-3-azahexadecan-16-
yl)carbamate (1.5:1 mixture of E/Z isomers) (202):

F

= NHBoc

To a solution o£p028(0.020 g, 0.049 mmol) in DMF (0.5 mL, 0.1M), soditmydride (60% in
mineral oil) (2.2 mg, 0.054 mmol) was added. Atérminutes200(0.108 g, 0.245 mmol) was

added and the mixture was allowed to stir for 16rh@t 80° before stopping the reaction. The
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Experimental Part: Solicing Inhibition

mixture was subjected to preparative HPLC to affithpound202 (13.5 mg, 43%)'H NMR
(CDCl3, 400 MHz):6 1.18 (t,J=7.6 Hz, 3H), 1.42 (s, 9H), 1.71-1.77 (m, 2H), 11782 (m,
2H), 2.52 (quinJ=7.5 Hz, 2H), 3.20 (bs, 2H), 3.43 (di11.8, 5.8 Hz, 2H), 3.51-3.54 (m, 2H),
3.58-3.62 (m, 6H), 3.63-3.66 (m, 4H), 4.64-4.72 @H), 4.92-4.99 (m, 1H), 6.71 (bs, 0.6H),
6.91 (d,J=4.0 Hz, 0.6H), 6.98 (dJ=4.0 Hz, 0.4H), 7.15-7.21 (m, 3.4 H), 7.30-7.35 (iHl),
7.38-7.44 (m, 2H), 7.80-7.86 (m, 2H), 8.51 (s, 0,48156 (s, 0.6H), 8.75 (d=4.1 Hz, 0.6H),
8.82 (d,J=4.0 Hz, 0.4H)HRMS: calc. for [M+H] C4oHsN4O1F: 765.35055, found 765.35267

(E/Z2)-N-(2-(2-(2-azidoethoxy)ethoxy)ethyl)-2-(3-(2thylphenyl)-5-((5-(4-
fluorophenyl)furan-2-yl)methylene)-2,4,6-trioxotetrahydropyrimidin-1(2 h.)-yl)acetamide
(204):

7 (0]
=
|
(@) (0] 0
N\[]/N\)J\N/\/O\/\O/\/Ng
o H
Et

To a solution otp028(0.05 g, 0.124 mmol) in DMF (0.5 mL, 0.1M), sodidmydride (60% in
mineral oil) (2.2 mg, 0.054 mmol) was added. Aftérminutes, compoun203(0.109 g, 0.371
mmol) was added and the mixture was allowed td@til6 hours before stopping the reaction.
The crude product was purified by chromatograpld@g2thyl acetate/DCM) and subsequently
by preparative HPLC to afford04 (15.0 mg, 19%). The compound was directly subgette

the next step.
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N-((1-(2-(2-(2-(2-((2)-3-(2-ethylphenyl)-5-((5-(44tiorophenyl)furan-2-yl)methylene)-2,4,6-
trioxotetrahydropyrimidin-1(2 h.)-yl)acetamido)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-
yl)methyl)-5-((3aS,4S,6aR)-2-oxohexahydro-1H-thierj8,4-d]imidazol-4-yl)pentanamide
(206):

7 o
=
|
o} 0, ’.“%
C[NTN\)L”/\/O\/\O/\/N Y Y
0
Et

To a solution of compoun204 (15.0 mg, 0.024 mmol) in a mixture of tBUOHMI(1:1, 2 ml,

0.007 M), CuS@5H,0 (0.0024 mmol, 0.6 mg) ar&D5 (10.2 mg, 0.036 mmol) were added and

the mixture was allowed to stir at room temperatare0 h. The crude product was purified by

preparative HPLC to yiel®06 (2.1 mg, 10.4%)HRMS: calc. for [M+H]" CuHs:NgOoFS:
900.35090, found 900.35213

(+/-)-N-((2-(2-(2-(2-(2-(3-(2-ethylphenyl)-5-((5-(4luorophenyl)furan-2-yl)methyl)-2,4,6-
trioxotetrahydropyrimidin-1(2 h.)-yl)acetamido)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-
yl)methyl)-5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieljd,4-d]imidazol-4-yl)pentanamide
(207):

