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Abstract

The design and synthesis of novel biologically relevant chemical matter finds valuable
inspiration in nature’sevolutionary prevalidated molecular repositoryBiology-oriented
synthesis (BIOS) exploits the power of evolution to generate privilagagal productike
scaffolds However the guidingnatural productéNP9 restrain the exploration of total Nke
chemical space arttle associated target space which renders BIOS limited in the discovery of
novel chemotypes antheir biological activities Combining NRinspired strategies with
fragmentbased compound design bears the potential to overcome theaéidmsitoyde novo
combination of NRderived fragments to unprecedented and biosynthetically inaccessible

compound classes termed psendtural products (pseuddPs.

In the course of this projepyrancafuro-pyridones(PFPs)were designedas a novel class of

pseudo NPand synthesized by combination of biosynthetically rarely relafgglidone and
dihydropyrane NHragmentsin three isomeric arramgnents Cheminformatic analysis

indicated thaPFPgesemble drugs and related compouhdsoccupyNP-like chemical space

not covered byexistingNPs Morphologicalprofiling by means of théargeta gnost i ¢ 0 cC €
pai nt i negpabledausbsasey biological investigatiohthe novel pseudo NP claasd

guided the discovery of PFPs as structurally novel inhibitors of mitochondrial complex | and
inducers of reactive oxygen speci€hese resultfurtherestablisithe concept of pseudePs

as a novel guiding principle for library design in small moleclrugand probediscovery.

o]
R.
L
N
2-Pyridone Pyrano-Furo-Pyridone Dihydropyran
precursor Pseudo Natural Products Precursor

Graphical Abstract Synthetic combination of NP derivedp#ridone and dihydropyran fragments leads to
unprecedented pyranduro-pyridone pseudo NPs.






Kurzzusammenfassung

Von der Natur evolutionar vorselektierte Molekiilspirierendie Gestaltung und Synthese von
neuen biologisch relevanten SubstanZzenZuge derBiologie-orientierten SynthesgBIOS)
werden aus Naturstoffen mit interessanter biologischer Aktivitativilegierte und
naturstoffahnliche Molekilgeriste abgeleiteie Wahl eines Naturstoffes begrenzt hierbei
jedoch die Erforschung des gesamten naturstoffahnlichen chemischen Raumes und der
zugehorigen biologischen Aktivitat. Somit ist das BIOS Konzept eingeddhia der
Entdeckung neuer Chemotypen und del#ologische Relevanz.Die Kombination von
naturstoffinspirierten Synthesestrategien mit Konzepten des fragmentbasierten
Strukturdesignsermoglicht esdiese Einschrankungen zu Uberwindendem naturstoff
abgeleitete Fragmenii neuartigen und biosynthetisch unzuganglichen Verbindungsklassen,
sogenannteRseudeNaturstoffen, kombiniert werden.

Im Rahmen dieses Projekts wurden PyrBooo-Pyridone (PFP)als neuartige Klasse von
PseudeNaturstoffen entworfen und synthetisiert, indem-P¥ridon und Dihydropyran
Naturstofffragmentén dreiisomeen Anordnungen kombiniert wurde@henoinformatische
Analysen zeigten, dasBFP den chemischen Raunvon naturstoffahnlichen Wirkstoffen
einnehmen welcher jedoch nicht von existierenden Naturstoffen abgedeckt wibie
morphologischeProfilierung in einems o ge na @at b n P-Adstnermoglichtidie
unvoreingenommene biologische Umsigchung der neuddseudeNaturstoffklassesowie die
Entdeckung voFPals strukturell neue Inhibitoren destochondrialen Kkmplexes | undlie
damit verbundene Zunahmeaktiver Sauerstoffspezidsies bestétig dasPseudeNaturstoff
Konzept als neuartiges Leitprinzip fir dassign von Substaniiliotheken zur Erforschung

von biologisch relevantemedermolekularen Wirkstoffen urahemischerSonden.
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2-Pyridon Pyrano-Furo-Pyridon Dihydropyran
Baustein Pseudo-Naturstoffe Baustein

Kurzzusammenfassungyranafuro-pyridon pseudo Naturstoffe lassen sich durchsiiathetische Kombination
von naturstoffabgeleiteten 2yridon und Dihydropyran Bausteinen darstellen.






1. Introduction

1. Introduction

Identifying tools that shed light on known and novel biolagphenomena lies at the heart of
ChemicalBiology. A deeper understanding of diseasaed nordisease statagquires tools

with distinct featuresegardingselectivity, efficacy and potency to identify, characterize and
elucidate molecular mechanisms of interactions between proteins and their modulators.
Eventually, the discovery of powerful tools in Chemical Biology has a direct impact on the

development oéffective, potent and safe drugs.

In contrast to genetic alterations, small molecules can be applied in adjustable dasfesnand

in areversible manneallowing precise control over a biological process in terms of time and
magnitude? In addition, employing small molecules to modulate a specific function@br
multiple proteirs enables the investigation of a biological process of interest without the
necessity to remover change the protein itsélf.? In forward chemical geneti¢s the
successful identification of a small molecule eliciting a desired biological effect strongly
depends on the composition of the substance library which is supposed to be screened. With
the number of hypothetically synthesizable and dikeymolecules being estimated between
10?° and 18° it is of major importance to choose a promising point of departure for the

exploration of vast chemical space.

1.1. Natural Product Inspired Compound Collections

Natural products (NPd)aveproven to be a reliableand richsource of biologically relevant
chemical matter as it was recently shown that 28% di&lIFood and Drug Administration
(FDA) approvedfirst-in-classdrugs between 1999 and 2018e either NPs (15%) or NP
derived (13%])% This significant impact odrug discovery ultimately results from increased

hit rates of NPs and their analogues compared to purely chemically synthesized compounds
which is attributed to a diffent and broader coverage of chemical spad¢Ps were selected

and optimized by nature over thousands of years by evolutionary preRsusg¢heir stuctures

and scaffolds can be viewed as privileged for molecular interactions with their respective
targetd® Despite their obvious predtination for drug discovershe application oNPs and
derivatives thereostill faces significant reluctance the pharmaceutical indust®. This
discrepancy can be rationalized by difficulties in isolation of suitable quantities of a desired NP
from complex mixtures and challenging midtep synthesis which may restrict structure

activity relationship (SAR) studié8. However, approaches to overcome these limitations

-1-



1. Introduction

includediversity-oriented synthesis (DOS)iology-oriented synthesis (BIOSgomplexityto-
diversity (CtD)and NRfragment based ligand discovéty3

1.1.1. DiversityOriented Synthesis

The goal of DOS is to build up stereochemical andffold diversity in a small number of
synthetic transformations. To this end, a common tktep strategic approach is followed
consisting of the build the couple and the patphase(Figure 1) Initially, chiral building
blocks with orthogonal sets of functional groups are synthesized employing robust asymmetric
synthesesln the couplgohase these building blocks are joined ideally under full stereocontrol.
The buildng andcouplingprovide the fundamnt of stereochemical diversity. In the final pair
phase, intramolecular coupling reactions are performelinkocomplementary functional
groupsresulting in compounds withigh scaffolddiversity. @mpared to commercial libraries
DOS-derivedcompound a@ssesavea higher stereochemical content ambigher fraction of
sp-hybridised centerd his higher degree of complexityassoa common feature of numerous
NPs HenceDOS-derived compound libraries can be consideredik#Pwhich is also reflected

in theirenhanced biological performanc@

Build r. Couple Pair

_ = R

9,

e + 0
>
o + o
e + @

I

2
oS
&S

Stereochemical diversity Scaffold diversity

Figurel. General concept of diversigriented synthesis (DOS). Grey dots indicate the functional groups for
coupling. Blue and red dots indicate functional groups for pairing.
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1.12. Biology-Oriented Synthesis

The strategy of BIOS employs nature’s-patidated sructures of bioactive NPs as leading
scaffolds which are reduced to less complex framesvaiikh retainedkind of bioactivity.
Theseservethen as privileged starting points for the synthesis biP-inspired compound
collections ensuringreliable and effient synthetic tractability(Figure 2)..'9 The BIOS
approachnitially required cheminformatic analysis of NPs and their embedded scafifihis
wasvisuaized in a tredike structural classification of NRSCONP)allowing the mapping of
known NP chemical space and navigation from complex structures to simpler frameworks and
singlering building blockd!¥ Annotation of biological relevance and implementation as
hierarchical guiding criterion duringratturesimgification additionally assus¢hat the kind

of bioactivity encoded in the scaffolds is retaingdile potency might drop¥ Numerous
examples based on tH&OS stratey were reported and extensively revieweaving an
averagdibrary size of 200 500 compounds with a hit rate of 0.9..5% Collectively, BIOS
enable thoroughSAR studies whichiltimatelyresulted in the successful discovery of various
NP-inspired bioactive compounds. 18

NP-inspired
Simplification P R

compound collection Oi\j
- 5 -
| /.

R

NP

Figure2. General concept of biologgriented synthesis (BIOSJhe simplified core scaffold is indicated in red.

However selection of a guiding NP and its linked molecular target renders the BIOS approach
biased in theexploration of chemical and biological spad&e coveredchemical spacky

BIOS s dictated by the guiding NPs listed in tiietionary of natural product(P) which
represenonly the characterizedPsand hence only a relatively small fractiontioétotal NP

like chemical spacg’

1.13. Ring Distortion Strategy

In a total synthesis or drug discovery efftiie complex structures of NPs are usually regarded
as the final product. Yet, through appropriate chemical modifications of orthogonal functional

characteristics embeddedthe NP scaffolds, they can be applied as privileged starting points

-3-



1. Introduction

for the exploration of NHike chemical spacdn that sense, the ring distortion/modification
approach aims for significant disruption of overall topology of the parent NP by manipulation
of core ring gstems to achieve a high degree of scaffold diversity. Hence, it was termed as the
complexityto-diversity (CtD) strategy which stands in contrast to traditional optimization

effortsintendingto improve potency or drulike properties of NP&2

In nature the bosynthesis of complex NPs is composed of diverse arrays of various enzymes
which transform common intermediates into distinct secondary metabolites. Inspired by this,
enzymes are replacemh CtD by chemoselective reactions which enable the strategic
manipulation of a suitable NP through riwdeavage, ringearrangement, rinfusion and
modification of ringsize (expansion or contraction) and/or its oxidation state (e.qg.
aromatization) as illustrated in Figuse

SO~ G P

Ring-cleavage Ring-expansion or Ring-contraction
6% T
Ring-fusion Ring-rearrangement

Figure3. General concept of complexitp-diversity strategy (CtD Changes to the NP scaffold are indicated in
red.

The diversification of several NPs including gibberellic Béidadenosteronéd, quininé*?,
abietic acid¥, yohimbiné'¥, sinomenin&? and lycoriné& outlined the proof of concept. The
biological relevance of CtD generated €rived products was demonstrated in a recent
example employing pleuromutilin as the parent NP for diversification resulting in structurally
diverse and highly complex deriwges (Figure 4). Subsequent biological evaluation in a
phenotypic assay for anticancer activity revealed thegorgraction product of pleuromutilin

P1, which was further elaborated to ferroptociRig as a rapid inducer of ferroptotic cell death
by inhibiting thioredoxin??
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Ringfusion
1 step
—_—
Cl
Ferroptocide P5 P2
Ring contraction Ring expansion
W 3V
H
Pleuromutilin (P)
Ring fusion Ring cleavage
4 steps + Ring fusion

3 steps

P3

Figure4. Diversification (indicated in red) of pleuromutiliB) (leads to a thioredoxin inhibitor and inducd?5j
of ferroptosis.

CtD is limited by theguiding NPs as they need tde available in sufficient amounts
Furthermore, the employed NPsrequire orthogonal functional groups for selective
diversificationof the core scaffold. From a practical point of view, the fast exploration of NP
like chemical space from selected NP might bienpaired by laborious screening of suitable
reaction conditions to achieve a desired transformgdioayor isolation and characterization of

complex isomers derived from an unanticipated reactivity of the NP.

1.14. Natural Product Fragments

Fragmentbased drug design (FBDDhas gained increasing attention especially the
pharmaceutical industry as it seeno overcome high attrition rates during classic lead
discovery approaches such as high throughput screehicgrbinatorial chemistry derived

libraries. FBDD is based on the investigation of Jaffinity pharmacophores and the

-5-



1. Introduction

identification of their exact binding modes to the target protein of interest -bgy X
crystallography or NMR spectroscopy. From a dateed anchor pointhe fragments can then

be grown to form new interactions with the binding pocket applying strubased drug
design This leagto high quality lead compounds which can readily be optimized. Although it
was demonstrated that FBDD rdlyi explores large areas of chemical spatde requiring
smaller libraries than usually applied during htghoughput screening (HTS)here is an
inherited impairment of the obtained chemical leads regarding their complexity and diversity.
As most libaries screened during FBDD consist of fragments derived from known drugs or
drug candidates, the explored chemical spstoeuld be regarded apreviously examined
containing predominantlgp’- and nitrogerrich structures while lackingp® carbons and
steeogenic centerg*?4

To overcomehe limitations of FBDD and the lack of straightforward synthetic accessibility to
most NPs, Oveet al.applied a modified SCONP algorithm to perform fragmentation, filtering
and clustering of more than 180 000 NP structures from the tDldRive at 20® clusters of
NP-fragments. A principal component analysis and subsequent graphical representation
revealed that Nfelerived fragments cover distihcdifferent chemical spact synthetic and
druglike fragmentsFurthermorejt was shown that the distation of NRderived fragment
properties resembles the distribution of properties extracted from the DNP, especially in terms
of three dimensionality induced by a high numbes@fconfiguredcentersin a sense, NP
fragments sufficiently represent the complexity and diversity of NP structugggestinghat

usage oNP-fragments in FBDD has the potentialidentify structurally novel modulators of
established drug targetBhis approach was validated by the disegvaf several phosphatase

i nhibitors and stabilizers of an inactive

chemotypes$'?

1.15. Pseudo Natural Products

Klein et al. applied a gene transfer and expression technology in which yeast cells were
engineered to produce 74 novel scaffsized (200350 Da) compounds from diverse genetic
material and immediately scresfor biological activity by a functional Brome Mosaic U§
replication assalf? Following the concept of coevolution which refers to a continuous
development of secondary metabolitasd their cellular target proteins, the 74 active
compounds identified by this synthetic biologfjort can be regarded as prevalidated Rts.

Beside their physicochemical properties satisfying the requirements for alvdgrragment

-6-
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1. Introduction

likeness, more than 75% of the found gaunds have not been described previously and 20%

exhibit entirely novel chemotypé&s!

Conceptually, Klein"s approach can be regarded as a recombinationfadgdi®ents through
different arrays of classes of NP associajedes. The concept of pseud®s mimics the
engineered biosynthetic assemlaf unrelated NHragments by synthetically recombining
privileged NP derived building block3his generate substance libras extendingNP-like
chemical spackeyond the structures of NRRsd thereby potentially unveilinget unknown
biological phenomengFigure 5). This approach megs the concepts of BIOS with NP
fragments in capturing the biological relevance of NPs together with adiexyp exploration

of chemical space through fragments.

O O Y

Fragmentation Recombination E> Fragmentation

-

X

- %

NP A NP B
X
(T
X

Pseudo-NP library

Figureb. General concept of pseudo Natural Products (pseudo.N#Payyments of interest (indicated in blue and
red) are identified andubsequently synthetically recombined.

Following the basic design guidelinestroducedfor pseudd\Ps has the potential to increase
likelihood for biological activity®® In this regard, NPs employed to deritree fragments
should have diverse bioactivitiesFragments selected for recombination should be
biosynthetically unrelated to incorporate distinct structural features for binding to molecular
targets and deally cortain complementary heteroatoms to ensure structural divessitye a
threedimensional scaffold is crucial for spatial binding in protein poéKetherecombination

of fragments should alsacorporate sufficient stereogenic centers.

Table 1 illustratesix possibleconnection types fathe design of pseudo NRghich are also
observed iMPs[?® The first entry represents a simple link between two fragments through a

bond which can be regarded as a monopodal conng@tadsie 1, entry 1)An increase in

-7-



1. Introduction

complexity can be achred when two fragments share one atom and are therefore connected
as a spiro compound@able 1, entry 2)When sharing two atoms, the fragments are connected
edge by edgdTable 1, entry 3) With three shared atomsgdditional threedimensional
complexityis gained as a bridgehead is installed between the two frag(iiabte 1, entry 4)

A bipodal connection links the two fragments throughout four atoms of the molefarke.

both attachment points can be connected through eithesraneltiple bondgTable 1, entry

5). With multiple bonds in place, the newly formed molecule must be analyzed carefully as a
third fragment might have inevitably been incorporated, now connecting the other two
fragments. Finally, a mixture of a bridged fusion and a bipodalexiionrepresents the most
complex way of attaching two fragments to each offiable 1, entry 6)As is the case for
bipodal connected fragments, multiple bonds installed between the two fragments inevitably
lead to the incorporation of a third fragmedbwever, he actual connection typiitable for

a new class of pseudo NR4l ultimately dependon the imbedded functionalities afhosen

fragments anthe synthetic feasibilityo exploit these for fragment raodination
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Entry NP- Connection Pseudo NP Natural Product
Fragments Type Products Example
Monopodal HNTN\
@ Connection H,N <

—0

Spiro Fusion ° {\N/
@ - /OCEFO

(-)-Horsfiline
@ @ Edge Fusion

NH H

@ Bridged Fusion

Bipodal
E> Connection

Bridged Bipodal
’ Connection

Aspergillin PZ

Tablel. Frequent connection types for twinagments observed in NPs.

The frst example of pseudo NPs as a new guiding principle for small molecule drug discovery
was demonstrated kye discovery otchromopynones as structurally novel glucose uptake
inhibitors targehg glucose transporters GLUT and -3 (Figure 6).28 Using a multi

component ongot synthesis, oxygench chromanes, a substructure widely occurring in a
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1. Introduction

variety of bioactive NPs, wereombinedwith nitrogenrcontaining tetrahydropyrimidines,
representing a core fragment of an antibiotic classhisbridged fusion of the two fragments

is not encountereith nature cheminformatic analysisf atom connectivity patterrsonfirmed

that chemical space occupied by chromopynones does not overlap with the space defined by
NPs and BIOS compounds. Noticeably, tbagratechovel molecular frameworntestricted the
glucose uptake ability of cancer cells by inhibition of GL-U&nd-3, which denotes a novel
biological effect not observed for chromane or tetrahydropyrimidine containing NPs.
Furthermore, coppercatalyzed 3+2 cycloaddition reactianwere employed tofuse the
biosynthetically unrelated indoleand tropane Nfragmentsproviding a stereogenically
complex library of indotropars#?¥ From thesemyokinasib was identified asszlectiveand

isoform-specific inhibitor of MLCK1

Chromanes

Tetrahydropyrimidinones

_R!
; @ Br )N|\ Q

HN

O
PN

NH H,N™ "N” °N

I
I SN
N A
R3 °
Aplicyanins A-F

R

TAN-1057A/B

(+) Catechin Bitucarpin-A

N.__oO
NT
Ry N
% R,
@] R3

Chromopynones Pseudo NPs
Glucose uptake inhibition

Figure6. Design othromopynone Pseudo NPs from chromane and tetrahydropyrimidone fragments.

Fragmentation of NPs arglibsequent reconnection in alternatireangementsepresents a
pioneering strategy based on reconfiguration of privileged chemical matter to enable
explordion of larger areas of biologically relevant chemical space not covered by fdtigre.
introduces new natwi@spired molecular framework® small molecule drug and probe
discoverybearing the potential to elicit interesting biological phenomé&unahemore, the
unexplored yet biological relevant chemical space as intentionally covered by pseudo NPs

might spark the discovery of entirely novel biology and mechanisms of action. Howawer, t

-10-



1. Introduction

concept of pseudo NPgher underlying design principlesas well as their biological
characterizatiorstill require further validation by different structural classesdef novo
combined NFfragments The aim of this research waspmovide additional affirmation of the
pseudo NP concept by exploring the chemistry and biological relevance of a novel structure

class of pseudo NPs.

1.2.Phenotypic Assays in Drug and Probe Discovery

The screening admall moleculdibraries with the an to investigate the functions of proteins
and biological processes is referred to as chemical gef&ti€his designation indicates the
relatedness to classical genetinsvhich the identity of genes and théiinction in a specific
pathway is evaluated by screening mutant libraries of an orgaamsininvestigating their
phenotypeln contrast taeverse chemical geneti(RCG), whichaims for the identification of
a small molecule modulator afproteinof interestin targetbased assayforward chemical
genetics (FCG) uses small molecules to identify proteins tmagulae distinct cellular
processe8:3¥ For FCG the lack of knowledgebaut the identity of a specific target or a
hypothesis about its physiological raatails the necessity tabservethe phenotypiceffects
of a compound minimally on celbased level, if not tissueor organismbased,ultimately
leading toan increased translatability afisease relevarassays$®> 4 Furthermore, recent
technologicaladvance in computation and Bh-throughput multiplex microscopyhave
provided an unbiased approach for ttm@rphologicalprofiling of chemically perturbed cells to

support small molecule drug and probe discoV&rsf!

1.2.1.Phenotypic Screening

The dominance ofargetbased screening in the pharmaceutical industsr the last three
decades is in clear contrast to the success rate it delivered compgreentiypic drug
discoveryas aparadigm changingnalysis revealedOut of 50 firstin-class new smalt
molecular entities discovered between 1999 and 20085&28)(clinically approved drugs
emerged from a phenotypic approach, while3424) were found in a targétased mannét’
This resultis taken into accourds a revival of interest in phenotypic screeningitmessed

throughout the drug discovery and chemical biology commiity.
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In fact, FCG offers three major advantages ovargetbased approachekirst, phenotypic
approaches have the pawe address poorly understood diseases for whiablaculartarget
is not known because an appropriate assay is capable to abstract complex mechanistic
interconnectiono a simpler diseaselevant and traceable phenotyffeSeconty, the ability
to capture a cohesive picture of investigated regulatory pathmayged with proceeding
development of advanced cellular models including organoids, 3D cell cultunaduaed
pluripotent stem cellgecapitulates humansgasebiology more realisticallyThis eventually
increagsthe clinicalpotentialof a phenotypidit.*4 Finally, by sampling a larger volume of
molecular target spacd;CG has the ability toidentify compounds that act through
unprecedenteanechanismsof action potentially leading to the discovery of fuist-class
drugst®?

The complexity of FCG is reflected in the challenges and risks associated with it. Besides
technical hurdles during assay development and a highgaksgve hit ratethe establishment

of a clearstructure activity relationshifSAR) is not trivial and not alwayteasible die to the
multi-factorial character of phenotypic dafBarget identification carries another risk for
failure, and it represents a major point of consideration during strategic discussions especially
in the pharmaceutical industry. Although the knowled target is not requirddr appromal,

the absence of a molecular target is likelyctomplicate safety assessment and medicinal
chemistry efforts to overcome toxicological issues with a phenotypically derived compbund.
However, constant progress in target identification technolagight lower the barrier of
concern forFCG and actually ignite neMRCG projects for previously unknown mechanisms
of action originating fronphenotypic approach&¥ Hence FCGandRCGshould be regarded

as comptmentary approachegther tharcompeting research alternativies the discovery

and development of drugsd chemical probesith novel molecular mechanisms of action

While phenotypicscreening icapablein capturing human disease relevanitestill restricts
the covered biological target spaog focusing on a distinct phenotype of interdsor the
chemicdly driven discovery approach of pseudo Niswhich novel chemical matter is
generated without any hint towards a specific biologicalvégti phenotypic screening is

inapplicableto covera broad range aholecular mechanisms in a reasonable manner.
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1.2.2.Morphological Profiling

Technological advancementn microscopy and computation e enabled experimental
methods that measure huads to thousandsf distinct properties of a biological sample im a
imagebasedsingle assayData generated frommesemultiplexed assaysan be translated into
specific morphological profiles allowing comparison and clustering among each other.
Although technically related to phenotypic screening, morphological profiling aims at a
different goal. Phenotypic scrediosus onchanges of a single process or cell function, whereas
profiling measures a broad spectrum of features from each sampleumbased manner to

reveal differences and similarities to other samisfes.

While other multiplexed assays such as measurement of gene expression, proteimdevels a
metabolites tend to be lewo medium throughput® microscopy imagéased profilingwhich

tracks the morphological changes of a biological sample (therefore also referred to as
morphological profiling)s particularlysuitable forhigh-throughput measuremerthis is due

to a highly automatablassay setip (multi-well plates and pipetting robot) as well as the
compatibility with various biological sam@gfor examplegells, tissues or organisms, and
sophisticated computational method@isesealgorithmsextract meaningful information from a
broad range of easured properties to enable the comparison among individual patteens.
crucial readout is typically not the identity of each measured feature but the discovered

difference itself3

In a goneeringreport®®, Gustafsdottiret al introduced a multiplex morphological profiling
assay to measure diverse cellular statgsn chemical perturbatioemploying fluorescent
markers for distinct cellular componeriEBgure7).3*4d In the secalledficell painting assay
altogethersix stains with varyingletectionrwavelengthsvereused for imagingn five channes
to visualize six cellular componenterganelles namely nuclei, endoplasmic reticulum,
nucleoli, actin, Golgiapparatusand mitochondriaTherebysubtle changes inhundreds of
features including intensity, texture, formdalocalization elicited upon compound treatment
were captured by microscopy imaging with singlell resolution. Applying the opesource
software CellProfiléfd, 824 morphological features per cellere extracted, reduced in
dimension and the resulting morphological fingerprintgere clustered to give several
mechanistic or structurally related groups compounds Based on thesenorphological
comparisos the authors proposed potential applications in drug discdmergentifying new

mechanisms of action, scaffold hopping and libemgichment3>3¢
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Figure7. General concept of morphological profiling using the kightent imagebased celpainting assay.

Indeed, in a follow up study multiplexed highmensional profiling was employeddetermine

and toenrich biological performance diversity of smaiiolecule librariesClemenset al
demonstratethatacompound collection selected due to their activitthe cell painting assay
hadan increased hit frequenap a panel of 96 celbbasedhigh-throughput screening (HTS)
projects. Furthermorecompound clustering and selection according to diversity in
morphological fingerprintsvas shown tdead tooverall higher HTS performance diversity
compared to randomly selected compounds or structurally diverse compound collections. It was
concluded that chemical structure diversity is not necessaritglated to diverse biological
performance andhat libraries with diverse assay performance patterns should rather be
designedaccording to a maximum in heterogeneity of morphological @&atally, the authors
pointed out that some bioactivities cannot be detected by the cell paintingassalyat ach
identified profile type should have a few structurally similar compounds in the cluster to ensure
the validity of the dat&?

In another reportstereoisomersf disubstituted azetidinesere analyzedh the cell painting
assay It was shown that comparison of the multidimensional profiles of stereocisomers enables
differentiation in biological activity and modes of action arisaxglusivelyfrom alternative
configurations of stereoisomerazetidines*¥ Although this analysisighlights the power of
morphologicalprofiling as realized in the cell painting assay to detect tstralmuancesand

their distinct effect on morphological changes, fillepotential of thismultiplexedassaywas

not yetentirely exploited agor exampletarget identificatiorefforts by means of cell painting

data analysis and guidan@mains amunaddessedhallenge.
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In the context of peudo NB, unbiased morphological profiling has the great potential to
identify bioactivityinge ner al - n dféidsinoviel caenpdunds are synthesized with

yet unknown biological activity an unbiased dadised assay monitoring changes in cell
morphology increases the chances to detect perturbing compounds which can then be prioritized
for subsequent targeted assays. In addition, morphological profiles of pseud@aiNBs c
compared to reference compounds for mechafaction hypothesis generatioand
compared among each otherassess biological performance diversityd general trends in

structurephenotyperelationship (SPR)
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2. Aim of the Thesis

NP-inspired compound collectiorgerived from BIOS, CtD or Nffagments are in general
enriched with biological relevant chemical matisrthey exploit nature’s privileged structures
which were selected over millions of years through evolutionary predstitedlthough such
NP-inspired compound collections deliverhamcedhit rates in forward chemical genetics
screensthey are burdened with some limitations. To overcome these limitaiiom&s
envisioned meligg theconcepts of BIOS witlthose ofNP-fragmens to defineand \alidatea
novel design principal fode novosmall molecule probe and drug discovery termed pseudo
NPs.

With preliminary reports on the design and concept of pseudo NPs already pl5iEhete
aim of thisthesisis to expand the strategy on different ffBgment classes and to verify its

applicability for the discovery of potential new tools in chemical biology and drug discovery.

In a first step, suitable NRPagments for recombinationill be identified and the chemotypes
composing the library i be designed according to accessible reactions. Next, the feasibility
of synthetic routewvill be evaluatedandoptimizedto allow a highly modular synthesis thfe
pseudo NPdy fast and diverse cabmation of various NRragments.Subsequently, the
synthesized pseudo NP library will be evaluated with cheminformatic tools to visualize the

covered chemical space.

As pseudo NPs aim farprivileged exploration ofet undefined NRike chemcal spacethere

is an inevitableneedfor anappropriate bilmgical assay to captura wide range obiological
spaceHence, the synthesized pseudo NP library will be subjéotadorphologicalprofiling

in a cell painting assaand subsequent investigation of th&ation between molecular structure
and phenotypshould disclose potential biological activity as well as a hypothesis for mode of

action

Insights from themorphologicalprofiling will be translated to targeted cddased assays for
validation ofthe deived target hypothesito ultimately verify pseudo NPs as a reliabled
versatiledesign principle for the discovery of entirely novel tool compounds for chemical

biology and drug discovery.
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3. Results and Discussion

3.1. Design othe Pyrano-Furo-Pyridone Library

Following the guidelines fahe design opseudo NPs as described in %.1it wasenvisioned

to combne 2-pyridones withdihydropyrans(DHPSs). The 2-pyridone scaffold is part of
numerousNP-structureswith diverse biological activites including the pyridone alkaloid
camptothecin which is a topoisomerase | targeting-ganicer drug§®, and apiosporamide

which is an antifungal NE. DHPs represent a commigriound substructure of vi@usclas®s

of biologically relevant NPsuch aghedihydropyranonéasedlavonoidpinocembrin and the

iridoid catalpol which are endowed with antioxid4At and neutogenic activity*d,
respectively $chemel). Out of the six connection typekescribé in Table 1(see 1.1.5,)2-
pyridone and DHRragments can be combined theoretically in three different ways without
changing oxidation states or introducing odd bond angles. These are simple connection through

one bond, fragment fusion edge byear combination by a bipodal connect{®theme 1)

2-Pyridones Dihydropyrans

S-GlIcO
O O o

OH O
Camptothecin OH O Apiosporamide Pinocembrin Catalpol
Alkaloid Alkaloid Flavonoid Iridoid

(@]
HN Substructure of "\ Substructure of
2 | > 1600 NPs o > 3600 NPs

Possible synthetic recombinations ‘

(@] (0] e)
HN | © HN | /)
\ x

n=0-2
Monopodal Edge Bipodal
connection fusion connection

Schemel. NPs containing-pyridone or dihydropyran fragmegatind their potential synthetic recombination.
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3. Results and Discussion

To assess iind whichcombinations of yridones and DHPalready exist in naturela
permutations of the combinations dFmethyl2-pyridone with dihydropyranéDHP) or
tetrahydropyran€THP) in a monopoda bipodal or edgen connection type were anabgd.
Therefore, a substructure search for the respective combinations was carried out inlffle DNP
(Version 27.2 Scheme P Altogether 121 natural products containing examples for
combinations betweeN-methyl2-pyridone with DHPs andll-methyl2-pyridonewith THPs

were found. The DNP Version 27.2 has approximately a total of 40 000 entries, giving a
coverage of 0.3% of the reported NP chemical space by the shown combin@hans.
substructure search confirmed that combination®-pfridones with DHPs or THPs in
monopodal connection or edge fusame rarely found in NPs&hile a bipodal connection of the

two fragments isiot observedh nature

10 Hits 1 Hit 1 Hit
(@)
0] 0 0] 0
N o] S o N AN o
1 Hit 24 Hits 42 Hits 39 Hits

Scheme2. Combinations of Nnethyl2-pyridonewith THPor DHP for which NP examples were found in DNP.

A bipodal connection offers the opportunity to incorporate multiple stereocenters upon
fragment fusioras well as a third Ndfragment.Systematidrowsing of the Scifinder database

for a suitable bipodal connection between2gyridone and DHPfragment (see the
ExperimentalPart 5.2.)revealed that Bartlett al.reported molecules with general scafféld

from a combination of-pyrones {) and a few Zoyridones 2) with difunctionalized DHPs3)
(Scheme3). With two stereocenters being generated throumglorporation of acommon
dihydrofuranNP-subunit®®, scaffoldA comprises all desired features for a bipodal connection

It wasenvisioned to employ this strategy fovariety of 2pyridoneserming this novel pseudo

NP classventuallypyrancefuro-pyridones (PFPSs)

-20-



3. Results and Discussion

o) o) O O>

R R R\ \/

o N FG, /- N TR

L e — @C@
R “OH R 0OH o) FG R

2-Pyrone (1) 2-Pyidrone (2) DHP (3) General Scaffold A

Schemes. General scaffold\is accessible through a bipodal recombination strategy-py2dones and DHPs.

General scaffoldA was selected as an initial model for the design ofRRE pseudoNP
compound libraryFurther literature seareBrevealedhat depending othefunctionalization

of the DHP building block and the applied catalyst two additional attachment point is@mers (
and C) can be accessed which the oxygen of the DHP subunit is shifted around the six
memberedpyran ring.>¥ It was envisioned to synthesize @seudoNP library of various
derivativesof scaffoldsA-C (Schemet).

FG_ —
@) —=0_
0] R FG
R |
Fur;ctionalized Functionalized
2-pyridone precursor dihydropyran precursor

J

Pyrano-furo-pyridone pseudo NPs

Schemed. Design of the pyrandéuro-pyridone (PFP) pseudo NP library fromy2idones and DHPs.

3.2. Syntheis Strategy

Besides thedvantageous features of a bipodal connectoaffoldsA-C were also selected
due totheir shared or closely related building bloc&owing a highly modular synttie
approach.Scaffold A is generated by a palladivoatalyzed allylic alkylation cascadPd
AAC) from bis-nucleophilic4-hydroxy-2-pyridones(2) andbis-electrophilic3,6-dihydro-2H-
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3. Results and Discussion

pyrans(3, DHPs)carrying an allylic carbonate and an anomeric siloxy leaving group. This
allows the regioselective and stereoconvergent preparatiois-ifsed furo[3,2c]pyridones
(Schemes, general scaffoldh).®% The synthesis o8 employs 4hydroxy-2-pyridones as bis
nucleophileg2), as well.In contrast the biselectrophilehereis a dihydropyranoné4, also
abbreviated as DHRquipped with an anomeric acetate leaving group and a Michael acceptor
functionality. Under palladiurcatalyzed conditionsa twostep reaction sequence occurs
consisting of initial allylic alkylation and subsequéemtramolecularoxaMichaelcyclization

to construct cis-fused furo[3,2-b]pyridones (Scheme 5, general scaffoldB).>¥ Using
stoichiometric amounts of quinine instead of a palladium catalgstes an inversion of
reactivity and therefore a change in the reactemjuence. In this case initidiastereoselective
Michael addition followed by amtramoleculatransacetalization results icis-fusedfuro[2,3-
b]pyridones(Schemes, general scaffold).>™

o] /\OCOZMG fe) o
R. - 3 Pd R
N\ | ) - 8+| 1 [Pd] N | /
OH 1. Allylic alkylation S o)
OTBS
Bis-nucleophilic Bis-electrophilic General Scaffold A
pyridone (2) DHP (3)
0 0
R. %

(0]
SOSNN
Pd R. o
[Pd] N~ &
o _ _ g )
5+ 1. Allylic alkylation o) 2. Oxa-Michael-

OAc B cyclization

(2) Bis-electrophilic M2 General Scaffold B
DHP (4)

(@)
)
o) O
R\
Quinine R. o) R.
N |\ /V N | \ R O
6* 1. Michael-addition N o OAc 2. Trans- A 'e)

OAc ] acetalization

) (4) M3 General Scaffold C

Schemeb. General gnthetic strategy for the preparation of pyrarfaro-pyridonescaffoldsA, BandC

All three reactionroutesare based on the utilization of ahgdroxy-2-pyridone as a bis
nucloephile and DHPs with varying functional groups ashéstrophilesHence, by adjusting

the appropriate catalytic system and/or conditions a small number of pyridones and DHPs can
lead to various combinations of the two fragmentevahg the expedient exploration of
chemical space aroursgaffoldsA, B andC.
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3.3. Synthesis of Functionalized Precursors

3.3.1. Synthesis oR-Pyridones

2-Pyrones are known toeact with primary amines to gi-substituted yridoned>? This
well-establisheanethod was employed tapidly introduce a high diversity of substituents on
the pyridone fragmer{2) by treatnent of 4hydroxy-6-methylpyrone(la) with the respective
primary aminegSchemeg). N-substitution ranged from simple hydrog@a), methyl(2b) and
isopentyl @d) or (heterg-alkyl rings(2c, 2e, 2f) to benzyl(2g), substituted benzygroups(2h-

k) andheteroarygroups(2l-p). In addition, variation of the linker length between pyridone and
anyl- or heteroarygroupswas investigated by introduction of a second methylene giZsip
2t) or exclusion of a linkef2q, 2r). Furthermore, some Nékerived pyrones and pyridones
were commerciallyavailable(1b and 2u-za). 4-Hydroxy-2-pyridones can be regarded as the
enol form of cyclic 1,aicarbonyl bisnucleophiles with a nucleophilic position at C3 and at
the phenolic oxygen.
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O
o | R-NH, (1 eq.)
X OH H,O (0.5 M), 100 °C
7hto48h
1a 2
womer O T Y O
o
2a 2b 2c 2d 2e 2f
55% 61% 56% 50% 80% 22%
Cl
: ~ F/@/\g\ i:/\é \Q/\LF Meo/@/\%\
2g 2h 2i 2j 2k
62% 28% 24% 10% 40%
It ) 9 Sld
\ NN N N N
21 2m 2n 20 2p
60% 64% 80% 41% 50%
MeO
N
</W
, HN
N
H 2s 2t
36% 66%
(0]
SN |
OH
2w
C o o
N | LiOH N |
TN oH N-NoH !
! COOE COOH !
2x 2y E 2za 2zb, 82%

Schemes. Synthesis of various-iydroxy2-pyridones(2).

-24-



3. Results and Discussion

3.3.2. Synthesis oDihydropyrans

The key reaction to build up ti2HP core scaffold was discovered by Achmatoweral and
consists ofreatingfurfuryl alcoholsubstrate with an appropriate oxidatit! For the synthesis
of difunctionalized DHPs an established protocol was wused applyingeta
chloroperoxybenzoic acianCPBA) as an oxidat for the initial Achmatowizc rearrangement.
Subsequent protection of the anomeric alcohol wathbutyldimethylsilyl chloride (TBSCI),
diastereoselective substratentrolled Luchereduction of the keto group and transformation to
corresponding carbonates yielded -hisctionalized DHP&? Following this route,C6-
unsubstituted difunctionalizedis-electrophilic DHP 3a and Cémethylated DHP3b were
synthesized on a multi gram scaléh overall yields of 23% andl0%, respectivelyScheme

7). The rather low yields can be attributed to the usexoéssiveamounts oinCPBA in the
first step whictgeneratemetachlorobenzoic acid as a{pyoduct. Thisand unreactecthCPBA
was laborious to remove from the reaction mixture requiring multiple washing and

chromatography steps even in subsequent reactibmately resultingn ahigh loss of desired

products.
TBSCI (1.3 eq.),
Pyridine (4.4 eq.),
OH
o mCPBA (1.5 eq.) O AgNO; (1.2 eq) f\//[o
R ———————— - -
\ | DCM,0°C-rt,3h HO” 0" "R pcM,0°C-rt,18h TBSO™ 0~ “R
5a,R=H 6a, R = H: 48% 7a,R = H: 95%
5b, R = Me 6b, R = Me: 40% 7b, R = Me: 60%

NaBH,4 (1.2 eq.),
CeCl3 (1.2 eq.),
MeOH, -20 °C, 3 h

CH50COCI (1.25 eq.),

/E%tj»ocone DMAP (1.25 eq.) ([fij’OH

TBSO” ~0~ "R DCM,0°C-rt, 18h TBSO” "O0” "R
() 3a, R = H: 82%, 23% over 4 steps (x)8a,R=H:61%
() 3b, R = Me: 40%, 10% over 4 steps (+) 8b, R = Me: n.d.12!

Scheme’. Synthesis obis-funcitionalizedDHP<3aand3b from furyl alcohols.
[a] n.d.: product was used directly in next step without isolation.

Alternative reaction conditions for the Achmatowicz rearrangement were recently published by
Plutschacket all®¥. The authors demonstrated that various furfuryl derivativas be
transformed to their corresponding dihydropyranones in a pledimx catalyed
transformation employing only 0.1 mol% &u(bpy}Cl. A6H,0 as the photocatalyst and
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almost equimolar amounts of p&aOs asan oxidantfor theexcited state of thphotocatalyst

The robustness of the reaction agdod water solubility of formed byroducts was

encouraging to develop a batch photo reactor and to investigate the reported conditions

The transformation aft)-1-(2-furyl)ethanol(5b) to 6-hydroxy-2-methyt2H-pyran3(6H)-one

(6b) was chosen as a model reaction for the establishment of a batch photo(fesult).

Results from thdirst-generationreactor (se¢he Experimental Pa%.11.) were promising

(Table 2,entry 1)as the produacould beisolatedin 72% yield andvith very high purity after

agueous workp. Notably, temperature control between 20 and 25w&s crucial to avoid

formation of orange and black precipitants at the vessel watlsan associated decrease in

yield (entry 2 and 3). With increasing scale, the photo reactor was slightly modified to the

second generation (sélee Experimental Paf.1.1.) allowing a larger reaction volume and

appropriate temperature maintenance around 23 @mpressed aflow over anisopropanol

bath (entry 4) Eventually the reaction could be performed on a multigram scale giving the

desired product in 67% yield after four hours and in high purity after aqueousupd¢gntry

5).
OH  Ru(bpy)sCly* 6 H,0 (0.2 mol%)
o Na,S,0g (1.05 eq.) _ f\//[O
\ ACN/H,0/DMSO HO™ YO
blue LED
(£)-1-(2-Furyl)ethanol (5b) (%) 6b trans:cis = 1:0.5
Entry Scale,Conc. Temp., Time, Yield™, Notes
Setup
1 1.00 mmol, 0.25 M rt, 2 h, 72%, high purity after aqueous weulp
15t reactor
2 5.00 mmol0.25 M 30°C,6h, 39%, orange precipitate formed at vessel
15t reactor wall
3 15.0 mmol 0.5 M > 30 °C, 3h, 37%, orange and black precipitate formec
15t reactor vessel wall
4 15.0 mmol0.25 M 24 °C, 4 h, 49%, high purity after aqueous woikp

2"d reactor

5 44.6 mmol,0.25 M 24 °C, 4 h,
2"d reactor

67%, high purity after aqueous weulp

Table2. Evaluation ofnbatchphoto reactor for photecatalyzed Achmatowicz rearrangement

[a] isolated yield
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(x) 1-(2-Furyl)ethanol(5b) and 2(furan-2-yl)propan2-ol (5¢) were transformed by photo
catalyzed Achmatowiczeaction to the respective dihydropyranone derivati#lkes and
subsequently functionalized according to the previously described reaction se(ferarae

8). The high purity of Achmatowicz rearrangement products allowed following reactions
without necessy for chromatographic purification, except after the last step in which
diastereomers had to be separated chromatographically. Hence, the yieldnatigated
DHP 3b could be increasddom 10to 44% over four steps and @bBmethylated DHRccould

be synthesized iB3%yield over fve steps.

1) TBSCI
OH  Ru(bpy)sCly 6 H,0 (0.2 mol%) 2) NaBH,

w NayS;0s (1.05 eq.) AP 3) CICOOMe A~ 0COMe
—_—

\ I R o o

ACN/H,0/DMSO,24 °C, 4h  HO™ ~0” TBSO” YO

blue LED R
5b,R=H 6b, R =H: 67% (%) 3b, R = H: 44% over 4 steps
5¢c, R=Me 6¢c, R = Me: 50% (x) 3c, R = Me: 33% over 5 stpes

(over 2 steps)

Scheme 8. Synthesis of bifunctionalized DHPs$3b and 3c employing a photecatalyzed Achmatowicz
rearrangement.

In analogybis-electrophilicDHPs4 with an anomeric acetate group were syntheqi@ebdeme
9). DHP 4a and4b could be synthesized from readily available furyl alcateslivatives in two
steps with 36% and086 overallyield, respectivelyln a threestep synthesjHPs 4c and4d
were synthesized througihoto-catalyzed Achmatowicz rearrangemehftorrespondinduryl
alcoholsand subsequent acetate protection of the anomeric altoB8Po and 74%overall

yield, respectively.

OH  Ru(bpy)sCly* 6 H,0 (0.2 mol%) o Ac20 (2 eq.),
o R Na,S,0g (1.05 eq.) = Pyridine (2.5 eq.) Al
\ I R o R R
ACN/HQOQIDUI\(:SLCI;,D% C,4h HO™ “07, DCM, 1t, 18h  AcO” 0™\,
5 6 4
AcO” SO AcO” 07 AcO” O AcO” O
NBoc
4a () 4b 4c 4d
36% over 2 stepsl@ 60% over 2 steps 28% over 3 steps 74% over 3 steps

Scheme9. Synthesis of acetylatedHPS.
[a] Achmatowiczeactionwas carried outvith mCPBA
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3.4. Synthesis of PyraneFuro-Pyridones

Within the concept of pseuddPs, thede novogenerated molecular architectures have no
predecessorg hus, a link between the absolute configuration of a psi&dand itgpotential
biological activity is unknownTo covermore accessible configurational space, the pyrano
furo-pyridone library was synthesized in racemic fashion.

3.4.1. Synthesis ofseneral Scaffold Alsomers

Initially, literature knownfusion of DHP 3a with 4-hydroxy-6-methyl2-pyrone(1a) by Pd

AAC was carried ouds a model reactido furnish pyraneuro-pyrone9a asarepresentative
structure ofsomersA (Table3, entry 1)°@ A significant point to evaluate was the scalability
of PFAAC and its applicability with pyridones as msicleophies.Hence themodel reaction
wasscaled up by a factor d¥o leading to a decrease in yield frdB% to 18% (entry 2.
Increased concentration, prolongation of reaction time, increase of catalyst loading to 10 mol%
or addition oftriethyl amine NEt) left the yield at rather low levebetween21% and 28%
(enties3-5). On a 070 mmol scalea satisfying yieldf 81% could only be achieved with high
catalyst loadings of 20 mol% in tolueaé acompoundconcentration of 0.05 Mentty 6).
Noteworthy for ently 6 the procedure was slightly modified by adding the first 10 mol% of
palladium catalyst in the beginningtbé reaction and another 10 mol% after six hours reaction
time. This indicated that Pd(Pfhmight degrade over the course of reaction and thereby
leading to lower yields for entriesSlin Table3.

With the stability of the catalyst being crucial for higalds, in a following optimization cycle

the focus was sebn the screening of various catalysts and liganelstries 713).
Allylpaladium(ll) chloride dimer in combination witt2-dicyclohexylphosphin@ Nj, -4 Nj, 6 Nj
triisopropylbiphenyl (XPhos) gave 609#eld on 0.35 mmol scale btite yield dropped t€0%

on a0.70 mmol scale (entriedand8). Second generation Xphos palladium precatalyst (Pd
Xphos G2) and[ 1 -bid(diphenylphosphino)ferrocene]dichloropalladium(ll) (Pd(dppf)Cl
were also not suitable for the reaction (enti®eand 10). Interestingly, withtris(tris(3,5
bis(trifluoromethyl)phenyl)phosphine)palladium(0) abpreviated as superstable Pd(0)
catalyst®) the product could be obtained after 14 days at room temperature in THF with 95%
yield (entryl11). The reaction time could be drastically reduced to one hour by irradiating the
reaction mixture in the microwa@W) at 100 °C without noticeablafluence on the yield

(entry12). Furthermore, the superior catalytic activity of superstable Pd(0) was demonstrated
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3. Results and Discussion

by giving similar results witlalower catalyst loading @ mol% and on increased scale (entry
13). Noteworthy, the application of superstable Pd(0) in palladium catalyzed allylic alkylation
reactions was not reportéeéforein the literature.

FsC CFs
0 0CO,Me o o \©/ CFy
o) | Conditions o) // Pd| —P
U 0 | 3
OH
0TBS CFs 73
1a (+) 3a (+)9a FsC CFs
"Superstable Pd(0)"
Entry Scale Conc. Solvent Additive  Time, Cat. Yield®™
Temp.

1 0.35 0.1M Toluene, / 24 h, rt Pd(PPB)4 55%
mmol (5 mol%

2 0.70 0.1M Toluene / 24 h, rt Pd(PPB)4 18%
mmol (5 mol%

3 0.70 0.1 M Toluene, NEts 48 h, rt 10 mol% 25%
mmol (1 eq) Pd(PPB)4

4 0.70 0.5M Toluene / 24 h, rt Pd(PPB)4 28%
mmol (5 mol%

5 0.70 0.5M Toluene NEts 24 h, rt Pd(PPh)a 21%
mmol (1 eq) (5 mol%9)4

6 0.70 0.05M Toluene / 24 h, rt Pd(PPB)4 81%
mmol (20 mol%)!

7 0.35 0.05M Toluene CsCO:; 24h,rt [PdClI(allyl)]2 60%

mmol (1.1eq.) (5 mol%) Xphos
(15 mol%)
8 0.70 0.05M Toluene CsCO:z 24h,rt [PdCI(allyl)]2 10%
mmol (1.1eq.) (5 mol%) Xphos
(15 mol%)
9 0.35 0.05M Toluene CaCQ 24 h, rt PdXphos G2 traces
mmol (1.1eq.) (5 mol%)
10 0.35 0.05M Toluene CaCQ 24h,rt Pd(dppf)Ch 10%
mmol (1.1eq.) (5 mol%)
11 0.35 0.00.M THF / 14 d,rt  Superstable Pd(0 95%
mmol (20 mol%)
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3. Results and Discussion

12 0.35 0.01M THF / 1h, Superstable Pd(0 94%
mmol 100 °C (20 mol%)
MW
13 0.70 0.01 M THF / 1h, Superstable Pd(0 86%
mmol 100 °C (5 mol%)
MW

Table3. Optimization studies on RAAC for the synthesis 8f.
[a] isolated yield
[b] Pd-catalystwas addedn two portionsat two distinct timepoints

The generated tricyclic scaffolda was found to be unstable under aqueous and/or acidic
condition due to a Ferrigearrangement (Schemé).[®® The synthesized furo[3;4pyran is

a highly reactie glycal in which the 1;Beto-enolate group of the pyrone substructure serves
as a leaving group when treated with e.g. DMSV#:1) or MeOH thus leading to a ring
opening of thedihydrdfuran substructure. This hypothesis was further validated by NMR
experiments in whicla was dissolved in a mixture of deuterated DMSgDHr MeOH,
respectively. After incubation for 24 hours at room temperature the obtained spectt@ for
treatment withdeuterateddMSO/H,O (4:1) showed a distinct shift of peaksiggesting the
structure ofNMR-1 (seeSupplementalSpectra S1) For thedeuteratedMeOH mixture a
spectrum with two signal sets was obtained for which all peaks could be assigned to their
corresponding structuldMR -2a and NMR -2b (seeSupplementhSpectraS2).

O 0
D,O, DMSO-dg
o Y
e o NMR-tube, rt, 24 h
() 9a
0 0
MeOH-d,
o Y
X S NMR-tube, rt, 24 h
() 9a

Schemel0. NMRexperiments withPa validate a Ferrierearrangement occurring ideuteratedDMSO/HO (4:1)
or MeOH

It was hypothesized that reduction of the glycal double bond wepuddent Ferrier
rearrangement. In fact, optimized conditions for a catalytic reduofi®a with H> over Pd/C

in toluene Table 4, entry4) gave a ringfused productlOa which was stable in aqueous
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3. Results and Discussion

medium. As a side product of the reactioompoundllawas identified by means of NMR

analysis.
H, (1 ©
Pd/C (10 wt%)
o7 / o7 £ o7
G rt N0 N"0H
() 9a () 10a (55%)) (+) 11a (37%))

Entry Solvent Time Ratiol@ (10a:11a:94)

1 THF 4.5 h 0:1:0
2 THF 10 min 1.81:0
3 DCM 24 h 3.31:4
4  Toluene 7h 3:1:0

Table4. Optimization of the catalytibeterogenoushydrogenation oBa.
[a] determined by analytical HPIMCS.
[b] Yield for entry four after pregrative HPLC

With the optimizedcatalytic system in handt was proceeded to evalua#hydroxy 2
pyridones(2) as bisnucleophiles in PAAAC with DHPs. For that purpose,-Aydroxy-1,6-
dimethylpyridin2(1H)}one(2b) was reacted with DHBa in the presence &uperstale Pd(0)

on aone gram scale providethe desired produd@c in 66% yield(Schemell). For better
solubility of the2-pyridone, the solvent was changed from THF to a THF/DMF 3:1 mixture.
Encouraged by this result, the optimized reaction conditions were then successfully applied for
diverse PAAAC ring-fusions of varioug-pyridones with DHP3a (Schemell). Due to the
instability of the glycal substructure glyridonefuro[3,2-c]pyrans the majority ofPd-AAC
products 9 were quickly purified by flash chromatographgnd directly subjectedto
heterogenous hydrogenation givingotala subset 016 PFPpseudo NP$0and two2-pyrone
derivatives(10a and 10b) with generalscaffold A. The scope oN-substitution ranged from
hydrogen, methyl and (hetero)carbocycles to bersybstituted benzyyroupsand various
heteroarysubstituentsFurthermore, tetracyclic PFRb and 10r-t could be synthesized as
well. Notably, the reduction step fdn and 9q was not successfand additional PAAAC
products9 were isolated foBa, 9c-e and9g-i.
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1) Superstable Pd(0)
OCOOMe (5 mol%),
THF/DMF (3:1),
MW 100-110 °C, 1 h

L OTBs 2)Ha(1atm) Pd/C (10wt%), \
o Toluene, rt, 6 - 48 h --

F 1

9a, 86%'
10a, 47%?
Ve e Ot o ()t
\__/
9c, 66%" (1gscale)  9d, 98%' 9, 74%' 10f, 10%>2 9g, 33%'
10c, 21%?2 10d, 10%>2 10e, 17%?2 10g, 3%?2
S N
AN
SN CARIS AT AN
MeO F
9h, 48%" 9i, 7% 10, 40%> 10k, 16% 101, 38%°
10h, 24%2 10i, 13%2
OMe
X
O/\g |
N~ N HN_
10m, 30%32 9n, 74%" 100, 23%32
0 0
HN |
o
10r, 10%>2 10s, 52%2 10t, 4%2

Schemell. Synthesis of general scaffofdderivativesby PAAACemploying various pyridonesand DHR3a.
1) Yieldfor the Pd-AACstep.

2) Yieldafter the heterogenous reductiomver two steps.

[a] Pd(Ph)awas used as eatalyst.

Due tosteric and electronic incompatibility of ebstituted DHRBb-trans and superstable
Pd(0)(see 3.2.), the catalyshad to be replaced BB Plg)s in the PAAAC of DHP 3b-trans
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3. Results and Discussion

with various pyridoneg2). The resultingelevenexamples oPFPpseudo NP42 and13 were
shown to have cis-fused bipodal connection with the newly installed methyl group having
relative transrelation to the furgpyrone ringin examplel2a by means of a 2INOESY
experiment $chemel2, seeSupplementalpectraS3, crosspeaks detected for H12/H10 and
H10M9). Notably, when pyridone8h and2k were usedcyclic acetaisomers ofl2f and13g
could be isolated asde product(see als@®.4.2). In addition, unreduced PAAC productsl?2

were isolated for exampld2aand12d-f.

1) Pd(PPh3), . .,
OCOOMe (15 to 20 mol%), o “_o o “—0,
R
Toluene/DMF (3:1), R\N / N
rt, 18 h | « |
X0  andlor o)
1 1
OTBS  2)Hp (1atm.), Pd/C (10 wt%), «_ . o
Toluene, rt, 6 - 48h e
2 (x) 3b-trans (x) 12 (x)13

General Scaffold A

12a, 69%'
L 13a, 15%° 13c, 21%
&0 wes ot ot O
MeO F
12d, 48%" 12e, 35%' 12f, 13%" 13g, 7%?2
13d, 8%? 13e, 13%>2 13f, 4%?2

Schemel2. Synthesis of general scaffoddderivativesby PAAAC employing various pyridon2and DHR3b-
trans.

1) Yield for the PAAC step

2) Yieldafter the heterogenous reductiolver two steps.

The ting-opened isomergl and14 (Scheme 3) represent a monopodal connection between
2-pyridones andetrahydropyransTHPS. Therefore, the side products from heterogenous
reductions were also isolated, characterizedused inbiological testing. The tendency for the
phenolicether to be cleaveduring heterogenous reduction seems to be more pronounced for
the Cémethylated DHP derivativelsy, as in total eightompound€ould be isolated compared

to threemoleculedor the C6unsubstituted DHEerivativesl1 (Schemel3).
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1) Pd(PPh3)4 (20 mol%),
Toluene/DMF, rt, 18 h

o 0OCOOMe o
RN oR Superstable Pd(0) (5 to 15 mol%),
| | THF/DMF, MW 100-110 °C, 1 h
NN + 0 -
OH
L OTBS 2) Hy (1 atm.), Pd/C (10 wt%)
v Toluene, rt, 6 -48 h
2 () 3a or 3b-trans

14a, 23% i 14b, 7% 14c, 6%

we O+ (OO O O
\O =
14d, 34% 14e,12% 14f, 13% 149, 5% 14h, 7%

Schemel3. Isolatedmonopodal connectedide productsll and 14 after heterogenous reduction of PAAC
products.Yields are given over two steps.

3.4.2. Allylic Alkylation Cascade vs. TsujiTrost-Transacetalization Cascade

Employing superstable Pd(0) e catalyst inan attemptedPdAAC of pyridone2b and C6

methylatedDHP 3b-transresulted in anewregioisomeric product5a incorporating a cyclic
acetal with cis relation of the methyl group and thaes-fused furepyridone residueas
determined by - and 2BDNMR (Scheme 24, seeSupplementalSpectraS4, crosspeaks
detected for H12/B).
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o OCOOMe Superstable Pd(0) o “_o 0 _
o\ 15 mol% -
N | ol . ( o) W ~N | 3y
X OH o) THF/DMIj (3:1), ™ o X o ”ng
MW 110 °C, 1 h NOE
OTBS
2b () 3b-trans (x)12d (x) 15a, 59%

not observed

Schemel4. Synthesis of an unexpected cyclic ac&amer15afrom pyridone2b and DHRBb-trans employing
superstable Pd(0).

An explanation for the formation of the observed cyclic acetal fisgimer is proposed in
Schemel5. Initi a | | -gllyl padladium complexXv4 is formed from superstable Pd(0) and
DHP 3b-trans Due to steric repulsion between the largeris(3,5
bis(trifluoromethyl)phenyl)phosphinkgands on palladium and the C6 metiofl DHP 3b-
trans combined withthe electron withdrawing character of the phosphine ligands, a
nucleophilic displacement on thepp s i t e s-allyl pallagim corhpex by another
Pd(0) species is facilitateth generate the isomericallyl palladium complex M5. Such
displacementiave beembserved and discussedthe literaturebeforel®? In the formedvs
isomer steric repulsion between the phosphinerdmand the OTBS group is very likely and
therefore a fast eallylalladiui complexesid andMs s suggedied.t h
However, attack of theoft nucleophili®® pyridone 2 at the C3 posibn of M5 anti to
palladiumand OTBS is less sterically demanding than attaoki to palladiumand next to
methyl at C5. Therefore, the Gdlylated pyridone intermediat®6 is formed, and a
irreversible5-exotrig oxaacetalization yields thénal Tsuji-Trosttrans&etalizationcascade
productl5.
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o)
R @ ., _0._OTBS
SN
1\ o
X0 Me0O,CO

Superstable Pd(0) () 3b-trans
()15
S)
CO, + OMe
S)
Syl |-OTBS

. 0._OTBS

1, _O._OTBS 5

()’\/OH -Pg
N
~ “
fast

07N ), O OTBS/

R ©

PdOL

5523 n

(x) M4 r-allyl-Pd-complex:

(+) M6 o - steric clash between ligands
R P4 and C6 substituent
°N | () M5 - electron withdrawing ligands
2
OH

regio-selective
attack from bottom
atC3

Schemel5. Proposed mechanism for the formation of cyclic acetal isob¥dsy aTsujiTrost transacetalization
cascade.

This unexpected reactivity was exploited to geneeajbt examples of regidssomeric cyclic
acetalsl5 and five examples of subsequently reduced derivafigsSchemel6). The core
scaffold of this substance clagsembles generataffoldC in which the methylenecarbonyl
moiety is replaced by a {€ double bondPyridoneN-substituents ranged from hydrogen,
methyl, cyclobutyl tovarioussubstituted benzygroups Additionally, one tetracyclic example

15h could be isolated in very low yield as well.

Notably, forortho-chloro-benzyl pyridonei andthiophenyl substituted pyridord mixtures

of PFAAC producs andTsuji-Trosttranscetalization produs wereformed(Scheme &, 12i

+ 15i; 12 + 15j) which were separated by praptive HPLC. Furthermore, pyridones
containing heter@toms in theN-substituents with distinct distance to the pyridone ring gave
only PAAC products(Scheme &, 12k-m) in low yields. Hence, the nature of the pyridone
nucleophile haglsoan impact on the suggested mechanism for the formatidiswTrost
transcetalization products whigkequiresadditionalinvestigaion.
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1. Superstable Pd(0)
OCOOMe (5to 15 mol%),
N THF/DMF (3:1),
| MW 100-110 °C, 1h R~y

2. Hy (1 atm.),
oTBS Pd/C (10 wt%),
2 (z) 3b-trans Toluene, rt, 6 - 48h

General Scaffold C

HaC% H4 <>—% ©A

15a, 59%" 16b,18%? 15¢, 12%" 16d, 34%?

16a, 37%?
o}
/@A /@/\%\ .
MeO F

AN

15e, 3% 15¢f, 36% 159, 25%'

16f, 9%>2al 169, 5%2 1@

12k, 4% 121, 27%" 12m, 5%’

Schemel6. Synthesis of PFP cyclic acetal isoniérand 16 through a superstable Pd(0) catadygl TsujiTrost
transacetalizationcascade.

1) Yieldfor the TsujiTrosttransacetalizationcascadestep.

2) Yieldafter the heterogenous reductiolver twosteps.

[a] Pd(Ph)awas used aa catalyst

To further evaluate the effects influencing the outcomgalladium catalyzed fusion of DHP
3b-trans with bis-nucleophilic pyridone£ the reaction between DHBb-trans and pyridone
2k was investigated in more detdimploying superstable Pd(0) as a catali@tnation ofa
Tsuji-Trosttransacetalization produavas observedTable5, entry2). In contrast, employing

Pd(Phg)s resulted in the formation of a mixture BEEAAC andTsuji-Trosttranscetalization
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product(entry 1. Hence bidentatecatalysts were screened for the selective formation of the
Pd-AAC produd as it was hypothesized thatthese ul d st abi |l i ze-alylhe i ni
palladium complexWith bis[1,2bis(diphenylphosphino)ethane]palladium(®d(dppe)) as

the catalyst onlgtarting material was recoveréehtry 3). Nevertheless, employi@gp mol%
allylpalladium(ll) chloride dimer  ([PdCl(allyl)]2) and 7.5 mol%

Xantphos in the presence of triethylamaféordedthe desired?dAAC productl2din 61%

yield as the sole produéentry 4)

0 OCOOMe o “_o 0 _
N =" Conditions 5~y /) AN
X | | e} - = | | O
MeO OH X~ 0 X0
OTBS
2k (+) 3b-trans Pd-AAC Tsuji-Trost transacetalization
- product product
(+)12d (+) 15f
Entry Solvent Catalyst Additive Time / Yield
Temp. 12d:15f
1  Toluene/DMF Pd(PPB)4 / 24 h, it 13%: 14%
(3:2) (15 mol%)
2 THF/DMF Superstable Pd(0) / 1h,100°C 0%:36%
(3:1) (5 mol%) MW
3 THF/DMF Pd(dppe) NEtz (2 eq.) 24 h, rt starting
(3:1) (5 mol%) material
4 THF/DMF [PdCl(allyl)]2 NEtz (2 eq.) 24 h, rt 61%: 0%
(3:2) (2.5 mol%)

Xantphos (7.5 mol%)

Table5. Screening of catalysts and conditions for the selective synthesigARACproduct12d.

It is hypothesized that Xanthph®sl(0) steers the reaction selectively toward&isACS5Y
because ofitabi | i ty t o s {alylbpalladium eompldxM7 andi suppress a
nucleophilic displacemertty another Pd(0) specieSchemel?7). Regioselective attack of the
soft pyridone nucleophil@ from top®® at C50f M7 (opposite to palladiumis then sterically
and electronically? favored leading to the formation an allykpyridone intermediat&11
which can undergo a seabisuji-Trost reactionin a 5exotrig cyclization to give 12
Noteworthy,attempted PAAAC with DHP 3b-cis andC6-dimethylated DHF3c failed to give
any product probably due to steric hindrance at C5 (neighbouring nggthyp) and C3
(neighbouringOTB r oup) i n t h eallyrpelladum complegse f i r st
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Ph
@it
R
/// \\ (O)__:\>
0 - 0 /Pd >
Loy &S
| o L Ph
X0 + OTBS
(£) 12 Xanthphos-Pd(0) /" OTBS

.. O
(in situ) U
=
MeO,CO

(x) 3b-trans

)
CO, + OMe
v, 0O ,OTBS
5 \Ct)/ 3
ipg
| PP P
OH
2 M7
regio-selective n-allyl-Pd-complex
attack from top with stabilizing
atC5 bidentate ligand

Schemel?. Proposed rachanism for thé>d-AACGwith DHP3b-transand2-pyridones 2 employingXanthosPd(0).

3.43. Derivatization of Isomers A

The inherent reactivity of the glycal double bond in isoewnvas exploited as a chemical
handle to further explore ttagea ofchemical spaceccupied by the new pseudo NP clasd
the influence of substituents on the stability. For instance, comp@anas treated withN-
bromosuccinimide NBS) and silver nitrate (AgNOs) to brominate the glycal double bond
regioselectivelyat C35% Subsequent Suzukiliyaura coupling with aryboronic acids gave
the C3 arylated analoug&gb-d (Scheme &). Reaction oBawith tert-butyl acrylate in a mild
palladiumcatalyzedoxidative cross couplin§¥ yielded exclusively theE-isomer of 17e
(Scheme &).
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ArB(OH), (2 eq.)
Pd(OAc), (5 mol%)

NBS (1.1 eq.), XPhos (10 mol%)

o o]
AgNO; (2 eq.) NaO'Bu (2 eq.)
- 07 /
o o MeCN, 80 °C, 2h X o Br toluene, 100-130 °C,
MW, 10-40 min
o | / ] (x) 17a, 58% 17b: R = H, 92% R
\ . - [
10 17c: R = OMe, 36%
tert-butyl acrylate b= "m0
(x)9a Cu(OTN, (1), 05 . 17d: R = CFs, 50%
Pd(OAc), (10 mol%)

DMA/ACOH (1:1),
70 °C, 8h

t
(+)17e, 21% BUO

Schemel8. Functionalization o®aat C3 of the glycal moiety.

Alternatively, compounddc and 9k were subjected to aPdll) catalyzed Heckype C-
glycosidation with various arylboronic aci@Scheme 9).16263 Notably, an isomerization of
the glycal double bond into the difrpfuran system was observédhis double bonaould
selectivelyberedued withPd(OH) as exemplified fod8ato give producti8h.

ArB(OH), (2-4 eq.)
Pd(OAc), (0.5-1 eq.)

DMF, rt-50°C, 18 h

(£) 18
NC
) e e D)
18a, 64% 18b, 42% 18c, 39% 18d, 79%
\ —
N —
18e, 50% 18f, 17% 189, 5%

ArB(OH), (2-4 eq.)

Pd(OAc), (0.5-1 eq.) OMe

X
DMF, rt-50 °C, 18 h  \_g

(+) 9k () 18i, 12%

Schemel9. Pd(Il) catalyed Hecktype Gglycosidation oBcand 9k with arylboronic acids
[a] Product after heterogenous reduction wiftd wt%Pd(OH).
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For this reactiona proposedmechanismis shown in Scheme20. In the initial step a
transmetalation between Pd(OAend the arylboronic acid occurs to generate anRuaid

OAc species. This undergoesyatinsertion (carbopalladation) into the glycal double bond to
givethel-complexl M8 from whichas u b s e ghydeideelimifiationoccursto afford vinyl
etherM9.  Aetdroatoneliminationside reaction as described by Ramnatthl 53 was not
observedinder these conditionM9 is likely to coordinate to a #d'-OAc species anthen
undergo a 1,2 migratory insertion to fothes e ¢ o-oothplefll M11. Finally, a seconé-
hydride elimination yieldsthe observedC-glycosidationproduct 18 with the double bond
isomerized into the furan ring systelinis proposé that the last step is the driving force of the
reaction as it leads to aromatization of the dihydrofuran to a furan mohetyliberated HPd'-

OAc species is likely to undergo reductive elimination to form acetic acid and uncoordinated
Pd0), thereby aborting a catalytic cycle. Furthermore, the necessity of a high palladium loading
of 0.5 to 1 equivalent indicated rathestachiometric consumption of palladium acetatnth

catalytic activity.

(HO),B—Aryl
c (SAC) Pd(OAc),
2 _ >
) A trans-
- metalation
P40 ,?\ryl
\ Reductive elimination Fl’dII
- . from H-Pd"-OAc L L=OAc
ACOH/ - syn- |nsert|on/\
B—hydride
elimination '
LPd
O Aryl Aryl '\\\ 0
2 M8 Glycal 9
' o c-complex |
Vinyl-ether M9
H-Pd"OAc
H-Pd''L,,
O._\Aryl JAryl
U — /@ ﬁf@ y
" O\" Pd'lL, 1,2-migratory '\\ B-hydride
insertion elimination
M10 M11 (aromatization) C-glycosidation
n—complex c-complex Il product 18

Scheme20. Proposed mechanism fothe Pd(Il) catalyzedHecktype Gglycosidation of glycal PFPs and
isomerization of the double bond.
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To prove this hypothesis and close the catalytic ¢yttle C-glycosidationof 9c and
phenylboronic acidwas performed under oxidative conditions employing an excess of
Cu(OAc) and oxygen as reported by Xioagal. (Scheme21).[°2 This allowed a reduction of

the palladium acetate loading to 10 moiceunder oxidative conditiorsnd inthepresence

of Cu(OAc) the Pd(OAc). is regenerated from Pd(Bhd thereby the catalytic cycle is closed
(Scheme0, indicated in grey

Pd(OAc), (10 mol%)
Cu(OAc), (2 eq.), 0

0 0
© HO, 0, (1 atm.)
~N ~
N | / B N IR
HO DMF, rt, 20 h
S X0
(£) 9¢c (

2eq.) () 18a, 43%

Scheme2l. Pd(ll) catalged Gglycosidation of glycal PFPs under oxidative conditions.

Another functionalization of isomeA transforming the tricyclic -6 to a 65-5 ring
arrangement was reported by Bartlett al. for the corresponding pyrosd®® First a
hydrobromination of the glycal double bond was carried out followed by a reductive ring
contraction initiated by sodium borohydride reduction of the acetal céobantotal ofseven
exampes (Scheme22). The scope included literature known pyrone exanmifla N-
methylatedand variouslyN-arylated pyridones2Qb-f) and one tetracyclic examp®9g The
resulting primary alcohol methylene moiety was determined tioams to thecis-fused fure
pyridone residue by means of 2DESY Scheme 22seeSupplementalSpectraS5, cross
peaks detected for H12/H8
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NBS (1500) g OH NaBH, (1.2 eq.) R/é[@ 12 0H
MeCN/H,0, MeOH ! o H

rt, 18 h L 0 °C, 30 min S NOE
()9 Hydrobromlnes ()19
o 5
e o
0 '
' | ~, ~OH;
X0 :
| 193_70% ______ I
Cl N
X
HiC—% /©/\é\ | | X
F N~ =
19b, 29% 19c, 28% 19d, 10% 19e, 11%

19f, 17% 199, 9%

Scheme22. Synthesis of 6-5 ring arrangement isomeis general scaffold\. Yieldsare given over two steps.

3.4.4. Synthesis ofGeneral Scaffold Blsomers

The synthesis of isomers of general scaf®ld/as carried out by Tsuji-Trost oxaMichael
cascadeeaction of pyidones2 and DHPs4. Mechanistically, this reaction was proposed to
proceed through an initial oxidative addition of palladium to the allylic acetate nudidtio
generatd h eallyl-PdcomplexM12. Subsequent &-like substitutionat C2 ofM12 with a
soft 1,3-dicarbonyl nucleophilé® 2 and a final Sexotrig oxaMichael cyclization of
intermediateM?2 affordsthe TsujiTrost oxaMichael product®0-24 (Scheme 3).51
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Pd(PPhs), "R
O
(%) 20-24 AcO Z
(+) 4
oxa-Michael }
©
OAc
RI \R"
0O
OH Q ®
M2 0 27 4
RN | PdL,
N-"oH
2 M12
regio-selective n-allyl-Pd-complex
attack from top
atC2

Scheme23. Proposed mechanism for the formation of TslijostoxaMichael cascade produc)-24.

According toa literature proceduf&! for pyrones as bisucleophilegScheme 2, example

22K), the synthesis of PFP isom@&svas achieved in a Tstijirost oxaMichael cascade for a

total of 27 examples by reaction of varioushgdroxy-2-pyridones(2) with acetylated DHPs

4a-c at room temperature and under palladium catalysis in a THF/DMF 3:1 mixture and one
equivalent of triethyl amine an additive (Scheme4). All three DHPsubstratega-c could

be fused with pyridones carrying variohssubstituents and functional groupsrdmstrating

the high robustness of this cascade reaction. For instaetieoxyand halogen substituents in
various positions on benzylor heteroarysubstituentscould be installed.On average,
employing DHP4ain the Tsuji-Trost oxaMichael cascadwith various pyridones resulted in
higher yields compared to its &bibstituted derivatetb and4c.
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Qo Pd(PPhs)s (5 mol%),
WR"  NEt3 (1 eq.),

THF/DMF (3:1), rt, 18 h

() 4a-c T (2) 20-22
General Scaffold B

ot ot ot

20a, 66%!? 20b, 73%!! 20c, 69%!°! 20d, 87%!°
OMe
N Cl
N~ HN_
20e, 72%!@! 20f, 73%!? 209, 56% 20h, 75%@

H4 HyC+ <>—§

21a, 56% 21b, 55% 21c, 44% 21d, 31%
cl
ot ot ot ottt
F MeO N~ N~
21e, 90% 21f, 51% 21g, 42% 21h, 32% 21i, 32%
cl
ot ot o
F
22a, 16% 22b, 52%! 22c, 24% 22d, 6%
MeO N~ Z N
22e, 18% 22f, 23% 229, 19% 22h, 63%

l\
N~

22i, 5%l

22j, 5%

Scheme?4. Synthesi®of derivatives of general scaffoBlby Tsuji- Trost oxaMichaelcascade employing various
pyridones2 and DHP<la-c.
[a] AllyLPd(IT}chloride dimer + Xanthphos was usedsasatalyst
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Employing DHP4d in the Tsuji-Trost oxaMichael cascadea total of tentetra and penta
cyclic examples for spirdN-Boc-piperidine PFPgould be synthesize(Gcheme 3). Forthe
selective removal of thBoc protecting grouphe pseuddNPsweretreated with a mixture of
trimethylsilyl trifluoromethanesulfonat@fMSOTf) and 2,6lutidine in DCMto avoid a ring
opening sidereaction®¥ In general, the deprotected secondary amines were purified by
preparative HPL@pplying acetonitrile/water mixtures with 0.1% trifluoroacetic acid (TFA) as

an additive and therefore the products were isolated as the corresponding TFA salts.

1) Pd(PPhs),
(5 mol%),
NEt; (1 eq.),

NBoc THF/DMF (3:1),
/é\ rt, 18 h
2) TMSOTf (10 eq.)
2,6-lutidine (15 eq.) “._.° L/

2 (+) 4d DCM, 0°C, 1-2h () 23 (+) 24
General scaffold B

ot O (Y O

23a, 90%' 23b, 72%" 24c¢, 17%2 23d, 74%"
24a, 28%2 24d, 3%2
N
MeO S & =
24e, 4%?2 24f, 6%2 23g, 61%" 24h, 1%2

CI|\
N~

23i, 70%' 24, 4%?2 24k, 3%2
24i, 7%?

Scheme25. Synthesis oTsujiTrost oxaMichael cascade products employing various pyriddhasd DHRId.
1) Yieldfor the TsujiTrost oxaMichael cascadstep.
2) Yieldafter the Bocdeprotectionover two steps.

When wsing HCI for removal of theBoc-group, a side reactiomccuredin which the phenolic
ether is cleaved and a new glycal moietynstalled in the pyranone substructufes the
resulting connectiortype represents a monopodal link between the pyridone and tike DH
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fragmentsten ring-opened products were also isolated, characterizedisex inbiological

testing(Scheme ).

1) Pd(PPhs), (5 mol%),

o} 9] NBoc  NEts (1eq.),
Rey THF/DMF (3:1), 1t, 18 h
| L )
X" oH 2) HClI/Dioxane
OAG 0°C-rt,2h
2 () 4d
X
ot Ot ©/x @/x J@/x <
F MeO
25a,11%  25b, 60% 25¢, 35% 25d, 26% 25e, 10% 25f, 16%
OMe
| X |N\ A cl | X
N~ = N N~ HN
259,60%  25h, 20% 25i, 13% 25§, 43% 25K, 4%

Scheme?6. Isolated monopodal connected side products after treatment with HTsojfi Trost oxaMichael
products.Yields are given over two steps.
[a] Products were isolated as TFA salts when purified by prep. HPLC.

3.4.5. Synthesis ofGeneral Scaffold Clsomers

A Michaeltransacetalization cascaaction betweepyridones2 and DHP$t wasemployed

to synthesize isomers of general scaffoldrhemechanisnis suggested to commence wati
initial diastereoselective Michael additioh2 opposite to theaetoxy groupof 4, followed by

a 5exotetintramolecular §2-like transacetalizatioof M3 to afford the final cascade products
26-30. According to the literaturegquinine was speculated to mediateoth stepsn a dual
activation mode through doubleydrogen bondinginteractionswith the tertiary amine
abstracting a proton from the phenolic nucleopbileM3 and with the secondary alcohol
activating theMichael acceptom 4 as well as thecetate leaving grguof M3, respectively
(Scheme 2).[5Y Noteworthy, athoughquinineis chiral, asymmetric induction was not reported

by the inventors of this cascade reactidh.
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Quinine N o

Rotati;n\« R’

by 180°

|
R 2
regio-selective

attack from bottom
at C3

Scheme27. Proposed mechanism for the formation of Michael transacetalization cascade pr@2&8ts

According tothe literature protocdt? for pyrones as bisucleophiles, the synthesis of PFP
isomersC was achieved in Blichaeltransacetalization cascade for a total of twelve examples
by reaction of various pyridon@swith acetylated DHP4a, 4b and4c at 60 °Cin the presence

of stachiometric amounts of quinine (Schem®).ZThis allowed the installation of methyl,
benz/l and substituted benzi¥-substituents mthe pyridone subunit when employing DHAR
and4c. C6-monosubstituted DHRb was employed in only one example becathsdertiary
amine ofquinine can act as an organic base. Under reflux conditionmtplst lead to base
catalye d e pi mer i zarlon nextto the acetahirethe dihydropyranone moiety of the
ring fused products which was observedXdaand reported by Yat al.for other exampleSY
Hence, the use of G®onosubstituted DHRb was avoided in further reactions of this kind.
Additionally, one pyrone derivativ@6ewas synthesized frorha and DHP4a.
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o) o)
R. TR Quinine (1 eq.)
Lo« L .
N on o )
e DCM, 60 °C, 18 h
2 (x) 4a-c () 26-28

General Scaffold C

26a, 7% 26b, 30% 26¢, 23% 26d, 30%

o ot

28b, 25% 28c, 34% 28d, 20%
28e, 16% 28f, 9%

Scheme28. Synthesis of derivatives of general scaffGloly Michaeltransacetalization cascade employing
various pyridone2 and DHPga-c.
[a] Observed by NMR.

Employing theN-Boc protected spirpiperidine DHP 4d, the fused dtra and penteyclic
pseudo NPsf general structur€ were treated with TFAr HClto remove thd&oc protecting
groupas demonstrated for 15 examples (Sch2@)eFor theseregioisomersno acidmediated
ring-opening was observe@he resulting free amines could be easily isolated through basic
agueous worlup and the majority of products did not require any furthermhtographic

purification.
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1) Quinine (1 eq.)
NBoc DCM,
reflux, 12h R,

2) TFA/DCM or
g?lclciioxtane Lo andlor
O It, ST ~
1to18h (£) 29 (%) 30
General Scaffold C

H et e ©A\ FQ/\&

29a,15%'  29b,27%'  29c, 72%' 29d, 66%' 29e, 80%°
30a, 3%2* 30b, 12%?2 30c, 59%2 30d, 55%2 30e, 48%?
MeO S |/ N~ N~
29f, 42%" 299, 64%" 29h, 55% 29i, 66%" 29j, 66%"
30f, 20%2 30g, 51%2 30h, 35%2 (@1 30i, 43%>2 30j, 52%2
OMe

HN
29k, 52%" 291, 20%"
30k, 32%2 301, 15%2

NH

29n, 87%' 290, 85% 1
30n, 65%>2 300, 65%>2

Scheme29. Synthesi®f Michaekhransacetalizatiortascade products employing varigpgridones2 and DHP
4d.

1) Yieldfor the Michaekransacetalization cascadgep.

2) Yieldafter the Bocdeprotection over two steps.

[a] Isolated as TFAalt ater purification with prep. HPLC.

3.4.6.Summary of the PFPSynthesis

The synthesis of the PFP pseudo NP library commenced viagkdrdxy-6-methyt2-pyridones
(2), which were obtained from-dydroxy-6-methyl2-pyrone(1a) by treatment with various
primary amine$®. Furyl alcohols were subjected to an Achmatowicz rearrangéteot

establish the semembered,6-dihydro-2H-pyrancore scaffold of functionalized DHP8 and
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3. Results and Discussion

4. Bis-functionalized DHP substrat@uwere derived fromgsequent protection of anomeric
alcohols with TBSCI, diastereoselective substratetrolled Luchereduction of the keto group
and protection of the resulting secondary alcohols as carboAdteEsatively, O-acetylation
at the anomeric oxygen of Achmatowicz rearrangement productsutiteduction of the

remaining ketone affordedoncfunctionalizedDHPs4.

As summarized in Schend®, apalladiumcatalyzed allylic alkylation cascade (RAC) was
employed fusing biglectrophilic dfunctionalizedDHPs 3a and 3b with bis-nucleophilic4-
hydroxy-2-pyridones2 to obtain PFP8 and12 with general scaffold\. Due to a Ferrietike
rearrangement of the glycal moidtystability for some examples &fd-AAC products vas
observed. The instability was suppressed by heterogenous reduction of the glycal double bond
(Scheme30, 10 and 13) for which ring-opened monopodal side products were observed
(Scheme30, 11 and 14). In addition direct Hecktype coupling withtert-butyl acrylateor
regioselective bromination of the glycal doublendat C3and subsequent Suzuldiyaura
coupling with phenylboronic acsdvas performedScheme30, 17). Alternatively,directPd(Il)
catalyzed C-glycosidation of PAAAC products with aryl boronic acids and subsequent
isomerization of the pyran double bond into the dihydrofuran ring yielded compa&8nhis
addition, hydrobromination of the glycal moiety and subsequent reductive ring contraction
transformed the-6-6 ring arrangement into@5-5 systen{Scheme 3019). An unprecedented
Tsuji-Trost transacetalization cascade was observed empl@@ngethylated DHF3b asa
bis-electrophile when superstable Pd(0) was used as a catalyst. The formed cycliclacetals
with general scaffold could be further reduced to increase spefraction in the molecules
(Scheme30, 16).
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o OCOOMe
RN | R
|
Y o °
NP OTBS
2 3a, 3b
Tsuji-Trost
Pd-AAC transacetalization
9,12 - 15
(12 examples) (8 examples)
Scaffold A Scaffold C

Reduction

Reduction
—

10,13 11,14 16
(25 examples) (11 examples) (5 examples)
Scaffold A Monopodal Scaffold C
1. Bromination Heck-Type ; gydrobrotmintgtion
2. Suzuki-Coupling C-glycosidation - Ring-contraction

or
Heck-type coupling

17 18 19
(5 example) (8 examples) (7 examples)
Scaffold A Scaffold A Contracted A

Scheme30. Synthesis summary for the recombination eHgdraxy-2-pyridones?2 (blue) with DHP<3a and 3b
(red)and subsequenteactions.

Additional PFPswith general scaffoldC (Scheme 3, 26-30) were synthesized by a quinine
mediated Michael addition transacetalization cascade reaction employingckesphilic 4
hydroxy-2-pyridones2 and acetylated DHP bmlectrophilesAa-d. The corresponding regio

isomeric general scaffol@ (Scheme 3, 20-24) with inversed attachment points between the
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pyran fragment and the furopyridone fragment was synthesized by artssfjioxaMichael
cascadeMonopodal connection isomesEB were isolatedvhen strong acidic conditions were

applied for theBoc deprotection in some examplgchemedl, 25).

O 0O .-
R. R
N | | '//Ru'
Y om °
NP OTBS
2 4a-d
Tsuji-Trost Michael
oxa-Michael transacetalization
Acidic ring
cleavage
_—
~ e '\\ /)
v 20-24 ~ 26-30
(42 examples) (11 examples) (41 examples)
Scaffold B Monopodal Scaffold C

Scheme31. Synthesis summary for the recombination efHgdroxy-2-pyridones2 (blue)with DHPgla-d (red).

In total, alibrary of 162 (+£)-PFPswith 54 examples for general scaffodd(light blue), 42
examples for general scaffdii(dark blue), 44 examples for general scaffol(hreen) and 22
examples for monopodal isomers (gr&ygs synthesizednd subjected for biologicalgeng
(Figure 8). In the majority of the cases the yields for the transformations were in the
preparatively viable range. All compounds were purified chromatographicatlquired

before they were subjected to biological investigations.
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0
R

P

R. )

N | d

X0

54 examples 44 examples

General Scaffold C

42 examples R.

OLR Monopodal Isomers

Gene‘}.al Scaffold B

Figure8. Summary of thdibrary consistingof in total 162 PFP pseudNPswith general scaffold\, B, Cor
monopodalconnection type.

3.5. Cheminformatic Analysis

The synthesized PFP pseudo NP compound collection was subjected for cheminformatic
analysis to evaluatand visualizethe covered chemical spacEherefore, malysis ofthe
distribution of NaturaProductlikeness (NHikeness) sco plotting of molecula weight

against hydrophobicity and evaluation of molecular shape diversity was carried out.

3.5.1. Natural Product Likeness Scores

The calculation of the Natural Product Likeness Scores was performed by Dr. Axel Pahl

Introduced by Ertlet al, the NRlikeness score isnaoverall similaritycomparisonof an
analyzed compound collection with the currently known NP structural £3&€ke algorithm
deconstructs the molecular structure of a compound of interest into its underlying fragments
and summarizes the ocaence of these fragments MPs compared to their occurrence in
commercially available small molecule3he score ranges fror3 to 5 with a higher score

indicating higher NRikeness.
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Pyrano-furo-pyridones
0.7 1 Drugbank
— ChEMBL NP

3 =2 4 0 1 2 3 4 5
NP-likeness Score

Figure9. NRlikeness score of PFPs (blue) compared to molecules from Drugbank (orandgé}sangpresented
in ChEMBI(green curve).

The NRIlikeness score of bipodal fused PFPs was evaluated to aragzeomparghe
occupied chemical spade NP-scores calculate for molecules listed in DrugBank, which
represent marketed and experimental dfigand the NP set in the ChEMBL databéSigure

9). The PFP NHikenessscores range in an area of the graph which is only sparsely covered by
NPs Although this seems counter intuitive on the first glatius comparisonreflects that the
novel fragment combinations realized in thesaffoldsdo not exist in NB. In contrast, the
majority of the PFP Nfikenessscores show substantial overlapwNP-scores calculated for
drugs and closely related molecyl@sdicating that these compounds niay endowed with
favorablephysicochemical propertiesndorsingtheir potential application idrug discovery

programs.

3.5.2. Analysis According toLipinski

Lipinski et al. evaluateda compound data set registeifed clinical phase Iffor molecular
properties enabling good solubility and cell permeability of an orally active!®@tug. a
statistical analysifour parameters were identified as crucial and it was stated that absorption
and permeation are more likely to be poor if the molecule has more than-fisadHdonors,

the molecular weight (MW) is ov&00, the calculatedctanol/water partition coefficient (clog

P) is over 5 or if there are more thE®H-bond acceptors preseAss the analyed data set had

the least violation of ik so-calledrule of5 in the combination of log P and MW (~1%he
assessment of these parameters in a scatter plot has become a rule of ttaymdkbytaisualize

drug likeness and tevaluate compound collectiof drug and probe discovery.
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FigurelO. Estimated hydrophobicityALoglPvsmolecular weigh{MW) scatterplot of PFPs.

Using the opersource softwaréi L elaidk eness and MolULAVAY, Ithe r Ana
estimated hydrophobicity (ALogyas mappedgainst the respective MW (Figut6).159 158

out of 162PFPpseudo NP$98%)f al | i nt o t kokFive spac€dexhibiingan Rul e
ALogP <5 and MW < 500 Daloteworhy, 61% of the compound99 out of 162 PFPs)Iso

fall into leadlike space whichs defined as apreferable fraction of chemical space where

ALogP < 3 and MW < 350 D&Y The low lipophilicity and molecular weight is beneficial in a

small molecule drug discoverygect as potential hits tend to increase in these values during

lead optimization thus running into violations of Lipink’s rule of 5 and potentially poor ADME

behavior in later stages of a proj&€t’d

3.5.3. Assessment of Molecular Shape Diversity

Principal moments of inerti@M1) plots?” arebased omcomputational methofibr molecular

shape assessmeamsing normalized ratios of principal moments of inertia plotted twie
dimensional triangular graph¥he LLAMA algorithm® used for the generation of the PMI
coordinates randomly determines several 3D conformers of a given compound and minimizes
their energy. For the loweshergy conformer the moments of inertia are calculated in the x, y
and z axesndsubsequentlyhe PMIplot coordinates I1 are determineddiyiding inertiaf)

by inertiag). The 12 coordinates are calculated by dividing ineyjibly inertiag). The datais
projectedin the form of a triangular plot in which the vertices are defined by rod, disk and
sphercal shapesHighly threedimensional molecules will beepresentedn the upper right
corner ([11, 12] = [1, 1]) while disd¢ike shapes are found at [0.5, 0.5] and-li&d shapes will
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be projected near [0, 1Hence, PMIplots allow a rapid assessmentdavisualization of

molecular shape diversity associated with a given compound set

L&E%E%i N EE;
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©
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Figurell. Principal moments of inertidPM|) plot for PFPs.

Analysis of the threglimensional character of ti~P compoundollection and visualization
of the shape distribution imPMI plot revealed shift from the lineai disclike axis towards
spherical shap@-igurell). Thisindicates a increase ithreedimensional character compared
to commercially available compound collectiBh§? ultimately reflecting thathe molecular
diversity and highsp*-contentof NPs is conserved in the fragment recombination proaiess

pseudo NPs.

3.5.4. Summary ofthe Cheminformatic Analysis

Collectively, hese data suggest that #ealyzed novel PFP pseudo N&t® endowedvith
advantageous physicochemical properties, increased molecular shape diversity-souteNP
distributions not represented by NPs. This observas@onsistent with the design principle
behind pseudo NP®FPs are not accessible by biosynthespgesating a distinct area of
chemical spacandchemotypewhich ismore than merely the sum of P-fragmentsFor

other classes of pseudo NPs a sintiland has previously been obseraed reportedf® 29
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3.6. Morphological Profiling and Biological Evaluation

Morphological Profiling by means of the cell painting assay was performed by the Compound
Management and Screening Center Dortmund (COMAS)

Pseudo NPs might be endowed with novel or unexpected bioactivities due to the unprecedented
structural assembly afomplementaryNP-fragmens, and they may differ significantly from
activities observed for the guiding NPs. Hence, the biological relevdmpseodo NPs should

be investigated in a similar manner to newly discovered NPs. To cover a broad spectrum of
biologicaltarget space, pseudo NPs could either be subjected to multiple individual bioassays
or more readily be characterized by targghostiqgohenotypic profiling approaches. Such high
content technologies captuadarge number of phenotypic descriptors in a single experiment,
thereby allowingan unbiased evaluation oharacteristic morphological changes induced by
chemical perturbation and ventually simultaneous sampling of various biological

phenomen& 71

In accordance with this concept, the biological relevance of the synthesiPedseudo NP
library was asseed ina cell painting assagstablished by the Compound Management and
Screening Center Dortmund (COMAS)asimilar mannerasintroducedand developetly the
Carpenter grougr®6 3%40 42 (seethe Experimental Pa%.3.1.) In this multiplexed assay
different cellular compartments aselectivelystained by small molecule dyesthe presence

of compoundsinderinvestigaton or reference compounds with annotated biological activity,
mode of action or specific targetdpon compound treatmeaoellsare imaged in higicontent
fashionand subsequent automated image analysis extracts and quantifies 579 morphological
features. These are displaye@ianiqudingerprint patterrior each compounandcharacterie

its bioactivity. Similarities between morplaygical fingerprintsarecalculated as one minus the
correlation distance between two distinct profileeethe ExperimentalPart 5.3.1) and
defined as biological similarityi( BS i mGomparing the morphological fingerprird6PFPs
measured at 10, 38Gnd 50 pMwith those derived fromapproximately 3800 reference
compoundgmostly measured at 10 uMnabled then mode of action hypothesis generation
and inspired furtheexperimental target identification and validation effo8absequently, the

cell panting data guide@stablishment of a qualitative structyrleenotype relationshig> 74
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3.6.1. Identification of Bioactivity

In a first step, biological activitper sehad to be defined. Therefore, the term inducgmen

in [%] was introducedvhich equals the number of parameters that underwent a significant
change in median absolute deviation value upon compound treatmehtlufeefold of the
median determined for the DMSO controtBvided by the totahumberof 579 measured
parameters (sebe Experimental Pai.31.).

Applying the induction value as a filter criterion, all PFPs screened at 10 uM witdwation

of at least 10% and not more than 80% were considered to potentially elicit most interesting
bioactivity. The choice of cubffs reflects the presumption that compounds with an induction
less than 10% will most likely be only low in bioactivityhile compounds exceeding 80%
induction might have multiple targets or pleiotropic activiBiltering according to theecut

offs for induction values resulted in five initial hitdl of which had a fingerprint profile
similarity of higher than 70% to &ast one reference compound, hence allowing potential
delineation of biological mode of actioifo identify compounds with highepbtency the
obtained hits were clustered accordingttuction andiological similarity within thdist itself

(Table 6;seethe Experimental Paf.32.). Two-membered laster 1 containedhe highest
inducing PFP pseudo NR®k and 30k for which a high biological similarity of 84% was
determined and which aséructurally similat o each ot her ( Tani moto co
0.72) as30k is the Boc deprotected version2gk (Table 6, entries 1 and Z)hese compounds

were characterizefdirthersincethe relatively high biological and chemical similarity suggést
similar modes of actionNoteworthy, this and the followgn analysis allowd only the
identification of inducing compounds. Sore@mpoundsnight have mechanisms of action that

are not linked to detectable morphological changes as demonstrabvedly®41 out of 3492

referencesvith annotated biological activity exerting an induction of > 10%.
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Entry Compound Structure Induction Cluster BioSim ChemSim
Nr. [%0] [%0]
at 10pM
1 29k 29 1 - -

CRPN

2 30k % 23 1 84 0.72
3 4d o Xk 27 2 : -
&
g
(¢}
4 28f 0o £ 17 3 : .

(@)

5 4b %( 14 4 - -
|

T

Table®6. Filtering the PFP data set measured afdin the cell painting assdyy induction (> 10%; 80%)and
clustering according to highest inductioasulted in five hitsBiological similarity (BioSim) calculated to entry 1.
ChemSim = chemical similarity.

3.6.2. ConcentrationInduction-Phenotype Dependency

The relation between phenotyp@duction and applied concentration was determined to
validate the choice of induction abiaactivity indicatorTherefore, the fingerprints @k and

30k as representative members of the PFP pseudo NPs were corgpagadhof the two
compoungat 10,30 and 5QuM (Figurel2, seethe Experimental Pa&.32.).

For compound29k, an increase from 29% to 36% induction was observed when the
concentration was increased from 10 to 30 uM #rednduction remained at 35% when the
concentration was furtherareased to 50 puMNotably, the biological similarity remained high

(> 80%) at all concentrationgzor 30k, the induction increased almosinealy with the
concentratioras a rise from 23 to 69 to 80% induction was observed when increasing the
concentration from 10 to 30 to 50 yMhile the biological similarity remained at an average
of 66%.
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In addition, wealy active compounds lik29f with an induction of 4% at 10 uM eveactive

at higher concentrations as an incres@7% induction at 3@M and to 40% induction at
50 uM was observeFigure 12) Although the profile similaritiegrestill above 50%, these
valuesmust be regarded with card@his is because the profile @Of at 4% induction has
substantiallyless altered parameterhan the profiles at 27 or 40% induction and hence a
comparison betweench and sparserofiles would inevitable give lower profile similarities
and should therefore be avoided in genekébwever, for the concentratiomduction
phenotype analysis d29f, an experimental calculation was carried outwhich only the
parameters of therofile of 10 uMwereconsideredor the similarity calculations to the higher
concentration profilesThis resulted in a profile similarity of 89% (between 10 and 30 pM) and
94% (between 10 and 50 uM). Thus, the fingerprin26f at 10 puM is a subset of the

fingerprints at 30 and 50 pMand the initial bioactivity is conserved at higher concentrations.

Finally, compounds beingruly inactive in thecell paintingassaywere identified as well
represented by compou@8i (Figure 12)For compound9i theinduction remained undéhne
5% threshold for activity throughout all measured concentra{ib®&0 puM). Noteworthy, low
or no activity in the cell painting assay does megresenin general biologicakrelevanceof a
compound as it might exert i@ctivity through a mechanism that i®t correlated to a

phenotypic changa the given cell linend therefore natetectabldoy the cell painting assay.

Nevertheless, as in general induction incrdasgh concentration while the shapes of the
related fingerprints rema@a comparable, the choice of induction as a measure for compound
bioactivity wasjustified. Conclusively, this defirkcompound29k and30k as the most potent

PFPsas they exeedtheirbiological activity (i.e. high induction) already at a low concentration.
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Figurel2. Concentrationinductionphenotype dependency determined f@dk, 30k, 29f and29i. The top line in

each panel is set as reference fingerprint (100% BioSim) to which subjacent fingerprints are compared,
respectively; blue indicates a decredsealueof a specific parameter compared the DMSO control; red
indicates an increaskvalueof a specific parameter compad tothe DMSO controlCmpd = compound, Conc =
concentration, Ind = induction, BioSim = biological similati}yOnly the changed parameters of the lower
inducing profile were considered for BioSim calculation.

3.6.3. Target Hypothesis Generation

To derivea target or mode of action hypothesa, 29k common references found at 10, 30
and 50 uM were determined in a first st@perefore, aly references that were foum the
data sef of atleast twoof the measured concentrationsre considereor further analysis
(seethe ExperimentalPart 5.3.2.). Nexta cross correlation analysis fibre set ofprofiles of
commorreferencesvith profiles 0f29k and30k at all measured concentrations was performed
and a crossorrelation matrix was generatedafdle7, seethe Experimental Pa#.3.2).

For 29k and 30k at 30 and 50 uM, high biosimilarities (> 83%) were found to reference
compounds which inhibit mitochondrial respiration, autophagy, glucose uptakie and
Hedgehog pathway signalif§. "> According to the initially stated hypothesis that similar
morphological fingerprints correspond to a similar biological activA9k and 30k were
subsequently investigatdyy COMASIn cell-based assays moniiiog activity in autophagy,
glucose uptakand Hedgehog signaling. These pathways could be excluded as potential modes

of actionbecaus®9k and30k were not or only weakly active in the respective assays.
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Aumitin [ Chromo- Pipinib 74 GW-
(10 M) pynone 128 (30 uM) 297473
(50 pMm) (10 pM)
Clp /é’ . N\/ N/ﬁ
Q © NH HN OTND y s N// NH
BioSim | M-« @ o)\@/ 7o QN)TNH -~
e N LD
\ v
29k 78% 81% 85% 81% 87%
(10 um)
29k 88% 89% 94% 91% 87%
(30 u™m)
29k 87% 88% 94% 89% 84%
(50 um)
30k 63% 61% 63% 65% 75%
(10 um)
30k 90% 85% 84% 94% 85%
(30 um)
30k 92% 89% 86% 93% 88%
(50 um)
Annotated Autophagy Glucose uptake Wnt Hedgehog ErbB
bioactivity inhibition (GLUT) inhibition (Hh) inhibitor
inhibition inhibition
Target Mitochondrial GLUT-1/3 5-LO (Pl 4K ErbB1/2
complex |
In-house | ROS, GLUT, Autophagy, Autophagy, Autophagy, ROS
observed Whnt, Hh Whnt, Hh Hh Wnt
pathway
bioactivity

Table7. Crosscorrelation analysig=ingerprints of entries in the-gxis were individually compared to fingerprints
of annotated reference compounds on theaxis. Referenceompoundstargeting GPCRs were excludednfr
the analysis as they were found to occur ubiquitous in the whole data set for yet unresolved reB=8im =
biological similarity.

However,it wasrecognized that the regulation of reactive oxygen species (ROS) formation is
connected to these developmental and metahetiworks.’8% Furthermore, the fingerprints
determined for PFR9k and 30k at 30 pM showed 88 and 90% similarity respectively to the
fingerprint determined foeumitin at 10 uM which inhibits mitochondrial respiration by
targeting mitochondrial complex!™ Inhibition of mitochadrial complexes | and Il was

reported to induce formation of mitochondrial superoxide which is a specific reactive oxygen
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speciedt® Thus, PFP29k and 30k were hypothesized tmodulate mitochondrial function
by targeting mitochondrial complex | and/or IllI.

3.6.4. Influence on Mitochondrial Respiration

TheMito Stress Test wagserformed by Aylin Binici and Julian Wilke

The mode of action hypothesis derived from the cell painting data analysis sdgrgestdo

NP 29k to be a modulator of mitochondrial function (see 3.6.3.). Thus, the eff@&kadn
mitochondrial respiration wagvestigated in aMito Stress Test employing the Seahorse XF
analyzerd With this device the metabolic performance of live cells can be monitored by two
distinct fluorophores indicating changes in oxygen concentration and fluctuations in
extracellular pH, respectivelyThis in turn allows the individual observation of oxygen
consumption rate (OCR) and extracellular acidification rate (ECAR) time and dose
dependent mannewWhereasOCR reflects the rate of mitochondrial respiration consuming
oxygen, ECARSs an indicadr of glycolysissinceglycolysisderivedlactate is gportedtogether

with a protonthereby decreasing the plAddition of a mitochondrial respiration inhibitor
should cause a decrease of the OCR, aegending on the employed celds) increasen

ECAR, as cells try to compensate the decreased respiration by upregulating glycolysis.

The Mito Stress Test caists of fve distinct phases. Initially, the basal respiration of the cells
is determined representing glycolysis and respiration undenal conditiongFigure 13[4
and14). In case of a mitochondrial respiration inhibitor, subsequent compound addition should
cause a decreage OCR which is counterbalanced by a switch to glycolysis indicated by an
increasen ECAR. In a third phase, ingion of oligomycin as anitochondrialATP synthase
inhibitor (complex V)allows the determination dfasal respirationequired for cellular ATP
production. Next, disruption of the proton gradient by addition triffuoromethoxy
carbonylcyanide phenylhydrazofieCCP) results in an increase of mitochondrial respiration
to maximal capacityepresenting cell respiration under strédse spare capacity of the cells
to respond to an increased energetic demand is the difference@CReletermined between
the basal and maximal respiratidn.the finalphase, addition of a mixtue the complex |
inhibitor rotenone and the complex Il inhibitor antimycirdéfinesthe lowest possible OCR
related to mitochondrial respiratioThe rem@ing oxygen consumption is caused by

mitochondria unrelated processes.
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H
NADH+ H* NAD* i

Mitochondrial
matrix

Figure 13. Representative scheme of mitochondrial respiration and inhibitors (red) of respective complexes.
Complex | (NADIEoQ reductase) oxidizes NARHNAD+ and complex || FARid FAD+. Both, complex | and
complex Il transfer electrons to coenzyme Q (CoQ). From CoQ the electrons are passed on to complex IV via
complex Il and cytochrome C (CytC). Complex IV reduces molecular oxygen to water usderptiom of
protons. Protons are translocated into the mitochondrial matrix by complex V (ATP synthase). Complex V utilizes
the proton gradient between mitochondrial matrix and intermembrane space to generate ATP from ADP and
phosphate.Trifluoromethoxy cebonylcyanide phenylhydrazone (FCCP, yelkxtd asa disrupter ofthe proton
gradient.

Following the protocol for the Mito Stress Tdseethe Experimental PaB.3.4.) HelLa cells
were treated with 3, 10 arBD uM of compoun®9k inducing arapid decreasén OCR and
simultaneoushan increasén ECAR at 10 and 30 uM compared to the DMSO control (Figure
14). Compared to a full inhibition of mitochondrial respiration by rotenoneaantienycin A,
PFP29k rapidly and dosedependentlynduced partialinhibition upon compoundreatments

the OCRwas not reduced tothe OCR level observed for rotenone and antimycin A.
Nevertheless, #seresults indicate thefirst validation of the mode of action hypothesd for

29k acting as a modulator of mitochondrial respiration.
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Figurel4. Influence of PFR9k on mitochondrial respirationHelLa cells were treated with compound (3, 10 and

30 uM) or DMSand the oxygen consumption rate (OGRyure ¥A) and extracellular acidification rate (ECAR,
Figure ¥B) were measured with a Seahorse XF analyzer. Control inhibitors were added successively to the
samples. Datare meanvaluest SD, n=3.

3.6.5. Influence on Mitochondrial Complexes IV

The Semlntact Assay for Mitochondrial Respiration was performed by Aylin Binici and
Julian Wilke

To further validate the hypothesis of complex | or Il inhibition by pseud®28i a semt
intact assay for mitochondrial respiration veasried ouf®® With this assaycomplex F, 11-,

lll-, or IV-mediated respiratory activity can Istudiedin detail by plasma membrane
permeabiliation and addion of distinct substrates required ftire activity of the respective
complees Figure B). Hence adjusting the buffer system with the specific substrates required
for the corresponding mitochondrial complexdge effect 0f29k on eachseparatecomplex
comparedo known specific inhibitorsvasinvestigated in the SeahorX& analyzer(see the

Experimental Part 5.3.5.)

When malate/pyruvate were added to permeabilized cells to exgonplex | the OCR
decreased upon compound treatmeitih 29k at 30 uM indicatinganinhibition of complex |
activity as compared to a full inhibition by the knowsomplex | inhibitor rotenor®® at
1 pM, 29k partially suppressed complexXHigure 15A) When succinate oduroquinolwere
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added to studgomplex Il or 1V, respectively, no activity @k was observe@Figure 15B and

D). For the investigation of complex Ill, tetramethylphenylenediamine (TMPD)/ascorbege w
providedanda slight decrease in OCR compared to the DMSO control was observed upo
addition of 29k at 30 uM (Figure 15C) This validatel the hypothesis of modulan of
mitochondrial respiratiorby PFP pseudo NR9k and mitochondrial complex Ican be
considerechsa molecular targetCollectively theseesults demonstrate thétte cell painting
assaymay be useds a tool for target agnostic multiparametric phenotypic profitang

determine thenode of action of pseudo NPs asttier bioactive small molecul&%:89

A Complex | B Complex Il
ADPI ADP!
150 MaatelPyruvate Oligomycin Antimycin A 150_5uc inate Oligomyci timycin A
: : : —+— PFP 29K (30 M) : : : —a- PFP 2% (30 uM)
-=- Rotenone (1 pM) 1254 -=- Malonate (4 mM)
-+ DMSO 1004 -« DMSO
é ADP 1 mM 8 ADP 1 mM
% Malate 1 mM o 754 Succinate 10 mM
o Pyruvate 10 mM 8 Rotenone 1 pM
Oligomycin 1 uM 50+ Oligomyein 1 M
Antimycin A1 pM 25 Antimycin A 1 uM
0 - T T : T : T 1 . T T - T . T 1
0 20 40 60 80 100 0 20 40 60 80 100
Time (minutes) Time (minutes)
C Complex lll D Complex IV
ADP! ADP/
150- Duroguinol Oligomycin Sodium Azide 175+ TMPDIA:scurbﬂe Oiigor!wcin Sot;]ium Azide

—— PFP 28k (30 uM)
-=— Antimycin A (30 pM)
-+ DMSO

ADP 1 mM
Duroquinol 0.2 mM

Oligomycin 1 pM
Sodium Azide 20 mM

~a PFP 29k (30 uM)
—= KCN (20 m)
-+ DMSO

ADP 1 mM

TMPD 0.5 mM
Ascorbate 2 mM
Oligomycin 1 uM
Sodium Azide 20 mM

OCR (%)

T T T T 1 T T T T 1
0 20 40 60 80 100 20 40 60 80 100
Time (minutes) Time (minutes)

Figurel5. Influence of29kon mitochondrialcomplexl-1V. HeLa cells were permeabilized by Seahorse XF plasma
membrane permeabilizer and treated with compound and the respective substrates of the individual complexes.
A: Effect ofPFP29k on complex Wwith malate/pyruvate as substrates amdtenone (1>M) as catrol inhibitor.

B: Effect ofPFF29k on complex Il witlsuccinate as substrate amdalonate (2 mM) as control inhibito€ Effect

of PFR29k on complex Il witlduroquinol as substrate anaintimycin A (3G-M) as control inhibitorD: Effect of
PFP29k on complex IV withtetramethylphenylenediamine (TMPD)/ascorbate as substrates ot@ssium
cyanide (20 mM) as control inhibitoDataare meanvaluest SD, n=3.

3.6.6. Comparison to Reported Mitochondrial Corplex | and Il Inhibitors

Small molecules exhibiting dual inhibitory activity emtochondrialcomplex I and 11l were
already described in the literat{¥& However structural characteristics BFP29k (Table 8,
entry 1)do not resemble arnf the three major classes of complex | inhibi1 (entries 2
5) or reported complex Il inhibitol¥°¥ (entries 68). Hence,29k represents a truly novel
chemotype for mitochondrial complex | inhibitidassentially, mhibition of complex | leads to

electron accumulatiowithin the mitochondrial matrikecause electron transfer from the iron
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sulfur centers in complex | wbiquinonds blocked®d This causes an incomplete reduction of
cellular oxygen (@ to superoxide’bz‘), a reactive oxygen species (RO&)ich damage
components of mitochondria including mitochondrial DiiAd eventually lehto apoptosi€?

%l This oxidative stress can be neutralized by antioxidant defense mechauismsmbalance
between ROS production and antioxidant defense towards increased levels of ROS is linked to
aging and pathogenesis of several dise8dsowever recent studies suggest that the altered
redox status in cancer cells can be exploited for therapeutic benefits employing ROS inducing

agents and thereby selectivéfiggeringcancercell toxicity [°8

Entry Structure Name Annotated Activity
1 zo“”e PFP29k Complex | inhibitor
HN_ MNBOC
S ‘ o) °©
2 mp Aumitin Type A
o (Pyrimidines)
" o Complex linhibitor
\7N/ NH
N
3 MeO_ N~ A A Ny Piericidin A TypeA
oo o on (4-pyridones)
ot Complex | inhibitor

Rotenone Type B
Complex | inhibitor

5 oo f Capsaicinoid Type C
Q”Nk@ @X CC44 Complex linhibitor
MeO (0]

6 P2 Antimycin A Complex Il inhibitor
7 Mahanine Complex Il inhibitor

8 i Myxothiazol Complex Il inhibitor
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Table8. Representative mitochondrial complex | and Il inhibitors

Interestingly,a comparison of the morphological fingerprint2®k to the profiles osomein-
house availableomplex | and Il inhibitors listed in Table 8 revealed thatgh biosimilarity

of 87%is found betweer29k andaumitin (Figure 16). Even more important, comparing the
profile of 29k to the profiles of complex Il inhibitors antimycin A and myxothiadm not
afford anybiosimilarity at all. This analysis indicates ti28k exerts a phenotype that is more
similar to phenotypes of known complex | inhibitors than of complex Il inhibitors, which is
consistent with theesultsfrom the semintact assay fomitochondrial respiration (see 3.6.5.).
Moreover, this analysis demonstrates that the cell painting assalgts differentiate between
closely related mechanisms of action as inhibitors of compigalitativelydefine a distinct

phenotype clustezomparedto complex Il inhibitors.