/O
—
N__N 0 N/
e,
o]
Et

To a solution of crud®06 (0.016 mmol) in MeOH (0.1 mL), sodium borohydri(®4 mg,

0.064 mmol) was added and the mixture was allowestit at room temperature for 3 h.The
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crude product was purified by preparative HPLCigddy207 (1.2 mg, 8.3 %)HRMS: calc. for
[M+H] " CysHsaNgOgFS: 902.366550, found 902.36747
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11 List of Abbreviations

2-DG 2-Deoxy-D-glucose

2DG6P 2-Deoxy-D-glucose-6-phosphate
2DGAGP 6-Phospho-2-deoxy-D-glucoronic acid
3-BrPA 3-Bromopyruvate

ACN Acetonitrile

ADP Adenosine diphosphate

AKT Protein kinase B

ATP Adenosine triphosphate

Bn Benzyl

Boc tert-Butyloxycarbonyl

BP Branching point

BRET Bioluminescence resonance energy transfer
CBz Carboxybenzyl

CDK11 Cyclin-dependent kinase 11

DCA dichloroacetate

DCE 1,2-Dichloroethane

DCM Dichloromethane

DHAP Dihydroxyacetonephosphate

DHP Dihydropyran

DIPEA Diisopropyl ethylamine

DMAP 4-Dimethylaminopyridine

DMF Dimethyl formamide

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

DYRK3 dual specificity tyrosine phosphorylation wdated kinase 3
EM Electron microscopy

ER Endoplasmic reticulum

FADH2 Flavin adenine dinucleotide H2

FRET Fluorescence resonance energy transfer
GLUT Facilitative glucose transporters

GPA Glucopiericidin A

GSK3A Glycogen synthase kinase-3 alpha
HIF-1 Hypoxia inducible factor 1

HK Hexokinase
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HPLC
HRMS
HRP
HTS

IC

IL-3
LDH
MAP2K6
MRNA
MS
mTOR
NAD(P)H
NAD+
NADH
NEK2
NMR
NOE
OXPHOS
PA
PAGE
PDH
PDHK
PEG
PFK
PI3K
PK
PKC
PKM1
PKM2
PPTS
pre-mRNA
PTC
Pyr.

r.t.

RNA
ROS

High pressure liquid chromatography
High resolution mass spectrometry
Horse radish peroxidase
High-throughput screening
Intracellular domain
Interleukin-3
Lactate dehydrogenase

Dual specificity mitogen-activated proteimé&se kinase 6
messenger ribonucleic acid

Mass spectrometry

mammalian target of rapamycin
Nicotinamide adenine dinucleotide phosphdte
Nicotinamide adenine dinucleotide +
Nicotinamide adenine dinucleotide H
(Never in Mitosis Gene A)-Related Kinase
Nuclear magnetic resonance

Nuclear overhauser effect

Oxidative phosphorylation

Piericidin A

Polyacrylamide gel electrophoresis
pyruvate dehydrogenase

pyruvate dehydrogenase kinase
Polyethylene glycol
phosphofructokinase
Phosphoinositide 3-kinase

Pyruvate kinase

Protein kinase C

Pyruvate kinase spliced variant M1
Pyruvate kinase spliced variant M2
pyridinium p-toluensulfonate
premature messenger ribonucleic acid
Phase transfer catalyst

Pyridine

room temperature

Ribonucleic acid

Reactive oxygen species
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List of Abbreviations

SAR
SF2/ASF
SF3b
SGLT
SNRNA
SNRNP
SOCI2
SR
SRPK
SS
TAMRA
TBAF
TBAI
TBDMSCI
TBS
TBTU
TCA
TFA
THF
THP
TLC
UDP
VEGF

Structure activity relationship
Serine/arginine-rich splicing factor 1
Splicing factor 3b
Sodium-glucose transporter
Small nuclear ribonucleic acid
Small nuclear ribonucleoproteins
Thionyl chloride

Serine rich

Serine-arginine protein kinase
Splicing site
5/6-Carboxytetramethylrhodamine
Tetrabutylammonium fluoride
Tetrabutylammonium iodide
Tert-butyldimethylsilyl chloride
tert-Butylsilyl

O-(Benzotriazol-1-yl)-N,N,N",N’-tetramethyluroniunttafluoroborate

Tricarboxylic acid cycle
Trifluoroacetic acid
Tetrahydrofuran
Tetrahydropyran

Thin layer chromatography
Uridine diphosphate

Vascular endothelial growth factor
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