Value p ( y-w ot E’M

0 o}

10 0 g /&&C Q Antimyein A
imyci
H
Cmpd Conc Ind Bio e )_N” Mo 0

[UM] [%] ?'/"]‘ 209k Aumitin M Rotenone

29k 30 36 100 l l | I
Aumitin 10 60 87 | \I | || | ‘ I H " I |
Rotenone 1 52 57
Antimycin A 10 23 0 |
Myxothiazol 10 46 0 | \ |

1 Cells 230 Cytoplasm 462 Nuclei 579

Figure16. Fingerprint comparisorbetween 29k and known complex | and Il inhibitorshe top line is set as
reference fingerprint (100% BioSim) to which subjacent fingerprints are compared, respetiivelindicates a
decrease valueof a specific parameter compared tbe DMSO control; red indicates an incredselueof a
specific parameter compared the DMSO controlCmpd = compound, Conc = concentration, Ind = induction,
BioSim = biological similarity.

3.6.7. General Activity Trends

To evaluate the distribution afompounds exhibiting activity in theell painting assay
according to their core scaffgld structurenduction relationship analysis was performed.
Therefore, the wholeell paintingdata sefor 162 PFPs was filterefdr induction between 5
and 85% Structuralanalysis ofall active compounds 40, 30 and 50 uMevealed thageneral
scaffold C seems to be privileged in terms of ability to induce phenotypic chawgesat

50 uM significantly more active compounds of substructure clag®re found compared to
general scaffold®\ and B (Figure T7). Noteworthy, for monopodal connected isomers no

activity was observed even at the highest screened concentration of 50 uM.

-69-



3. Results and Discussion
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Figurel?. Structureinduction relationshipNumber of compounds per general scaffold with inductios? and
< 85%.() indicatesthe number of compounds per general scaffold submitted for biological testing in the cell
painting assay

Interestingly the most potent compounafsthe cell painting ass&30k and30k (see 3.6.1. and
3.6.2), for whichalsoa target hypothesis was derivadd validateqsee 3.6.3.3.6.4.; 3.6.5.
belong obviously to substructure cl&sHerce,it wasspeculated if substructure cla@ss not
only privileged in terms of general activity the cell painting assdut if the found compounds
are also structurallyelatedandif they induce similamorphologicalfingerprints Therefore,
all PFP pseudo NPs of general scaffGlaith induction >5 % and < 8% at all concentrations
(10, 30 and 50 uM) were clusteré&zbethe Experimental Pag.3.2.)yielding a 16membered
cluster of structurally related compounds with biosintiles > 82% (Tabl®). With the active
compounds of substructure cl&$eing chemically related while elicitirggmilar phenotypic
changes, a structugghenotyperelationshipanalysis was performed as described in chapter
3.6.8.
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Entry Compound Structure Induction Cluster BioSim Chem
Nr. [%] [%] Sim
1 30k ome 80 1 - -

HNQA o P (at 50 uM)

2 30k ome 69 1 98 1.00
HNQA o P (at 30 uM)

3 29d 0 4 28 1 93 0.44
@AN g PR (at 50 pM)

4 29f 0 P 40 1 93 0.49
O " (at 50 puM)

5 29e 0 7 34 1 92 0.45
o g™ 2 (at 50 uM)

6 299 0 P 47 1 90 0.43
Y T e (at 50 pM)

7 29f 0 P 27 1 89 0.49
O " (at 30 pM)

8 29e 0 P 17 1 89 0.45
jogees " (at 30 pM)

9 29k ome 36 1 88 0.72
HNQA o 2 (at 30 uM)

10 29c 0 7 39 1 87 0.42
A A= (at 50 M)

11 29k ome 35 1 86 0.72
HNQA o P (at 50 uM)

12 29I o 8 25 1 85 0.36
HN NBoe (at 50 pM)
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13 299 o P 34 1 85 0.43
CTY - NEee (at 30 um)
PN

14 29d o £ 16 1 85 0.44
w@ (at 30 pM)
X0

15 29k o 29 1 84 0.72
QA o i (at 10 [J.M)
HN NBoc
0
N0
16 28f 0 7 29 1 82 0.48

b @soum

Table9. Cluster of all active compounds belonging to general sca@oldduction cutoff filter <5%, > 8% for
PFPs with general structufémeasured at 10, 30 and 50 uM. Only compounds belonging to cluster 1 are listed.
Biological similarity (BioSim)as compgaedto entry 1. ChemSim = chemical similarity.

3.6.8. Comparison of SPR to SAR

The MitoSOX Red assay was performed by Aylin Binici and Julian Wilke

To assesswhether tle multiparametriccell painting assay may guide identification of
gualitative trends in structure phenotype relationship (S&Rf)ngerprints of the obtained 16
membered cluster (see. F.§.and profiles of structurally relatembmpounds were analyzed
and the derived trends in SPRen® compared to trends the structureactivity relationship
(SAR) determined by means of a MitoSOX Red assagtlie Experimental Pag.3.6.).This
live-cell fluorescencédased assay monitors the production of mitochondrial superoxide upon
inhibition of the mitochondrial respiratory systéfd. Given the fact that inhibition of
mitochondrial complexes | and Il induces formation of superd¥i, concentration
dependentformation of mitochondrial superoxide employing the fluorogenic indicator
MitoSOX Red®¥ was assayed

Since29k displayed the highest induction at 10 uM ah@asa member of the substructure
classC cluster (see. 3.8., Table 9, entry 1§ its morphologicalprofile at 10 uM was set as a
reference phenotype to which all other cluster profiles and fingerprints of structurally related
compounds were comparddable 10). The @mparison wagreferably performed in an
induction range of 2@80% to avoid that the similarity calculations are negatively affected by
larger differences in fingerprint richneés.analogy to SARstudies, only structural changes on
specific parts of the molecule whiteeping the structure otherwise consiaate investigated
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in terms of changes in induction valuesaasieasure for bioactivityand changes improfile

similarity to the reference fingerprint.

O , .
RJJN RZ
| /
X0
Entry  Nr. Rl= R2= Induction BioSim ECso
[%0] [%]  [uM]
1 29b H3C§' O NBoc 2 n.c. >30
Qi;o[/ (50 uM)
2 29c Js O ~NBoc 39 92  >30
Qi;o[/ (50 uM)
3 29k OMe O ~NBoc 29 100 3.7
(30 pM) +0.9
HN_ o
4 29d o O ~NBoc 28 87 9.2
Qi:(\o[/ (50 pM) +2.4
5  20f O ~NBoc 27 85 6.8
Meo/©/\§\ Qi;o[/ (30 uM) +0.7
6 29 O ~NBoc 34 87 157
FJ©/Xi Qi,‘(\o[/ (50 M) +6.6
7 29g ~ O ~NBoc 34 90 134
e QOQ (30 UM) +2.6
8 29| 1 X @) NBoc 3 n.c. >30
N i;of/ (50 uM)
9  29h N O ~NBoc 10 nc. 253
P Qi;o[/ (50 UM) +6.2
10 29 Clon O ~\Boc 24 90 97
Ui\ Qi:(\o@ (50 pM) +1.8
11 29n 7 O ~NBoc 3 n.c. >30
o; ) P Qi:g\o@ (50 uM)
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12 29 2 O ~NBoc 25 90 13.5
., > (50 uM) +1.2
O
13 30k OMe O ~NH 23 84 10.7
(10 pM) +3.6
HN__ ©
14  20h OMe 0~O 15 37 >30
Ag (50 uM)
HN__
15 25k OMe H 3 n.c. >30
g%/ﬁ . (50 uM)
HN o]
OH
16 28f o 28 624 >30
MeoJ©Ai }ﬁ}k (30 pM)
17 26d o 6 n.c. >30
M@I:rﬁ ;;g (50 pM)
18  22e 0 3 nc. >30
Me0/©/\§\ ,?;r (50 pMm)
19 26a H3C3 o 1 n.c. >30

;;g (50 M)

Table 10. Establishment of a structurphenotype relationship (SPR) for the PFPs by means of the induction
delineated from the cell painting assay, and comparison \ligh activity in the MitoSOX Red assay;sEC
determined in HelLa cells (n = 3); Biosimilaf®ioSin) was compared t@®9k if not indicated differently; n.cz=
biosimilarity was not calculated because induction was out of-4@% comparison window

[a] Biosimilarty was compared 20f.

For the investigation of pyridoni-substituers of 29k (Table 10, RY), the righthand side
(Table10, R?) was kepunchangedSubstitution of the indolyl moiety i29k by a small methyl
groupwas not toleratedwith respectto induction (compare entrl with 3) while isopentyl,
benzyl, substituted benzgroupsand thiophenyas R led to high induction at comparable
profile similarities (compare entry 3 with entridsand4-7). Replacement of the methoxy
indolyl by basicd- and 2pyridinyl wasdetrimental for induction (compare entry 3 with entries
8 and 9) Bioactivity and biosimilarityverereestablishedyy introdiction ofa chlorine next to
the basic nitrogen of the-gyridinyl substituent, thereby reducing the basicity (entry 10).
Furthermorewhen the wholeéN-substituted pyridongvasreplaced by amromaticbicycle, a

qguinolinonewaspreferred over a coumarine subscaffold to ensure induatidrhighprofile
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similarity to 29k (compare entry 3 with entries 11 and 1@pllectively, these observations
indicate thatwariation of the pyridon®&-substituentwhile remaining high induction valuest
retained bioactivity is possible if the substituent is not too small or too. fiblerefore for R
a lipophilic residue at a distance to the fused ring system appearsatvdr@ageoysand a

guinolinone as the pyridone unit is preferred over a coumarine subscaffold.

The lefthand side of29k (Table 10, RY) remained unchangew studythe influence on
induction and biosimilarity of structural changes to the flgdnid sideand the coréTable 10,

R?). Removal of the Boc group 20k slightly decreased the induction while the profile shape
was conserved (compare entry 3 with 18Jhen the Rsubstituent was further minimized to a
dimethyl derivative induction remained high but the profile similarity declined to 62% (entry
16). Furthe simplification to a R-unsubstituted derivative (entry Yand other structural
changes on theyclic acetaktoreunit (entries 15 and 18) were not toleratgth 20h (entry 14)
representing a borderline case in which the 15% induction value is clibee20% cubff for
comparisonConsequently, foR? a bipodaifused anda,a-disubstituted ketone substructure
with the quaternary carbon next to the cyclic acetal is beneficial for induction at high biological

similarity to 29k.

Compoundsrepresenting the general trends in SPR were then subject#asénesponse
analysis ECso determinatio in a MitoSOX Red assay (sd¢be Experimental Pa%.3.6.).
Altogether the EGo valuesreflected qualitatively the trends observed for the SPR asagsi
described above with some exceptions. Consistéhtthe trends irthe SPR,compound29k
was identified ashe most potent PFP pseudo NP with and@@lue of 3.7 £ 0.9 uMTable

10, entry 3). The majorityof the compounds with induction >20% andfpgeosimilarity >80%

to 29k induced mitochondrial superoxid®rmation (entries &, 10,12,13). In fact, onlyafew
exceptions (entries 2, 14 and 16) were notable indicating that th&s8RRorrelation cannot
be regarded as entirely parallel. Indeed, comp@%udieviatel from the SPRSAR correlation

as it exhibied activity in the cell painting assay and a higlofge similarity to 29k but for
which no activity could be observed in the MitoSOX Red assay (enti@@npound20h and

28f mustalsobe regarded as exceptions from the general trends as they bo#u elohiiction

but no MitoSOX Red signal (entries Bhd 16). However, for both compounds decreased
profile similarities of 37 and 62% were observed, respectively, indicating that the
morphological changes might be induced through different modes of ablateworthy,
although the central cyclic acetal doéd was observed to be privileged for activity in the cell
painting assaysee 3.6.6,)the scaffold on its owwasnot sufficient to establish the observed
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kind of bioactivity (entry 19) indicating that both! Bnd R have a significant impact on the

overall bioactivity and that they must decorated as outlined above simultaneously.

Another point to evaluate concerned the biological activitiraggments that PFPs consist of
By comparing the profile similarity of PFEOK to its building blocks respectivelgs well as
the activity of the fragments in the MitoSOX Red asgayasanalyzed if thedentified activity
of pseudo NR29k asamitochondrial superoxide inducer cheattributed to one or both of the

fragments.

In the @ll painting assay,ragments o29k were either not activat the highest measured
concentration (Tablel] entries 1 and®) or had low biological similarity t®9k (entty 2).
Consistent with the SPR analysis outlined above, fragmer&8kahat were not active in the
cell painting assay did also not elicit a MitoSOX Red signal. Notewoaittlypughfragment
4d has a profile similarity of only 9% t@9k it was also determined to be active in the MitoSOX
Red assay with an Egof 3.4 £ 0.1 uM(Table 11, entry2). However, this compourdecreased
thecell countto 50% at 10 uM Toxicity further increasedt higher concentrations (cell count
= 37% at 30 uM and 7% at 50 uM; skppendix8.2, Figures24-26). Thus, theactivity of 4d

in the MitoSOX Red assay must baused by a different mode of actisince29k was non

toxic at all measured concentratg(see Appendix 8.2., Figures-2B).

Entry Compound Fragment Induction BioSim ECso
Nr. [%] [%6] [uM]
1 2s elie 2 n.c. >30
g . (50 M)
HN__
byl
"0H
2 4d O ~NBoc 27 9 3.4
(3 (10 pM) +0.1
OAc
3 4¢3 O ~NH 1 n.c. >30
E‘r\of/ (50 uM)
OH

Table11. Biological evaluation of fragments of PE®k by means of the induction delineated from the cell
painting assay, and comparison witte activity in the MitoSOX Red assay;dfetermined in HelLa cells (n = 3);
Biosimilarity (BioSim) was compared to29k if not indicated differently; n.c.= biosimilarity was
not calculated because induction was out of -20% comparison window
[a] Synthesis is described in tlxperimental Part
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In summary, for the PFP pseudo NP library generaf@daf as a privileged structural subclass
was identified,for which general trends ithe SPR correlat with the SAR studies in the
MitoSOX Red assay with onlgfew exceptionslt was determined that'Rhould be a bulky
aromatic residue which is not too polar while fé Rmoval of the Boc group, no substituent
onthecyclic acetal core, and a reggomeric connection pattern was detrimental for activity.
Further consistent with the SPR, the fragmesft29k were not active in the MitoSox assay
Altogether, targetignostic qualitative SPR analysiased ormorphologicalprofiling has the
potential to inform hit expansion efforts through synthesis of additional compounds or predict
suitable linker attehment sites for target identificatieffortse.g. byaffinity-based proteomics
Nevertheless, PFPs represent unoptimizedlmgtismay have multiple targets which even may
differ among the library members and still, different modes of action can resuftimilar
phenotype. Although databtained fromsuch phenotypic analysis should be viewed with
caution to avoid oveinterpretation, general trends pointing towaalslistinct biological
activity and qualitative structwghenotype relationshj@as is he case for the herein discussed
PFPsshould be investigated in more detail.

3.6.9. Additivity of Morphological Fingerprints

Finally, the question of profile additivitwas addresseghd if it is possible to predict the profile

of a pseudo NP frorthe fingerprint combination of its consisting fragmeritserefore, the
morphologicalprofiles of fragment2p and4d were determined and added mathematically to
generate an artificial profil29j-art. representing thim silico combination of the two fragents
(Figure18). Comparison offte artificial profilewith the profile of the synthesized PFP pseudo
NP 29j showed only 4% similaritydemonstrating that the synthetic combination of NP
fragments to pseudo NPs generates novel scaffolds endowed witficspegerties that are
more than merely the sum of topologic characteristics of the individual fragrilentever,

this analysis should be regarded witlitoan because otheone hand fragmer#p is very low
inducing (6%) so that the artificial profile is dominated by the contributions of fragtdemb
balance this, an example would be needed in which the pyridone fragment itself is sufficiently
inducing morphological changegnfortunately 2p is already the highest inducing fragment
synthesized and tested in the cell painting assay during this project. On the other hand,
fragments2p and4d are the building blocks for PEBj and not the actual fragments thereof.
Hence, the analysis as outlinadove would have to be repeated with the actual fragments

which would be for example the phenol methylated derivative 8p and an anomeric -O
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methylated instead of -@cetylated4dd fragment.In summary, the prediction of pseudo NP
profiles by mathemati¢aaddition of fragment profiles was not successful for the analyzed

example.

N
\

Cl Cl N\ c i N\
Value l_ o 2 L ° 2 Z o o
Z
[ — | NBoc N NBoc N
N
-10 0 10 - > . AcO lsoe
2 4d

Cmpd Conc Ind BioSim 29 29j-art.

[UM]  [%] [%]

29 30 17 100
29j-art. / / 4
2p 30 6 0
4d 10 15 5

1 Cells 230 Cytoplasm 462 Nuclei 579

Figurel8. Evaluation of additivity of profileShe top line is set as reference fingerprih0( BioSim) to which
subjacent fingerprints are compared, respectivaije indicates a decreadevalueof a specific parameter
compared tothe DMSO control; red indicates an incredsalueof a specific parameter compared tioe DMSO
control. Cmpd = compond, Conc = concentration, Ind = induction, BioSim = biological similarity.

3.6.10. Summary of Cell Painting DataAnalysis and Biological Results

While the cell painting assay was previously applied as a general indicator for biological
activity’®*® and as a tool for compound prioritization and library dé&grhis thesis extends

its application and marks the first demonstration of the cell painting assay as a tool for target
hypothesis generation and structpreenotype relationship determinatidtence, exemplified

on the data analysis perfoed for this project, suggestedeneral workflow model is depicted

in Figurel9.
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Notes:
Measure cmpds in cell painting assay * Project dependent: Start at 10 uM,
at 3 or more concentrations induction high: &
induction low: {t
Filter: 10% < induction > 80% * Concentration-phenotype relation
Outliers: Inliers: (from lowest inducing or full profile)
BioSim < 70% BioSim > 70%
Cluster cmpds *+ Start at lowest concentration
Sort by L Refs. for highest inducing |+ Search for these refs. in other
structure class members @ different cluster member profiles
@ all conc. concentrations * = Hypothesis generation
and validation
) Cluster cmpds v
Activity trends SPR * Take one cmpd for reference phenotype

by structure class ' = compare in induction window

: Induction filter and clustering
Step 2: Analysis of references
Step 3: Activity trends and SPR

Figure19. Summary of cell painting data analysis and suggestion for a generalizedla@nnodel.BioSim =
biological similarity, Conc. = concentration, Refs. = references with annotated biological activity, Cmpds =
compounds, SPR = structypbenotype relationship.

Before starting with the actual analysis, sufficient amount of meaningful data teéds
generated by measuring all compounds of intereat least three different concentratians

the cell painting assayor the PFP pseudo NP library the screening of compaamisienced

at 10uM resulting in only few compounds with induction > 10Pherefore, additionaksting

at 30 and 5QuM were carried out to increase the number of compounds exhibiting an induction
value of >10%.For highly active compounds that tend to elicit an over activation (induction >
85%) at 1QuM, additionalassayshauld be carried out at lower concentrationsth sufficient

data suitable for analysis at hand, &malysisworkflow can be divided ito three majoisteps

as outlined for the analysis of the PFP libr@figure 19, orange blue, red).

Step 1:The generated data seasfiltered applying an induction cutff of < 10% and > 80%

and a biosimilarity threshold of 70% to any of the reference compadondd ent i fy al |
(Figure19, orangg. In case of PFPs, initially the data eéthe 10uM screen was filtered and
clustered to identifyf29k and 30k asthe most active compounds. For these compounds a
concentratiorinductionphenotype dependency warified by either using the full profiles or

only parameters from the lowest inducing profile domparisonThis step is crucial because

the kind of biological activity i.e. the shape of the fingerprint should not change drastically with
changes in concentration and inductidif.active compounds that are below the biosimilarity
threshold of 70% rae t er me d (Figu@ U9, Qreyg asstiiese compounds elicit

morphological profiles that are not similar to any of the fingerprints of the reference compounds
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with annotated bioactivityOutliers could potentially lead tcompoundswith entirely novel

modes of action. However, for the PFP library no outliers were observed.

Step 2: IBr the most active compougdi.e. the highest inducing compotwg)ccommon
references occurringt all measured concentrations were identified and anatgzgeherata
modeof-action hypothesisFor the PFP pseudo NPk and 30k, a potential activity as
modulators of mitochondrial respiratiavas deducedFigure 19, blue) This hypothesis was
subsequently validatetty demonstrating an inhibitory effect &#f9k on mitochondrial
respirationand activity was traced to inhibition ofitochondrial complex | as at least one

responsible molecular target

Step 3:An activity analysis of all substructure classegealed PFP general struct@eas a
privileged scaffoldFigure B, red) Clustering of all active compound§substructure class
indicated structural and fingerprint relatedness to RBR Hence, a structusghenotype
relationship (SPR) analysis was carried out settitng fingerpint of 29k as a reference
phenotype. The derived trends in SPR were then compared to stactivig-relationship
(SAR) trends employing a MitoSOX Red assay for determination e #ues.In general,
trends inSPRcorrelated in parallel to trends $8AR identifying29k as the most activeFP
pseudo NRvith an EGo value 0f3.7+ 0.9uM.
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4. Summary of the Thesis

Rarely related natural produy®P)fragments Zoyridones andihydropyransvere synthesized

and functionalized for combination to pyrahwo-pyridones (PFPs) defining a new class of
pseudo natural products (pseudo NP fusion of the two fragments was carried out in three
different regioisomeric arrangements of a bipodahsztion employing a palladivcatalyzed

allylic alkylation cascade (Tsujirost cascade) to derive general scaffd)d TsujiTrost oxa

Michael addition cascade to derive general scafi®lénd aquinine mediatedMichael
transacetalization cascade to idergeneral scaffoldC (Figure 20). Monopodal connection
isomers could be isolated in some examples from the corresponding reaction mixtures as well.
Cheminformaticanalyses disclosed thBfPs exhibitfavorable drugike features andheir
unprecedentedcaffolds reside in an area of NiRe chemical space which is not covered by

NPsreflecting thappseudo NPs are not accessible by biosynthesis.

Comparison of morphological fingerprints generated for pyfan@pyridones to those
determined forreferences with annotated biological activity pointed towards activity as
modulators of mitochondrial respiration. This hypothesis could be verified in further
experimentsdemonstrating an inhibitory effect &#FP 29k on mitochondrial respiration.
Eventualy, the activity could be traced to inhibition of mitochondrial complexhereby
causinginduction of reactive oxygen specid&igure 20). In addition,the cell painting data
indicated a correlation of molecularchitecture and biological phenotypehich was
subsequently validated in structtaetivity relationship studies employing the formation of
mitochondrial superoxide as a readadence, PFR29k was identified as the most potent
compound investigated with an Ef®alue of3.7+ 0.9uM.

These rests$ providea proof-of-principle for the validity of the pseudo NP concept fordie
novodesign and synthesis of novel biologically relevant compound cldssaddition they
demonstrate that target agnostiworphological profiling has the potential to determine
bioactivity, provide mode of action hypothesis gmavide qualitative information about
structurephenotype relation even in the absence of a proven taitgete insights might inspire
further hit expansion adetermine suitable attachment points for reporter groups and linkers
which will enable subsequent target identificatiBstablished methods for target identification
frequently fail ifthe target protein is expressed only on a very low level or if it isr@almane
protein In such casemformation derived frommorphologicalprofiling will be particularly

valuableto guidemodeof-action hypothesis generation and subsequent targeted.assays
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Functionalized
2-pyridone precursor

Functionalized
dihydropyran precursor
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Pyrano-furo-pyridone pseudo NPs

Monopodal

Morphological Profiling

| I

L

Morphological Fingerprints

Target Hypothesis /
Validation

Complex |

ADP/
Malate/Pyruvate Oligomycin Antimycin A

N

150+

1254

Structure-Activity “HN__.

Structure-Phenotype
Relationship

-

.

“*~._ R'=Bulky aryl,
not too hydrophilic

OMe"

. 1004
S Relationship
% 754 - > See--T
O Induction of -
Mitochondrial Superoxide Core = R? = Bulky,
257 ! s= S Cyclic acetal lipophilic
O ) ) : ) ) 1
0 20 40 60 80 100 PFP 29k

Time (minutes)

Figure20. Summary of the thesis.
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5. Experimental

5.1. Chemistry
5.1.1 GeneralRemarks

All reactions were performed in oven dried glassware and under inert Argon atmosphere if not
indicated differently. Dry solvents were purchased fféisther Scientific and/or Acros and
used without further treatment. Oxygen and/or moisture sensitive solutions were transferred

using syringes and cannulas.

Thin layer chromatographyas performed on silica coated aluminium plates (Merck26% F

and visualization was achieved under UV irradiation (254 nm), potassium permanganate stain
(1.5 g KMnO4, 10 g KCO;s, 1.25 mL of 10% aqueous NaOH solution and 200 mL of Wwater
p-anisaldehyd stain Q.7 mL p-anisaldehyde, 9.5 mL conc.8Qs, 2.7 mL of acetic acid and

250 mL of EtOH).

Analytical UHPLCMS and LGMS was performed on an Agilent 1290 Infinity system

equipped with a mass detector (column: Zorbax Eclipse C18 Rapid Resolution x50
1.8um) and on a Thermo Scientific fleet station (column: Nuleodur C18 gravity EC 50/3, 1.8
pum). Appropriate gradient systems were applied by mixing water (+ 0.1% TFA) and acetonitrile
(+ 0.1%).

Purificationof crude products was achieved through fleaslumn chromatographiC, silica

gel 60, 0.035).070mm) or automatednedium pressure liquid chromatography (MPLC, Grace
Reveleris X2) using the indicated solvents. Challenging separations were carried out on an
Agilent 1100prepaative HPLC system equipg with a mass detector (columnh&ileodur C18

gravity VP 125/10 5 umNucleodur C18 gravity VP 125/21 5 piNucleodur C4 gravity VP
125/10 5 pn. Appropriate gradient systems were applied by mixing water (+ 0.1% TFA) and

acetonitrile (+ 0.1%).

NMR spectrawere recorded on Bruker AV 400 Avance Il HD (NanoBay), Agilent
Technologies DD2, Bruker AV 500 Avance Il HD (Prodigy), Bruker AV 600 Avance Ill HD
(CryoProbe) or Bruker AV 700 Avance Il HD (CryoProbe) spectrometers. Data is reported in
ppm with referene to the used deuterated solvent (CDCI26 ppm, 77.16 ppnDMSO-de:

2.50 ppm, 39.52 ppm; COlx: 5.32 ppm, 53.84 ppm; MeQ#k: 3.31 ppm, 49.00 ppm;
Acetoneds: 2.05 ppm, 29.84 ppm, 206.26 ppi?! Signals were assigned to their
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corresponding Hydrogens or Carbons based on 2D NMR correlatidfisi (COSY, *H/*H
NOESY,H/**C HSQC H/*3C HMBC).

High-resolution mass spectromet(HRMS) was performed on a LTQ Orbitrap mass

spectrometer coupled to an Accela HR&gstem (HPLC column: Hypersyl GOLD, 50 mm x

1 mm, particle size 1.8m, ionization method: electron spray ionization (ESI)).
Microwavereactions were carried out in a CHMscover SP Activent machine.

First generation photoreactoonsisted of an 8 mL tube vial, magnet
stirrer and34W blue LEDs (Kessil H158lue LED Lamp) Ventilation

was achieved by a cooling fan.

Secondgeneration photoreactazonsisted of a 250 mL or 500 m
schlenck flask, magnetic stirrer and t84W blue LEDs (Kessil H150

Blue LED Lamp) The schlenck flask was placed in a dewar vesse
appropriate size. The dewar vessel was filled withpismpanoland a
constant flow of compressed air over the-psopanol surface wag
adjusted. This cooling system maintained a bath temperature betwee
26 °C while irradiating the schlenck flask with two blue LEDs in a 45

anglel®
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5.1.2. Synthesis of Pyridones

General procedure %

0] 0]
100 °C, H,O R
0 | + HoN—R _ °N |
N-"oH N-"oH
4-Hydroxy-6-methyl-2-pyrone (1a) 4-Hydroxy-2-pyridones (2)

4-Hydroxy-6-mehtytpyrone () (1.00 g, 7.93 mmol) was suspended #®H0.5 M) and amine

(1 equiv) was added at room temperature. The mixture was stirred in a sealed vial at 100 °C
overnight. Upon cooling to 0 °C ahite precipitate formed which was filtered off and washed
with cold HO. The remaining filter residue was triturated with EtOH and drying in vacuo

afforded the corresponding pyridones as white tenbiite solids.
4-hydroxy-6-methylpyridin -2(1H)-one (2a}'°3

0 0.54 g, 54%H-NMR (400 MHz, DMSQde): Ui 10.89 (s, 1H), 10.29 (s, 1H),
AN 5.58 (ddJ = 2.2 Hz, 0.8 Hz, 1H), 5.32 (d, 2.2 Hz 1H), 2.07 (s, 3OMS-ESI
N-"Son (Miz): 125.97 [M + H].

4-hydroxy-1,6-dimethylpyridin -2(1H)-one (2b}'%3

0 0.679, 61%.H-NMR (400 MHz, DMSQds): ii10.28 (s, 1H), 5.75 (dd,= 2.2
SN Hz, 0.6 Hz, 1H), 5.48 (d} = 2.2 Hz 1H), 3.29 (s, 3H), 2.26 (s, 3HLMS-ESI

|
N-"oH (M/z): 140.03 [M + H].

cyclobutyl-4-hydroxy-6-methylpyridin -2(1H)-one (2c)

Q\ 0 0.62 g, 56%H-NMR (700 MHz, DMSQds): 10.26 (s, 1H), 5.66 (dl =
)N\)j\ 2.5 Hz, 1H), 5.40 (d] = 2.5 Hz, 1H), 4.68 (Al = 8.8 Hz, 1H), 3.12 (m, 2H),
N-SoH  2.26 (s, 3H), 2.12.07 (m, 2H), 1.77 (o) = 10.3 Hz, H), 1.64 (dg,J =
18.4, 9.4 Hz, 1H)3C-NMR (176 MHz, DMSQd) Ui 165.4, 165.1, 147.05, 100.5, 97.5, 51.2,
26.91, 20.9, 14.1HRMS-ESI (m/z): [M + HJ calculated for @H140,N*, 180.1019; found,
180.1018.
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4-hydroxy-1-isopentyk6-methylpyridin -2(1H)-one (2d}*°3

o) 0.76 g,50%.H-NMR (700 MHz, DMSQde): 115.73 (dd,J = 2.7, 1.0
)\/\N | Hz, 1H), 5.46 (dJ = 2.7 Hz, 1H), 3.88.81 (m, 2H), 2.29 (s, 3H), 1.60
N-"0H (dt,J=13.3, 6.7 Hz, 1H), 1.37 (d1,= 9.6, 6.8 Hz, 2H), 0.9d(J=6.7
Hz, 6H).23C-NMR (176 MHz, DMSQds): Ui 165.6, 163.7, 146.9, 100.4, 96.0, 41.4, 37.1, 26.0,
22.3, 19.7HRMS-ESI (m/z): [M + HJ calculated for @H1eNO>", 196.1332; found, 196.1330.

4-hydroxy-6-methyl-1-((tetrahydrofuran -2-yl)methyl)pyridin -2(1H)-one (2e)%4

O 1.29 g, 80%!H-NMR (700 MHz, DMSQdg): Ui 10.36 (s, 1H), 5.72 (s,

@N | 1H), 5.48 (s, 1H), 4.08 (dd,= 13.9, 3.2 Hz, 1H ), 4.08.01 (m, 1H),

NX-"S0oH 3.75 (dddJ=8.3, 7.2, 6.2 Hz, 1H), 3.67 (ddlz 13.9, 8.3 Hz, 1H), 3.59
(td,J=7.8, 6.1 Hz, 1H), 2.31 (s, 3H), 1.93 (ddd&; 12.2, 8.5, 6.9, 5.2 Hz, 1H), 1.85 (dddd,
=18.6,8.7,7.1,5.7 Hz, 1H), 1.78 (ddig; 12.0, 8.5, 7.3, 6.2 Hz, 1H), 1.55 (ddit 12.2, 8.7,
7.1 Hz, 1H).:3C-NMR (176 MHz, DMSQds): Ui 166.1, 164.3, 148.5, 100.5, 96.3, 77.2, 67.6,
47.6, 29.2, 25.6, 21.4RMS-ESI (m/z): [M + HT calculated for C11H16NO3210.1125;
found, 210.1121.

4-hydroxy-6-methyl-1-(tetrahydro -2H-pyran-4-yl)pyridin -2(1H)-one (2f)
o o 0.35 g, 22%'H-NMR (700 MHz, DMSQde): 1110.26 (s, 1H), 5.70 (bd,
(:L)N\)i J=1.6 Hz, 1H), 5.40 (s, 1H), 3.89 (dbs= 11.5, 4.2 Hz, 2H), 3.35 (d,=

N | oy 11.5Hz, 2H), 2.98.85 (bm, 2H), 2.32 (s, 3H), 1.44 (©7 11.5 Hz, 1H).
13C-NMR (176 MHz, DMSQde): U 165.2, 164.6, 147.2, 100.8, 97.9, 67.0, 52.0, 28.2, 21.0.
HRMS-ESI (m/z): [M + HJ calculated for @H1603N*, 210.1125; found, 210.1126.

1-benzyt4-hydroxy-6-methylpyridin -2(1H)-one (2g}'°3

o) 0.35 g, 62%!H-NMR (500 MHz, DMSQds): Ui 10.47 (s, 1H), 7.32 (t,

@N | J=7.4Hz, 2H), 7.24 () = 7.4 Hz, 1H), 7.08 (d] = 7.4 Hz, 2H), 5.79
N-"SoH (dd, 2.2 Hz, 1H), 5.59 (d, 2.2 Hz 1H), 5.18 (bs, 2H), 2.16 (s, 3H).

HRMS-ESI (m/z): [M + HJ calculated for @H140-N", 216.1019; found, 216.1017.
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1-(4-flu orobenzyl)-4-hydroxy-6-methylpyridin -2(1H)-one (2h}*%3

0 0.50 g 28%.H-NMR (600 MHz, DMSQde): 11 10.51 (s, 1H), 7.15
/©/\N | (d,J= 7.3 Hz, 4H), 5.79 (d] = 2.3Hz, 1H), 5.59 (d] = 2.3 Hz, 1H),

F NX-"SoH 5.16 Hz (s, 2H), 2.17 (s, 3HBEC-NMR (151 MHz, DMSQds): U

165.9, 164.0, 162.0, 160.3, 147.5, 133.9, 128.3, 128.2, 115.4, 115.3, 100.5, 95.9, 44.7, 19.9.

HRMS-ESI (m/z): [M + HT calculaed for GsH1302NF*, 234.0925; found, 234.0920.

1-(2-chlorobenzyl)-4-hydroxy-6-methylpyridin -2(1H)-one (2i}1*4

cl 0 0.47 g, 24%*H-NMR (500 MHz, DMSQds): i 10.60 (s, 1H), 7.50 (dd,
©/\N | J=17.2,2.0 Hz, 1H), 7.32.26 (m, 2H), 6.59 (dd] = 7.1, 2.2 Hz, 1H),
N-"SoH 5.88 (d,J=2.6 Hz, 1H), 5.60 (d] = 2.6 Hz, 1H), 5.17 (s, 2H), 2.13 (s,
3H).13C-NMR (126MHz, DMSQd): 11166.2, 163.7, 147.5, 134.7, 131.3, 129.4, 128.7, 127.7,
125.9, 100.8, 95.8, 43.8, 19.HRMS-ESI (m/z): [M + HI calculated fo CisH130:NCI",
250.0629; found, 250.0631.

1-(3,5-dimethylbenzyl)-4-hydroxy-6-methylpyridin -2(1H)-one (2))

0 0.18 g,10%. IH-NMR (500 MHz, MeOHdda): 1i6.90 (s, 1H), 6.70
N (s, 2H), 5.97 (dJ = 6.3 Hz, 1H), 5.82 (dJ = 2.6 Hz, 1H), 5.25 (s,
N-"S0oH 2H), 2.25 (s, 6H), 2.24 (s, 3HHRMS-ESI (m/z): [M + HJ
calculated for @H1802N*, 244.1332; found, 244.1331.

4-hydroxy-1-(4-methoxybenzyl)6-methylpyridin -2(1H)-one (2kj°3

o) Using 500.0 mg (3.89 mmol) -Aydroxy-6-mehtytpyrone.
/©/\N | Purification by MPLC (DCM/MeOH 1:0 to 4:1) afforded the
o ~"on desired product as a white solid (0.38 g, 40%)-NMR (700

MHz, DMSO-dg): U10.50 (s, 1H), 7.05 (d, = 8.6 Hz, 2H), 6.87 (d] = 8.6 Hz, 2H), 5.77 (d,

2.2 Hz, 1H), 5.59 (d, 2.2 Hz 1H), 5.11 (bs, 2H,413.71 (s, 1H), 2.17 (s, 3HFC-NMR (176

MHz, DMSO-de): U 165.8, 164.1, 158.3, 147.6, 129.7, 127.6, 114.0, 100.4, 96.0, 55.1, 44.7,
20.0.HRMS-ESI (m/z): [M + HJ calculated for @H160sN", 246.1125; found, 246.1123.
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4-hydroxy-6-methyl-1-(thiophen-2-yImethyl)pyridin -2(1H)-one (2I)

0 1.00 g, 60%H-NMR (500 MHz, DMSO-dg): i 10.52 (s, 1H), 7.39 (dd,
C,AN | J=5.1, 1.0 Hz, 1H), 7.03 (d,= 3.1 Hz, 1H), 6.94 (dd] = 5.1, 3.1 Hz,
S N"on 1H),5.76 (s, 1H), 5.56 (s, 1H), 5.26 (s, 2H), 2.32 (s, BEYNMR (126
MHz, DMSO-dg): U 166.0, 163.6, 148.0, 140.0, 126.5, 126.5, 126.0,51(®5.9, 41.2, 19.9.
HRMS-ESI (m/z): [M + HJ calculated for @H1:0.NS', 222.0583; found, 222.0582.

4-hydroxy-6-methyl-1-(pyridin -2-ylmethyl)pyridin -2(1H)-one) (2m}j°d

0 1.09 g, 64%H-NMR (600 MHz, DMSQde): U 10.46 (s, 1H), 8.48
E”jﬁN | (ddd,J = 4.9, 1.9, 0.9 Hz, 1H), 7.74 (td= 7.8, 7.6, 1.9 Hz, 1H), 7.26

Z N-"Son (ddd,J=7.6, 4.9, 1.2 Hz, 1H), 7.10 (d= 7.8 Hz, 1H), 5.81 (dd] =
2.6, 1.0 Hz, 1H), 5.53 (dl = 2.6 Hz, 1H), 3.34 (s, 2H), 2.23 @H). 3C-NMR (151 MHz,
DMSO-de): Ui 165.9, 163.8, 156.9, 149.0, 147.9, 136.9, 122.3, 120.9, 100.3, 95.8, 47.4, 39.9,
39.8,39.7, 39.5, 39.4, 39.2, 39.1, 2BIRMS-ESI (m/z): [M + HJ calculated for @H120,Ns",
217.0972; found, 217.0972.

4-hydroxy-6-methyl-1-(pyridin -4-ylmethyl)pyridin -2(1H)-one (2n}°d

0 1.34 9,80%.H-NMR (500 MHz, DMSQds): Ui 10.49 (bs, 1H), 8.49
@ﬁN | (d,J = 6.0 Hz, 2H), 7.05 (d] = 6.0 Hz, 2H), 5.84 (d] = 2.3 Hz, 1H),
N N"Son 5.59 (d,d = 2.3 Hz, 1H), 5.20 (s, 2H), 2.14 (s, 3HIC-NMR (126
MHz, DMSO-ds): 11 166.2, 163.9, 149.9, 147.4, 146.9, 121.2, 100.7, 95.8, 44.7 HRNS-
ESI (m/z): [M + HT calculated for @&H1302N>*, 217.0972; found, 217.0970.

4-hydroxy-6-methyl-1-((3-methylpyri din-4-yl)methyl)pyridin -2(1H)-one (20)

0 0.73 g, 41%!H-NMR (700 MHz, DMSQds): Ui 10.6 (s, 1H), 8.37 (s,

| 1H), 8.29 (dJ =5.0 Hz, 1H), 6.42 (d] = 5.0 Hz, 1H), 5.88 (d] = 2.6
NF X-"S0oH Hz, 1H), 5.60 (dJ = 2.6 Hz, 1H), 5.13 (s, 2H), 2.33 (s, 3H), 2.11 (s,
3H).3C-NMR (176 MHz, DMSQds): 1i166.1, 163.7, 150.1, 147.7, 147.4, 144.8, 130.4, 118.4,
100.7, 95.8, 43.0, 19.6, 15.BIRMS-ESI (m/z): [M + HJ calculated for @His02N2",
231.1128; found, 231.1124.
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1-((2-chloropyridin -4-yl)methyl)-4-hydroxy-6-methylpyridin -2(1H)-one (2p)

0 0.90 g, B%. 'H-NMR (500 MHz, DMSQde): Ui 10.65 (s, 1H), 8.34
NN (d,J=5.1 Hz, 1H), 7.17 (s, 1H), 7.07 @= 5.1 Hz, 1H), 5.86 (d,
NF "oy J=2.2Hz, 1H), 5,59 (dl= 2.2 Hz, 1H), 5.2s, 2H), 2.16 (s, 3H).
13C-NMR (126 MHz, DMSQde): U 166.3, 163.8, 151.2, 150.6, 150.3, 147.4, 121.5, 120.7,
100.9, 95.8, 44.6, 20.BIRMS-ESI (m/z): [M + HJ calculated for €H120:N,Cl*, 251.0582;
found, 251.0581.

Cl

4-hydroxy-1-(4-methoxyphenyl)}-6-methylpyridin -2(1H)-one (2¢}*°"

o o 0.62 g, 35%H-NMR (700 MHz, DMSQds): Ui 10.51 (s, 1H), 7.08
@N (d, J = 8.6 Hz, 2H), 7.01 (d] = 8.6 Hz, 2H), 5.85 (s, 1H), 5.58,
g on 1H).3.79 (s, 3H), 1.83 (s, 3HFC-NMR (176 MHz, DMSGdy): i
166.3, 164.2, 158.7, 147.4, 131.5, 129.6, 114.3, 99.8, 96.0, 55.3, 20.8.
HRMS-ESI (m/z): [M + HJ calculated for @H1403N*, 232.0895; found, 232.0969.

4-hydroxy-6-methyl-1-(4-morpholinophenyl)pyridin -2(1H)-one (2r)

o/\ Using 500.0 mg (3.89 mmol)}Hydroxy-6-mehtytpyrone.0.50
LN o g, 45%H-NMR (700 MHz, DMSQds): 1110.48 (s, 1H), 7.00 (s,

\QN 4H), 5.84 (dJ = 2.1 Hz, 1H), 5.52 (d] = 2.1 Hz, 1H), 3.78.73

N | oy (M, 4H), 3.163.14 (m, 4H), 1.84 (s, 3H}*C-NMR (176 MHz,

DMSO-ds): U 166.6, 164.79, 150.9, 148.0, 130.4, 129.4, 115.6, 100.2, 96.5, 66.6, 48.6, 21.7.
HRMS-ESI (m/z): [M + HT calculated for @H1903N2*, 287.1390; found, 287.1393.

4-hydroxy-1-(2-(5-methoxy-1H-indol-3-yl)ethyl)-6-methylpyridin -2(1H)-one (2s)

\O Using 500.0 mg (3.89 mmol)Hydroxy-6-mehtytpyrone.0.41 g,
36%. 'H-NMR (400 MHz, DMSQde): U 10.69 (s, 1H), 10.33 (s,
0 1H), 7.22 (dJ = 8.7 Hz, 1H), 7.10 (dd] = 5.8, 2.5 H, 2H), 6.70
HN
= N | (dd,J=8.7, 2.5 Hz, 1H), 5.68 (d,= 2.6 Hz, 1H), 5.56 (d] = 2.6
X-">on Hz, 1H), 4.164.02 (m, 2H), 3.74 (s, 3H), 2.9489 (m, 2H), 2.16

(s, 3H).13C-NMR (100 MHz, DMSQd): U 165.5, 163.8, 153.0, 147.3, 131.3, 127.6, 123.6,
112.0, 111.2, 111.0, 100.1. 99.9, 96.1, 55.2, 44.0, 24.1, HRBIS-ESI (m/z): [M + HJ
calculated for &H1903N2", 299.1390; found, 299.13809.
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1-(2-(1H-imidazol-4-yl)ethyl)-4-hydroxy-6-methylpyridin -2(1H)-one (2t}°3

HN% o} Using 500.0 mg (3.89 mmol)}Hydroxy-6-mehtytpyrone.0.56 g,
N 66%. 'H-NMR (400 MHz, DMSQde): U 11.85 (s, 1H), 10.39 (s,
N-"SoH 1H), 7.55 (s, 1H), 6.78 (s, 1H), 5.69 (d= 2.6 Hz, 1H), 5.50 (dJ

= 2.6 Hz, 1H), 4.01 (dd] = 8.25, 7.0 Hz, 2H), 2.74 (dd,= 8.25, 7.0 Hz, 2H), 2.17 (s, 3H).

13C-NMR (100 MHz, DMSGde): 11 165.6, 163.6, 147.3, 135.1, 134184.2, 100.0, 96.0, 43.3,

26.0, 19.8.HRMS-ESI (m/z): [M + HI calculated for @H140,N3*, 220.1081; found,

220.1076.

7-hydroxy-5-oxo-1,2,3,5tetrahydroindolizine -8-carboxylic acid (2zb)!*°8

o} To a solution of methyl7-hydroxy-5-0xo-1,2,3,5tetrahydroindolizine-
N | carboxylate 2za) (0.16 g, 0.76 mmol) in MeOH/THF/H20 (3:2:2) was added
N~"Son LiOH (91.6 mg, 3.82 mmol) and the mixture was stirred at room temperature
HO™ X0 overnight. The mixture was then concentrated, and the residxtlre was
diluted with water and acidified to pH 5. The precipitated solid was filtered off, washed with
cold H20 and dried in vacuo to afford the product as a white solid (0.12 g, 829%MR
(500 MHz, DMSQde): 1 5.55 (s, 1H), 3.96 (1) = 7.5 Hz, 1H) 3.43 (t,J = 7.8 Hz, 1H), 2.08
(p,J=7.8 Hz, 1H):*C-NMR (126 MHz, DMSQde): i 171.4, 169.0, 161.5, 160.7, 96.4, 96.1,
49.3, 35.3, 20.2HRMS-ESI (m/z): [M + HJ calculated for @H100sN*, 196.0604; found,

196.0601.

5.1.3. Synthesis obihydropyrans
(+) 6-hydroxy-2H-pyran-3(6H)-one (6a}>?

¢} To a solution of furfuryl alcohaf5a) (5.00 g, 50.97 mmol) in dichloromethane (100
| mL) at O °C was addeahCPBA (1319 g, 76.45 mmol, 1.5 ety) in 3 portions over

© 45 minutes. The reaction mixture was allowed to slowly warm to ambient temperature

OH and stirring was continued for 3 h. The reaction was then cool2@ t&C and stirred

for 15 minutes before removal of ingble mchlorobenzoic acid (white precipitate) by
filtration. The filtrate was concentrate@dvacuoand purified by flash column chromatography
(EtOAc/Pet. Ether 1:3 to 2:3 to 1:1). The compound was isolated as a white crystalline solid

(2.82 g, 8%).'H-NMR (400 MHz, CDC}): 116.95 (dd,J = 10.4 Hz, 2.9 Hz, 1H), 6.17 (d=
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10.4 Hz, 1H), 5.64 (d] = 2.9 Hz, 1H), 4.58 (dJ = 16.9 Hz, 1H), 4.14 (d] = 16.9 Hz, 1H),
3.00 (s, 1H).

(+) 6-((tert-butyldimethylsilyl)oxy) -2H-pyran-3(6H)-one (7a}>?

0 To a solution of6a (2.80 g, 24.50 mmol) in THF (25 mL) waslded AgNQ@
(5.00 g, 29.41 mmol, 1.2 aiy) and pyridine (8.78 mL, 0.11 mol, 4.44ukg).

The suspension was stirred for 20 minutes to allow the dissolution of any large

o)

0.4 lumps of solid. TBSCI (4.80 g, 31.86 mmol, 1.3u( was added at 0 °C and
\é precipitation of a white solid resulted. The reaction was stirred ovemtigbom
temperaturgafter which the reaction mixture was filtered through celite and concentrated in

vacuo. The resulting crude product was subjected ashflcolumn chromatography (5%
EtOAc/Pet. Ether) to afford the desired product as a white crystalline solid (5.33 g,'B5%)
NMR (400 MHz, CDC}): 116.86 (ddJ=10.3 Hz, 3.1 Hz, 1H), 6.08 (d= 10.3 Hz, 1H), 5.53
(d,J=3.1 Hz, 1H), 4.50 (d] = 16.8Hz, 1H), 4.07 (d,J = 16.8 Hz, 1H), 0.92 (s, 9H), 0.17 (s,

6H).

(+) Cis 6-((tert-butyldimethylsilyl)oxy) -3,6-dihydro -2H-pyran-3-ol (8a)*?

OH To a cooled {20 °C) solution of7a (8.20 g, 35.91 mmol) in methanol (34 mL)
was added Cegk 7H>O (16.05 g, 43.09 mmol, 1.2 equiv). The reaction mixture
was kept at20 °C and sodium borohydride (1.63 g, 43.09 mmol, 1.2 eguas)
Si added portionwise over 45 minutes. The reaction was stirre2D&tiC for 3 h

\6 before quenching with 35 mL of acetone. The reaction mixture was warmed to
room temperature, filtered through celite and concentrated in vacuo. The crude was diluted with
water (150 mL) and dichloromethane (150 mL) and filtered through celite. The filtrate was then
extracted with dichloromethane (3 x 100 mL) and the combined organic phases were washed
with brine (200 mL), dried over MgS©filtered and concentrated in vacud€lcrude product
was purified by flash column chromatography (Pet. Ether/EtOAc 95:5 to 9:1 to 4:1). The
product was isolated as a racemic mixture ofdiseésomer as a clear colourless oil (5.074 g,
61%). A mixed fraction of racemais- andtransisomerwas isolated as weltis:trans= 0.5:1,
36.7 mg, 0.5%). Overall aiis:trans= 1:0.005!H-NMR cis-isomer (400 MHz, CDG): i5.94
(dd,J = 10.3 Hz, 2.7 Hz, 1H), 5.75 (dddi= 10.3 Hz, 2.3 Hz, 1.7 Hz, 1H), 5.25 (m, 1H), 4.13
(m, 1H), 3.77 (m, 2H), 1.5b§, 1H), 0.91 (s, 9H), 0.13 (s, 6H).
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(z) Cis 6-((tert-butyldimethylsilyl)oxy) -3,6-dihydro-2H-pyran-3-yl methyl carbonate
(3a)°

0 To a solution oBa (4.179 g, 18.14 mmol) in degassed DCM (40 mL) was
\o)l\o added DMAP (2.770 g, 22.67 mmol, 1.25 equifgllowed by methyl
chloroformate (1.750 mL, 22.67 mmol, 1.25 equiv). The reaction was stirred
| 0 for 1 d at room temperature before concentrating in vacuo and purification
O by flash column chromatography (5% EtOAc/Pet. Eth@he desired
rac \\é product was isolateas a clear colourless oil (4.191 g, 82% yielt)-NMR
(600 MHz, CDC#): 05.91 (dd,J = 10.3 Hz, 2.2 Hz, 1H), 5.84 (di,= 10.3 Hz, 2.0 Hz, 1H),
5.27 (bs, 1H), 5.146.09 (m, 1H), 3.98.85 (m, 2H), 3.79 (s, 3H), 0.90 (s, 9H), 0.13 (s, 3H),
0.12 (s, 3H)*C-NMR (151 MHz, CDC#): 11155.4, 132.3, 126.5, 89.3, 68.5, 60.2, 55.0, 25.8,
-3.5,-4.3,-5.1.

(+) 6-hydroxy-2-methyl-2H-pyran-3(6H)-one (6b}>3

o) 0 A 250 mLschlenckflask was evacuated and backfilled with argon.
| Nax$0s(11.1 g, 46.82 mmol) and Ru(bp§>x 6 HO (66.8 mg,

© 0.2 mol%) were added and dissolved in water (85 mL), followed by

OH o5 OH  (#) 1-(2-furyl)-ethanol (5b) (5.00 g, 44.59 mmol, 1.0equi) in

acetonitrile/DMSO (85 mL, 1:1). The reaction mixture was kept in

the dark while argon was bubbled through it for 15 minutes. Then the reaction mixture was

irradiated in the batch photoreactor with rapid stirring for 4 hours at 25 °C. After completion of

reaction the mixture was diluted with brine (60 mL) and extracted with EtOAc (3 x 200 mL).

The combined organic phases were dried Mg@s0+ filtered and concentrated in vacuo. The

crude product waglugged through a short pad of silica and dried in gdowfford the product

as a mixture oftrans/cisisomer (1:0.5, 3.85 g, 67%)H-NMR transisomer (600 MHz,

CDCl3): 1 6.89 (dd,J = 10.2 Hz, 3.3 Hz, 1H), 6.11 (d,= 10.2 Hz, 1H), 5.63 (d] = 3.3 Hz,

1H), 4.71 (9J = 6.8 Hz, 6.8 Hz, 6.8 Hz, 1H), 3.0089, 1H), 1.39 (dJ = 6.8 Hz, 3H)13C-NMR

transisomer (151 MHz, CDG): 11196.9, 144.4, 127.3, 87.7, 70.4, 15313:NMR cis-isomer

(600 MHz, CDC}): 116.94 (dd,J = 10.3 Hz, 1.3 Hz, 1H), 6.15 (dd= 10.3 Hz, 1.5 Hz, 1H),

5.68 (bdJ = 1.3 Hz, 1H), 4.23 (qdl = 6.8 Hz, 6.8 Hz, 6.8 Hz, 1.1 Hz, 1H), 1.65 (bs, 1H), 1.46

(d,J=6.8 Hz, 3H)*3C-NMR cis-isomer (151 MHz, CDG): 11196.4, 148.0, 128.6, 91.0, 75.3,

16.3.
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() 6-((Tert-butyldimethylsilyl)oxy) -2-methyl-3,6-dihydro -2H-pyran-3-yl methyl
carbonate (3b)

OCOOMe OCOOMe

i‘(\( TBSCI i‘(\( NaBH4 ¢( CICOOMe i; ir\(

OTBS OTBS OTBS OTBS

* (x) 7b (x) 8b +) 3b-trans 3b-cis
trans cis
1:0.5

To a solution of6b (3.85 g 30.0mmol) in THF (40 mL) was added AgN¢X7.65 g 45.0

mmol, 1.5equiv) and pyridine 10.8mL, 133.2mmol, 4.44equiv). The suspension was stirred

for 20 minutes to allow the dissolution of any large lumps of solid. TB8C9(g, 45.0 mmol,
1.5equiv) was added at 0 °C and precipitation of a white solid resulted. The reaction was stirred
overnight andiltered through celite. After dilution witkvith EtOAc (150 mL)the mixture was
washed withsaturated NaHCpsolution (200 mL)and the aqueous phasas extracted with
EtOAc (3 x 1@ mL). The combined organic phases were washed with brifkent2, dried

over MgSO1and concentrated in vacuo. The resultingderproduct waglugged through a

short pad of silica and the pad was flushed with DGBlvents were removed under reduced
pressure and the crude was dried under high vacuum overnight to afford the desired product.
The crude was dissolved in anhydrous DC2@0 mL) and CeGk 7 HO (2.45 g, 6.58 mmol,

0.22 equiv) in MeOH (12 mL) was added-a8 °C, followed by addition of NaBH1.36 g,

35.89 mmol, 1.3 equiv). The reaction was stirred for 4 houB &iC after which it was
guenched by addition of Acetorfd.1 mL) and saturated NaH@Q®olution (200 mL). The
layers were separated and thgueous phaseas extracted with DCM (3 x D0mL). The
combined organic phases were washed with brind (@2Q), dried over MgSC1 and
concentrated in vacudhe crude was dislved in anhydrous DCM (200 mL) and cooled to O

°C. DMAP (0.36 g, 2.99 mmol, 0.1 equiv), pyridine (14.5 mL, 179.21 mmol, 6 equiv) and
methyl chloroformate (13.9 mL, 179.21 mmol, 6 equiv) was added and the reaction was allowed
to stir overnight at room teperature. The reaction mixture was quenched with saturated
NaHCGr solution (200 mL), extracted with DCM (5 x 50 mL), dried ovelgSC+ and
concentrated in vacudhe crude was purified by flash chromatography (Pet. Ether/Tol 9:1 +
1% NE&) to afford the dased trans-product as a colorless oil (5.86 g, 65%). Theisomer

was isolated in a separated fraction (2.93 g, 32BbNMR transisomer(400 MHz, CDC}):

115.83 (bd,J = 10.3 Hz, 1H), 5.78 (ddd,= 10.3 Hz, 2.7 Hz, 1.9 Hz 1H), 5.31 (#= 1.9 Hz,

1H), 4.85 (dddJ = 9.2 Hz, 2.7 Hz, 1.6 Hz, 1H), 4.04 (dbs 9.2 Hz, 6.3 Hz, 1H), 3.81 (s, 3H),
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1.25 (dJ=6.3 Hz, 1H), 0.90 (s, 9H), 0.12 (s, 6 /C-NMR transisomer(100 MHz, CDC}):

U 155.2, 138, 127.3, 89.2, 74.9, 64.4, 55.1, 25.8, 18.2, 18.2.'H-NMR cis-isomer(400
MHz, CDCk): 1 6.01-5.94 (m, 2H), 5.31 (bs, 1H), 4.8078 (m, 1H), 3.85 (ddd] = 6.5 Hz,
6.5 Hz, 2.8 Hz, 1H), 3.78 (s, 3H), 1.27 J&; 6.5 Hz, 1H), 0.90 (s, 9H), 0.12 (s, 6MC-NMR
cisisomer(100 MHz, CDC}): 41 155.9, 136.3, 124.2, 92.8, 69.8, 69.6, 55.0, 25.9, 18.3,-16.5,
3.7,-4.5.

(+) 6-hydroxy-2,2-dimethyl-2H-pyran-3(6H)-one (6c})°?

N328208 O

0 o  hBuLi o HO [Ru]
L A )X @
OH
(x) 5¢ (x) 6¢

An oven dried flask was evacuated and filled with argon three times. To this flask was added
dry THF (160 mL), followed by freshly distilled furan (8.70 mL, 120 mmol, 1.5 equiv). The
solution was stirred and cooled to 0° C, and théuhi (38.4 mL, 1.2 equiy2.5 M solution

in hexanes) was added slowly. The reaction mixture was allowed to stir at 0° C for 1 hour at
which point the reaction mixture was cooled-1&° C. Freshly distilled acetone (5.88 mml,
80.0 mmol) was added slowly and the reaction mixtuae allowed to stir and warm to room
temperature over 18 hours. The resulting reaction mixture was quenched under inert atmosphere
via slow addition of saturated saturated48H50 mL) followed by brine (50 mL). The aqueous
phase was extracted with EtOAZ X 100 mL). The combined organic phases were dried over
MgSCOH1and concentrated via rotary evaporator. The resulting crude product was dissolved in
acetonitrile/DMSO (160 mL, 1:1) and loaded into a 500 mL oven dried schiask under

argon. Na$;0g (20.0 g, 84.00 mmol, 1.05 equiv) and Ru(y®/» x 6 HO (149.7 mg, 0.2
mol%) dissolved in water (160 mL) were added to the mixture and argon was bubbled through
it for 15 minutes in the darRhen the reaction mixture was irradiated in the batch photoreactor
with rapid stirring for 5 hours at 25 °C. After completion of reaction the mixture was diluted
with brine (100 mL) and extracted with EtOAc (3 x 200 mL). The combined organic phases
were dried oveMgSOH filtered and concentrated in vacuo. The crude ypeb@vasplugged
through a short pad of silica and dried in vacuo to afford the product as colorless oil (5.69 g,
50%). *H-NMR (400 MHz, CDC}): 1i6.87 (dd,J=10.3, 2.1 Hz, 1H), 6.03 (dd,= 10.3, 1.4

Hz, 1H), 5.70 (ddJ = 2.1, 1.4 Hz, 1H), 4.63 (d,= 5.9 Hz, 1H), 1.47 (s, 3H), 1.38 (s, 3H).
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(%) 6-((tert-butyldimethylsilyl)oxy) -2,2-dimethyl-2H-pyran-3(6H)-one (7¢)

] To a solution ol (2.84 g 20.0mmol) in THF O0mL) was added AgN®
| (4.08 g 24.0 mmol, 1.2quiv) and pyridine 7.2 mL, 88.8mmol, 4.44equiv).
The suspension was stirred for 20 minutes to allow the dissolution of any large

\sro lumps of solid. TBSCI&.03g, 40.0 mmol, 2equiy) was added at 0 °C and

>( | precipitation of a white solid resulted. The reaction was stokeainight and
fil teredthrough celite. After dilution withvith EtOAc (150 mL) the mixture was washed with
saturated NaHCpPsolution (200 mL)and the aqueous phasms extracted with EtOAc (3 x
100 mL). The combined organic phases were washed with bri@a{R] dried oveiMgSC1
and concentrated in vacuo. The resulting crude producipasged through a short pad of
silica and the pad was flushed with DCBblvents were removed under reduced pressure to
give the product as a colorless oil (5.08 g, 99%}NMR (500 MHz, CDC$): Giti6.77 (dd,J
=10.3, 2.4 Hz, 1H), 5.99 (dd= 10.3, 1.2 Hz, 1H), 5.64 (dd= 2.4, 1.2 Hz, 1H), 1.47 (s, 3H),
1.37 (s, 3H), 0.92 (s, 9H), 0.17 (s, 6MC-NMR (126 MHz, CDC}): 11199.7, 147.4, 125.3,
88.2,79.3, 27.1, 25.8, 24.18.1,-3.8,-5.0.

(%) 6-((tert-butyldimethylsilyl)oxy) -2,2-dimethyl-3,6-dihydro -2H-pyran-3-yl methyl

carbonate(30c)
X
0 OH o7 o
NaBH, CIOCOOMe
| — | — |
0 o} 0
Ssi© Sei© Ssi©
| >( | |
() 7c (x) 8¢ (x) 3¢

7¢(5.05 g, 19.69 mmolyvas dissolved in anhydrous DCM (200 mL) and Ge(l H,O (1.61

g, 4.33mmol, 0.22 equiv) in MeOH (8.5 mL) was added & °C, followed by addition of
NaBHs (0.89 g, 23.63 mmol, 1.2 equiv). The reaction was stirred for 4 houi8 &€ after
which it was quenched by addition of Acetone (10 mL) and saturated Npbt@@ion (D0

mL). The layers were separated anddfaeous phaseas extracted with DCM (5 x 5@L).

The combined organic phases were washed with brin@ {20, dried overMgSC+t and
concentrated in vacud he crude was dissolved in anhydrous DCM (200 mL) and ddol®

°C. DMAP (0.24 g, 1.97 mmol, 0.1 equiv), pyridine (9.5 mL, 118.14 mmol, 6 equiv) and methyl
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chloroformate (9.2 mL, 118.14 mmol, 6 equiv) was added and the reaction was allowed to stir
overnight at room temperature. The reaction mixture was quenukiedaturated NaHCP
solution(200 mL), extracted with DCM (5 x 50 mL), dried owdgSCG1and concentrated in
vacua The crude was purified by flash chromatography (Pet. Ether/Tol 9:1 + 19tNigtve

the desiredrans-product as a white oil (4.20 g, 67%H-NMR (500 MHz, CDC}): i 5.78

5.77 (m, 2H), 5.3%.34 (m, 1H), 4.941.92 (m, 1H), 3.81 (s, 3H), 1.26 (s, 6H), 0.90 (s, 9H),
0.13 (s, 3H), 0.12 (s, 3HYC-NMR (126 MHz, CDC}): 1155.8, 131.2, 125.4, 89.0, 75.9, 71.7,
55.1, 26.9, 25.9, 22.4, 18:3.8,-5.0.

(+) 5-0x0-5,6-dihydro-2H-pyran-2-yl acetate (4al)-?

0 To6a(1.75 g, 1531 mmol) in DCM (150 mL) was added pyridine (1.85 mL, 22.97
mmol, 1.5equiv) and acetic anhydride (2.17 mL, 22.97 mmol, dgbiy) at O °C.
The mixture was allowed to warm to room temperature and kept stirring for 2 days.

Oj{ The reaction was quenched by duiahi of saturated NaHCgsolution(50 mL) and

O the layers were separated. The aqueous layer was extracted with EtOAc (3 x 50 mL).

The combined organic layers were washed with brine (150 mL), dried Mg8C1 and
concentrated in vacuo. Flash chromatogragtet.(Ethe£tOAc 9:1 + 1% NE) affordedthe
product as a colorless oil (1.77 g, 74%)-NMR (400 MHz, CDC}): 16.92 (dd,J=10.4, 3.6
Hz, 1H), 6.49 (ddJ = 3.6, 0.8 Hz, 1H), 6.27 (d,= 10.4 Hz, 1H), 4.51 (d] = 17.0 Hz, 1H),
4.23 (dd,J = 17.0, 0.5 Hz, 1H), 2.14 (s, 3HFC-NMR (100 MHz, CDC#}): 11193.5, 169.7,
142.4, 128.9, 86.8, 67.5, 21.1.

(+) Trans-6-methyl-5-0x0-5,6-dihydro -2H-pyran-2-yl acetate (4bj'*3

To 6b (500 mg, 3.90 mmol) in DCM (40 mL) was added pyridine
(0.38 mL, 4.68 mmoll.2 equiy and acetic anhydride (0.44 mL, 4.68
mmol, 1.2 equiy at O °C. The mixture was allowed to warm to room

temperature and kept stirrifigr 2 days. The reaction was quenched

o%"‘i%

OWK
s O 2.1 trams by addition ofsaturated NaHCgsolution (50 mL) and the layers
were sepated. The agueous layer was extracted with EtOAc (3 x 50
mL). The combined organic layers were washed with brine (150 mL), driedvip@&®1and
concentrated in vacuo. Flash chromatograghgt.( Ether/EtOAc 1:0 to 4:1) afforded two
sepaated fractions of the racemais- and desiredtrans isomer (0.3: 1, 595 mg, 90%}H-
NMR transisomer(700 MHz, CDC%): i 6.87 (dd,J = 10.2 Hz, 3.6 Hz, 1H), 6.48 (d,= 3.6

Hz, 1H), 6.21 (dJ = 10.2 Hz, 1H), 4.60 (Gl = 6.7 Hz, 6.7 Hz, 6.7 Hz, 1H), 2.14 (s, 3H), 1.41
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(d,J=6.7 Hz, 3H)13C-NMR transisomer (176 MHz, CDG): Ui 196.0, 169.6, 141.8, 128.4,
87.1,72.5, 21.0, 15.4H4-NMR cis-isomer (700 MHz, CDG): 1i6.87 (ddJ= 10.3 Hz, 3.6 Hz,
1H), 6.55 (bs, 1H), 6.22 (d,= 10.3 Hz, 1H), 4.37 (g1 = 7.0 Hz, 7.0 Hz, 7.0 Hz, 1H), 2.15 (s,
3H), 1.49 (dJ = 7.0 Hz, 3H)!3C-NMR cis-isomer (176 MHz, CDG): 1i195.7, 169.2, 143.7,
128.5, 88.0, 76.0, 21.2, 18.3.

(+) 6,6-dimethyl-5-0x0-5,6-dihydro -2H-pyran-2-yl acetate (4c)+'3

o} To 6¢(2.84 g 20.0mmol) in DCM 00 mL) was added pyridine4(03 mL, 50.0
mmol, 2.5 equiy and acetic anhydrid&(77mL, 40.0mmol, 2 equiy at 0 °C. The
mixture was allowed to warm to room temparatand kept stirringvernight The

o\[( reaction was genched by addition of saturated NaHC®Iution (100 mL) and the

0 layers were sepated. The aqueous layer was extracted Wi@M (3 x 100 mL).

The combined organitayers were washed with brine5@ mL), dried overMgSC1 and
concentrated in vacuo. Flash chromatograpPgt.( Ether/EtOAc 1:0 to 4:1) provided the
desired product as a yellow oil (2.06 g, 56%)-NMR (700 MHz, CDC#): 116.82 (dd,J =
10.3, 3.2 Hz, 1H), 6.56 (dd,= 3.2, 1.1 Hz, 1H), 6.16 (dd,= 10.3, 1.1 Hz, 1H), 2.12 (s, 3H),
1.49 (s, 3H), 1.42 (s, 3H}*C-NMR (176 MHz, CDC#): 11 198.4, 169.7, 141.7, 127.1, 86.9,
80.2, 27.2, 21.4.

() Tert-butyl 2-acetoxy-5-oxo-1-oxa-9-azaspiro[5.5]undee3-ene9-carboxylate (4d)

(0]
Il/\/) o HO N328208

(0] N,Boc
nBulLi [Ru]
) —_— | / N—-Boc — » |
o)
N OAc
Boc () 5d () 6d (+) 4d

An oven dried flask was evacuated and filled with argon three times. To this flask was added
dry THF (125 mL), followed by freshly distilled furan (2.91.0.15 mmol, 1.6 equiv). The
solution was stirred and cooled to 0° C, and th&uhi (16.5 mL, 1.05 equiv, 1.6 M solution

in hexanes) was added slowly. The reaction mixture was allowed to stir at 0° C for 1 hour at
which point the reaction mixture wasaled to -78° C. Tertbutyl 4-oxopiperidinel-
carboxylate (5.00 g, 25.09 mmol) was added slowly and the reaction mixture was allowed to
stir and warm to room temperature over 18 hours. The resulting reaction mixture was quenched

under inert atmosphere v&ow addition of saturated NBI (50 mL) followed by brine (50
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mL). The aqueous phase was extracted with EtOAc (3 x 100 mL). The combined organic phases
were dried oveMgSO1and concentrated via rotary evaporator. The resulting crude product
was dissolvedn acetonitrile/DMSO (50 mL, 1:1) and loaded into a 250 mL oven dried
schlenckflask under argon. N&Og(6.27 g, 26.3 mmol, 1.05 equiv) and Ru(k@f) x 6 H-O

(37.6 mg, 0.2 mol%) dissolved in water (50 mL) were added to the mixture and argon was
bubbled through it for 15 minutes in the dafken the reaction mixture was irradiated in the
batch photoreactor with rapid stirring for 5 hours at 25 °C. After completion of reaction the
mixture was diluted with brine (100 mL) and extracted with EtOAcZ80 mL). The combined
organic phases were dried oWwgSOH filtered and concentrated in vacuo. The crude product
wasplugged through a short pad of silica and dried in vacuo to afford the product as colorless
oil (5.90 g, 83%). This was dissolvad DCM (200 mL). Bridine @.19mL, 52.1mmol, 2.5

equiv) and acetic anhydride2,36 mL 25.0 mmol, 1.2 equiy were then addedt 0 °C. The
mixture was allowed to warm to room temperature and kept stiosregnight The reaction

was qienched by addition of saated NaHC® solution (100 mL) and the layers were
sepaated. The aqueous layer was extracted Wi@M (3 x 100 mL). The combined organic
layers were washed with brine5S@ mL), dried oveMgSC1tand concentrated in vacuo. Flash
chromatographyRet. Ethe£tOAc 1.0 to 9:1) provided the desired product as a yellow solid
(6.00 g, 89%)!H-NMR (500 MHz, CDC#): 116.83 (dd,J = 10.3, 3.2 Hz, 1H), 6.61 (dd,=

3.2, 1.1 Hz, 1H), 6.19 (dd,= 10.3, 1.1 Hz, 1H), 4.63.86 (m, 2H), 3.22.98 (m, 2H), 2.12

(s, 3H),2.051.99 (m, 2H), 1.76 (td] = 13.1, 4.7 Hz, 1H)1.68.61 (m, 1H), 1.46 (s, 9HIC-

NMR (126 MHz, CDC#): 1196.9, 169.6, 147.0, 141.3, 127.3, 86.7, 79.9, 79.2, 38.1, 31.6, 28,6,
21.2.HRMS-ESI (m/z): [M + HJ calculated for @GH24NO¢*, 326.1598; found, 326.1600.

(x) 2-hydroxy-1-oxa-9-azaspiro[5.5]undee3-en-5-one (4e)

o ® © 4d(22.0 mg, 0.07 mmoNvas treated with Bl in dioaxen (4 M1 mL) at

NH, CI
| 2 room temperature overnight. Bl ether (10 mL) and 1 M aqueous HCI
o (10 mL) were added and the phases were separated. The aqueous phase was
OH concentrated and triturated with diethyl ether. The white precipitate was

filtered off and dried in vacuo to afford the desired product (14.799%). '"H-NMR (500

MHz, DMSO-de): 1i8.24 (d,J = 5.6 Hz, 1H), 6.47 (d] = 5.6 Hz, 1H)3.21-3.11 (m, 5H)3.07-

2.97 (m, 1H), 2.73 (df] = 11.8, 6.0 Hz, 4H{3C-NMR (126 MHz,DMSO-de): 11169.6, 145.1,
141.7,120.9, 119.4, 43.5, 42.9, 24.4, 24.3.
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5.1.4. Synthesis of Pyrandé-uro-Pyridones

General procedure 2 (GP2): An ovened microwave vial was loaded with 5 mol% superstable
Pd(0) cataly$t¥ (PqP[3,5(CFs)2CsH3]3]3) and the biselectrophile under Argon atmosphere.
THF (0.2 M) was added and the vial was sealed. After stirring for 10 minutes the bis
nucleophile was addetbf pyridones: DMF was added subsequently to afford afure of
THF/DMF with a final concentration of 0.1 M). The sealed vial was then subjected for
microwave irradiation (200 W, 100 to 110 °C, 30 to 60 minutes). The reaction mixture was

concentrated in vacuo, immobilized on isolute and purified by FC or®4PL

General procedure 3 (GP8¥: An ovendried schlenckube was filled with Argon, charged

with 10 mol%PdPhs)s, evacuated and then bafiked with Argon. The biselectrophile was
dissolved irtoluene (0.1 M) in a separate vessel under Argon atmosphere and then added to the
Pd-catalyst and allowed to stir for 20 min before therhisleophile was added (for pyridones:

DMF was added subsequently fioed a 3:1 mixture ofoluene/DMF with a final concentration

of 0.05 M). After stirring for 36 h at room temperature, additional 10 mol%dathlyst were

added to the reaction mixture. The mixture was then allowed to stir at room temperature
overnight, fitered through celite and concentrated in vacuo. The crude was immobilized on
isolute andourified by FC or MPLC.

General procedure 4 (GP4): The glycal substrate was dissolved in DMF (0.1 M) and Bd(OAc)
together with boronic acid were added. Thixture was stirred overnight, filtered through a

short pad of silica and concentrated under reduced pressure. The crude was purified by MPLC.

General procedure 5 (GP5): The glycal substrate was dissolved in aceton(@xi{@/f, 0.075

M) and NBS (1.5 eq.) was ddd at room temperature. The mixture was stirred overnight before
being quenched by the addition of saturated Nak#@ diluted with EtOAc. The layers were
separated and the aqueous phese extracted with EtOAc three times. The combined organic
layers were washed with brine, dried over Mg&éhd concentrated in vacuo. The crude was
immobilized on isolute angurified by FC or MPLC. The hydrobromination product was
dissolved in MeOH (0.1 M) and cooled to 0 °C. NaBH2 eq) was added and the reaction
mixture was stirred at 0 °C for 30 minutes. The reaction was quenched by addition of acetone
(1 mL) and the solvents were removed in vacltite crude was immobilized on isolute and
purified by MPLC or prep. HPLC.

Generalprocedures (GP6):[*'2 An ovendried schlenckube was filled with Argon, charged
with 5 mol% PdPhs)s, evacuated and then baftked with Argon. The biselectrophile was
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dissolved in THF (0.15 M) in a separate vessel under Argon atmosphere and then added to the
Pd-catalyst and allowed to stir for 20 min before therhisleophile was addexb a solution in

DMF (0.4 M) and triethylamine (®quiv). The mixture was then allowed to stir at room
temperature overnight, before being quenched by additieatofated NaHCfsolution The

mixture was diluted with EtOAc, the phases were separated, and the aqueous phase was
extracted with EtOAc three times. The combined organic layers were washed with brine, dried
overMgSO+and concentrated in vacuo. The crude was immobilized onesahdpurified by

FC or MPLC.

General procedure 7 (GP#J2 To a stirred solution of thigis-electrophile in dry DCM (0.075
M) was added the bisucleophile and quinine (1 equiv). After stirring at 60 °C in a sealed vial

for 18 h, the solvent was removed under reduced pressure and the crude was purified by MPLC.

5.1.4.1. Synthesis dBeneral Scaffold A Isomers
(+) 3-methyl-5a,9adihydro-1H,9H-furo[3,2-c:4,5-c']dipyran -1-one (9a}®®
0 o According to GP23a(200.0 mg, 0.69 mmol) was reacted withydroxy
)oijf@ 6-methylpyrone (a) (86.9 mg, 0.69 mmol) at 100 °C for 1 hour.
X0 Purification by MPLC (cyclohexane/EtOAc) afforded the prodsa avhite
solid (122.4 mg, 86%)}H-NMR (600 MHz, DMSQds): 11 6.86 (d,J = 6.2 Hz, 1H,), 6.31 (s,
1H,), 5.24 (dd,J = 8.3 Hz, 4.3 Hz, 1H), 5.18 (dd, 6.2 Hz, 4.3 Hz, 1H), 4.14 (dd, 10.9 Hz, 4.7

Hz, 1H), 3.55 (dd 10.9 Hz, 9.0 Hz, 1H), 3.44 (td, 9.0 Hz, &3 47 Hz, 1H), 2.22 (s, 3H).
HRMS-ESI (m/z): [M + HJ calculated for @H1104", 207.0652; found, 207.0653.

(x) 3-methyl-5a,6,9,9atetrahydro-1H,7H-furo[3,2-c:4,5-c'|dipyran -1-one (10a);(x) 4-
hydroxy-6-methyl-3-(tetrahydro -2H-pyran-3-yl)-2H-pyran-2-one (11a);

A suspension 09a (13.5 mg, 0.07 mmol) and Pd/C (1.3

o o)
mg, 10 wt%) in toluene (0.7 mL) was hydrogenated(at
0
. | °C for 7 hours using a #balloon. The catalyst was
o)
10a filtered off and the solvent removed in vacuo. The crude

was purified by prep. HPLC to afford the produita (5.0
mg, 37%) andlOa (7.6 mg, 55%) in separated fractioAkl-NMR product10a (700 MHz,
CDClg): 115.96 (s, 1H), 4.99.95 (bm, 1H), 4.05 (dd, = 11.8 Hz, 5.7 Hz, 1H), 3.81 (m, 1H),
3.65 (dd,J = 10.9 Hz, 10.9 Hz 1H), 3.54 (dd= 11.8 Hz, 7.4 Hz, 1H), 3.35 (dd~= 13.4 Hz,
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6.7 Hz, 1H), 2.27 (s, 3H) 2.2209 (m, 2H%:3C-NMR product10a (176 MHz, CDC4): i
172.5, 166.0, 162.1, 102.4, 96.1, 82.9, 66.6, 62.7, 37.1, 26.7 HRMS-ESI (m/z) product
10a [M + H]* calculated for @H1304", 209.0808; found, 209.0807-NMR productlla
(600 MHz, CDC#): 1i11.50 (s, 1H), 5.83 (s, 1H), 4.16dh J = 11.9 Hz, 4.3 Hz, 1H), 4.09 (bd,
J=12.3 Hz, 1H), 3.89 (ddl = 12.3 Hz, 3.3 Hz, 1H), 3.64 (td,= 12.7 Hz, 11.9 Hz, 2.4 Hz,
1H), 3.24 (m, 1H), 2.19 (s, 3H) 1.95 (kbs 13.9 Hz, 1H), 1.85 (tt) = 13.9 Hz, 13.7 Hz, 4.4
Hz, 4.3 Hz, 1H), 1.69 (ddd = 20.3 Hz, 12.7 Hz, 4.3 Hz, 4.3 Hz, 1H), 1.56 (b, 20.3 Hz,
1H).13C-NMR productlla(151 MHz, CDC$): 1i166.5, 166.2, 159.7, 102.8, 102.2, 70.2, 69.7,
33.0, 28.2, 23.0, 19.HRMS-ESI (m/z) productlla [M + H]* calculated for @H1504",
211.0965; found, 211.0965.

() 6b,9,10,10aetrahydro-6H,7H-pyrano[3',4":4,5]furo[3,2-c]chromen-6-one (10b);(x)
4-hydroxy-3-(tetrahydro-2H-pyran-3-yl)-2H-chromen-2-one (11b)

O._ According to GP33a (50.0 mg, 0.17 mmol) was
reacted withlb (28.1 mg, 0.17mmol). Purification
oH by MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded
11b the product (22.4 mg, 53%). The product was directly
suspended with Pd/C (2.5 mg, 10 wt%) in toluene (1.5 mL) and was hydrogenated at 20 °C for

0
|

4 hours using a Hballoon. The catalyst wdstered off and the solvent removed in vacuo. The
crude was purified by prep. HPLC to afford the prodiit (7.5 mg, 33%) and1b (5.4 mg,
28%) in separated fraction$i-NMR product10b (700 MHz, CDC}#): 1i7.68 (ddJ= 7.9 Hz,

1.5 Hz, 1H) 7.58 (ddd] = 8.5 Hz, 7.7 Hz, 1.5 Hz, 1H), 7.39 @= 8.5 Hz, 1H), 7.30 (dd] =

7.9 Hz, 7.7 Hz, 1H), 5.17 (di,= 10.9 Hz, 4.3 Hz, 4.3 Hz, 1H), 4.13 (dtk 12.1 Hz, 5.9 Hz,
1H), 3.87 (dddJ = 11.3 Hz, 5.5 Hz, 4.0 Hz, 1H), 3.72 (ddds 11.3 Hz, 10.4 Hz, 4Bz, 1H),
3.65 (ddJ=12.1 Hz, 7.4 Hz, 1H) 3.51 (dd,= 10.9 Hz, 7.4 Hz, 1H), 2.3R.21 (m, 2H)C-
NMR productlOb (176 MHz, CDRCly): 167.9, 160.7, 155.2, 132.8, 124.2, 122.9, 117.3, 112.8,
105.2, 83.6, 66.5, 62.7, 38.2, 26HHRMS-ESI (m/z) productlOb: [M + H]" calculated for
C14H1304%, 245.0814; found, 245.08084-NMR productl1b (700 MHz, CDC$): i 12.14 (s,
1H), 7.95 (dd,J = 7.9 Hz, 1.3 Hz, 1H) 7.52 (dd,= 8.5 Hz, 8.5 Hz, 1H), 7.32.28 (m, 2H),
4.25 (ddJ=11.6 Hz, 4.2 Hz, 1H), 4.22 (d= 12.5 Hz, 1H), 3.98 (d= 12.5 Hz, 3.2 Hz, 1H),
3.743.69 (m, 1H), 3.448.40 (m, 1H), 2.03 (d] = 14.1 Hz, 1H), 1.98..92 (m, 1H), 1.77 (ddd,
J=14 Hz, 4.2 Hz, 4.2 Hz, 1H), 1.61 (hbs 14.0 Hz, 1H)13C-NMR productl1b (176 MHz,
CD2Cly): 167.8, 161.8, 152.4, 131.8, 124.0, 123.9, 117.2, 116.3, 105.2, 70.2, 69.8, 33.5, 28.3,
22.9.HRMS-ESI (m/z) productllb: [M + H]" calculated for @&H1s04", 247.0965; found,
247.0967.
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() 7,8dimethyl-8,9b-dihydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(4aH)-one (9c)

o) o According to GR, 3a(1.00 g, 3.47 mmol) was reacted wai (0.48 g, 3.47
W mmol) at 110 °C for 1 hour Purification by MPLC (DCM/MeOH 1:0 to
X0 95:5) afforded the product (0.50 g, 66%)-NMR (700 MHz, DMSQGds):
16.81 (d,J=6.2 Hz, 1H), 6.00 (s, 1H), 5.16 (dbl= 6.2 Hz, 4.3 Hz, 1H), 5.04 (dd= 7.7 Hz,
4.3 Hz, 1H), 4.16 (dd] = 10.7 Hz, 4.8 Hz, 1HB.47 (dd,J = 10.2 Hz, 10.2 Hz, 1H), 3.39.32

(m, 4H), 2.32 (s, 3H)C-NMR (176 MHz, DMSQds): Ui 166.4, 160.7, 150.0, 149.5, 105.1,
99.7, 94.3, 76.2, 64.2, 37.5, 29.8, 2L.CMS-ESI (m/z): 220.16 [M + H]

() 7,8dimethyl-4,4a,8,9btetrahydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(3H)-one
(10c)

o) o According to GP23a(50.0 mg, 0.17 mmol) was reacted wih (24.1 mg,
\/w 0.17 mmol) at 110 °C for 1 hour. After filtration over celite the crude product
N0 was directly suspended with Pd/C (5 mg, 10 wt%dpioene (1.5 mL) and

was hydrogenated at 20 °C for 6 hours using-b&lloon. The catalyst was filtered off and the
filtrate was diluted with EtOAc (10 mL) and washed with saturate@Ci®g solution(15 mL).

The aqueous phase was extracted with EtOAc 18 xL) and the combined organic layers
were washed with brine (50 mL), dried over Mg&Dd concentrated in vacuo. The crude was
purified by MPLC (DCM/MeOH 1:0 to 95:5) to afford the product (8.3 mg, 22¢4)NMR

(700 MHz, CDC¥): i 5.88 (s. 1H), 4.84.83(m, 1H), 4.13 (ddJ = 11.4, 6.0 Hz, 1H), 3.84
3.80 (m, 1H), 3.63 (td) = 11.4, 3.6 Hz, 1H), 3.58.44 (m, 4H), 3.41 (dd] = 14.2, 7.2 Hz,

1H), 2.33 (s, 3H), 2.15 (ddd,= 20.7, 10.6, 5.2 Hz, 1H), 2.08 (dij= 15.0, 3.3 Hz, 1H)}3C-

NMR (176 MHz, CDC#$): G1167.5, 161.9, 148.5, 109.1, 95.7, 81.6, 67.4, 62.9, 38.2, 30.7, 27.0,
21.8.HRMS-ESI (m/z): [M + HJ calculated for @H1eNO3*, 222.1125; found, 222.1124.

(x) 7-methyl-8,9b-dihydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(4aH)-one (9d)

O o According to GP23a(20.0 mg, 0.07 mmol) was reacted w2 (8.68 mg,
W 0.07 mmol) at 110 °C for 1 hour. Purification by FC (DCM/MeOH 1:0 to
X0 9:1) afforded the product (15.2 m@%).'H-NMR (700 MHz, CDCly): U
6.77 (d,J=6.2 Hz, 1H), 5.95 (s, 1H), 5.33 (s, 1H), 5.20 @@4d,6.2 Hz, 4.4 Hz, 1H), 5.01 (dd,
J=7.0 Hz, 4.4 Hz, 1H), 4.32 (dd,= 10.4 Hz, 4.5 Hz, 1H), 3.55 (dd,= 10.3 Hz, 10.3 Hz,
1H), 3.523.49 (m, 1H), 2.31 (s3H). 13C-NMR (176 MHz, CDCl,): ti 171.5, 162.1, 150.5,

149.0, 106.9, 99.3, 96.8, 78.3, 65.0, 37.5, 1BBMS-ESI (m/z): [M + HJ calculated for
C11H120sN*, 206.0812; found, 206.0821.
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(x) 7-methyl-4,4a,8,9btetrahydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(3H)-one
(10d)

o} o According to GP23a(50.0 mg, 0.17 mmol) was reacted wh(22.0 mg,
W 0.17 mmol) at 110 °C for 1 hour. After filtration over celite the crude was
X0 purified by FC (EtOAdMeOH 1:0 to 9:1) and the product was directly

suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was hydrogenated at 20 °C for 6
hours using a KHballoon. The catalyst was filtered off and the solvent removed in vacuo. The
crude was purified by MPLCEtOAc/MeOH 1:0 to 9:1) to afford the product (3.6 mg, 10%).
H-NMR (700 MHz, CDCl): 11 11.80 (s, 1H), 5.82 (s, 1H), 48985 (m, 1H), 4.01 (dd] =

11.8, 6.0 Hz, 1H), 3.73.73 (m, 1H), 3.61 (td] = 10.9, 3.8 Hz, 1H), 3.52 (dd= 11.8, 7.5 Hz,

1H), 3.34 (dd,) = 13.8, 7.5 Hz, 1H), 2.27 (s, 3H), 2.12 (d#it 15.2, 10.3, 5.2 Hz, 1H), 2.04
(dg,J =14.9, 3.8 Hz, 1H)}:*C-NMR (176 MHz, CDCl»): 1170.7, 163.5, 148.2, 109.0, 95.0,
82.0, 67.2, 63.238.0, 27.5, 19.5HRMS-ESI (m/z): [M + HJ calculated for @H14NOs",
208.0968; found, 208.0970.

() 8-cyclobutyl-7-methyl-8,9b-dihydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(4aH)-

one (9e)

Q\ 0 o According to GP23a(50.0 mg, 0.17 mmol) was reacted wat(31.1
W mg, 0.17 mmol) at 110 °C for 30 minutes. Purification by MPLC (Pet.
X0 Ether/EtOAc 1:0 to 0:1) afforded the product (33.4 mg, 74BbNMR
(700 MHz, CDCl,): 0 6.75 (d,J = 6.2 Hz, 1H),5.74 (s, 1H), 5.17 (dii= 6.2, 4.5 Hz, 1H),
4.96 (ddJ=7.5,4.5Hz, 1H), 4.72 (8,= 8.8 Hz, 1H), 4.34 (ddl = 10.6, 5.0 Hz, 1H), 3.51 (t,
J=10.6 Hz, 1H), 3.48.40 (m, 1H), 3.26.19 (m, 2H), 2.28.18 1.73 (m, 2H), 1.96.90 (m,
1H), 1.73 (dgJ = 18.3, 9.2 Hz, 1H)X*C-NMR (176 MHz, CRCl,): Ui 167.2, 163.5, 150.2,

149.1, 108.2, 99.7, 96.1, 77.2, 65.4, 53.2, 38.6, 28.4, 28.1, 22.5 LG5MS-ESI (m/z):
260.16 [M + HF.

(%) 8-cyclobutyl-7-methyl-4,4a,8,9btetrahydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -
9(3H)-one(10e)

Q\ 0 o A suspension dde(10.0 mg, 0.04 mmol) and Pd/C (1.0 mg, 10 wt%) in
W toluene (0.5 mL) was hydrogenated at 20 °C for 6 hours using a H
X0 balloon. The catalyst was filtered off and the solvent removed in vacuo.
The crude was purified by prep. HPLC féoad product (2.3 mg, 23%JH-NMR A (700 MHz,
CDCl): 116.01 (s, 1H), 4.93 (s,10H), 48176 (m, 1H), 4.15 (ddl = 11.9, 6.0 Hz, 1H), 3.89
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3.84 (m, 1H), 3.6B.60 (m, 2H), 3.43 (dd] = 11.9, 7.8 Hz, 1H), 3.20 (dg,= 14.8, 9.9 Hz,
2H), 2.40 (s, 3H)2.37-2.27 (m, 4H), 2.18 (ddd,= 15.8, 10.5, 5.0 Hz, 1H), 2.11 (dis 15.2,
2.6 Hz, 1H), 2.01 (o) = 11.1 Hz, 1H), 1.76 (df] = 19.2, 9.4 Hz, 2H)HRMS-ESI (m/z): [M
+ H]" calculated for @H20NOs", 262.1438; found, 262.1439.

(x) 7-methyl-8-(tetrahydro-2H-pyran-4-yl)-4,4a,8,9btetrahydro-1H-
pyrano[3',4':4,5]furo[3,2-c]pyridin -9(3H)-one (10f)

0 0 o According to GP23a(75.0 mg, 0.26 mmol) was reacted w2(40.8
OW mg, 0.20 mmol) at 100 °C for 1 hour. After purification by FC
X | 0 (Hep/EtOACc1:0 to 1:1) the product was directly suspended with Pd/C

(5 mg, 10 wt%) in THF (1.5 mL) and was hydrogenated at 20 °C for 2 hours usirlogdiddn.

The catalyst was filtered off and the solvent removed in vacuo. The crude was purified by FC
(EtOAc/MeOH 10 to 9:1) to afford the product (7.4 mg, 10%)-NMR (700 MHz, CDCly):

05.81 (s, 1H), 4.84.81 (m, 1H), 4.03 (dd] = 11.5, 4.6 Hz, 2H), 3.99 (dd,= 11.8, 5.9 Hz,

1H), 3.753.71 (m, 1H), 3.61 (td] = 10.5, 3.8 Hz, 1H), 3.54 (dd,= 11.8, 7.5 Hz, #), 3.42

3.37 (m, 2H), 3.31 (dd] = 13.7, 7.5 Hz, 1H), 2.37 (s, 3H), 2.10 (d#it 15.2, 10.5, 5.2 Hz,

1H), 2.06.1.99 (m, 2H), 1.58.45 (m, 2H), 1.34..25 (m, 2H)3*C-NMR (176 MHz, CDCly):

0167.2,162.8, 148.3, 96.7, 81.8, 68.4, 67.1, 63.1, 39.9, 28.5, 22.6HRMS-ESI (m/z): [M
+ H]" calculated for @H22NO4*, 292.1543; found, 292.1547.

(x) 7-methyl-8-(4-morpholinophenyl)-8,9b-dihydro-1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(4aH)-one (99)

o/\ According to GP23a(50.0 mg, 0.17 mmol) was reacted with
K/N\©\ o o 2r (49.6 mg, 0.17 mmol) at 110 °C for 30 minutes.
N // Purification by FC (Pet. Ether/EtOAc 1:0 t0:95 1% NE%)
X0 afforded the product (21.0 mg, 33%H-NMR (700 MHz,
CD.Clo): G 7.07-6.97 (m, 4H), 6.78 (d] = 6.2 Hz, 1H), 5.91 (s, 1H), 5.21 (d¥iz 6.2, 4.5 Hz,
1H), 5.04 (ddJ = 7.6, 4.5 Hz, 1H), 4.33 (dd,= 10.8, 4.9 Hz, 1H), 3.88.82 (m, 4H), 3.55 (t,
J=10.8 Hz, 1H), 3.47 (ddd, = 10.8, 7.6, 5.1 Hz, 1H), 3.2219 (m, 4H), 1.94 (s, 1H}3C-
NMR (176 MHz, CDCl,): U 168.2, 162.5, 151.7, 150.3, 150.2, 130.8, 129.3, 129.2, 116.1,
106.9, 99.6, 95.5, 77.67.2, 65.4, 49.3, 38.5, 22 HRMS-ESI (m/z): [M + HJ calculated for
C21H23N204", 367.1652; found, 367.1649.
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(x) 7-methyl-8-(4-morpholinophenyl)-4,4a,8,9btetrahydro -1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(3H)-one (109g)

0 According to GP23a(50.0 mg, 0.17 mmol) was reacted with
K/N\©\ o o 2r(49.6 mg, 0.17 mmol) at 110 °C for 1 hour. After filtration
N over celite thecrude was purified by FC (Hep/EtOAc 1.0 to

X0 0:1) and the product was directly suspended with Pd/C (5 mg,
10 wt%) in toluene (2 mL) and was hydrogenated at 20 °C for 6 hours usinbaldbn. The
catalyst was filtered off and the filtrate was diluted WEtOAc (10 mL) and washed with
saturated NBECOF solution(15 mL). The aqueous phase was extracted with EtOAc (3 x 10 mL)
and the combined organic layers were washed with brine (50 mL), dried over\Mg@O
concentrated in vacuo. The crude was purified byLRIFEtOAc/MeOH 1:0 to 9:1 + 0.1%
DIPEA) to afford the product (2.0 mg, 3%H-NMR (700 MHz, CDCl,): Ui 7.07-6.97 (m 4H),
5.93 (s, 1H), 4.92.89 (m, 1H), 4.00 (dd] = 11.8, 5.9 Hz, 1H), 3.88.82 (m, 4H), 3.78.74
(m, 1H), 3.66 (tdJ = 10.8, 3.9 Hz, 1) 3.58 (dd,J = 11.8, 7.4 Hz, 1H), 3.35 (dd= 13.6, 7.4
Hz, 1H), 3.213.19 (m, 4H), 2.12.11 (m, 1H), 2.06 (dg] = 14.9, 3.9 Hz, 1H), 1.94 (s, 1H).
13C-NMR (176 MHz, CDCl,): 1i168.4, 162.6, 151.6, 149.8, 131.0, 129.4, 129.2, 116.1, 116.1,
109.2, 954, 82.0, 67.2, 67.1, 63.2, 49.3, 38.8, 27.5, 2BIBMS-ESI (m/z): [M + HJ
calculated for @H2sN204", 369.1809; found, 369.1816.

() 8-benzyt7-methyl-8,9b-dihydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(4aH)one
(gh)[SO]

0O o According to GP33a (50.0 mg,0.17 mmol) was reacted witty

gw (37.3 mg, 0.17 mmol) in THF (2 mL + 24 pL Nggfor 2 days at
X0 room temperature. Purification by FC (Hep/EtOAc 4:1to 1:1 + 1%

NEts) afforded the product (24.1 mg8%). *H-NMR (600 MHz, DMSQde): 11 7.33 (t,J=7.5
Hz, 2H), 7.25 (tJ = 7.5 Hz, 1H), 7.10 (d) = 7.5 Hz, 2H), 6.84 (dJ = 6.2 Hz, 1H), 6.05 (s,
1H), 5.37 (d,J = 15.8 Hz, 1H), 5.19 (dd] = 6.2 Hz, 4.3 Hz, 1H), 5.12 (d,= 15.8 Hz, 1H),
5.10 (dd,J = 7.5 Hz, 4.3 Hz, 1H), 4.20 (dd,= 10.5 Hz, 4 Hz, 1H), 3.52 (ddJ = 10.2 Hz,
10.2 Hz, 1H), 3.48B.42 (m, 1H), 2.22 (s, 3H*C-NMR (151 MHz, DMSQde): 11166.8, 160.9,

149.8, 149.7, 137.4, 128.7, 127.0, 126.1, 105.3, 99.7, 95.2, 76.4, 64.2, 45.6, 37LE MG 4.
ESI (m/z): 296.23 [M + H]
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() 8-benzyt7-methyl-4,4a,8,9btetrahydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -
9(3H)-one (10h)

0 o A suspension o8h (75.2 mg, 0.25 mmol) and Pd/C (7.5 mg, 10

QA)N\/LJ%Q wt%) in toluene (2 mL) was hydrogenated at 20 °C for 6 hours using

X0 a Hp-balloon. The catalyst wadtBred off and the solvent removed
in vacuo. The crude was purified by prep. HPLC to afford the product (37.0 mg, ¥9%).
NMR (700 MHz, CBCl,): U 7.33 (t,J = 7.5 Hz, 2H), 7.28 () = 7.5 Hz, 1H), 7.11 ()= 7.5
Hz, 2H), 6.10 (s, 1H), 5.45 (d= 156 Hz, 1H), 5.25 (dJ = 15.6 Hz, 1H), 4.96 (d§=7.3, 3.8
Hz, 1H), 4.09 (ddJ = 11.5, 5.8 Hz, 1H), 3.83 (ddd,= 11.0, 5.6, 2.9 Hz, 1H), 3.63 (td=
11.0, 3.8 Hz, 1H), 3.47 (dd= 13.9, 7.3 Hz, 1H), 3.43 (dd= 11.5, 8.1 Hz, 1H), 2.31 (s, 3H),
2.18 (ddd,J = 21.1, 10.6, 5.2 Hz, 1H), 2.11 (dij= 15.1, 3.1 Hz, 1H)!3C-NMR (176 MHz,
CD.Cl»): 11169.7, 162.4, 150.3, 136.6, 129.2, 127.9, 126.6, 110.2, 98.4, 83.0, 67.1, 63.0, 47.8,

38.3, 26.9, 21.5HRMS-ESI (m/z): [M + HJ calculated for @H20NOs", 298.1438; found,
298.1430.

(%) 8-(4-methoxybenzyl}7-methyl-8,9b-dihydro -1H-pyrano[3',4":4,5]furo[3 ,2-c]pyridin -
9(4aH)-one (9i)

0 o According to GP23a(28.0 mg, 0.10 mmol) was reacted with
W 2k (23.8 mg, 0.10 mmol) at 100 °C for 1 hour. Purification by
o N0 FC (Hep/EtOAc 1:0 to 1:1) afforded the product (24.3 mg,
77%).*H-NMR (700 MHz, CDRCl,): ii7.07 (d,J = 8.7 Hz, 2H), 6.85 (d] = 8.7 Hz, 2H), 6.79
(d,J=6.2 Hz, 1H), 5.97 (s, 1H), 5.34 (@= 16.4 Hz, 1H), 5.22 (ddl = 6.2 Hz, 4.3 Hz, 1H),
5.14 (dJ = 16.4 Hz, 1H), 5.06 (dd,= 7.1 Hz, 4.3 Hz, 1H), 4.39 (dd= 9.9 Hz, 4.3 Hz, 1H),
3.553.47 (m, 2H), 2.29 (s, 3H}*C-NMR (176 MHz, CDRCl,): 11168.7, 162.3, 159.4, 150.5,

150.2, 128.9, 128.1, 114.5, 107.5, 99.2, 97.5, 78.0, 65.2, 55.7, 46.9, 38.HRMS-ESI
(m/z): [M + HJ" calculated for GH2004N*, 326.1387; found, 326.1387.

() 8-(4-methoxybenzyl}7-methyl-4,4a,8,9btetrahydro -1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(3H)-one (10i)

o} o According to GP23a(50.0 mg, 0.17 mmol) was reacted with
/@A)Nii[@ 2k (42.5 mg, 0.17 mmol) at 110 °C for 1 hour. After filtration
o X o over celite the crude wasispended with Pd/C (5 mg, 10 wt%)
in toluene (1.7 mL) and was hydrogenated at 20 °C for 6 hours usisgallbon. The catalyst
was filtered off and the filtrate was diluted with EtOAc (10 mL) and washed with saturated
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NaFCOF solution(15 mL). The aqueauphase was extracted with EtOAc (3 x 10 mL) and the
combined organic layers were washed with brine (50 mL), dried over Mg$®¥Dconcentrated

in vacuo. The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1) to afford the
product (7.2 mg, 13%}H-NMR (600 MHz, CDCly): ti 7.07 (d,J = 8.7 Hz, 2H), 6.84 (d] =

8.7 Hz, 2H), 5.86 (s, 1H), 5.29 (= 15.4 Hz, 1H), 5.07 (d] = 15.4 Hz, 1H), 4.9%4.87 (m,

1H), 4.05 (ddJ = 11.7, 5.9 Hz, 1H), 3.79.75 (m, 4H), 3.63 (td) = 10.9, 3.7 Hz, 1H), 3.54

(dd, J=11.7, 7.5 Hz, 1H), 3.39 (dd,= 13.7, 7.5 Hz, 1H), 2.25 (s, 3H), 2:2711 (m, 1H),
2.082.02 (m, 1H)*3C-NMR (151 MHz, CDCly): i1 170.0, 162.1, 159.2, 149.3, 129.6, 128.1,
114.4, 109.2, 96.1, 82.0, 67.3, 63.1, 55.6, 46.3, 38.7, 27.5, FRMS-ESI| (m/z): [M + HJ
calculated for @H22NO4*, 328.1543; found, 328.1544.

(%) 8-(4-fluorobenzyl)-7-methyl-4,4a,8,9btetrahydro-1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(3H)-one (10j)

0 o According to GP23a(75.9 mg, 0.26 mmol) was reacted w2t

g/w (45.0 mg, 0.20 mmol) at 100 °C for 1 hour. After filtration over
F N0 celite the crude was purified by FC (Hep/EtOAc 1:0 to 1:1) and
the product was diregtlsuspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was
hydrogenated at 20 °C for 9 hours using zbHlloon. The catalyst was filtered off and the
solvent removed in vacuo. The crude was purified by MPLC (EtOAc/MeOH 1:0to 9:1 + 0.1%
DIPEA) to affad the product (24.7 mg, 40%H-NMR (600 MHz, CDCl): i1 7.13 (dd,J =
8.7, 5.4 Hz, 2H), 7.01 (4 = 8.7 Hz, 2H), 5.88 (s, 1H), 5.35 (@= 15.4 Hz, 1H), 5.11 (d] =
15.4 Hz, 1H), 4.92.88 (m, 1H), 4.04 (dd] = 11.7, 5.9 Hz, 1H), 3.78.74 (m, 1H), 3.63 (td,
J=10.8, 3.8 Hz, 1H), 3.56 (dd= 11.7, 7.5 Hz, 1H), 3.39 (dd,= 13.7, 7.5 Hz, 1H), 2.24 (s,
3H), 2.14 (dddJ = 20.5, 10.3, 5.2 Hz, 1H), 2.05 (d#j= 15.0, 3.8 Hz, 1H)}*C-NMR (151
MHz, CD.Cl2): 1168.1, 163.2, 161.5, 161.9, 149.1, 133.6, 128.6, 128.5, 115.9, 115.8, 109.3,

96.3, 82.0, 67.2, 63.1, 46.1, 38.8, 27.4, 2HRMS-ESI (m/z): [M + HJ calculated for
Ci1sH1oFNGOs*, 316.1344; found, 316.1348.

(%) 7-methyl-8-(thiophen-2-ylmethyl)-4,4a,8,9btetrahydro -1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(3H)-one (10k)

o o According to GP23a (50.0 mg, 0.17 mmol) was reacted wizh
W/I\ij[@ (43.2 mg, 0.17 mmol) at 100 °C for 1 hour. After filtration over
X o celite thecrude was purified by FC (Hep/EtOAc 1:0 to 1:1) and the
product was directly suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was
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hydrogenated at 20 °C for 14 hours using.gbBlloon. The catalyst was filtered off and the
solvent removed in vacudhe crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
to afford the product (9.7 mg, 16%MH-NMR (700 MHz, CDCl,): i7.22 (ddJ=5.1, 1.0 Hz,

1H), 6.97 (ddJ = 3.4, 1.0 Hz, 1H), 6.93 (dd,= 5.1, 3.4 Hz, 1H), 5.85 (s, 1H), 5.43 b+
15.4Hz, 1H), 5.24 (dJ = 15.4 Hz, 1H), 4.89..85 (m, 1H), 4.04 (dd] = 11.8, 5.9 Hz, 1H),
3.783.73 (m, 1H), 3.61 (td] = 10.6, 3.8 Hz, 1H), 3.55 (dd,= 11.8, 7.5 Hz, 1H), 3.38 (dd,
=13.7, 7.5 Hz, 1H), 2.40 (s, 3H), 2.12 (dbt 15.2, 10.6, 5.2 Hz,H), 2.052.00 (m, 1H)3C-

NMR (176 MHz, CDCl,): 1168.3, 161.7, 148.7, 140.2, 126.9, 126.6, 125.8, 109.3, 96.2, 82.0,
67.1, 63.1, 42.5, 38.7, 27.4, 21 2RMS-ESI (m/z): [M + HJ calculated for GH1sNOsS,
304.1002; found, 304.1003.

(x) 7-methyl-8-(pyridin -2-ylmethyl)-4,4a,8,9btetrahydro-1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(3H)-one (10I)

0 o According to GP23a (63.5 mg, 0.22 mmol) was reacted wam

| NS )N\/Ljfg) (43.2 mg, 0.20 mmol) at 100 °C for 18 hours. After filtration over
Z "0 celite the crude as purified by MPLC (cyclohexane/EtOAc 1.0 to

0:1 + 0.1% NE) and an aliquot of the product (10 mg, 0.03 mmol) was directly suspended
with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was hydrogenated at 20 °C for 24 hours using
a H-balloon. The catalyst vediltered off and the solvent removed in vacuo and the crude was
purified by prep. HPLC to afford the product (3.8 mg, 38%}NMR (600 MHz, CDC}$): U
8.73 (dtJ=5.5, 1.6 Hz, 1H), 8.05 (td,= 7.8, 1.6 Hz, 1H), 7.57 (ddd= 7.8, 5.5, 1.2 Hz, 1H),
7.44 (d,J=7.8 Hz, 1H), 6.06 (s, 1H), 5.70 @+ 16.7 Hz, 1H), 5.60 (dl= 16.7 Hz, 1H), 4.97
(dt,J=7.5, 3.8 Hz, 1H), 4.11 (dd,= 11.3, 5.4 Hz, 1H), 3.86 (ddd= 11.3, 5.8, 3.2 Hz, 1H),
3.67 (td,J=11.3, 3.8 Hz, 1H), 3.58.45 (m, 2H), 2.36 (8H), 2.20 (ddddj = 15.2, 10.5, 5.8,
4.5 Hz, 1H), 2.13 (dgJ = 15.2, 3.8 Hz, 1H)**C-NMR (151 MHz, CDC}): U 169.5, 161.9,

154.3, 149.2, 145.0, 142.4, 124.5, 123.9, 109.8, 98.2, 82.5, 66.7, 62.7, 46.4, 38.0, 26.7, 21.6.
HRMS-ESI (m/z): [M + HJ calculated for €&H1eN203", 299.1390; found, 299.1392.
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(x) 7-methyl-8-(pyridin -4-ylmethyl)-4,4a,8,9btetrahydro -1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(3H)-one and(x) 4-hydroxy-6-methyl-1-(pyridin -4-ylmethyl)-3-(tetrahydro -

2H-pyran-3-yl)pyridin -2(1H)-one (10na+10mab
According to GP23a (50.0 mg, 0.17
mmol) was reacted witl2n (37.5 mg,

0 o)
N~ X0 N~ 0.17 mmol) at 110 °C for 1 hour. After

10ma 10mb filtration over celite the crude was
purified by FC (Hep/EtOAc 1:0 to 1:1) and the product was directly suspended with Pd/C (5
mg, 10 wt%) in toluene (2 mL) and was hydrogenated at 20 °C for 12 hoursasiimlloon.

The catalyst was filtered off and the solvent removed in vacuo. The crude was purified by
MPLC (EtOAc/MeOH 1:0to 4:1 + 0.1% DIPEA) to afford an inseparable mixture of products
a and b (ratio of 2:1 by NMR, 15.0 mg, 309%.-NMR product10ma (500 MHz, CDC}): U

8.51 (d,J = 6.0 Hz, 2H), 7.06 (d] = 6.0 Hz, 2H), 6.13 (s, 1H), 5.35 @@= 17.0 Hz, 1H), 5.17
(d,J=17.0 Hz, 2H), 4.99.95 (m, 1H), 3.85 (dd] = 11.5, 5.6 Hz, 1H), 3.67 (di,= 10.1, 4.9

Hz, 1H), 3.53 (ddJ = 11.5, 6.6 Hz, 1H)3.5:3.48 (m, 1H), 3.30 (dd] = 13.6, 6.6 Hz, 1H),

2.21 (s, 3H), 2.02.05 (m, 1H), 1.92 (dg} = 12.8, 4.1 Hz, 1H}:3C-NMR productlOma(126

MHz, CDCh): G 167.3, 160.7, 149.8, 149.2, 146.7, 121.2, 107.7, 95.6, 81.0, 65.5, 62.0, 44.9,
37.9, 26.5, 20.5HRMS-ESI (m/z) productiOma [M + H]* calculated for @H19N2Os",
299.1390, found, 299.139'H-NMR productl0mb (500 MHz, CDC4): 110.35 (s, 1H), 8.50

8.48 (m, 2H), 7.03 (d] = 6.0 Hz, 2H), 5.86 (s, 1H), 52016 (m, 2H), 3.91 (d] = 10.8 Hz,

1H), 3.823.77 (m, 1H), 3.58.49 (m, 1H), 3.28.24 (m, 1H), 3.28.15 (m, 1H), 2.32.27

(m, 1H), 2.10 (s, 3H), 1.51.50 (m, 3H)UHPCL-MS-ESI (m/z) produciOmb: 301.0 [M +

H]*.

(x) 7-methyl-8-((3-methylpyridin -4-yl)methyl)-8,9b-dihydro-1H-

pyrano[3',4':4,5]furo[3,2-c]pyridin -9(4aH)-one (9n)

O o According to GP23a (95.2 mg, 0.33 mmol) was reacted wib
| X W (69.1 mg, 0.30 mmol) at 100 °C for 18 hours. Purification by MPLC
N~ X o (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (68.6 mg,
74%).'H-NMR (600 MHz, CDCl): 118.38 (s, 1H), 8.30 (d] = 5.1 Hz, 1H), 6.78 (d] = 5.8
Hz, 1H), 6.51 (dJ = 5.1 Hz, 1H), 4 (s, 1H), 5.29 (d] = 17.3 Hz, 1H), 5.22 (dd,= 5.8, 4.3

Hz, 1H), 5.095.04 (m, 2H), 4.34 (dd] = 10.4, 4.7 Hz, 1H), 3.57 (§,= 10.4 Hz, 1H), 3.53
3.50 (m, 1H), 2.36 (s, 3H), 2.16 (s, 3HC-NMR (151 MHz, CDCly): (i 167.8, 161.4, 150.8,
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150.1, ¥8.3, 148.2, 144.3, 130.5, 118.8, 106.6, 99.3, 96.3, 77.4, 65.0, 43.7, 38.2, 20.9, 15.8.
HRMS-ESI (m/z): [M + HJ calculated for @H1¢03N2, 311.1390; found, 311.1390.

() 8-(2-(5-methoxy-1H-indol-3-yl)ethyl)-7-methyl-4,4a,8,9btetrahydro-1H-
pyrano[3',4":4,5]furo[3,2-c]pyridin -9(3H)-one (100)

\O According to GP23a (63.5 mg, 0.22 mmol) was reacted with
25(59.7 mg, 0.20 mmol) at 110 °C for 1 hour. After filtration
0 o over celite the crude was purified by MPLC
N~ N (cyclohexane/EtOAc 1:0 to 0:1 + 0.1% NEa&nd the product
A | 0 was directly suspended with Pd/C (5 mg, 10 wt%) in toluene (2

mL) and was hydrogenated at 2D for 24 hours using azballoon. The catalyst was filtered

off and the solvent removed in vacuo and the crude was purified by prep. HPLC to afford the
product (17.4 mg, 23%}H-NMR (500 MHz, CDC}): i 8.02 (s, 1H), 7.24 (d] = 8.7, 1H),

7.08 (d,J = 2.4 Hz, 1H), 6.98 (dJ = 2.3 Hz, 1H), 6.86 (dd] = 8.7, 2.4 Hz, 1H), 5.96 (s, 1H),

4.92 (dt,J = 7.6, 3.6 Hz, 1H), 4.35 (di,= 14.6, 7.5 Hz, 1H), 4.21 (dd,= 14.6, 6.7 Hz, 1H),

4.16 (ddJ = 11.8, 5.9 Hz, 1H), 3.64 (td,= 11.2, 3.9 Hz, 1H), 3.52 (td = 7.6, 5.9 Hz, 1H),

3.44 (ddJ = 11.8, 8.1 Hz, 1H), 3.13 (§,= 7.5 Hz, 2H), 2.23 (s, 3H), 2.2115 (m, 1H), 2.12
(dg,J=15.0, 3.6 Hz, 1H)}*3*C-NMR (126 MHz, CDC%): i168.9, 161.9, 154.3, 149.0, 131.4,
127.8,123.2,112.6,112.1, 110.3, 100.48982.4, 67.1, 62.7, 56.0, 46.0, 37.9, 261RMS-

ESI (m/z): [M + HJ calculated for @&H2sN204", 381.1809; found, 381.1807.

() 1,2,3,4,5b,8,9,9@ctahydro-5H,6H-cyclopenta[b]pyrano[3',4":4,5]furo[2,3-d]pyridin -
5-one (10p)

o) o According to GP23a(67.5 mg, 0.23 mmol) was reacted witk (29.5 mg,
HN | 0.20 mmol) at 110 °C for 1 hour. After filtration over celite the crude was
N0 purified by FC (cyclohexane/EtOAc 1:0 to 0:1) and the product was directly

suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was
hydrogenated at 20 °C for 12 heuwrsing a ktballoon. The catalyst was filtered off and the
solvent removed in vacuo. The crude was purified by MPLC (EtOAc/MeOH 1:0 to 9:1) to
afford the product (15.5 mg, 32%H-NMR (600 MHz, CDC}): (i 5.00-4.96 (m, 1H), 4.13
4.07 (m, 1H), 3.85 (dddl = 11.3, 5.7, 3.4 Hz, 1H), 3.66 (td= 11.3, 4.0 Hz, 1H), 3.49.44
(m, 2H), 2.93 (tJ) = 7.7 Hz, 2H), 2.8@2.76 (m, 2H), 2.22.12 (m, 4H)13C-NMR (151 MHz,
CDCls): 1 169.0, 161.5, 153.9, 111.3, 109.0, 83.0, 62.8, 37.1, 31.3, 26.7, 26.7HRBIS-
ESI (m/z): [M + HJ calculated for @H16NOs*, 234.1125; found, 234.1127.
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(¢) 11-ox0-44a,7,8,9,11,11hexahydro-1H-pyrano[3',4":4,5]furo[3,2-flindolizine -6-
carboxylic acid (9)

According to GP23a(63.5 mg, 0.22 mmol) was reacted witb (39.0

mg, 0.20 mmol) at 110 °C for 1 hour. After filtration over celite the crude
was purified by FC (cyclohexane/EtOAc 1:0 to 0:1 + 0.1% acetic acid)
and repurified by prep. HPLC to affotde product (4.0 mg, 7%}H-
NMR (700 MHz, Acetone)t 9.59 (d,J = 8.0 Hz, 1H), 7.87 (ddl = 15.4, 11.4 Hz, 1H), 7.41
(ddd,J = 15.0, 11.4, 0.8 Hz, 1H), 7.34 (@= 15.4 Hz, 1H), 6.13 (ddl = 15.0, 8.0 Hz, 1H),
4.17-4.12 (m, 2H), 3.64 () = 7.9 Hz, 2H), 2.24 (p] = 7.9 Hz, 2H), 2.02.06 (m, 2H).13C-

NMR (176 MHz, Acetone)li 193.7, 172.5, 160.9, 160.9, 156.4, 135.0, 130.3, 127.6, 105.6,
95.9, 95.9, 50.4, 36.3, 20BRMS-ESI (m/z): [M +H]" calculated for @H1sNOs*, 276.0867;
found, 276.0874.

(%) 6b,9,10,10aetrahydro-7H-pyrano[3',4":4,5]furo[3,2-c]quinolin-6(5H)-one (10r)

0o o According to GP23a(75.9 mg, 0.26 mmol) was reacted w2in(31.4 mg,
HN | 0.20 mmol) at 100 °C for 1 hour. After filtration over celite the crude was
O purified by FC (cyclohexane/EtOAc 1:0 to 1:1) and the product was directly
suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was
hydrogenated at 20 °C for 48 heuwrsing a ktballoon. The catalyst was filtered off and the
solvent removed in vacuo. The crude was purified by MPLC (EtOAc/MeOH 1:0 to 95:5) to
afford the product (4.5 mg, 10%8H-NMR (500 MHz, CDCly): i111.30 (s, 1H), 7.72 (dd,=
8.3, 1.0 Hz, 1H), B3 (ddd,J = 8.3, 7.7, 1.4 Hz, 1H), 7.36 (d,= 8.3 Hz, 1H), 7.22 (dd] =
8.3, 7.7 Hz, 1H), 5.1:8.09 (m, 1H), 4.14 (dd] = 11.7, 5.9 Hz, 1H), 3.88.80 (m, 1H), 3.69
(ddd,J = 11.7, 10.1, 4.5 Hz, 1H), 3.64 (dti= 11.7, 7.7 Hz, 1H), 3.55 (dd,= 13.6 7.7 Hz,
1H), 2.282.15 (m, 2H).13C-NMR (126 MHz, CDCl): U 165.8, 163.1, 140.0, 131.4, 122.7,
122.4,116.3,112.3, 111.4, 82.9, 67.3, 63.2, 38.8, BIRMS-ESI (m/z): [M + HJ calculated
for C14H14NO3", 244.0968; found, 244.0970.

(x) 5-methyl-6b,9,10,10atetrahydro-7H-pyrano[3',4":4,5]furo[3,2-c]quinolin-6(5H)-one
(10s)

According to GP23a(75.9 mg, 0.26 mmol) was reacted wailv (34.2 mg,
0.20 mmol) at 100 °C for 1 hour. After filtration over celite the crude was
purified by FC (cytohexane/EtOAc 1:0 to 1:1) and the product was directly

suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was
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hydrogenated at 20 °C for 6 hours using bHlloon. The catalyst was filtered off and the
solvent removed in vacuo. The crude was putifig MPLC (cyclohexane/EtOAc 1:0 to 0:1)
to afford the product (26.1 mg, 52%H-NMR (500 MHz, CDC#): i 7.78 (ddJ= 7.5, 1.4 Hz,
1H), 7.60 (ddd,) = 8.7, 7.3, 1.4 Hz, 1H), 7.38 (4= 8.7 Hz, 1H), 7.25 (dd] = 7.5, 7.3 Hz,
2H), 5.0#5.03 (m, 1H), 4.8-4.17 (m, 1H), 3.88 (dt] = 11.4, 4.5 Hz, 1H), 3.73.66 (m, 4H),
3.60-3.53 (m, 2H), 2.22.20 (m, 2H).13C-NMR (126 MHz, CDC}): Ui 163.6, 161.3, 140.9,
131.4, 123.3,121.8, 114.7, 112.9, 111.3, 82.2, 67.5, 63.0, 39.0, 29.HRKIS-ESI (m/z):
[M + H]* calculated for @H1eNOs", 258.1125; found, 258.1125.

(%) 1,3,4,5,6b,9,10,10&ctahydro-7H-pyrano[3',4":4,5]furo[3,2-c]quinolin-6(2H)-one
(10t); () 4-hydroxy-3-(tetrahydro-2H-pyran-3-yl)-5,6,7,8tetrahydroquinolin -2(1H)-one
(11c)

0 o According to GP2,3a (73.3 mg, 0.25 mmol) was
HN | reacted witt2v (35.0 mg, 0.21 mmol) at 110 °C for 1
N\ TOH hour. After filtration over celite the crude was purified
11c by MPLC (cycloh@ane/EtOAc 1:0 to 0:1) and the

product was directly suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was
hydrogenated at 20 °C for 12 hours using.ebBlloon. The catalyst was filtered off and the
solvent removed in vacuo. The crude was purifigd/i?LC (EtOAc/MeOH 1:0to 9:1 + 0.1%
DIPEA) to afford a mixture of products a and b. The product mixture was subjected for
separation by prep. HPLC to afford pure prodi@t(2.3 mg, 4%) and1c(1.1 mg, 2%)1H-

NMR productl0t (700 MHz, CDCl,): G 14.5 ps, 1H), 5.07 (dtJ=7.7, 4.3 Hz, 1H), 4.02 (dd,
J=11.3, 5.1 Hz, 1H), 3.79 (ddd= 11.5, 5.7, 3.8 Hz, 1H), 3.65 (ddili= 11.5, 10.3, 4.0 Hz,

1H), 3.563.49 (m, 2H), 2.75 (t) = 6.3 Hz, 2H), 2.51 (t) = 6.4 Hz, 2H), 2.22.17 (m, 1H),
2.132.09 (m, 1H), 1.871.83 (m, 2H), 1.841.77 (m, 2H).*3C-NMR product10t (176 MHz,
CD.Cl»): 0172.8, 164.9, 158.8, 148.0, 108.7, 83.8, 66.0, 62.5, 37.2, 26.6, 26.6, 21.2, 21.2, 20.7.
HRMS-ESI (m/z) productlOt [M + H]* calculated for @H1sNOs", 248.1281; found,
248.1282H-NMR product11c(700 MHz, CRCly): 1 14.5 (bs, 1H), 12.2 (s, 1H), 4.21 (dd,

= 11.6, 4.5 Hz, 1H), 4.14 (d,= 12.8 Hz, 1H), 3.96 (ddl = 12.8, 3.4 Hz, 1H), 3.70 (ddd=

12.6, 11.6, 2.5 Hz, 1{3.433.40 (m, 1H), 2.73 () = 6.2 Hz, 2H), 2.54 (t) = 6.4 Hz, 1H),
2.001.90 (m, 2H), 1.84..77 (m, 4H), 1.71.57 (m, 2H)UPHLC-MS-ESI (m/z) producilc

250.0 [M + HT.
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() (5aR,9S,9aSB,9-dimethyl-5a,9adihydro-1H,9H-furo[3,2-c:4,5-c']dipyran -1-one
(12a)

o ~_o Arteactionvesselwas charged withigdroxy-6-methyt2-pyron (1) (27.1
o / mg, 0.21 mmol, 1.0 eq), evacuated and Haldd with argon. Toluene (1.5
A | 0 mL) and Triethylamine30.0 L, 0.21 mmol, 1.0 equiv) were added to the

reaction vessel. A separate reaction vessel was charged with Bd(BRhol%), evacuated
and baclfilled with argon, then charged with toluene (0.5 mL) followe®bytrans(65.0 mg,
0.17 mmol, 1.0 equiv)he contents of this flask were stirred for approximately 20 min. before
being added via syringe to the dniscleophile solution. The reaction was stirred for one day at
room temperature before being concentrated in vacuo and purified by flash column
chromatography (Heptane/EtOAc 9:1 to 4:1 to 7:3 + 1% J\NEi afford the product (69%
yield). 'H-NMR (500 MHz, DMSQd): 116.88 (d,J = 6.2 Hz, 1H), 6.31 (s, 1H), 5.29 (dbs
6.2 Hz, 4.7 Hz, 1H), 5.11 (ddd= 7.2 Hz, 4.7 Hz, 1.0 Hz, 1H), 3.39 (dbs 10.8 Hz, 6.2 Hz,
1H), 2.92 (dd) = 10.8 Hz, 7.2 Hz, 1H), 2.22 (s, 3H), 1.35J&; 6.2 Hz, 3H)3C-NMR (126
MHz, DMSO-dg): 0172.2, 166.5, 161.2, 149.8, 99.7, 97.9, 95.8, 79.5, 72.5, 41.7, 20.0, 19.1.
HRMS-ESI (m/z): [M + HJ' calculated for &H1304", 221.0808; found, 221.0807.

() 3,9dimethyl-5a,6,9,9atetrahydro-1H,7H-furo[3,2-c:4,5-c']dipyran -1-one (13a);(%)
4-hydroxy-6-methyl-3-(2-methyltetrahydro -2H-pyran-3-yl)-2H-pyran-2-one (14a)

A suspension ol2a (16.3 mg, 0.07 mmol) and Pd/C

O o)
o (1.6 mg, 10 wt%) in toluene (0.7 mL) was hydrogenated
S | 5 at 20 °C for 20 hours using a4alloon. The catalyst
13a was filtered off and the solvent removed in vacuo. The

crude was purified by prep. HPLC to afford prodi8a (3.7 mg, 22%) and4a(5.4 mg, 33%)
in separated fraction¥1-NMR product13a(500 MHz, CDC4): 15.97 (s, 1H), 4.88.81(m,
1H), 3.973.92 (m, 1H), 3.58 (td] = 11.6, 4.0 Hz, 1H), 3.17 (dd= 9.9, 6.1 Hz, 1H), 2.83 (dd,
J=9.8, 6.5 Hz, 1H), 2.27 (s, 3H), 22207 (m, 2H), 1.41 (dJ = 6.2 Hz, 3H).13C-NMR
productl3a(126 MHz, CDC}): 1166.4, 162.3, 147.0, 103.6, 9682.8, 63.1, 43.1, 23.8, 21.4,
20.7.HRMS-ESI (m/z) productl3a [M + H]* calculated for @&H1s04", 223.0965; found,
223.0964H-NMR product14b (500 MHz, CDC}): 11 11.86 (s, 1H), 5.86 (s, 1H), 4.3726
(m, 1H), 3.93 (tdJ = 11.3, 10.8, 3.1 Hz, 1H), 3.8876 (m, 1H), 2.19 (s, 3H), 2.42200 (m,
1H), 1.781.61 (m, 2H), 1.57..43 (m, 2H)HRMS-ESI (m/z) product4b: [M + H]* calculated
for C12H1704%, 225.1121; found, 225.1120.
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() 5,7-dimethyl-6b,9,10,10atetrahydro -7H-pyrano[3',4":4,5]furo[3,2-c]quinolin-6(5H)-
one(13b); () 4-hydroxy-1-methyl-3-(2-methyltetrahydro -2H-pyran-3-yl)quinolin -
2(1H)-one(14b)

According to GP33b-trans (66.5 mg, 0.22 mmol) was
reacted with 2w (35.0 mg, 0.20 mmol). After
purification by MPLC(cyclohexane/EtOAc 1:0 to 0:1),
the product was directly suspended with Pd/C (5 mg, 10

wt%) in toluene (2 mL) and was hydrogenated at 20 °C
for 48 hours using azballoon. The catalyst was filtered off and the solvent removed in vacuo.
The crude was puréd by prep. HPLC to afford produt8b (3.6 mg, 7%) and4b (3.6 mg,
7%) in separated fractiondd-NMR product13b (500 MHz, CDCIly): t17.80 (ddJ = 8.0, 1.6
Hz, 1H), 7.63 (dddJ = 8.7, 7.6, 1.6 Hz, 1H), 7.43 (d= 8.7 Hz, 1H), 7.27 (ddJ = 8.0, 76
Hz, 1H), 4.93 (m, 1H), 3.94 (ddi= 12.0, 5.9, 1.3 Hz, 1H), 3.69 (s, 3H), 3.64 (t¢,12.0, 2.7
Hz, 1H), 3.21 (dgJ = 9.9, 6.1 Hz, 1H), 3.00 (dd,= 9.9, 6.4 Hz, 1H), 2.27 (dd,= 15.4, 2.2
Hz, 1H), 2.16 (dddd) = 15.4, 12.8, 5.9, 4.3 Hz, 1H),3B (d,J = 6.1 Hz, 3H).13C-NMR
product13b (126 MHz, CDRCly): U 164.6, 161.5, 141.0, 131.8, 123.4, 122.1, 115.1, 113.1,
112.6, 84.7, 77.3, 63.3, 45.3, 29.6, 27.4, 2HBRMS-ESI (m/z) productl3b: [M + H]*
calculated for @H1gNOs*, 272.1261; found, 272.12784-NMR product 14b (500 MHz,
MeOH-d1): Ui 8.07-7.06 (m, 1H),7.657.58 (m, 1H), 7.577.48 (m, 1H), 7.34.26 (m, 1H),
4.544.38 (m, 1H), 4.08.95 (m, 1H), 3.7:8.62 (m, 4H), 3.02.93 (m 1H), 2.52.39 (m, 1H),
1.86:1.58 (m, 3H), 1.01 (bs, 3HBC-NMR productl4b (126 MHz, MeOHdW: 1i159.5, 159.4,
140.0, 131.9, 124.7,123.1, 118.0, 115.4, 113.5, 76.4, 69.4, 43.1, 29.7, 27.8, 27THRRAB2.
ESI (m/z) producL4b: [M + H]" calculated for @H20NOs", 274.1438; found, 274.1445.

(*) 1-methyl-4,4a,6,7,8,9khexahydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(3H)-one
(139

o o According to GP33b-trans(66.5 mg, 0.22 mmol) was reacted wai(22.6
HN mg, 0.20 mmol). After purification by MPLC (cyclohexane/EtOAc 1:0 to

| o 0:1), the product was directly suspended with Pd/C (5 mg, 10 wt%) in
toluene (2 mL) and was hydrogenated at 20 °C for 48 hours usiaghallblon. The catalyst
was filtered off andhe solvent removed in vacuo. The crude was purified by prep. HPLC to
afford the product (8.8 mg, 21%H-NMR (600 MHz, CDCIly): i5.72 (s, 1H), 4.74.71 (m,
1H), 3.903.85 (m, 1H), 3.55 (td] = 11.5, 4.2 Hz, 1H), 3.53.42 (m, 2H), 3.13 (dt] = 12.3,

6.1 Hz, 1H), 2.62.59 (m, 1H), 2.5@.54 (m, 1H), 2.49 (dt] = 17.3, 6.4 Hz, 1H), 2.08.03
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(m, 1H), 1.28 (dJ = 6.1 Hz, 3H)13C-NMR (151 MHz, CRCl): i1171.9, 168.3, 110.0, 84.7,
78.0, 63.2, 43.9, 39.7, 27.4, 23.8, 2HRMS-ESI (m/z): [M + HJ cakulated for GiH1eNOs",
210.1125; found, 210.1122.

() 1,7,8trimethyl -8,9b-dihydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(4aH)one
(12d)

o ™~ o According to GP33b-trans (100.0 mg, 0.33 mmol) was reacted wih

N // (46.0 mg, 0.33 mmol). Purification by FC (Hep/EtOAc 7:3 to 1:1 + 1%
X0 NEts) afforded the product (37 mg, 48%H-NMR (700 MHz DMSQds):

16.82 (d,J=6.1 Hz, 1H) 6.01 (s, 1H), 5.24 (dtlz 6.1 Hz, 5.0 Hz, 1H), 4.92 (dd= 6.7 Hz,

5.0 Hz, 1H), 3.37 (s3H), 3.34 (dd,J = 10.7 Hz, 6.2 Hz, 1H), 2.88 (dd,= 10.7 Hz, 6.7 Hz,

1H), 2.32 (s, 3H), 1.37 (d,= 6.2 Hz, 3H)13C-NMR (176 MHz, DMSQde): Ui 167.3, 161.3,

150.7, 149.5, 106.3, 99.0, 94.7, 78.2, 73.4, 43.5, 30.6, 21.5HRNS-ESI (m/z): [M + HT

calculated for @H1603N*, 234.1125; found, 234.1124.

(x) 1,7,8trimethyl -4,4a,8,9btetrahydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(3H)-
one (@3d); () 4-hydroxy-1,6-dimethyl-3-(2-methyltetrahydro -2H-pyran-3-yl)pyridin -
2(1H)-one (L4d)

According to GP33b-trans (69.6 mg, 0.23 mmol)

(@) //". e} (@) //". o)

>N >N was reacted witt2b (27.8 mg, 0.20 mmol). After
):jf@ )&9 purification by MPLC (cyclohexane/EtOAc 1:0 to

13d 14d 0:1), the product was directly suspended with Pd/C (5
mg, 10 wt%) in toluene (2 mL) and was hydrogenated at 20 °C for 48 hangsaus-balloon.
The catalyst was filtered off and the solvent removed in vacuo. The crude was purified by prep.
HPLC to afford product3d (3.8 mg, 8%) and4d (16.0 mg, 34%) in separated fractioHs-
NMR product13d (500 MHz, CDC}¥): 6.01 (s, 1H), 4.75 (df = 6.2, 3.3 Hz, 1H), 3.98.91
(m, 1H), 3.61 (td,) = 11.2, 4.9 Hz, 1H), 3.54 (s, 3H), 3.15 (dg; 9.9, 6.2 Hz, 1H), 2.95 (dd,
J=19.9, 6.2 Hz, 1H), 2.38 (s, 3H), 2.12 (ddds 11.2, 5.4, 3.3 Hz, 2H), 1.41 (d~= 6.2 Hz,
3H). 13C-NMR product13d (126 MHz, CDC}): 1168.8, 162.1, 149.0, 110.9, 97.2, 83.9, 77.0,
63.1, 44.1, 31.6, 27.0, 22.0, 21BRMS-ESI (m/z) productl3d: [M + H]* calculated for
Ci13H18NOs*, 236.1281; found, 236.12864-NMR productl4d (500 MHz, CDRCl): 15.90 (s,
1H), 4.344.21 (m, 1H), 3.98.89 (m, 1H), 3.78.68 (m, 1H), 3.18.11 (m, 1H), 2.32 (s, 3H),
1.97-1.88 (m, 1H), 1.88..76 (m, 1H), 1.671.57 (m, 2H), 1.33..29 (bs, 3H):*C-NMR product
14d (126 MHz, CDBCIly): 1 165.4, 164.2, 144.9, 111.0, 103.6, 73.3, 63.8, 38.5, 32.2, 24.6, 24.4,
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20.9, 18.0HRMS-ESI (m/z) productl4d: [M + H]" calculated for @H20NOs*, 238.1438;
found, 238.1443.

() 8-benzyt1,7-dimethyl-8,9b-dihydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(4aH)-
one (L2¢

o According to GP33b-trans (100.0 mg, 0.33 mmol) was reacted

o)
©ﬂN | / with 2g(71.2 mg, 0.33 mmol). Purification by FC (Hep/EtOAc 7:3
X0 to 1:1 + 1% NEJ) afforded the product (36 mg, 35%MH-NMR

(700 MHz DMSQds): 11 7.33 (dd,J = 7.5 Hz, 7.4 Hz, 2H), 7.25 (dd,= 7.4 Hz, 7.4 Hz, 1H),

7.10 (d,J = 7.5 Hz, 2H), 6.85 (d] = 6.2 Hz, 1H) 6.07 (s, 1H), 5.37 (@z= 15.2 Hz, 1H), 5.27

(dd,J = 6.2 Hz, 4.8 Hz, 1H), 5.16 (d,= 15.2 Hz, 1H), 5.00 (m, 1H), 3.8139 (m, 1H), 2.94

(dd, J = 10.7 Hz, 7.0 Hz, 1H), 2.23 (s, 3H), 1.39 {ds 6.3 Hz, 3H).3C-NMR (176 MHz,
DMSO-de): Ui 167.7, 161.5, 150.5, 149.7, 137.9, 129.1, 127.5, 126.6, 106.8, 99.0, 95.6, 78.5,
73.5, 46.2, 43.4, 21.0, 1919CMS-ESI (m/z): 310.28 [M + H]

(%) 8-benzyt1,7-dimethyl-4,4a,8,9btetrahydro -1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -
9(3H)-one (38; () 1-benzyt4-hydroxy-6-methyl-3-(2-methyltetrahydro -2H-pyran-3-
yl)pyridin -2(1H)-one (L4f)

A suspension af2e(13.9 mg, 0.04 mmol)
and Pd/C (1.4 mg, 10 wt%) in toluene (0.5
mL) was hydrogenated at 20 °C for 24

13e hours using a Hballoon. The catalyst

was filtered off and the solvent removed in vacuo. The crude was purified by prep. HPLC to
afford productl3e(5.0 ng, 36%) and 4f (5 mg, 36%) in separated fraction$d-NMR product
13e(600 MHz, CDC4): i 7.347.21 (m, 3H), 7.13 (d] = 7.0 Hz, 2H), 5.92 (s, 1H), 5.46 (@,

= 16.0 Hz, 1H), 5.19 (d] = 16.0 Hz, 1H), 4.8@.76 (m, 1H), 3.98.92 (m, 1H), 3.63 (td] =

11.2, 4.9 Hz, 1H), 3.28.19 (m, 1H), 2.97 (ddl= 9.8, 6.3 Hz, 1H), 2.28 (s, 3H), 2-2609 (m,

2H), 1.46 (d,J = 6.2 Hz, 3H).HRMS-ESI (m/z) productl3e [M + H]" calculated for
CioH22NOs", 312.1594; found, 312.159%H-NMR product14f (600 MHz, CDC#): 111.03 (s,

1H), 7.29 (tJ = 7.5 Hz, 2H), 7.23 (t) = 7.5 Hz, 1H), 7.11 (d) = 7.5 Hz, 2H), 5.86 (s, 1H),

5.38 (d,J = 16.1 Hz, 1H), 5.21 (d] = 16.1 Hz, 1H), 4.42.34 (m, 1H), 3.93t, J = 11.7 Hz,

1H), 3.863.80 (m, 1H), 3.36.30 (m, 1H), 2.22 (s, 3H), 2.4806 (m, 1H), 1.74.67 (m, 2H),
1.581.50 (m, 1H), 1.47 (dl= 6.5 Hz, 3H)23C-NMR productl4f (151 MHz, CDC}): 1i165.2,

163.4, 144.0, 137.2, 129.9, 127.3, 126.4, 110.8, 103.4, 72.4, 61.9, 47.7, 36.9, 23.5, 23.2, 20.4,
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17.2.HRMS-ESI (m/z) producti4f: [M + H]* calculated for @H2sNOs*, 314.1751; found,
314.1751.

() 8-(4-methoxybenzyl}1,7-dimethyl-8,9b-dihydro-1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(4aH)-one @ 2f); () 6-(4-methoxybenzyl}2,7-dimethyl-4a,9adihydro-2H-
pyrano[3',2":4,5]furo[3,2-c]pyridin -5(6H)-one (15f)

o “_q o) _ According to GP33b-trans
/@AW /@ﬁw (50.0 mg, 0.17 mmol) was
~o XN o ~o0 X 1) reacted with2k (35.0 mg,
12f 15f 0.15 mmol). Purification by
FC (Hep/EtOAc 7:3 to 1:1 + 1% Nftafforded the produdt2f (7.5 mg, 13%) and produttf
(8.1 mg, 14%) irseparated fraction¥1-NMR product12f (500 MHz, CBCl»): 1 7.08 (d,J =
8.6 Hz, 2H), 6.84 (dJ = 8.6 Hz, 2H), 6.78 (d] = 6.2 Hz, 1H), 5.84 (s, 1H), 5.28 (@= 15.7
Hz, 1H), 5.24 (ddJ = 6.2, 4.7 Hz, 1H), 5.13 (d,= 15.7 Hz, 1H), 4.95 (ddd,= 69, 4.7, 1.1
Hz, 1H), 3.76 (s, 3H), 3.51 (dd= 11.5, 6.3 Hz, 1H), 3.01 (dd= 11.5, 6.9 Hz, 1H), 2.25 (s,
3H), 1.48 (dJ) = 6.3 Hz, 3H)13C-NMR product12f (126 MHz, CDCly): 11168.1, 162.1, 159.2,
149.9, 149.7, 129.6, 128.1, 114.4, 107.6, 98.6, 994, 74.0, 55.6, 46.4, 44.0, 21.5, 19.8.
UHPCL-MS-ESI product12f (m/z): 340.0 [M + H]. TH-NMR product 15f (700 MHz,
CD:Cly): 11 7.07 (d,J = 8.7 Hz, 2H), 6.84 (d] = 8.7 Hz, 2H), 6.26 (ddd] = 10.3, 3.9, 2.0 Hz,
1H), 6.13 (dJ = 6.6 Hz, 1H), 5.92 (s, 1H), 5.88 (ddtk 10.3, 2.6, 1.9 Hz, 1H), 5.33 (m, 1H),
5.08 (d,J = 15.9 Hz, 1H), 4.36 (qd}= 6.9, 2.6 Hz, 1H), 3.73.75 (m, 4H), 2.27 (s, 3H), 1.28
(d, J = 6.9 Hz, 1H)3C-NMR product15f (176 MHz, CDCLy): Ui 165.5, 161.8, 159.3, 149.6,
130.5,129.3,128.1,122.1, 114.4, 109.0, 105.8, 96.4, 68.2, 55.6, 46.5, 38.4, 22HIRRISS5.
ESI(m/z) productl5f: [M + H]* calculated for @H2oNO4", 340.1543; found, 340.1545.

o - o A reaction vessel was evacuated and Haield with argon.
/@ﬁ,\, | /) Allyl-Pd-Cl dimer (1.37 mg, 2.5 mol%) and Xantphos (6.51
~o X0 mg, 7.5 mol%) was loaded into the vessel and dissolved in THF

(0.5 mL).After 5 min,3b-trans(50.0 mg, 0.17 mmol) dissolved in THF (0.65 mL) was added.

A mixture of2k (35.0 mg, 0.15 mmol, 1 equiv) and NE41 microL, 2 equiv) in DMF (0.35

mL) was added and the mixture was stirred at room temperature overnight. The mixture was
diluted with EtOAc and concentrated in vacuo. The crude was dissolved in DCM and
immobilized on isolute for purification by MPLC (ciphexane/EtOAc 1:0 to 3:7 + 0.1% Nt

to afford the product (30.9 mg, 61%).
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() 8-(4-methoxybenzyl}1,7-dimethyl-4,4a,8,9btetrahydro-1H-
pyrano[3',4':4,5]furo[3,2-c]pyridin -9(3H)-one 13f); () 4-hydroxy-1-(4-methoxybenzyl}
6-methyl-3-(2-methyltetrahydr o-2H-pyran-3-yl)pyridin -2(1H)-one (149

(0] //"» o)
o
- e
13f

hours using a Hballoon. Tte catalyst was filtered off and the solvent removed in vacuo. The
crude was purified by prep. HPLC to afford the prodigft(7.6 mg, 34%) and4g (9.0 mg,
40%) in separated fraction$d-NMR product13f (500 MHz, CDCl): i 7.07 (d,J = 8.5 Hz,

2H), 6.85 (dJ = 8.5 Hz, 2H), 6.02 (s, 1H), 5.34 (dJ = 15.6 Hz, 1H), 5.18 (d] = 15.6 Hz,

1H), 4.79 (dtJ=6.0, 2.9 Hz, 1H), 3.93.88 (m, 1H), 3.59 (tdl= 11.4, 4.4 Hz, 1H), 3.19.13

(m, 1H), 2.93 (ddJ = 9.8, 6.0 Hz, 1H), 2.31 (8H), 2.152.08 (m, 2H), 1.36 (d) = 6.2 Hz,

1H). 13C-NMR product13f (126 MHz, CDRCly): U 169.5, 162.3, 159.4, 150.0, 128.9, 128.1,
114.5,111.1,97.8,84.4,77.2,63.3,55.6,47.1, 44.5, 27.2, 21.6RMB-ESI (m/z) product

13f: [M + H]* calculated ér CyoH24NO4*, 342.1700; found, 342.16984-NMR productl4g

(400 MHz, MeOHdM): 11 7.01 (d,J = 8.6 Hz, 2H), 6.86 (d] = 8.6 Hz, 2H), 5.86 (s, 1H), 5.31
5.21 (m, 2H), 4.381.18 (m, 1H), 3.93 (ddl=11.3, 4.3 Hz, 1H), 3.76 (bs, 4H), 3.56])(t 11.3

Hz, 1H), 2.16 (s, 3H), 1.79.52 (m, 4H), 1.02 (d] = 6.2 Hz, 3H)13C-NMR product14g(126
MHz, MeOHdW: 1 164.8, 160.4160.3, 146.7, 130.3, 128.4, 115.2, 111.4, 101.0, 76.5 69.4,
55.7, 47.3, 40.1, 28.2, 28.1, 20MRMS-ESI (m/z) productl4dg [M + H]* calculated for
CooH26NO4", 344.1856; found, 344.1865.

12f (22.5 mg, 0.07 mmol) was
suspended with Pd/C (2.5 mg, 10
wt%) in toluene (1 mL) and

14g hydrogenated at 20 °C for 48

() 8-(4-fluorobenzyl)-1,7-dimethyl-4,4a,8,9btetrahydro -1H-pyrano[3',4".4,5]furo[3,2-
c]pyridin -9(3H)-one (L39); (+) 1-(4-fluorobenzyl)-4-hydroxy-6-methyl-3-(2-
methyltetrahydro-2H-pyran-3-yl)pyridin -2(1H)-one (14h); (x) 6-(4-fluorobenzyl)-2,7-
dimethyl-3,4,4a,%-tetrahydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridin -5(6H)-one (L69);

o 'e) @)
F o F F O
13g 169

According to GP33b-trans(69.6 mg, 0.23 mmol) was reacted wih (46.6 mg, 0.20 mmol).
After purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1), the product was directly

suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was hydrogenated at 20 °C for 48
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hours using a Hballoon. The catalyst was filtered off atiee solvent removed in vacuo. The
crude was purified by prep. HPLC to afford prodii8g (4.5 mg, 7%,)14h (4.9 mg, 7%) and
16g(3.0 mg, 5%)n separated fraction¥1-NMR product13g(500 MHz, CDCly): 1i7.13 (dd,
J=8.6,5.4 Hz, 2H), 7.01 (§,= 8.6 Hz, 2H), 5.91 (s, 1H), 5.36 (d,= 14.4 Hz, 1H) 5.15 (d]

= 14.4 Hz, 1H), 4.76 (dtj = 6.3, 3.0 Hz, 1H), 3.98.87 (m, 1H), 3.58 (td] = 11.4, 4.2 Hz,

1H), 3.16 (dgJ = 9.8, 6.2 Hz, 1H), 2.87 (dd,= 9.8, 6.3 Hz, 1H), 2.25 (s, 1H), 2:2207 (m,

2H), 1.37 (dJ = 6.2 Hz, 3H)13C-NMR productl13g(126 MHz, CRCl»): 1168.4, 162.9, 161.0,
161.6, 148.9, 133.1, 128.1, 115.5, 110.3, 96.3, 83.6, 77.0, 62.9, 46.1, 44.3, 27.0, 21.3, 21.2.
HRMS-ESI (m/z) prauct 13g [M + H]" calculated for @H21FNOs*, 330.1500; found,
330.1505H-NMR product14h (600 MHz, CDCly): 1 7.146.96 (m, 4H), 5.91 (s, 1H), 5.31

5.16 (m, 2H), 4.34.25 (m, 1H), 3.98.89 (m, 1H), 3.78.69 (m, 1H), 3.28.14 (m, 1H), 2.19

(s, 3H),2.041.94 (m, 1H), 1.84..52 (m, 3H), 1.37 (bs, 3HY*C-NMR productl4h (151 MHz,
CD.Cly): 1165.4,164.1, 163.2, 161.6, 144.5, 133.3,128.4,115.9, 111.1, 103.8, 73.1, 63.3, 47 .4,
38.1, 24.4, 24.1, 20.4, 17.8IRMS-ESI (m/z) productldh: [M + H]" calculated for
Ci1oH23FNQGs", 332.1657; found, 332.1668H-NMR product16g (500 MHz, CDClp): G 7.12
(dd,J=8.6, 5.5 Hz, 2H), 7.01 (§ = 8.6 Hz, 2H), 5.70 (s, 1H), 5.41 @@= 5.0 Hz, 1H), 5.27
(d,J=15.8 Hz, 1H), 5.18 (d] = 15.8 Hz, 1H), 4.46 (g] = 6.6 Hz, 1H), 3.28.19 (s, 1H),
2.221.92 (m, 7H), 1.35 (d) = 6.6 Hz, 3H).2*C-NMR product16g (126 MHz, CDCly): U

164.0, 163.4, 163.3, 144.9, 133.3, 128.4, 115.9, 114.3, 102.5, 98.1, 77.4, 47.1, 34.3, 28.2, 21.3,
20.6, 20.5HRMS-ESI (m/z) productlég [M + H]" calculated for @H21FNQOs*", 330.1500;

found, 330.1506.

() 4-hydroxy-3-(2-methyltetrahydro -2H-pyran-3-yl)-5,6,7,8tetrahydroquinolin -2(1H)-
one (149

According to GP33b-trans(66.5 mg, 0.22 mmol) was reacted w2i(33.0

mg, 0.20 mmol). After purification by MPLC (cyclohexane/EtOAc 1.0 to
0:1), the product was directly suspended with Pd/C (5 mg, 10 wt%) in toluene
(2 mL) and was hydrogenated at 20 °C for 48 hours usingmlbon. The

catalyst was filtered off anthe solvent removed in vacuo. The crude was purified by prep.
HPLC to afford the product (3.1 mg, 6%H-NMR (600 MHz, CDCl): 114.65 (s, 1H), 12.42

(s, 1H), 4.38 (qJ= 7.0 Hz, 1H), 3.97 (td]=12.2, 2.6 Hz, 1H), 3.89 (dd= 12.2, 4.5 Hz, 1H),
3.27-3.21 (m, 1H), 2.74 (t) = 6.1 Hz, 2H), 2.53 (t) = 5.9 Hz, 3H), 2.22.14 (m, 1H), 1.86
1.77 (m, 4H), 1.72 (bd = 14.3 Hz, 1H), 1.64.61 (m, 1H), 1.58..53 (m, 1H), 1.52 (d]= 7.0

Hz, 3H).2*C-NMR (151 MHz, CDCl,): 1 167.9, 159.9, 143.5, 116.0, 109.2, 71.4, 61.4, 35.1,
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26.3,23.1, 22.3, 21.6, 21.4, 21.2, 16IRMS-ESI (m/z): [M + HT calculated for @GH22NOs",
264.1594; found, 264.1597.

(¥) 1-cyclobutyl-4-hydroxy-6-methyl-3-(2-methyltetrahydro-2H-pyran-3-yl)pyridin -
2(1H)-one (14¢

o o According to GP33b-trans(66.5 mg, 0.22 mmol) was reacted wat
g\N (35.8 mg, 0.20 mmol). After purification by MPLC

A | OH (cyclohexane/EtOAc 1:0 to 0:1), the product was directly suspended
with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was hydrogenated at 20 °C for 48 hours using
a H-balloon. The catalyst was filtered off atite solvent removed in vacuo. The crude was
purified by prep. HPLC to afford the product (6.9 mg, 1Z24}NMR (500 MHz, MeOHdW:
5.68 (s, 1H), 4.81 (q] = 8.7 Hz, 1H), 4.381.14 (m, 1H), 3.98.90 (m, 1H), 3.68.48 (m,
1H), 3.183.08 (m, 2H), 2.32.22 (m, 6H) 1.93 (qt) = 10.4, 2.9 Hz, 1H), 1.82.74 (m, 1H),
1.721.59 (m, 2H), 0.98 (d] = 6.2 Hz, 3H).13C-NMR (126 MHz, MeOHd\: U HRMS-ESI
(m/z): [M + H]" calculated for @sH24aNO3*, 278.1751; found, 278.1755.

() 1,7-dimethyl-8-(4-morpholinophenyl)-8,9b-dihydro -1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(4aH)-one (12k)

o/\ According to GP2,3b-trans (66.5 mg, 0.22 mmol) was
K/N o - o reacted witt2r (57.3 mg, 0.20 mmol) at 110 °C for 2 hours.
\©\N / The catalyst was filtered off and the filtrate was diluted with

X0 DCM (10 mL) and washed with saturated NaHC®0lution
(15 mL). The aqueous phase was extracted with DCM (3 x 10 mL) and the combined organic
layerswere washed with brine (50 mL), dried over Mg&&hd concentrated in vacuo. The
crude was purified by MPLC (EtOAc/MeOH 1:0 to 9:1) to afford the product (3.3 mg, 4%).
IH-NMR (600 MHz, CDCl,): 117.066.97 (m 4H), 6.78 (d] = 6.1 Hz, 1H), 5.92 (s, 1H), %
(dd,J=6.1, 4.9 Hz, 1H), 4.96 (dd,= 6.7, 4.9 Hz, 1H), 3.88.83 (m, 5H), 3.58.50 (m, 1H),
3.21:3.19 (m, 4H), 2.99 (ddl = 10.7, 6.7 Hz, 1H), 1.95 (s, 3H), 1.44 {d; 6.2 Hz, 3H)C-
NMR (151 MHz, CBCl,): U 168.6, 162.6, 151.6, 150.2, 1491%81.0, 129.3, 129.3, 116.1,
116.1, 107.6, 98.6, 95.3, 79.2, 74.0, 67.2, 54.2, 54.0, 53.8, 53.7, 53.5, 49.3, 44.0, 22.5, 19.8.
HRMS-ESI (m/z): [M + HJ calculated for @&H2sN204", 381.1809; found, 381.1810.

-120-



5. Experimental

(¥) 1,7-dimethyl-8-(tetrahydro-2H-pyran-4-yl)-8,9b-dihydro-1H-
pyrano[3',4':4,5]furo[3,2-c]pyridin -9(4aH)-one (12I)

@\ o =~ o According to GP23b-trans (39.7 mg, 0.13 mmol) was reacted with
N / 2f(25.0 mg, 0.12 mmol) at 110 °C for 1 hour. The catalyst was filtered
X0 off and the filtrate was diluted with DCM (10 mL) and washed with

saturated NaHCgsolution(15 mL). The aqueous phase was extracted with DCM1(@ mL)

and the combined organic layers were washed with brine (50 mL), dried over\g@O
concentrated in vacuo. The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 1:1) to
afford the product (9.6 mg, 27%H-NMR (600 MHz, CDBCl,): 11 6.76 (d,J = 6.2 Hz, 1H),

5.80 (s, 1H), 5.21 (dd,= 6.2, 4.7 Hz, 1H), 4.89 (ddd= 6.9, 4.7, 1.1 Hz, 1H), 4.20.09 (bm,

1H), 4.04 (dddJ = 11.7, 5.1, 1.5 Hz, 2H), 3.45 (d= 10.7, 6.3 Hz, 1H), 3.43.36 (bm, 2H),
3.243.08 (bm, 2H), 2.94 (dd, = 10.7, 6.9 Hz1H), 2.36 (s, 3H), 1.5%.48 (bm, 2H), 1.45 (d,
J=6.3 Hz, 3H)13C-NMR (151 MHz, CDCl,): i167.5, 162.7, 149.9, 148.8, 109.4, 98.6, 96.5,
79.2, 74.0, 68.3, 57.6, 44.0, 28.9, 22.7. 1HBRMS-ESI (m/z): [M + HJ calculated for
C17H22NO4", 304.1543; found, 304.1544.

() 1,7-dimethyl-8-(pyridin -4-ylmethyl)-8,9b-dihydro -1H-pyrano[3',4":4,5]furo[3,2-
C]pyridin -9(4aH)-one (12m)

o ™~ o According to GP23b-trans(66.5 mg, 0.22 mmol) was reacted with

| A W 2n (43.3 mg, 0.20 mmol) at 110 °C for 2 hours. The catalyst was
N A X0 filtered off and the filtrate was diluted with DCM (10 mL) and
washed with saturated NaHE®&polution(15 mL). The aqueous phase was extracted with DCM
(3 x 10 mL) and the combined organic layersre washed with brine (50 mL), dried over
MgSOC1and concentrated in vacuo. The crude was purified by MPLC (EtOAc/MeOH 1:0 to
9:1) to afford the product (2.9 mg, 5%H-NMR (600 MHz, CDCl): 18.75 (d,J = 6.5 Hz,
2H), 7.53 (dJ = 6.5 Hz, 2H), 6.80 (d] = 6.1 Hz, 1H), 6.01 (s, 1H), 5.55 (@z= 17.2 Hz, 1H),
5.34 (d,J = 17.2 Hz, 1H), 5.26 (ddl = 6.1, 5.0 Hz, 1H), 5.02 (dd,= 6.7, 5.0 Hz, 1H), 3.55
3.50 (m, 1H), 3.03 (ddl = 10.7, 6.7 Hz, 1H), 2.25 (s, 3H), 1.43 J&; 6.3 Hz, 2H)13C-NMR
(151 MHz, CD:Clp): 4 169.1, 161.7, 156.0, 150.2, 148.7, 143.6, 124.2, 108.0, 98.3, 97.5, 79.8,

73.7,46.8,43.9, 21.6, 19HRMS-ESI (m/z): [M + HJ calculated for @H19N>O3*, 311.1317;
found, 311.1390.
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(x) 6-bromo-3-methyl-5a,9adihydro-1H,9H-furo[3,2-c:4,5-c'ldipyran -1-one (17a)

0 o) To a stirred solution 08a (70 mg, 0.34 mmol) in dry acetonitrile (3 mL)

o /  was added NBS (66.5 mg, 0.37 mmol, 1.1 equiv) and AgNO3 (115.3 mg,
N0 Br 0.68 mmol, 2 equiv) successively. The reaction tube was sealed and the
mixture was stirred for 2 h at 80 °C. The reaction mixture was filtaretithe filtrate was
evaporated to afford a crude product which was purified by silica gel column chromatography
(Pet. Ether/EtOAc 4:1). The product was obtained as awltife powder (56.5 mg, 58%)-

NMR (700 MHz, CDC4): G17.01 (s, 1H), 6.01 (s, 1H%,15 (d,J= 7.4 Hz, 1H), 4.424.37 (m,

1H), 3.653.56 (m, 2H), 2.28 (s, 3H}*C-NMR (176 MHz, CDC#$): Ui 171.8, 166.7, 161.6,
149.8, 99.7, 96.2, 96.1, 82.3, 65.0, 38.6, 26IRMS-ESI (m/z): [M + HJ calculated for
C11H1004°Br*, 284.9757; found, 284.906 calculated for GH1002Br*, 286.9737; found,

286.9734
(x) 3-methyl-6-phenyl-5a,9adihydro-1H,9H-furo[3,2-c:4,5c’]dipyran -1-one (1I7b)

A microwave vial was flushed with Argon and loaded wili#a (24.5

mg, 0.09 mmol), phenylboronic acid (21.0 mg, 0.17 mmol, 2 equiv),
NaCdBu (16.5 mg, 0.17 mmol, 2 equiv), Pd(OA€).0 mg, 5 mol%),
Xphos (4.1 mg, 10 01%) and toluene (0.04 M). The mixture was

irradiated at 100 °C for 5 minutes. After cooling back to room temperature the mixture was

directly loaded on a silica column and eluted with Pet. Ether/EtOAc (9:1 to 7:3) to give the
product (9.1 mg, 92%fH-NMR (700 MHz, CDC#): Ui 7.41 (d,J = 7.6 Hz, 2H), 7.37 (&) =

7.6 Hz, 2H), 7.28 (t) = 7.6 Hz, 1H), 7.17 (s, 1H), 5.94 (s, 1H), 5.61Jd, 7.6 Hz, 1H), 4.46
(dd,J=10.7, 4.9 Hz, 1H), 3.63.55 (m, 1H), 3.51 (] = 10.7 Hz, 1H), 2.26 (s, 3H1C-NMR

(176 MHz, CDC#¥): 4 172.1, 166.2, 161.8, 147.7, 136.0, 128.9, 127.1, 125.1, 112.1, 99.8, 96.0,
79.9, 65.0, 36.8, 20.6IHPLC-MS-ESI (m/z): 283.2 [M + H].

() 6-(4-methoxyphenyl)3-methyl-5a,9adihydro-1H,9H-furo[3,2-c:4,5-c']dipyran -1-one
(170

A microwave vial was flushed with Argon and loaded wita (10.0

mg, 0.04 mmol), (4nethoxyphenyl)boran acid (10.7 mg, 0.07
mmol, 2 equiv), Na@Bu (6.7 mg, 0.07 mmol, 2 equiv), Pd(OAc)
(0.4 mg, 5 mol%), Xphos (1.7 mg, 10 mol%) and toluene (0.04 M).
The mixture was irradiated at 100 °C for 10 minutes. After cooling

back to room temperature the mixture wigrectly loaded on a silica column and eluted with
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Pet. Ether/EtOAc (9:1 to 7:3) to give the product (3.9 mg, 36%). The product decomposed
quickly in acetonitrile/HO or DMSO/HO mixtures UHPLC-MS-ESI (m/z): 313.3 [M + H].

(x) 3-methyl-6-(4-(trifluoromethyl)phenyl) -5a,9adihydro-1H,9H-furo[3,2-c:4,5
c']dipyran -1-one (17d)

A microwave vial was flushed with Argon and loaded wiffa

(10.0 mg, 0.04 mmol), rifluoromethyl)phenyl)boronic acid
(13.3 mg, 0.07 mmol, 2 equiv), N&W (6.7 mg, 0.07 mmol, 2
equiv), Pd(OAc) (0.4 mg, 5 mol%), Xphos (1.7 mg, 10 mol%) and
toluene (0.04 M). The mixture was irradiated at 130 °C for 40
minutes. After cooling back to room temperature the mixture was directly loaded on a silica
column and eluted with Pet. Ether/EtOAc (9:1 to 7:3) eepurified by prep. HPLC to afford

the product (6.1 mg, 50%)-NMR (700 MHz DMSQds): i 7.737.70 (m, 4H), 7.63 (s, 1H),

6.33 (s, 1H), 5.93 (d] = 7.5 Hz, 1H), 4.31 (dd] = 10.2 Hz, 4.3 Hz, 1H), 3.62.58 (m, 1H),

3.56 (dd,J = 10.4 Hz, 10.2 Hz, 1HR.23 (s, 3H)13C-NMR (176 MHz, DMSQds): Ui 172.1,

167.0, 161.1, 150.2, 140.9, 127.4, 125.9, 125.6, 124.1, 111.4,99.4, 96.1, 79.0, 64.8, 36.4, 20.4.
UHPLC-MS-ESI (m/z): 351.0 [M + H].

() Tert-butyl (E)-3-(7-methyl-9-oxo-4a,9b-dihydro-1H,9H-furo[3,2-c:4,5-c']dipyran -4-
yl)acrylate (17¢)

To a solution o®a (100 mg, 0.48 mmol) palladium diacetate
(20.9 mg, 0.05 mmol) and copper trifluoromethanesulfonate
o (175.4 mg, 0.48 mmol) in dimethylacetamide (1 mL) and
>T acetic acid (1 mL) underair bubbling at 70, %ethyl acrylate
(0.124 ml, 0.97 mmol) was added dropwise. The mixture was allowed to stir at 70 °C for 3 hours.

Then the mixture was diluted with ethyl acetate (20 mL), filtered, washed with water (20 mL)
and brine (20 mL). The organic layer was driedraigSC+ evaporated and the residue was
purified by flash column chromatographiyet. EthelEtOAc = 7/3) to afford the product as
colorless oil 83.6mg, 21%). 'H-NMR (700 MHz DMSQde): Ui 7.53 (s, 1H), 7.23 (d, 15.7 Hz,

1H) 6.39 (s, 1H), 5.84 (d, 15.7 HkH), 5.53 (d, 7.9 Hz, 1H), 4.25 (dd, 10.7 Hz, 4.7 Hz, 1H),
3.68 (dd, 10.7 Hz, 10.3 Hz, 1H), 3:83/52 (m, 1H), 2.23 (s, 3H), 1.44 (s, 9FC-NMR (176

MHz, DMSO-de): U 172.2, 167.0, 161.1, 166.1, 157.1, 141.4, 116.1, 111.5, 99.1, 96.1, 79.9,
77.5, 65.0, 35.8, 28.4, 20.1.
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() 7,8dimethyl-3-phenyl-4,8-dihydro -1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -9(3H)-one
(18a)

According to GP49c (40.0 mg, 0.18 mmol) was reacted with
phenylboronic acid (44.5 mg, 0.36 mmol, 2 equiv) and Pd(®Ac)

(20.5 mg, 0.09 mmol, 0.5 equiv) at room temperature for 18 hours.
The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1) to afford the product (35.0
mg, 64%)H-NMR (700 MHz DMSQde): 1i7.47 (d,J= 7.4 Hz, 2H), 7.39 (] = 7.4 Hz, 2H),

7.32 (t,J=7.4 Hz, 1H), 6.63 (d] = 0.6 Hz, 1H), 4.96 (ddl = 14.7, 1.8 Hz, 1H), 4.89 (di,=

14.7, 2.8 Hz, 1H), 4.79 (dd,= 10.3, 3.5 Hz, 1H), 3.47 (s, 3H), 3:3M5 (m, 1H), 2.88 (dd{
=15.8,10.3, 2.6 Hz, 1H), 2.43 (s, 3HC-NMR (176 MHz, DMSQd): 1i1158.9, 158.1, 148.2,
143.6, 141.3, 128.3, 127.7, 126.0, 113.6, 110.4, 94.9, 75.3, 63.0, 31.2, 30.HRAAS-ESI

(m/z): [M + HJ" calculated for @H1sNOs*, 296.1281; found, 296.1291.

9¢(30.0 mg, 0.14 mmol), phenylboronic acid (33.4 mg, 0.27 mmo{lRd). (10 mol%), and
Cu(OAc) (49.7 mg, 0.27 mmol) were dissolved in DMF (3 mL) and stirred under O
atmosphere for 20 hours at room temperature. The reaction was quenched by addi®@n of H
(20 mL) and extracted with a 1:1 mixture of metteit-butyl ether and EtOAc (5 x 20 mL).

The combined organic phases were washed with brine (100 mL), dried overi\dg8O
concentrated in vacuo. The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1) to
afford the product (17.3 mg, 43%).

() 3-(4-methoxyphenyl)-7,8-dimethyl-4,8-dihydro-1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(3H)-one (18b)

o According to GP49c (40.0 mg, 0.18 mmol) was reacted with

N | A\ N (4-methoxyphenyl)boronic acid (55.5 mg, 0.36 mmol, 2

equiv) and Pd(OAg)20.5 mg, 0.09 mmol, 0.5 equiv) at room
temperature for 18 hours. The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
and repurified i prep. HPLC to afford the product (24.9 mg, 42%j-NMR (700 MHz,

CDCls): 4 7.37 (d,J = 8.5 Hz, 2H), 6.92 (d]) = 8.7 Hz, 2H), 6.41 (s, 1H), 5.18 (dil= 14.9,

2.0 Hz, 1H), 5.00 (dt) = 14.9, 2.9 Hz, 1H), 4.70 (dd,= 9.8, 3.8 Hz, 1H), 3.82 (s, 3H},59

(s, 3H), 3.022.97 (m, 1H), 2.98.92 (m, 1H), 2.44 (s, 2H}>*C-NMR (176 MHz, CDC}): U
160.4,158.9, 159.5, 150.0, 142.1, 133.4, 127.6,114.5,114.1, 112.1, 96.6, 76.0, 64.0, 55.5, 31.9,
31.0, 21.8HRMS-ESI (m/z): [M + HJ calculated for @H20NO4", 326.1387; found, 326.1397.
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() 7,8dimethyl-3-(4-(trifluoromethyl)phenyl) -4,8-dihydro-1H-pyrano[3',4":4,5]furo[3,2-

c]pyridin -9(3H)-one (180¢)

CF, According to GP49c¢(20.0 mg, 0.09 mmol) was reacted with
(4-(trifluoromethyl)phenyl)boronic acid (34.7 mg, 0.18
mmol, 2 equiv) and Pd(OA£)10.2 mg, 0.05 mmol, 0.5

equiv) at room temperature for 18 hours. The erudas purified by MPLC

(cyclohexane/EtOAc 1:0 to 0:1) and repurified by prep. HPLC to afford the product (12.9 mg,

39%).1H-NMR (500 MHz, CDC#): 11 7.65 (d,J = 8.2 Hz, 2H), 7.58 (d] = 8.2 Hz, 2H), 6.39

(s, 1H), 5.25 (ddJ = 15.1, 2.0 Hz, 1H), 5.03 (di,= 15.1, 2.8 Hz, 1H), 4.81 (dd,= 10.0, 3.8

Hz, 1H), 3.58 (s, 3H), 3.68.98 (m, 1H), 2.93 (ddf] = 16.0, 10.0, 2.7 Hz, 1H), 2.44 (s, 3H).

13C-NMR (126 MHz, CDC#): 11160.3, 158.9, 148.0, 145.3, 142.3, 130.4, 126.3,71223.1,

114.6, 111.9, 96.2, 75.6, 64.2, 32.1, 30.8, 2HRMS-ESI (m/z): [M + HJ calculated for

Ci1oH17F3sNO3*, 364.1155; found, 364.1155.

() 2-(7,8-dimethyl-9-0x0-3,4,8,9tetrahydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -3-
yl)benzonitrile (18d)

o) 0 According to GP49c (25.0 mg, 0.11 mmol) was reacted with (2
N | N\ cyanophenyl)boronic acid (33.5 mg, 0.23 mmol, 2 equiv) and
N0 NC Pd(OAc) (12.8 mg, 0.06 mmol, 0.5 equiv) at 50 °C for 18 hours.
The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1) and repurified by prep.
HPLC to afford the product (28.7 mg, 79%Hi-NMR (700 MHz, CDC}): i 7.77 (d,J = 8.0
Hz, 1H), 7.767.65 (m, 2H), 7.43 (td] = 7.6, 1.2 Hz, 1H), 6.43 (s, 1H), 5.27 (dds 15.0, 2.0
Hz, 1H), 5.10 (ddJ = 10.4, 3.6 Hz, 1H), 5.07 (ddd,= 15.0, 3.3, 2.4 Hz, 1H), 3.60 (s, 3H),
3.16 (dt,J=16.1, 3.0 Hz, 1H), 2.88 (dddt= 13.3, 10.4, 5.5, 2.3 Hz, 1H), 2.46 (s, 3HL-
NMR (176 MHz, CDC4): U 160.4, 159.1, 147.9, 145.2, 142.4, 133.6, 132.9, 128.5, 126.7,
117.4, 114.4, 112.0, 110.3, 96.7, 74.1, 64.3, 31.7, 31.0, BRBIS-ESI (m/z): [M + HJ
calculated for @H17N20s", 321.1234; found, 321.1235.

() 3-(1H-indol-5-yl)-7,8-dimethyl-4,8-dihydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -
9(3H)-one (18¢)

According to GP49c (25.0 mg, 0.11 mmol) was reacted with

NH (1H-indol-5-yl)boronic acid (36.7 mg, 0.23 mmol, 2 equiv)

and Pd(OAc) (12.8 mg, 0.06 mmol, 0.5 equiv) at 50 °C for
18 hours. The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1) and repurified by

-125-



5. Experimental

prep. HPLCto afford the product (18.9 mg, 50%H-NMR (500 MHz, CDC#): U 8.23 (s,
1H),7.68 (s, 1H), 7.41 (dl = 8.5 Hz, 1H), 7.30 (dd] = 8.5, 1.7 Hz, 1H), 7.28.20 (m, 1H),
6.57-6.54 (m, 1H), 6.36 (s, 1H), 5.24 (dbk 15.0, 2.0 Hz, 1H), 5.06 (di= 15.0, 28 Hz, 1H),
4.84 (dd,J=10.0, 3.6 Hz, 1H), 3.54 (s, 3H), 3:B808 (m, 1H), 3.00 (df] = 16.4, 3.1 Hz, 1H),
2.40 (s, 3H)*C-NMR (126 MHz, CDC#): 1160.4, 158.7, 149.1, 141.9, 135.7, 132.7, 128.0,
125.0, 120.6, 118.6, 114.6, 112.0, 111.3, 102.9, 84.3, 32.4, 30.8, 21.8IRMS-ESI (m/z):

[M + H]* calculated for @H19eN20s", 335.1390; found, 335.1391.

() 3-(6-fluoropyridin -3-yl)-7,8-dimethyl-4,8-dihydro-1H-pyrano[3',4":4,5]furo[3,2-
c]pyridin -9(3H)-one (18f)

0 o —N - According to GP49c (40.0 mg, 0.18 mmol) was reacted with
N | A\ \_/ (6-fluoropyridin-3-yl)boronic acid (51.4 mg, 0.36 mmol, 2
X0 equiv) and Pd(OA@g)(20.5 mg, 0.09 mmol, 0.5 equiv) at room

temperature for 18 hours. The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1) to
afford the product (9.4 mg, 17%H-NMR (500 MHz, CDC%): 1 8.27 (d J = 2.5 Hz, 1H),

7.92 (td,J = 8.3, 2.5 Hz, 1H), 6.97 (dd,= 8.3, 2.9 Hz, 1H), 6.39 (s, 1H), 5.22 (dds 15.1,

1.9 Hz, 1H), 5.03 (dtJ = 15.1, 2.8 Hz, 1H), 4.80 (dd,= 9.8, 4.1 Hz, 1H), 3.55 (s, 3H), 3:04

2.91 (m, 2H), 2.44 (s, 3H}*C-NMR (126 MHz, CDC$): 1164.3, 162.4, 160.1, 158.8, 147.4,
145.4, 142.3, 139.2, 135.4,114.5, 111.7, 109.5, 95.1, 73.3, 31.9, 30. HRMB-ESI (m/z):

[M + H]* calculated for @H16FN2Os*, 315.1140; found, 315.1145.

() 7,8dimethyl-3-(thiophen-3-yl)-4,8-dihydro-1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -
9(3H)-one (189)

o o /s According to GP49c (35.0 mg, 0.16 mmol) was reacted with
W thiophen3-ylboronic acid (40.9 mg, 0.32 mmol, 2 equiv) and
X0 Pd(OAc) (17.9 mg, 0.08 mmol, 0.5 equiv) at room temperature for

18 hours. The crude was purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1) to afford the
produd (2.6 mg, 5%)*H-NMR (700 MHz, CDC$): t17.35 (ddJ = 5.0, 3.0 Hz, 1H), 7.3%.30

(m, 1H), 7.17 (ddJ = 5.0, 1.3 Hz, 1H), 6.38 (s, 1H), 5.17 (@t 14.9, 1.3 Hz, 1H), 5.02 (di,

= 14.9, 2.8 Hz, 1H), 4.87 (dd,= 8.7, 4.7 Hz, 1H), 3.57 (s, 3H), 33301 (m, 2H), 2.43 (s,
3H). HRMS-ESI (m/z): [M + HT calculated for @H1sNOsS*, 302.0845; found, 302.0847.
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() 7,8dimethyl-3-phenyl-4,4a,8,9btetrahydro -1H-pyrano[3',4":4,5]furo[3,2-c]pyridin -
9(3H)-one (18h)

18a (16.0 mg, 0.05 mmol) was dissolved in EtOH (1 mL) and
Pd(OH) (1.6 mg, 20% on carbyrwas added. The mixture was

stirred under Hlatmosphere at room temperature for 40 hours. The

catalyst was filtered off and the solvent removed under reduced pressure. The crude was
purified by prep. HPLC to afford the product (4.0 mg, 25%»NMR (700 MHz, CDC}): U
7.317.29 (m, 4H), 7.25.22 (m, 1H), 5.90 (s, 1H), 5.20 (t#l= 8.8, 6.5 Hz, 1H), 4.81 (dd=

12.2, 3.3 Hz, 1H), 4.50 (dd,= 10.5, 3.5 Hz, 1H), 4.00 (dd= 12.2, 4.6 Hz, 1H), 3.61 (di,=

8.8, 4.0 Hz, 1H), 3.52 (s, 3H), 2:2731 (m, 4H), 1.93 (ddd] = 14.0, 10.5, 8.9 Hz, 1H}C-

NMR (176 MHz, CDC}%): Ui 167.5, 162.5, 148.8, 142.5, 128.5, 127.6, 125.9, 107.1, 96.5, 81.7,
74.9, 64.1, 39.7, 35.2, 30.9, 21KRMS-ESI (m/z): [M + HJ calculated for @H2oNOs*,
298.1438; found, 221450.

() 3-(4-methoxyphenyl)-7-methyl-8-(thiophen-2-ylmethyl)-4,8-dihydro-1H-
pyrano[3',4':4,5]furo[3,2-c]pyridin -9(3H)-one (18i)

o) o o According to GP2,3a (100.0 mg, 0.35 mmol) was

@K\W N reacted with2l (70.0 mg, 0.32 mmol) at 100 °C for 1
0 hour. Afterfiltration over celite the crude was purified

by FC (Hep/EtOAc 1:0 to 1:1) and an aliquot of the product (35.0 mg, 0.12 mmol) was directly
reacted according to GP4, (35.0 mg, 0.12 mmath (4-methoxyphenyl)boronic acid (35.3
mg, 0.23 mmol, 2 equiv), Pd(OAQ)6.2 mg, 20 mol%) and Cu(OAq¥2.2 mg, 0.23 mmol, 2
equiv) at 50 °C for 18 hours under. @tmosphere. The crude was purified by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) and repurifieg prep. HPLC to afford the product (5.7 mg,
12%).'H-NMR (700 MHz, CDC}): i17.38 (d,J = 8.5 Hz, 2H), 7.21 (d] = 5.0 Hz, 1H), 7.00
(d,J=3.1Hz, 1H), 6.9%6.95 (m, 1H), 6.93 (d) = 8.5 Hz, 2H), 6.33 (s, 1H), 5.8240 (m,
2H), 3.80 (s, 3H), 5.22 (d,= 15.0 Hz, 1H), 5.05.02 (m, 1H), 4.70 (ddl = 9.8, 3.8 Hz, 1H),
3.032.98 (m, 1H), 2.98.93 (m, 1H), 2.50 (s, 3H}*C-NMR (176 MHz, CDC}): U 160.0,
159.5, 159.0, 148.9, 141.639.5, 133.4, 127.6, 126.8, 126.5, 125.6, 114.4, 114.1, 112.4, 96.9,
76.0, 64.4, 55.5, 42.9, 32.2, 21BRMS-ESI (m/z): [M + HJ calculated for @H22NO4S",
408.1191; found, 408.1264.
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() 3-(hydroxymethyl)-6-methyl-1,3,3a,8btetrahydro-8H-furo[3',4":4,5]furo[3,2-
c]pyran-8-one (19)

0 o 9a(50.0 mg, 0.24 mmol) was reacted accordinGRband purified
o) | OH by MPLC (DCM/MeOH 1:0 to 9:1) to give the product (14.7 mg, 70%
X0 over two stepstH-NMR (700 MHz, CDC}): 5.94 (s, 1H), 5.30 (dd,

J=8.6, 2.7 Hz, 1H)4.20 (dd,J = 9.0, 6.6 Hz, 1H), 4.17 (ddd,= 6.7, 4.32.7 Hz, 1H), 4.4
3.96 (m, M), 3.803.73 (m, 2H),2.26 (s, 3H)13C-NMR (176 MHz, CDCk): ti 171.3, 166.1,
162.0, 101.6, 95.8, 91.3, 85.3, 72.6, 61.6, 45.0, 20RMS-ESI (m/z): [M + HJ calculated
for C11H1z0s5", 225.0758; found, 225.0760.

(x) 3-(hydroxymethyl)-6,7-dimethyl-3,3a,7,8btetrahydrofuro[3',4":4,5]furo[3,2 -
c]pyridin -8(1H)-one (9b)

o) 9c (70.0 mg, 0.32 mmol) wareacted according to GP5 and purified
by MPLC (DCM/MeOH 1:0 to 9:1) to give the product (16.9 mg, 29%
over two steps)H-NMR (700 MHz, MeOHdW: 116.08 (s, 1H), 5.31
(dd,J = 8.9, 2.1 Hz, 1H), 4.18 (dd,= 9.0, 6.9 Hz, 1H), 4.10 (td,= 5.6, 2.1 Hz, 1H), 4.00
(ddd,J=8.9, 6.9, 3.1 Hz, 1H), 3.89 (ddl= 9.0, 3.1 Hz, 1H), 3.68.62 (m, 2H), 3.51 (s, 3H),
2.41 (s, 3H)13C-NMR (176 MHz, MeOH-dW: 11169.1, 163.5, 151.5, 109.5, 96.9, 92.2, 87.2,
73.5,62.147.0, 31.3, 21.44RMS-ESI (m/z): [M + HJ calculated for &H16NO4", 238.1074;
found, 238.1072.

OH

() 7-(4-fluorobenzyl)-3-(hydroxymethyl)-6-methyl-3,3a,7,8b
tetrahydrofuro[3',4":4,5]furo[3,2 -c]pyridin -8(1H)-one (9¢)

O o According to GP23a (47.6 mg, 0.17 mmol) was reacted
gN | on With 2h (35.0 mg, 0.15 mmol) at 100 °C for 18 hours.
F N0 Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1)

afforded the correspondingyghl (25.6 mg, 55%), which was directly reacted according to GP5
and purified by prep. HPLC to give the product (7.2 mg, 28% over two step8)MR (700
MHz, CDCh): 117.13 (ddJ = 8.4, 5.2 Hz, 2H), 7.01 (td,= 8.4, 1.3 Hz, 2H), 5.95 (s, 1H), 5.35
(d,J = 15.3 Hz, 1H), 5.26 (dd] = 8.9, 2.8 Hz, 1H), 5.22 (d,= 15.3 Hz, 1H), 4.28.25 (m,
1H), 4.204.17 (m, 1H), 4.131.09 (m, 1H), 4.04 (dd] = 9.2, 3.7 Hz, 1H), 3.83.74 (m, 2H),
2.29 (s, 3H)13C-NMR (176 MHz, CDCh): 1 167.7, 163.0, 162.0, 149.234.3, 128.4, 116.0,
108.8, 96.9, 90.4, 85.5, 72.8, 61.6, 46.6, 46.1, HRMS-ESI (m/z): [M + HJ calculated for
Ci1sH19FNO4™, 332.1293; found, 332.1295.
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() 7-((2-chloropyridin -4-yl)methyl)-3-(hydroxymethyl)-6-methyl-3,3a,7,8b
tetrahydrofuro[3',4":4,5]furo[3,2 -c]pyridin -8(1H)-one (9d)

o} o According to GP23a (95.2 mg, 0.33 mmol) was reacted
¢l | N N | on With 2p (75.2 mg, 0.30 mmol) at 100 °C for 18 hours.
N~ N0 Purification by MPIC (cyclohexane/EtOAc 1:0 to 0:1)

afforded the corresponding glycal (25.0 mg, 258)ichwas directly reacted according to GP5
and purified by prep. HPLC to give the product (2.5 m@osI¥er two stepsfH-NMR (700
MHz, CDCh): 118.33 (d,J = 5.2 Hz, 1H), 7.07 (s, 1H), 6.99 @@= 5.2 Hz, 1H), 5.94 (s, 1H),
5.27-5.25 (m, 1H), 4.291.26 (m, 1H), 4.24.17 (m, 1H), 4.12.08 (m, 1H), 4.08!.01 (m, 1H),
3.833.75 (m, 2H), 2.25 (s, 3HHRMS-ESI (m/z): [M + HJ calculated for €&H1sCIN2O4",
349.0950; found, 349.0952.

() 3-(hydroxymethyl) -6-methyl-7-(pyridin -2-ylmethyl)-3,3a,7,8btetrahydrofuro[3,4 -
b]benzofuran-8(1H)-one (L9%)

O o According to GP23a (63.5 mg, 0.22 mmol) was reacted with
| NS oy 2m(43.3 mg, 0.20 mmol) at 100 °C for 18 hours. Purification
= O by MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the

corresponding glycal (43.0 mg, 75%), whighs directly reacted according to GP5 and purified
by prep. HPLC to give the product (7.1 mg, 11% over two stefp&NMR (700 MHz, CDC}):

U1 8.788.66 (m, 1H), 8.06.97 (m, 1H), 7.5&.50 (m, 1H), 7.44.36 (m 1H), 6.0%6.94 (s,
1H), 5.725.56 (m, 2H), 5.356.26 (m, 1H), 4.3@.18 (m, 2H), 4.18.99 (m, 2H), 3.88.75
(m, 2H),2.37 (s, 1H)HRMS-ESI (m/z): [M + HJ calculated for @H1904N>", 315.1339;
found, 315.1342.

(x) 3-(hydroxymethyl)-6-methyl-7-(thiophen-2-ylmethyl)-3,3a,7,8b
tetrahydrofuro[3',4":4,5]furo[3,2 -c]pyridin -8(1H)-one (L9f)

o} According to GP23a(100.0 mg, 0.35 mmol) was reacted with

CﬁN | on 21 (70.0 mg, 0.32 mmol) at 100 °C for 18 hours. Purification

S -0 by MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the
corresponding glycdB5.0 mg, 38%) which was directly reacted according to GP5 and purified
by MPLC (DCM/MeOH 1:0 to 4:1) to give the productd®ng, 17% over two stepsH-NMR
(600 MHz, CDC}): 1 7.22 (ddJ=5.1, 1.2 Hz, 1H), 7.01 (dd,= 3.5, 1.2 Hz, 1H), 6.93 (dd,
= 5.1, 3.5 Hz, 1H), 5.90 (s, 1H), 5.46 {& 15.4 Hz, 1H), 5.32 (dl = 15.4 Hz, 1H), 5.22 (dd,
J=09.5,2.9 Hz, 1H), 4.2{dd,J = 9.2, 7.0 Hz, 1H), 4.15 (ddd,= 6.8, 4.1, 2.9 Hz, 1H), 4.10
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(ddd,J=9.5, 7.0, 3.8 Hz, 1H), 4.02 (ddi= 9.2, 3.8 Hz, 1H), 3.83.73 (m, 2H), 2.46 (s, 3H).
13C-NMR (151 MHz, CDC}): 1i 167.5, 161.6, 148.6, 138.8, 126.9, 126.7, 125.9, 108.8, 96.7
90.3, 85.5, 72.8, 61.5, 46.0, 42.7, 21MRMS-ESI (m/z): [M + HJ calculated for
Ci6H1sNSQy™, 320.0951; found, 320.0948.

() 9-(hydroxymethyl)-5-methyl-6b,7,9,9atetrahydrofuro[3',4":4,5]furo[3,2 -c]quinolin -
6(5H)-one (199)

According to GP23a (75.9 mg, 0.26 mmol) was reacted witv
OH (34.2 mg, 0.20 mmol) at 100 °C for 1 hour. Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the corresponding glycal
(31.9 mg, 60%), which wadirectly reacted according to GP5 and
purified by prep. HPLC to give the product (2.9 mg, 9% over two stépd)IMR (700 MHz,
CDCls): G7.75 (dJ=7.9 Hz, 1H), 7.61 (dd = 8.7, 7.1 Hz, 1H), 7.40 (d,= 8.7 Hz, 1H), 7.27
(dd,J=7.9, 7.1 Hz, 1H), 5.55 (dd,= 8.1, 4.1, 1H), 4.32 (d1 = 9.5 Hz, 1H), 4.25 (dddl =
8.1, 6.3, 1.5 Hz, 1H), 4.07 (ddd= 11.8, 4.6, 1.3 Hz, 1H), 4.00 (dd#i= 11.8, 7.0, 1.3 Hz,
1H), 3.973.94 (m, 1H), 3.86 (ddd,= 9.5 6.3, 1.3 Hz, 1H), 3.71 (s, 3H}C-NMR (176 MHz,

CDCls): 1163.3, 161.2, 140.9, 131.6, 123.3, 122.2, 114.9, 112.2, 109.6, 89.7, 84.3, 72.0, 61.3,

47.6, 29.3HRMS-ESI (m/z): [M + HJ calculated for @H16NO4*, 274.1074; found, 274.1073.

5.1.4.2. Synthsis of General Scaffold B Isomers

() 7,8dimethyl-4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione
(209)

0 o According to GP64a (50.0 mg, 0.32 mmol) was reacted wah (44.5
o)
Y | mg, 0.32 mmol) employinglylpalladium(ll) chloride dimer (2.5
X0 mol%) and Xantphos (7.5 mol%) as catalyst. Purification by MPLC

(cyclohexane/EtOAc :D to 0:1) afforded the product (49.5 mg, 66%).NMR (700 MHz,
CDCk) : U 5. 85 (=s7.4Ht, 1), 5.20dt]6 D4, 3.9Hz, 1H), 4.02 (d,= 18.4
Hz, 1H), 3.71 (dJ = 18.4 Hz, 1H), 3.51 (s, 3H), 3.07 (dbs 16.1, 3.9 Hz, 1H), 2.96 (dd=

16.1, 3.9 Hz, 1H), 2.37 (s, 3HPC NMR (176 MHz,CDCk) : U4 207. 7, 169.

102.8, 94.6, 82.0, 74.8, 68.9, 39.7, 30.8, 2RRMS-ESI (m/z): [M + HJ calculated for
C12H1404N*,236.09173; found, 236.09173.
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() 8-benzyt7-methyl-4,4a,8,9btetrahydro-2H-pyrano[2',3":4,5]furo[3,2-c]pyridine-3,9-
dione (20b)

0o o According toGP§ 4a (50.0 mg, 0.32 mmol) was reacted with
QAWO 29 (68.9mg, 0.32 mmol) employinglylpalladium(ll) chloride
X0 dimer (2.5 mol%) and Xantphos (7.5 mol%) as catalyst.
Purification by MPLC ¢yclohexandZtOAc 1.0 to 0:1) afforded the produdt3(0mg, 73%).
'H NMR (600MHz, CDCls): U 7.32 (t,J = 7.4 Hz, 2H), 7.28 (d] = 7.4 Hz, 1H), 7.14 (d] =
7.4Hz, 2H), 5.96 (s, 1H), 5.68 (d,= 7.4 Hz, 1H, 5.49 (d] = 15.7 Hz, 1H, 5.28 (dtJ = 7.4,
3.9 Hz, 1H, 5.24 (d,J = 15.7 Hz, 1H), 4.05 (d] = 18.4 Hz, 1H), 3.75 (d] = 18.4 Hz, 1H),
3.10 (dd,J = 16.1, 3.9 Hz, 1H), 3.00 (dd,= 16.1, 3.9 Hz, 1H), 2.33 (s, 1HfC NMR (151
MHz,CDCk) : 4 207.2, 169.8, 162.1, 152.1, 135.9,

68.8, 47.1, 39.5, 21.94RMS-ESI (m/z): [M + HJ calculated for @H180sN*,312.12303;
found, 312.12330.

() 8-(4-fluorobenzyl)-7-methyl-4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2-
c]pyridine-3,9-dione 200

@) o According to GP64a(50.0 mg, 0.32 mmol) was reacted with
/@ﬁw © on (74.7 mg, 0.32 mmol) employingllylpalladium(ll)

F X0 chloride dimer (2.5 mol%) and Xantphos (7.5 mol%) as
catalyst. Purification by MPLC (cyclohexane/EtOA® 10 0:1) afforded the product (72.5 mg,
69%).H NMR (500 MHz, Chloroforrd ) : G 7. 16 (m, 2HJ=511Hz, 00 ( m
1H), 5.64 (dJ = 7.4 Hz, 1H), 5.42 (d] = 15.7 Hz, 1H), 5.25 (df = 7.4, 3.9 Hz, 1H), 5.15 (d,
J=15.7 Hz, 1H), 4.07 (d] = 18.3 Hz, 1H), 3.76 (d] = 18.3 Hz, 1H), 3.10 (ddl = 16.1, 3.9
Hz, 1H), 2.99 (ddJ = 16.1, 3.9 Hz, 1H), 2.30 (s, 3HfC NMR (126 MHz,CDC$) : U4 207 . 7

169.5, 163. 2, 161. 7, 151.8, 132.4, 116.0, 115.8, 103.1, 95.4, 82.2, 74.8, 69.0, 46.2,B9.7, 2
HRMS-ESI (m/z): [M + HJ calculated for @H1704NF*,330.11361; found, 330.11400.

() 8-(2-chlorobenzyl)-7-methyl-4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2-
c]pyridine -3,9-dione (20d)

Cl 0 o According to GP64a(50.0 mg, 0.32 mmol) was reacted waih
¢
W (79.9 mg, 0.32 mnip employing alylpalladium(ll) chloride
X O dimer (2.5 mol%) and Xantphos (7.5 mol%) as catalyst.

Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (96.8 mg, 87%).
'H NMR (500 MHz,CDCl) : U 7=3.6 1. HkdlH), 7.19 (dtd,= 16.7, 7.6, 1.6 Hz,

-131-



5. Experimental

2H), 6.78 (dd,) = 7.6, 1.6 Hz, 1H), 5.90 (s, 1H), 5.66 ¢ 7.4 Hz, 1H), 5.51 (d] = 17.3 Hz,

1H), 5.31 (d,J = 17.3 Hz, 1H), 5.27 (m, 1H), 4.08 @@= 18.3 Hz, 1H), 3.78 (d] = 18.3 Hz,

1H), 311 (dd,J = 16.1, 3.9 Hz, 1H), 3.01 (dd,= 16.1, 3.9 Hz, 1H), 2.24 (s, 3HJC NMR

(126 MHz,CDCkL) : & 207.7, 169.7, 161.6, 151.9, 133
102.9, 95.5, 82.3, 74.8, 69.0, 44.4, 39.8, 2HBRMS-ESI (m/z): [M + HJ calcubted for
Ci16H1704NCI*,346.08406; found, 346.08453

(x) 7-methyl-8-(pyridin -2-ylmethyl)-4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2-
c]pyridine-3,9-dione (206

o} 0 According toGP§ 4a (50.0 mg, 0.32 mmol) was reacted with

@WO 2m (69.2mg, 0.32 mmol) employinglylpalladium(ll) chloride

N X0 dimer (2.5 mol%) and Xantphos (7.5 mol%) as catalyst.
Purification by MPLC ¢yclohexandftOAc 10 to 0:1) afforded the product (71.6 mg, 72%).
'H NMR (700 MHz,CDCl): i8.51 (d,J=4.1 Hz, 1H), 7.63 (td]= 7.6, 1.5 Hz, 1H), 7.27 (d,
J=4.8Hz, 1H), 7.18 (ddd,= 7.6, 4.8, 1.5 Hz, 1H), 5.88 (s, 1H), 5.61Jd,7.4 Hz, 1H), 5.49
(d,J=16.0 Hz, 1H), 5.28 (dl = 16.0 Hz, 1H), 5.23 (dfl = 7.4, 3.9 Hz, 1H), 4.03 (d,= 18.3
Hz, 1H), 3.75 (dJ = 18.3 Hz, 1H), 3.07 (dd= 16.1, 3.9 Hz, 1H), 2.97 (dd,= 161, 3.9 Hz,
1H), 2.43 (s, 3H)*C NMR (176 MHz, CDC$) U 207 . 6, 169. 6, 161. 5,

137.1,122.7,122.2, 102.8, 95.2, 82.1, 77.3, 77.2, 76.9, 74.7, 68.9, 60.5, 48.7, 39.7, 22.1, 14.3.
HRMS-ESI (m/z): [M + HJ calculated for &H1704N2",313.11828; found, 313.11845.

() 8-((2-chloropyridin -4-yl)methyl)-7-methyl-4,4a,8,9btetrahydro -2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione (20f)

0 o According toGP§ 4a (50.0 mg, 0.32 mmol) was reacted with
o]
| X )N\/Ljfg} 2p (80.3mg, 0.32 mmol) employinglylpalladium(ll) chloride
NF# X0 dimer (2.5 mol%) and Xantphos (7.5 mol%) as catalyst.
Cl

Purification by MPLC ¢yclohexandftOAc 10 to 0:1)
afforded the producB8(@.2 mg, 73%). *H NMR (600 MHz, CDC%): 1i8.37 (d,J = 5.2 Hz, 1H),
7.09 (s, 1H), 7.04 (d] = 5.2 Hz, 1H), 6.02 (s, 1H), 5.64 @@= 7.4 Hz, 1H), 5.50 (dJ = 15.9
Hz, 1H), 5.30 (dtJ = 7.4, 4.0 Hz, 1H), 5.15 (d,= 15.9 Hz, 1H), 4.04 (d] = 18.3 Hz, 1H),
3.73(d,J=18.3 Hz, 1H), 3.10 (ddl=16.1, 4.0 Hz, 1H), 3.01 (dd= 16.1, 4.0 Hz, 1H), 2.31
(s,3H)..3CNMR (151 MHz,CDCk) : 4 207. 0, 170.3, 14m228B, 152
120.4, 103.7, 97.0, 82.8, 74.4, 69.1, 46.0, 39.6, MRMS-ESI (m/z): [M + HJ calculated
for C17H1604N2CI",347.07931; found, 347.07978
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(x) 7-methyl-8-((3-methylpyridin -4-yl)methyl)-4,4a,8,9btetrahydro-2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione (209

0 o According toGP§ 4a (50.0 mg, 0.32 mmol) was reacted with
@AWO 20 (104.3 mg, 0.32 mmol) employingallylpalladium(ll)
N & X0 chloride dimer (2.5 mol%) and Xantphos (7.5 mol%) as
catalystPurification by MPLC ¢yclohexandZtOAc 1:0 to 0:1) afforded the product (58.0 mg,
56%).1H NMR (500 MHz, CDC}): 1 8.69 (s, 1H), 8.53 (d] = 5.8 Hz, 1H), 7.02 (d] = 5.8
Hz, 1H), 6.04 (s, 1H), 5.61 (d,= 7.6 Hz, 1H), 5.52 (d] = 17.7 Hz, 1H), 5.31 (d1= 7.6, 4.0
Hz, 1H), 5.16 (dJ = 17.7 Hz, 1H), 4.07 (d] = 18.3 Hz, 1H), 3.76 (d] = 18.3 Hz, 1H), 3.12
(dd,J=16.1, 4.0 Hz, 1H), 3.03 (dd= 16.1, 4.0 Hz, 1H), 2.58 (s, 3H), 2.28 (s, 3L NMR
(176 MHz, CDCY) a 207. 1, 1702 043.7, 142.1, 134.2, 1215,296.2%, 15C¢C

82.63, 74.62, 69.15, 41.14, 39.67, 31.08, 21.49, 1HRRIS-ESI (m/z): [M + HJ calculated
for C1gH1904N2%,327.13393; found, 327.13412.

() 8-(2-(5-methoxy-1H-indol-3-yl)ethyl)-7-methyl-4,4a,8,9btetrahydro -2H-
pyrano[2',3":.4,5]furo[3,2-c]pyridine -3,9-dione (20h)

According to GP64a (12.5 mg, 0.08 mmol) was reacted
with 2s(23.8 mg, 0.08 mmol) employiralylpalladium(ll)
gﬁ chloride dimer (2.5 mol%) and Xantphos (7.5 mol%) as
w catalyst. Purification by MPLC (cyclohexane/EtOAO 1o

0:1) afforded the product (23.7 mg, 75%) NMR (700
MHz,CDCk) : @ .15 (s, 1H)=24HKRAz, HR6.97¢d)=2UH32, 1H),7 . 12 (¢
6.85 (dd,J = 8.8, 2.4 Hz, 1H), 5.76 (s, 1H), 5.64 (& 7.4 Hz, 1H), 5.21 (dt) = 7.4, 3.9 Hz,
1H), 4.26 (ddtJ = 28.7, 13.8, 6.9 Hz, 2H), 4.05 (@ 18.4 Hz, 1H), 3.86 (s, 3H), 3.75 (H=
18.4 Hz, 1H), 3.14 (1) = 7.6 Hz, 2H), 3.08 (dd] = 16.2, 4.0 Hz, 1H), 2.98 (dd,= 16.2, 4.0
Hz, 1H), 2.19 (s, 3H})C NMR (176 MHz,CDC}) U 207 . 7, 169. 3, 161. 6,
127.9, 123.2, 112.5, 112.3, 112.1, 103.2, 100.8, 94.8, 82.1, 74.8, 69.0, 56.1, 45.4, 39.7, 24.6,
21.6.HRMS-ESI (m/z): [M + HJ calculated for @H230sN>",395.16015; found, 395.15963.

(x) 2,7-dimethyl-4,4a,8,®-tetrahydro-2H-pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione
(219

s According to GP64b (25.5 mg, 0.15 mmol) was reacted wih (18.8
HN O mg, 0.15 mmol). Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
N | o afforded the product (19.7 mg, 56%)-NMR (700 MHz, CDCIy): U
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11.83 (s, 1H), 5.81 (s, 1H), 5.55 (t 7.2 Hz, 1H), 5.24 (df] = 7.2, 3.2 Hz, 1H), 3.64 (d,=

6.8 Hz, 1H), 3.0%dd,J = 16.5, 3.4 Hz, 1H), 2.89 (dd= 16.5, 3.1 Hz, 1H), 2.33 (s, 3H), 1.25
(d,J = 6.8 Hz, 3H)3C-NMR (176 MHz, CDCl): (1209.6, 172.3, 163.4, 151.1, 103.5, 94.1,
83.1, 73.9, 73.5, 39.1, 19.8, 15RMS-ESI (m/z): [M + HI calculated for @H1aNO4*,
236.0917; found, 236.0916.

() 2,7,8trimethyl -4,4a,8,9btetrahydro-2H-pyrano[2',3":4,5]furo[3,2-c]pyridine-3,9
dione 21b)

s According to GP64b (24.0 mg, 0.14 mmol) was reacted wah (19.6
~ O mg, 0.14 mmol). Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
X0 afforded the product (19.3 mg, 55%H)-NMR (700 MHz, CDCl): U
5.82 (s, 1H), 5.53 (d] = 7.4 Hz, 1H), 5.20 (dt] = 7.4, 3.2 Hz, 1H), 3.60 (gl = 6.8 Hz, 1H),
3.45 (s, 3H), 3.04 (ddd,= 16.3, 3.2, 0.6 Hz, 1H), 2.85 (ddd= 16.3, 3.2, 0.6 Hz, 1H), 2.33
(s, 3H), 1.24 (dJ = 6.8 Hz, 3H)13C-NMR (176 MHz, CDCl,): 1209.9, 169.4, 161.7, 152.1,
103.2,94.4, 82.9, 74.83.5, 39.2, 30.8, 22.1, 15IRMS-ESI (m/z): [M + HJ calculated for
Ci13H16NO4", 250.1074; found, 250.1071.

() 8-cyclobutyl-2,7-dimethyl-4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2-
c]pyridine-3,9-dione 210

o o s According to GP64b (25.5 mg, 0.15 mmol) was reacted wib
Q\WO (26.8 mg, 0.15 mmol). Purification by MPLC (cyclohexane/EtOAc
N | o 1:0 to 0:1) afforded the product (19.0 mg, 449%)-NMR (700
MHz, CD:Cl,): (15.84 (s, 1H), 5.57 (dl = 7.5 Hz, 1H), 5.22 (dt] = 7.5, 3.3 Hz, 1H), 4.77 (p,
J=9.3 Hz, 1H), 3.60 (q] = 6.9 Hz, 1H), 3.273.14 (m, 2H), 3.04 (dd] = 16.4, 3.5 Hz, 1H),
2.86 (dd,J = 16.4, 3.1 Hz, 1H), 2.36 (s, 3H), 2:235 (m, 2H), 2.0L..94 (m, 1H), 1.84..73
(m, 1H), 1.24 (dJ = 6.9 Hz, 3H)*C-NMR (176 MHz, CDCl,): 11209.8, 169.6, 163.8, 152.3,

105.2, 963, 83.3, 74.5, 73.6, 53.8, 39.1, 28.5, 22.8, 15.8, HRRMS-ESI (m/z): [M + HJ
calculated for @sH20NO4", 290.1387; found, 290.1386.
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(x) 8-methyl-1,2,3,4,5,6b,10,1Gactahydro-6H-pyrano[2',3":4,5]furo[3,2-c]quinoline-
6,9(8H)dione (21d)

According to GP64b (25.5 mg, 0.15 mmol) was reacted wah (24.8
mg, 0.15 mmol). Pufication by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
afforded the product (13.0 mg, 31%H-NMR (700 MHz, CDCl): U
11.76, 5.55 (dJ = 7.2 Hz, 1H), 5.23 (dt] = 7.2, 3.2 Hz, 1H), 3.65 (d,

= 6.8 Hz, 1H), 3.05 (dd] = 16.5, 3.4 Hz, 1H), 2.91 (dd,= 16.5, 3.1 Hz, 1H), 2.63 (1,= 6.4
Hz, 2H), 2.34 (tJ = 6.3 Hz, 2H), 1.79 (p] = 5.9 Hz, 2H), 1.74..69 (m, 2H), 1.25 (d]= 6.8
Hz, 3H).23C-NMR (176 MHz, CDCly): 1209.8, 171.0, 162.6, 148.2, 103.5, 103.1, 84%,7
73.4,39.2,27.3,22.1, 22.0, 20.9, 1HBRMS-ESI (m/z): [M + HJ calculated for @H1eNO4",
276.1230; found. 276.1233.

(%) 8-(4-fluorobenzyl)-2,7-dimethyl-4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2-
c]pyridine-3,9-dione 216

o o s According to GP64b (25.5 mg, 0.15 mmol) was reacted
N O with 2h (35.0 mg, 0.15 mmol). Purification by MPLC
Fgw (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (56.1
mg, 90%)!H-NMR (700 MHz CD.Cly): i 7.14 (ddJ= 8.6,
5.4 Hz, 2H), 7.02 (tJ = 8.6 Hz, 2H), 5.85 (s, 1H), 5.59 @z 7.5 Hz, 1H), 5.43 (d) = 15.7
Hz, 1H), 5.26 (dt) = 7.5, 3.2 Hz, 1H), 5.08 (d,= 15.7 Hz, 1H), 3.66 (g} = 6.9 Hz, 1H), 3.07
(dd,J =16.3, 3.4 Hz, 1H), 2.88 (dd,= 16.3, 3.1 Hz, 1H), 2.26 (s, 3H), 1.27 (& 6.9 Hz,
3H). 3C-NMR (176 MHz, CRCly): i 209.8, 169.7, 163.1, 161.7, 161.6, 152.2, 133.2, 128.6,

116.0, 103.6, 95.2, 83.1, 74.8, 73.6, 46.2, 3917, 15.9.HRMS-ESI (m/z): [M + HJ
calculated for @H1sFNO4*, 344.1293; found, 344.1293.

() 8-(2-chlorobenzyl)-2,7-dimethyl-4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2 -
c]pyridine-3,9-dione 21f)

N According to GP64b (25.5 mg, 0.15 mmol) was reacted w2ih
wo (375 mg, 0.15 mmol). Purification by MPLC
@A (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (27.5 mg,
51%).H-NMR (700 MHz CDxCl,): 17.43 (ddJ= 7.9, 1.4 Hz, 1H), 7.26.23 (m, 1H), 7.20
(td,J=7.6, 1.4 Hz, 1H), 6.72 (dd,= 7.6, 1.7 Hz, 1H), 5.91 (s, 1H), 5.62 (d5 7.5 Hz, 1H),

5.50 (d,J = 16.1 Hz, 1H), 5.29 (dil = 7.5, 3.2 Hz, 1H), 5.21 (d,= 16.9 Hz, 1H), 3.68 (4l =
6.8 Hz, 1H), 3.08 (dd] = 16.3, 3.4 Hz, 1H), 2.90 (dd= 16.3, 3.1 Hz, 1H), 2.21 (s, 3H), 1.28
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(d,J=6.8 Hz, 3H)*C-NMR (176 MHz, CDCIly): 1i209.8, 169.9, 161.7, 152.2, 134.4, 132.7,
130.Q 129.0, 127.7, 126.5, 103.6, 95.3, 83.2, 74.7, 73.6, 44.7. 39.1, 21.AHRH/B-ESI
(m/z): [M + H]" calculated for @H19CINO4", 360.0997; found, 360.0999.

(%) 8-(4-methoxybenzyl}2,7-dimethyl-4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2-
c]pyridine-3,9-dione 219

o o R According to GP64b (50.0 mg, 0.29 mmol) was reacted

N O with 2k (72.1 mg, 0.29 mmol). Purification by MPLC
\og /éi[og} (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (44.0
mg, 42%)1H-NMR (500 MHz, CDCl,): 1i 7.08 (d,J = 8.7 Hz, 2H), 6.86 (d] = 8.7 Hz, 2H),
5.95 (s, 1H), 5.64 (dl = 7.6 Hz, 1H), 5.45 (d] = 15.7 Hz, 1H), 5.29 (dil = 7.6, 3.4 Hz, 1H),
5.08 (d,J=15.7 Hz, 1H), 3.77 (s, 3H), 3.63 (b 6.8 Hz, 1H), 3.08 (ddl = 16.4, 3.4 Hz, 1H),
2.89 (dd,J = 16.4, 3.1 Hz, 1H), 2.32 (s, 3H), 1.26 (= 6.8 Hz, 3H)13C-NMR (126 MHz,
CD2Cl): 1209.6, 170.1, 162.4, 159.4, 152.7, 128.6, 128.1, 114.5, 104.0, 96.4, 83.4, 74.4, 73.6,

55.6, 46.9, 39.1, 21.8, 15 BRMS-ESI (m/z): [M + HJ calculated for @H2NO4*, 356.1493;
found, 356.1498.

() 2,7-dimethyl-8-(pyridin -4-ylmethyl)-4,4a,8,9btetrahydro -2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione (21h)

o o B According to GP64b (25.5 mg, 0.15 mmol) was reacted with
@AWO 2n (324 mg, | 0.15 .mmol). Purification by MPLC
N~ X0 (EtOAc/MeOH 1:0 to 4:1) afforded the product (18.7 mg,
32%).'H-NMR (700 MHz, CDC#): 18.57 (m, 2H), 7.07 (dl= 5.0 Hz, 2H), 5.89 (s, 1H), 5.67
(d,J= 7.1 Hz, 1H), 5.54 (dJ = 16.0 Hz, 1H), 5.28 (df] = 7.1, 3.2 Hz, 1H), 5.11 (d,= 16.0
Hz, 1H), 3.69 (g = 6.7 Hz, 1H), 3.08 (dd] = 16.2, 3.4 Hz, 1H), 2.94 (dd,= 16.2, 3.1 Hz,
1H), 2.26 (s, 1H), 1.33 (d,= 6.7 Hz, 3H)13C-NMR (176 MHz, CDC#$): i209.7, 169.6, 161.4,

151.2, 150.1, 146.3, 121.6, 103.6, 95.7, 82.9, 74.4, 73.6, 45.9, 38.9, 21.6/RBI8-ESI
(m/z): [M + H]" calculated for @H19N204", 327.1339found, 327.1339.

() 8-((2-chloropyridin -4-yl)methyl)-2,7-dimethyl-4,4a,8,9btetrahydro -2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione (21i)

o N According to GP64b (25.5 mg, 0.15 mmol) was reacted
0
] I N N O with 2p (37.6 mg, 0.15 mmol). Purification by MPLC
N~ N | o (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (17.3
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mg, 32%).H-NMR (700 MHz, CDCly): 118.31 (d,J = 5.2 Hz, 1H), 7.04 (s, 1H), 7.02 (dd,

= 5.2, 1.5 Hz, 1H), 5.90 (s, 1H), 5.59 (&5 7.5 Hz, 1H), 5.4%.46 (m, 1H), 5.29 (d{] = 7.5,

3.2 Hz, 1H), 5.07 (d] = 16.4 Hz, 1H), 3.65 (g} = 6.8 Hz, 1H), 3.08 (ddl = 16.3, 3.4 Hz, 1H),

2.90 (dd,J = 163, 3.1 Hz, 1H), 2.23 (s, 3H), 1.28 @= 6.8 Hz, 3H)3C-NMR (176 MHz,
CD:Cly): 11209.6, 170.0, 161.3, 152.5, 151.6, 150.5, 149.9, 122.0, 120.7, 103.7, 95.8, 83.3, 74.7,
73.6, 45.7, 39.1, 21.7, 15.8IRMS-ESI (m/z): [M + HI calculated for @H1eCIN2O4",
361.0945; found, 361.0951.

() 2,2,7,8tetramethyl-4,4a,8,9btetrahydro-2H-pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-
dione (223

According to GP64c (27.6 mg, 0.15 mmol) was reacted wah (20.9
O mg, 0.15 mmol). Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
afforded the product (6.3 mg, 16%H-NMR (700 MHz, CDRCly): U
5.99 (s, 1H), 87 (d,J = 6.6 Hz, 1H), 5.01 (dtj = 7.7, 6.6 Hz, 1H), 3.51 (s, 3H), 3.06 (dck
13.8, 7.7 Hz, 1H), 2.98 (dd,= 13.8, 6.9 Hz, 1H), 2.38 (s, 3H), 1.38 (s, 3H), 1.24 (s, 58).
NMR (176 MHz, CDCl»): G 212.4, 169.3, 162.1, 152.2, 106.4, 96.2, 84.3, 81.7, 71.6, 40.0,
31.4, 25.6, 22.1, 21.31RMS-ESI (m/z): [M + HJ calculated for @H1sNO4*, 264.1230;
found, 264.1230.

(x) 8-benzyt2,2, “trimethyl -4,4a,8,9btetrahydro-2H-pyrano[2',3":4,5]furo[3,2-
c]pyridi ne-3,9-dione (22b)

According toGP§ 4¢(50.0 mg, 0.32 mmol) was reacted waip
0 (58.4 mg, 0.32 mmol) employingllylpalladium(ll) chloride
dimer (2.5 mol%) and Xantphos (7.5 mol%) as catalyst.
Purification by MPLC ¢yclohexandZtOAc 1:0 to O:1pfforded
the produc{48.0 mg 52%)*H NMR (500 MHz,CDCls): ti7.31 (m, 2H), 7.16 (d] = 6.7 Hz,
2H), 5.96 (s, 1H), 5.55 (d,= 15.7 Hz, 1H), 5.44 (d= 6.7 Hz, 1H), 5.14 (d] = 15.7 Hz, 1H),
5.03 (dt,J = 7.9, 6.7 Hz, 1H), 3.14 (dd,= 13.7, 7.3 Hz, 1H), 3.02 (dd,= 13.7, 7.3 Hz, 1H),
2.32 (s, 1H), 1.43 (s, 3H), 1.31 (s, 3MC NMR (126 MHz,CDCL) : 4 212. 7, 169.
151.6, 136.2, 128.9, 1%, 126.6, 106.4, 96.4, 83.9, 81.5, 71.3, 47.1, 39.7, 25.5, 21.6, 21.2.
HRMS-ESI (m/z): [M + HJ calculated for @H2204N"*,340.15433; found, 340.15470.
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() 8-(4-fluorobenzyl)-2,2, -trimethyl -4,4a,8,9btetrahydro-2H-pyrano[2',3":4,5]furo[3,2-
c]pyridine-3,9-dione (220

According to GP64c(50.0 mg, 0.27 mmol) was reacted with
O 2h (63.3 mg, 0.27 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product (23.7
mg, 24%).21H-NMR (600 MHz, CDC$): ti Ui 7.187.15 (m,
2H), 7.01 (dd, = 10.6, 6.0 Hz, 2H), 5.97 (s, 1H), 5.48 {d; 16.0 Hz, 1H), 5.44 (d] = 6.3
Hz, 1H), 5.145.10 (m, 1H), 5.0%.00 (m, 1H), 3.13 (dd] = 13.7, 7.2 Hz, 1H), 3.02 (dd,=
13.7, 6.0 Hz, 1H), 2.33 (s, 3H), 1.43 (s, 3H), 1.31 (s, 3¥E-NMR (151 MHz, CDC}): U
212.6,169.3,163.1, 161.5, 162.0, 151.5,132.1, 128.6, 115.9, 106.6, 96.8, 84.2, 81.7, 71.4, 46.8,
39.8, 25.6, 21.8, 21.4RMS-ESI (m/z): [M + HJ calculated forCzoH21NO4F", 358.1449;
found, 358.1466.

() 8-(2-chlorobenzyl)-2,2, #trimethyl -4,4a,8,9btetrahydro -2H-pyrano[2',3":4,5]furo[3,2-
c]pyridine-3,9-dione (22d)

According to GP64c (50.0 mg, 0.27 mmol) was reacted wath
O (678 mg, 0.27 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product (5.8 mg,
6%).H-NMR (600 MHz, CDCl): U 7.43 (dd,J = 7.7, 1.4 Hz, 1H), 7.24 (td,= 7.7, 1.7 Hz
1H), 7.20 (tdJ = 7.7, 1.4 Hz, 1H), 6.75 (dd= 7.7, 1.7 Hz, 1H), 5.99 (s, 1H), 5.44 {d 16.9
Hz, 1H), 5.41 (dJ = 6.6 Hz, 1H), 5.29 (d] = 16.9 Hz, 1H), 5.1:6.04 (m, 1H), 3.10 (ddl =
13.8, 7.5 Hz, 1H), 3.02 (dd,= 13.8, 6.7 Hz, 1H), 2.23(3H), 1.40 (s, 3H), 1.28 (s, 3HjC-
NMR (151 MHz, CBCl,): 4 212.5, 169.5, 161.8, 152.0, 134.3, 132.7, 130.0, 129.0, 127.7,
126.6, 106.5, 96.4, 84.4, 81.7, 71.8, 44.9, 40.0, 25.5, 22.0.FRMS-ESI (m/z): [M + HJ
calculated for @oH21NO4CI*, 374.1154; found, 374.1167.

() 8-(4-methoxybenzyl}2,2, #trimethyl -4,4a,8,9btetrahydro -2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine-3,9-dione (226

According to GP64c (27.7 mg, 0.15 mmolyvas reacted

O with 2k (55.2 mg, 0.15 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product (10.1
mg, 18%).H-NMR (600 MHz, CDC}): 1i7.10 (d,J=8.8

Hz, 2H), 6.81 (dJ = 8.8 Hz, 2H), 5.88 (s, 1H), 5.42 (@= 15.4 Hz, 1H), 5.40 (d] = 6.6 Hz,

1H), 5.03 (dJ = 15.4 Hz, 1H), 4.98 (df] = 7.9, 6.6 Hz, 1H), 3.74 (s, 3H), 3.10 (dd; 13.6,
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7.9 Hz, 1H), 2.98 (dd] = 13.6, 6.9 Hz, 1H), 2.29 (s, 3H), 1.40 (s, 3H), 128H).13C-NMR

(151 MHz, CDC#): 1i212.9, 169.0, 161.9, 159.1, 151.6, 128.6, 128.2, 114.3, 106.4, 96.1, 84.0,
81.6, 71.6, 55.4, 46.6, 39.8, 21.7, 2HRMS-ESI (m/z): [M + HJ calculated for GH24NOs",
370.1649; found, 370.1637.

(2) 2,2, Ftrimethyl -8-(pyridin -4-ylmethyl)-4,4a,8,9btetrahydro-2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione (22f)

According to GP64c (27.7 mg, 0.15 mmol) was reacted with

N O 2n (32.2 mg, 0.15 mmol). Purification by MPLC
g S (cyclohexane/EtOAc 1.0 to 0:1 then EtOAc/MeOH 1:0 to 9:1)
afforded the product (11.5 mg, 23%H.-NMR (700 MHz,CDCl): 18.538.51 (m, 2H), 7.05
7.04 (m, 2H), 5.93 (s, 1H), 5.38 (#i= 6.7 Hz, 1H), 5.37 (d] = 16.0 Hz, 1H), 5.16 (dl = 16.0
Hz, 1H), 5.05 (dtJ = 7.5, 6.7 Hz, 1H), 3.09 (dd,= 13.8, 7.5 Hz, 1H), 3.01 (dd,= 13.8, 6.7
Hz, 1H), 2.24 (s, 3H), 1.40 (s, 3H), 1.28 (s, 3&J-NMR (176 MHz, CDCly): 1212.6, 169.2,
161.3, 151.5, 150.5, 146.5, 121.6, 106.4, 95.8, 84.3, 81.6, 72.0, 46.1, 40.0, 25.4, 22.1, 21.7.
HRMS-ESI (m/z): [M + HJ calculated for @H2:1N204", 341.1496; found, 341.1493.

() 8-((2-chloropyridin -4-yl)methyl)-2,2, -trimethyl -4,4a,8,9btetrahydro -2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione (229

According to GP64c (50.0 mg, 0.32 mmol) was reacted with
NI O 2m(58.7 mg, 0.32 mmol) employiraljylpalladium(ll) chloride
u o dimer (2.5 mol%) and Xantphos (7.5 mol%) as catalyst.
Purification by MPLC (cyclohexane/EtOAcQLto 0:1) afforded the produ¢i7.8mg, 19%).
'H NMR (700 MHz,CDCls): 118.70 (d,J = 4.5 Hz, 1H), 7.99 (td] = 7.9, 1.7 Hz, 1H), 7.52 (m,
1H), 7.49 (d,)= 7.9 Hz, 1H), 6.04 (s, 1H), 5.69 (@ 16.5 Hz, 1H), 5.55 (dl= 16.5 Hz, 1H),
5.40 (d,J = 6.5 Hz, 1H), 5.03 (m, 1H), 3.13 (di#l= 13.7, 7.5 Hz, 1H), 3.02 (dd,= 13.7, 7.5
Hz, 1H), 2.41 (s, 3H), 1.42 (s, 3H), 1.30 (s, 3HE NMR (176 MHz,CDClL) : U 212. 3,
161.8, 154.4, 151.7, 145.6, 141.6, 124.3, 12308,5, 97.3, 84.2, 81.7, 71.2, 46.8, 39.7, 25.6,
21.9, 21.2.HRMS-ESI (m/z): [M + HJ calculated for @H2104N>",341.14958; found,
341.14984
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() 8-((2-chloropyridin -4-yl)methyl)-2,2, -trimethyl -4,4a,8,9btetrahydro-2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione (22h)

According to GP64c (27.7 mg, 0.15 mmol) was reacted with
O 2p (37.3 mg, 0.15 mmol). Purification by MPLC

(cyclohexane/EtOAc 1:0 to 0:1) afforded the product (35.2 mg,

cl 63%).H-NMR (700 MHz, CRCl): ii8.31 (dd,J = 5.1, 0.8
Hz, 1H), 7.06 (ddJ = 1.6, 0.8 Hz, 1H), 7.03.02 (m, 1H), 5.94 (s, 1H), 5.38 (@ = 6.7 Hz,
1H), 5.37 (dJ = 15.2 Hz, 1H), 5.13 (d] = 15.2 Hz, 1H), 5.07 (dt] = 7.5, 6.7 Hz, 1H), 3.09
(dd,J=13.8, 7.5 Hz, 1H), 3.02 (dd,= 13.8, 6.7 Hz, H)), 2.24 (s, 3H), 1.39 (s, 3H), 1.28 (s,
3H). 13C-NMR (176 MHz, CDCIl): 1i212.4, 169.3, 161.2, 152.5, 151.2, 150.4, 150.0, 122.0,
120.7, 106.4, 96.1, 84.4, 81.6, 71.9, 45.8, 39.9, 25.5, 22.2,HRMS-ESI (m/z): [M + HJ
calculated for @H20CIN204", 375.1106; found, 375.1105.

(2) 2,2, +trimethyl -8-((3-methylpyridin -4-yl)methyl)-4,4a,8,9btetrahydro -2H-
pyrano[2',3":4,5]furo[3,2-c]pyridine -3,9-dione (22i)

According to GP64c (50.0 ng, 0.32 mmol) was reacted with
O 20 (35.4 mg, 0.32 mmol) employing Allylpalladium(ll)
chloride dimer (2.5 mol%) and Xantphos (7.5 mol%) as
catalyst. Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (4.7 mg,
5%).'H NMR (700 MHz,CDCls): U 8.71 (s, 1H), 8.57 (d]= 5.7 Hz, 1H), 7.10 (d] = 5.7 Hz,
1H), 6.11 (s, 1H), 5.48 (d,= 17.6 Hz, 1H), 5.38 (d]= 6.7 Hz, 1H), 5.23 (d] = 17.6 Hz, 1H),
5.06 (dtJ=8.1, 6.7 Hz, 1H), 3.15 (dd,= 13.7, 7.6 Hz, 1H), 3.05 (dd,= 13.7, 7.6 Hz1H),
2.60 (s, 3H), 2.30 (s, 3H), 1.41 (s, 3H), 1.31 (s, 3f0.NMR (176 MHz,CDClL) : U 212. 1
169.8, 161.2, 154.0, 150.0, 142.8, 140.9, 134.9, 121.8, 106.9, 97.5,84.4,81.8, 77.3, 77.2, 77.0,
71.1, 44.8, 39.7, 25.7, 21.5, 21.2, 16BRMS-ESI (m/z): M + H]" calculated for
CooH2304N2*,355.16523; found, 355.16537.

(%) 5,8,8trimethyl -5,6b,10,10atetrahydro-6H-pyrano[2',3":4,5]furo[3,2-c]quinoline-
6,9(8H)}dione 22))

According to GP64c (27.7 mg, 0.15 mmol) was reacted w2 (26.3

mg, 0.15 mmol). Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
and repurification by prep. HPLC afforded the product (2.1 mg, 5%).
IH-NMR (500MHz, CDCk): t17.82 (dd,)= 8.0, 1.7 Hz, 1H), 7.68 (ddd,
J=8.7,7.2,1.7 Hz, 1H), 7.43 (d= 8.7 Hz, 1H), 7.30 (ddd,= 8.0, 7.2, 0.9 Hz, 1H), 5.54 (d,
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J=6.7 Hz, 1H), 5.18 (dt) = 8.0, 6.7 Hz, 1H), 3.74 (s, 3H), 3.24 (dds 13.7, 8.0 Hz, 1H),

3.12 (dd,J = 13.7, 7.0 Hz, 1H), 1.48 (s, 3H), 1.32 (s, 3HL-NMR (126 MHz, CDCY): {i
212.5,161.1, 158.4, 141.7, 132.8, 124.0, 122.4, 115.1, 112.2, 107.7, 84.3, 81.9, 72.0, 39.8, 29.5,
25.5. 21.3HRMS-ESI (m/z): [M + HJ calculated for GH1gNO4*, 300.1230; found, 300.1234.

(%) 2,2, +trimethyl -4a,9b-dihydro -2H,9H-furo[3,2-b:4,5-c']dipyran -3,9(4H)-dione
(22K)!112

According to GP6,4c (27.6 mg, 0.15 mmol) was reacted with 4
O hydroxy-6-methyt2H-pyran2-one (a (189 mg, 0.15 mmol).

Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the
product (1.4 mg, 4%fH-NMR (700 MHz, CDRCl2): U 5.98 (s, 1H), 5.28 (d} = 6.7 Hz, 1H),
5.07 (dt,J= 7.8, 6.7 Hz, 1H), 3.08 (dd,= 13.8, 7.8 Hz, 1H), 3.01 (dd,= 13.8, 6.8 Hz, 1H),
2.27 (s, 3H), 1.39 (s, 3H), 1.29 (s, 3HHRMS-ESI (m/z): [M + HJ calculated for @H150s",
251.0914; found, 251.0915.

(z) Tert-butyl-7',8'-dimethyl-3',9'-dioxo-3',4',4a',8',9',9b'-hexahydrospiro[piperidine-
4,2'-pyrano[2',3".4,5]furo[3,2-c]pyridine] -1-carboxylate (233

y/ According to GP64d (50.0 mg, 0.15 mmolyas reacted witBb (21.4

mg, 0.15 mmol). Purification by MPLC (cyclohexane/EtOAc 1:0 to
0:1) afforded the product (56.1 mg, 90%H-NMR (700 MHz,
CD2Cly): 115.85 (s, 1H), 5.35 (d] = 6.7 Hz, 1H), 5.03 (q] = 6.7 Hz,
1H), 3.983.73 (m 2H), 3.45 (s, 3H), 3.2898 (m, 4H), 2.34 (s, 3H),
1.88 (d,J=14.1 Hz, 1H), 1.72 (ddd,= 13.8, 12.1, 4.5 Hz, 1H), 1.65
1.59 (m, 1H), 1.53.48 (m, 1H), 1.47 (m, 9H}C-NMR (176 MHz, CDCl,): ti211.5; 168.6,
161.4, 154.8152.1, 105.7, 94.6, 83.9, 81.0, 79.5, 71.1, 40.1, 39.5, 38.6, 33.1, 30.7, 29.6, 28.5.
HRMS-ESI (m/z): [M + HJ calculated for @H29N20¢", 405.2020; found, 405.2015.

() 7',8'-dimethyl-3',9'-diox0-3',4',4a’',8',9',9b'-hexahydrospiro[piperidine-4,2'-
pyrano[2',3":4,5]furo[3,2-c]pyridin] -1-ium triflate ( 248)

© 23a(35.0 mg, 0.09 mmol) was dissolved in DCM (1 mL) and
cooled to 0 °C. A mixture of TMSOTTf (0.16 mL, 10 equiv) and
2,6-lutidine (0.15 mL, 15 equiv) in DCM (0.1 mL) was added

slowly and the mixture was stirred at© for 1 hour and at room

temperature for 30 min. The reaction was quenched by slow
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addition of saturated N®®OF solution at 0 °C and dilution with EtOAc (10 mL). The layers
were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL). Binecdtom
organic layers were washed with brine (20 mL), dried over Mg81d concentrated in vacuo.
Purification by prep. HPLC afforded the product (8.2 mg, 31BAINMR (500 MHz, DMSO):
8.56 (d,J = 11.2 Hz, 1H), 8.42 (d] = 13.7 Hz, 1H), 6.07 (s, 1H), 5.33 @@= 6.5 Hz, 1H),

5.18 (q,J = 6.5 Hz, 1H), 3.34 (s, 3H), 3.2191 (m, 6H), 2.36 (s, 3H), 1.857 (m, 4H)C-

NMR (126 MHz, DMSO0):ti 210.9, 168.2, 160.8, 153.2, 104.7, 94.1, 83.6, 77.7, 71.6, 40.5,
39.2,30.4, 2%, 26.5, 21.6HRMS-ESI (m/z): [M + HJ calculated for @H21N204", 305.1496;
found, 305.1487.

() Tert-butyl 8'-cyclobutyl-7'-methyl-3',9'-dioxo-3',4',4a',8',9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3".4,5]furo[3,2-c]pyridine] -1-carboxylate
(23b)

o>’O According to GP64d (48.8 mg, 0.15 mmol) was reacted with

k 2c (26.9 mg, 0.15 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product (47.7
mg, 72%)H-NMR (500 MHz, CD,Cl): ii5.76 (s, 1H), 5.36
(d,J = 6.8 Hz, 1H), 5.03 (q] = 6.8 Hz, 1H), 4.72 (p] = 8.9
Hz, 1H), 3.993.71 (m, 2H), 3.22.99 (m, 6H), 2.33 (s, 3H), 2.23 (ddbiz 11.4, 7.9, 2.9 Hz,
2H), 1.991.47 (m, 6H), 1.42 (s, 9H}3*C-NMR (126 MHz, CDCl,): G 211.6, 168.2, 162.9,
154.8, 151.7, 107.2, 95.3, 83.9, 81.0, 79.5, 72.1, 53.3, 40.2, 38.6, 38.5, 32.9, 30.1, 28.5, 28.1,
22.7, 15.0.HRMS-ESI (m/z): [M + HJ calculatedfor C»4H33N2Os" 445.2333; found,
445.2328.

() 8'-benzyt7'-methyl-3',9'-dioxo-3',4',4a’',8',9',9b'-hexahydrospiro[piperidine-4,2'-

pyrano[2',3":4,5]furo[3,2-c]pyridin] -1-ium triflate (24 c)

?FA According to GP64d (39.0 mg, 0.12 mmol) was reacted
with 2g (25.8 mg, 0.12 mmol). Purification by MPLC

(cyclohexane/EtOAc 1:0 to 0:1) afforded the product

which was directly dissolved in DCM (1 mL) and cooled
to 0°C. A mixture of TMSOTTf (0.21 mL, 10 equiv) and
2,6-lutidine (0.21 mL, 15 equiv) in DCM (0.1 mL) was added slowly and the mixture was stirred
at 0 °C for 30 min. The reaction was quenched by slow addition of saturaf®psolution

at 0 °C and dilution wh EtOAc (10 mL). The layers were separated and the aqueous phase was
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extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (20
mL), dried over MgS®@and concentrated in vacuo. Purification by prep. HPLC afforded the
product(7.3 mg, 17% over two stepsH-NMR (700 MHz, DMSO):li 8.56 (s, 1H), 8.45 (s,

1H), 7.377.32 (m, 2H), 7.27 (1) = 7.4 Hz, 1H), 7.10 (d] = 7.7 Hz, 2H), 6.13 (s, 1H), 5.42 (d,
J=6.7 Hz, 1H), 5.32 (d] = 16.0 Hz, 1H), 5.28 (g1 = 6.4 Hz, 1H), 5.22 (d] = 13.8 Hz, 1H),
3.293.23 (m, 1H), 3.18.14 (m, 1H), 3.168.00 (m, 3H), 2.92.93 (m, 1H), 2.28 (s, 3H), 1.86

1.78 (m, 2H), 1.73.68 (m, 1H), 1.66..61 (m, 1H).13C-NMR (176 MHz, DMSO): U
210.5,168.1160.1, 152.4, 137.1,29.2, 127.6, 126.5, 104.9, 94.9, 83.9, 77.5, 71.4, 45.6, 38.8,
28.4, 26.7, 24.4, 20.HRMS-ESI (m/z): [M + HJ calculated for @H2sN204", 381.1809;
found, 381.1810.

() Tert-butyl-8'-(4-fluorobenzyl)-7'-methyl-3',9'-dioxo-3',4',4a',8",9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3".4,5]furo[3,2-c]pyridine] -1-carboxylate
(23d)

\F According to GP64d (48.8 mg, 0.15 mmol) was reacted
o) with 2h (35.0 mg, 0.15 mmol). Purification by MPLC
N\/:O (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (55.2
mg, 74%).'H-NMR (700 MHz, CDRCl,): 11 7.15 (dd,J =

O 8.6, 5.3 Hz, 2H), 7.03 (f) = 8.6 Hz, 2H), 5.88 (s, 1H),

- NG 5.47-5.38 (m, 1H), 5.2%.07 (m, 3H), 3.98.70 (m, 2H),
3.253.05 (m, 4H), 2.28 (s, 3H), 1.87 (dyF 13.9, 2.9 Hz, 1H), 1.76.63 (m, 2H), 1.58.49

(m, 1H), 1.42 (s, 9H)3C-NMR (176 MHz, CDCly): i 211.3, 168.9, 163.2, 161.8, 161.5,
154.8, 152.1, 133.2, 128.6, 116.0, 106.2, 95.5, 84.3, 81.2, 79.6, 72.1, 46.3, 40.0, 39.6, 38.6,
32.9, 30.1, 28.5, 21.8IRMS-ESI (m/z): [M + HJ calculated for €H3zFN2Oe*, 499.2239;
found, 499.2230.

(%) 8'-(4-fluorobenzyl)-7'-methyl-3',9'-dioxo-3',4',4a',8',9",9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3".4,5]furo[3,2-c]pyridin] -1-ium triflate ( 24d)

According to GP64d (97.6 mg, 0.30 mmol) was
reacted witl2h (70.0 mg, 0.30 mmol). Purification by
MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the
product which was directly dissolved in DCM (1 mL)
and cooled to OC. A mixture of TMSOTTf (0.13 mL,

10 equiv) and 2utidine (0.13 mL, 15 equiv) in DCM (0.1 mL) was added slowly and the
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mixture was stirred at 0 °C for 1 hour and at room temperature overnight. The reaction was
guenched by slow addition of saturated®8@F solution at 0 °C and dilution with EtOAc (10

mL). The layers were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (20 mL), dried over WMgB®
concentrated in vacuo. Purificatiby prep. HPLC afforded the product (3.8 mg, 3% over two
steps)!H-NMR (700 MHz, DMSO):li 8.51 (s, 1H), 8.43 (s, 1H), 7.2413 (m, 4H), 6.13 (s,

1H), 5.41 (dJ=6.7 Hz, 1H), 5.35.24 (m, 2H), 5.20 (d,J=12.7 Hz, 1H), 3.28.24 (m, 1H),

3.16 (dd,J = 14.4, 6.4 Hz, 1H), 3.13.07 (m, 1H), 3.08.00 (m, 1H), 2.9€.92 (m, 1H), 3.05

(dd,J = 14.4, 6.2 Hz, 1H), 2.30 (s, 3H), 2:20 (m, 1H), 1.8€..76 (m, 2H), 1.72.68 (m,

1H). 3C-NMR (176 MHz, DMSO):li 210.3, 168.1, 161.9, 160.6, 160.4, 152.4, 133.4, 128.2,
115.4, 104.8, 94.6, 83.5, 77.4, 71.2, 45.0, 40.0, 38.8, 28.9, 26.7HRMS-ESI (m/z): [M +

H]* calculated for @H24FN204", 399.1715; found, 399.1713.

() 8'-(4-methoxybenzyl}7'-methyl-3',9'-dioxo-3',4',4a',8',9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3":4,5]furo[3,2-c]pyridin] -1-ium triflate ( 24e)

® O According to GP64d (97.6 mg, 0.30 mmol) was
NH, TFA

reacted witl2k (76.6 mg, 0.30 mmol). Purification by

0 MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the
product which was directly dissolved in DCM (1 mL)

and cooled to OC. A mixture of TMSOTf (0.20 mL,

10 equiv) and 2utidine (0.20 mL, 15 equiv) in DCM (0.1 mL) was added slowly and the
mixture was stirred at 0 °C for 1 hour and at room temperature for 30 min. The reaction was
guenched by slow addition of saturated®8I@f solution at 0 °C and dilution with EtOAc (10

mL). The layers were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (20 mL), dried over Mg8®d
concentrated in vacuo. Purificatiby prep. HPLC afforded the product (5.2 mg, 4% over two
steps)!H-NMR (700 MHz, DMSO)1i8.54 (s, 1H), 8.43 (s, 1H), 7.06 &+ 8.5 Hz, 2H), 6.90

(d,J= 8.5 Hz, 2H), 6.10 (s, 1H), 5.41 @= 6.5 Hz, 1H), 5.27 (q) = 6.5 Hz, 1H), 5.26.11

(m, 2H),3.72 (s, 3H), 3.28.24 (m, 1H), 3.15 (dd] = 14.4, 6.5 Hz, 1H), 3.13.07 (m, 1H),
3.06:3.01 (m, 2H), 2.92.93 (m, 1H), 2.29 (s, 3H), 2.2420 (m, 1H), 1.84..77 (m, 2H), 1.72

1.66 (m, 1H)13C-NMR (176 MHz, DMSO0)1i210.4, 168.0, 160.5, 1588.3, 152.5, 129.1, 127.6,
114.1, 104.8,94.5,83.4, 77.4, 71.3,55.1, 45.1, 40.0, 38.8, 28.9, 26. HRMB-ESI (m/z):

[M + H]* calculated for @H27N>Os*, 411.1915; found, 411.1908.
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(x) 7'-methyl-3',9'-dioxo-8'-(thiophen-2-ylmethyl)-3',4',4a',8',9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3":4,5]furo[3,2-c]pyridin] -1-ium triflate ( 24f)

ﬁHz ?FA According to GP64d (48.8 mg, 0.15 mmol) was reacted
with 2| (33.2 mg, 0.15 mmol). Purification by MPLC

o) (cyclohexane/EtOAc 1:0 to 0:1) afforded the product which

was directly dissolved in DCM (1 mL) and cooled t6@

A mixture of TMSOTT (0.21 mL, 10 equiv) and 2i@idine (0.20 mL, 15 equiv) in DCM (0.1

mL) was added slowly and the mixture was stirred at 0 °C for 30 min. The reaction was

guenched by slow addition of saturated®8I@f solution at 0 °C and dilutionith EtOAc (10

mL). The layers were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (20 mL), dried over WMg&®d
concentrated in vacuo. Purification by prep. HPLC afforded the pr¢8icing, 6% over two
steps)IH-NMR (700 MHz, DMSO)118.50 (s, 1H), 8.34 (s, 1H), 7.42 (4 5.1 Hz, 1H), 7.07

(d,J = 3.7 Hz, 1H), 6.98 (dd] = 5.1, 3.7 Hz, 1H), 6.09 (s, 1H), 5.42 (& 6.6 Hz, 1H), 5.38
(d,J=15.5 Hz, 1H), 5.33 (d] = 15.5 Hz, 1H), 5.26 (q] = 6.6 Hz, 1H), 3.12.99 (m, 6H),

2.44 (s, 3H), 2.22.21 (m, 1H), 1.88..75 (m, 2H), 1.69..65 (m, 1H)*C-NMR (176 MHz,
DMSO0):1i210.5, 168.1, 160.1, 152.0, 139.5, 126.7, 126.6, 126.1, 104.889%6677.4, 71.3,

41.5, 38.9, 38.8, 28.8, 26.8, 20HRMS-ESI (m/z): [M + HJ calculated for @H23N204S",
387.1373; found, 387.1374.

() Tert-butyl-7'-methyl-3',9'-dioxo-8'-(pyridin -4-ylmethyl)-3',4',4a',8',9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3":4,5]furo[3,2-c]pyridine] -1-carboxylate
(239

BL According to GP64d (48.8 mg, 0.15 mmol) was reacted with
2n (32.4 mg, 0.15 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1 then EtOAc/MeOH 1:0 to
9:1) afforded the product (43.9 mg, 61%H-NMR (700
MHz, CDCk): 1i8.53 (d,J= 6.1 Hz, 2H), 7.04 (d1= 6.1 Hz,
2H), 5.93 (s, 1H), 5.58.31 (m, 2H), 5.221.99 (m, 2H), 4.04
3.71 (m, 2H), 3.28.01 (m, 2H), 2.26 (s, 3H), 1.91.51 (m, 4H), 1.41 (s, 9HSC-NMR (176
MHz, CDChk): t211.2,173.7,171.2,161.2, 151.1, 150.2, 146.0, 121.3, 106.0, 96.0/ 88,9,
71.2,60.5, 45.9, 39.8, 39.2, 38.2, 33.2, 33.0, 28.5, ARMS-ESI (m/z): [M + HJ calculated
for CaoeH32N306", 482.2286; found, 482.2279.
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(x) 7'-methyl-3',9'-dioxo-8'-(pyridin -2-ylmethyl)-3',4',4a',8',9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3":4,5]furo[3,2-c]pyridin] -1-ium triflate ( 24h)

CIJ\?H ?FA According to GP64d (48.8 mg, 0.15 mmol) was reacted
2

with 2m (32.4 mg, 0.15 mmol). Purification by MPLC
0 (cyclohexane/EtOAc 1:0 to 0:1) afforded the product

which was directly dissolved in DCM (1 mL) and cooled

to 0°C. A mixture of TMSOTTf (0.12 mL, 10 equiv) and
2,6-utidine (0.12 mL, 15 equiv) in DCM (0.1 mL) was added slowly and the mixture was stirred
at 0 °C for 30 min. The reaction was quenched by slow addition of saturafe®isolution

at 0 °C and dilution wh EtOAc (10 mL). The layers weseparatednd the agqueous phase was
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (20
mL), dried over MgS®@and concentrated in vacuo. Purification by prep. HPLC afforded the
product(1.0 mg, 1% over two stepsH-NMR (700 MHz, DMSO):1i8.47 (d,J= 5.2 Hz, 2H),

8.40 (s, 1H), 8.27 (s, 1H), 7.7977 (m, 1H), 7.29 (ddl= 7.8, 4.9 Hz, 1H), 7.23 (d,= 7.8 Hz,

1H), 6.13 (s, 1H), 5.40 (d,= 6.9 Hz, 1H), 5.3%.27 (m, 3H), 3.28.22 (m, 1H), 3.17 (dd} =

14.4, 6.2 Hz, 1H), 3.01 (dd,= 14.4, 5.9 Hz, 1H), 2.99.94 (m, 2H), 2.92.87 (m, 1H), 2.33

(s, 1H), 2.192.15 (m, 1H), 1.82.75 (m, 2H), 1.69.65 (m, 1H).3C-NMR (176 MHz,
DMSO0):1210.4, 168.1, 160.3, 158.1, 157.9, 149.1, 137.0, 122.5, 121.3, 104.5, 94.2, 83.4, 77 .4,
71.4,47.4,39.2,38.8, 28.6, 27.1, 2HRMS-ESI (m/z): [M + HT calculated for @H24N304",
382.1761; found, 382.1763.

() Tert-butyl-8'-((2-chloropyridin -4-yl)methyl)-7'-methyl-3',9'-dioxo-3',4',4a',8',9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3":4,5]furo[3,2-c]pyridine] -1-carboxylate 23i)

According to GP64d (48.8 mg, 0.15 mmol) was
reacted witl2p (37.6 mg, 0.15 mmol). Purification by
MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the
product (54.1 mg, 70%)H-NMR (500 MHz,
CD.Cl»): i 8.31 (d,J=5.2 Hz, 1H), 7.05 (s, 1H), 7.02
(dd,J = 5.2, 1.5 Hz, 1H), 5.95 (s, 1H), 58646 (m, 2H), 5.2%5.09 (m, 2H), 3.98.73 (m,
2H), 3.233.00 (m, 4H), 2.25 (s, 3H), 1.91.85 (m, 1H), 1.69 (dtd} = 30.4, 12.2, 4.5 Hz, 2H),
1.54 (dt,J = 15.1,4.7 Hz, 1H), 1.41 (s, 9H}3C-NMR (126 MHz, CDCly): t1211.2, 169.3,
161.2, 154.8, 152.4, 151.5, 150.4, 149.9, 121.9, 120.6, 106.3, 96.2, 84.4, 81.1, 79.6, 71.8, 45.8,
40.0, 39.5, 38.6, 33.1, 28.5, 21HRMS-ESI (m/z): [M + HJ calculated for @Hz1CIN3Os",
516.1896; found, 516.1892.
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(%) 8'-((2-chloropyridin -4-yl)methyl)-7'-methyl-3',9'-dioxo-3',4',4a',8",9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3":4,5]furo[3,2-c]pyridin] -1-ium triflate ( 24i)

23h (42.1 mg, 0.08 mmol) was dissolved in DCM (1
mL) and cooled to 0 °C. A mixture of TMSOTTf (0.15
mL, 10 equiv) and 2;8utidine (0.14 mL, 15 equiv) in
DCM (0.1 mL) was added slowly anldet mixture was

stirred at O °C for 1 hour and at room temperature for 30
min. The reaction was quenched by slow addition of saturaté@®gasolution at 0 °C and
dilution with EtOAc (10 mL). The layers were separated and the aqueous phase was extracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (20 mL), dried
over MgSQtand concentrated in vacuo. Purificationgrgp. HPLC afforded the product (3.5
mg, 10%).H-NMR (700 MHz, DMSO):li 8.47 (s, 1H), 8.48B.32 (m, 2H), 7.21 (s, 1H), 7.09
(d,J = 5.2 Hz, 1H), 6.20 (s, 1H), 5.42 (@= 6.8 Hz, 1H), 5.3%.23 (m, 3H), 3.2B.14 (m,
2H), 3.103.04 (m, 2H), 3.02.96 (m 1H), 2.942.87 (m, 1H), 2.28 (s, 3H), 2.2819 (m, 1H),
1.851.78 (m, 2H), 1.71 (dd] = 14.4, 3.1 Hz, 1H)!*C-NMR (176 MHz, DMSO):li 210.6,

168.9, 160.7, 152.8, 151.2, 151.1, 150.1, 122.0, 121.0, 105.3, 95.5, 84.1, 77.9, 71.5, 45.4, 39.4,
39.3, 29.427.1, 21.4HRMS-ESI (m/z): [M + HJ calculated for GiH23CIN3O4*, 416.1372;
found, 416.1369.

() 6',9'-dioxo-5',6',6b",9',10',10a-hexahydrospiro[piperidine-4,8'-
pyrano[2',3":4,5]furo[3,2-c]quinolin] -1-ium triflate ( 24j)

According to GP64d (50.0 mg, 0.15 mmol) was reacted wiih
(248 mg, 0.15 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product which was
directly dissolved iiHCl/dioxane (0.5 mL, 4M) at 0 °C and stirred
at room temperature for 90 min. The reaction mixture was diluted
by addition of DCM (10 mL) and 1 M HCI (10 mL). The layers
were separated and the organic phase was extracted with 1 M HCI (3 x 10 mL). Theecbombi

aqueous layers were concentrated in vacuo and purified by prep. HPLC to afford the product
(2.6 mg, 4% over two stepsH-NMR (500 MHz, MeOHdN: 1i7.80 (dd,J = 8.1, 1.4 Hz, 1H),

7.66 (dddJ = 8.5, 8.1, 1.4 Hz, 1H), 7.43 (d= 8.5 Hz, 1H), 7.31 (t) = 8.1 Hz, 1H), 5.61 (d,
J=6.8 Hz, 1H), 5.43 (qd] = 6.8, 2.5 Hz, 1H), 3.43 (td,= 13.0, 3.2 Hz, 1H), 3.33.31 (m,

2H), 3.283.18 (m, 3H), 2.37 (dgl = 15.2, 3.1 Hz, 1H), 2.04 (ddd= 15.2, 13.0, 4.5 Hz, 1H),

1.94 (dddJ = 14.8, 12.9, 4.5 Hz, 1H), 1.84 (dtj= 14.8, 3.2 Hz, 1H)*C-NMR (126 MHz,

-147-



5. Experimental

MeOH-dM): 1 210.3, 168.3, 163.5, 141.9, 133.9, 124.1, 124.0, 117.2, 112.3, 108.7, 86.0, 79.3,
72.9, 40.5, 40.4, 40.1, 31.0, 27THMRMS-ESI (mz): [M + H]* calculated for @H19N204",
327.13309; found, 327.1342.

(x) 5'-methyl-6',9'-dioxo-5',6',6b',9',10',10a-hexahydrospiro[piperidine-4,8'-
pyrano[2',3":4,5]furo[3,2-c]quinolin] -1-ium triflate ( 24k)

(SHZ ?FA According to GP64d (97.6 mg, 0.30 mmol) was reacted waiv
(526 mg, 030 mmol). Purification by MPLC

0 (cyclohexane/EtOAc 1:0 to 0:1) afforded the product which was

directly dissolved irDCM (1 mL) and cooled to 0 °C. A mixture

of TMSOTf (0.34 mL, 10 equiv) and 2|atidine (0.32 mL, 15

equiv) in DCM (0.1 mL) was added slowly and the mixture was

stirred at O °C for 30 min. The reaction was quenched by slow addition of satur&e0fNa
solution at 0 °C and dilution with EtOAc (10 mL). The layers were separated and the aqueous
phase was extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with
brine (20 mL), dried over MgS®@and concentrated in vacuo. Purification byprelPLC
afforded the product (2.6 mg, 3% over two stepp$)NMR (700 MHz, DMSO)1i8.52 (s, 1H),

8.39 (s, 1H), 7.76 (m, 2H), 7.63 (@z= 8.9 Hz, 1H), 7.34 (1) = 7.5 Hz, 1H), 5.50 (d] = 6.7

Hz, 1H), 5.43 (qJ = 6.7 Hz, 1H), 3.62 (s, 3H), 3.3229 (m, 1H), 3.22 (d] = 6.7 Hz, 2H),

3.15 (d,J = 12.6 Hz, 1H), 3.18.03 (m, 1H), 2.92.92 (m, 1H), 2.32 (dd] = 14.9, 3.0 Hz,

1H), 1.961.85 (m, 1H), 1.84.72 (m, 2H).13C-NMR (176 MHz, DMSO):l 210.0, 163.9,

1595, 141.3, 132.8, 123.1, 122.1, 115.6, 110.9, 107.1, 84.1, 77.6, 71.5, 40.0, 38.9, 38.8, 29.3,
28.7, 25.8.HRMS-ESI (m/z): [M + HJ calculated for @H21N204", 341.1496; found,
341.1500.

2-(4-hydroxy-1,6-dimethyl-2-oxo-1,2-dihydropyridin -3-yl)-5-ox0-1-oxa-9-

azaspiro[5.5]undee2-en-9-ium triflate (253

H, © 23a(30.0 mg, 0.07 mmol) was dissolved in dioxane (0.5 mL) and
N_ TFA
® cooled to 0 °C. HCI in dioxane (0.18 mL, 4 M, 10 equiv) was added

Y slowly and the mixture was stirred at 0 °C for 1 hour and at room

temperature for 30 mi The reaction was quenched by slow addition
OH of saturated NBCOF solution at 0 °C and diluted with EtOAc (10 mL).
The layers were seperated and the aqueous phase was extracted with EtOAc (3 x 10 mL). The

combined organic layers were washed with brinenf2, dried over MgS®@and concentrated
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in vacuo. The crude was purified by prep. HPLC to afford the product (2.7164g, "H-NMR

(700 MHz, DMSO):i8.77 (s, 1H), 8.51 (s, 1H), 6.65 (s, 1H), 6.58 (s, 1H), 4.25 (bs, 2H), 3.47
(s, 3H), 2.41 (s, 3H), 3.21 (dit= 12.7, 3.4 Hz, 1H), 3.13.06 (m, 1H), 1.92 (td] = 13.6, 4.4

Hz, 1H), 1.861.76 (m, 1H)*C-NMR (176 MHz, DMSO0)1i209.3, 158.9, 158.6, 148.143.5,
113.2, 105.4, 94.6, 73.8, 39.0, 35.6, 30.3, 29.5, 20RMS-ESI (m/z): [M + HJ calculated

for C16H2104N2", 305.1496; found, 305.1491.

2-(1-cyclobutyl-4-hydroxy-6-methyl-2-oxo-1,2-dihydropyridin -3-yl)-5-oxo-1-oxa-9-
azaspiro[5.5]undee2-en-9-ium triflate (25b)

23b (46.0 mg, 0.10 mmol) was dissolved in dioxane (1 mL) and
cooled to 0 °C. HCl in dioxane (0.26 mL, 4 M, 10 equiv) was added
slowly and the mixture was stirred at O °C for 1 hour and at room

temperature for 30 min. The reaction was evaporated to dryness and

treated with EXO. The precipitate was filtered off and dried in
vacuo. The crude was purified by prep. HPLC to afford the product (39.4 mg, ‘88MMR
(700 MHz, DMSO)i8.76 (s, 1H), 8.48 (s, 1H), 6.61 (s, 1H), 6.50 (s, 1H), 4.86%[8.8 Hz,
1H), 4.25 (bs, 2H), 3.28.14 (m, 4H), 3.10 (p] = 12.3, 11.1 Hz, 2H), 2.41 (s, 3H), 2.19 (@,
= 8.6, 2.6 Hz, 2H), 1.92 (td,=13.9, 4.1 Hz, 2H), 1.88.82 (m, 1H), 1.78 (d1= 13.7 Hz, 2H),
1.741.68 (m, 1H)13C-NMR (176 MHz, DMSO):li 209.3, 160.3, 158, 149.6, 142.9, 115.1,
105.4, 95.4, 73.7, 51.9, 39.0, 35.5, 29.5, 26.9, 21.5, HRMS-ESI (m/z): [M + HJ
calculated for @H2sN204", 345.1801; found, 345.1808.

2-(1-benzyt4-hydroxy-6-methyl-2-oxo-1,2-dihydropyridin -3-yl)-5-0x0-1-0xa-9-

azaspiro[5.5]undee2-en-9-ium (250

%l According to GP64d (50.0 mg, 0.15 mmol) was reacted w2t
(33.1 mg, 0.15 mmol). Purification by MPLC

O (cyclohexane/EtOAc 1:0 to 0:1) afforded the product which was
directly dissolved in HCl/dioxane (0.5 mL, 4M) at 0 °C and
stirred at room temperature for 90 min. The reaction mixture was

diluted by addition of DCM10 mL) and 1 M HCI (10 mL). The layers were separated and the

organic phase was extracted with 1 M HCI (3 x 10 mL). The combined aqueous layers were

concentrated in vacuo to afford the product (22.0 mg, 35% over two stepsMR (400
MHz, MeOHdW: 0 7.31 (t,J= 7.5 Hz, 2H), 7.25 (d] = 7.5 Hz, 1H), 7.10 (d] = 7.5 Hz, 2H),
6.80 (s, 1H), 6.67 (s, 1H), 5.48 (s, 2H), 4808 (m, 2H), 3.38.29 (m, 4H), 2.40 (s, 3H),
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2.202.09 (m, 2H), 1.98..90 (m, 2H)33C-NMR (400 MHz, MeOHd!): (1210.0, 161.9, 164,
152.2, 145.0, 138.0, 129.9, 128.4, 127.1, 115.5, 106.3, 98.5, 75.3, 48.2, 40.8, 36.7, 31.1, 21.1.
HRMS-ESI (m/z): [M + HJ calculated for @H2:N>04", 381.1809; found, 381.1810.

2-(1-(4-fluorobenzyl)-4-hydroxy-6-methyl-2-oxo-1,2-dihydropyridin -3-yl)-5-oxo-1-oxa-9-

azaspiro[5.5]undee2-en-9-ium triflate (25d)

H, © 23d(40.0 mg, 0.08 mmol) was dissolved in dioxane (1 mL)
and cooled to 0 °C. HCl in dioxane (0.20 mL, 4 M, 10 equiv)
O  was added slowly and the mixture was stirred at 0 °C for 1

hour and at room temperature for 30 nlihe reaction was

OH guenched by slow addition of saturated®8@F solution at

0 °C and diluted with EtOAc (10 mL). The layers were seperated and the aqueous phase was
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (20
mL), dried over MgS@and concentrated in vacuo. The crude was purified by prep. HPLC to
afford the product (11.1 mg, 35%H-NMR (700 MHz, MeOHdW: 1 7.15 (dd,J = 8.6, 5.4

Hz, 2H), 7.05 (t) = 8.6 Hz, 2H), 6.77 (s, 1H), 6.64 (s, 1H), 5.45 (bs, 2H), 4.28 (bs, 2H), 3.35
3.32 (m, 4H), 2.41 (s, 3H), 2.2408 (m, 2H), 1.98.90 (m, 2H).13C-NMR (126 MHz,
CD.Cly): 01210.0, 164.1, 162.7, 162.1, 161.3, 151.9, 144.7, 134.2, 129.2, 116.5, 115.6, 106.4
98.2, 75.2, 47.4, 40.8, 36.6, 31.1, 21HRMS-ESI (m/z): [M + HJ calculated for

C22H24N204F*, 399.1715; found, 399.1705.

2-(4-hydroxy-1-(4-methoxybenzyl}6-methyl-2-oxo-1,2-dihydropyridin -3-yl)-5-oxo-1-

oxa-9-azaspiro[5.5]undee2-en-9-ium triflate ( 256

H, ©  According to GP64d (50.0 mg, 0.15 mmol) was reacted
with 2k (37.7 mg, 0.15 mmol). Purification by MPLC
0 (cyclohexane/EtOAc 1:0 to 0:1) afforded the product which
was directly dissolved in HCl/dioxane (0.5 mL, 4M) at O

OH °C and stirred at room temperature for 90 min. The reaction
mixture was diluted by addition of DCNLO mL) and 1 M HCI (10 mL). The layers were
separated and the organic phase was extracted with 1 M HCI (3 x 10 mL). The combined
agueous layers were concentrated in vacuo and purified by prep. HPLC to afford the product
(7.7 mg, 10% over two step3H-NMR (700 MHz, MeOHdW: i1 7.06 (d,J= 8.8 Hz, 2H), 6.87
(d,J=8.8 Hz, 2H), 6.77 (s, 1H), 6.61 (s, 1H), 5838 (m, 2H), 4.28 (s, 2H), 3.76 (s, 3H),

3.33 (ddJ = 7.4, 2.9 Hz, 4H), 2.41 (s, 3H), 2.11 (@& 14.3, 8.7 Hz, 2H), 1.92 (dd,= 15.0,
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2.8 Hz, 2H). 3C-NMR (176 MHz, MeOHd®: U 210.0, 162.1, 161.3, 160.5, 151.7, 144.9,
130.1, 128.6, 115.6, 115.2, 106.4, 98.0, 75.2, 55.7, 47.5, 40.8, 36.6, 31.HRWUS-ESI
(m/z): [M + H]" calculated for @H27N20Os", 411.1915; found, 411.1933.

2-(4-hydroxy-6-methyl-2-oxo-1-(thiophen-2-ylmethyl)-1,2-dihydropyridin -3-yl)-5-oxo-1-

oxa-9-azaspiro[5.5]undee2-en-9-ium chloride (25f)

Hy 8 According to GP64d (50.0 mg, 0.15 mmol) was reacted wih
(340 mg, 0.15 mmol). Purification by MPLC

O (cyclohexane/EtOAc 1:0 to 0:1) afforded the product which was
directly dissolved in HCl/dioxane (0.5 mL, 4M)@&tC and stirred

at room temperature for 90 min. The reaction mixture was diluted

OH
by addition of DCM (10 mL) and 1 M HCI (10 mL). The layers were separated and the organic

phase was extracted with 1 M HCI (3 x 10 mL). The combined aqueous layers were
conentrated in vacuo to afford the product (10.1 mg, 16% over two stép$)MR (500

MHz, MeOHdW: 17.31 (d,J=5.2 Hz, 1H), 7.05 (d1 = 3.6 Hz, 1H), 6.95 (dd}= 5.2, 3.6 Hz,

1H), 6.78 (s, 1H), 6.62 (s, 1H), 4:83028 (m, 2H), 3.36.30 (m, 4H), 2.569, 3H), 2.162.08

(m, 2H), 1.951.89 (m, 2H).2*C-NMR (126 MHz, MeOHd\: U 210.0, 161.6, 161.4, 152.0,
144.4,140.5,127.7, 127.6, 126.7, 115.5, 106.3, 98.4, 75.2, 43.9, 40.8, 36.7, 31HRRISO.

ESI (m/z): [M + HJ calculated for @H23N204S", 387.1373; found, 387.1371.

() 7'-methyl-3',9'-dioxo-8'-(pyridin -4-ylmethyl)-3',4',4a',8',9',9b'-
hexahydrospiro[piperidine-4,2'-pyrano[2',3".4,5]furo[3,2-c]pyridin] -1-ium chloride (259)

H, © 23g(37.3 mg, 0.08 mmol) was dissolved in dioxane (1 mL) and
N_ Cl

® cooled to 0 °C. HCI in dioxane (0.19 mL, 4 M, 10 equiv) was

O added slowly and the mixture was stirred at 0 °C for 1 hour and

at room temperature for 30 min. The reaction was evaporated to
dryness andreated with EXO. The precipitate was filtered off
and dried in vacuo to afford the product (29.5 mg, quat.).
NMR (500 MHz, MeOHdW: 118.78 (bs, 2H), 7.81 (bs, 2H), 6.77 (bs, 2H), 5.69 (bs, 2H), 4.28
(bs, 2H), 3.61 (bs, 1H), 3.33.25 (m, 4H), 2.4@s, 3H), 2.1582.07 (m, 2H), 1.94L.86 (m, 2H).
13C-NMR (126 MHz, MeOHd\: 1210, 161.6, 161.0, 152.6, 144.1, 142.9, 125.9, 115.6, 109.0,
106.4, 98.8. 75.3, 68.1, 49.5, 40.8, 31HRMS-ESI (m/z): [M + HJ calculated for
C21H24N304", 382.1761; found, 382760.
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2-(4-hydroxy-6-methyl-2-oxo-1-(pyridin -2-ylmethyl)-1,2-dihydropyridin -3-yl)-5-oxo-1-
oxa-9-azaspiro[5.5]undee2-en-9-ium chloride (25h)
Hy g According toGP6,4d (50.0 mg, 0.23 mmol) was reacted w2im
(33.2 mg, 0.23 mmol). Purification by MPLC
O (cyclohexane/EtOAc 1:0 to 0:1) afforded the product which was
directly dissolved in HCl/dioxane (0.5 mL, 4M)@tC and stirred
at room temperature for 90 min. The reaction mixture was diluted
by addition of DCM (10 mL) and 1 M HCI (10 mL). The layers were separated and the organic

phase was extracted with 1 M HCI (3 x 10 mL). The combined aqueous layers were
coneentrated in vacuo and freedéed to afford the produ¢l9.7 mg,20% over two steps'H

NMR (500 MHz,MeOH-dY : U0 8=5/7Hz, (H),,8.52 (J)=7.9 Hz, 1H), 7.97 (=

6.6 Hz, 1H), 7.70 (dJ = 7.9 Hz, 1H), 6.74 (s, 1H), 6.68 (s, 1H), 5.68 (s, 1H), 4.25 (s, 1H), 3.28

(dd,J = 7.2, 3.4 Hz, 2H), 2.52 (s, 2H), 2.08 (ddd; 14.6, 10.7, 6.6 Hz, 1H), 1.87 (@ 14.6

Hz, 1H).23C NMR (126 MHz,MeOH-d¥ : & 210.0, 161.8, 14284. 1, 1
127.2,126.2, 115.6, 106.2, 99.0, 75.3, 49.5, 49.3, 49.2, 49.0, 48.8, 48.7, 48.5, 46.9, 40.8, 36.7,
31.0, 21.4.HRMS-ESI (m/z): [M + HI calculated for @H2404N3",382.17613; found,
382.17593.

2-(4-hydroxy-6-methyl-1-((3-methylpyridin -4-yl)methyl)-2-oxo-1,2-dihydropyridin -3-yl)-
5-0x0-1-oxa-9-azaspiro[5.5]undee2-en-9-ium chloride (25i)

Hy 8 According toGP6,4d (50.0 mg, 0.23 mmol) was reacted Wi
(625 mg, 0.23 mmol). Purification by MPLC

O (cyclohexane/EtOAc 1:0 to 0:1) afforded the product which was
directly dissolved in HCl/dioxane (0.5 mL, 4M) at°C and
stirred at room temperature for 90 min. The reaction mixture was

diluted by addition of DCM (10 mL) and 1 M HCI (10 mL). The layers were separated and the

organic phase was extracted with 1 M HCI (3 x 10 mL). The combined aqueous layers were

coneentrated in vacuo and freedeed to afford the produ¢l3.1 mg,13% over two steps *H

NMR (500 MHz, Methaned 4 ) : a 8.74 (s, 1H), 8.54 (d, J
1H), 6.77 (s, 1H), 6.73 (s, 1H), 5.60 (s, 2H), 4.29 (s, 2H), 3.30 (5,469, (s, 2H), 2.41 (s,

2H), 2.11 (m, 2H), 1.90 (d, J = 14.4 Hz, 2MHC NMR (126 MHz,MeOHdY : U 208. 6, 1
157.5,151.1, 142.8, 140.8, 139.4, 136.6, 122.1, 114.2, 105.0, 98.0, 74.0, 48.1, 48.0, 48.0, 47.6,
47.5,47.3,47.1, 45.5, 39.4, 35.3, 299,81 15.0HRMS-ESI (m/z): [M + H] calculated for
C2oH2604N3%,396.19178; found, 396.19155.
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2-(1-((2-chloropyridin -1-ium-4-yl)methyl)-4-hydroxy-6-methyl-2-oxo-1,2-
dihydropyridin -3-yl)-5-oxo-1-oxa-9-azaspiro[5.5]undecar9-ium chloride (25j)

23i (33.2 mg, 0.06 mmol) was dissolveddioxane (1 mL) and
cooled to 0 °C. HCI in dioxane (0.16 mL, 4 M, 10 equiv) was
added slowly and the mixture was stirred at O °C for 1 hour and
at room temperature for 30 min. The reaction was evaporated to
dryness and treated with.Et The precipitate was filtered off
and dried in vacuo to afford the product (29.1 mg, 9944).
NMR (700 MHz, DMSO):li 9.06 (s, 1H), 8.84 (s, 1H), 8.34 @z 5.0 Hz, 1H), 7.21 (s, 1H),
7.06 (d,J = 5.0 Hz, 1H), 6.71 (bs, 2H), 5.38 (bs, 2H), 4.31 (bs, 3913.15 (m, 2H), 3.190

3.04 (m, 2H), 2.31 (s, 3H), 2.a1.95 (m, 2H), 1.841..79 (m 2H)3C-NMR (176 MHz, DMSO):
1209.3, 158.9, 158.8, 150.9, 150.6, 150.4, 150.3, 142.8, 121.5, 120.6, 113.5, 105.5, 95.8, 73.8,
45.1, 38.8, 35.6, 29.3, 20.5IRMS-ESI (mkZ): [M + H]" calculated for @H23CIN3O4",
416.1372; found, 416.1362.

2-(4-hydroxy-1-(2-(5-methoxy-1H-indol-3-yl)ethyl)-6-methyl-2-oxo-1,2-dihydropyridin -
3-yl)-5-0xo-1-oxa-9-azaspiro[5.5]undee2-en-9-ium triflate ( 25k)

H, © According to GP64d (50.0 mg, 0.15 mmol) was reacted
with 2s (45.8 mg, 0.15 mmol). Purification by MPLC
0 (cyclohexane/EtOAc 1:0 to 0:1) afforded the product which
was directly dissolved in HCl/dioxane (0.5 mL, 4MP&(C

and stirred at room temperature for 90 min. The reaction

o/
Pz
=
>

OH
mixture was diluted by addition of DCM (10 mL) and 1 M HCI (10 mL). The layers were

separated and the organic phase was extracted with 1 M HCI (3 x 10 mL). The combined
agueous layers were camtrated in vacuo and purified by prep. HPLC to afford the product
(3.2 mg, 4% over two stepsH-NMR (500 MHz, MeOHdM): 11 7.20 (d,J = 9.0 Hz, 1H), 7.03

(s, 1H), 6.88 (dJ = 2.4 Hz, 1H), 6.80 (d] = 0.8 Hz, 1H), 6.70 (ddl = 9.0, 2.4 Hz, 1H), 6.43

(s, 1H), 4.39 (tJ = 7.1 Hz, 2H), 4.27 (s, 2H), 3.65 (s, 3H), 3.34 (@id,7.1, 2.9 Hz, 4H), 3.17

(t, J= 7.1 Hz, 2H), 2.18 (s, 3H), 2.11 (ddbs 14.7, 9.7, 7.6 Hz, 2H), 1.9689 (m, 2H)13C-

NMR (126 MHz, MeOHdW: G 210.0, 161.9, 161.3, 155.1, 151.5, 144.9, 133.2, 129.1, 124.5,
115.7, 113.1, 113.0, 112.7, 106.3, 100.6, 97.6, 75.2, 56.1, 47.4, 40.8, 36.6, 31.1, 25.3, 21.1.
HRMS-ESI (m/z): [M + HJ calculated for @HsoN3Os", 464.2180; found, 464.2177.
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5.1.4.3. Synthsis of General Scaffold C Isomers

() 2,6, Ftrimethyl -4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridin -5(6H)-one
(159)

0 __ According to GP23b-trans (50.8 mg, 0.17 mmol) was reacted wih
(19.5 mg, 0.14 mmol) at 100 °C for 1 hour. After filtration over celite the
X0 crude was purified by FC (cyclohexane/EtOAc 1:0 to 0:1) to afford the
product (19.4 mg, 59%IH-NMR (700 MHz, DMSO)1i i 6.14 (d,J = 6.6Hz, 1H), 6.10 (ddd,
J=10.3, 3.9, 2.0 Hz, 1H), 6.03 (s, 1H), 5.87 (ddd, 10.3, 2.8, 1.8 Hz, 1H), 4.34.30 (m,
1H), 3.663.63 (m, 1H), 2.32 (s, 3H), 1.16 @ 6.8 Hz, 3H)1*C-NMR (176 MHz, DMSO):
0163.9, 160.3, 149.8, 130.1, 121.6, 107.2, 109452, 66.9, 37.1, 29.9, 21.8, 20tRMS-

ESI (m/z): [M + HJ calculated for @H1eNO3z ™, 234.1125; found, 234.1124.

(%) 2,6, Ftrimethyl -3,4,4a,9atetrahydro -2H-pyrano[3',2":4,5]furo[3,2-c]pyridin -5(6H)-
one (163

o} 15a(19.4 mg, 0.08 mmol) was suspended with Pd/C (5 mg, 10 wt%) in
toluene (2 mL) and was hyalyenated at 20 °C for 18 hours usinga H
"0 balloon. The catalyst was filtered off and the solvent removed in vacuo.
The crude was purified by MPLC (EtOAc/MeOH 1:0 to 9:1 + 0.1% DIPEA) to afford the
product (11.7 mg, 62%3H-NMR (700 MHz, CRCly): i5.92 (d,J= 6.5 Hz, 1H), 5.32 (s, 1H),
3.823.77 (m, 1H), 3.43 (s, 3H), 3.34 (ddts 8.0, 6.5, 2.3 Hz, 1H), 2.39 (dddd= 13.7, 4.5,

3.5, 2.3 Hz, 1H), 2.32 (s, 3H), 1.78 (dddd; 13.7, 13.0, 6.3, 3.7 Hz, 1H), 1-83%8 (m, 1H),
1.241.21 (m, 1H), 117 (d,J = 6.3 Hz, 3H).23C-NMR (176 MHz, CDCl,): i 165.9, 161.9,
149.1, 106.9, 106.5, 95.2, 70.8, 38.7, 30.6, 27.7, 23.2, 21.9HRMNBS-ESI (m/z): [M + HJ
calculated for @GH1sNOs*, 236.1281; found, 236.1284.

() 2,7-dimethyl-3,4,4a,9atetrahydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridin -5(6H)-one
(16b)

o) According to GP23b-trans (50.8 mg, 0.17 mmol) was reacted wiha
HN | g (19.5 mg, 0.14 mmol) at 100 °C for 1 hour. After filtration over celite the
"0 crude was purified by FC (EtOAc/MeOH 1:0 to 9:1) and the product was

directly suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was hydrogenated at 20
°C for 18 hours using azballoon. The catalyst was filtered off and the solvent removed in
vacuo. The crude was purified by MPLC (EtOAc/MeOH 1:0 to 9:1 + 0.1% DIPEAijf¢ed
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the product (8.00 mg, 18%)-NMR (600 MHz, CRCly): U 11.52 (s, 1H), 5.95 (dl = 6.5
Hz, 1H), 5.84 (s, 1H), 3.81 (ttd,= 10.5, 6.7, 6.2, 3.5 Hz, 1H), 3.35 (&= 6.5, 2.9 Hz, 1H),
2.39 (dddJ = 13.6, 6.3, 2.9 Hz, 1H), 2.27 (s, 3H), 1.80 (tdl¢;, 13.6, 6.3, 3.7 Hz, 1H), 1.65
1.60 (m, 1H), 1.28.24 (m, 1H), 1.17 (d] = 6.3 Hz, 3H)13C-NMR (151 MHz, CBCl): i
168.8, 163.3, 147.9, 107.2, 106.6, 94.7, 70.8, 37.9, 27.6, 23.2, 20.5HRMS-ESI (m/z):
[M + H]" calculated for @H1eNOs*, 222.1125; found, 222.1130.

(%) 6-cyclobutyl-2,7-dimethyl-4a,9adihydro -2H-pyrano[3',2":4,5]furo[3,2-c]pyridin -
5(6H)-one (150

Q\ 0 __ According to GP23b-trans(33.4 mg, 0.11 mmol) was reacted with
2c (18.0 mg, 0.10 mmol) at 110 °C for 1 hour. The catalyst was
filtered off and the filtrate was diluted with DCM (10 mL) and

|
X0
washed with saturated N&HDF solution(15 mL). The aqueous phase was extracted with DCM
(3 x 10 mL) and the combined organic layers were washed with brine (50 mL), dried over
MgSCHhand concentrated in vacuo. The crude was purified by MPLC (cyclohexane/EtOAc 1:0
to 1:1) to afford lhe product (3.4 mg, 12%)H-NMR (600 MHz, CDCl,): Ui 6.26 (ddd,J =
10.3, 4.0, 2.0 Hz, 1H), 6.04 (d= 6.5 Hz, 1H), 5.84 (dt) = 10.3, 2.4 Hz, 1H), 5.77 (s, 1H),
4.71 (p,J = 8.8 Hz, 1H), 4.31 (qq]l = 6.9, 2.4 Hz, 1H), 3.78.63 (m, 1H), 3.28.19 (m, 2H),
2.30 (s, 3H), 2.22.16 (m, 2H), 1.97..88 (m, 1H), 1.72 (dddd,= 18.0, 11.0, 9.6, 8.5 Hz, 1H),
1.25 (d,J = 6.9 Hz, 3H).2*C-NMR (151 MHz, CDCl,): Ui 164.6, 163.1, 148.9, 130.4, 122.5,
110.0, 16.4, 95.9, 68.0, 53.2, 38.8, 28.1, 22.5, 22.1, 1BRMS-ESI (m/z): [M + HJ
calculated for @GsH10NO3", 274.1438; found, 274.1439.

() 6-benzyt2,7-dimethyl-3,4,4a,9atetrahydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridin -
5(6H)-one (16d)

0 According to GP23b-trans (69.4 mg, 0.23 mmol) was reacted

gN | d  with 2k (38.0 mg, 0.18 mmol) at 100 °C for 1 hour. After filtration

X0 over celite the crude was purified by FC (Hep/EtOAc 1:0:19 1
and the product was directly suspended with Pd/C (5 mg, 10 wt%) in toluene (2 mL) and was
hydrogenated at 20 °C for 18 hours using.ébBlloon. The catalyst was filtered off and the
solvent removed in vacuo. The crude was purified by MPLC (EtOAc/M&OHb 9:1 + 0.1%
DIPEA) to afford the product (18.9 mg, 34%H)-NMR (500 MHz, CDC#): t17.30 (t,J=7.4
Hz, 2H), 7.23 (tJ = 7.4 Hz, 1H), 7.13 (d] = 7.4 Hz, 2H), 6.00 (d) = 6.7 Hz, 1H), 5.93 (s,
1H), 5.46 (dJ = 15.9 Hz, 1H), 5.17 (d] = 15.9 Hz, 1H), 3.8B.79 (m, 1H), 3.47 (td] = 6.7,
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2.4 Hz, 1H), 2.54 (dddl = 13.6, 7.8, 2.4 Hz, 1H), 2.26 (s, 3H), 1.84 (tdid,13.6, 6.2, 3.7 Hz,
1H), 1.64 (dg,) = 13.8, 3.7 Hz, 1H), 1.35 (tdd= 13.8, 10.4, 3.6 Hz,H), 1.23 (d,J = 6.3 Hz,
3H). 13C-NMR (126 MHz, CDC}): U 166.2, 162.0, 148.8, 137.0, 128.9, 127.4, 126.5, 107.2,
106.2, 96.3, 70.6, 46.6, 38.5, 27.6, 23.1, 21.5, MRMS-ESI (m/z): [M + HJ calculated for
CioH22NOs*, 312.1594; found, 312.1592.

(%) 6-(3,5-dimethylbenzyl)-2,7-dimethyl-4a,9adihydro -2H-pyrano[3',2":4,5]furo[3,2-
c]pyridin -5(6H)-one (56

o} __ According to GP2,3b-trans (61.1 mg, 0.22 mmol) was
\QAN | d reacted with2j (27.0 mg, 0.11 mmol) at 110 °C for 1 hour.
N O The catalyst was filtered off and the filtrate was diluted with
DCM (10 mL) and washed with saturated N&BF solution
(15 mL). The aqueous phase was extracted with DCM (3 x 10 mL) and the combined organic
layers were washed with brine (50 mL), dried over Mg&@d concentrated in vacuo. The
crude was purified by prep. HPLC to afford the product (1.1 mg, 3%NMR (600 MHz,
CD.Cl»): i6.88 (s, 1H), 6.70 (s, 2H), 6.28 (ddds 10.3, 3.9, 2.0 Hz, 1H), 6.12 (8= 6.5 Hz,
1H), 5.89 (s, 1H), 5.87 (df,= 10.3, 2.3 Hz, 1H), 5.36 (d,= 15.9 Hz, 1H), 5.00 (d] = 15.9
Hz, 1H), 4.35 (qqJ = 6.9, 2.3 Hz, 1H), 3.73.73 (bm, 1H), 2.26 (s, 6H), 2.24 (s, 3H), 1.28 (d,
J=6.9 Hz, 1H).13C-NMR (151 MHz, CDRCly): Ui 164.8, 161.2, 149.1, 138.3, 137.2, 130.0,

128.7,123.8, 121.9, 108.4, 105.2, 95.5, 67.7, 46.3, 38.2, 2L.1.HRMS-ESI (m/z): [M +
H]* calculated for @iH24NO3*, 338.1751; found, 338.1753.

() 6-(4-methoxybenzyl}2,7-dimethyl-4a,9adihydro -2H-pyrano[3',2":4,5]furo[3,2-
c]pyridin -5(6H)-one (L5f)

o) __ According to GP23b-trans (74.7 mg, 0.25 mmol) was
/©/\N | g reacted witt2k (46.6 mg, 0.19 mmol) at 110 °C for 1 hour.
o N0 After filtration over celite the crude was purified by FC

(cyclohexane/EtOAc 1:0 to 1:1) to afford theoguct (23.2 mg, 36%)}H-NMR (700 MHz,
CD2Clp): 01 7.07 (d,J = 8.7 Hz, 2H), 6.84 (d] = 8.7 Hz, 2H), 6.26 (ddd] = 10.3, 3.9, 2.0 Hz,
1H), 6.13 (dJ = 6.6 Hz, 1H), 5.92 (s, 1H), 5.88 (ddtk 10.3, 2.6, 1.9 Hz, 1H), 5.33 (m, 1H),
5.08 (d,J = 15.9 Hz, 1H), 4.36 (qd, = 6.9, 2.6 Hz, 1H), 3.73.75 (m, 4H), 2.27 (s, 3H), 1.28
(d,J=6.9 Hz, 1H)13C-NMR (176 MHz, CDCly): 11165.5, 161.8, 159.3, 149.6, 130.5, 129.3,
128.1, 122.1, 114.4, 109.005.8, 96.4, 68.2, 55.6, 46.5, 38.4, 22.2, 2HBMS-ESI (m/z):

[M + H]" calculated for @H22NO4", 340.1543; found, 340.1545.
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() 6-(4-methoxybenzyl}2,7-dimethyl-3,4,4a,9atetrahydro -2H-pyrano[3',2":4,5]furo[3,2-
c]pyridin -5(6H)-one (L6f); () 4-hydroxy-1-(4-methoxybenzyl}6-methyl-3-(2-
methyltetrahydro -2H-pyran-3-yl)pyridin -2(1H)-one (49

n,, O According to GP3, 3b-trans

(69.6 mg, 0.23 mmol) was

oH reacted with2k (49.1 mg, 0.20

14g mmol). After purification by
MPLC (cyclohexane/EtOAc 1:0 to 0:1), the product was directly suspended with Pd/C (5 mg,
10 wt%) in tolene (2 mL) and was hydrogenated at 20 °C for 48 hours usipgpalldon. The
catalyst was filtered off and the solvent removed in vacuo. The crude was purified by prep.
HPLC to afford producl6f (5.9 mg, 9%) and4g (9.5 mg, 14%) in separated fractiofid-

NMR product16f (600 MHz, CDCly): t 7.07 (d,J = 8.7 Hz, 2H), 6.84 (d] = 8.7 Hz, 2H),

5.82 (s, 1H), 5.42 (d= 5.1 Hz, 1H), 5.26 (d] = 15.5 Hz, 1H), 5.17 (d} = 15.5 Hz, 1H), 4.46
(q,J=6.5Hz, 1H), 3.76 (s, 3H), 3.21 (bs, 1H), 2.24 (s, 3H),-2.20 (m, 3H), 1.994..94 (m,

1H), 1.35 (d,) = 6.5 Hz, 3H)13C-NMR product16f (151 MHz, CDCl,): li164.1, 163.8, 159.3,
145.3, 129.2, 128.0, 114.5, 114.4, 103.0, 98.3, 77.4, 55.6, 47.5284421.3, 20.7, 20.6.
HRMS-ESI (m/z) productl6f. [M + H]* calculated for @H24NO4", 342.1670; found,
342.17071H-NMR productl4g (400 MHz, MeOHdM: i 7.01 (d,J = 8.6 Hz, 2H), 6.86 (dJ

= 8.6 Hz, 2H), 5.86 (s, 1H), 5.8.21 (m, 2H), 4.36.18 (m, 1H), 3.93 (dd] = 11.3, 4.3 Hz,

1H), 3.76 (bs, 4H), 3.56 (8,= 11.3 Hz, 1H), 2.16 (s, 3H), 1.7952 (m, 4H), 1.02 (d] = 6.2

Hz, 3H).13C-NMR productl4g (126 MHz, MeOHdW: Ui 164.8, 160.4160.3, 146.7, 130.3,
128.4, 115.2, 111.4, 101.0, 76.5 69.4, 55.7, 47.3, 40.1, 28.2, 28.1HRMK-ESI (m/z)
productl4g [M + H]" calculated for GoH26NO4*, 344.1856; found, 344.1865.

(%) 6-(4-fluorobenzyl)-2,7-dimethyl-4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-
c]pyridin -5(6H)-one (L59)

0 __ According to GP2,3b-trans (75.9 mg, 0.25 mmol) was
gN | d reacted with2h (45.0 mg, 0.19 mmol) at 100 °C for 1 hour.
F X O After filtration over celite the crude was purified by FC

(cyclohexane/EtOAc 1:0 to 1:1) to afford the product (15.9 mg, 289¥%NMR (700 MHz,

CD:Cly): 117.13 (dd,J = 8.6, 5.4 Hz, 2H), 7.02 (§,= 8.6 Hz, 2H), 6.23 (ddd),= 10.4, 3.9, 2.3
Hz, 1H), 6.16 (dJ = 6.2 Hz, 1H), 5.99 (s, 1H), 5.89 (ddtk 10.4, 2.7, 1.8 Hz, 1H), 5.37 (@,
=16.1 Hz, 1H), 5.15 (d = 16.1 Hz, 1H), 4.37 (qd,= 6.9, 2.7 Hz, 1H), 3.77 (dd,= 6.2, 2.3
Hz, 1H), 2.30s, 3H), 1.29 (dJ = 6.9 Hz, 3H)13C-NMR (176 MHz, CDCL): U1 166.0, 163.1,
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161.7, 161.9, 149.6, 133.0, 130.1, 128.6, 121.7, 115.9, 109.4, 106.1, 97.1, 68.2, 46.7, 38.1, 22.2,
21.5.HRMS-ESI (m/z): [M + HJ calculated for @H19FNOs*, 328.1344; found,28.1343.

(x) 8-methyl-1,2,3,4,5b,9ahexahydro-5H,8H-cyclopenta[b]pyrano[3',2":4,5]furo[2,3-
d]pyridin -5-one (15h)

According to GP23b-trans (50.0 mg, 0.17 mmol) was reacted wik

(25.0 mg, 0.17 mmol) at 110 °C for 1 hour. The catalyst was filtered off
and the filtrate was diluted with EtOAc (10 mL) and washed with water
(15 nmL). The aqueous phase was extracted with EtOAc (3 x 10 mL) and

the combined organic layers were washed with brine (50 mL), dried over NMg8®
concentrated in vacuo. The crude was purified by prep. HPLC to afford the product (0.80 mg,
2%).H-NMR (700 MHz CD,Clo): 116.226.17 (m, 2H), 5.88 (dt] = 10.4, 2.4 Hz, 1H), 4.37
(dg,Jd = 6.9, 2.4 Hz, 1H), 3.78.72 (m, 1H), 2.86 () = 7.5 Hz, 2H), 2.8@.70 (m, 2H), 2.16

(p, J = 7.3 Hz, 2H), 1.27 (d) = 6.9 Hz, 1H).HRMS-ESI (m/z): [M + HJ calculated for
C14H16NO3*, 246.1125; found, 246.1127.

(x) 6-(2-chlorobenzyl)-2,7-dimethyl-4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-
c]pyridin -5(6H)-one (1i); (x) 8-(2-chlorobenzyl)-1,7-dimethyl-8,9b-dihydro-1H-
pyrano[3',4":4,5]furo[3,2-c]pyridin -9(4aH)-one (12i)

cl o _ cl o ™~ o According to GP23b-trans (67.8 mg,
@Aw @AW 0.22 mmol) was reacted witi (28.0
X0 X0 mg, 0.11 mmol) at 110 °C for 1 hour.
15i 12i The catalyst was filtered off and the
filtrate was diluted with DCM (10 mL) and washed with saturated Gl@fsolution(15 mL).
The aqueous phase was extracted with DCM (3 x 10 mL) and the combined organic layers were
washed with brine (50 mL), dried over MgB@nd concentrated in vacuo. The crude was
purified by prep. HPLC to afford produtbi (7.7 mg, 20%pnd12i (1.0 mg, 3%) in separated
fractions.!H-NMR product15i (600 MHz, CDCl): G 7.41 (ddJ= 7.7, 1.5 Hz, 1H), 7.23 (td,
J=7.7,1.8Hz, 1H), 7.19 (td,= 7.9, 1.5 Hz, 1H), 6.72 (d,= 7.9 Hz, 1H), 6.26 (ddd,= 10.3,
3.9, 2.0 Hz, 1H), 6.14 (d,= 6.5 Hz, 1H), 5.95 (s, 1H), 5.88 (ddb;> 10.3, 2.6, 1.8 Hz, 1H),
5.41 (d,J = 16.9 Hz, 1H), 5.23 (d] = 16.9 Hz, 1H), 4.36 (q§, = 6.9, 2.6 Hz, 1H), 3.883.73
(m, 1H), 2.19 (s, 3H), 1.29 (d,= 6.9 Hz, 1H)13C-NMR product15i (151 MHz, CDRCl,): U
165.5, 161.5, 149.3, 134.8, 132.7, 130.5, 129.9, 128.8, 128.7, 126.7, 122.1, 108.8, 105.7, 96.3,
68.1, 44.6, 38.5, 22.1, 21.HRMS-ESI (m/z) productl5i: [M + H]" calculated for
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C10H19CINOs", 344.1048; found, 344.1058H-NMR product12i (600 MHz, CDCly): G 7.41
(dd,J=7.7, 1.5 Hz, 1H), 7.23 (td,= 7.7, 1.9 Hz, 1H), 7.19 (td,= 7.5, 1.5 Hz, 1H), 6.79 (d,
J=6.2 Hz, 1H), 6.71 (ddl = 7.5, 1.9 Hz, 1H), 5.92 (s, 1H), 5.40 {ds 16.9 Hz, 1H), 5.28 (d,
J=16.9 Hz, 1H), 5.26 (dd,= 6.2, 4.7 Hz, 1H), 4.98 (ddd= 7.0, 4.7, 1.1 Hz, 1H), 3.53 (dq,
J=10.7, 6.3 Hz, 1H), 3.03 (dd,= 10.7, 7.0 Hz, 1H), 2.19 (s, 3H), 1.46 & 6.3Hz, 3H).
13C-NMR product12i (151 MHz, CDCly): i 168.4, 161.9, 150.0, 149.5, 134.9, 132.7, 129.9,
128.8, 127.7. 126.5, 107.6, 98.5, 96.3, 79.4, 74.0, 44.8, 44.0, 21.2HENV&S-ESI (m/z)
product12i: [M + H]* calculated for @H19CINO3*, 344.1048; found, 344.1045.

() 2,7-dimethyl-6-(thiophen-2-ylmethyl)-4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-
c]pyridin -5(6H)-one (15j); (x) 1,7-dimethyl-8-(thiophen-2-ylmethyl)-8,9b-dihydro-1H-
pyrano[3',4":4,5]furo[3,2-c]pyridin -9(4aH)-one (12))

o _ o > o According to GP23b-trans (66.5 mg,
Ww WW 0.22 mmol) was reactedl (44.3 mag,

X0 X 0 0.20 mmol) at 110 °C for 1 hour. After

15) 12 filtration over celite the crude was

purified by MPLC (cyclohexane/EtOAc 1:0 to 0:1) to afford a mixture of products a and b. The
product mixture was subjected for separation by prep. HPLC to afford padagbd5j (9.8
mg, 16%) and 2j (3.4 mg, 5%)H-NMR product15j (700 MHz, CRCl,): i 7.24 (ddJ=5.1,
1.2 Hz, 1H), 7.00 (dd] = 3.5, 1.2 Hz, 1H), 6.94 (dd,= 5.1, 3.5 Hz, 1H), 6.23 (ddd,= 10.4,
3.8, 2.0 Hz, 1H), 6.15 (d,= 6.6 Hz, 1H), 5.89 (dddl = 10.4, 2.7, 1.8 Hz, 1H), 5.97 (s, 1H),
5.47 (d,J = 15.5 Hz, 1H), 5.28 (d] = 15.5 Hz, 1H), 4.37 (qd} = 6.9, 2.7 Hz, 1H), 3.78.75
(m, 1H), 2.44 (s, 1H), 1.27 (d,= 6.9 Hz, 3H).:*C-NMR product15j (176 MHz, CDCl): U
166.1, 161.5, 149.2, 139.430.7, 127.0, 126.9, 126.1, 121.6, 109.4, 106.2, 97.3, 68.2, 43.0,
37.9, 22.3, 21.4HRMS-ESI (m/z) productl5j: [M + H]" calculated for @/HisNOsS",
316.1002; found, 316.10184-NMR product12j (700 MHz, CDCly): i7.24 (ddJ=5.1,1.2
Hz, 1H), 7.02 (ddJ = 3.5, 1.2 Hz, 1H), 6.95 (dd= 5.1, 3.5 Hz, 1H), 6.78 (d,= 6.2 Hz, 1H),
5.94 (s, 1H), 5.45.37 (bs, 2H), 5.24 (dd,= 6.2, 4.7 Hz, 1H), 4.96 (ddd= 6.8, 4.7, 1.1 Hz,
1H), 3.47 (dg,J = 10.8, 6.3 Hz, 1H), 3.05 (¢dd = 10.8, 6.8 Hz, 1H), 2.45 (s, 3H), 1.48 {d;
6.3 Hz, 3H).13C-NMR product12j (176 MHz, CDCly): Ui 168.9, 161.9, 150.2, 149.5, 139.6,
127.0, 126.8, 126.2, 108.2, 98.3, 97.2, 79.7, 73.9, 43.7, 43.1, 21.5HFEMB-ESI (m/z)
productl2j: [M + H]" cdculated for G/H1eNO3S', 316.1002; found, 316.1004.
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() 6,7-dimethyl-4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridine -3,5(4H,6H)
dione (263

According to GP74a(50.0 mg, 0.32 mmol) was reacted w2ih(44.6 mg,
0.32 mmol). Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
afforded the product (4.9 mg, 7%-NMR (700 MHz, CDC$): 15.91 (s,

1H), 5.86 (bs, 1H), 3.87 (d,= 11.7 Hz, 1H), 3.73 (dd] = 11.7, 3.0 Hz,
1H), 3.553.45 (m, 4H), 2.56 (ddl = 12.7, 3.0 Hz, 1H), 2.33 (s, 3H), 1.80 (@ 12.7, 3.3 Hz,
1H).3C-NMR (176 MHz, CDC#): 1i208.5, 163.6, 163.0, 146.3, 103.9, 101.0, 90.6, 69.5, 32.9,
31.5, 28.3, 21.2HRMS-ESI (m/z): [M + HJ calculated for @H14NO4", 236.0917; found,
236.0917.

() 6-benzyt7-methyl-4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridine -
3,5(4H,6H)-dione (26b)

0 According to GP74a(100.0 mg, 0.64 mmol) was reacted w2ip
(2379 mg, 0.64 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product (56.0 mag,
30%).tH-NMR (500 MHz, CDC}): 11 7.337.28 (m,3H), 7.127.09

(m, 2H), 5.93 (s, 1H), 5.88 (bs, 1H), 5:8329 (m, 2H), 3.89 (dJ= 11.6 Hz, 1H), 3.76 (dd}

= 11.6, 3.0 Hz, 1H), 3.58.52 (m, 1H), 2.59 (dd] = 12.7, 3.0 Hz, 1H), 2.26 (s, 3H), 1.85 (dt,
J=12.7, 3.2 Hz, 1H):3C-NMR (126 MHz,CDCls): (i169.5, 164.1, 163.1, 146.8, 136.2, 129.0,
127.7, 126.5, 104.1, 101.8, 90.6, 69.4, 47.7, 32.9, 28.2, BRBIS-ESI (m/z): [M + HJ
calculated for @gH1sNO4*, 312.1230; found, 312.1234.

(z) 6-(4-fluorobenzyl)-7-methyl-4a,9adihydro-2H-pyrano[3',2':4,5]furo[3,2-c]pyridine -
3,5(4H,6H)dione (260

0 According to GP74a(50.0 mg, 0.32 mmol) was reacted wih
(74.7 mg, 0.32 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product (24.5 mg,
23%).*H-NMR (700 MHz, CDC}): i1 7.11 (dd,J = 86, 5.2 Hz,
2H), 7.00 (tJ = 8.6 Hz, 2H), 5.96.87 (m, 2H), 5.25 (bs, 2H), 3.88 @7 11.6 Hz, 1H), 3.75
(dd,J=11.6, 3.0 Hz, 1H), 3.52 (d= 2.5 Hz 1H), 2.57 (dd]= 12.8, 3.0 Hz, 1H), 2.25 (s, 3H),
1.83 (dt,J = 12.8, 3.2 Hz, 1H)**C-NMR (176 MHz, CDC}): U 207.5, 169.4, 164.0, 163.0,
161.6, 146.4, 132.2, 128.4, 115.9, 104.1, 101.6, 90.7, 69.5, 46.9, 32.9, 28.BIRMSB-ESI
(m/z): [M + H]" calculated for @H17FNOs*, 330.1136; found, 330.1141.
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(%) 6-(4-methoxybenzyl}7-methyl-4a,9adihydro -2H-pyrano([3',2":4,5]furo[3,2 -
c]pyridine-3,5(4H,6H)dione (26d)

O According to GP74a(50.0 mg, 0.32 mmol) was reacted with

2k (785 mg, 0.32 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product (33.3 mg,
30%).*H-NMR (700 MHz, CDC#): 11 7.08 (d,J = 8.5Hz, 2H),

6.83 (d,J = 8.5 Hz, 2H), 5.8%.88 (m, 1H), 5.83 (s, 1H), 5117 (m, 2H), 3.87 (d] = 11.6

Hz, 1H), 3.77 (s, 3H), 3.74 (dd,= 11.6, 3.0 Hz, 1H), 3.52 (4,= 2.8 Hz, 1H), 2.56 (dd] =

12.7, 3.0 Hz, 1H), 2.25 (s, 3H), 1.82 (dit; 12.7, 3.2 Hz, 1H):3C-NMR (176 MHz, CDC}):

0207.2, 163.5, 162.8, 158.9, 146.3, 128.5, 128.0, 114.2, 103.8, 100.9, 90.6. 69.4, 55.3, 46.8,
32.8, 28.2, 20.7THRMS-ESI (m/z): [M + HJ calculated for @H20NOs", 342.1336; found,
342.1340.

(x) 7-methyl-4a,9adihydro-2H,5H-furo[2,3-b:4,5-c"ldipyran -3,5(4H)-dione (266

0 According to GP74a(50.0 mg, 0.32 mmol) was reacted witthidroxy-

6-methyt2H-pyran2-one (a) (40.4 mg, 0.32 mmol). Purification by

O MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded the product (65.1 mg,
91%).H-NMR (500 MHz, CDC¥): Ui 6.38 (d,J = 8.3 Hz, 1H), 5.99 (s,

1H), 4.11 (d,) = 18.3 Hz, 1H), 4.08.97 (m, 1H), 3.90 (d] = 18.3 Hz, 1H), 3.15 (dd,= 16.1,

2.0 Hz, 1H), 2.80 (ddj = 16.1, 6.3 Hz, 1H), 2.26 (s, 3HFC-NMR (126 MHz, CDC}): U

207.1, 170.5, 167.4, 160.6, 105.4, 99.3, 94.8, 67.4, 36.5, 35.2 HRMS-ESI (m/z): [M +

H]* calculated for @H110s", 223.0601; found, 223.0600.

() 2,6, Ftrimethyl -4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridine -3,5(4H,6H)
dione (279

According to GP74b (53.0 mg, 0.31 mmol) was reacted wih (43.3
mg, 0.31 mmol). Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
afforded the product (66.9 mg, 86%H-NMR (500 MHz CD.Cl,): U
6.15 (d,J = 7.8 Hz, 1H), 5.87 (s, 1H), 4.21 &= 7.3 Hz, 1H), 3.90 (q]

= 6.7 Hz, 1H), 3.44 (s, 3H), 2.97 (d#iz 14.7, 5.4 Hz, 1H), 2.89 (dd,= 14.7, 6.7 Hz, 1H),
2.31 (s, 3H), 1.28 (d] = 7.3 Hz, 3H}}*C-NMR (126 MHz, CDCly): 1i 211.1, 164.9, 161.8,
150.3, 106.5, 105.2, 94.6, 77.7, 39.8, 36.6, 30.6, 22.0, HRRIS-ESI (m/z): [M + HJ
calculated for @GH16NO4*, 250.1074; found, 250.1073.
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(z) 2,2, +trimethyl -4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridi ne-3,5(4H,6H)
dione (283

According to GP74c (50.0 mg, 0.27 mmol) was reacted with (34.0

mg, 0.27 mmol). Purification by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
afforded the product (3.5 mg, 5%H-NMR (700 MHz, CDC}): Ui 6.36
(d,J=8.3 Hz, 1H), 5.93 (s, 1H), 4.108.06 (m, 1H), 3.08 (d1=14.4, 2.5

Hz, 1H), 2.93 (dd)J = 14.4, 6.8 Hz, 1H), 2.34 (s, 3H), 1.36 (s, 3H), 1.27 (s, 3I@NMR

(176 MHz, CDC#): G 207.1, 186.6, 161.7, 149.3, 106.4, 105.4, 95.6, 82.4, 39.2, 34.6, 27.2,
25.6, B.7.HRMS-ESI (m/z): [M + HJ calculated for @&H1eNO4", 250.1001; found, 250.1070.

() 2,2,6, #tetramethyl-4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridine -
3,5(4H,6H)dione (28b)

According to GP74c (50.0 mg, 0.27 mmol) was reacted wih (37.7
mg, 0.27 mmol). Puiication by MPLC (cyclohexane/EtOAc 1:0 to 0:1)
afforded the product (18.2 mg, 25%)-NMR (700 MHz, CDC#): 1i6.32
(d,J=8.3 Hz, 1H), 5.94 (s, 1H), 4.4208 (m, 1H), 3.50 (s, 3H), 3.06
(dd,J=14.3, 2.9 Hz, 1H), 2.92 (dd,= 14.3, 7.0 Hz, 1H), 2.35 (s, 3H), 1.34 (s, 3H), 1.26 (s,
3H).13C-NMR (176 MHz, CDC}): i212.2, 165.7, 161.3, 150.1, 106.9, 105.2, 96.0, 82.3, 40.
34.5,31.2,27.2, 25.1, 219RMS-ESI (m/z): [M + HJ calculated for @H1sNO4*, 264.1230;
found, 264.1235.

() 6-benzyt2,2, -trimethyl -4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-c]pyridine -
3,5(4H,6H)dione 8¢

According toGP7, 4c (50.0 mg, 0.27 mmol) was reacted w2t

(584 mg, 0.27 mmol). Purification by MPLC
(cyclohexandftOAc 1:0 to 0:1) afforded the product (31.2 mg,
34%).1H-NMR (700 MHz CDCk): 1 7.31 (t,J = 7.4 Hz, 2H),

7.24 (t,J = 7.4 Hz, 1H), 7.07 (d) = 7.4 Hz, 2H), 6.36 (d] = 8.3 Hz, 1H), 5.94 (s, 1H), 5.44
(d,J=15.9 Hz, 1H), 5.19 (d] = 15.9 Hz, 1H), 4.18.13 (m, 1H), 3.12 (dd] = 14.2, 3.0 Hz,

1H), 2.95 (ddJ = 14.2, 6.9 Hz, 1H), 2.27 (s, 3H), 1.37 (s, 3H), 1.30 (s, 3@XNMR (176

MHz, CDCk): i212.2, 165.9, 161.3, 150.5, 136.2, 129.0, 127.6, 126.4, 107.0, 105.4, 96.5, 82.3,
47.2, 40.2, 34.4, 27.1, 25.0, 21BRMS-ESI (m/2: [M + H]" calculated for @H22NO4",
340.1543; found, 340.1546.
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() 6-(2-chlorobenzyl)-2,2, “trimethyl -4a,9adihydro-2H-pyrano[3',2":4,5]furo[3,2-
c]pyridine-3,5(4H,6H)dione (28d)

O  According toGP7, 4c (50.0 mg, 0.27 mmol) was reacted wih

(67.8 mg, 0.27 mmol). Purification by MPLC
(cyclohexandftOAc 1:0 to 0:1) afforded the product (19.9 mg,
20%).H-NMR (700 MHz, CDC$): Ui 7.40.7.36 (m,1H), 7.22

7.18 (m, 2H), 6.63 (dd1= 7.0, 2.3 Hz, 1H), 6.38 (d,= 8.3 Hz, 1H), 5.99 (s, 1H), 5.45 @@=

16.8 Hz, 1H), 5.33 (d] = 16.8 Hz, 1H), 4.19.15 (m, 1H), 3.10 (dd] = 14.2, 2.9 Hz, 1H),

2.96 (ddJ=14.2, 6.9 Hz, 1H), 2.22 (s, 3H), 1.37 8#1), 1.31 (s, 3H)**C-NMR (176 MHz

CDCl): Gi212.2, 166.1, 161.3, 150.3, 133.5, 132.4, 129.7, 128.8, 127.7, 126.4, 107.0, 105.5,
96.7, 82.4, 44.8, 40.2, 34.4, 27.2, 25.0, 2HRMS-ESI (m/z): [M + HJ calculated for
CooH2:NO4CI*, 374.1154; found, 378156.

(%) 6-(4-fluorobenzyl)-2,2, -trimethyl -4a,9adihydro -2H-pyrano[3',2":4,5]furo[3,2 -
c]pyridine-3,5(4H,6H)dione (28€

According toGP7, 4c (50.0 mg, 0.27 mmol) was reacted with
2h (63.3 mg, 0.27 mmol). Purification by MPLC
(cyclohexand£tOAc 1:0 to 0:1) afforded the product (15.6 mg,
16%).H-NMR (700 MHz, CDC#): ti 7.08 (dd,J = 8.7, 5.3

Hz, 2H), 7.00 (tJ = 8.7 Hz, 2H), 6.35 (dJ = 8.3 Hz, 1H), 5.92 (s, 1H), 5.37 (@= 15.7 Hz,

1H), 5.15 (dJ = 15.7 Hz, 1H), 4.1:/4.12 (m, 1H), 3.12 (dd] = 14.1, 2.9 Hz, 1H), 2.95 (dd,

= 14.1, 6.8 Hz, 1H), 2.27 (s, 3H), 1.8, 3H), 1.29 (s, 3H)-*C-NMR (176 MHz CDCEk): U
212.2, 165.8, 163.(461.6,161.2, 150.1, 132.1, 128.3, 116.0, 106.9, 105.3, 96.3, 82.4, 46.5,
40.3, 34.4, 27.2, 24.8, 21.5. (700 MHz, CB)Cli HRMS-ESI (m/z): [M + HJ calculated for
CooH2:NO4F", 358.1419; found, 358.1453.

(%) 6-(4-methoxybenzyl}2,2, #trimethyl -4a,9adihydro -2H-pyrano[3',2":4,5]furo[3,2-
c]pyridine-3,5(4H,6H)dione (28f)

According toGP7, 4c (50.0 mg, 0.27 mmol) was reacted
with 2k (66.6 mg, 0.27 mmol). Purification by MPLC
(cyclohexand?tOAc 1.0 to 0:1) afforded the product (9.3
mg, 9%).'H-NMR (700 MHz, CDC$): 11 7.04 (d,J = 8.8
Hz, 2H), 6.85 (dJ = 8.8 Hz, 2H), 6.36 (d] = 8.3 Hz, 1H), 5.94 (s, 1H), 5.36 @@= 15.7 Hz,
1H), 5.14 (d,) = 15.7 Hz, 1H), 4.181.14 (m, 1H), 3.77 (s, 3H), 3.11 (dbs 14.2, 2.9 Hz, 1H),
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2.96 (ddJ = 14.2, 6.9 Hz, 1H), 2.30 (sH3, 1.37 (s, 3H), 1.29 (s, 3HEC-NMR (176 MHz,

CDCl): ti212.2,166.0, 161.4, 159.2, 150.5, 128.1, 128.0, 114.5, 107.1, 105.4, 96.7, 82.4, 55.4,
46.8, 34.5, 27.2, 25.1, 21.6. (700 MHz, CB)Cli HRMS-ESI (m/z): [M + HJ calculated for
C21H23NOsNa', 392.1468; found, 392.1457

() Tert-butyl-7'-methyl-3',5'-dioxo-3',4',4a’,5',6',9a-hexahydrospiro[piperidine-4,2'-
pyrano[3',2":4,5]furo[3,2-c]pyridine] -1-carboxylate (299

0 o According to GP74d (97.6 mg, 0.30 mmol) was reacted with
N-*/< 2a(37.5 mg, 0.30 mmol). Purification by prep. HPLC afforded
#S the product (17.4 mg, 15%)H-NMR (700 MHz, CDC}): U

6.47 (d,J = 8.4 Hz, 1H), 6.06 (s, 1H), 4.14 (i#i= 8.4, 7.3, 2.6
Hz, 1H), 4.063.81 (m, 2H), 3.28.13 (m, 2H), 3.07 (dd] = 14.5, 2.6 Hz, 1H), 2.93 (dd,=
14.5, 7.3 Hz, 1H), 2.40 (s, 3H), 1-8163 (m, 3H), 1.44..42 (m, 10H)13C-NMR (176 MHz,
CDCls): G1210.0, 169.4, 161.5, 154.8, 150.4, 106.5, 105.7, 97.0, 82.0, 80.0, 39.2, 38.8, 38.2,
34.6, 31.8 28.6, 19.6 HRMS-ESI (m/z): [M + HJ calculated for @H2>7N20s", 391.1864;
found, 391.1866.

(%) 7'-methyl-3',5'-dioxo-3',4',4a',5',6',9a-hexahydrospiro[piperidine-4,2'-
pyrano[3',2":4,5]furo[3,2-c]pyridin] -1-ium triflate ( 30

29a(17.4 mg, 0.04 mmol) was dissolved in DCM (3 mL) and
cooled to 0 °C. HCl in dioxane (0.03 mL, 4 M, 10 equiv) was

added slowly and the mixture was stirred at 0 °C for 1 hour

and at room temperature for 30 min. The reaction was
guenched by slow addition e&turated NIECOf solution at 0 °C and dilution with EtOAc (10
mL). The layers were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (20 mL), dried over WMg8®d
concentrated in vacu®urification by prep. HPLC afforded the product (2.4 mg, 18%).
NMR (700 MHz, DMSO)ii11.34 (s, 1H), 8.72 (s, 1H), 8.34 (s, 1H), 6.45)(d,8.3 Hz, 1H),
5.84 (s, 1H), 4.09.06 (m, 1H), 3.28.19 (m, 2H), 3.18.03 (m, 3H), 2.90 (dd] = 14.4, 2.7
Hz, 1H), 2.14 (s, 3H), 2.61.97 (m, 1H), 1.94.87 (m, 1H), 1.74.73 (m, 1H), 1.58..51 (m,
1H).3C-NMR (176 MHz, DMSO)1i210.8, 165.9, 160.3, 149.1, 105.1, 103.9, 92.1, 78.0, 38.9,
38.7, 38.2, 34.4, 30.8, 28.2, 18RMS-ESI (m/z): [M + HJ calculatedfor CisH19N2O4",
291.1339; found, 291.1342.
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() Tert-butyl-6',7'-dimethyl-3',5'-dioxo-3',4',4a',5',6',9a-hexahydrospiro[piperidine-
4,2'-pyrano[3',2":4,5]furo[3,2-c]pyridine] -1-carboxylate (29b)

0 o According to GP74d (116.9 mg, 0.36 mmol) was reacted with
N—/< 2b (560.0 mg, 0.36 mmol). Purification by MPLC

P (EtOAc/MeOH 1:0 to 9:1) afforded the product (39.8 mg,

27%).'"H-NMR (700 MHz, CDCl,): 116.35 (dJ=8.6 Hz, 1H),

5.80 (s, 1H), 4.06 (ddd,= 8.6, 6.8, 2.7 Hz, 1H), 3.98.88 (m, 2H), 3.41 (s, 3H), 3.2210 (m,
2H), 3.08 (ddJ = 14.4, 2.7 Hz, 1H), 2.88 (dd,= 14.4, 6.8 Hz, 1H), 2.30 (s, 3H), 1-1164
(m, 2H), 1.59 (ddd,J = 13.4, 11.9, 4.7 Hz,H), 1.491.44 (m, 1H), 1.41 (s, 9H}3*C-NMR
(176 MHz, CDCly): G 211.6, 165.1, 161.0, 154.8, 150.7, 105.8, 105.0, 94.4, 81.8, 79.6, 40.2,
39.6, 38.6, 35.1, 34.9, 31.9, 30.6, 28.5, 2HRMS-ESI (m/z): [M + HJ calculated for
C21H290N206", 405.2020; found}05.2016.

() 6',7'-dimethyl-4a’,9a-dihydrospiro[piperidine -4,2'-pyrano[3',2":4,5]furo[3,2-
c]pyridine] -3',5'(4'H,6'H) -dione (30b)

29b (19.5 mg, 0.05 mmol) was dissolved in dioxane (0.5 mL) and
cooled to 0 °C. HCl in dioxane (0.12 mL, 4 M, 10 equiv) was added

slowly and the mixture was stirred at 0 °C for 1 hour and at room

temperature for 30 mi The reaction was quenched by slow
addition of saturated N&OF solution at O °C and diluted with EtOAc (10 mL). The layers
were seperated and the aqueous phase was extracted with EtOAc (3 x 10 mL). The combined
organic layers were washed with brine (D), dried over MgS®@and concentrated in vacuo
to afford the product (6.6 mg, 45%H-NMR (700 MHz, MeOHdW: 11 6.46 (d,J = 8.3 Hz,
1H), 6.05 (s, 1H), 4.18.09 (m, 1H), 3.543.47 (m, 4H), 3.28B.11 (m, 1H), 3.02.98 (m, 2H),
2.87 (tt,J = 12.8, 4.0 R, 2H), 2.40 (s, 3H), 1.79.73 (m, 2H), 1.63 (ddd] = 13.5, 11.9, 4.4
Hz, 1H), 1.521.45 (m, 1H).13C-NMR (176 MHz, MeOHdW: U 212.7, 167.1, 162.7, 152.7,
107.3, 106.5, 96.3, 82.4, 41.6, 41.4, 40.8, 35.8, 32.8, 31.2, 30.7HRMS-ESI (m/z2): [M +
H]* calculated for @H20N204", 305.1496; found, 305.1501.
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5. Experimental

() Tert-butyl-6'-isopenty}t7'-methyl-3',5'-dioxo-3',4',4a',5',6',9a"-
hexahydrospiro[piperidine-4,2'-pyrano[3',2":4,5]furo[3,2-c]pyridine] -1-carboxylate (290

According to GP74d (97.6 mg, 0.30 mmol) was reacted
with 2d (58.6 mg, 0.30 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product
(100.0 mg, 72%)*H-NMR (700 MHz, CDCl,): 1i 6.34
(d,J=8.4 Hz, 1H), 5.77 (s, 1H), 4.8R02 (m, 2H), 3.98.77 (m, 3H), 3.238.10 (m, 2H), 3.08
(dd,J = 14.3, 2.7 Hz, 1H), 2.87 (dd,= 14.4, 6.7 Hz, 1H), 2.33 (s, 3H), 1:1164 (m, 2H),
1.621.56 (m, 2H), 1.541..43 (m 3H), 1.42 (s, 9H), 0.97 (d#l= 6.6,1.6 Hz, 6H).13C-NMR

(176 MHz, CDCl»): 01211.6, 165.0, 160.6, 154.8, 149.9, 106.1, 105.0, 94.6, 81.8, 79.6, 42.9,
40.3, 39.6, 38.6, 37.8, 35.0, 34.8, 32.0, 28.5, 27.0, 22.6, ARBIS-ESI (m/z): [M + HJ
calculated for @sH37N20¢*, 461.2646; found, 461638.

() 6'-isopentyl7'-methyl-4a’,9a*-dihydrospiro[piperidine -4,2"-pyrano[3',2":4,5]furo[3,2-
c]pyridine] -3',5'(4'H,6'H) -dione (309

0 29¢ (90.0 mg, 0.20 mmol) was dissolved in DCM (3 mL)
NH and cooled to 0 °C. TFA (0.15 mL, 10 equiv) was added

slowly and the mixture was stirred at O °C for 1 hour and at

room temperature for 30 min. The reaction wasrmphed by
slow addition of saturated IRGOF solution at 0 °C and dilution with EtOAc (10 mL). The
layers were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine (20 mL), dried over MgS®¥Dconcentrated
in vacuo to afford the product (61.0 mg, 87%)-NMR (700 MHz, CDCl): 1 6.33 (d,J =
8.3 Hz, 1H), 5.76 (s, 1H), 4.699 (m, 2H), 3.838.78 (m, 1H), 3.03 (dd] = 14.2, 2.9 Hz,
1H), 3.0%2.95 (m, 2H), 2.82.83 (m, 2H), 2.33 (s, 3H), 1.7265 (m, 3H), 1.59 (ddd,= 13.4,
11.5, 4.5 Hz, 1H), 1.53.40 (m, 3H), 0.97 (dd] = 6.6, 1.6 Hz, 6H)!3C-NMR (176 MHz,
CD.Clp): 1211.7, 165.1, 160.7, 149.8, 106.3, 1054.,7982.4, 42.9. 41.6, 41.4, 40.4, 37.8,
35.9, 34.8, 32.9, 27.0, 22.6, 21BRMS-ESI (m/z): [M + HT calculated for GoH2oN204",
361.2122; found, 361.2119.
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5. Experimental

() Tert-butyl 6'-benzyt7'-methyl-3',5'-dioxo-3',4',4a',5',6',9a*-
hexahydrospiro[piperidine-4,2'-pyrano[3',2":4,5]furo[3,2-c]pyridine] -1-carboxylate
(294)

According to GP74d (97.6 mg, 0.30 mmol) was reacted
with 2g (64.6 mg, 0.30 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product
(94.7 mg, 66%)H-NMR (500 MHz, CDCly): i 7.35
7.20 (m, #), 7.167.02 (m, 2H), 6.40 (d] = 8.3 Hz, 1H), 5.84 (s, 1H), 5.40 @@= 16.1 Hz,
1H), 5.10 (dJ = 16.1 Hz, 1H), 4.161.10 (m, 1H), 3.98.77 (m, 2H), 3.26.08 (m, 3H). 2.92
(dd,J = 14.5, 6.5 Hz, 1H), 2.22 (s, 3H), 1:9%5 (m, 4H), 1.42 (s, 9H3C-NMR (126 MHz,
CD.Cly): 01 211.5, 165.5, 160.1, 154.8, 150.8, 137.2, 129.1, 127.6, 126.5, 106.2, 952,
81.9, 79.6, 46.7, 40.3, 39.5, 38.7, 35.0, 34.8, 31.8, 28.5, HRBIS-ESI (m/z): [M + HJ
calculated for g/H33N20s"; 481.2333; found, 481.2328.

() 6'-benzyt7'-methyl-4a’,9a’-dihydrospiro[piperidine -4,2'-pyrano[3',2":4,5]furo[3,2-
c]pyridine] -3',5'(4'H,6'H) -dione (30d)

0 29d (90.2 mg, 0.19 mmol) was dissolved in DCM (3 mL)
NH and cooled to 0 °C. TFA (0.14 mL, 10 equiv) was added
slowly and the mixture was stirred at 0 °C for 1 hour and at

room temperature for 30 min. The reaction wasrphed by
slow addition of saturated IR&Of solution at 0 °C and dilution with EtOAc (10 mL). The
layers were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine (20 mL), dried over Ma$®fDconcentrated
in vacuo to afford the product (60.1 mg, 84%)-NMR (700 MHz, DMSO):li7.32 (tJ=7.5
Hz, 2H), 7.25 (tJ = 7.5 Hz, 1H), 7.04 (d] = 7.5 Hz, 2H), 6.48 (d) = 8.3 Hz, OH), 6.06 (s,
1H), 5.32 (d,)= 15.9 Hz, 1H), 5.16 (dl = 15.9 Hz, 1H), 4.1:2.08 (m, 1H), 2.99 (ddl= 14.1,
6.7 Hz, 1H), 2.86 (ddl = 14.1, 2.7 Hz, 1H), 2.83.71 (m, 4H), 2.21 (s, 3H9, 1.67 (dbtk 13.1,
2.9 Hz, 1H), 1.61 (ddd] = 14.0,11.4, 4.4 Hz, 1H), 1.45 (td,= 12.4, 4.5 Hz, 1H), 1.38.33
(m, 1H).3C-NMR (176 MHz, DMSO):li 212.0, 165.0, 160.4, 160.0, 151.0, 137.7, 129.1,
127.5, 126.5, 105.9, 105.0, 94.8, 82.0, 45.9, 41.2, 40.9, 39.5, 35.2, 34.6, 32.BIRAI%-
ESI (m/z): [M +H]" calculated for @H2sN204", 381.1809; found, 381.1809.
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5. Experimental

() Tert-butyl-6'-(4-fluorobenzyl)-7'-methyl-3',5'-dioxo-3',4',4a',5',6',9a-
hexahydrospiro[piperidine-4,2'-pyrano[3',2":4,5]furo[3,2-c]pyridine] -1-carboxylate (296

According to GP74d (97.6 mg, 0.30 mmol) was
reacted with2h (70.0 mg, 0.30 mmol). Purification
by MPLC (cyclohexane/EtOAc 1:0 to 0:1) afforded
the product (119.8 mg, 80%}-NMR (500 MHz,
CD.Cl,): 117.106.99 (m, 4H), 6.40 (d] = 8.0 Hz, 1H), 5.83 (s, 1H), 5.36 (= 15.5 Hz, 1H),
5.07 (d,J=15.5Hz, 1H), 4.12 (ddd,= 8.0, 6.5, 2.7 Hz, 1H), 3.98.79 (m, 2H), 3.28.13 (m,
2H), 3.12 (ddJ = 14.2, 2.7 Hz, 1H), 2.92 (dd,= 14.2, 6.5 Hz, 1H), 2.23 (s, 3H), 1-157
(m, 3H), 1.531.46 (m, 1H), 1.42 (s, 9HC-NMR (126 MHz, CDCly): ti211.2, 165.3, 163.1,
160.7, 1544, 150.4, 132.9, 128.2, 115.6, 106.0, 105.0, 95.0, 81.7, 79.3, 45.9, 40.1, 38.7, 34.9,
34.5, 31.8, 28.2, 21.3IRMS-ESI (m/z): [M + HJ calculated for €H3zFN2Os*, 499.2239;
found, 499.2236.

(z) 6'-(4-fluorobenzyl)-7'-methyl-4a’,9a-dihydrospiro[piperidi ne-4,2'-
pyrano[3',2":4,5]furo[3,2-c]pyridine] -3',5'(4'H,6'H) -dione 30€

29e(119.8 mg, 0.24 mmol) was dissolved in DCM (3
mL) and cooled to 0 °C. TFA (0.19 mL, 10 equiv) was

added slowly and the mixture was stirred at 0 °C for 1

hour and at room temperature for 30 min. The reaction
was aqienched by slow addition of saturated®&F solution at 0 °C and dilution with EtOAc
(10 mL). The layers were separated and the aqueous phase was extracted with EtOAc (3 x 10
mL). The combined organic layers were washed with brine (20 mL), dried over Way&D
concentrated in vacuo to afford the product (57.8 mg, 68%NMR (500 MHz, DMSO):l
7.187.08 (m, 4H), 6.47 (d] = 8.7 Hz, 1H), 6.07 (s, 1H), 5.31 @z 15.9 Hz, 1H), 5.11 (dl
= 15.9 Hz, 1H), 4.10 (ddd,= 8.7, 6.8, 2.7 Hz, 1H), 3.00 (ddi= 14.1, 6.8 Hz, 1H), 2.89.71
(m, 5H), 2.22 (s, 3H), 1.67 (dd,= 13.3, 2.9 Hz, 1H), 1.61 (ddd,= 13.6, 11.2, 4.7 Hz, 1H),
1.44 (dddJ = 13.2, 11.4, 4.7 Hz, 1H), 1.35 (dtj= 13.5, 2.9 Hz, 1H)*C-NMR (126 MHz,
DMSO0): 0 211.6, 164.6, 162.2, 160.2, 160.0, 150.5, 133.4, 128.2, 115.5, 105.5, 104.5, 94.5,
81.5, 44.8, 40.7, 40.5, 39.0, 34.7, 34.2, 31.8. MRBVIS-ESI (m/z): [M + HJ calculated for
CooH24FN204%, 399.1715; found, 399.1706.
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5. Experimental

() Tert-butyl-6'-(4-methoxybenzyl}7'-methyl-3',5'-dioxo-3',4',4a',5',6',9a"-
hexahydrospiro[piperidine-4,2'-pyrano[3',2":4,5]furo[3,2-c]pyridine] -1-carboxylate (2f)

According to GP74d (97.6mg, 0.30 mmol) was
reacted witl2k (73.6 mg, 0.30 mmol). Purification
by MPLC (cyclohexane/EtOAc 1.0 to 0:1)
afforded the product (65.0 mg, 42%H-NMR
(500 MHz, CDBCI2): G 7.01 (d,J = 8. Hz, 2H), 6.84 (dJ = 8.7 Hz, 2H), 6.39 (d] = 8.4 Hz,
1H), 5.81 (s, 1H), 5.31 (d,= 15.2 Hz, 1H), 5.03 (d= 15.2 Hz, 1H), 4.12 (ddd,= 8.4, 6.6,
2.67Hz, 1H), 3.948.80 (m, 2H), 3.76 (s, 3H), 3.Z814 (m, 2H), 3.13 (dd] = 14.2, 2.7 Hz,
1H), 2.91 (dd,J = 14.2, 66 Hz, 1H), 2.24 (s, 3H), 1.7Z.57 (m, 3H), 1.52.45 (m, 1H), 1.42
(s, 9H).:*C-NMR (126 MHz, CDRCl»): i211.5, 165.4, 161.0, 159.3, 154.8, 150.8, 129.2, 128.0,
114.4, 106.1, 105.1, 95.1, 81.9, 79.6, 55.6, 46.2, 40.3, 39.1, 34.8, 31.8, 28 HBRNIS-ES
(m/z): [M + H]" calculated for @sHzsN207", 511.2439; found, 511.2436.

() 6'-(4-methoxybenzyl}7'-methyl-4a’,9a-dihydrospiro[piperidine -4,2'-
pyrano[3',2":4,5]furo[3,2-c]pyridine] -3',5'(4'H,6'H) -dione (30f)

29f (55.0 mg, 0.11 mmol) was dissolved in DCM (3
mL) and cooled to 0 °C. TFA (0.08 mL, 10 equiv) was
added slowly and the mixture was stirred at 0 °C for 1

hour and at room temperature 8% min. The reaction
was quenched by slow addition of saturate@INgF solution at 0 °C and dilution with EtOAc
(10 mL). The layers were separated and the aqueous phase was extracted with EtOAc (3 x 10
mL). The combined organic layers were washed witheb(R0 mL), dried over MgS@and
concentrated in vacuo to afford the product (21.0 mg, 48%NMR (500 MHz, DMSO):l
7.01 (d,J= 8.8 Hz, 2H), 6.87 (d] = 8.8 Hz, 2H), 6.49 (d] = 8.7 Hz, 1H), 6.04 (s, 1H), 5.25
(d,J = 15.5 Hz, 1H), 5.08 (d] = 15.5 Hz, 1H), 4.13 (ddd, = 8.7, 6.9, 2.7 Hz, 1H), 3.72 (s,
3H), 3.05 (ddJ = 14.2, 6.9 Hz, 1H), 3.02.88 (m, 5H), 2.23 (s, 3H), 1.8.72 (m, 2H), 1.64
1.57 (m, 1H), 1.47.41 (m, 1H)*C-NMR (126 MHz, DMSO)ii 211.6, 1648, 160.4, 158.8,
151.2, 129.6, 128.1, 114.6, 105.9, 104.9, 94.7, 80.3, 55.5, 45.4, 40.5, 39.5, 34.6, 33.5, 30.4,
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5. Experimental

() Tert-butyl-7'-methyl-3',5'-dioxo-6'-(thiophen-2-ylmethyl)-3',4',4a',5',6',9a"-
hexahydrospiro[piperidine-4,2'-pyrano[3',2":4,5]furo[3,2-c]pyridine] -1-carboxylate
(299

According to GP74d (97.6 mg, 0.30 mmol) was reacted
with 2| (66.4 mg, 0.30 mmol). Purification by MPLC
(cyclohexane/EtOAc 1:0 to 0:1) afforded the product
(92.5 mg, 64%)H-NMR (500 MHz, CDCly): i 7.25
7.20 (m, 1H), 6.9%.92 (m, 2H), 6.37 (d] = 8.4Hz, 1H), 5.80 (s, 1H), 5.47 (d,= 15.5 Hz,
1H), 5.18 (dJ = 15.5 Hz, 1H), 4.11 (ddd,= 8.4, 6.7, 2.6 Hz, 1H), 3.98.78 (m, 2H), 3.24
3.14 (m, 2H), 3.13 (dd] = 14.3, 2.6 Hz, 1H), 2.91 (dd,= 14.3, 6.7 Hz, 1H), 2.38 (s, 3H),
1.751.65 (m, 2H), 1.63.59 (m 2H), 1.42 (s, 9H}3C-NMR (126 MHz, CBCL): Ui 211.4,
165.5, 160.6, 154.8, 150.2, 139.8, 126.9, 126.6, 125.9, 106.2, 105.2, 95.2, 81.9, 79.6, 42.5, 40.2,
39.5, 35.0, 34.8, 31.9, 28.5, 21HRMS-ESI (m/z): [M + HJ calculated for @H31N20sS",
487.1897; found, 487.1894.

() 7'-methyl-6'-(thiophen-2-ylmethyl)-4a’,9a*-dihydrospiro[piperidine -4,2'-
pyrano[3',2":4,5]furo[3,2-c]pyridine] -3',5'(4'H,6'H) -dione 309)

0 299 (80.0 mg, 0.16 mmol) was dissolved in DCM (3 mL)
NH and cooled to 0 °C. TFA (0.13 mL, 10 equiv) was added
slowly and the mixture was stirred at 0 °C for 1 hour and at

room temperature f@0 min. The reaction was quenched by
slow addition of saturated IR&OF solution at 0 °C and dilution with EtOAc (10 mL). The
layers were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed witim®1j20 mL), dried over MgS&@and concentrated
in vacuo to afford the product (51.0 mg, 80%j-NMR (600 MHz, DMSO):li 8.74 (s, 1H),
8.48 (s, 1H), 7.43 (dd,= 5.1, 1.2 Hz, 1H), 7.02 (dd= 3.5, 1.2 Hz, 1H), 6.97 (dd=5.1, 3.5
Hz, 1H), 6.50 (dJ = 8.3 Hz, 1H), 6.05 (s, 1H), 5.40 (@3 15.6 Hz, 1H), 5.27 (dl = 15.6 Hz,
1H), 4.204.14 (m, 1H), 3.28.19 (m, 2H), 3.16.01 (m, 3H), 2.95 (ddl= 14.4, 2.7 Hz, 1H),
2.39 (s, 3H), 2.01 (dg,= 14.4, 3.1 Hz, 1H), 1.90 (ddd= 14.6, 12.5, 4.2 Hz, 1H), 1.76 (ddd,
J=14.2,12.4, 4.5 Hz, 1H), 1.53 (dbj= 14.7, 3.0 Hz, 1H}*C-NMR (151 MHz, DMSO):li
210.9, 164.8, 160.0, 150.9, 139.9, 127.1, 127.0, 126.6, 105.8, 104.7,94.7, 78.6, 4139,139.3,
34.8, 31.3, 28.8, 20.HRMS-ESI (m/z): [M + HJ calculated for @H23N204S", 387.1373;
found, 387.1375.
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5. Experimental

() Tert-butyl-7'-methyl-3',5'-dioxo-6'-(pyridin -2-ylmethyl)-3',4',4a',5',6',9a"-
hexahydrospiro[piperidine-4,2'-pyrano[3',2":4,5]furo[3,2-c]pyrid ine]-1-carboxylate
(29h)

According to GP74d (97.6 mg, 0.30 mmol) was reacted
with 2m (64.9 mg, 0.30 mmol). Purification by MPLC
(cyclohexane/EtOAc 4:1 to 0:1) afforded the product
(79.2 mg, 55%)H-NMR (700 MHz, CDCly): 1 8.48
(dd,J=4.9, 1.8 Hz, 1H), 7.65 (td}= 7.7, 1.8 Hz, 1H), 7.18 (dd,= 7.7, 4.9 Hz, 1H), 7.10 (d,
J=7.7 Hz, 1H), 6.38 (d] = 8.6 Hz, 1H), 5.85 (s, 1H), 5.47 (@= 16.0 Hz, 1H), 5.15 (d] =
16.0 Hz, 1H), 4.09 (dddl = 8.6, 6.7, 2.7 Hz, 1H), 3.94.77 (m, 2H), 3.283.10 (m, 2H), 3.09
(dd,J = 14.3, 2.7 Hz, 1H), 2.89 (dd,= 14.3, 6.7 Hz, 1H), 2.32 (s, 3H), 1:157 (m, 3H),
1.531.48 (m, 1H), 1.42 (s, 9H}*C-NMR (176 MHz, CDCl,): 1i211.5, 165.6, 160.8, 157.0,
15438, 151.2, 149.7, 137.2, 122.8, 121.8, 106.0, 105.2, 95.0, 81.9, 79.6, 48.8, 40.3, 39.7, 38.7,
35.0, 34.8, 31.9, 28.5, 21 IRMS-ESI (m/z): [M + HJ calculated for @sH32N30s", 482.2286;
found, 482.2278.

() 7'-methyl-3',5'-dioxo-6'-(pyridin -2-ylmethyl)-3',4',4a',5',6',9a'-
hexahydrospiro[piperidine-4,2'-pyrano[3',2":4,5]furo[3,2-c]pyridin] -1-ium triflate ( 30h)

0 29h (79.4 mg, 0.14 mmol) was dissolved in DCM (3

® O L
NH, TFA mL) and cooled to 0 °C. HCl in dioxane (0.13 mL, 4

M, 10 equiv) was added slowly and the mixture was
stirred at 0 °C for 1 hour and at room temperature for
30 min. Thereaction was quenched by slow addition of saturatd€Cgsolution at 0 °C and
dilution with EtOAc (10 mL). The layers were separated and the aqueous phase was extracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (2@indg,

over MgSQrand concentrated in vacuo. Purification by prep. HPLC afforded the product (41.8
mg, 66%)H-NMR (700 MHz, DMSO)i8.72 (s, 1H), 8.53 (s, 1H), 8.48 (b 4.9 Hz, 1H),

7.77 (tdJ=7.7, 1.9 Hz, 1H), 7.30 (dd,= 7.7, 4.9 Hz, 1H), 7.13 (d,= 7.7 Hz, 1H), 6.49 (d,
J=8.3 Hz, 1H), 6.09 (s, 1H), 5.42 @= 16.3 Hz, 1H), 5.16 (d] = 16.3 Hz, 1H), 4.14}.11

(m, 1H), 3.283.19 (m, 2H), 3.138.04 (m, 3H), 2.88 (dd] = 14.4, 2.8 Hz1H), 2.30 (s, 3H),

2.00 (dgJ=14.6, 3.3 Hz, 1H), 1.93 (ddd= 16.7, 13.4, 3.7 Hz, 1H), 1.77 (ddtk 16.5, 12.9,

4.2 Hz, 1H), 1.59..55 (m, 1H)1*C-NMR (176 MHz, DMSO):li 210.6, 164.4, 159.7, 156.1,
151.3, 148.9, 137.2, 122.5, 121.2, 105.1, 10a420, 78.1, 47.5, 40.0, 38.8, 38.6, 34.3, 30.7,
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